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Hemiacodon, Pi. VI. fig. I, p. 599.

He-mistephanus, Fig. 1, p. 710.

onaculipennis. Fig. 4, p. 774.

Henlea (Henlea) hrucei, Fig. 1, p. 1123.

Hydrias alhiuchrea, PI. I., p. 991.

Hydromys chrysogasier, Figs. 3-5,

pp. 590-592.

Hypena brodescens, PI. I., p. 991.

Indris, Pis. I., V., p. 599.

Jaculus jaculus. Figs. 29, 30, 33, 36,

pp. 661, 662, 670, 676.

Kogia breviceps, PI. II., p. 557.

Lagenorhynchus cdbirostris, Fig. 26,

p. 642.

Lamontia calibana, PI. I., p. 991.

Lemur, PI. II, fig. 2, p. 599.

catta, PL II. fig. 1, p. .599.

Lepo7'illus jonesi, Figs. 8-10, pp. 595-

597.

Ligia haudinicma, Pi. II. figs. 17, 18,

p. 683.

cinerascens, PL II. fig. 9, p. 683.

exotica, PL II. fig. 10, p. 683.

glahrata, PL I. fig. 5; PL II.

fig. 6, p. 683.

gracilipes, PL 11. figs. l.']-15,

p. 683.

hawaiensis, PL II. fig. 16,

p. 683.

italica, PL II. figs. 11, 12,

p. 683.

oceidentalis, PL II. figs. 7, 8,

p. 683.

pallasii, .PI. I. fig. 4, p. 683.

—— perkin&i, PI. I. fig. 1, p. 683.

pigmentata, sp. n., PL I. figo. 2,

3, p. 683.

Lumbricillits cpgialites, Figs. 2, 3,

pp. 1127, 1128.

necrophagtos. Figs. 4, 5, pp. 1131,

1132.

Macrocysiis pyrifera, PI. I., p. 983.

Macropus ruficoUis, PI. VII. fig. 1,

p. 599,

Manatus americamos, Fig. 29, p. 646.

Marmota mai'onota, Figs. 39, 43, 52,

pp. 1174, 1181, 1196.

Membranvpora tehuelcha, PI. I., p. 983.

tubercidata, PL I., p. 983.

Mesoplodon bidens, Fig. 28, p. 644.

bowdoini. Pis. III., IV., p. 567.

Microcebus, PI. III. fig. 2, p. 599.

Microtus agrestis fiona, Anterior part of

jug.I, Kg. 1, p. 939.
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NeobalcBiia marginata, PL I., p. 557.

Neostephanus, Fig. I, p. 710.

Notomys cervinus, Figs. 11, 12, p. 598.

Nycticehus, PI. VI. fig. 3, p. 599.

Papillosetaria traguli, Fig. 10, p. 913.

Farangitia micapeimis, Pi. I., p. 991.

nigrofulgcns, PI. I., p. 991.

Paraslephanellus, Fig. 1, p. 710.

Paraxents cepajyi. Figs. 43, 48, 57,

pp. 1180, 1189, 1-204.

Pedetes cafer, Figs. 30, 31, 35, 36,

pp. 662, 665, 673, 676.

Perodiciicm i^otto, PI. VI. fig. 4,

p. 599.

Petaurista cdbimnter, Figs. 55^ 57,

pp. 1201, 1204.

Petrochinos graoiuUmanus, P]. I., p. 983.

Phalanger orientalis, Figs. 31, 32, 37,

39, 40, 43, pp. 865, 867, 872, 875,

883, 894.

Phascolarctos cinereus, Figs. 38-41, 43,

pp. 873, 875, 883, 885, 894.

Phascolomys initchdli. Figs. 31, 32, 35,

36, 39, 41-43, pp. 865, 886, 869,

871, 875, 885, 889, 894.

Phastia maricolor, PI. I., p. 991.

Phoccena communis, Fig. 27, p. 643.

Phosiria duplkata, PI. I., p. 991.

Physaloptera sp., Fig. 44, p. 1081.

acuticauda, Fig. 26, p. 1051.

alata, Fig. 10, p. 1026.

anomala, Fig. 8, p. 1022.

antarctica, Figs, 36, 37, pp. 1068,

1069.

bonnei, Figs. 16, 17, pp. 1035,

1036.

capensis. Figs. 42, 43, pp. 1073,

1079.

clausa, Figs. 2-4, pp. 1013-1015.

coluhri, Fig. 38, p. 1071.

dilatata, Fig. 41, p. lU76.

gracilis. Fig. 19, p. 1040.

longissima, Fig. 20, p. 1041.

magni-pajyilla, Fig. 31, p. 1059.

malayensis. Fig. 23, p. 1047.

maxillaris. Fig. 7, p. 1020.

Physaloptera monodens, Figs. 13, 14,

pp. 1031, 1032.

mordens. Figs. 27, 28, pp. 1053,

1054.
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obtusissima, Fig. 15, p. 1033,

papillotruncata, Fig. 5, p. 1017.

paradoxa, Figs. 33, 34, pp. 1062,

1064.

phrynosoma, Fig. 18, p. 1038.

2?r(2putialis, Figs. 21, 22,

pp. 1043, 1045.

qtiadrovaria. Fig. 32, p. 1061.
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1029.

semilanceolata. Fig. 6, p. 1018.

simplicidens, Fig. 39, p. 1073.

terdentata, Figs. 24, 25, pp. 1048,

1049.

tumefaciens, Figs. 29, 30,

pp. 1056, 1057.

tiirgida, Fig. 40, p. 1075.

varani. Fig. 35, p. 1066.
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p. 641.

Plusiodonta cupristria, PI. I., p. 991.

Pococera brminapex, PI. I., p. 991.

Polymastodon, Pi. VII. figs. 2-5,

p. 599.

Propithecus, PI. II., Fig. 3, p. 599.

Protoxerus stangen. Fig. 47, p. 1187.

Pseudochi7'us peregriims. Figs. 31, 34,

pp. 865, 868.

Eana breviceps, Fig. 12, p. 543.

hexadactyla. Figs. 4, 12, pp. 534,
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tigrina, Fig. 12, p. 543.

Eattus greyi. Figs. 6, 7, pp. 593, 594.

Batufa indica. Figs. 39, 42, 46, 57,

pp. 1174, 1178, 1186, 1204.

Eheithrosciurus macrotis, Fig. 47,

p. 1187.

Bifargia brunnipennis, PI. 1., p. 991.

&^mo, Fig. 11, p. 1227.

Samea delicata, PI. I., p. 991.

Sajiys implicata, Pi. I., p. 991.
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Scaphula celox, Figs. 1-5, pp. 1139-

1143.

minuta, Fig. 6, 7, pp. 1143,

1144.

Scariurus tetradactylus, Figs. 29, 31-

34, 36, 37, pp. 661, 665, 668, 670,

672, 676, 679.

Scirtopoda orienialis, Figs, 29-31, 34,

36, pp. 661, 662, 665, 672, 676.

Sciurus carolinensis. Fig. 49, p. 1191.

hudsonius. Fig. 51, p. 1194.

hypopyrrhics. Fig. 49, p. 1191.

niger rufiventer, Fig. 50, p. 1192.

salhiensis, Fig. 38, p. 1172.

vulgaris, Figs. 38, 42, 50, 57,

pp. 1172, 1178, 1192, 1204.

Semnopithecus, PL V., Fig. 3, p. 599.

Setaria Javenais, Fig. 9, p. 912.

Sic'ista subiilis, Fig. 32, p. 668.

Sisyi'osea gtoaica, PI. I., p. 991.

Syngnathus, Fig. 11, p. 1227.

Syngria delicctta, PI. I,, p. 991.

Stephanies, Fig. 1, p. 710.

coronator. Figs. 2, 3, p. 739.

Streptopharagus armatus. Fig. 8, p. 911.

Tarsius, Pis. Ill,, IV., p. 599.

Testudo horsfieldii. Fig. 21, p. 517.

ibera. Figs. 1, 11, pp. 487, 501.

loveridgii, Pis. I.-III., p. 483

;

Figs. 1-21, pp. 487, 490-495, 497,

499-501, 503-506, 508-510, 512, 513,

517.

Thairopora armata, PI. I., p. 983.

Tomeutes fasciaius, Figs. 43, 45,

pp. 1180, 1184.

Troglostrongylus troglostrongylus,

Fig. 5, p. 908.

Tursio'ps tursio. Fig. 27, p. 643.

Ungulata, Tongues of. Fig. 30, p. 651.

Xerus o'utilus. Fig. 57, p. 1204.

Zajms Imdsoniamis, Figs. 29-32,

pp. 661, 662, 665, 668.
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INDEX.
1922.—Pages 483-1276.

[New names in clarendon type. Systematic references in italics,

(z.s.i..) indicates additions to the Society's Menagerie.]

Ahdimia abdimii, 861.

Acercus lutescens, 1238.

JSliirosdus viridis (z. s. l.), 834.

Agapornis personatus, 854.

Alactagichis, 082.

Alcedo semitorquata, 850.

AUactaga, 667, 669, 672, 674, 675, 678,

680, 682.

AUotheria, 604.

Aonblyospiza unicolor, 842.

Amblyostoma tigrinum, 834.

Amgdrtcs morio riippelU, 843.

Ancistrodon contortrix (z. s, l.), 1275.

Ancylostoma pluridentatum, 903.

Andropadus insular is', 846.

Anthreptes collaris, 838.

Antilo2}e, 654.

Apodemus hebridensis ghia,

subsp. n., 935.

larus, subsp, n., 936.

tirae, subsp. n., 934.

tural, subsp. n., 935.

sglvaticus, 660, 670.

Aquila rapax, 855.

Area americana, 1141.

pexata, 1140.

Ardea cinerea, 859.

Proc. Zool. Soc—1922,

Ardea melanocephala, 859.

Armadillo, 683.

Astur sphenurus, 856.

tachiro (? nyanzce), 856.

Asturinula monogrammica, 858.

JJlantoxerus, 1181, 1183, 1195, 1197.

getulus, 1181, 1195.

Auchenia, 664.

Aulodrilus kashi, sp. n., 246, 963.

limnobius, 943.

pleiiriseta, 944.

remex, 943, 948.

Stephensoni, sp. n., 963.

Aulop)horus furcahis, 943.

Balmna australis, 558.

mysticetus, 640.

BalcBnoptera acutorostraia, 563.

6oops, 640.

borealis, 562, 640.

musculus, 561, 640.

physalus, 562.

Barbatia, 1141.

Belomys pearsonii, 1203.

Berardiiis arnuxii, 567.

Bison, 654.

americanus (z. s. l.), 1276.

<?
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Boriza kalodonta, sp. n., 992.

Bos, 654.

Bothriocerus americanus, 736.

europesus, 730.

Bothrioneuron iris, 943.

Bracon serrator, 718.

BranoJiiodrilus liortensis, 943.

Branchiura sowerbyi, 943.

Breviceps verrucosus, 538.

Brotogerys jugularis apurensis (z. s. l.),

1273.

Bryocodia cryptogramma, sp. n.,

993.

Bryolimnia monodonta, sp.n.,993.

Buarremon brunneinucha (z.s. l.), 1274.

Bubo africanus, 864.

Budorcas, 654.

BimolopJiodon angustidens, 609.

longirostre, 610.

Butastur rufipennis, 857.

Byssarca, 1142.

Cacatua leadbeateri (z. s. l.), 835.

Cacopus systoma, 527.

Calidris arenaria, 862.

Callithrix, 602.

Callosciurus, 1172, 1188.

fioilaysoni, 1185.

notatus, 1178, 1185.

prevosti, 1178, 1184.

Camelus bactrianus, 649.

dromedarius, 649.

Caprioiiidgus europesus, 849.

fossei mossaonbicuSjS'id.

Carapiis fasciatus (z. s. l.), 1273,

Cardiocranius, 675.

Oassicus uropygialis (z. s. l.), 835.

Castor, 1173, 1175, 1182.

^6ct-,835, 1207.

Cavia, 677.

Centronia piorator, sp. n., 991.

Ccntropus monachus, 852.

Cephalophus, 654.

spadix (z. s. l.), 833.

Cephalcrhynchus, 643.

comviersoni, 627, 629.

eutrcpia, 631, 633, 641.

heavisidei, 631, 633.

Cephalorhynchus hectori, 580.

Ceratophrys cultripes (z. s. l.), 835.

Cerchneis tinnunculus, 854.

CercopitJiecus patas (z. s. l.), 1275.

Ghalcides, sp. n. (z. s. l.), 1274.

armitagii, sp. n., 899.

Chalcomitra amethystina (z. s. l.), 1273,

1274.

senegalensis inasstimata, 837.

verreauxi, 838.

Chalcopelia chalcospilos, 853.

Chamcsleon gracilis (z. s. l.), 1274,

1275.

Characostomum asmilium, 905.

Charadrius alexandrinus, 862.

hiaticula, 862.

Chiromys, 601, 602.

madagascarietisis, 1145.

Chlorophis irregidaris (z. s. l.), 1274.

CicMadusa guttata, 846.

Ciconia ciconia, 861.

?jz^ra (z. s. L.), 1276.

Circaetus pectoralis, 857.

Circus macrurus, 858.

Cisticola erythrops, 846.

liigubris, 846.

OiYe&s, 1174, 1182, 1200.

{OtospermopMhis^ beechyi, 1179,

1198.

citellus, 1198.

Civettictis civetta (z. s. l.), 1273.

Clupea Jiarengus, 1213.

Coccystes cafer, 853.

glandarius, 852.

Cmlogenys, 677.

Golius i7idicus pallidus, 851.

striatus affinis, 851.

CoMuspasser ardens tropicus, 839.

egwes, 839.

jachsoni, 839.

laticauda, 839.

Colobus polycomtis (z. s. l.), 833.

Connoclustes, 654.

Coracias caudatus, 849.

garndus, 849.

Cornopeum commensale, sp. n.,

985.

lacroixii, 985.
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Corvus scapulcdus, 844.

Corythornis cyanostigma, 851.

Coturnix delegorguei, 862.

Crateropws hirhi, 845.

platycercus (z. s. l.), 1274.

Grax alector (z. s. l.), 835.

sclateri (z. s. l.), 835.

Crex orex, 862.

Cricetomys gamhianus (z. s. l.), 833.

Crotalus confluentus (z. s. l.), 1275.

liorridus (z. s. l.), 1275.

Cuoulus canonis, 853.

Cursorius gallicus (z. s. l.), 1276.

Cyclanorbis senogalensis (z. s. l.), 1275.

Cyclorchida crassivesicula, sp. n.,

924.

omcdancistrota, 923.

Cylicospirura, gen. n., 909.

subasqualis, sp. n., 910.

Cyncsluritsjabatus (z. s. l.), 1275.

Gynomys, 1174, 1180, 1182, 1198, 1200.

lv,dovicianus{z. s. l.), 1274.

Cypselus affinis, 848.

Bacelo gigantea (z. s. l.), 834.

Belphinaptenis, 643.

leticas, 640, 641, 643.

Belphinus, 643.

commersoni, 627.

dclphis, 583.

Deij/draspis angusticeps (z. s. l.), 1274.

i>ero limosa, 943.

Biastepihanus alutaceus, 814.

bilineattis, 805.

&M-oi, 804.

brevipetiolatus, 816.

carinifrons, 811.

—— celebensis, 822.

chinensis, 814.

dohrni, 817.

elegans, 810.

fasciatus, 826.

flaviceps, 824.

flavidentatus, 809.

flavifrons, 825.

flavomaculaf-us, 807.

flavonotatios, 826.

Diastephanus frontilinea, 813.

fuscidens, 804.

fuscinervis, 824.

gracilis, 805.

leucodon, 802.

leucodontus, 810.

maculifemur, 819.

nigripes, 812.

nova-guineensis, 807.

pcdlescens, 803.

parviceps, 812.

quadridens, 818.

rothkirchi, 808.

ruficollis, 819.

salomonis, 821.

similis, 824,

simillimus, 823.

sulcaius, 820.

szepligetii, 823.

terebellus, 818.

tertianus, 806.

togoensis, 797.

trilineatus, 813.

trilobatus, 816.

Dicentria nondescripta, sp. n.,

991.

Bicotyles, 653.

Bicrurtts afer lugubris, 844.

Bictyonosteus arcticus, 1241.

Binotherium, 609, 620.

Biplocercides kayseri, 1263.

Biplodontiis despiciens, 1232.

Bipus mauritanicus, 679, 680, 682.

Bissodectes dicJcinsoiii, 854.

Echinococcus gramdosus, 926.

Elaoius ccBruleus, 855.

Elephas a.frioanus, 654.

indic-us, 654.

Eoglaucomys, 1177.

fimbriatus, 1203, 1205.

Enchytrmus sp., 1135.
'

albidus, 1110, 1112, 1133.

crymodes, sp. n., 1 133.

Eohipjyits, 606.

Ephi])pioThynclms senegcdensis (z. s. l.),

1273.
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Epitomiptera marmorata, sp. n..

995.

purpurascens, sp. n., 994.

Eqmis, 653.

asimcs, 648.

cabalhis, 648.

chci'pmanni, 648.

Mang (z. s. l.), 1273.

Erinaoeus, 603.

Euhelum, 683.

Eiichoreutes, 669, 671, 675, 680.

Eupagurus bernhardus, 984.

Enpsycliortyx leucopogon (z. s. l.), 835.

Eurocephalus rwppelli, 845.

Eusthenopteron fordi, 1249.

Eutamias, 1177.

quadrivittatiis, 1193.

Euxems, 1197.

eri/thronyus, 1180. 1183, 1195, 1197.

Eylais extendens, 1238.

hamata, 1232.

Fa^co biarmicus, 854.

cuvieri, 851.

i^efe ^29'm (z. s. l.), 1273, 1 275.

Foenatopus albomactclatus, 781.

annulitarsis, liil

.

aratifro7is, 799.

arcuatiis, 793.

6«>d«, 804.

hrevicoUis, 789.

celebensis, 822.

daripennis, 798.

com-adti, 789.

fasciatus, 826.

fe7'7iand,opoensis, 788.

flavicollis, 799.

formosanus, 766.

fuscinervis, 824.

indicus, 784.

var. smnbcma, 785.

var. sulcaticollis, 787.

var. ?, 786.

iridlpennis, 796.

lacteipennis, 790.

longicauda, 794.

longicollis, 790.

nataliaii,s, 793.

Fainatop)US nigripes, 812,

nova-giuneensis, 807.

ocellatus, 784.

piceicortiis, 796.

pimctatun, 797.

ruficeps, 734.

rugiceps, 794.—— schlettereri, 788.—- similis, 824.

simpsoni, 792.

sulcaticollis, 787.

sumbanus, 785.

togoensis, 797.

turcomanorum, 791.

variidens, 793.

Foenus diadema, 827.

Fonnica rwfa, 833.

Fridericia leydigi, 1111.

Fringillaria ialmpisi (z. s. l.), 1275.

Fimamhulus, 1178, 1188.

pahnarum, 1188.

tristriatus, 1179.

Funisciurus, 1179, 1183.

cepai9«, 1179, 1190.

Isabella, 1189.

leucostigma, 1179, 1189.

(Ta%o, 602, 603.

(ialoncus tridentatus, 901.

GeoscluTus capensis, 1180, 1183, 1195,

1197.

G^iraja, 647, 649.

(rlaucomys, 1177, 1205.

stramineus, 1203.

volans, 1203.

Globicephala melcena, 578.

Grampus griseus, 579, 641.

Gymnura, 603.

limmatopus ostralegus, 862.

Haliaelus vocifer (z .s, l.), 834.

Halcyon albiventris orientalis, 851.

chelicuti, 851.

leucocephalus, 851.

Halicore, 647.

Harpolestes senegala orientalis, 844
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Helioscmrus punctafus, 1179, 1183,1190

Hemiacodon, G04.

Hemimasiodon, 609.

Hemisfephanus anguUcoUis, 766.

—— collarifer, 763.

cylindricus, 776.

damelicits, 753.

erythrocepliahis, 767.

glabriooxis, 764.

gramdatus, 771.
'

interoriedius. 111.

limpidipennis, 769.

macrurus, 770.

maculipennis, 773.

ma7-ginalis, 764.

pehlkei, 772.

peruamis, 765.

nijiceps, 774.

suhmaculatus, 11^.

iene?', 767.

vadosus, 775.

wustneii, 768.

Hevvisus, 535.

Henlea (Henlea) brucei, sjj. n.,

1121.

(Henleanella), sp., 1125.

heleotroplius, sp. n.,

1119.

{Hepatogaster), sp., 1126.

Hesperopithectts, 1275.

Himantopus himantopus, 862.

Hirundo emini, 847.

puella unitatis, 847.

smithi, 847.

HycBua hyena (z. s. l.), 1273.

Hydractinia echinuta, 989.

Hydryphantes ruber, 1232.

Hydrarachna distincia, 1232.

fuscata, 123"2.

^fo&osa, 1232.

^Ktludosa, 1234.

schneideri, 1232.

Hydrias albiochrea, sp. n., 996.

Hydromys chrysogaster, 589.

Hygrobatcs longipalpis, 1236.

Hylopetes alboniger, 1205.

Hyomoschus, 649, 654.

Hypena brodescens, sp. n., 995.

Hypochera oriaitalis, 838.

Hyrax, 654.

Hystrix africa-australis (z. s. l.), 1273.

Ichneumon coronatus, 718.

sei'j'ator, 718.

Indris, 602.

Jacubis jacidus, 659, 664, 667, 669,

674, 675, 678, 682,

Kogia breviceps, 566.

Lagenorhynelms, 643.

albirostris, 641.

cruciger, 628.

floweri, 628.

-—
• obscurus, 581.

Lagonosticta senegala, subsp. n.,

842.

Lamontia calibana, sp. n., 997.

Laniari'us sublacteus, 844.

Lanius coUaris humeralis, 844.

Leiperenia galebi, 901.

Leporillusjone&i., 595.

Lepralia bifurcata, 988.

—— ec?a.r, 983

Ligia, 683.

baudiniana, 698.

cinerascens, 693.

dilatata, 701.

exotica, 693.

glabrata, 692.

gracilipes, 695.

hawaiensis, 696.

italica, 695.

natalcnsis, 700.

novcB-zealandim, 697.

occidentalis, 692.

oceanica, 691.

olfersii, 694.

palla&ii, 691.

• perJcinsi, 699.

pigmentata., sp. n., 699.

richardsoncB, 701.

simoni, 701,
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Limnesia fulgida, 1232.

mid'idata, 1236.

Limnodrilus cla2Mredeiaoit(s, 955.

socialis, 943.

Liasodelphis peronii, 682.

Lophoaetus occipitalis, 865.

Lophoceros decheni, 850.

melanolcuctcs suahelicus, 850.

neumanni, 850.

Loxodon cyclotis (z. s. l.), 1276.

Lumbricilliis segialites,

1126, 1133.

franciseanus, 1129.

henkingi, 1129.

nicrophagus, sp. n.,

1133.

pagenstecheri, 1110, 1129.

Lyhius zomba, 853.

Lyngria delicata, sp. n., 996

Macronyx croceiis, 838.

Malaconotus poliocephalus hlanchoti,

845.

Manatits, 646.

Marionina ebudensis, 1110.

Marmota, 1173, 1182, 1200.

iote/i', 1200.

caudata, 1200.

himalayana, 1200.

hodgsoni, 1200.

marmotta, 1179.

monax, 1200."

Marmotops, n., 1200.

monax, 1200.

Megala.dap)is grandidieri, 603.

Megaptera nodosa, 564.

Megischus acuhis, 742.

americanus, 736.

annidator, 736.

antinorii, 719.

borneensis, 735.

brasilianus, 736.

brunneus, 725.

canadensis, 827.

claripennis, 758.

coronator, 738.

Cylindricus, 776.
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Megischus ducalis, 740.

erythrocephalus, TQiT.

europcBus, 730.

floridanus, 828.

froggattii, 734.

furcatits, 827.

indicus, 784.

insidiator, 724.

insularis,738.

longicaudatus, 738.

longicollis, 790.

onaculifrons, 761.

onaculipennis, 773.

iiiger, 733.

nigricauda, 772.

palUditarsis, 756.

rujice-ps, 737, 774.

ruficoUis, 756.

spoliator, 828.

submaculatus, 773.

tarsalis, 829.

tarsatus, 729.

^ Tar. nigricans, 733.

" texanus, 730.

vidutis, 738.

violaceipenoiis, 746.

Megiseleius, read Megischus.

Melanophoyx ardesiaca, 858.

Melierax gabar, 856.

Melittophagus buUocJcoides, 849.

Membranipora denticulata, 984.

meonbranacea, 986.

savartii, 987.

iehuelcha, 985.

tube,rculata, 986.

Merops a-piaster, 850.

Mesenchytrceics sp., 1136.

gelidus, 1110.

solifugus, var, rainierensis, 1110.

Mesocestoides lineatus, 922.

litteratus, 922.

Mesoplodon bidens, 640, 643.—— howdoini, 569.

grayi, 572.

laya.rdi, 574.

Microtus agrestis fiona, subsp n.
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MonopyU'pliorus africanus, 967.

parvus, 943.

Motacilla flava campestris, 838.

vidua, 838.

Mus musciUus musculus, 938.

Naia bimgarus (z. s. l.), 1273.

Naidium phuriseta, 944.

Nais josince, 1119.

Nectarinia famosa (z. s. l.), 1273.

reichenowi, 837.

Neohalcsna marginata, 559.

Neostephaniis albomaculatus, 781.

alluaudi, 111.

caineruHus, 779.

crassipes, 780.

globiceps, 119.

—;— insignis, 118.

nataliciis, 793,

pentheri, 781.

Nestor notabilis [z. s. l.), 1276.

Notharctics, 604.

Nothodectes, 604.

Notomys cervinus, 597.

Numenms nrquatus, 862.

pliceopus, 862.

Nycticeb'us, 603.

Orcella brevirostris, 640.

fulminalis, 642.

Orcinus orca, 577.

Oriolus brachyrhynchus Icetior, 843.

Ortholophtis leucoloplms (z. s. l.), 1273.

Otaria californica (z. s. l.), 835.

Ourebia nigricaudata (z. s. l.), 1275.

Ovibos, 654.

inoscJiatus (z. s. l.), 1274.

Oyfs, 654.

Pagurus bernhardus, 897.

cuaneiisis, 897.

Paikea, gen. n., 574.

hectori, bio.

PalfBopropithecits, 603.

Pandion haliaeius, 854.

Papillosetaria, gen. n., 913.

traguli, sp. n., 913.

Papio paplo (z. s. l.}, 1273.

Parangitia micapennis, sp. n.,

994.

—^— nigrofulgens, sp. n., 994.

Parastep>hamos albiceps, 751.

brevistigma, 756.

claripennis, 758.

damellicus, 753.

eburneus, 752.

glaber, 749.

Icevicollis, 750.

macidifrons, 751.

nialayanus, 760.

martini, 748.

orbitalis, 748.

paUiditarsis, 756.

piotipes, 754.

pygnicBus, 750.

rubripictus, 759.

rufidornatus, 758.

• rufo-ornatMS, 768.

scitws, 757.

Passer griseus suahelicios, 838.

PetZeiJes mfer, 659, 664, 667, 689, 672,

674, 675, 678.

Peloneustes philarohus, 834.

Pelycodus, 604.

Penelope purpurascens (z. s. l.), 835.

Peradectes, 604, 606.

Pernis ajnvorus, 855.

Pej'odictictis potto, 602.

PetaMrista, 1177.

albiventer (rnagnificus), 1200, 1205.

canioeps, 1203.

piJdlippensis, 1203.

yunnanensis, 1203.

Petinomys fuiscocapillus, 1205.

Petrochirus grantdimamis, 983.

Petrodromus, 603.

Phacochoeriis, 653.

africamcs (z. s. l.), 1274.

Phalanger orientalis, 863.

Phascolarotos cinereus, 863.

Phascolomys, 603.

mitchelli, 863.
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Phastia maricolor, sp. n., 993.

Phenacolemur, 604.

TTiocmna, 643.

Pholidauges leucogastor (z. s. l.), 1274.

verreauxi (z. s. l.), 1274.

Phostria duplicata, sp. n., 995.

Fhysaloptera, 1004, 1011, 1080.

abbreviata, 1087.

abjecta, 1100.

acuticmula, 1050.

affinis, 1088.

alata, 1025.

var. chevretixi, 1083.

vai'. nouvelli, 1083.—- atta, 1099.

aloisii-sabaudicB , 1098.

' aonphibia, 1099.

anomala^ 1021.

cmtarctica, 1067, 1099.

bilabiata, 1096.

bonnei, sp. n., 1034.

brevicauda, 1100.

brevispicuhim., 1090.

brevivacfinata, 1083.

britanica, 1097.

bulbosa, 1102.

capensis, sp. n., 1078.

caucasica, 1089.

cesticillata, 1091.

• chamcBleontis, 1086.

cireularis, 1093.

c?:^«7^«, 1095.

clausa, 1012.

ccefeSs, 1092.

coliibri, 1070.

oon&tricta, 1102.

contorta, 1102.—^ crassa, 1096.

CT0S2, 1085.

dentata, 1097.

digitata, 1090.

dilatata, 1076.

dispar, 1092.—— elegantissima, 1091.

fusiformis, 1097.

galinieri, 1085.

gemina, 1090.

^eilM^a, 1082,

Physaloptera gracilis, sp. n., 1039.

guiarti, 1092.

incurva, 1093.

iiiermis, 1094.

Mi^ate, 1096.

leptosomcc, 1085.

limbata, 1095.

longissima, sp. n., 1041.

magnipajpilla , 1058.

malayensis, sp. n., 1046.

mcdleus, 1100.

inaxillari&y 1019.

onegalostoma, 1096.

mephites, 1091.

monodens, 1030.

mordens, 1052.

mucronata, 1 103.

" muris-brasiliensis, 1023.

nasilionis, 1096.

numidica^ 1086.

obtusisshna, 1032.

ovata, 1103.

pallaryi, 1087.

papilloradiata, 1101.

papillotnmcata, 1016.

paradoxa, 1062.

phrynosoma, sp. n., 1037.

pirmpzitial'h, 1043.

pyramidalis, 1095.

quadrovaria, 1060.

rara, 1081.

retusa, 1027.

rotundata, 1101.

ruwenzorii, 1093.

saginata, 1103.

sciuri, 1094.

semilanceolata, 1017.

simplicidens, sp. n., 1072.

sonsinoi, 1098.

spiralis, 1098.

spirula, 1101.

striata, 1103.

strongylina, 1104.

subalata, 1084.

tacapensis, 1082.

tenuicollis, 1104.

ierdentata, 1048.

torquata, 1091.
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truncata, 1097.

t'limefaciens, 1055.

turgida, 1074.

varani, 1065.

Physeter, 643.

macroceplialus, 565, 641.

Pinvpla coronator, 738.

Piona longifalpis, 1232.

Platanista gangetica, 640, 643.

Plecostomus commersoni (z. s. l,), 1274.

Plocetis nigriceps, 842.

reichenowi, 842.

spekei, 843.

Plusiodonta cupristria, sp. n.

992.

Pococera brunnapex, sp. n., 996.

Podargus sfrigoides (z. s. l.), 834.

Poicephalus fuscicapillus, 853.

Polvmastodon, 605.

Porolepis ? sp., 1259.

Potamockcerus, 653.

Prinia mydacea tenella, 846.

Propitkecus, 601, 603.

Prosymna meleagris (z. s. l.), 1275.

Protoxerus, 1190.

stangeri, 1190.

Psammophis sihilans (z. s. l.), 1275.

Pseudochirus peregrimis, 863.

Pscudorca crassidens, bll.

Pteropus medius (z. s. l.), 1276.

Ptilodus, 605.

Pulsatrix perspicillata (z. s. l.), 1275.

Pycnonotus barbatus micriis, 845

.

tricolor paUidus, 845.

Pygeretmtis, 675.

Pyromelana flammiceps, 840.

nigriventris, 840.

xanihomelana, 840.

Pytelia mdba kirki, 842.

Quelea cardinalis, 840.

intermedia, 840.

i?a«a brevioeps, 542.

• hexadactyla, 542.

tigrina, 542.

Batttis greyi, 593.

i?ato/a, 1178, 1188.

bicolor, 1185.

iiidicct,, 1185.

macrourus, 1185.

Ttedunca nagor (z. s. l.), 1275.

Ithacophorus biiergeri (z. s. l.), 1274.

Rhamplioooelus dinddiatus (z. s. l.), 835.

Bheithrosciurus, 1183, 1138.

Ehinooeros, 647, 653.

Rliinochetus jubatus (z. s. l.), 834.

Bliodo&piza oh&oleta (z. s. l.), 1273.

Rhyncocyon, 603.

Rifargia brunnipennis, sp. n.. 993.

Ripxiria rufigula, 847.

Sagartia parasitica, 897.

Saltatm' artricoUis (z. s. l.), 1276.

Samea delicata, sp. n., 997.

Sanys implacata, sp. n., 994.

Scaphida celox, 1139.

minuta, sp. n., 1148.

Scarturus tetradactylus, 659, 662, 664,

667, 669, 674, 675, 678, 682.

Schisorhis afrieana leucogastra, 852.

Schlettererius cinctipes, 714.

rufipes, 713.

Seirtopoda orientalis, 659, 664, 667,

669, 674, 675, 678, 682.

Sciuropterus, 1203, 1205.

{Hylopetes) alboniger, 1203.

{Petinomys)fuscocapiUus, 1203.

Sciurus, 1172.

carolinensis, 1177.

{Neosciurus) carolinensis, 1191.

griseus, 1177.

(Tamiasciurus) hudsunitis, 1193.

hudsoniiis, 1177.

(Echitwsciurus) hypopyrr/ms, 1190.

hypopyrrhus, 1177.

Mt^er {rufiventer), 1177, 1192.

saltuensis, 1173, 1177.

vulgaris, 1173, 1177.

Scoptis umbretta (z. s. l.), 834.

— bannermanni, 861.

Seleucides chrysocephalus (z. s, l.), 834.

Serinus striolata affinis, 838.

Setaria, 911.— javensis, sp. n., 911.
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Sioista longer, 661, 664, 667, 669, 674,

675, 682.

Sisyrosea guaica, sp. n., 996.

Sorex arcmeus, 930.

araneus, 931.

grantii, 932.

minutus minutus, 933,

Speothos veiiaticus, 834.

Spermestes, sp., 841.

Spreo superbus, 843.

Stenella euplirosyne, 582.

pseudodelpMs, 683.

Stephanus acuttis, 742.

aoidinus, 727.

emulator, 736.

anomalipes, 731.

antinorii, 719.

bicolor, 732.

borneensis, 735.

brasiliensis, 736.

brevicoUis, 789.

b)"evipetiolatus, 816.

brunneus, 725.

capitatus, 774.

ceylo7iicus, 735.

cinctipes, 714.

collarifer, 763.

comma, 744.

conradfi, 789.

coroncdor, 738.

coronatus, 718.

crassicauda, 728.

cyUndricus, 776.

damellicus, 753, 759.

diadema, 827.

diversus, 827.

dticalis, 740.

ergikrocephalus, 767-

euro23(Sus, 730.

fiavomaculatus, 807.

froggattii, 734.

frontalis, 828.

furca.tus, 736.

5'^^;''s, 720.

globiceps, 779.

Jusmatifoda, 741.

horniaiius, 726.

indicus, 784.

Stephanus insignis, 778.

intermeditcs, 771.

lacteipennis, 790.

lanceolatiis, 741.

leucodontus, 810.

limpidipeiinis, 769.

lucidus, 740.

macrurus, 770.

maculipennis, 773.

malayanus, 760.
—— marginalis, 764.

martini, 748.

natalicus, 793.

rafter, 733.

nigricans, 733.

nigricauda, 722.

pachylomerus, 723.

pallescens, 803.

pilosus, 744.

pygmcBus, 750.

ricbripes, 734.

ruficeps, 737.

rufipes, 716.

rufofemoratus, 743.

rufo-ornatus, 758.

rugosus, 745.

salomonis, 821.

saussiorei, 737.

schlettereri, 788.

serrator, 718.

sichmanni, 727.

spoliator, 828.

submaculatus, 773.

sulcifrons, 724.

tarsatus, 729.

^ereej", 767.

terebellus, 818,

texanus, 730.

tibiator, 721.

togoensls, 797.

tortus, 731.

turcomanormn, 731.

unicolor, 725.

vadosus, 775.

villosus, 743.

violaceipennis, 746.

wustneii, 768.

xanthocepJialus, TM.
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Sirepsiceros, 654.

Streqytopharagus armatios, 910.

Struthio camelus (z.s. l.), 1273.

SuberUes domuncula, 897.

Jicus, 989.

Sus, 647, 653.

habimssa, 648.

scrofa, 648.

Sylvieita wkytei, 846.

Tachornis parvus, 848.

Tamas, 1174, 1183.

Tapirus, 653.

americanus, 648.

bairdi, 648.

indicus, 648.

terrestris (z. s. l.), 1274.

Tarsws, 602, 603.

Tchitrea cristata sualielica, 846.

Testudo calcarata (z. s. l.), 1274.

«6em, 493, 502.

loveridgii, 484.

Tliairo'pora armata, 987.

Thomomys btdbivorus (z. s. l,), 1274.

Tomeutes, 1188.

Mppurus, 1185.

vittatiis, 1185.

Totanus hypoletims, 862.

Trachyphonus emini, 853.

Tragelaphus scriptus (z. s. l.), 1273.

Tmgulus, 648, 649, 654.

Tricholcema lachrymosa, 853.

Tringa minuta, 862.

subarquata, 862.

Troglostrongylus, gen. n., 906.

troglostrongylus, sp. n., 907.

Tubifex {Ilyodrilus) bedoti, 953.

i;?«fri/e:j7, 943, 955.

velutmus, 944.

Tupaia, 603.

Ttirsiops, 643.

truncatus, 584.

Twrtur senegalensis, 853.

Tympanistra tympanistra, 853.

Urcsginthus bengahis angolensis, 841.

niassensis, 841.

Varanus niloticus (z. s.l,), 1275.

Vespa germmiica, 833.

Xm<s, 1180, 1183.

n«!;t"te, 1181, 1195.

Xorides coronatus, 718.

ZajoMs, 660, 664, 667, 669, 674, 675,

678, 680, 682.

hudsonianus, 659.

Ziphius cavirostris, 576.

Zygceiia malleus, 971.
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Introduction.

In the preparation of the present paper, I am indebted to

many persons for help and various courtesies. My especial

thanks are due to Mr. A. Loveridge, for his generosity in allowing

* For explanation of the Plates, 'see p; 526.
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me to use the whole of his valuable collection for dissection and

general study. Also to Sir John Bland-Sutton, for his gift of

X-ray plates of the types and young, and facility to study the

tortoises themselves beneath the fluorescent screen at Middlesex

Hospital at a time when no specimens could be spared for dissec-

tion ; and also to Mr. R. H. Burne, of the Royal College of Surgeons,

for investigating the structure of the denticulated jaw, and the

ribs, and for making slides of them.

The purport of the present work is to furnish a detailed

description of this extraordinary Soft Tortoise, based upon the

large series of specimens which have passed through my hands

;

especially of the peculiarly interesting structure of the bony cara-

pace and its development, compared with cases of fenestration in

Testudo and other groups. The recently discovered young is also

described in comparison with the adult, and various notes on the

habits of living specimens by Mr. Loveridge are appended.

General Account.

Material and history.

In 1920, when Mr. G. A. Boulenger first examined this tortoise,

then new to science, there were no specimens available for the

making of a skeleton. The carapace, which feels soft and springy,

was examined by cutting a flap in the abdominal shields, removing

the viscera, and holding the animal against the light. When
this is done, no bony matter of any kind can be detected ; the

carapace is seemingly translucent without ribs or costal plates

:

it was therefore described as boneless. The view obtained in this

way is deceptive, as it is limited to the I'egion of the second and
third costal and vertebral shields on account of the restrictions

of the fenestra in the plastron through which it is viewed ; the

shadows of the reduced costal plates, which are there, are entirely

obscured by the black markings in the epidermal shields.

The young specimen described in his note*, although agreeing

in almost every particular with the type, excepting its convexity,

was an anomalous specimen, not the young of loveridgii. In 1921,

Mr. Loveridge sent a Kaffir on an expedition to hunt for further

material, and the true young was found in the type-locality

This hfis a depressed cai-apace, but does not resemble the adult in

general appearance. Since then further expeditions have suc-

ceeded in capturing more specimens, both adult, young, and half-

ffrown, so that at one time and another I have been able to

examine twenty-three spirit specimens, besides two specimens

at present living in the Zoological Gardens. It has also been

possible to prepare skeletons both of adult and young, and to

make dissections.

jlfter examining this new material, Mr. Boulenger agrees

* Boulenger, C.E. Acad. Sci., Paris, t. 170, p. 264 (1920).
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with me in my three principal amendments to his original

description :

—

1. That the type-specimens are fully adult.

2. That the adults have bony neural and costal plates present
to a certain degree.

3. That the young has a more or less depressed carapace.

Characteristics.

Testuclo loveridgii is already well known as the Soft-shelled

Tortoise with the flat carapace, both these characteristics being
entirely foreign to Testuclo as previously defined.

In general appearance it looks as if it had been crushed in youth
and had only survived by a miracle. When taken in the hand
alive it has a boneless feeling which is uncanny ; both carapace
and plastron react to pressure on the abdominal region with a
springy motion, and the animal is able to inflate itsblf to a slight

degree.

Mr. Boulenger pointed out in his note that in the case of the
plastron this softness is due to an enormous diamond-shaped
fenestra, usually met with in the newly-hatched or very young
of other species. The viscera thus exposed are protected by
extremely thick, soft, dermis of a very tough nature.

The ti'ue structure of the carapace was revealed by X-rays quite
accidentally, my original object being to compare the supposedly
boneless adult with the young, in which the ribs show normal
development. When viewed through the fluorescent screen, the
adults presented an extraordinary appearance, the ribless vertebrae

and more or less normal limb-girdles being overlaid b}^ a bony
network, intimately correlated with the net of sutures between
the epidermal shields, and formed by the partial development of

the neural and costal plates which had been apparently wanting,
and which in other species compose the solid bony carapace (vide

Pis. II. & III.). The significance of this bony netwoi'k only
became clear after considerable study of the X-ray plate taken
at the time. The skeleton subsequently prepared corroborated
every detail revealed in this plate, and also showed that the
vertebrse are very remarkable in form. The animal is further
rexxiarkable in possessing what appear to be teeth, acrodont in

type and similar to those met with in Agamoid lizards. Their
regularity renders them quite unlike the seiTations met with in

some tortoises. The horny sheaths of the alveolar ridges are
similarIv denticulated.

In the detailed description which follows, these structures will

be dealt with at greater length.

The species is still in a state of great instability, for apart from
the immense range of variation to which it is subject, many
abnormalities occur, such as the presence of horny shields projDer

to the more primitive Chelonians.

34*
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Affinities.

Testudo loveridgii is undoubtedly closely related to T. tornieri

Sieb. Even before the skeletal characters were known, when the

former was thought to be without a bony carapace, it was recog-

nized as being nearer to the latter species than to any other;

in fact, Mr. Loveridge took his first specimens to be tornieri.

Comparison of their skeletons show that they are similar in

structure.

Briefly, they are probably both derived from the geometrica

group, loveridgii being one step further removed than tornieri.

T. tornieri differs from T. loveridgii in that the cai"apace is not

quite so depressed. The bony plates beneath are rather more
developed, and slightly different in arrangement. It has a ninth

pair of well-developed costal plates, and the whole animal is

relatively much longer, being about half as broad as long instead

of two-thirds.

The supracaudal shield is also entire, instead of divided as is

usually the case in loveridgii. It possesses, however, all the

special peculiarities of loverid,gii, including the deficient ribs, and
fenestrated carapace and plastron, which produces a soft-shelled

condition. It also appears, from its photographs, to have both

jaws regularly denticulated.

Siebenrock's two specimens from Bussisi and Lindi are

described as having soft shells, but he considered the condition

of the carapace which he dissected away in one individual to be
pathological (1904). The finding of a third specimen by Lonn-
berg at Njoro (1911) and the recent discovery of loveridgii^

however, prove that it is merely physiological.

Habitat and habits,

T. loveridgii is found in the arid rocky country round Dodomo
and Tabora in Tanganyika Territory. Its distribution seems
to be restricted to rocky kopjes where great boulders of grey
granite are scattered ; the characteristic vegetation is of the thorn-

bush type ; capers are also numerous.
The tortoise is good at climbing up the face of the rock, and

turns over easily after falling on its back. It can only be

dislodged from crevices with difficulty, as it is able to inflate itself

to a certain degree, and thus wedge itself firmly, using its legs

as struts. It is also able to squeeze itself beneath stones, on
account of the springy structure of its carapace.

It is probable that it lays a single oval egg (about 35 mm. long
and 23 mm. in diameter), as such a one was recently dug up by
Mr. Loveridge in the enclosure in which several females were
penned. The embryo exti-acted from this egg is almost at the
point of ^hatching, and I have little doubt that it is loveridgii

but it is not possible to be certain, as females of T. 2oardjalis and
Cinixys helliana were also in the pen, and tortoise-embrj^os

are very similar to one another, and at this stage the more
striking characteristics of loveridgii are not manifest.
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Further particulars as to habits will be found in the notes

by Mr. Loveridge appended to this paper.

External Characters.

Shape and ^proportions.

The carapace of the adult is from three-quarters to four-fifths

broad as long (actually 71 to 83 per cent.), excessively depressed,

either flat or concave in the vertebral region ; depth usually

about oae-tifth of the length. In text-fig. 1 {q. v.) the depressed

carapace of loveridgii is compared with that of the normal ihera.

Marginal region turning downwards and outwards abruptly,

excepting the anterior border, which remains flat ; mar-ginals

four to eight sometimes perpendicular. Sides straight, either

Text-fio'ure 1.

Carapace of a normal Tortoise, T. ihera (a), compared with that

of T. loveridgii (b).

parallel or oblique ; anterior edge of shell straight or forming

a slightly inverted curve, feebly serrated
;

posterior border

rounded or obtusely pointed, also slightly serrated. Some-

times the greatest width is in the pectoral and sometimes

in the pelvic region, but in the majority it is equal at and

between these two positions. This depends upon the oblique

or parallel trend of the sides of the carapace. In the table of

measurements the breadth is always taken at mid-carapace.
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The young are as broad as long and about one-third deep as

long, and the carapace is uniformly convex and cordiform in

outline. With growth these proportions change, the tortoise

becoming narrower and more depressed. In order to show
the pi-ecise nature of this change in form, the specimens in

the appended table are graded according to age ; the regular fall

of the pei-centage values for breadth and depth are thus obvious,
and could be well expressed by graphs.

In both adults and young the dimension of depth does not
properly apply to the carapace s. sir., but to the thickness of the
entire animal.

The plastron is large and projects beyond the carapace in front
and falls short of it behind ; fore-lobe truncate, hind -lobe deeply
cleft, the two about equal in length and nicely shaped around
the limbs ; bridge very variable in width, usually about once and
a half the length of either lobe. In the young the breadth of the
entire plastron is greater in proportion.

Colouration.

The sj^stem of markings is similar to that met with in the
geovietrica grou]) ; the pattern, however, does not form regular
stars, on account of the excentric positions of tlie areolars. These
surfaces are reddish brown or rust-colour, black and pale horn-
coloured bands radiating from them to the shield- edge; the rays
are sometimes very strongly marked and regular, sometimes one
colour predominating and sometimes the other, according to

whether the black rays are broad or narrow, strongly marked
or indistinct (^vide PI. I.). In the young the dark pigment is

irregularly massed around each areolar. Each shield has its

characteristic design, according to its contours; in well marked
specimens that of the fifth vertebral resembles a rising sun, as

depicted in decorative art; those on the marginals, the aster-

pattern of old blue china.

On the plastron the system is the same, but the yellow or horn-
colour greatly predominates, partlj^ owing to the lai^ger areolars

and partly to the fact that the black rays do not always reach to

the shield-edge.

The head and limbs are brownish or yellowash, sometimes
indistinctly mottled.

Owing to the burrowing proclivities of these tortoises, the live

specimens usually have their beautiful markings entirely obscured
by dirt, which lodges in the deep concentric striations of the
shields.

Mr. Loveridge notes that the specimens from Tabora are
lighter in colour than those from Dodoma.

Head.

Head moderate; tympanum as large as or larger than eye:
frontal usually broken up into four shields

;
praefrontal large,

subcordiform, divided in one specimen ; a pair of large supra-
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nasals meeting each other by a mesial suture of variable length,

usually between one-fourth and two-thirds length of prsefrontal

{i^ide text-fig. 2 a).

Horny coverings of sheaths of alveolar ridges of maxillse and
mandibles with regular, clearly-defined denticulations, 15 to 20

(usually about 20) on each outer, and 6 to 9 (usually about 7) on
each inner maxilla; 12 to 15 on each outer and 5 to 9 or 10 on

Text-figure 2.

c.

b.

a. Upper surface of head. (Adult; nat. size.) b. Side view of head.

e. Hornj' teeth enlarged.

each inner mandible. Beak tricuspid, with one or two of these

denticulations between each cusp. Sometimes the points of these

odontoids look precisely like the regular teeth of an Agamoid
lizard ; but in other individuals they are not so well developed.

They may be more so in the upper than the under jaw, or on the

outer or the inner ridges, but whenever distinct are extremely

regular {vide text-fig. 2 h, c). In all cases they are more developed

in the horn than in the underlying bone.

Limbs.

Lower part of fore-limbs covered with large claw- or scale-like

shields, three very much enlarged on the anterior surface above

wrist ; normally five well-developed claws.

Tibial portion of hind-limb often longer than radial portion of

fore-limb, covered with irregular juxtaposed horny shields the

size of those on the humeral portion of the fore-limb ; scales on
sole enlarged and claw-like in adults ; normally four strong

claws. In an abnormal specimen these claws are so overgrown
that the outer one measures 13 mm. A group of enlarged

tubercles on hinder side of thigh in some individuals.

The limbs are not nearly so club-shaped as in most species of

Testudo ; both wrists and ankles are supple and defined by a well-

marked crease in the skin ; the foot projects considerably {vide

PI. I.). This is especially marked in the young.

Tail.

Tail normal, much longer and stouter in the male than in the

female.
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Epidermal shields.

The epidermal shields are highly characteristic in form, but

subject to great variation individually. In several specimens

supernumerary shields and other abnormalities occur; for

Text-figure 3.

Epidermal shields of the carapace. (Adult
; J uat. size.)

instance, one adult has twelve marginals on the left side, one has

twelve on both sides, and in one the posterior marginals form a

deeply serrated border ; the male type has only four vertebrals,

one female has the third vertebral divided longitudinally, and
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two have extiaordinaiy embossed vertebrals ; three individuals

possess an intergular. Mr. Loveridge mentions two specimens,

which unfortunately escaped, in which small azygous shields

occur, also several in which the supracaudal is single or semi-

divided.

Each shield is also subject to considerable individual variation

of size and shape.

Text-fisfure 4.

Sketch of carapace of male type-specimen, showing abnormalities

in epidermal shields (f nat. size).

The shield surfaces in the young are excessively rugose or

coarsely granulated, each one bordered narrowly by a raised band
of smooth horn; with age these rugosities wear smooth, but the

ensuing growth-rings, also of smooth horn, are extremely regular,
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and the concentiic striations between are deep and strongly

marked. This applies to the plastron as well as the cai-apace.

Nuchal shield very variable ; much broader than long and cleft

anteriorly in young specimens ; about as long as broad to thi^ee

times as long as broad, usually a little more than twice, and not,

or but slightly, notched in adults.

First vertebral subtetragonal, usually slightly longer than

broad, or as long as broad; the anterior border longer than the

posterior, both convexly curved ; lateral borders straight, slightly

oblique. On the male type this shield is greatly elongated {vide

text-fig. 4).

Second and third vertebrals hexagonal, broader than long, the

suture between them usually a little shorter than the length of

either shield, a little longer than the suture between first and

second or third and fourth.

Fourth vertebral with very short posterior border, not more

Text-figure 5.

Younc specimen, showing relatively broader shields (nat. size).

a. Carapace, b. Plastron.

than half length of suture between third and fourth. In the

male type this shield is subtriangular or cordiform, and widely

separated from the last vertebral by the fourth costals.

Fifth vertebral obtusely pointed and flat anteriorly, in the

same plane with the preceding vertebrals
;
posteriorly its bordei-

is curved, and bent downwards sometimes very abruptly; the

lower edge in some cases curves in so as to form an angle with

the more obliquely set supracaudals.

Costals highly characteristic in form. In the ordinary Testudo

the sutures between these shields form straight lines more or less

at right angles to the long axis of the cai'apace : in T. loveridgii

they form curves, particularly pronounced in the case of those

between the fourth pair and fifth vertebral. The areolars are

also excentrically placed. In T. ibera, for instance, the border
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around the areolar is about twice as broad in front as behind, and
situated high up in the shield, the distance between it and the
vertebrals being less than the distance between it and the costal

posterior to it, and a quarter or less the distance between it and
the marginals ; in fact, the relative widths of the shield-borders

Text-figure 6.

Epidermal sliields of the plastron. (Adult
; J iiat. size.)

(top : back : bottom : front) are roughly expressed by the geo-

metrical progression—2 : 4 : 8 : 16. In jT. loveridgii this ratio is

better expressed—4 : 2 : 4 : 5 or 4:1:4:6, the areolar being
midway between vertebrals and marginals, but situated very far

back in the shield. The areolar of the fourth costal is often
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actually in contact with the anterioi' margin of the fifth verte-

bral. This condition is not marked in the young, but is accen-

tuated by each growth-ring. The fourth pair, in the male type,

as already remarked, are broadly in contact mesially, in front of

the last vertebral ; in no other instance does this occur although

they are sometimes in close proximity. The abnormal form of

these shields on the male type is shown in text-fig. 4.

The second costal is usually about equal in width to the third

vertebral.

The marginals are also extremely characteristic and very greatly

reduced in depth. The first pair are normal in outline but a little

longer than deep ; the second and third are about one and a half

times as long as deep ; fourth to eighth greatly reduced, once and

a half to twice as long as deep, as against about two-thirds long

as deep in T. ibera ; ninth and (or) tenth deepest, a little deeper

than long ; tenth and eleventh similar but slightly smaller. In
the young the marginals are more or less uniform, as deep as

broad or a little deeper ; the sutures dividing them are somewhat
oblique, making them rhombic in shape (vide text-fig. 5 a).

Text-figure 7.

f
Intergular shield (iiat. size).

The supracaudal is paired in all the specimens examined with
the exception of a female living in the Zoological Society's

Gardens, and three young specimens, in which it is single.

The epidermal shields of the plastron are not peculiar in any
way (vide text-fig. 6).

Gulars modei-ate, truncate and rounded anteriorly, forming
together a bow-shaped edge, projecting beyond the carapace and
forming a support for the animal's chin ; lateral edges shorter

than the mediaii suture
;
gulo-humeral sutures directed obliquely

backwards and inwards, meeting each other at an angle of

60° to 140°.

An intergular is present in three out of twenty-three speci-

mens. In the smallest specimen it is small but distinct (vide

text-fig. 5 b); in one female it is somewhat smaller than a gular

(vide text-fig. 7), and in a male it is well developed and as large

as a gular. In all three it is protuberant and kite-shaped, the
short sides in front.
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Humerals about twice as broad at humei'O-pectoral suture as

from apex to apex, or their median suture.

Pectorals narrow, median suture two-fifths to three-fifths

length of median humeral suture.

Abdominals more or less square, median suture two to four

times length of median pectoral suture.

Femorals very variable, median suture visually longer than
median pectoral suture

;
posterolateral corners projecting beyond

lateral edges of anals.

Anals.—Ano-femoral sutures slightly oblique, directed for-

wards; lateral borders at right angles to them ; median sutures

short, each anal cut away posteriorly and ending in a pronounced
point of variable shape, the resulting cleft between them forming
an angle of 90° to 120°. The width and depth of this cleft is

apparently not dependent on sex, as one would suppose from the

great difierence in the relative sizes of their tails.

The inferior surfaces of the marginals which cover the

bridges are extremely nari^ow, from three to four times as long

as deep.

Skeleton.

Besides the complete skeleton of one adult, and the radiographs

of the types, a considerable amount of accessory material has

been available. An excessively interesting individual, in which
development had been arrested at a still earlier stage, decomposed
in transit, thus enabling me to use most of the skeletal parts for

study. In this specimen the bony plates were as thin as tissue-

paper and extraordinarily flexible. Parts of other tortoises

also disintegrated and formed interesting checks on the first

skeleton.

Of the young, an X-ray plate shows that the limb-girdles are

normal, as in the adult. The structure of the carapace has been
studied in a series of six, ranging from 42 to 82 mm. in length

;

in these it was dissected off and the inside aspect cleaned. A
complete preparation of both carapace and plastron was made
from a specimen 60 mm. in length, and the plastron of the

42 mm. individual studied, without its removal, from the inside.

This material was amply sufficient to show the normal structure

and development, besides some interesting variations of the

skeleton of T. loveridgii, and to form highly interesting com-
parisons with other species.

The word "plate" is repeated after the name of each dermal
bone, in order to distinguish them from the epidermal shields of

the same names.

The hony carapace of the adult.

In general appearance the bony carapace is extraordinarj'.

Such portions of the neural and costal plates as are present, are

formed of translucent bone, and when damp are springy and
flexible, making it possible to depress or elevate the carapace as

if it were supported upon springs.
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Where the epidermal shields form sutures with each other, the

bone beneath is deeply grooved, sometimes forming perforations,

but always markedly transparent (vide Pis. II. & III. and
text-fig. 8).

Beneath the vertebral shields are four large fenestra shaped
like butterflies : the first is entire ; second, third, and fourth

Text-fie-ure 8.

Bony carapace of an adult, viewed from above (|- nat. size).

Feuestrse l|||l; deep grooves beneath shield-sutures "
; neural plates

np. ; costal plates, cp.; marginal plates, mp. ; nuchal, mm.
;
pygals, p.

divided mesially each by a bony bridge formed of rudimentary
neural plates ; the first and fourth are small compared with the

second and third (vide text-fig. 8).

Beneath the costal shields there are also large fenestras similar

in shape to the shields under which they are situated. That
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under the first is entire ; those beneath the second and third

divided mesially by a narrow transverse bridge of bone formed by
the third and fifth costal plates. There is no large fenestra

beneath the fourth in the normal adult,

Nuchal plate moderate, posterior corner free, forming anterior

edge of first median fenestra, which exposes the ninth vertebra.

First neural plate (text-fig. 8, np. 1) very much reduced in

comparison with that of a normal Testudo ; anterior edge pointed,

bordering first fenestra by which it is separated from the nuchal

plate ; narrow lateral limbs, uniting by short sutures with first

pair of costal plates {pp. 1) ; narrow posterior limb, entering into

second median fenestra, where it forms part of the dividing

bridge and unites by short suture with the second neural.

Second neural plate {ni). 2) vestigial, barely wider than the

vertebrae beneath, with straight lateral edges, ixniting by short

sutures with preceding and succeeding neurals, and forming the

main part of the fenestra) bridge.

Third neural plate {np. 3) octagonal, very much reduced, oblique

edges free, curved invertedly, bordering the inner corners of the

second and third fenestrse, which this plate divides one from the

other by uniting with the second costal plates {pp. 2) by narrow
sutures, thus forming a narrow bridge between them ; also form-

ing similar connections with second and fourth neurals.

Fourth neural plate {nj). 4) similar to second but somewhat
broader in proportion, forming the longitudinal dividing bridge

across the third median fenestra.

Fifth neural plate {np. 5) precisely similar to the third.

Sixth neural plate {^np. 6) similar to second and fourth but

broader still, dividing fourth median fenestra, which is, however,

much smaller than the two preceding.

Seventh neural plate (??/>. 7) normal, hexagonal, without free

edges, uniting by six sutures with the sixth and eighth neural,

and seventh and eighth costal plates respectively; those formed

with the eighth costals slightly longer than the others.

Eighth neural plate {^np. 8) normal, sub-tetragonal, without free

edges, uniting by oblique sutures with the eighth costal, and by

transverse ones with the seventh neural and first pygal plates,

the latter suture the longer and curved.

First pygal plate broadly cordiform or septagonal, set almost

at right angles to the horizontal plane of the neurals, curving in

where the marginal epidermal shields meet the fifth vertebral,

and curving out more obliquely to form a point beneath the supra-

caudal shields. It forms sutures with the eighth neural and

costal, eleventh marginal (7??^. 11), and second pygal {p. 2) plates,

that with the eighth neural about twice as long as any of the

others and curved invertedly.

Second pygal normal, equal in size to the eleventh marginal

plate.

First costal plates {cp. 1) shaped like wings, uniting by short

sutures with the lateral edges of first neural (which forms a
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bridge between them) and second costal plates, thus separating
the first lateral fenestra from tlie first and second median
fenestra* on each side ; the broadly curved anterior edges form
an uninterrupted suture with part of nuchal, whole of first and
second, and inner coi'ner of third marginal plates in most cases,

bi^t sometimes the distal portion is undeveloped, and theiefore

less wing-like, or cleft, or perforated beneath the shield-sutures

(vide text-fig. 9).

Text-fio'ure 9.

Left first costal plate from beneath, showing perforation beneath vertebro-costal

shield-suture ; distal end incompletely developed, and cleft. (Nat. size.)

Fenestrse between first and second costal plates are from front
to back as long as one marginal, from side to side two or three
times this length.

Second costal plates (cp. 2) slender, feebly developed, widely
separated from the neural ; anterior and posterior heads forming
narrow sutures with first and third costal plates beneath costo-

vertebral shield-sutures, main arms supporting transverse costal

shield-suture, and uniting distalJy with the fourth marginal plate.

Length of each (measured from end to end) three times breadth
(measured from front to back) ; median head forming a short-
pointed process directed inwards, but widely sepaiated from the
vestigial second neural plate. The X-ray plates of the types
show that these processes are sometimes connected with the
vestigial rib-heads by the ligament-like periosteal tissue of the
absorbed rib.

Third costal plates (cp. 3) extremely slender, rib-like, and feebly
developed. Main arms half or less than half breadth of those of

second, from which they are separated by a fenestra about half

as broad as those preceding. Each has three heads, each one of

which is twice as broad as the main arm, the median uniting by
suture with the third neural plate, thus forming a bridge between
second and third median fenesti'se on each side ; anterior and
posterior heads directed obliquely outwards, similarly united with
the corresponding heads of second and third costal plates, which
are directed obliquely inwards beneath the costo-vertebral shield

-

sutures.

In the specimen in Avhich development has been arrested at a
Proc. Zool. Soc— 1922, No. XXXV. 35
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very early stage, only the merest traces of bone-deposit are
present in place of the rib-like arms of these plates [vide text-

fig. 10).

Fourth costal plates [cp. 4) in form precisely like second, twice or
more than twice width of third, sometimes with veiy ragged edges

;

widely separated from neural by third median fenestrse, forming
a suture with sixth marginal plates, sometimes with corner of

seventh also. Fenestra between third and fourth similar in size

and shape to that between first and second, about twice width of

that between second and third.

Fifth costal plates {cp. 5) precisely like third in every way,
connecting by suture with seventh marginal plates. Fenestra

Text-fiaure 10.

Carapace of adult arrested at an earlier stage in development.
(Left side, from within

; J nat. size.)

between fourth and fifth similar to that between second and
third, about half width of that between third and fourth. In
the poorly developed specimen already referred to (text- fig. 10) the
rib-like limb is represented by a few bone-granules in isolated
patches.

Sixth costal plates {cp. 6) similar to second and fourth, but
rather more developed. Anteriorly narrowly in contact with fifth

beneath the vertebro-costnl shield-sutures, otherwise separated
by fenestra; slightly narrower than any of the preceding. Central
head in closer proximity to the neurals than those of second
and fourth; the dividing fenestra about half as large as in
the former instances. Posterior edge quite straight, forming
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a suture with seventh costal plate throughout its length from
fenestra to ninth marginal, excepting in the abnormal specimen,

in which it is partially separated from the seventh by an
elongated fenestra.

Seventh costal plates (cjo. 7) sti'aight, with angular head and
pointed distal end which is projected some distance into middle

of ninth marginal. Anterior facet of head free, bordering fourth

vertebral fenestra, posterior forming suture with seventh neural

plate ; main anterior border forming suture with sixth costal

from end to end, posterior border forming a similar suture

with eighth. On the upper third of the suture between the

seventh and eighth costal plates there is a small oval fenestra,

Text-fiaure 11.

Diagram of marginals 5, 6, and 7. a. T.loveridgii. b. T.ibera.

smaller on one side than on the other in the individual figured,

but of variable size in others. It is always very ragged in

outline.

Eighth costal plates {cp. 8) pentagonal, broad, with the exception

of the very small fenestra described above, completely in contact

with the surrounding plates

—

i.e., seventh costal, seventh and
eighth neural, first pygal, ninth, tenth, and eleventh marginal

plates. A small triangular process is projected into the anterior

portion of tenth marginal. A small kidney-shaped fenestra with
jagged edges pierced above the ilio-sacral region, anterioily

reaches just beyond the groove made by the fourth costal and fifth

35*
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vertebral shields and proceeding backwards almost to the eighth

neural.

Presumably this fenestra and the small oval one between the

seventh and eighth costals are all that remain of the large kidney-

shaped one, similar to those between the preceding costal and
neurals, which is pi-esent in youth.

The marginal bones are somewhat wider than the corresponding

shields ; first, second, and third markedly so ; sixth to tenth deeply

notched in the middle for the reception of spurs from the corre-

sponding costal plates. Fifth, sixth, and seventh enter into the

composition of the plastron beneath, and will be dealt with as

part of the plastron.

When one considers the great depth of the lateral marginals

in ordinary tortoises in comparison with their abnormal shallow-

ness in T. loveridgli, the shallow carapace of the latter is to

some extent explained. In text-fig. 11 the fifth, six, and seventh

marginal plates, drawn diagrammatically, of T. loveridgii and
T. ibera are compared.

The bony plastron of the adult.

The bony plastron is also composed of bone thin to trans-

lucency. In the centre there is an enormous diamond-shaped
fenestra reaching from ento- to xiphiplastron, and side to side

from marginals to marginals. It is very ragged in outline,

variable in size, and lies beneath the pectoral and abdominal
shields, so that the greater part of the abdomen is unprotected

by bone {vide text-fig. 12).

Epiplastrons (ep.) shapely, oblique, moderate in size; posterior

bordei-s serpentine.

Entoplastron {ent.) in the shape of a diamond, the anterior and
posterior corners of which have been truncated ; posterior margin
free, corresponding with the humero-pectoral shield-suture above,

entering into the central fenestra, into which a sharp bony spur

projects, representing the tip of the sternum, which is fused to the

inner surface of this plate in the normal way.

Hyoplastrons (Ap.) very small, rectangular, obliquely set

;

separated from each other by the anterior angle of central

fenestra; widely separated from the hypoplastrons by marginal

plates.

Marginal plates {mp.) 5, 6, and 7 enter into the composition

of the plastron on each side of the fenestra, spreading obliquely

invvards to a most unusual degree, number 5 running beneath the

pectoral shields to the abdomiiial, and terminating with a free

oblique edge in the central fenestra ; number 6 borders the lateral

corner of the centi'al fenestra on each side.

Hypoplastrons {hyp.) completely separated from each other by
the posterior angle of the central fenestra

;
produced to form

pq-rt of the posterior plasti'al lobe.
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XiphiplastroDs {zp.) form slightly oblique sutures with the
hypoplastrons ; their Miiterior median corners enter into the

Text-fiffure 12.

Bony plastron of an adult, viewed from witlicnt (| nat size).

Fenestra || I; deep grooves beneath epidermal sliield-suture iii—• vmizii::: *

;

epiplastrons, ep. ; entoplastron, enp. ; liyoplastrons, hp. ; hypoplastrons, hyp.

;

xiphiplastrons, zp.; marginal plates, mp.

posterior corner of the central fenestra, which separates them
from each other anteriorly ; a broad open cleft posteriorly

;

lateral edges bi-lobate.

* The groove beneath the median longitudinal shield-snturcs is equally deep, but

is not marked, as it would obscure the bony ones beneath.
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Skull.

Differing from the common T. ihera in the following

particulars :

—

The praefrontals are larger than the frontals, and widely

separated from the post-frontal bridge; temporal and post -orbital

arches stouter in propoi-tion, especially the latter ; annuhis tym-

panicus larger, stapes as slender as a hair.

Maxillary with three alveolar ridges, the inner one of which is

comparatively weak, the outer one, or maxillary edge, denticulate<l

with what appear to be minute pointed teeth of the acrodont

type, but which have not the composition of true teeth ; the number
is about 20 on each outer, and about 7 on each inner, maxillary

Text-figure 13.

Skull of adult (nat. size), a. Palatal view (horny sheaths not blackened), lb. Side
view (horny sheaths blackened). Hornj' sheath of maxillary partially dissected

away to show denticulations in the bone itself, c. Mandible (horny sheaths
blackened).

ridge. One or two similar denticles between the cusps of the

prEemaxillary. These denticles are so fragile that if the adherent
horny sheath is removed in the usual way, they are completely

destroyed, but they can be clearly seen without a lens if the hoi'n

is partially removed. In text- fig. 13 this has been done, and the
remaining horn blackened in the profile view, in order to dis-

tinguish it from the maxilla.

All the cranial foramina seem to be proportionately small.

The mandible has both its alveolar ridges denticulated in the
same manner as the maxilla. In the figure the horny sheaths,

in this case entire, are blackened.

Vertebrcd column.

First eight (cervical) vertebrae as in T. ihera.

The dorsal vertebrae (ninth to eighteenth in the complete

series) difi^^er profoundly from the ordinary pattern; they are

entirely without spinous processes and the centra are greatly

depressed instead of compressed, and hollowed to a thin shell

for the reception of the spinal cord, the vertebrae being thus a

simple depressed tube, adherent to the bony neural plates of the

carapace. In all other species the vertebral column is separated
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from the carapace by wide arches, the contact with it being

formed by long thin neural processes ; in no case is the main
column, even nai-rowly, in contact (excepting T. tornieri).

It is in some cases impossible to detect what remains of the

neural arcli in a section, for it has degenerated to such an

extent that in some individuals it appears to be wanting
altogether. Possibly it is absorbed to a variable extent in the

same manner as the ribs. In the vertebral sections figured {vide

text-fig. 14), it seems to be represented by an extremely thin

layer beneath the neural plate, forming a meagre roof to the

neural canal. The specimen to which it belongs, however, is the

most degenei'ate of any that have been examined. More normal

individuals, however, cannot be spared for the necessary dissec-

tion. Figs, c and d show diagrams of sections through the

middle and towards the anterior end of the eleventh vertebra
;

Text-fio-ure 14.

•lift

iicc

d.

,..np..

Z^
Diagrams of niid-dovsal vertebra?, a. Anterior end. b. Posterior end. e. Section

towards one end. d. Section through middle. 6. Side view of vertebra? with
lateral expansions of nenral plates cut off. f. Two vertebrEe bent apart, to

shoTV thinness and flexibility of the combined neural plate and neural arch.

Epidermal shield, es ; dermis, d ; neural plate, nj) ; neural arch, na ; centrum, c.

figs, a and b, the vertebra viewed from each end ; fig. e, the

twelfth and thirteenth with part of eleventh, side view, with
the lateral portion of the third neural plate cut through ; fig. f,

the twelfth and thirteenth, bent apart to show the thin flexible

covering of the neural canal. The relative positions of the

articulation of the vertebrae and the neural plate sutures vary,

usually alternating with each other. The points of juncture
between the 5th and 6th neural plates and 14th and 15th

vertebrae, however, coincide, one above the other.

The ninth vertebra is, of course, highly specialised for the articu-

lation of the neck. The facets for the articulation of the first

(non-functional) ribs are situated a,t the extreme anterior end.

Vertebrae ten (2nd dorsal) to thirteen ai-e progressively more
elongate, and have the tubercles for the articulation of the rib-

heads at the extreme anterior end on each side as in the ninth ;

in some of the young, articulation takes place at the juncture of

each consecutive pair of vertebrse. Fourteenth to seventeenth

become progressively shorter, and the facets for the corre-

sponding rib move further bacliwards in a lateral ridge as the

ribs become dii^ected obliquely in this direction. Eighteenth
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nineteenth, twentieth, and twenty-first vertebrte progressively
shoi-ter, their diapophyses elongate, slender, distally in contact
and supporting the iliac crests, those of the nineteenth the longest.
Diapophyses of anterior caudal vertebrae also elongate. Caudals
normal, twenty-four in number, stouter in the male than in the
female, according to the radiographs.

Eibs.

The ribs may be considered as absent in the adult, the part

Text-figure 15.

Bony carapace of an adult, from within (f nat. size), showing vertebrfe, and
vestigial ribs. (Ribs not entirely absorbed in this specimen.) *

normally adherent to the carapace having become completely
absorbed. The free or capitular portion is sometimes present as

* Sutures between costal plates 2, 3 and marginal plates 4, 5, accidentally omitted.
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a vestigial thorn-like structure, but is more often absent

altogether, or represented by a thin ligamentous simulacrum

{vide Pis. II. & III.).

The first pair, which in all tortoises are rudimentary, are

normal. The second (first functional) have the free capitular

portion sometimes present, although reduced, adherent terminally

to the first costal plate, and in contact with the first pair in the

usual manner {vide text-fig. 15). Third pair absent or vestigial.

Fourth pair, when present, similar to the second, but usually as

slender as a hair ; in contact with third pair of costal plates.

Fifth pair absent or vestigial. Sixth pair like the fourth, but still

more vestigial and directed slightly backwards. Seventh pair

absent or in some specimens present, and bridging the fenesti'se

and meeting the corresponding process of the sixth costal plates,

directed slightly backwards. Eighth pair rather depressed,

directed still more backwards, in contact with the seventh pair

of costal plates just in front of the seventh neural plate.

Ninth pair slender, directed strongly backwards and flattening

out beneath the head of the eighth costal plates.

In the young specimen (60 mm. long) described in the next

chapter, a tenth pair of ribs are present.

Pectoral girdle.

The bones of the pectoral girdle and fore-limbs, as compared
with those of T. ibera, are slender, and the coracoids are not so

strongly dilated ; in other respects they are similar {vide Pis. II.

& III.).

Pelvic girdle.

The bones of the pelvic girdle and hind-limbs, also compared
with those of 2\ ibera, are somewhat more slender and those of

the pelvis less dilated {vide Pis. II. & III.). The ilia are not fixed

above as in the ordinary tortoises, as they terminate just beneath

the last median fenestrse in the carapace, whilst in tortoises with

a solid carapace they articulate with a bony prominence beneath

the eighth costal plate.

Development.

Until April of this year, only adult or extremely young speci-

mens were ava,ila,ble, and it was, therefore, only possible to guess

at the intermediate skeletal forms. Mr. Lovericlge has, however,

now sent over a series of young and half-grown, which illustrate

the processes which are taking place and corroborate my earlier

speculations.

Ribs.

In the young the ribs are perfectly normal {vide text-figs. 17,

18) but step by step they disappear. The portion adherent to

the carapace becomes flattened, and disappears in a manner
similar to that met with in other members of the genus. The first

portion to become completely absorbed is that which underlies
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,
the oblique connecting bridges between the costal plates, which
in turn underlie the vertebro- costal epidermal shield-sutures

:

that is to say, the point where the rib becomes adherent.

The capitular free portion of the rib absorbs in a peculiar wa,y.

At 71 mm. these free ribs still appear to be present when the

carapace of a spirit specimen is raised; when explored, however,
they prove to be chiefly composed of soft pliant material, like

ligament. At 81 mm. there is still a splinter-like rib within this

soft material, but this becomes more and more wasted by
absorption, until it is lost absolutely in the adult, or represented

by a tiny thorn -like splinter one or two mm. in length—the

extreme ca.pitulum of the original rib. Mr. Burne has very
kindly investigated the structure of this soft portion, excised

from a young specimen. Longitudinal sections show that with

Text-figure 16.

Microscopic section through capitulum of absorbing rib(X 100), in which ahnost
nothing but periosteum is left. (After a sketch by Mr. Burne.) Periosteal

fibres, p ; cartilage, c ; areas of calcification, h.

the exception of two small areas of calcification in the capitulum

itself, no bone is left {vide text-fig. 16). These areas are situated

in a part of the original cartilage ; the rest of the section shows
nothing but parallel bundles of what appears to be connective

tissue. Near the edge of the sections there are, however, a row
of multi-nucleated cells which Mr. Burne considers to be osteo-

clasts. He says :
" I presume what happens is that the bone

after being formed in the rib is absorbed by these osteoclasts,

and the periosteum—possibly thickened— is left, forming a simu-

lacrum of the rib." There is no doubt in my mind that this is the

right interpretation ; also that this process of absorption, carried

only to an early stage, is responsible for the excessive slender-

ness of this portion of the ribs in other species.

The carapace.

In a specimen 42 mm. in length, probably newly hatched or

only a few months old, the plates are commencing their develop-

ment, and are at a particularly interesting stage {vide text-fig. 17).

The niichal is more or less fully formed within the marginal
ring, but does not extend beyond. The neurals, excepting the

third and fifth, consist of minute oval areas of yellowish bone-
granules towaids the anterior of each underlying vertebra. The
third and fifth are laterally dilated to some extent, the fifth being

almost in contact with the hea.d of the fifth costal plate. These
two neurals undei-lie the two middle vertebi-al shield-sutures.

The thin layer of coarse bone-granules which composes each
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one of them is distinguishable without a lens. In pulling up the
carapace, quite half of these plates sepai-ated easily from the
vertebrae and adhered to the carapace, or rather to the dermis,
which shows that they are not completely fused with the vertebrae

at this stage.

The costals are slightly more developed, and are disposed as
follows :—The vertebral and costal epidermal shields meet each
other in a zigzag suture which has seven angles. At each of

these, three shields meet corner to corner. It is beneath these
points that the centres of the incipient costal plates are located.

They are therefore alterna.tely nearer to, and further from, the
vertebne. Those nearer to them tend to develop proximally, and
are more or less rhomboidal in shape, and those further away
develop distally down the rib, and are more triangular, the apex
pointing towards the marginal region.

The first, second, and third are not quite in contact with each
other, the third, fourth, and fifth are nearly in corner to corner

Text-figure 17.

Carapace of newly-hatched j'oung, from without (nat. size).

Epidermal shield-sutures ; vertebrae and ribs ::::;::.

contact, the fifth and sixth are joined by oblique suture as in the
adult, forming an oblique bony bridge beneath the shield-suture.

The seventh and eighth are but commencing their formation.

The pygals are absent altogether.

The marginal plates are not recognizable as such at this stage,

but minute groups of bone-granules are detectable beneath the
shield-sutures between marginals three to eight. Posteriorly

they are not visible, although their primary particles may be
present in the dermis.

At about 60 mm. the eight pairs of ribs (2nd to 9th) are still

distinct and of normal length, but are modified, the proximal
5 mm. having become very slender, and the remainder flattened

and adherent to the dermal costal plates where these are present.

In the particular specimen figured a ninth pair of ribs are fully

developed, and reach the mai-ginals on both sides.

At this stage {vide t3xb-fig. 18) the development of the
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dermal bones of the carapace is well advanced, showing most
clearly how the carapace of the adult is formed. The anterior

and median portion is developed almost as much as in the adult,

but posteriorly large fenestrae occur beneath the fourth costal

and fifth vertebral shields, which (fenestrse) are almost entirely

roofed in with bone in the adults.

The nuchal and marginal plates are fully formed. The neurals

are of the adult pattern, but they are narrow, thin, and feebly

developed anteriorly, becoming progressively broader posteriorly,

the seventh and eighth are the broadest, followed by a much
narrower first pygal. The first pygal is not well developed, and
is separated from the last costal plate on each side by a very wide,

Text-figure 18.

Carapace of young specimen 60 mm. in length, from witiiin (^ nat. size).

subtriangular fenestra, which is represented in the adult by a
small one of ragged outline in the last costal piate itself.

From the study of this one stage it is easy to reconstruct the
development of the bony carapace of the adult, and, by logical

conclusion, to suggest a manner in which a solid carapace can be

formed.
Costal plates one to six are similar in form and arrangement

to those of the adult, excepting that they do not reach the mar-
ginal rib by about 3 mm. In the case of the first, the shortness

of the plate causes a small fenestra to be discovered between
the underlying lib and the anterior marginal plates.

At this stage one sees the relative positions of true ribs and
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costal plates, which are not clear in the ribless adults. The
main limbs of the second, fourth, sixth, and eighth costal plates

are very broad, narrowly bordering the underlying rib anteriorly

but projecting widely beyond its posterior edge. The alter-

nating third, fifth, and seventh are bvit feebly developed, and
are very little broader than the underlying I'ib, which they cover,

and border narrowly and equally. This alternating ari-angement

of the breadth development, which takes place posterior to the

companioti rib, accounts for the relative widths of the lateral

fenestrse in the adult, in which the slender costal plates are

preceded by a narrow fenestra, and succeeded by one at least

twice as broad, the general effect being a single fenestra the
I shape of the epidermal shield, bridged hj a slender rib-like

costal. The same principle applies to the formation of the plates

beneath the vertebral shields. In this case the first, third, fifth,

and seventh neurals are well developed (progressively as already

noted), and form lateral sutures with the corresponding well-

developed heads of the corresponding costal plates. The broad

bridge of dermal bone thus formed is over and posterior to the

free underlying rib-head. This makes the segment of the median
fenestra immediately following, half the width of the remaining
segment on each side of the vei'tebrte, a similar arrangement to

that met with in the case of the lateral fenesti-£e. The altei'-

nating second, fourth, and sixth neuial plates are feebly developed,

barely wider than the underlying adherent vertebrjB, and are

widely separated from their corresponding costals, which, though
they are broadly developed distally, are not continued proximally.

The large kidney-shaped fenestia in the dei'mal bone is, however,
bridged by the true rib beneath ; a slight deposit of dermal bone
on the distal end of this rib-bridge forms the feeble, pointed apical

head of the costal plate which projects into the fenestras at a

later stage when the rib itself has absorbed.

Thus the broad neuro-costal bridges are continuous with the

slender main-limbed costals, and the undeveloped neurals are con-

nected by the free portion of the lib with broad costal main limbs.

The bony bridges formed by the oblique heads of the costal plates,

and which separate the median from the lateral fenestrse (beneath

the vertebro-costal epidermal shield-sutures), are about as wide as

their neighbouring broad costal or neural plates. In the same
way narrow anterior sections of the median fenesti'te are opposite

the wide and posterior sections of the lateral fenestras, and vice

versa.

In the young of this size there is one gi-eat difference in the

stage of dermal bone development, namely that of the seventh and
eighth costal plates. In the adult, the seventh, although narrow,
normally forms an uninterrupted suture with the sixth and eighth

from the last median fenestra to the marginal region. At the
present stage, the seventh is similar to the slender third and fifth

costals, and the eighth is similar to the broad second, fourth, and
sixth costals, the seventh being separated from the eighth b^ a wide
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fenestra, represented in the adult by a small fontanelle, and from
the sixth by a narrow one, absent in the adult ; the latter fenestra,

however, is divided into two by the contact of the posterior corner

of the end of the dilated sixth with the seventh costal, about 3 mm.
from the marginal plates. This is caused by the relative positions

of the implicated ribs, which become closer together posteriorly

as the vertebrpe become progressively shorter. Foi' this reason, the

eighth costal plate in this specimen completely roofs over the ninth

and tenth (abnormal) ribs, the intervening space between them
being no broader than the entire second costal plate (compare

text-figs. 18 and 15).

Therefore, in the first instance (42 mm.) it is the central portion

of the carapace which is the most developed ; later (60 mm.) the

plates are more or less equally developed all over, with the exception

of the neurals, which are progressively enlarged posterioidy. Con-

tinuing up the series (71, 81, and 89 mm.), the first, second, fourth,

sixth, and eighth costal plates expand in length until they form

sutures with the marginals ; the third and fifth become the slender

rib-like plates of the adult form ; and the posterior portion of the

carapace from the seventh costal to the pygal plates becomes

roofed in with bone by the expansion of the seventh and eighth

costal plates.

The anterior part of the carapace in the adult, therefore, is

arrested at an earlier stage in its development than the posterior.

The plastron.

At 42 mm. the plastron is in the initial stage of development
(vide text-fig. 19) ; all nine bones are present, but very small,

thin, and for the most part widely separated from each other.

The epiplastrons are merely small strips of bony deposit beneath

Text-figure 19.

Plastron of newlj^-liatcbed j'oung, from without (nat. size).

the anterior portion of the pectorals. The entoplastron is better

developed, and subtriangular in shape. The hyoplastrons are

ragged in outline, and not in contact with epiplastrons or
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entoplastron. Hypo- and xiphiplastrons narrow and in sutural

contact, forming a narrow, bon)'' band running obliquely across

the hind lobe. The xiphiplastrons, however, do not meet each

other.

In the 60 mm. specimen {vide text-fig. 20) the median fenestra

is much broader in proportion than in the adult, reaching almost

from edge to edge of the plastron. Marginal plates five, six, and
seven, which in the adult are produced inwards for a considerable

distance, only overlap the line of their corresponding epidermal

shields to a small extent, and are about equal, not graduated

in depth as in the adult (vide text-figs. 12 & 20). The epi-

j^lastrons are more or less pentagonal and not well developed

posteriorly at their outer corners, but are in contact with the

Text-fio'ure 20.

Plastron of j'oung specimen, 60 mm. in lengtli, fi-om within (nat. size).

hyoplastrons and the entoplastron. Hyoplasfcrons narrow and
not in contact with the entoplastron, or with the fifth marginal
plates, with which in adults they form long oblique sutures.
Hypoplastrons slender, widely separated from each other, and
only narrowly in contact with the sixth marginal plate ; they
form short sutures with the equally slender xiphiplastrons.

Further development takes place principally on the inner
borders of the plastral plates until the central fenestra has
assumed the regular diamond-shaped form of the adult in this

species (compare text-figs. 19, 20, and 12).
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Discussion.

The morphogeny of the carapace and pilastron.

The primitive plastron, tberefore, and the delicate network of

dermal bone which forms the carapace of the adult Testudo

lovei'idgii, are brought about by arrested development. The
fenestrse have not been formed in the completed structures by
absorption, and do not increase in this manner with age as

supposed. The relative thickness or breadth of the plates depends
on individual variation, specimens of abnormal fragility having
had their development in this respect cut short at an earlier

stage than the average individual. This principle also applies

to such species as Testudo jyolyphemus, in which the carapace is

said to become thin and form fenestrse with age. A specimen
in the British Museum Collection of 210 mm. (76. 1. 36. 6) and a

half-grown specimen of 135 mm. (73.8.13.25) have both

carapaces and plastrons fenestrated in a manner similar to those

of T. loveridgii, whilst one of 225 mm. has them thin but entire.

The ribs of the latter on the other hand, and seemingly the

neural arch of the vertebr?o, do absorb with growth ; the ribs

completely in most cases. Thus the bony plates are developing,

whilst the ribs are degenerating by osteoclnstic absorption—

a

process which is, of course, physiological, and in fact, as far as

the ribs are concerned, carries to a logical conclusion a tendency

which is well marked throughout the genus.

The question which now arises is : what has led to the extra-

ordinary degree of depression of the carapace ? Some individuals

are positively concave above, and all have a markedly deformed

and rickety appearance.

Flattening is evidently not brought about, at any rate to this

extent, by a fenestrated or thin condition of the carapace, for the

giant tortoises which pass tlirough these stages in the course of

development and have very thin carapaces, are remarkably convex

in form. The only visible result here is the crumpled appearance

of the shell of T. ahingdonii. T. polyphemibs, on the other hand,

is distinctly flattened.

It can be argued on the one hand that the flattened carapace is

brought about by the habit of living beneath stones and squeezing

into rock-crevices. This habit, induced by environment, would be

bound to have a modifying efl^ect ; for, during youth, the develop-

ment of a domed and solid carapace would be interfered with hj
the constant application of pressure, and in a sufficient number
of generations the ability to form a normal carapace might be lost

altogether. The fact that the Burrowing Tortoise, T. j^olyphemus,

has a thin or fenestrated and somewhat flattened carapace

supports this view. Could this be proved experimentally, it

woidd furnish a convincing argument in favour of the heritance

of acquired characters.

On the other hand, it can be equally well maintained

that an inherited tendency to the arrest in development is
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orthogenetic, brought about either gradually or as a mutation, and

that the furtive habit of hiding beneatli stones was the natural

result, since the tortoise no longer possessed adequate protection

from enemies.

Possibly both principles come into play, the reduced armour
and loss of ribs being oi-thogenetic, and the depression and relative

condition of the vertebrae being svibsequently induced by the rock-

dwelling habit.

Again, the metabolism of bone formation may be to some
extent influenced by climatic conditions, lack of lime in the

soil or water etc., or by their food. In this connection it is

interesting to note that Mr. Loveridge has recently found two
specimens of Cinixys helliana in the T. loveridgii locality which

have remarkably depressed carapaces (31 °/^ of total length as

against over 40%); and, further, Tornier describes one from
Bussisi, the T. tomieri locality, which has its bony plates

excessively thin, and actually fenestrated. Possibly this indi-

vidual, if let alone, might have founded a race of soft-shelled

tortoises in this genus also.

The actual process of development of the bony plates of both

carapace and plastron in T. loveridgii is really quite normal ; in

spite of the astounding appearance which they present in the

adult, they are similar in general form to those of the young of

other species. In some, of course, one set of elements may
develop more quickly in proportion, altering the balance of the

fenestrse or their outlines, but the same process is gone through

by them all.

On dissecting a series of the young of Testudo Jwrsjieldii, I find

that the very young (50 mm.) presents a bony network of

costal and neural plates, modified ribs, and undeveloped plastron,

similar to the young T, loveridgii (60 mm.). The two are

compared in text-fig. 2 ] . Series in other species, chosen at

random, show the same thing, with, of course, variations. In
some the dermal plates are more equalized, and in the early

stages present a less net-like form, each costal being kite-

shaped, rather as in the Turtles. In the Giant Tortoise

{T. nigrita) from the Galapagos, a very young specimen (95 mm.)
has the bony carapace still extensively fenestrated ; the costal

plates are more or less equally developed, each being dilated

beneath the vertebro-costal sutures, and from thence narrowing
to the marginal region, the fenestrte between are therefore

equal. The neural plates are broadly developed ; second, fourth,

and sixth are not in contact with the corresponding costals.

The general structure is therefore in essentials the same as in

T. loveridgii. In Freshwater Tortoises, such as Emys, development
is px'oportionately quicker beneath the vertebral shields, a speci-

men of 50 mm. having this part of the carapace entire, whilst

the costal region is only half completed.

In the following section the development of the dostal and neural

plates will be dealt with further, in connection with their origin.

Proc. Zool. See—1922, No. XXXYI. 36
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Origin of the costal and neiiral plates.

Much has been written on the origin of these plates, and many-

ingenious theories have been propounded*.

Most authors agree that the marginals, nuchal, and pygals are

of dermal origin, and that the plasti'on is derived from the

sternum and gastralia which have become greatly modified, but
the question of the neurals and costals is still unsettled.

The earliest opinion worth citing is that of Cuvier (1799),

who considered that the costal plates were formed " par les dilata-

tions de huit cotes ou batons osseux qui prennent naissance sur

les unions des vertebres, et se terminent a un rebord qui entourent

toute la carapace." The idea that the plates are dilatations of the

vertebral spinous processes and true ribs is held by many sub-

sequent authors—Geoflfroy St. Hilaire(1809), Bojanus (1819-21),

Rathke (1848); or, further, that these plates originate in periosteal

or diiferentiated tissue—Goette (1899), Haycraft (1899), Newman
(1906). Haycraft (1891) foi'mulates a theory that costal plates

are rib-expansions formed where there is no diflferentiated

periosteal membrane confining the rib. In the case of turtles,

where the expansion does not reach the marginal, he states

that the distal portions which preserve their rib-like form are

unable to expand because " they are invested by a restraining

periosteum." The fact that the costal plates in most Chelonians

develop gradually towards the marginals, passing through the

stage normal to adult turtles, disproves this theory.

Cams (1827) and Gegenbaur (1889) thought that the costal

plates were greatly developed vertebral transverse processes—

a

view which, of course, is immediately disproved by the fact that

their points of origin are distinct and widely separated from the

vertebral column.

O. P. Hay (1901) accepts none of the foregoing theories. He
distinguishes thi-ee layers of bone—dermal, fascial, and cartila-

ginous. The first is present in the armour of Dermochelys, the

most primitive living Ohelonian. . The modern costal and neural

plates are formed not by dermal bvit by the fascial bone,

which since it is completely united to the cartilage elements,

appears to arise directly from the perichondrium, as observed by
Goette (1899).

That these plates are dermal in origin and similar in every way
to the nuchal, pygal, and marginal plates was first suggested by
Carus (1834), and was followed up by Peters (1838), Owen (1849),
Baur (1887), Gadow (1899, 1905, 1909), and Yersluys (1914).

Many points brought to light in the present study corroborate

this view. For instance, the fact that the true ribs are

degenerating throughout their length by absorption within the

periosteum whilst the costal plates are in process of actual

development, and also the marked difference in the texture of

* " Hypothesis follows hypothesis ; the theoretical rubbish-heap accumulates ;

and truth ever eludes us."

—

Fabee (transl.).
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the two forms of bone, seem to indicate that these are inde-

pendent structures. It will also be remembered that in strip-

ping the carapace from the young specimen of 42 mm., some
of the neural plates adhered to the carapace rather than to

the vertebra. Another point against endo-skeletal origin is the

alternating level at which the costal plates arise on consecutive

ribs, according to the arrangement of the epidermal shields

above them.
This brings up the question, also unsettled, regarding the corre-

lation of epidermal shields to the underlying plates. If the plates

are of dermal or fascial (sub-dermal) origin, one presupposes such

a correlation ; if of endo-skeletal origin, there should be none.

Various authors argue the case accordingly, H. H. JS^ewman

opposing any idea of correlation very strongly, whilst Gadow
treats it as an accepted fact. G. H. Parker (1901), in his paper

on the Sculptured Tortoise, attempts to explain the alternating

arrangement of these two structures by applying Harrison's

observations on the regenerating tail of a tadpole (3899).

He says (p. 23) :
—" The tail of a developing tadpole is com-

posed of an outer covering of ectoderm—which ultimately

gives rise to the outer layers of the skin—and of a core of

mesoderm. These two masses of tissue grow in very different

ways, so that as the tail lengthens, the ectodermic covering,

which is most actively produced anteriorly, slips posteriorly

over the underlying mesoderm, whose region of growth is chiefly

at the posterior end. Although this posterior migration of the

ectoderm has been actually demonstrated only in the tadpole,

there is reason to believe that it occurs in other vei-tebrates."

The present study points to a very marked and obvious correla-

tion between shields and plates in Testudo loveridgii, which,

having its carapace in what one might term an incipient stage of

development, thr-ows much light on the subject. A careful study

of man}'- species of Testudo and Cinixys during the period when the

plates are developing, brings forth a wealth of evidence that this

correlation is an indisputable fact in these genera. In newly-

hatched individuals of T. loveridgii (and also those of T. ihera,

grceca, horsjieldii, leithii, etc., gtc.) the bony plates are lacking

beneath the areolars, developing apparently as the shields them-
selves commence to form their growth-rings. In specimens of

different species the amount of plate which has accrued at the end

of the season's growth varies, but is at first in all cases greater

beneath shield-sutures (that is around the shield-edges) than else-

where. The neural plates beneath a shield-suture are developed

laterally, whilst the alternating ones are not. The costal plates

beneath the costal shield-sutures are at least twice as broadly

developed as those between ; their proximal portions, however,

alternate in breadth and narrowness inversely in strict accordance

with the ovei'lying shield-sutures. Moreover, in the male type-

specimen the X-ray plate {vide PI. III.) shows that the bony
plates are in perfect harmony with the abnormal third vertebral
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shield-sutures, and are thus adapted to support four instead of five

vertebrals. This fact points to dermal origin of the plates, but is

in opposition to Parker's theory of ectodermic migration in

Ohelonia {a propos of the tadpole's tail), in which he points out

that "any early local distui^bing influence that aflfected both scute-

and plate-producing tissues would leave its trace in the adult in

the form of a region of modified scutes posterior to a region of

modified bony plates." At the same time, this does not alter the

fact that the plates ai'e adherent to the bones of the true skeleton,

and are coincident with them regarding numbers etc. Yet
development seems to be influenced and regulated chiefly by that

of the overlying dermal areas corresponding to the epidermal

shields. This is also seen in the Giant Tortoises known to

have thin carapaces, such as T. abingdonii, microphyes, etc., in

T. calcaratus, and in fossil forms such as the Pleistocene Marsh
Tortoises, T. vosmaeri from Rodriguez and T. indica from
Mauritius. In these the form of the plates is similar to that of

T. loveridgii, the essential network beneath the shield-sutures being

of thick hone standing out in relief from the thin bone, tahich fills

in ivhat ivoidd be fenestrce in the young or in loveridgii.

In ordinary adult tortoises in which the carapace is complete

and of equal thickness, this cannot be appreciated, but in these

it can be studied in the initial stages of plate-development.

The following quotation from Owen (1849, p. 161), whose paper

I had not read at the time of my own observations, coiToborates

in every particular what I have found to be the case in so many
species :

—

" A strong argument for regarding the costal plates as dermal
ossifications rather than jDrocesses or continuations of the endo-

skeletal elements, to which they are attached, maybe drawn ....
from the period of their ossification, and their relative position

to the ribs with which they are connate.
" In the embryo Testudo indica* the uniformly slender pleura-

pophyses are ossified nearly throughout their whole length

before the ossification of the costal plates, usually regarded

as their expanded tubercle, commences ; and the beginning of the

superadded bonet is not at the same point in each rib, as might
have been expected if it were the exogenous process called
^ tubercle ' of the rib. The costal plates are situated in the

young Testudo indica alternately nearer to and farther from
the head of the rib; and their presence seems to be deter-

mined rather by the angle of union of the superincumbent
vertebral scutella with the lateral or costal scutella, than by
the necessity for additional strength of the articulation of

the ribs with the spine. Ossification commences at the point

from which the three impressions radiate, and as this point is

* [Probably T. nigrita or elepliantina, indica Schn. being an extinct species.]

f " This period, in its relation to the development of the neural arches and pleura-

pophyses, corresponds precisely with that at which the dermal plates of the Crocodile

begin to be ossified."
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nearer the median line at the median apex of the costal scutellum

than at the lateral apex of the vertebral scutellum, the resulting

plates of bone are alternately further from or nearer to the middle
line ; and the first, third, and fifth costal plates have advanced
along the proximal end of the rib so as to join the neural plates,

whilst the second, fourth, and sixth costal plates leave a

portion of the proximal end of the rib uncovered and crossing

the space between the incipient costal plates and the neural

plate
" When the partially ossified carapace of a young tortoise is

dried, one cannot fail to be struck with the difference in the

texture and external surface of the bones which unquestionably

belong to the endo-skeletal vertebrae, and of those which, notwith-

standing their connection with neural spines and pleurapophyses,

are developed in the fibrous substance of the corium. These
nascent ' neural ' and ' costal plates ' of the carapace have a granu-

lar exterior and a coarse spongy texture, whilst the neural arches

and pleurapophyses are compact, smooth, and with a polished

external surface : the part of the pleurapophyses wliich passes

beneath and is attached to the under surface of the ' costal ' plate

(pis. i.-viii,), contrasts strikingly with that superimposed dermal
ossification.

" The marginal plates present the same rough, coarse,

granular character as the neural and costal plates their

ossification has been governed by the presence of the marginal
epidermal scutes, and, as in the case of the costal plates,

by the points of jvmction of contiguous scutes ; each marginal
ossification is accordingly impressed by the lines indicating the

junction of the marginal epidei-mal scutes with each other and, in

the case of the middle ones, with the contiguous scutes of the

plastron.'"

The whole of the foregoing evidence therefore points to the

fact that the costal and neural plates are of dermal origin, not

endo-skeletal ; and are, in fact, similar in this respect to the

nuchal, pygal, and marginal plates.

Further, the corrrelation between the epidermal shield-sutures

and the plates beneath, observed independently in the present

study and previously by Owen, suggests that their growth is also

correlated.

The areas of dermis beneath each shield are well marked oft'

from one another by a fold and an underlying groove in which
the shield-edges are implanted. It is probable that these

dermal areas grow in the same manner as their superimposed
shields, and that the bony plates beneath, which are of dermal

origin, have their growth similarly regulated.

The following hypothesis is therefore suggested :

—

That the hony plates of the carapace develop from the dermis,

prvinarily in the areas of growth activity.
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(a) Wliei^e this takes place concentricaily, as seen by such
striations in the epidermal shields, the plates in the early stages

of development are localised principally beneath the shield-

sutures, as in Testudo, Ginixys, etc.

(h) Where growth is uniform throughout each area, develop-

ment of the plates is also equalised, proceeding from the individual

centres of ossification, as in Emys etc.

Summary.

Testudo loveridgii has an excessively depressed soft-shelled

carapace, and is able to inflate itself to a certain degree. It

possesses a bony carapace and plastron, but they are extensively

fenestrated, incomplete, and similar in essentials to the juvenile

stages of other species.

Marginal plates five, six, and seven spread inwards in a unique
manner, entering into the composition of the plastron and
separating the hyo- and hypoplastrons from each other. Their

upper portions are extraordinarily shallow.

The ribs in T. loveridgii become (usually) entirely absorbed,

apparently by the osteoclasts Avhich are present beneath the

periosteum. A simulacrum of the capitular portion, soft like

ligament, and formed chiefly of periosteum, persists for some
while.

The neural arch is vestigial and sometimes completely wanting,

the neural plates being applied to the depressed centra to form
the roof of the neural canal. Absorption probably takes place to

some extent as in the ribs, but the arch is never more than a

simple layer of bone, without spinous processes.

The jaws, together with their investing horny sheaths, are

denticulated with remarkable regularity.

Fenestration in this and other species is caused by arrested

development, and not, as previously supposed, by absorption with

age.

The development of the hony plates in T. loveridgii and the

young of other species points to the neurals and costals being of
dermal origin. The principal evidence is :

—

(1) That they are developing whilst the ribs and neural arches of

the tru,e skeleton are degenerating. (2) That the point of origin of

each costal plate is alternately nearer to and further from the rib

capitulum. (3) That the form of these plates in their early stages of
development is in strict correlation toith the bor^ders of, or sutures

between, the superincumbent epidermal shields.

It seems possible that the development of the plates is regulated

by that of the areas of dermis corresponding to the epidermal shields ;

(1) forming a netiuork as in T. loveridgii and other species lohen

this groioth proceeds concentrically, or (2) proceeding equally from
each centre of origin where dermal growth takes place equally within

each area as in Emys etc.
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Notes,

The following field-notes and observations on the original

specimens, and those collected on subsequent expeditions, are

contributed by Mr. Loveridge :

—

" Habitat.

" The first specimen of this tortoise which I met with was
found dead at the foot of a precipitous rock some 40 feet in

height and situated near the top of a rocky kopje 500 feet

above the surrounding dry thoi-n-bush country. From the
flattened and broken remains, I concluded that it was a species

unknown to me, and crushed by a rock having fallen upon it.

(The rocks are grey granite, sheer j)recipiees on the kopjes and
rounded boulders scattered on the plains around. Most of the
specimens have been collected beneath the latter.) On December
8th, 1918, my native collector brought in a small specimen which
I at once assumed was T. tornieri Sieb., of which I had read brief

notices but had never seen the original description. During
succeeding days two batches of these tortoises were found in

crevices or beneath rocks, but though I did not leave the district

till December 28th, and had a native looking for them constantly,

no more were found.
" On January 1st, 1921, I sent the same boy who was with me

for two years before, back to the same locality which lies south of

Dodoma in arid country. Here, again, he found but two or three

specimens, but, ranging round, came upon another kopje where
they were more plentiful, though he alleged that without a single

exception they were under the rocks, of which he had to remove
a great many before being able to efiect captures. He had one
piece of good fortune in finding four young specimens all together

beneath one boulder, with the exception of a slightly larger one
already caught : these were the only young specimens taken. The
smallest of these was unfortunately trodden upon and promptly
died. The shell is much depressed as in the adult. When
Mr. Boulenger described the species in 1920, he assumed a small

dome-shaped tortoise, which I found preserved in a bottle (no

da.ta) in a German house near Morogoro, to be the young of

T. loveridgii ; this, however, is disproved by the finding of young
specimens with depressed shells.

" In November 1921, 1 spent an afternoon with my boy looking

for T. loveridgii at Dodoma. He first took me to the place

where he got the eleven tortoises, which is not on a kopje but on
a huge rock 100 yards from a kopje. The rock is about 30 feet

long and 10 feet wide, and slopes up from the ground to a height

of 7 or 8 feet. On the knob is a flattish boulder, and beneath

this he found them all in January (evidently sestivating—January
and February being our hottest months). The tortoises therefore

climbed up the boulder : one would certainly never think of looking

for them in such a spot. We then went to the place where he
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found the three—in a cleft of a split boulder ; they had to climb

the boulder and slide down an almost vertical cleft, where one

would suppose they could not get out ; the cleft was about

18 inches. In this cleft, amongst a litter of dead leaves, were two
not half-grown individuals. We hunted about all the rest of

the day, but found no more. . . . Their markings are very

fine ; Tabora specimens are noticeably darker than the Dodoma
ones.

" Pairing.

"On December 12th, 1921, at 4.30 p.bi., I observed two
specimens paired for the first time. A native said they had been

so approximately for half-an-hour. The shell of the male formed
an angle of 45*^ with that of the female ; his fore-feet were in the

air ; he kept moving his head in and out of his shell and had his

mouth wide open. In April this female and others were heavy
with eggs. On January 13th two more tortoises were paired at

9 or 10 A.M. and from that date and onwards pairing took place

daily, usually between 9 or 10 a.m. and 2 p.m. The female

generally walked away with the male following ; frequently the

latter became impatient and snapped at her limbs, or crawled on

her back, making vicious snaps at her head whenever it appeared.

On a couple of occasions the males were so ill-tempered that they

seized the edges of the females' shells in their jaws and dragged

them along, finally getting beneath them and apparently

endeavouring to overturn them.

"Habits of T. loveridgii compared with those of Cinixys belliana.

" As I had these species under observation for four months
confined in the same enclosure, I found it very interesting to

compare the habits of an exceptionally highly-specialised Box
Tortoise with those of a retrogressive and soft-shelled species.

" Owing to neither my native collector nor myself finding

T. loveridgii in the open, I had come to the conclusion that

it was nocturnal ; with a view definitely to ascertain if this were
indeed so, I visited the enclosure at all hours of the night up to

1 a.m., but with one or two solitary exceptions never found them
out. At dusk they always retired beneath the heaps of stones and
boulders provided for them, and there they piled themselves up,

one atop of another, a great deal of noise being caused by the

scratching of claws on shells. They did not again make an
appearance until several hours after daybreak, which varied

according to the dullness or brightness of the morning.
" G. belliana, on the other hand, not infrequently stayed out at

night, and particularly when rainy ; all seven of them would spend

the night in trying to escape from the enclosure. Moreover,

0. belliana was always on the move at daybreak. On further

reflection it was obvious that in their soft shells T. loveridgii

would fall an easy prey to the carnivores roaming about after

nightfall, and which are very plentiful in the Dodoma district
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(Leopaixl, Ratel, Civet, Mungoose). This was brought home to

me very forcibl}'- one night by a Civet entering an adjoining

enclosure and eating four and a half young crocodiles in one night.

The shell of G. belliana would resist most attacks ; the thickness

of their bony defence as seen in a sawn-through section is

astonishing.
" T. loveridgii shows a fondness for climbing up and falling off

the rockeries of its enclosure, which pastime, indulged in in its

natural habitat, calls for a rapid recovery in turning over ; it also

displays great agility in climbing up wire netting. One day
eight specimens of the Soft Tortoise succeeded in escaping through
a hole in the wire netting ; two were recovered in three days,

being found on the second and third days at seme huts 400 yards
from the hill. They appear to feed oftener than C. belliana and
are quite voracious. They feed well on a succulent grass here ; the
previous specimens taken home were fed on lettuce, and when
this failed were induced to eat bread soaked in jam. T. loveridgii

generally retires to its retreat when a shower comes on, but on
occasion I have known the whole lot turn out during heavy rain

and feed voraciously, probably being thirsty.
" I was at first disposed to think that T. loveridgii could not

swim, as the first half-dozen arrivals on being placed in water sank
to the bottom of the bath and remained there without putting
forth any effort. On seeing some young ones struggling in water
and trying to swim, I retried a couple of females, which struck

out well and kept themselves up when placed in a bowl of

water."

Unfortunately nearly half of these valuable tortoises, kept alive

by Mr. Loveridge, succeeded in escaping, several doing so en route

to the coast on their way to me. Several spirit specimens also

came to grief, but a sufficient number remain, reinforced by still

later collections, including a beautiful series of young, to enable

a thorough study of this most variable species to be made.

Bibliography.

Agassiz, L. 1857. Contributions to the Natural Historj' of tlie United States.

Vol. i. Part ii. North American Testudinata ; vol. ii. Embryology
of the Turtle. Boston. (27 pis.)

Baub, G. 1890. On the Classification of the Testudinata. Amer. Nat. vol. xxiv.

pp. 530-536.

1887. On the Morphogeny of the Carapace in Testudinata. Amer. Nat.
vol. xxi. p. 89.

Bemmelen, J. F. van. 1896. Bemerkungen zur Phylogenie der Schildkroten.
C. R. 3. Congres Internat. de Zool. Leyde, pp. 322-335.

BOJANTJS, L. H. 1819-21. Anatome Testudinis EuropajEe. Vilnse, pp. 1-178
(31 pis.).

BoFiiENGEE, G. A. 1889. Catalogue of Chelonians, Rhyncliocephaliaus, and Croco-
dilians in the British Museum.

1920. Une Tortue extraordinaire : Tesfndo loveridgii, sp. n. C. R.
Acad. Sci., Paris, t. 170, pp. 263-265.

Oakus, C. G. 1827. Comparative Anatomy. Translated by R. T. Gore. Vol. i.

p. 147.



REMARKABLE TORTOISE, TESTUDO LOVERIDGII. 525

Cakus, C. G. 1834. Lehrbuch der vergleich. Zootomie. Bd. i. pp. 164.-5 (2nd

Edition).

CiA-us, C. F. W. 1884-85. Text-book of Zoology, London, p. 226. (Trausl.

Sedgwick and Heathcote.)

CooKEE, R. E. 1905. "Gadow's Hypothesis of Orthogenetic Variation in Chelonia."

Johns Hopkins Univ. Circular, no. 178.

1910. Diversity in the Scutes of Chelonia. Journ. Morph., Philadelphia,

vol. xxi. pp. 1-75, 14 pis. (Original abstract in Science, n. s. vol. xxi.

no. 532, 1905, p. 384.)

CuviER, M. 1799. Le9ons d'Anatomie Comparee. T. i. p. 211.

1809. Osseraens Fossiles. Annates du Museum, Paris, t. xiv. p. 7.

Gadow, H. 1899. Orthogenetic Variation in the Shells of Chelonia. Zool.

Results, Willey, pp. 207-222 (pis. i.-iii.).

1905. Orthogenetic Variations. Science, vol. xxii. pp. 637-6-40.

1909. Cambridge Natural History, vol. viii. pp. 312-329.

Geopfeot St. Hilaiee. 1809. Ann. Mus. vol. xiv. p. 7.

Gegenbatje, C. 1898. Vergleichende Anatomic der Wirbelthiere. Leipzig.

Bd. i.

GoETTE, A. 1899. iJber die Entwicklungdesknocherner Riickenschildes (Carapax)

der Schildkroten. Zeitschr. Wiss. Zool., Bd. Ixvi. pp. 407-134 (pis.).

HAEEisoif, R. G. 1898. The Growth and Regeneration of the Tail of the Frog
Larva. Arch. f. Entwickelungesmechanik d. Organismen, Bd. vii.

pp. 431-485.

Hat, O. P. 1892. The Batrachians and Reptiles of the State of Indiana. Indiana-

polis.

— 1898. On Protostsga, the Systematic position of Dermochelys, and
the Morphogeny of the Chelonian Carapace and Plastron. Amer.Nat.
vol. xxxii. Boston, pp. 929-950.

• 1901. The Composition of the Shell of Turtles. Sec. Biol. Acad. Sci.

New York.

1922. On the Ph^-logeny of the Shell of the Testudinata and the

Relationships of Dermoclielys. Journ. Morph., Philadelphia, vol. 36,

pp. 421-441, pis. i. & ii.

Hatceoft, J. B. 1891. The Development of the Carapace of the Chelonia.

Trans. Roy. Soc. Edinb. vol. xxxvi. pt. ii. pp. 335-342 (pi.).

Hoffmann, C. K. 1890. Bronn's Klassen und Ordnuugen des Tierreichs, Bd. vi.

Abt. 3.

HuxiET, T. H. 1871. The Anatomy of Vertebrate Animals. London, p. 201.

LoNNBEEG, E. 1911-12. Reptiles, Batrachians, and Fishes collected by the
Swedish Zool. Exped. to British East Africa 1911. Svensk. Vetensk.
Akad. Handl., Upsala and Stockholm, t. 47, no. 6, p. 7.

Meckei, J. F. 1821-33. System der Vergleichenden Anatomic. Halle, Bd. ii.

Abt. 1.

Newman, H. H. 1905. The Significance of Scute and Plate "Abnormalities " in

Chelonia. (A cont. to the Evolutionary History of the Chelonian
Carapace and Plasti'on.) Biol. Bull. Marine Biol. Lab., Woods Holl,

Mass. vol. x. pp. 68-114.

Owen, R. 1849. On the Development and Homologies of the Carapace and the
Plastron of the Chelonian Reptiles. Phil. Trans. Roy. Soc. London?
vol. cxxxix. pp. 151-171 (pis.).

Paekee, G. H. 1901. Correlated Abnormalities in the Scutes and Bony Plates of

the Carapace of the Sculptured Tortoises. Amer. Nat. vol. xxxv.

pp. 17-24.

Petees, W. C. H. 1838. Observationes ad Anatomiam Cheloniarum. Berolini

(pis.).

Rathke, H. 1846. Sur le developement des Ch^loniens. Ann. Sci. Nat. Paris,

Zoologie, ser. 3, t. 5, pp. 161-170.

1848. Ueber die Entwickelung der Schildkroten. Braunschweig,

pp. 1-268 (10 pis.) {vide pi. iii,).



526 ON THE REMARKABLE TORTOISE, TESTUDO LOVERIDGII.

SiEBENEOCK, F. 1903. Testudo tornieri, iiov. sp. Ak. Wiss. Wien, Math.-nat.

Klasse, Bd. xxiv. (iv.) pp. 185-186.

1903. tjber zwei seltene und eine neue Schildkrote des Berliner

Museums. Sitz. Ber. Ak. Wiss. Wien, Math.-nat. Klasse, Bd. cxii.

p. 443 {vide pi. of T. tornieri)-

1909. Synopsis der rezenten Scliildkroten, mit Berucksiclitigung der

in historiscber Zeit ausgestorbenen Arten. Zool. Jahrb., Jena,

Suppl. 10, b. 3, p. 538.

ToE]sriER,G. 1895-96. Deutsche Ost-Afrika, Bd. iii (Reptilien und Amphibien)
Clielonia p. 2.

Veesluts, J. 1914. tJber die Phylogenie des Panzers der Scbildkroten und tJber

die Verwandtscbaft der Lederscbildkrote {Dermoclielys coriacea).

Paleont. Zeitschr. Berlin, Bd. i. pp. 321-347.

VoLKEE, H. 1913. Uber das Stamni- Gliedmassen- und Hautskelet von
DermochelyS coriacea L. Zool. Jahrb. Bd. xxxiii. pp. 431-552, pis. 30-

33.

Wagnee, R. 1841. Icones Zootoniicaa. Leipzig (30 pis.).

EXPLANATION OF THE PLATES.

PiATE I. Testudo loveridgii Blgr. (f nat. size).

Plate II. Radiograph of ^ type-specimen (nat. size). Showing correlation between

bony plates and epidermal shield-sutures (visible as a network of

white lines).

Plate III. Radiograph of $ type-specimen (nat. size). Showing correlated shield

and plate abnormalities.
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1. Introduction.

Cacopus systoma is an Indian toad of the narrow-mouthed,
edentulous and fossorial type belonging to the family Engy-
stomatidae, well-known for their habit of feeding upon ants and
termites. Among the chief characters which distinguish the

genus are the following : the palate has two dermal transverse

folds more or less denticulated, one behind the vomers and the

other in front of the oesophagus ; there are no pre-coracoids ; the
sternum is a large cartilaginous plate ; and the transverse pro-

cesses of the sacral vertebra are rather strongly dilated.

The following notes were compiled in India during what was
intended to be a comprehensive study of the morphology of

Cacopus systoma. Comparisons with the anatomy of certain

other toads of the same family and comments thereon have been
made wherever suitable.

This work was done in the Zoological Laboratory of the Madras
Christian College, Madras. Grateful acknowledgment is hereby
made for suggestions and advice to Prof. W. Rae Sherifi's of the

college mentioned, and to Dr. J. R. Henderson, F.L.S., formerly
Superintendent of the Government Museum, Madras. To Prof.

MacBride's encouragement the communication of this paper is

due ; for this and for reading the manuscript, I thank him.

* Communicated by Prof. E. W. MacBeide, D.Sc, LL.D., F.R.S., F.Z.S.
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2. The Viscera.

The second dermal ridge on the palate of this toad is a con-

spicuous structure stretching across from one eustachian opening

to the other, its edge being thrown into well-marked denticula-

tions. On laying open the pha,rynx*", one finds immediately

behind this ridge and in close contact with it and occupying

more or less the same level, a differentiated area of about

80 sq. mm. (text- fig. 1). Transverse sections through the same
revealed the fact that it consisted of closely-set, parallel, and
longitudinal reduplications of the mucous membrane of the

pharynx, each fold containing an extension of the basement mem-
brane (text-fig. 2). A fold is on an average 1 mm. in height

;

the highest folds are found in the middle, and from this place

the height of the folds on the sides gradually decreases. These

Text-figure 1.

" The Pharyngeal Organ of Cacopus sysfoma " exposed ; the lower jaw and the

floor of the mouth Ihave been cut awaj'. L., lamellae arranged lengthwise

;

R., the first, short, R.', the second, long, denticulated ridge ; E., eustachian

opening ; V., vomer ; I.P., inner dark papilla on the toothless hind end of a

vomer (V.) ; O.P., an outer one on the vestigial palatine (P.) ; P.H., pharynx

cut open and deflected.

folds show a faint tendency to anastomose, and their free edges

hanging down into the cavity of the pharynx, in the fresh

condition, appear swollen. This specialised area of the pharynx
may, in my opinion, be given the status of an organ for two
reasons : first, it is compact, having a certain definite outline,

a,nd it is restricted to a definite place, namely immediately

behind the second dermal ridge ; secondly, as the free end of the

tongue lies, when in a state of rest, underneath this area, and
since the presence of the intermaxillary glands is doubtful in

this toad, the structure in question is probably a substitute for

these glands, possessing a similar function ; the cells of the mucous
membrane in these folds are comparatively large and sacciform,

which facts are perhaps suggestive of their glandular nature.

* That part of the alimentary canal between the second dermal ridge and the

stomach, I propose to call " the pharjaix," as it is much wider than it should be for an
CBSophagus which is probably unrejjresented in this toad. Tlie cavity enclosed

between this ridge and the jaws may be termed "the oral cavity."
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I therefore propose to call this the "pharyngeal organ" of Cacopus
systoma. It will be interesting to know if this structure is

present in the other members of the family Engystomatidee.
On the outer surface of the pharynx, from each of the two

points roughly corresponding to the two ends of the second dermal
ridge, is given off a slip of tissue which is attached to the free end
of that arm of the pterygoid meeting the cranium. This arrange-
ment is presumably for the purpose of holding up the pharyngeal
wall which, in this region, is particularly heavy with the dermal
ridges and the "pharyngeal organ '"' described.

The longitudinal folds of the mucous membrane of the stomach
appear to be more numerous than in Rana, and in the convex
region thereof they show a tendency to anastomose. The liver

Text-figure 2.

S.T. '^M. L.M.

A transverse section through the middle region of " the pharyngeal organ."

L.M., outer lengthwise muscles of the pharj'nx ; T.M., inner transverse ones

of the same; S.T., sub-connective tissue ; B., basement membrane ; L., lamellae;

E., ordinarj' stratified epithelial cells ; E.', the same epithelial cells enlarged

and forming a sac; X., cell-mass resulting from the fusion of two adjacent

lamellae ; D., an incipient duct.

consists of but two lobes. Among the numerous specimens I
examined, I found eight—six females and two males—suffer-

ing from stone in the bladder. The proximal part of each
oviduct where it opens into the cloaca becomes enormously
dilated into a sac, Avhich may be distinguished as a uterus. In
this bag probably the eggs are stored before they are finally

passed out. It consists of a thick-walled, less capacious anterior
portion and a membranous spacious posterior part. The internal
lining of the former is thrown into numerous, densely-packed,
villi-like processes, visible to the naked eye. The two bags or
uteri are, along their inner sides, intimately connected by tissue

;

I do not think that there is an actual fusion betw^een their walls.

The kidney possesses a simple lobe towards the hind inner end.



530 MR. D. W. DEVANESEN ON THE

3. The Sibb-cutaneous and other Fat-bodies*.

The occuiTence of sub-dermal fat is by no means peculiar to

this toad ; several species among the Anura are known to possess

it, though its function in most of them still remains to be eluci-

dated (Boulenger, C. L., 3). Accumulations of the fat in question

are found in G. systoma chiefly in two situations : (1) in the

neck-region above and below, in connection with the lymphatic

maxillary septum ; this lobular mass of fat may be termed " the

cervical fat-body (text-figs. 3 and 13) ; and (2) in the inguinal

region on the dorsal surface in relation with the lymphatic

inguinal septum, which is very high and falls into folds ; in the

Text-fia'ure 3.

S.F.

The skin on the back cut open and the sub-cutaneous fat-bodies exposed in a male

C.P., cervical fat-bodj^; S.F., supra-inguinal fat-body; F, fatty deposits on

the head and neck ; 1. 1., conspicuous inscriptiones tendince of the ohliquus

muscles, seen only among males.

same region, but to a less extent, fat is developed in connection
with the iliac sac and the posterior lymph-heart ; this extensive
area of fat, in its totality, may be called " the supra-inguinal fat-

body" (text-fig. 3). Besides these two conspicuous sub-dermal
fat-bodies, one occasionally finds scanty deposits of the same
substance under the skin in the parietal and occipital regions,

in a small median area dorsally behind the head and on the
under side of each arm near the brachial vein. I assume that

these, too, are developed in relation to the lymphatic system.

One also finds in this toad certain internal deposits of fat

* Young specimens show neither an adequate development of these fat-bodies nor
are they present in all the places mentioned.
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which presumably are sub-peritoneal fat. These are found in

relation to the blood-vascular system and the vertebral column.
The auricles and the trunctos arteriosus are thickly covered with
fat, and the ventro-auricular groove is filled with the same ; this

cardiac fat, it should be observed, is found on the inner layer

of the pericardium. Small quantities of fat occur also on the

walls of the inferior vena cava, where it opens into the sinus

venosus. In close proximity to the vertebral column is situated

a longitudinal patch of fat on both sides extending from the

fourth vertebra to the ninth, and a small median deposit where
the cranium articulates with the atlas.

Among the other Indian frogs I examined, sub-dermal as well

as sub-peritoneal fat in relation with the blood-vascular system
was found in Rana hexadactyla, the analogous form in India to

Rana esculenta, and in Rana hreviceps, a burrowing species. Never-
theless, in these instances, while fat under the skin is confined to

the neck-region, even that does not occur so regularly. The
same fat in the inguinal region has been noticed by other observers

in several species of Bufo (3), Xenopus Icevis, and notably in

nemisus guttatum, an American Engystomatid (1) ; in the first

-

mentioned toad, however, it is ventrally situated, while in the

last one there is a complicated development of the same in con-

nection with the iliac sac which does not obtain in C. systoina.

As this. Indian toad has a remarkable habit of burrowing
underground when the dry-season commenced and of passing

into a torpid state, it struck me that these fat-bodies might have
a nutritive value to the animal during that eestivating period.

Therefore, in July and August, 1911 and 1912, I obtained by
special efibrts a considerable number and examined them. It

was found that both the sub-dermal and sub-peritoneal fat-bodies

had undergone, in accordance with my expectations, a great

redaction in size and a change in colour from yellow to dull white,

as compared with specimens examined during the wet-season.

From the above considerations one may draw the following

conclusions :—Fat occurs normally in several places in the body
of C. systoma, both internally and under the skin. While the

pre-renal fat-bodies may be looked upon as feeders to the gonads
during the breeding season, the other fat-bodies in this toad may
be regarded as assisting in the general nutrition of the body
during aestivation. It is noteworthy that in Bufo, Hemisus, and
this toad the sub-dermal fat is developed in connection with the

lymphatic system.

4. Discussion on '"'•the stout shape"*' ofQ. systoma.

A remarkable feature of the two toads of this genus is, as several

observers have noted, the rotund shape of the body. This has

been, till now, accounted for in various ways. Thus, Glinther (6)

* Vide figure in Boulenger, G. A. (2), p. 496.

Proc. Zool. Soc— 1922, No. XXXVII. 37
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observed regarding G. globulosus that it was due to a certain

fluid contained in the abdominal cavity and the extraordinary

development of the ovaries in the female. But Pearson (7)

remarks as follows :—" Giinther states that this distension is

caused by a fluid contained in the abdominal cavity. A brief

examination shows that this is not thecase, and that the fluid-

containing cavity is none other than the sub-cutaneous lymph-

sinuses which are greatly enlarged in ^ this form. The dorsal

sinus is especially spacious, and has a height of 15 mm. from

floor to roof. (The length of the frog from mouth to vent is

75 mm.)
" In Giinther's account he speaks of the distension of a female

specimen being due to the growth of the ovaries, and his descrip-

tion suggests that the ovaries grow into the large cavity on the

back. This is not possible, as the sub-cutaneous lymph-sinuses

are separate from the coelom. There is only one other species in

this genus, namely Cacopus systoma, which differs but slightly

from C. globulosus, and which resembles it in the robust appear-

ance due to the enlargement of the sub-cutaneous lymph-sinuses.

This interesting character is not given in the diagnosis of the

genus either by Giinther or Boulenger.'"'

Thurston (8), with reference to the same species, says :
—" On

laying open the visceral cavity, the globular shape was found to

be due to an enormous distension of the oesophagus and stomach,

the latter occupying nearly the whole of the abdominal cavity,

and the remaining viscera &c. being compressed and lying

posteriorly. There was no distension of the intestinal tract. The
distension of the oesophagus and stomach was found on section

to be caused by the presence in their cavities of a mass of winged

white ants (termites) which when dried weighed 326 grains."

The descriptions of Giinther are based on slender evidence,

namely the examination of two specimens in spirit. So far as

I was able to observe in several fresh specimens of C. si/stoma,

I did not find an excessive quantity of the peritoneal fluid beyond

what should generally be expected in the abdominal cavity. The
supposition that the development of the ovaries is a source of

the stoutness may at once be dismissed, as it can apply only

to females, and again in them it is seasonal as in all batrachians.

So also Thurston's hypothesis, as food cannot be regarded as a

permanent cause.

I find that the stout shape of the body in this toad cannot be

accounted for by any one chai-acter, but by a combination of

features as the following :—The viscera as a whole exhibit a

great development which is disproportionate to the small dimen-

sions of the abdominal cavity. They therefore press against

the sides of the abdomen and bring about a characteristic

rotundity of the same. A feature which has not been noted as

regards this toad is the inclusion of the proximal portion of the

thigh into the trunk. The skin of the thigh is drawn along with

that of the body, and consequently the contour of the latter



ANATOMY OF CACOPUS SYSTOMA, 533

begins posteriorly aboiit the middle of the thighs*. This, I

should think, improves upon the efiect produced by the viscera.

The enlarged lymph-sinuses, with the lymph and fat-bodies con-

tained therein, enhance the stout shape.

The purpose of the enlarged lymph-spaces of the two toads of

this genus is perhaps to be sought in their fossorial habits. The
liberally secreted lymph may serve to protect the internal organs
from injuries incidental to animals with such habits. The muscles
of the abdomen in 0. systoma, chiefly the rectus abdominis, form
a weak protection, as they are stretched to their utmost capacity

by the pressure of the enormously-developed viscera. The
presence of a fluid between the latter and the skin must, under
such circumstances, serve to diminish the chances of injury from
outside. This supposition is strengthened by the fact that larger

quantities of lymph were found in specimens obtained during
the dry Aveather than in those examined during the wet-season.

5. The Axial Skeleton.

An examination of the bones of the head revealed certain facts

which, in my opinion, account for the narrow mouth of this toad
in particular, and probably also for that of several other members
of the same family in general. While the contour of the mouth
which corresponds to the distal circumference of the skull, is a
parabola in liana, the same has been in this animal reduced to

a mere arc. Assuming that the skull-morphology in Bana is

primitive, one can trace the narrow mouth in question to a
generally vestigial condition of most of the bones of the suspen-
soi'ium. Thus the squamosal has lost the anterior arm or the
zygomatic process, what remains probably corresponding to the
middle t and posterior arms of the same in Rana (text-fig. 4 A).
The palatine, for another instance, is so inconspicuous, being
about 3 mm. long, that it can only be found in skulls very care-

fully prepared. The remaining bones of the suspensorium also

exhibit in a greater or a lesser degree the same degenerate state
;

the cumulative efl:ect of this, in all probability, was the forward
displacement of the articular head for the lower jaw. For, a line

drawn along the suture between the nasals and the fronto-
parietals cuts the orbital fossae at about the middle and passes
through the heads in question (text-fig. 4 C), whereas in Rana the
same line lies far in front of the last (text-fig. 4 D). This shifting

of the articular heads necessitated by the vestigial condition of

the bones of the jaws has probably led to a diminution in the
contour of the mouth.

The cranium as a whole is remarkable for its shortness and

* This character is greatly exaggerated in C. glohulosus, judging b}' the specimen
in the Government Museum, Madras. Beddard (1) has recorded a similar condition

,

still more pronounced in Brevioeps verrucosus, an Ethiopian Eng3^stomatid.

t The presence of this middle arm is also doubtful, as the attachment with the
'pro-otic is by means of a ligament which may, however, be taken to represent this
arm.

37*
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Text-figure 4 (A, B, C, D, and E).

A

-S.

-Na.

A.H

A. A dorsal view of the skull of Cacopus systoma. The vestigial condition of the

squamosal (Sq.) is remarkable. L., ligament connecting the latter with the
pro-otic. For other letters consult the key-list of abbreviations.

B. A ventral view of the same. P., vestigial palatine ; T.F., trigeminal slit. For
other letters consult the previous text-fig. (A) and the key-list of abbreviations.

C. A lateral view of the same. L-M., a straight line drawn along the suture between
the nasals and the fronto-parietals of the cranium. A-B, the plane in which
the proximal circumference of the skull lies. C-D, the plane in which the
distal one of the same lies. A.H., articular knob for the lower jaw ; Fr.P.,

fronto-parietals ; Na., nasals.

D. A lateral view of the skull of Mana liexadactyla. A brief comparison of the
Cacopus skull with this will reveal the differences mentioned in the text.

L.M., the same vertical line mentioned in the previous text-fig. (C). For other
letters consult key-list.

E. Lower jaw of Caco'pus systoma, as seen from below. A., angulosplenial ; M.,
Meckel's cartilage; D., dentary ; M.M., mentomeckelian ; C, cartilaginous

portion of the latter.
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relatively greater width, this being mainly fine to the spheneth-
moid, which is extremely short, and it does not exhibit the

prismatic shape usnally seen in that of Rana. Each mento-
meckelian of the lower jaw carries at its posterior end a carti-

laginous triangular piece which stretches behind and is free from
the other component parts of the same jaw. These two pieces

are useful in so far as they provide partial attachments to the

suh-mentalis muscle below and the genioglossios above (text-

fig. 4 E).
The semilunar piece of cartilage in connection with the anterior

cornua of the hyoid bone in Hemisus, described and identified

Text-fiffure 5.

Theh5'oicl skeleton of Cacopiis systoma viewed from below. Ex.H., " extra-lij^al

'

A.C, anterior cornu ; P.C., posterior cornu ; B., basihyal or the h.void plate

;

A.C.P., anterior cartilaginous process of the basihyal ; P.C.P., posterior one of

the same; A.B.B., anterior bod3'-process of the basihyal or the proximal part

of an anterior cornu ; N., notch between the latter ; S., thick cartilaginous part

between the proximal ends of the two posterior cornua, probablj' belonging to

the latter.

as " the extrahyal " by Beddard (1, p. 909), appears to be repre-

sented also in this toad (text-fig. 5, Ex.H). A closei'' approxi-

mation and fusion of the two extrahj^als would complete the

notch into a foramen corresponding to that of Hemisus.
In the vertebral column of this toad one finds also a few

interesting features. The transverse processes are comparatively

short, taking the size of the centra and the neural arches into

consideration ; those of the third vertebra are the longest ; next
in order follow the ninth, fourth, second, eighth, seventh, sixth,

and the fifth; the last three may be subequal. The spinous

processes may be said to be absent in the first, sixth, seventh,

eighth, and the ninth vertebra, while in the rest it is probably

represented by a faint median ridge. The thick transverse

processes of the second, third, and the fourth vertebra, the thin
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and slender ones of the fifth, sixth, seventh, and the eighth

vertebra (those of the last three being directed conspicuously

forward), the much dilated one of the sacrum, and the crestless

urostyle combine to give a characteristic appearance to the

vertebral column of this toad (text-fig. 6). It may be mentioned
that the sacral diapophyses are remarkable for their uncommonly
well-developed epiphysial cartilage at their free edges.

Text-fio-ure 6.

A dorsal view of the bones of tlie vertebral column of Cacopus systoma.

I noticed an interesting abnormality in one specimen, namely
the occurrence of two sacral vertebrae, the' posterior one being

fused with the urostyle. This condition is found normally to

exist in Pelohates, Pipa, and Symenochirus (5, p. 22).

• 6. The Apjjendicular Skeleton.

In the pectoral girdle the absence of the precoracoid probably

necessitated the disappearance of the omosternum and the

episternum. In the place of the sternum proper and the xiphi-

sternum, one finds a broad, flat plate of cartilage generally calci-

fied in the centre. ' This plate gives attachment to four different
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muscles, viz., the obliqtms-intermcs, the inner portion of the

sternohi/oideus,^^ sternocor7iuoideus ," and the " abdominis-sternalis,"

the last three to be described later in the section on muscles.

This probably accounts for the unusually large size of this xiphi-

sternal plate (text-fig. 7 A).

The " crista medialis," a ridge of the humerus which, accord-

ing to Ecker (4, p. 42), occurs among the males of three Euro-
pean sjDecies of Rana as a sexual difference, is not to be found
in the males either of R. hexadactyla or of G. systoma. The
wrist-bones of the latter show greater calcification than those of

Text-figure 7 (A and B).

A.

A. The pectoral girdle of Cacopus systoma. X., xiphisternum ; C, coracoid

;

S., scapula ; S.S., suprascapula ; B., an apparently bonj'' portion of the latter.

B. The bones of a manus of Cacopus systoma. S., a sesamoid bone situated in a

tendon ; H., vestigial first finger. For other letters consult the key-list of

abbreviations.

Rana ; they also exhibit certain differences in their shape and
in the details of their articulation with one another. In addition

to the three bones of the proximal row mentioned by Ecker, one

very often finds a fourth bone, which is exceedingly small,

situated above and between the os pyramidale and the os lunatum.

This may be a sesamoid bone, as it is placed in the course of a

tendon (text-fig. 7 B).

In the pelvic girdle the absence of the iliac crest is remarkable

when one finds that none of those muscles connected with the

same crest in Rana is absent. "Whether this crestless condition
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of the ilia as well as that of the urostyle denotes a primitive

feature, or whether it is a sign of degeneration, cannot be easily

settled for the reason indicated above. At the free anterior end
of each ilium there is found, attached to its outer side, a peculiar

cartilaginous appendage. This has the shape of a plate, which,

by folding on itself, encloses a groove into which is received the

cartilaginous free edge of a sacral diapophysis. Thus the sacrum
movably articulates with the ilium (text-figs. 8 & 10). In other

words, the pelvic girdle, by means of the ilia, forms a gliding

joint with the backbone through the sacrum. On the contrary,

the sacral transverse processes in Rana are immovably attached

by tissue to the anterior ends of the ilia, and consequently no
movement in the manner mentioned above could take place. I

was able to observe in emaciated specimens the ilia moving

Text-figure 8 (A and B).

A. B.

C.A

C.A.

I., ilii C.A.,A. The pelvic girdle of Cacopus systonia viewed from above,

cartilaginous appendage of the latter.

B. The same girdle seen sidewaj's. P., pubis ; I.S., ischium ; A., acetabulum.

obliquely backward and forward during the act of burrowing.
I should therefore suppose that this gliding joint has something
to do with the same habit of burrowing.

Beddard (1, p. 12), with reference to a cartilaginous plate

unconnected with the ilium but covering the sacral diapophyses
in Breviceps verrucosus, remarks as follows :

—" I imagine that

this cartilage belongs to the ilium, and that it is in consequence
related to it as the suprascapula is to the scapula. We have, in

fact, in this frog an exaggeration of the grooving which the
anterior end of other forms shows at its line of articulation with
the sacral vertebra. It is, moreover, interesting to observe that

we find in this fiog a kind of foreshadowing of the relations

which the ilia bear to the sacrum in the higher Sauropsida,
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especially birds where the ilia are not merely attached to but

cover the sacral vertebrse." In this Indian toad, however, the

cartilaginous appendage in question not only covers the epiphysis

of a sacral transverse process, but is also attached to an ilium.

From the outer surface of the same appendage arises the ilio-

lumharis, a muscle which in Rana starts from the distal end of

the ilium. These facts probably indicate that it really belongs

to the latter, in which case the remarks quoted above may be,

with less diffidence, applied also to the same ilio-sacral relation

in Cacopus.

The pubis is interesting, as it exhibits signs of ossification

A.

Text-figure 9 (A and B).

B.

A. A side view of the tliree bones of the pelvic girdle of an old adult Cacopus. It

will be seen that the boundary of the pubis is indistinguishable ; letters as in

test-fig. 8 (A andB).
B. A transverse section through the same pubis which suggested ossification.

A., mass of degenerate cartilage at the symphysis: B., supposed network of

bony tissue; C, degenerating cartilaginous matrix; V., pi'obably a passage for

a blood-vessel.

which, if real, would be another anticipation of what occurs
normally among the higher vertebrata. In older specimens the
ilium and the ischium appear to gradually encroach upon it till,

at last, in very old ones, it becomes indistinguishable from either

of them , both in its area and in its appearance (text-fig. 9A an d B)

.

This suggests that, while there may be an ossification of the same,
it has no separate centre, and that the process of substitution

progresses from the adjacent boundaries of the ilium and the
ischium. Sections through such a pubis after decalcification with
picric acid show a structure which may be interpreted as an
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incipient stage in ossification by substitution (text-fig. 9 B). No
cartilage cell could be seen. The Haversian system may not be

expected, as the pubis, if at all ossified, is more likely to become
a spongy or cancellated bone. A median translucent mass (A.)

found at the symphysis, I presume is a residue of the decaying

cartilage not yet replaced. In this connection, I may mention
that a similar phenomenon has been noticed in another toad,

namely Pelohates (Gadow, p. 27).

Among the bones of the hind-limb, the femur, the " os navi-

culare," and the prehaJlux deserve attention. There is, on the

ventral side of the femur, a distinct crest stretching from the

middle to the anterior end, stopping short of the head of the

same. It is from this " femoral crest " that the vastus internus

Text-figure 10.

A dorsal view of the ilio-sacral joint and a few muscles connected witli the same.

For lettering consult the key-list of abbreviations.

muscle arises. To this crest is also attached a considerable
number of fibres of the adductor longus, adductor brevis, and the
2)ectmeus (text-fig. 19 B and C).

The OS naviculare in the tarsus of this toad is a circular disc,

convex in front and concave behind, and articulating exclusively
with the astragalus. In front it is bound by tissue, and articu-

lates as well with a certain piece of highly calcified cartilage

which, as will be seen presently, is homologous with the prehallux
of JRana. Though the tarsal bone in question has become so

closely associated with the prehallux as to look like one of the
component pieces of the latter, yet its identity could be recog-
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nised with certainty by its connection with the muscle adductor

longus digiti i (Ecker, p. 109 ; & text-fig. 11 A).

On the plantar surface of the foot in several forms of the Anura,

Text-figure 1 1 (A, B, and C).

A. The bones of a pes of Caco^ms systoma. P.H., prehallus ; O.N., os navicuLiie
;

A., astragalus ; C, calcaneum ; O.C., os cuboideum.

B. A side view of a pes of Cacopiis, showing the relation of the muscle abductor

AaWwc/s A. to the prehallux P.H. V., plantaris ; Y.Y)., flexor digitoriim; III,

IV, and V, longus ; S., skin cut and deflected upward.

C. The skin (Sk.) on the plantar surface of the same, cut and deflected sidewa.ys

in order to expose the muscles connected with the tubercles in question. G.

gastrocnemius, showing its relation to the " os sesamoide " {o.s) or the outer

metatarsal tubercle ; P., plantaris inserted by means of a fascia on to the

prehallux (P.H.) or the inner metatarsal tubercle.

particularly in those with a fossorial habit, has been observed a

certain prominent tubercle of a horny consistency. It would
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appeal" that till now this has been generally regarded as a

cutaneous structure, rendered hard and horny in consequence

of the nature of its function which is the scooping-out of the

soil in suitable localities. This Indian toad has two such con-

spicuous tubei'cles, called by Boulenger (2) the "inner metatarsal

tubercle "and the "outer metatarsal tubercle." On maceration,

it was found that not only these were not purely cutaneous

developments, but also that they had their counterparts in liana.

It is a well-known fact that the Anura possess, in addition

to the five toes normally present, an extra vestigial digit—the

prehallux. Among the Indian frogs I examined, this digit con-

sisted of four cartilaginous pieces in liana hexadactyla, of two
pieces in Rana tigrina, and of a single piece in liana hreviceps

and Cacopus systoma. The first-mentioned frog is entirely aquatic

in habit, and its prehallux forms a slight projection covered with
ordinary skin, while in the three last-mentioned ones, which are

burrowing forms, the same prehallux is converted into a con-

spicuous shovel-shaped organ enclosed in a hard and horny dermal
sheath (text-figs. 11 A & 12 A, B, and C). The so-called " inner

metatarsal tubercle '"' of C systoma is therefore none other than
the distal piece of the vestigial toe of Rana which has acquired

a large size and a shape suitable for its function in this toad.

That this is so was confirmed by an examination of its connection

with a muscle, viz. the abductor hallucis, which is inserted on to

the prehallux—a muscular relation identical with what obtains

in Rana (Ecker, p. 109).

In the two terrestrial species of Rana just mentioned, one
finds a gradual reduction in the number of pieces constituting

the prehallux, assuming the condition in R. hexadactyla to be
the normal one. Simultaneously with this reduction, it would
appear that in these forms there has been an increase in the size

and a change in the shape of the distal piece of the prehallux.

This reduction, however, may be regarded as advantageous, for

the fewer the number of joints in an organ employed for digging,

the greater will be its efiiciency. Thus Ave find in C. systona a

single large piece constituting the prehallux*.

It may be required why I homologise the single element of

the prehallux of Cacojjus with the distal piece and not with the
proximal one in that of Rana. As the latter piece is in contact

with the OS naviculare, just as that of the prehallux of Cacopus
is, one may be inclined to the alternative opinion mentioned.
But a careful reference to the text-fig. 12 A, B, and C will show
that my view is the more probable one ; for it will be seen that

while in Rana tigrina the distal piece numbered 4 undoubtedly
corresponds to the same piece 4 either in Rana hreviceps or in

CacojnLS systoma^ in the latter two species the proximal piece 1

of the former has disappeared. According to the alternative

vieAV, one will have to say that the distal piece 4 of Rana tigrina

* I venture to suggest that the so-called spade of the "Spade-footed Toad" or

Telohates of Europe is also the preliallux modified.
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has disappeared in Rana hreviceps and Gacojnis, and the proximal
piece 1 has acquired a shape similar to piece 4 : this explanation

appeals more ingenious than natural. Further, in accordance

Text-figure 12 (A, B, and C).

A. The bones of a pes oi jRana liexadactyla . Lettering same as in A of text-fig.

11 . It will be noticed that the prehallux consists of four pieces.

B. The same of Rana tigrina. The prehallux is made up of only two pieces,

viz. 4 and 1; 2 and 3 have probably disappeared. One may alternatively

assume that 3 and 4 of R. liexadactyla have been omitted, and that 4 in

JK. tigrina corresponds to 2 in the latter. Lettering same as in text-fig. 11 A.
C. The same of Sana hreviceps. The prehallux is composed of but a single piece,

like that of Cacopus, Lettering same as in text-fig. 11 A.

with the function of the prehallux in these frogs, it will be a
distal piece which will come into direct play, and it will con-

sequently lend itself to an adaptation in shape and size.
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In this toad a further specialisation of the digit in question

seems to have been brought about in its relation to the tarsus.

It is firmly attached to the os naviculare, as has been already

described in connection with the latter, and through the inter-

vention of the same it articulates exclusively with the astragalus.

This articulation, I should think, in combination with the action

of the muscles attached to it and to the tarsal bone mentioned,

bestows a considerable advantage in the act of burrowing (text-

fig. 11 B and C). In R. tigrina and R. breviceps the specialisation

has not been carried to that extent ; the same indirect articula-

tion of the prehallux with the astragalus is only partial, as the

first digit still continues to articulate with the latter indirectly

through the os naviculai-e ; further, the prehallux and the tarsal

bone connected with it are, in these frogs, much less calcified,

and consequently they are less rigid and hard. Again, the

plantaris muscle, which has no relation with the prehallux in

Rana, has a connection with the same in this toad, in that it is

indirectly inserted on to the latter by means of a fascia (text-

It is exceedingly interesting to find the digit, which is generally

believed to be a vanishing structure in the Anura, re-asserting

itself under suitable conditions and becoming an organ of no
mean importance to its possessor. This specialisation of the

prehallux among the species of two diflferent families, viz. the

Engystomatidse and the Ranidse, may be regarded as a case of

convergence.

The " outer metatarsal tubercle " of this toad, though smaller

than the inner one, consists likewise of a single cartilaginous

piece covered with a horny dermal layer. I identify this as

the " OS sesamoide " (Ecker, p. 106) of i^cwia, which is a carti-

laginous element situated on the plantar side of the joint

between the calcaneum and the fourth metatarsal bone. In this

latter position exactly I found the cartilage of the " outer meta-
tarsal tubercle " situated in C. systoma, so that this also is no
new structure developed by this toad, but is only a specialised

and an exaggerated one of what is normally present in Rana.
Nevertheless, it would seem that a remarkable specialisation had
been brought abovit in its alliance with no less an important
muscle than the gastrocnemius. To this " os sesamoide " is exclu-

sively inserted the narrow, attenuated yet strong band of the

aponeurosis 'plantaris. This implies that an important calf muscle
is concerned in the working of the "outer metatarsal tubercle"

(text-fig. 110).

7, The Jfusculattcre.

The muscles of the hyoid apparatus and of the floor of the

mouth are characterised by a great specialisation in this toad,

a remarkable fact observed also by Beddard (1) in three other

membei'S of the same family. However, in the details of the
specialisation, excepting perhaps in the sternohyoideus, one does
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not^find any features which could be distinguished as common to

Cacoptis and to those described by the authority mentioned.

We will follow Beddard in calling the posterior portion of the

sub-maxillaris the suh-hyoideus, and in restricting the original

name to the anterior portion of the same muscle. Now this

" suh-hyoideus " is much larger than the sub-maxillaris—the

Text-figvire 13.

Certain muscles on the ventral surface of the trunk and head of Cacopus systoma

have been exposed. T., an inscriptio-tendina of the inner division ofthe rectus-

aliclominis ; C.F., ventral extension of the " cervical fat-body "
; I., the spot

' where the outer division of the rectus-ahdominis and that of the portio-

ahdominis are attached to the sliin ; P.S., pectoral septum ; S.M., suh-

maxillaris; S.H., sub-hyoideus. For other letters see ke3'-list of abbreviations.

reverse of what obtains in iiVm« (text fig. 13). The pi'oportion

which the former mi^scle assumes in the male is in conformity

with the differentiation of a median vocal sac. It is a posterior

portion of this mviscle which, along with the skin in this region,

becomes enormously expanded to form a large spherical resonator
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during the time of croaking (text-fig. 14). When at rest, this

part of the muscle is withdrawn and stowed away in a con-
spicuous double fold above the anterior portion of the same
muscle.

On removing the suh-maxillaris and the suh-hyoideus several

inner muscles of the floor of the mouth come into view (text-

fig. 15). It is seen that the transverse fibres of the sub-men-
talis (S.M.) pass from the inner border of one mentomeckelian
to that of the other, thus having apparently* no connection
with the dentary. It is also seen that a greater part of the
same muscle is connected with the cartilaginous piece borne by
each mentomeckelian, which has been already described in the

section on the axial skeleton. Of greater interest is the genio-

hyoideus muscle, whose origin and insertion are very different

from what obtains in Rana. The outer portion of this muscle

Text-figure 14.

A male Cacojans with the vocal sac in action ; drawn from life ; half natural size.

The enormous distension of the vocal sac is remarkable ; under natural

surroundings it looked more like a float than a resonator.

arises from the angulosplenial and passes on the outer side of

the mentomeckelian cartilaginous piece and that of the sterno-

hyoideus muscles to be insei-ted on to the posterior cornu (text-

figs. 15 & 16 A). Though it is widely separated from the inner
division, it is connected with the latter by some of its fibres,

which diverge from its body at about the place of origin and
become confluent with the same inner portion, so that on the
right side of the toad this outer portion and that part of the
corresponding inner division lying in the pre-hyoid pai-t of

the floor of the mouth have together the shape of the letter IS". It

will be noticed that a few of the connecting fibres are intercepted

* It looks as though the cartilaginous part of the mentomeckelian has insinuated

itself across the fibres of this muscle ; for one finds between the outer side of this

same part of the lower jaw several muscular fibres which I presume belong to the

suh-mentalis (text-fig. 15, F.M.).
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by the cartilaginous portion of the mentomeckelian (text-fig. 16 A).

The inner divisions of the two geniohyoideus muscles are still

further remarkable, for, in the region of the basi-hyal, they fuse *

to form an extensive median sheet of muscle with two posterior

oifshoots, each of which, spreading on a posterior cornu, entirely

conceals the hyoglossus muscle in the usual position of the toad

Text-figure 15.

M.M.

S.M.

,3.

A view of certain superficial muscles of the hj'oid and deep-lying ones of the floor

of the mouth. The lower jaw (L.J.) has been divaricated ; the suh-maxillaris

and the " swb-Jiyoidetis " have been removed ; a right half of the xiphisternum

has been cut away in order to expose at their origins the inner portion of the

sternohyoideus (ST. I.) and the " abdominis-siernalis " (A.S.). R.A., coutinua

tion of the " inner division of the rectus-ahdominis " as the " outer portion of

the sternohyoideus " ST. ; 1.3 and 1.4, third and fourth inscriptio-tendina of

R.A.' respectively; F.M., certain muscle-fibres between the lower jaw and the

cartilaginous part of a mentomeckelian. For other letters consult the key-list

of abbreviations.

during dissection. The insertion of the former, in consequence
of its extensiveness, is extraordinary ; for it consists of a peri-

meter of the inner lateral edges of the two posterior cornua and
the hind border of the basi-hyal enclosed between these two
cornua, thus forming a parabolic curve (text-fig. 16 B, G.").

The single " outer portion of the sternohyoideus " (or the

* A condition similar to this has been observed by Beddard (1) in Sreviceps.

Proc. Zool. Soc— 1922, No. XXXVIII. 38
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sternohyoideus proper) has clifFerentiated into two separate

muscles in this toad, one lying above the other. This differen-

tiation starts at the fourth and the last inscriptio-teiidina of the

Tectus-abdominis. A similar division of this muscle has been

observed in Breviceps and Hemisus by Beddard (1). What corre-

sponds to the "inner (median?) portion of the same muscle"

is a strip which arises entirely from the xiphisternal plate (text-

figs. 15, ST. I., & 16). Now, these three divisions of the sterno-

hyoideus are separately inserted on to the body of the hyoid,

one behind the other and in close succession ; none of the fibres,

however, is attached either to the posterior cartilaginous process

of the same hyoid plate or to the posterior cornu.

On removing the hyoid portion of the inner genioglossus

muscles, the hyoglossus pair comes into view which, in turn,

conceals aiiother muscle in the ordinary position of dissection.

The thick, coarse fibres in the interior of the azygous portion of

the hyoglossus are either sinuous or twisted like a corkscrew.

As this muscle is the retractor of the tongue, this condition, at

rest, of the fibres mentioned suggests that they are capable of

being stretched to a greater extent than usual so as to permit

the tongue to reach a comparatively longer distance. In Rana
the paired portion of the same hyoglossus is the innermost

muscle in contact with the lower surface of the posterior cornua
;

but, in this toad, there intervenes a new pair of muscles between

the two, which arises from the distal quarter of the latter, and

is inserted to a strong fascia spreading in the space enclosed by
the proximal parts of the anterior cornua and the anterior

margin of the basi-hyal (text-fig. 16 C, C.H.). Among the muscles

connected with the hyoid skeleton, there are several which are

solely attached to the posterior cornua on the one side and to

the bones of the skull and of the pectoral girdle on the other.

Now, it is likely that this new muscle, which we may term the

comuoideus-posterior, counteracts a probably too powerful pull

of these muscles in question on the same cornua by binding the

latter with the basi-hyal plate, One finds another new pair of

muscles, not recorded in Rana, arising from the xiphisternum

and running forward beneath the auricle to be attached to the

posterior cornu (text-fig. 16 A, S.C.) ; this may be called the

sterno-Gornuoideus in accordance with its origin and insertion.

The petrohyoideus muscles are distinguished by their robust

development and by their numerous insertions. The petro-

hyoideus-anterior arises from the pro-otic by means of a single

tendon, and spreads over the outer surface of the pharynx, to

whose wall all its fibres are more or less adherent (text-fig. 1 6 A,

B, C, and D). According to the several insertions of this muscle,

one may recognise the following divisions: (1) a band, P.A. 1,

inserted on to the fascia in relation with the proximal parts of

the anterior cornua
; (2) another anterior portion, P,A. 2, attached

to the root of the same cornua; (3) a small narrow division,

P.A. 3, attached to the lower surface of the basi-hyal ; and (4) a
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Text-figure 16 (A, B, C, D, and E).

549

A

ST.2r-

A. The deep muscles of the liyoid and of the floor of the mouth. The snb-
mentalis has been taken away. The stemo-Jiyoideus muscles on the right side

have been severed at their origins and deflected while those on the left have
been removed. O.G.. an outer division of the geniohyoideus ; I.G., an inner
one of the same ; I.G'., a fused median portion of I.G. ; I.G.", a posterior

offshoot of I.G.' concealing a hyoglossus below ; S.C, sterno-cornuoideus ; S.C,
cut end of the same. For other letters consult the key-list of abbreviations.

B. The deep muscles of the hyoid continued ; the genioliyoidev,s muscles have been
removed excepting those fibres of I.G.' and I.G." at their insertion (G.") which,
as will be seen, is a parabolic curve. ST.l and ST.2, the two divisions of the

"outer portion of the stemoJii/oideus" or the " sternohyoideus proper." P.A.I,

an anterior division of the petrohyoideus ; O.G.', cut end of the outev genio-

hyoideus ; ST.', cut ends of the sieriioliyoideus muscles ; F., fascia ; H., hyo-
glossus. Other letters as in A.

C. The same muscles continued. The hyoglossus in the region of the basihyal has
been cut away. C^.," cornuoideus-posterior" ; H'., cut end of the azygous
hyoglossus; P. A., petrohyoideus-anterior ; P.A.I, an anterior division of the

latter. The remaining letters as in the other figures of this text-figure.

D. The same muscles continued. The " cornuoideus-posterior " has been removed.
P.A.2, P.A.3, and P.A.4, the several bundles into which the petrohyoidezis-

anterior separates itself before its insertion ; P.P., petrohyoidews-posterior.

For other letters consult the key-list of abbi-eviations.

E. Certain muscles of the tongue viewed from below. The median and azygous

part of the genioglossus (G.G.) has been cut in the middle in order to expose

the muscle G.G.', which corresponds to the outer portion of the genioglossus,

38*
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posterior thick division, P.A. 4, inserted on to the upper surface

of the same plate. As regards the 2jetrohyoicleus-posterior (P.P.),

while a small part of it clings to the cartilaginous free end of a

posterior cornu, the bulk of the fibres pass above the latter and

are inserted to the pharynx, a few fibres reaching also to the

larynx, I could not find any trace of the omo-hyoid muscle, a

negative feature observed also in Breviceps and Tlemisiis.

Of the muscles of the tongue, it may be noted that the relative

position of the two divisions of the genioglossus has undergone

an alteration. The one corresponding to the outer part in Rana
lies above the other corresponding to the median part of this

muscle. Further, the former has shifted its insertion from the

mucous membrane of the floor of the mouth to the body of the

tongue (text-fig. 16 E),

Text-figaire 17.

P.S.A.

PS. A.

View of certain muscles of the cliest. Ou tlie right side the portio-sternalis-

anterior' sa\&. \\\e portio-abdo'Minis h&ve been removed. S.H., stej'no-radialis

;

P.S., fortio-scapularis or the vestigial deUoideus; P.S.A., 'portio-sternalis-

anterior; P.S.A'.,, cut end of the same on the right; C.H., coraco-Jmmeralis

;

P.A',, outer division of the portio-abdominis ; P.A.", an inner division of the

same muscle ; X., xiphisternum.

It seems to me that the specialisation described above of the

muscles of the hyoid and of the floor of the mouth is in some
way connected with a more efficient method of obtaining food.

The muscles of the chest as a whole, with the exception

of the 2y07^tio-ste7'nalis-anterior and the portio-abdominis, exhibit

a feeble development (text-figs. 13 & 17). This, in my opinion,

is mainly due to the disappearance of the pre-coracoid, the

omosternum, and the episternum. For instance, the sterno-

radialis, which arises in Rana from the three elements of the

pectoral girdle mentioned, has its origin shifted to the inner

ventral border of the coracoid, which is less extensive ; conse-

quently this muscle is vestigial*. Again, the delioideus exhibits

a degeneration in the absence of one of its two divisions,

* In this connection it may be mentioned that this muscle is absent in.

Breviceps (1).
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viz. the joars-cZafic^t/rtris. It would also appear that as the
functions of these two muscles of the chest have become reduced
to a minimum in this toad, a large size and an extensive origin
for the same have been rendered vmnecessary. According to

Ecker (4), in Rana the sterno-radicdis is a powerful flexor of the
fore-arm, and the deltoideus draws the same limb forwards. These
movements, though essential to a good swimmer, are in all

probability of only a limited use to a teiu^estrial frog. Thus it

becomes difficult to say whether the vestigial condition of the
chest-muscles led to the disappearance of certain of the elements
of the pectoral girdle, or the latter condition necessitated the

Text-figure 18.

A ventral view of the trunk and a thigh with the skin cut open in order to show
the relation of certain muscles with the skin. I., several tibres of the rectus-

internns-minor (R.l'.) arising from the skin (SK.) on the lower surface of a thigh

;

A., the region of the skin from which the outer division of the portio-abdominis

starts and to which that of the rectus-abdominis is inserted ; S., sartorius

R.I., rectiis-internus-major ; V.I., vastus-internus.

former. It is more probable that the two degenerative processes

might have pi"oceeded concomitantly.

On the contrary, one finds that the portio-sternalis-anterior

and the portio-abdominis muscles have attained a great develop-

ment, and the outer division of the latter has become partially

converted into a cutaneous muscle (text-fig. 18). The attach-

ment to the skin has, I should think, given additional purchase
to this muscle in pulling the front limb backwards and towards
the body, as happens while burrowing. These two chest-muscles

are probably put to a greater use in this toad at the expense of

the sterno-radicdis and the deltoideios.
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Text-figure 19 (A, B, and C).

A
-^s:^^^!

A. Certain muscles on the lower surface of a thigh. C.A., caput-anticum of the
semi-tendinosus ; A.L., adductor-longus ; A.M., adductor-maffmis ; A.M.'., a
hind portion of the same. Other letters as in text-fig. 18.

B. Most of the muscles on the lower part of the thigh have been removed in order
to show a few deep ones. A.L., adductor-longus; P., joectineus; A.B.,
adductor-hrevis ; P., a crest of the femur; I.S., iliac symphysis; P.S., pubic
symphj^sis.

C. A view of the vastus-internus (V.I.) showing the details of its origin. C,
capsule of the hip joint ; P., a crest of the femur ; T.S., a band of tendinous
strips starting from a strong tendon (T.).
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The rectus-abdominis muscle of the trunk is remarkable for

having shifted its origin backward from the j)ubes to the ischia
;

its outer portion is, along the greater part of its length, adherent
to the skin below. This is significant when viewed along with
the absence of the cutaneus-pectoris in this toad. At the third

inscriptio-tendina of each rectus-abdoviinis one finds a small tri-

angular portion, separated oflf from its main body, passing forward

and attached to the upper side of the xiphisternal plate (text-

fig. 15, A.S.). This muscle, which we may call "the abdominis
sternalis" should be regarded as a differentiated part of the inner

portion of the rectus-ahdoininis, for in Rana some of the fibres of

the latter in the same situation are attached to the xiphisternum.

"While the t^ecius-abdominis muscles are generally thin and
attenuated, the obliquus muscles are better developed and are

thrown into transverse puckers, and bulge out prominently on
the sides on account of the pressure of the enormously developed

viscera.

Among the muscles of the thigh, the rectus-femoris-anticus is

absent, the triceps-fe^moris, composed of three divisions in Rqna,
is made up of only two, and the origin of the vastus-internus is

somewhat difl^erent. Though most of the anterior fibres of the

last arise from the capsule of the hip-joint, the rest of them arise

from a long tendon given ofi'by the same capsule (text-fig. 19 C, T.).

Further, this tendon is adpressed to the shaft of the femur by
tendinous slips which spring from it laterally. On one side of

the tendon, namely the inner lower side, these slips are so closely

set as to form a band (T.S.). As regards the rectus-internus-

minor, one finds that, on its lower side, a considerable number
of fibres take origin on the skin of the thigh (text-figs.

18 & 19 A). This partially cutaneous origin of the muscle
recalls a similar condition in the frogs described by Beddard (1).

The semi-tendinosus is inserted by a narrow tendon which spreads

in a triangular form over the anterior head of the tibio-fibula,

in this respect differing from that of Rana, where the tendon in

question unites with that of the sartorius to form an aponeurotic

arch. The add'UGt07--longus, the pectineus, and the adductor-

brevis may be considered as forming a single muscle, for they are

not distinctly delimited from one another. The greater portion

of this huge muscle is hidden from view by the sartorius and the

adductor-magnus , and where it is inserted on to the shaft of

the femur its fibres along the middle are firmly attached to a
crest of the femur already mentioned (text-fig. 19 B).

8. Sumonary.

(1) In the pharynx a new structure is situated to which the

status of an organ may be given, and it has been accordingly

named " the pharyngeal organ of Cacopus systomal''

(2) Sub-cutaneous as well as sub-peritoneal fat-bodies are

normally present in this toad ; while the former are developed
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in relation to the lymphatic septa, the latter are probably
deposited in connection with the peritoneal membrane. Their
function, as has been ascertained, is to assist in the general
metabolism of the body during aestivation.

(3) The stoutness of this toad is, in the first instance, due to
the enormously developed viscera. This condition is improved
upon by the inclusion of a part of the thigh into the contour of

the trunk and by the enlarged sub-cutaneous lymph-sinuses.

(4) In the skeleton the vestigial state of several of the bones
of the head is remarkable. This and the consequent engysto-
matous mouth are, in my opinion, related in some unknown
manner to the nature of the diet, which consists almost entirely

of termites*, winged or wingless according to the season.

Witness, in this connection, the similar efi"ect produced by a
similar diet on the Myrmecophagidse among Mammals.

(5) It is noteworthy that the pre-hallux of Rana, usually
regarded as a degenerate digit, has in this toad become an organ
with a definite function, viz. the so-called " inner metatarsal
tubercle."

(6) While certain muscles, for example the sterno-radialis and
the deltoideus, show a remarkable degeneration, other muscles,

for instance the muscles of the hyoid a,nd of the floor of the
mouth, exhibit an equally remarkable specialisation. The
muscles examined also show important diff"erences in their rela-

tive dimensions, origins, and insertions. Certain new muscles
are present which have been already described, while three
muscles are absent, viz. the cutcmeus-pectoris, omo-hyoid, and the
rectus-femoris-anticus. Again, certain non-cutaneous muscles of

Eana have acquired a partial connection with the skin, for

example, the rectus-intei-nus and the portio-ahdominis. Assuming
the muscular anatomy of Rana to be typical of the Anura, one
may trace the difierences in the musculature of this toad to two
factors, viz, the fossoi-ial habit and the nature of its food. This
creature passes the greater part of its life underground, seeking
water only for breeding purposes. This implies that, while the
same muscles called into frequent activity in an aquatic frog
may sufifer by the want of regular use, other muscles of a direct

utility in burrowing are likely to be improved and exaggerated.
At the same time, the curiously specialised muscles of the hyoid
and of the floor of the mouth probably indicate a more efticient

method of capturing insects.

(7) Beddard (1) mentions three characters which may be
common to the Engystomatidae : these are (1) the partially cuta-

neous origin of the 7-eGtus-internus-minor , the specialisation of

the muscles of the floor of the mouth, and the division of the
" outer portion of the sternohyoideusr One may say that in

* AlthoTigli it is true that insects form the chief food of frogs in general, j^et a
liberal diet of termites alone appears to prodnce the peculiar effect on the consti-

tution which we have indicated.
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these respects Cacopus systoma also agrees with the three genera

described by him. Nevertheless, in the details of the second

feature mentioned there is hardly any striking resemblance. I

should add that the omo-hyoid muscle is generally absent among
the same family, as it has not been found either in this toad or

in Breviceps and Bemisics.

9. Key-list of certain of the Abbreviations mostly unexplained

in the explanations to Text-Figures.

A.C.—Anterior cornu.

A.H.—Articular head for the lower jaw.

C.P.—A cartilaginous part of the
mentomeckelian.

C.S.—Cartilaginous epiphysis of the
sacrum.

'C.S.'

—

Coccygeo-sacralis,

C.I.

—

Coccygeo-iliacus,

Ex.0.—Ex-occipital.

Fr.P.—Fronto-parietal.

I.G.—Inner division of a genio-hyoideus.

I.L.

—

Ilio-lumharis.

L.D.

—

Loiigissimus-dorsi.

M.—Maxilla.

M.M.—Mentomeckelian.
Na.—Nasal.

O.C.—Occipital conil3'le.

O.C.H.—" Os-capitato-hamatum."
O.E.—O hliquus-externus.

O.G.—Outer division of a genio-

Jiyoidetis.

O.I.

—

Ohliquus-internus,

O.L.
—"Os lunatum."

O.N.—"Os naviculare" of a manus.
O.P.—" Os pyramidale."

O.T.—" Os trapezium."

O.Ts.
—

" Os trapezoides."

Pr .—Pterygoid

.

P.A.

—

Petrohyoideus-anterior.
P.A.'—Inner division of a portio-

abdominis.
P.A."—Outer division of the same,
P.M.—Premaxilla.
P.P.

—

Petrohyo ideus-^osterior,
Pro.O.—Pro-otic.
P.S.—Parasphenoid.
Q.—Quadrato-jugal.

R.A.'—Inner division of a rectus-abdo-
minis.

R.A."—Outer division of the same.
SQ.—Squamosal.
ST.—" Outer portion of the sterno-

hyoideus " or the sterno-

hyoideus proper.

ST. 1 and ST. 2.—Two divisions of the
same.

ST. I.—An inner portion of the sterno-

hyoideus.

S.H.—" Sub-hyoideus."
S.M.—Sub-maxillaris.

S.M.'—Sub-mentalis.
T.—Tongue.
T.'—Terminal epiphysis of the urostyle.

V.—Vomer.
X.—Xiphisternal plate.
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28. A Review of the Cetacea of the New Zealand Seas.— I.

By W. E. B. Oliver, F.L.S., F.Z.S., Dominion Museum,
Wellington, N.Z.

[Received May 18, 1922 : Read June 13, 1922.]

(Plates I.-IY.*)

Except the popular accounts by Waite, and by Hutton and
Drummond, no general list of the New Zealand Cetacea has been
published since Hector's paper on the Delphinidse in 1887.

Having a number of notes made on various occasions to put on
record, I take the opportunity of reviewing the Whales and
Dolphins of our seas. The' recorded knowledge of the group is

very incomplete ; and, moreover, some errors are apparent. The
museums at Wellington and Christchurch contain a fair number of

skeletons • those of Dunedin and Wanganui fewer. The only repre-

sentatives of the Cetacea in the Auckland Museum appear to be
three skulls. The specimens in Christchurch and Dunedin have, in

the main, been recorded, but in W^ellington and Wanganui there

are some skeletons of considerable interest which have not hitherto

been described. These are mentioned in the present paper.

Besides cataloguing the specimens in the principal museums in

New Zealand, I have included those specimens from New Zealand
that I have been able to trace in the museums of Australia,

America, and Europe. Many of these I have examined. The
short descriptions given with the lists refer mainly to variable

characters ; and, where I myself have not examined the specimen,
the author from whom I have quoted is given. An attempt has
also been made to give the generic and specific names in

accordance with the International E-ules of Zoological Nomen-
clatvu^e. The litei'ature on the Cetacea is very extensive, but
some of it has to be used with caution. This applies to many of

the writings of Dr. J. E. Gray, who unfortunately gave new-

names on quite inisufficient grounds, sometimes founding genera
and species on drawings and photographs he appeared not to

understand. I have quoted only the principal references,

including those where new names are pi'oposed or where there

are descriptions based on specimens.

I cannot claim, to have added a single species to the list of

New Zealand cetaceans ; on the contrary, I have omitted two,
Delphmapte7~us leucas and Hyperoodon planifrons, and hope that

the evidence that neither belongs to our fauna will be accepted.

It will appear from the following account that there is much to

be learned about the distribution and habits of the cetaceans of

our seas ; moreover, collection of perfect skeletons and descriptions

of the external characters of the animals is much to be desired.

In some cases the species are only known from skulls or skeletons.

* For explanation of the Plates, see p. 585.



558 MR. W. R. B. OLIVER: REVIEW OF THE

It is hoped, therefore, that the present paper will be found useful

in bringing together what is known on the subject, so that the

gaps in our knowledge may be filled up. A great deal of

information could be gained if, when a whale or dolphin is

stranded, a description and, if possible, a photograph were sent

to the nearest museum. By this means the animal might be
correctly identified, and if belonging to a rare species, steps might
be taken to preserve the skeleton.

For supplying lists of specimens in the institutions under their

charge, I have to thank the Director, British Museum (Natural

History), London, the Secretary, United States National Museum,
Washington, D.O., and the Director, Museum d'Histoire Naturelle,

Paris.

Bal^NA.

Bcdcena Linne, 1758, Syst. Nat. ed. 10, p. 75 ; type, B. onysticetus

L. Eubcdcena Gray, 1864, Proc. Zool. Soc. 1864, p. 201 ; type,

Balcena australis Desmoulins. Caperea Gray, 1864, 1. c. p. 202
;

type, Balcena antipodarum Gray.

Bal^na australis.

Balcena australis Desmoulins, 1822, Diet. Class. Hist. Nat.

vol. ii. p. 161 (Cape of Good Hope); Waite, 1909, Subant. Is.

N.Z. vol. ii. p. 549. Bcdcena, antipodum Gray, 1843, in DieJQfen-

bach's Travels in N.Z. vol. ii. p. 183 (New Zealand), pi. 1,

lettered B. antipodarumi. Caperea antipodarum Gray, 1866,

Cat. Seals & Whales Brit. Mus. p. 101 ; Proc. Zool. Soc. 1873,

p. 143. Balcena antipodarum Gray, Dieffenbach, Travels in N.Z.
vol. i. p. 44; Van Beneden & Gervais, 1880, Osteogr. Cet. p. 46,

pi. 3. Eubalcena aiostrcdis Desm., Hector, 1872, Trans. N.Z. Inst,

vol. V. p. 156 ; id. 1878, 1. c. vol. x. p. 333. Balcena hectori Gray,

1874, Ann. Mag. Nat. Hist. ser. 4, vol. xiii. p. 56. Macleayius
ciustraliensis Gray, 1873, Ann. Mag. Nat. Hist. ser. 4, vol. xi.

p. 75; id. Proc. Zool. Soc. 1873, p. 130; id. 1874, Trans. N.Z.
Inst. vol. vi. p. 90, pis. 16, 17.

The Southern Right Whale, which is confined to the South
Temperate and Subantarctic Oceans, appears to diflfer from the

Nordcaper {B. glacialis) in the number of ribs and other osteo-

logical features. It was formerly very abundant in the New
Zealand seas, but has been almost exterminated by whalers.

During the first half of last century immense numbers were killed,

and of these usually more than half were lost (see Hocken, Proc.

N.Z. Inst. vol. iii. p. 69, 1871). The females visited the bays to

calve during the months of May, June, and July, and during this

period both the cows and calves were killed. Later in the season

the whaling-vessels cruised in the " ofi'-shore grounds.'^ Whaling-
stations are at present established at Picton and Kaikoura, motor-
launches being engaged for procuring the whales. Five Right
Whales were brought into Picton in 1915-16 and one in 1917 ;

from the Kaikoura station three were killed in 1917-18. A
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whaling-station Avas formerly established at Campbell Island.

Waite states that Right Whales are nearly always seen during
the southern cruise of the Government vessels.

Cook Strait.— {a) DiefFenbach describes and figures (vol. ii.

pi. 1) a Right "Whale, stranded in Jackson's Bay, Tory Channel, in

1839, On this figure, Gray in the same wox^k founded Balcena

antipodimn ; the plate, however, was lettered Balcena antipodarum.
The tympanic bone later referred to this species (Gray, 1866)
belonged to Neohalcena inarginata. Gaperea was founded on
B. antipodartom, and the tympanic bone mentioned, (b) Tory
Channel. Scapula in Dominion Museum. Described by Gray as

Balcena hectori. Acromion distinct.

CanterhiLry.—(a) Skeleton in British Museum sent by von
Haast. Desci-ibed by Gray (il/. aiijstrcdiensis). Vertebraa 54.

Oervicals and first dorsal fused into one mass by their centra.

Sternum oblong, 6|x5 in. Scapula with broad compressed
acromion. (Gray.) (6) Akaroa Harbour. Skeleton with baleen
in the Paris Musenm. Taken by Berard and Arnoux, of the
French corvette, ' Le Rhin.' Described by Van Beneden and
Gervais, and by Hector (1878). Vertebrae: C. 7, D. 15, L. 11,

Ca. 21= 54. Cervicals fused. Scapula with acromion represented

only by a ridge. Phalanges : 2, 5, 6, 5, 4. Distal end of first rib

expanded and two-headed. Sternum triangular, sinuated, sides

convex, articular facets at front angles. (From van Beneden and
Gervais's description and figure.) Van Beneden in two places

states the total number of vertebrae to be 53, but figures for each
portion of the vertebral column are also given as above stated.

Otago.—Skeleton with baleen in the Otago Museum. Described
by Hector (1878). Young specimen 29 feet long. Vertebrae : C. 7,

D. 14, L. 11, Ca. 22= 54. Six cervicals united by their centra.

Caudal region imperfect. Ribs 14. Scapula with a well-

developed narrow acromion. (Hector states that the dorsals

number 15, and the ribs should probably be 15.)

Neobal^na.

JSfeohalcena Gray, 1870, Ann. Mag. ISTat. Hist. ser. 4, vol. vi..

p. 155; type, Balcena viarginata Gray.

ISTeobal^na marginata. (PL I.)

Bdcena marginata Gray, 1846, Zool. 'Erebus' & 'Terror,'

p. 48, pi. 1 (West Australia). Balcena antipodarum Gray, 1864,
Proc. Zool. Soc. p. 202 (tympanic bone). Bcdoina marginata Gray,
Hector, 1870, Trans. N.Z. Inst. vol. ii. p. 26, pi. 26; id. 1870,
Ann. Mag. Nat. Hist. ser. 4, vol. v. p. 221. Neohaloina ma.rginata
Gray, 1870, Ann. Mag. Nat. Hist. ser. 4, vol. vi. p. 156 ; id. 1873,
1. c. vol. xi. p. 108; id. 1871, Trans. N.Z. Inst. vol. iii. p. 123;
id. 1874, 1. c. vol. vi. p. 93. Hector, 1873, Trans. N.Z. Inst.
vol. V. p. 155 ; id. 1875, I.e. vol. vii. p. 271, pis. 16, 17; id. 1878,^
1, c. vol. X. p. 331.
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The Pigmy Right Whale has occurred a number of times on
"the New Zealand coast. Elsewhere it has been recorded from
West Australia and South Australia. Balcena imarginata was
founded on three plates of baleen now in the British Museum.
A skull from Kawau was next recognized as belonging to the

same species, and was described by Hector (1870, p. 26). This
was constantly referred to by Hector and others (see Palmer,
Index Gen. Mamm. p. 452, 1904) as the "type" of the species,

but this is obviously wrong. The type of Balcena marginata is

the baleen from West Australia in the British Museum.
Kawau.—Skull in Dominion Museum, Wellington. Described

by Hector (1870). Hector afterwards referred to this as the type

skull. On Hector's description Gray separated the species from
Balcena under the generic name Neohalcena. (PI. I. figs. 2 & 3.)

Oharia., Cook Strait.—-Skeleton in Dominion Museum, Welling-

ton. VertebrEe: 0. 7, D. 18, L. 2, Oa. 14=41. Cervicals fused.

Ribs 17, of which 2nd to 5th are two-headed.

Canterhury Coast.—Skeleton in Australian Museum, Sydney.

Steioart Island.—{a) Skeleton with baleen in British Museum.
Described by Hector (1875, 1871). In this description the

number of vertebrae and ribs appears to be incorrectly stated.

Compare the description by Beddard ('Book of Whales,' p. 141,

1900.) (6) Skeleton in Dominion Museum, Wellington. Skull

symmetrical. Viewed from above, the general form is triangular,

broadest behind where at the angles the supraoccipital and
squamosals meet ; from here it tapers at first gradually to the

edge of the orbits, then suddenly to opposite the nasals ; thence

follows a long, tapering, pointed rostrum with slightly concave

sides. Yiewed from the side, the upper contour of the skull is

nearly straight from condyles to vertex, then depressed at a broad
angle and slightly bowed to the tip of the rostrum. Pre-

maxillaries narrow, of nearly uniform width, their inner edges

meeting as an acute ridge in front, but flattening out near the
blow-hole and twisting so that the outer edges form ridges each

side of it. Maxillaries broad behind, suddenly contracting to

opposite the nasals, tapering to a point a,nteriorIy, not extending

as far forward as the premaxillaries. The exposed lateral portions

of the frontal form two broad quadrangular plates, overlapping

the posterior portion of the maxillaries, and well below the level

of the supraoccipital, slightly concave centrally, but arched over

the orbits. A narrow strip only of the frontal exposed between
the supraoccipital and nasals. Wide deep lateral channels

between upper and lower horizontal expansions of the supra-

occipital. On the palatal aspect of the skull the maxillaries form
a sharp central ridge, between which the vomer is exposed.

Pterygoids meeting along the middle line, flat behind but
anteriorly forming a ridge continuous with that of the maxillaries.

Rami of mandible massive, compressed, angled above and below
;

nerve foramina near the upper edge. (PI. I. fig. 1.) Yertebrfe :

0. 7, D. 18, L. 1, Oa. 14= 40. Cervicals fused into a. single mass.
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by their centra and neural arches. Spinous processes forming a

high acute vertical ridge ; posteriorly the sides of the neural

arches project as laminated plates. Seven nerve foramina on each

side. Anteriorly there is a large vertical lateral process with
three projecting knobs in a vertical line and a fourth behind the

upper one. The first dorsal has a forwardly-directed spinous

process, short-pointed transverse processes, and bears no ribs.

Transverse processes in the second dorsal angular, in the third

and fourth wider and twisted, in the remainder very broad and
flat, with the anterior sides projecting considerably in advance of

the centra. Articular facets on the distal ends of the transverse

processes of the 2nd to 10th dorsals. Spinous processes broad and
flat, with lamellar metapophyses from the third dorsal backwards.
Lumbar vertebrae similar to last dorsal ; the transverse processes

longer in an antero-posterior than in a transverse direction. The
first seven caudals bear chevrons. Transverse processes reduced
to ridges on the fifth, last neural canal evident on the 8th caudal,

which is the last of the compressed foi-m. In all the vertebrae

behind the cervicals, the epiphyses are marked by distinct sutures.

Ribs 17, articulated to the 2nd to 18tli doi-sals. First single-

headed, broad and truncate distally, 2nd to 5th double-headed, but
the capitula not reaching the centra. Remainder single-headed,

with very broad, flat blades, except the last two pairs, which are

small and narrow. The last twelve ribs are set at nearly a right

angle to the transyerse processes of the vertebrae. Scapula much
wider than long, flat with a very slight spine ; acromion directed

forwards, flat, moderately broad, and tapering ; coracoid short and
narrow. Sternum shield-shaped, notched in front, one articular

facet on each side for the first rib.

Locality not knoion.—{a) Skull of young in Auckland Museum.
Described by Hector (1875). (h) There is a skeleton or portion of

one in the Paris Museum sent by Mr. Trail in 1879. It probably
came from Stewart Island.

Bal^noptera.

Balcenoptera Lacep^de, 1804, Hist. Nat. Get. pp. xxxvi. 114;
type, B. acuto-rostrata Lacep.

To the four recent species constituting this genus, 18 generic
names have been applied. Of these, eight were founded by Dr. J.

E. Gray, whose prolific writings on the Cetacea resulted in more
synonyms than valid names, and are the despair of later students.

BALiENOPTERA MUSCULUS.

Balcena mtcscuhcs Linne, 1758, Syst. ISTat. ed. 10, p. 76 (Scotland)
(not Bala27ioptera musculus auct.). Balcenoptera sibbaldii Gray,
1847, Proc. Zool. Soc. 1847, p. 92; Waite, 1912, Rec. Cant.
Mus. vol. i. p. 333, pis. 69-71 ; id. 1912,, Guide Whales & Dolph.
N.Z. p. 10, pis. 1-3. Balcenoptera musculas Linne, Waite, 1909,
Subant. Is. N.Z. vol. ii. p, 550.
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The Blue Whale, which has a very wide range and is exceedingly-

abundant in the Antarctic Ocean, has only once been recorded

with certainty on the New Zealand coast.

Okarito.—Skeleton in the Canterbury Museum. The dead

whale came ashore near Okarito in February 1908. Described

by Waite. Yertebte : 0. 7, D. 15, L. 14, Ca. 28= 64. Cervicals

free. Ribs 15, 2nd to 5th two-headed. Transverse processes of

first lumbar vertebrae with articular surfaces. Sternum 56 cm.

long, with five processes ; one posterior, long ; two lateral,

triangular ; two anterior diverging, truncate. Pelvic bones about

30 cm. in length, posteriorly bent downwards at nearly a right

angle, each with a small detached bone about 2 cm. long above.^

Phalanges : 0, 7, 8, 8, 5.

Coal Point, Otago.—A large whale came ashore here in 1873..

Some plates of baleen only were preserved, and were described by

Hutton (Trans. N.Z. Inst. vol. vii. p. 266, 1875). They probably

belonged to this species.

Bal^noptera physalus.

Balcena 2>hysalus Linne, Syst. Nat. ed. 10, p. 75 (European'

seas") {Balcenoptera musctdus auct.). Physahis australis Desm.,.

Hector, 1875, Trans. N. Z. Inst. vol. vii. p. 257, pi. 18 ; id. 1878,

1. c. vol. X. p. 336. Balcenoptera australis Desm., von Haast,.

1883, Pi"oc. Zool. Soc. 1883, p. 592. Baloinoptera musculus (not

Linne) Parker, 1885, Trans. jST.Z. vol. xvii. p. 3, pi. 6. Steno-

haloena xantliogaster Gray, 1874, Ann. Mag. Nat. Hist. ser. 4, voL
xiv. p. 305 ;

" Sulphur-bottom," Hector, 1874, Ann. Mag. Nat.

Hist. ser. 4, vol. xiv. p. 304.

This is the common Finner of both northern and southern seas..

It is occasionally cast ashore on the New Zealand coast.

Nelson.—Stranded at entrance of Waimea River, 1883..

Skeleton in Otago Museum. Described by Parker. Tertebrae :

0. 7, D. 15, L15,Ga. 25= 62. Ribs 15, of which 2nd and 3rd are

two-headed, last rib less than half the length of the one in front.

Sternum with posterior process longer than the lateral ones.

Baleen slate-colour with white fibres.

Cook Strait.—Stranded at Port Underwood, 10th June, 1874.

Skeleton in Dominion Museum, Wellington. Described by
Hector. On Hector's description Gray founded the genus and
species Stenohalcena xantJiogaster. "Vertebrae: 0. 7, D. 15, L. 15,.

Oa. 25 = 62. Ribs 15, of which 2nd and 3rd are two-headed-

Sternum with posterior process shorter than laterals.

Neio Brighton Beach.—Stranded 1881. Skeleton described by
Haast. Yertebrse: C. 7, D. 15, L. 15, Ca. 25= 62. Pelvic bone

13 in. long, 6 in. broad. Sternum with the posterior process

shorter than the laterals. (Yon Haast.)

Bal^noptera borealis.

Balcenoptera borealis Lesson, 1828, Hist. Nat. Get. p. 342;.

Lillie, 1915, ' Terra Nova' Exped., Zool. vol. i. p. 117, pi. 7.
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The Sei Whale does not appear to be common south of the

Equator. The following are the only known occurrences of the

species in I^few Zealand waters :—

-

Off Bay of Islands.—(a) Exterior described by Lillie. Baleen

black, with fine greyish-white bristles. (6) A male specimen,

14 m. long, was brought into the whaling-station at Whanga-
mumu during my visit on the 5th December, 1911. It had
been harpooned, the weapon passing right through the body
and exploding in the water. Colour above slate, sides mottled,

below silvery white ; iris dark brown ; baleen dark slate,

upper inner angle streaked longitudinally with lighter, bristles

white. Dorsal fin falcate. Flipper with lower edge nearly

straight, upper rounded. Plaits between the fins 60., 7 or 8

more on each side behind the eye. Plaits begin about 25 cm.
from the tip of flipper and anterior edge of fin. Contour
of back nearly straight, suddenly depressed in front of flukes.

Hairs on lower jaw in two rows; inside row with 12 on right

side, 13 on left; outside row 1 on right, 2 on left side; total,,

28 hairs. There are some punctures behind the hairs, and others

in front of the body-plaits. Measurements : Total length, 14 m.

;

snout to anterior edge of flipper, 3'80 m. ; snout to anterior edge

of dorsal fin, 9*40 m. ; height of fin, 40 cm. ; length of upper
edge of flipper, 115 cm.; its width, 38 cm.; height of body, about

180 cm. Baleen plates, 11'5 to 12*5 mm. apart; length of

front plates, 8 cm., of longest 34 cm. The mouth was filled with

small crustaceans. The colours noted above were taken shortly

after the whale was killed, and are lighter than those usually

recorded. Lillie makes a similar observation.

Cook Strait.—During a heavy gale at the end of January 1922,

the carcase of an adult female of the Sei Whale floated through

the entrance of Porirua Harbour and stranded opposite Paremata.
It measured 53 feet in length. It had been dead some time, and
caused a good deal of consternation among residents of the

locality. The carcase was subsequently towed to sea and cast

adrift.

Bal^noptera acutorostrata.

Balcenoptera acutorostrata Lacepede, 1804, Hist. Nat. Cet. vol. i,

p. 197 ; Lillie, 1915, 'Terra Nova' Exped., Zool. vol. i. pis. 4, 5.

Balmnoptera rostrata Fabricius, von Haast, 1881, Trans. N.Z.
Inst. vol. xiii. p. 169, pi. 3 ; Benham, 1901, Proc. Zool. Soc.

1901, vol. i. p. 278 ; id. 1902, Trans. N.Z. Inst. vol. xxxiv. p. 151.

Balcenoptei-a huttoni Gray, 1874, Ann. Mag. Nat. Hist, ser, 4,.

vol. xiii. p. 450 ; Hector, 1878, Trans. N.Z. Inst. vol. x. p. 337.

Physalus antarcticus Gray, 1874, Ann. Mag. Nat. Hist. ser. 4,

vol. xiii, p. 316.

The Pike Whale, like its congeners, is widely distributed All

the I'ecords certainly identified from New Zealand have been

from the South Island. In addition to the following specimens,

Proc. Zool. Soc—1922, No. XXXIX. 39
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iiowever, a young Pike Whale was recorded as having been killed

at Port Ahuriri, Hawke's Bay, in 1885. Variations occur with

regard to the vertebral formulae. Apparently the normal number
is C. 7, D. 11, L. 13, Ca. 17=48.

Sumner, Canterbury.—Stranded 7th February, 1880. Skeleton

in Canterbury Museum. Described by von Haast. Yertebrse

:

C. 7, D. 11, L. 12, Ca. 18= 48. Ribs 11. Sternum longer than
broad. Pelvic bones rod-shaped, about 22 cm. long.

Moeraki.— 1885. Skull (incomplete) in Otago Museum.
Otago Heads.—(«) Oct. 1873. Skeleton with baleen in British

Museum. Described by Gray as the type of Balcenoptera

htittoni. Measurements given by Gray (p. 451). Vertebrie

:

C. 7, D. 12, L. 13, Ca. 16 = 48. Ribs 11. (Gray.) (b) Young
female cast ashore, August 1900. Exterior described by Benham
(1902). Larynx described by Benham (1901). Animal figured

by Lillie.

Locality not stated.—Skeleton in Dominion Museum, Wel-
lington. Vertebrje: C. 7, D. 11, L. 13, Ca. 17= 48. Cervicals :

2nd and 3rd fused by neural arch on right side ; 4th and 5th

separately fused by distal ends of upper lateral processes on right

side ; otherwise free. Atlas with short transverse processes

;

2nd to 5th with both upper and lower transverse processes ; 6th
and 7th with upper transverse processes only. The 8th caudal

bears the last spinous process and the last complete neural canal.

Ribs 11. Sternum with the length aboixt 4 mm. short of the
breadth

;
posterior process long and of nearly even width.

Scapula with long acromion widening towards the distal end
;

coracoid thick, less than half the length of the acromion.

Megaptera.

Megaptera Gray, 1846, Zool. 'Erebus' & 'Terror,' Mamm. p. 16
;

type Balaina longimana Rudolphi ( = 7?. nodosa Bonnaterre).

Megaptera nodosa.

Balcena nodosa Bonnaterre, 1789, Tabl. Encyl. Meth., Cet. p. 5

(New England, U.S.A.); Lillie, 1915, 'Terra Nova' Exped.,
Zool. vol. i. pp. 87-110, pis. 1-4. Megaptera novcB zealandim
Gray, 1864, Proc. Zool. Soc. 1864, p. 207; id. 1866, Cat. Seals

& Whales Brit. Mus. p. 128, fig. 20; Hector, 1873, Trans. N.Z.
Inst. vol. V. p. 156 ; id. 1875, 1. c. vol. vii. p. 255 ; Van Beneden
& Gervais, 1880, Osteogr. Cet. p. 135; Gray, 1874, Ann. Mag.
Nat. Hist. ser. 4, vol. xiii. p. 57. Megaptera lalandii Fischer, von
Haast, 1883, Trans. N.Z. Inst. vol. xv. p. 214; Hector, 1878, I.e.

vol. X. p. 335. Megaptera boops (not Linne) Oliver, 1911, Trans.

N.Z. Inst. vol. Ixiii. p. 536.

The Humpback is the most common whale frequenting the New
Zealand seas, but no skeleton of an animal caught within this

area has been adequately described. A satisfactory description,

however, has been given by Lillie of the external and internal
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features from specimens brought into the Whangamumu whaling-
station.

Humpback Whales regularly migrate, spending the southern
summer south of New Zealand and the winter in subtropical

seas. They appear at the Kermadec Islands in the latter part of

August, but are most common in the group during October and
November. They have their calves with them at this time. They
appear off the Bay of Islands in the latter part of )September, the
main body passing southwards during October and November.
By the middle of December no more are to be seen here. From
i;his time until April they appear to be absent from New Zealand
waters. They are hunted in Cook Strait from May to August,
and appear off the Bay of Islands between the middle of April
and the end of August, but are not seen at the Kermadec Islands
until later in the year, as noted above. (Lillie ; Oliver.)

Kermadec Islands.—Frequent the group in large numbers with
their calves from middle of August to end of November.

Chatham Islands.—Baleen in tlie Canterbury Museum.
Ojff Cape Brett.—Regularly shot by harpoon-gun from small

steam-vessel and brought into the Whangamumu whaling-station.

The yearly catch varies between 40 and 70. The exterior and
anatomy have been well described by Lillie.

Cook Strait.—{a) Porirua Harbour. Skull in British Museum.
Described by Hector (1875). (6) Tory Channel. Two scapulas
in Dominion Museum, Wellington. Described by Gray (1874).
'(c) Common, May to August. Motor-launches are engaged in

whaling at Picton, catching 35 to 40 Humpbacks annually.

Kaikoura.—{a) Skull in Dominion Museum, Wellington.
Described by Hector (1875). {b) A whaling-station is established

here. Nine whales were brought in in each of the years 1918
and 1919.

Akaroa Rarboior.—Female caught 6th May, 1875. Calf also

killed. Described by von Haast (skeleton then in Canterbury
Museum). Vertebrae: C, 7, D. 13, L. 10, Ca. 21= 51. Cervicals

free. Sternum scarcely longer than broad. (Haast.) There is

a skeleton in the British Museum, presumably this one.

Otago.—Right tympanic and periotic bone in British Museum.
Described by Gray as the type of Megaptera itovce zealandice.

Physeter.

Physeter Linne, 1758, Syst. Nat. ed. 10, p. 76; type, P. macro-
cephalus Linne.

Physeter macrocephalus.

Physeter macrocephalus Linne, 1758, Syst. Nat. ed. 10, p. 76
(European seas); Hector, 1878, Trans. N.Z. Inst. vol. x. p. 337;
Waite, 1909, Subant, Is. N.Z. p. 551. Catodon Tnacrocephalus

(L.), Hector, 1873, Trans. N.Z. Inst. vol. v. p. 157. Physeter

catodon (L.), Lillie, 1915, 'Terra Nova' Exped., Zool. vol. i.

p. 118.

39*
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It has been the fashion recently to use the name Physeter

catodon for this species, its only claim being priority of place on
the page. On the other hand, its identity appears doubtful.

Gray, Cope, and others applied it to the Arctic White Whale,
whereas the identity of P. macrocejyhalus is clear, and the name
has been in general use since its publication.

The Sperm Whale is found chiefly in tropical and warm
temperate seas, though it occurs as far south as the south of

New Zealand. It does not come close inshore like the Right
Whale and Humpback, hence it is seldom cast ashore, although,

strange to say, when this does happen, large schools are sometimes
involved. It has been recorded off the Chatham and Campbell
Islands. Lower jaws are preserved in the museums at Christ-

church and Dunedin. There is also in the British Museum the

lower jaw of a specimen taken between Cape Howe and New
Zealand.

Kaipara Coast.—(a) A school of 27 Sperm Whales— males,

females, and young—stranded in 1895. (b) School of 25 stranded
opposite Dargaville, March 1918. Length varied from 22 to

45 ft.

Cook Strait.—Head cast ashore at Waikanae (Hector, 1873).
South of Few Zealand (Lat. S. 44° 56', Long. E. 172° 53').—

School of 12 seen 31st March, 1912 (Lillie).

KOGIA.

Kogia Gray, 1846, Zool. 'Erebus' & 'Terror,' Mamm. p. 22;
type, Physeter breviceps Blainville.

KOGIA BREVICEPS. (PI. II. fig. 3.)

Physeter breviceps Blainville, 1838, Ann. d'Anat. et Phys. vol. ii.

p. 337 (Cape of Good Hope). Kogia breviceps Blainv., Hector,
1878, Trans. N.Z. Inst. vol. x. p. 337. Cogia brevicepjs Blainv.,

Benham, 1901, Proc. Zool. Soc. 1901, vol. i. p. 278 ; id. 1901,
1. c. vol. ii. p. 107; id. 1902, 1. c. vol. i. p. 54; id. 1902, Trans.
IST.Z. Inst. vol. xxxiv. p. 155. Euphysetes p)Ottsii von Haast,
1874 (June), Trans. N.Z. Inst. vol. vi. p. 97, pi. 15; id. 1874
(Oct.), Proc. Zool. Soc. 1874, p. 260.

Though a rare whale, the Pigmy Sperm Whale has been taken
in all seas. Schulte in 1917 (Bull. Amer. Mus. Nat. Hist,
vol. xxxvii. p. 361) listed 21 occurrences, three of which were
from New Zealand. There are four skulls, without locality

stated (but presumably from Lyall Bay and Petone), in the
Dominion Museum, Wellington. Altogether at least 11 speci-
mens have been cast ashore in New Zealand during the past
40 years.

.

Napier.—1892. Skull in Otago Museum.
Wanganui Beach.—(a) Skeleton and stuffed skin in the Wan-

ganui Museum. Yertebrse : C. 7, D. 12, L. & Ca. 26-|- =45-f-..
Cervicals fused. Capitulum of first rib articulates with centrum
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of last cervical. Dorsal fin small, falcate, (b) On 3rcl February,

1909, I examined at Wanganui a specimen of Kogia breviceps

which had been stranded at the Heads a few days before.

Length, 180cm.; flipper, 27 cm.; dorsal fin height, 9*5 cm.;
distance across flukes, 49 cm. Black above, white below. The
accompanying figure was made from a photograph taken at the

Heads, where, it was reported, three individuals came ashore.

(PI. II. fig. 3.)

Cook Strait.—(«) Port Underwood. Mandible in Dominion
Museum, Wellington. Length of ramus, 32 cm. ; breadth at

angle, 7*5 cm.; symphysis, 6 cm.; width between rami at base,

28*5 cm. Teeth: 14 on right side, 13 on left, (b) Lyall Bay.

Cow and calf cast ashore, 1880. (c) Petone, Wellington Harbour.
Cow and calf harpooned, 1884. {fJ^ Lyall Bay, 1887. Skeleton

in Dominion Museum, Wellington. Teeth 14 . 14. Sternum of

three segments. Scapula with broad backwardly - directed

acromion and shorter and narrowly-directed coi'acoid, the borders

overlapping for the distal half or more. Ribs 12, of which 7 are

two-headed. Vertebra : C. 7, D. 12, L. & Ca. 20+ =39 + .

Lyttelton Harbour.—Female stranded at Governor's Bay, 17th

August, 1873, Skeleton and half cast in Canterbury Museum.
Exterior and skeleton described by von Haast as the type of

Euphysetes pottsii. Teeth 13 in each ramus of mandible. Verte-

bra : 'C. 7, D. 12, L. 11, Ca. 20= 50. Cervicals fused. Ribs 12,

of which 6 are two-headed. Sternum of three segments, the

first T-shaped. Phalanges ; 1, 10, 7, 5, 4.

Purakaimi, Otago.—Stranded 23rd August, 1900. Skeleton

in Cambridge University Zoological Museum. Descriptions by
Benham—exterior and skeleton (1902); exterior and anatomy
(Proc. Zool. Soc. 1901, p. 107); larynx (Proc. Zool. Soc. 1901,

p. 278). Teeth 13 in each ramus of mandible, 1 on each side of

upper jaw. Pelvis absent. Vertebrfe : C. 7, D. 13, L. 9, Ca. 23

= 52. Ribs 13 pairs, the very last small, 6 are two-headed.

Sternum of 3 segments. Phalanges : R. 2, 10, 7, 6, 3 ; L. 2, 9, 7,

6, 2. (Benham.)

Bekardius.

Berardius Duverno}^, 1851, Ann. Sci. Nat. ser. 3, vol. xv. p. 51 :

type, B. arnuxii Duvernoy.

This genus comprises two species—one from New Zealand and
the Argentine, and the other, B. bairdii, from the North Pacific.

Berardius arnuxii.

Berardius arnuxii Duvernoy, 1851, Ann. Sci. Nat. ser. 3,

vol. XV. p. 51 (Akaroa, N.Z.) ; Gray, 1866, Cat. Seals & Whales
Brit. Mus. p. 348 ; von Haast, 1870, Ann. Mag. Nat. Hist. ser. 4,

vol. vi. p. 348; id. 1870, Trans. N.Z. Inst. vol. ii. p. 190;
Hector, 1870, Ann. Mag. Nat. Hist. ser. 4, vol. v. p. 222 ; id.

1873, Trans. N.Z. Inst. vol. v. p. 169; id. 1878,1. c. vol. x.p 338,
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pi. 16 ; Yan Beneden & Gervais, 1880. Osteogr. Cet. pp. 377, 515^
Atlas, pi. 21 bis, 23, 23 bis; True, 1910, Bull. U.S. Nat. Mus.
73, p. 68. Berardins arnouxi Duvernoy, Flower, 1872, Trans.

Zool. See. vol. viii. p. 212, pis, 27-29 ; Beddard, 1900, Book of

Whales, p. 228. "Ziphid Whale," Knox, 1871 , Trans. N.Z. Inst,

vol. iii. p. 125 ; Hector, 1871, ib. p. 129, pis. 16, 17.

The Porpoise Whale has been recorded a number of times in

New Zealand and once from La Plata (Marelli, Ann. Mus. Nac.
Buenos Aires, vol. xxx. p. 411, 1920). The following eleven

specimens appear to be all the authentic New Zealand records.

Besides these, a whale measured by Knox (1871) at Porirua prob-
ably belonged to this species.

Ghatha7)i Island.—Skull in Otago Museum.
Coast near Wanganui.—Skeleton in Wanganui Museum.

Skull—length, 115 cm.; mandible, 104 cm. Aveoli two in each
ramus. Vertebrfe : C. 7, D. 10, L. & Ca. 22+ =39-1-. Three
cervicals fused. Ribs 10, of which 7 are two-headed, 8th attached
to centrum of 7th dorsal, 9th and 10th attached to transversa
processes of the corresponding vertebrfe. Sternum : 1st and 2nd
segments notched in front and behind, 3rd notched in front only;

4th of two lateral pieces, broad in front, united for 6 cm. , free

and obtusely pointed behind.

Cook Strait.—(«) Worser Bay, Wellington Harbour. Stranded
Januaxy 1870. Skull and other bones in Dominion Museum,
Wellington. Measurements of animal given by Knox. Skull
described by Hector (1871, 1873). Length of skull, 120 cm.
Only one pair of alveoli present in mandible, (b) Entrance to
AVellington Harbour. Captured 12th January, 1877, Skeleton
in Dominion Museum, Wellington. Exterior and skeleton de-
scribed by Hector (1878). Teeth two in each i-amus of mandible
near apex. Yertebrse : 0. 7, D. 10, L. 13, Ca. 17= 47. First

three cervicals fused. Ribs 10, of which 8 are two-headed.
Sternum of 5 segments. Phalanges : 1, 6, 5, 4, 3.

Saltwater Creek, north of Banks Peninsula.-—Male, stranded
27th December, 1873. Skeleton in Canterbury Museum. Teeth
2 . 2. Yertebrse : C. 7, D. 10, L. 13, Ca. 17= 47. Three cervicals

fused. Ribs 10, of which 8 ai-e two-headed. Sternum of four
segments. Scapula with broad expanded acromion and nari-ow
thick and but slightly broadening coracoid. Phalanges: 2, 5,

4, 3, 3.

New Brighton Beach.—Stranded 16th December, 1868. Skele-
ton in Museum of Royal College of Surgeons, London. Exterior
described by von Haast (1870). Skeleton described by Flower,
Yan Beneden & Gervais, and Beddard. Yertebrte : C. 7, D. 10,
L. 12, Ca. 19= 48. Three cervicals fused. Ribs 10, of wdiich 7
are two-headed. Phalanges : 2, 5, 4, 4, 3.

Akaroa.— («) 1846. Skull in Pai-is Museum. Described by
Duvernoy as the type of Berardius ao-nuxii. Described and
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figured by Van Beneden and Gervais (p. 389, pi. 23). (5) Skeleton
in British Museum.

Otago Peninsula.— 1840. Mandible in Otago Museum. Teeth
two in each ramus.
New Zealand {loithout locality stated).—(a) Skeleton in Paris.

Museum sent by von Haast. Figured by Van Beneden and
Gervais (pis. 21 tis, 23 his). (b) Skull in U-S. National
Museum, Washington. Measurements given by True.

Mesoplodon.

Jfesoplodon Gervais, 1850, Ann. Sci. Nat. ser. 3, vol. xiv. p. 16 ;,

type, Delphinus sotve7'be?isis ^la,invi\[e . Dioplodon Gervais, 1850,

Comptes jRendus, vol. xxxi. p. 512 ; type, Delphinus densirostris

Blainville. Oidodon von Haast, 1876, Proc. Zool. Soc. 1876, p. 457;.

type, Mesoplodon grayi von Haast. Dolichodon Gray, 1866, Oat.

Seals di, Whales Brit. Mus. p. 353 ; type^ Zijjhius layardi Gray.

For an account of the species of this genus, see Forbes, Proc.

Zool. Soc. 1893, p. 216, and Flower, 1872, Trans. Zool. Soc.

vol. viii. p. 211.

Mesoplodon bowdoini. (PI. III. figs. 1-3; PI. IV. figs. 1-3.)

Mesoplodon howdoini Andrews, 1908, Bull. Amer. Mus. Nat.

Hist, vol. xxiv. p. 203, pi. 13 (New Zealand).

This species is now known from two skeletons :

—

(1) Neio Brighton Beach.—1904. Skeleton in American
Museum of Natural History, New York. Described by Andrews.

Maxillary foramina approximately level with foramina in pre-

maxiliaries. Basirostral groove absent. Anterior margin of teeth

posterior to hinder edge of mandibular symphysis. Vertebrae :

0. 7, D. 10, L. 9, Oa. 20=46. First three cervicals ankylosed.

Chevrons 9, Ribs 10, of which 7 are two-headed. Sternum of

four segments. Scapula with superior margin of acromion over-

lapping the coracoid border. Phalanges : 0, 4, 3, 3, 2. (Andrews.)

(2) New Zealand.—Skeleton in Dominion Museum, Wellington.

This being the second specimen of the species known, a detailed

description will be given :

—

Skull : Length 72 cm., of rostrum (from outside anteorbital

notch) 43'5 cm. ; breadth of skull at squamosals 33 cm., at orbits

31*8 cm. ; base of rostrum 12 cm. Temporal fossae 9'5 x 6*5 cm.

Height from vertex to lower border of pterygoids 30*2 cm., of

rostrum at anterior end of pterygoids 8" 2 cm. (PI. III. figs. 1—3.)

Maxillary foramina 3 on right side, 2 on left, abou.t 1 cm, in

advance of the premaxillary foramina (1 on each side). Rostrum
solid. Contour of upper edge of rostrum straight for two-thirds

of its length, then slightly depressed ; of lower edge parallel with

upper for the firjit third, then sloping upwards for the middle

third, at 14 cm. from apex its height being 5 cm., then gradually

narrowing to apex. A prominent ridge on each side of the
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expanded portion of the maxillfe cum-ing in anteriorly, and

forming the lateral prominences at the base of the rostrum and
-dividing, the anteorbital notches. Proximal ends of premaxillse

strongly everted and overhanging the • nares ; both directed

•obliquely backwards, the right 12*5 cm., the left 7 cm. long.

Right nasal bone forming the vertex, the left smaller and lower.

Mesorostral appearing between the premaxillse throughout its

length ; width at rostral base 2'3 cm., at 14 cm. in advance 1 cm.,

thence widening out towards the distal end. Its proximal end

is a thin vei'tical ridge of bone. Foramen magnum 5x4 cm.,

occipital condyles 7 x 4'2 cm. No basirostral groove. Temporal
fossse pyriform, above the level of the occipital condyles. On the

lower surface of the skull the pterygoids diverge, showing the

palatines as narrow divergent stripes on each side, about 10 cm.

long and 1 cm. wide. Between the palatines the two edges of the

maxiilse meet as a median ridge, the bones anteriorly diverging

and exposing the vomer. The palatines appear again above the

pterygoids, their anterior ends being level with the pterygoid

fossae. Pterygoids broken, but the exterior deeply concave and
the basal portion parallel and meeting for a distance of 13 cm.

Mandible : Length of ramus 63 cm., of symphysis 15 cm. ; tip

to anterior end of left tooth, 13*5 cm.; tooth-line along upper edge

of I'amus, 11 cm.; width of ramus at posterior end, 12'5 cm.;

narrowest portion behind tooth 7 cm., at anterior edge of tooth
6*5 cm. The upper margin curves upwards and slightly outwards
(but is not swollen) to form the walls of the alveolus, the internal

wall being much higher than the external wall, which in the

present specimen falls, but may be broken. (PL TV. figs. 1 & 2.)

Tooth : The left tooth only is preserved. Its anterior margin
at its junction with the upper edge of the ramus is 15 mm. in

advance of the posterior end of the symphysis. Anteriorly the

tooth is slightly concave, posteriorly strongly convex. The apex
is directed slightly forwards. The base is formed of eight

irregular fangs. Anterior margin, 13-8 cm. ; base, about 10'5

cm. ; thickness, 2*4 cm.
Hyoid bones: Thyrohyals separate; length, 17 cm. Other

bones not preserved.

Vertebrae: C. 7, D. 10, L. 9, Ca. 15= 41. Atlas, axis, and
third cervical fused by both centra and neural arches, 4th and
5th fused only by the neural arch on the right side ; 6th and 7th

free. Atlas without diapophyses ; two conical spines on crest.

Diapophyses and parapophyses all separate. Seventh cervical

with long diapophyses directed forwards, parapophyses reduced to

knobs, above which are the articular facets for the tubercula of

the first pair of ribs. Dorsals with centra concave above. Trans-
verse processes of the anterior seven opposite the neural arches

and bearing articular facets for the tubercula of the first seven
ribs. The first six dorsals bear tubercles on the posterior edges

of the centra for the articulation of the capitula of the 2nd to 7th
ribs. The 8th, 9th, and 10th dorsals bear short transverse
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processes ending in articular facets for the heads of the last three

ribs. On the 8th and following vertebrte the transverse processes

and metapophyses are widely separated, the former being opposite

the centra. Lumbars with strong inferior median carina.

Neural spines truncated and expanded at their distal ends.

Metapophyses lamellar, projecting forward and upward. Anterior

11 caudals showing facets for chevron bones. The last four are

depressed oblong bones with no processes, but there appear to be

some missing between the two series. Transverse processes

reduced to ridges on the 8th caudal, neural spine rudimentary on

the 11th (the 12th and other caudals presumably missing).

Ribs, 10 pairs. The first seven are two-headed, articulating by
both capitula and tubercula. The first articulates wdth the

centrum of the 7th cervical and the transverse process of the first

dorsal, the 7th articulates with the centrum of the 6th and the

transverse process of the 7th dorsal. The 8th, 9th, and 10th are

«ingle-headed and articulate with the transverse processes of the

6th to 10th vertebrae. The first two ribs broad and flat, with

the proximal ends strongly curved ; the remainder with the

proximal ends below the articular tubercles roughly triangular or

quadrangular in section, the distal ends being flattened.

The greatest length of each rib on the right side in a straight

line is as follows :—1st, 30-5 cm, : 2nd, 46-8 cm. ; 3rd, 54*7 cm.

;

4th, 59-0 cm. ; 5th, 60-3 cm. ; 6th, 60-4 cm. ; 7th, 60-0 cm.

;

8th, 55-2 cm. ; 9th, 50-5 cm. ; 10th, 42-5 cm.
Sternum : The sternum consists of four segments. Three

fenestras are formed at the junctions by notches in the middle of

the anterior and posterior margins of the segments. There is a

fourth fenestra in the centre of the posterior segment. On each

side are five facets for the articulation of the costal ribs—one on
the anterior segment, one on the posterior, and one at each of the

junctions.

(1) (2) (3) (4)
mm. mm. mm. mm.

Greatest length of segments 182 116 90 130

Greatest breadth of segments 195 130 105 102

Scapula : Breadth, 30-4 cm., length (median), 20 cm. Median
length of acromion and coracoid, each about 9 cm. Acromion
broad, lamellar projecting upward. Coracoid slender, expanded
distally. The superior margin of the acromion is clear of the

coracoid border. (PI. IV. fig. 3.)

Comparison with type of M. howdoini :—The present specimen
difi"ers from the type of M. hoivdoini from New Brighton in no
important respect. In the genei'al proportions of the skull and
mandible they appear to be within the range of individual

variation, and agree in those characters separating M. hoivdoini as

a species : these are the absence of a basirostral groove, short

symphysis of mandible, position and size of tooth, relative positions

of palatines and pterygoids, overhanging maxillary crest, and
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form of the rostrum. On the other hand, the anterior edge of the-

tooth in the New Brighton specimen is 15 mm. behind the

posterior margin of the mandibular symphysis ; in the Dominion
Museum specimen it is about 14 mm. in advance of it. According
to my description, the 8th to 10th dorsal vertebrae have the corre-

sponding ribs articulated to their transverse processes. Andrews
states that the 8th rib of M. boiodoini is articulated to a facet on
the posterior margin of the centrum of the 7th dorsal. The
superior margin of the acromion in the type of M. howdoini
overlaps the coracoid border, whereas it is clear of it in the present

specimen.

Mesoplodon grayi.

Mesoplodon grayi von Haast, Proc. Zool. fSoc. 1876, p. 7

(Chatham Island); Flower, 1878, Trans. Zool. Soc. vol. x. p.4l7,

pis. 71-73
; Forbes, 1893, Proc. Zool. Soc. 1893, p. 216, pis. 12-15.

Mesoplodon hectori (not Gray) Hector, 1874, Trans. N.Z. Inst.

vol. vi. p. 86, pi. 15 a; id. 1876, 1. c. vol. x. p. 339, pi. 17.

Berardius hecto)'i (not Gray) Hector, 1875, 1. c. vol. vii. p. 262.

Oulodon grayi von Haast, 1876. Pi'oc. Zool. Soc. 1876, p. 457
;

id. 1877, Trans. N.Z. Inst. vol. ix. p. 450, pi. 26 ; Van Beneden
& Gei'vais, 1880, Osteogr. Cet. p. 516. pi. 62. Mesoplod,on haasti

Flower, 1878, Trans. Zool. Soc. vol. x. p. 419, pis. 71, 72.

Mesoplodon australis Flower, 1878, 1. c. p. 419, pis. 71-73;
Lillie, 1915, 'Terra Nova' Exped., Zool. vol. i. p. 119. Meso-
plodon knoxi part (skull B) Hector, 1873, Trans. N.Z. Inst. vol. v.

p. 167.

The New Zealand Scamperdown "Whale appears to be fairly

common in the New Zealand region. Elsewhere it has been
recorded only from Patagonia.

Chatham Islands.— (a) About 25 individuals stranded on
Waitangi Beach, 1875. Three skulls sent to Canterbury Museum.
One described by von Haast as the type of Mesoplodon grayi. On
this specimen von Haast founded the genus Oulodon. It has
also been described and figured by Forbes. A row of 17 small

conical teeth in each side of upper jaw. The two remaining
skulls in the Otago Museum. One has 17, the other 19 teeth in

each side of the upper jaw. (b) Skeleton in U.S. National
Museum, Washington. Yertebra;: C. 7, D. 11, L. 10, Ca. 20= 48.

Two cervicals fused. Chevrons 9. Ribs 11, of which 7 are two-

headed ; the last rib rudimentary, about 70 mm. long, (c) Skull

and three rostra in British Museum. Described by Forbes.

(d) Skeleton in Bishop Museum, Honolulu. Figured in Occ.

Papers Bishop Mus. vol. i. no. 5, figs. 4-8, 1902. Bibs 9.

Premaxillary behind maxillary foramina.

North Cape.—Skeleton found in Great Exhibition Bay, August
1911. Skull and scapula in British Museum. Described by
Lillie. Basirostral groove present. Foramina of fifth nerve one
behind the other. Height of teeth, 3 in. ; length, 2 1 in. (Lillie.)'
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East Coast, JVortJi Island.—Male stranded, December 1875.

Rostrum in Museum of Royal College of Surgeons, London.
Described by Flower as the type of M. haasti. Measurements
given by Forbes. Basirostral groove present. Foramina of fifth

nerve one behind the other.

Cool- Strait.—(a) Lyall Bay. Cast ashore, January 1875.

Skeleton in British Museum. Exterior and skeleton described by
Hector (1875). Skeleton described by Flower as the type of

J/, australis. Skull measurements given by Forbes. Basirostral

groove deep. Yertebra? : C. 7, D. 9, L. 11, Ca. 20=47. Two
cervicals united. Ribs 9, of which 7 are two-headed. (Flower.)

(6) Wellington. Skeleton in American Museum of Natural

History, ISfew York.

Kaikoura.—Mandible described and figiired by Hector (1874).

Saltwater Creek, .30 mdles north of Banks Peninsula.—Male
stranded 15th December, 1876. Two males and a female stranded

29th December, 1876. Skeleton of one in Canterbury Museum,
Skull measurements given by Forbes. Basirostral groove present.

Yertebrffi: C. 7, D. 10, L. 11, Ca. 19 = 47. Two cervicals fused.

The 8th and 9th cpaidals are joined by a bony growth. Ribs 10,

of which 7 are two-headed. Sternum of 4 segments; 1st large,,

bifid in front, 2nd and 3rd notched in front and behind, 4th

composed of three fused pieces, pointed post'^'riorly and with a

central foramina. Phalanges: 1, 6, 6, 4, 3. Skeleton of another

in Museum of Royal College of Surgeons, London. Described by
Flower and Forbes. Basirostral groove shallow. Vertebrfe r

C. 7, D. 10, L. 11, Ca. 20=48. Two cervicals fused. Ribs 10,

of which 7 are two-headed. (Flower.)

Kaia'poi.—Skull in Canterbury Museum. Described by Hector

(1873) and Forbes.

Neio Zealand {locality not stated).— {a) Skull in Otago Museum,
Figured by Hector (1878). {h) Skeleton in Paris Museum.
Described by Yan Beneden and Gervais, Skull measurements
given by Forbes. Basirostral groove present. Foramina of fifth

nerve one behind the other. 18 teeth in upper jaw on left, 17 on
right side. Sternum of 5 segments. Yertebrse : C. 7, D. 10,

0. 11, Ca. 19= 47. Two cervicals fused. Chevrons 10. Ribs 10,

of which 7 are two-headed. Phalanges: 0, 6, 5, 4, 2. (c) Skeleton

in Dominion Museum, Wellington. Rostrum narrow, deeper

than wide at base. Basirostral groove deep. Foramina, of fifth

nerve one behind the other. Maxillary large, directed forwards

;

premaxillary small, behind and directed upwards. Length of

skull 75 cm., of rostrum 45 cm.; width at squamosals, 28 cm.;
base of rostrum, 5 cm. Mandible length, 67 cm. ; symphysis,
21'5 cm. This skull approaches closely the type of M. australis.

Ribs 10, of which 7 are two-headed. Sternum of 4 segments
;

the first two free and notched in front and behind, the last two
completely fused, the line of junction being denoted by a
foramen.
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Mesoplodon LAYARDI.

ZijjJiius layardi Gray, 1865, Proc. Zool. Soc. ]885, p. 358 (Cape
of Good Hope). Dolichodon layardi Gray, Hector, 1873, Trans.

N.Z. Inst. vol. V. p. 166, pi. 3. Mesoplodon layardi Gray, Hector,

1873, Ann. Mag. Nat. Hist. ser. 4, vol. xi. p. 106; id. 1878,

Trans. N.Z. Inst. vol. x. p. 341 ; Flower, 1878, Trans. Zool. Soc.

vol. X. p. 416; Turner, 1880, ' Challenger ' Rep., Zool. vol. i.

,pt. 4, p. 2, pis. 1-3 ; Waite, 1912, Rec. Cant. Mus. vol. i. p. 326,

pi. 62; id. 1912, Guide Whales k Dolph. N.Z. p. 16, pi. 4.

Mesoplodon -jloioeri von Haast, 1876, Proc. Zool. Soc. 1876, p. 478
;

id. 1877, Trans. N.Z. Inst. vol. ix. p. 442, pis. 25, 26. Dolichodon

traversii Gray, 1874, Trans. JST.Z. Inst. vol. vi. p. 95.

The Strap-toothed Whale has been recorded from South Africa,

Australia, and New Zealand.

Chatham Island.—Mandible described by Hector (1873) and
Turner.

Great Barrier Island.—Skull in Canterbury Museum. Teeth
meeting over the upper jaw.

Napier.—Teeth in Otago Museum.
Marlborough.—Skull in Dominion Museum, Wellington

:

acquired 1879, Length of teeth following curvature, 34 cm.
;

greatest width, 60 mm. Denticle 7 mm. high, 10 mm. along

base-line.

Saltwater Greek, north of Banks Peninsida.—Stranded 16th

March, 1874. Skeleton in Canterbury Museum. Described by
von Haast as the type of M. flowert. Vertebrae: 0. 7, D. 10,

L. 10, Ca. 19= 46. Three cervicals fused. Ribs 10, of which 7

are two-headed. Sternum of 4 segments. Scapula with broad
acromion and narrow coracoid. Phalanges : 2, 5, 5, 4, 3.

Lyttelton Rarhour.—Specimen sti-anded at Allendale, 22nd
March, 1912. Half cast in Canterbury Museum. Exterior

described by Waite.
Locality not stated.—{a) Skull in Dominion Museum, Wel-

lington. Length, 94*5 cm. ; breadth, 41 cm. ; mandible length,

80 cm. ; symphysis, 22 cm. Basirostral groove deep. (Teeth

missing.) (h) Skelton in Dominion Museum. Basirosti'al groove
shallow. Length of skull, 61 cm. ; of mandible, 52 cm. Yerte-
brse : C. 7, D. 9, L. 12, Ca. 16= 44. Two cervicals fused. Ribs 9,

of which 7 are two-headed. Sternum of 3 segments. I have
identified this specimen from cranial characters. It is from a

young animal, and the teeth are small and triangular. They only

differ from those of M. grayi in being strongly incurved.

Paikea, gen. n.

I propose this name for those species of Ziphioid Whales with

the cranial characters of Mesoplodon and two terminal teeth in

the lower jaw. Type, Berardius hectori Gray. The only other

species that can be referred to this genus is Mesoplodon onirum^
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True, from the North Atlantic. The essential character is the
position of the teeth. Other characters which these species have
in common are the broad and deep rostrum and the long mandi-
bular symphysis ; also, the dorsal fin is placed far back and the
teeth completely covered by the gums. In Alesoplodon, as it is

now proposed to restrict it, the teeth are always placed near the
posterior end of the symphysis so that the two species comprising
Pcdkea apparently form a natural group in which the teeth, as

pointed out by Dr. Harmer (Report Cetacea on British Coasts

1918, p. 21, 1919), possibly correspond with the anterior pair of

Berarditis.

The reduction of the teeth from four to two in the Ziphioid
Whales is interesting. Birardius is perhaps the most primitive
of the recent genera and has usually four teeth, but in a skull in

the Dominion Museum, Wellington, only the anterior pair is

present. In Ziphius and Hyperoodon it is the anterior pair that
is retained, but in Mesoplodon the posterior pair only is present.

Paikea differs from Mesoplodon in possessing only the anterior
pair of mandibular teeth.

Paikea hectori.

Berardius hectori Gray, 1871, Ann. Mag. Nat. Hist. ser. 4,.

vol. viii. p. 117 ; Hector, 1873, Ann. Mag. Nat. Hist. ser. 4, vol. xi.

p. 106. Berardms arnuxii (not Duvernoy) Hector, 1870, Trans.
N.Z. Inst. vol. ii. p. 27. " Ziphid Whale," Knox & Hector^.
1871, 1. c. vol. iii. p. 125, pis. 14, 15. Mesojylodon knoxi Hector,
1873, 1. c. vol. V. p, 167. Mesoplodon hectori Gray, Flower, 1878,
Trans. Zool. Soc. vol. x. p. 416, pis. 71, 72; Forbes, 1893 Proc'
Zool. Soc. 1893, p. 227.

Known only from the following specimen :—

-

Titahi Bay, Cook Strait.—Cast ashore January 1866. Skull
in British Museum. All the i-eferences quoted refer to this,

specimen. Basirostral groove absent. Foramina of fifth nerve
level.

Ziphius.

Ziphius G. Cuvier, 1823, Ossem. Foss. vol. v. p. 350, pi. ; type,..

Z. cavirostris Cuv. Hypodon Haldeman, 1841, Proc. Acad. Nat.
Sci. Philad. vol. i. p. 127 ; type, Delphinus desmaresti Risso {=H.
cavirostris).

If Ziphius and Xiphias be considered variations of the same
word, then Ziphius Cuvier, 1823, is preoccupied by Xiphias Linne,
1758, a genus of fishes, and the next valid name to be used for the
genus of whales is Hypodon 'KaXdemaxi, 1841. Professor David
Starr Jordan points out to me that Ziphius seems to have
been purposely so written by Cuvier perhaps to make it clearly
different from Xiphias, which name was also used by the same
author.
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ZiPHIUS CAVIROSTRIS.

Zipliius cavirostris G. Cavier, 1823, Ossem. Foss. vol. v, p. 350
(Mediterranean coast of France) ; Flower, Proc. Zool. Soc. 1876,

p. 477 ; Hector, 1878, Trans. N.Z. Inst. vol. x. p. 342 ; Turner,

1880, 'Challenger' Rep., Zool. vol. i. pt. 4, p. 27, pi. 2. Ejnodon
chathamiensis Hector, 1873, Ann. Mag. ISTat. Hist. ser. 4, vol. xi.

p. 105 ; id. 1873, Trans. IST.Z. Inst. vol. v. 164, pis. 4, 5. Epiodon

novce zealandice von Haast, 1877, Trans. N.Z. Inst. vol. ix. p. 430,

pis. 24, 26. Zijj/iius novce zealandice von Haast, 1876, Proc. Zool.

,Soc. 1876, p. 466 : id. 1880, Proc. Zool. Soc. 1880, p. 232 ; id.

1880, Trans. N.Z. Inst. vol. xii. p. 241, pi. 8. Ziphius sp.,

Scott & Parker, 1889, Trans. Zool. Soc. vol. xii. p. 241, pis. 48-50
;

Beddard, 1900, Book of Whales, p. 235, pi. 12; Benliam, 1901,

Proc. Zool. Soc. 1901, vol. i. p. 294. Huperoodon planifrons (not

Flower) Waite, 1913, Rec. Cant. Mus. vol. ii. p. 23, pis. 8, 9,

The Goose-beaked Whale has been recorded from all seas.

GhcotJiam Island.— (a) Skull in Dominion Museum, Wellington,

Described by Hector as the type of Epiodon chathamiensis. (b)

Teeth in British Museum. One figured by Hector, Trans. N.Z.
Inst. vol. V. pi. V. figs. 2 a, 2 6.

East Cape, North Island.—Teeth and extremity of mandible
in Canterbury Museum. Described and figured by Waite, who
referred it with doubt to Hyderoodon plctmfrons, but his figure

almost matches the anterior end of the mandible of the Petone
specimen.

Cook Strait.—(a) Near Wellington. Skull described by Turner.

(b) Petone Beach, Wellington Harbour. Stranded October 1919.

Skeleton in possession of Mr. H. H. Travers, Wellington.

Vertebras: 0. 7, D. 9, L. 11, Ca. 19 = 46. First four cervicals

fused, 5th and 6th separately fused by neural arch on left side.

Last spinous process and neural canal on the 1 1th caudal. Ribs 9,

of which 6 are two-headed. Sternum of 5 segments, the first

4 are notched in front and behind, the last of two separate

lateral pieces. Scapula with long acromion and coracoid.

Kaiapoi Beach.—Female, stranded 15th May, 1879. Skeleton

in British Museum. Teeth described by von Haast (1880),

Ne%o Brighton Beach.—Stranded 17th ISTovember, 1878. Ex-
terior and teeth described by von Haast (1880).

Lyttelton Harbotor.—Str-anded at Port Cooper, July 1872.

Skeleton in Canterbury Museum. Described by von Haast as

the type of Ziphius novce zealandice. "Vertebrae : C. 7, D. 9, L. 11,

Oa. 19= 46. Four cervicals fused. Ribs 9, of which 7 are two-
headed. Sternum of 5 segments, each notched anteriorly and
posteriorly. Scapula with long, narrow acromion and coracoid.

Phalanges : 2, 5, 5, 4, 3.

Akaroa Harbour.—Female, stranded July 1873. Skull de-

scribed by von Haast (1877).

Wctrringto7i, Otago.—Came ashore alive, 6th November, 1884.

Skeleton in Otago Museum. External characters, skeleton, and
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anatomy described by Scott and ParKer ; larynx described by
Benham. Two sharp-pointed teeth at apex of mandible. Verte-

br£e: 0. 7, D. 10, L. 9, Ca. 20= 46. Four cervicals fused.

Ribs 10, of which 7 are two-headed. Sternum of 5 segments,

each notched in front and behind. Pelvic bones about 9 cm. long.

Phalanges : 1, 5, 5, 5, 2.

Locality not stated.— Skull of young in British Museum.

Orcinus.

Orcinus Fitzinger, 1860, VViss.-populare ISTaturg. Siiug. vol. vi.

p. 204; type, 0. ot'ca {= Del^Mnus o^'ca Linne). (Orca Gray,

1846, is preoccupied by Orca Wagier, 1830, a genus of Physe-

teridse.)

Orcinus orca,

Delphinus orca Linne, 1758, Syst. Nat. ed. 10, p. 77 (European
seas). Orca gladiator Gray, 1846, Zool. 'Erebus' & 'Terror,'

p. 33; Hector, 1885, Trans. N.Z. Inst. vol. xvii. p. 208. Orca

pacifica Gray, Hector, 1875, 1. c. vol. vii. p. 260.

The Killer Whale is found in all seas. Lillie has recorded it

as far south as McMurdo Sound, and states that it is the

commonest cetacean in the Ross Sea. It_is occasionally seen off

the New Zealand coast, especially about Cook Strait. Besides

the following definite records, there is a skull of unknown locality

in the Auckland Museum.
Chatham Island.—Skull in Canterbury Museum. Teeth ii.

Coast soibth of Wanganui.—Skeleton in Dominion Museum,
Wellington. Vertebra? : C. 7, D. 11, L. 10, Ca. 24 = 52. Four
cervicals fused ; 5th and 6th separately fused by neural arches

only. Teeth \^. Ribs 11, of which 6 are two-headed. Sternum
of one piece with five articular facets on each side.

Otago Heads.—Skull in Otago Museum. Described by Hector
(1875). Teeth if.

PSEUDORCA.

Pseudorca Reinhardt, 1862, Overs. K. Danske Yidensk. Selsk.

Forhandl. p, 151 ; type, P. crassidens {=PhoGcena crassidens

Owen).

Pseudorca crassidens.

Pseudorca crassidens Owen, 1846, Brit. Foss. Mamm. p. 516
(North Sea). Pseudorca meridionalis Flower, Hector, 1873, Trans.
N.Z. Inst, voi.v. p. 163.

The range of this species, which may be called the Tasmanian
Blackfish, extends from the North Sea to the Chatham Islands.

It is met with in large schools in New Zealand and Tasmanian
waters.
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Chatham Island.—In March 1906 a school of several hundreds
was stranded on Long Beach, Petre Bay. These were referred to

by Waite (Subant. Is. N.Z. p. 551, under Glohioce'phaliis melas),

who visited the locality in February 1907. In December 1909

the remains of many of them were still to be seen, and I was able

to identify the species as Pseudorca crassidens. Teeth in upper
jaw 8 on each side.

Lyall Bay.—Cranium in Dominion Museum, Wellington.

Described by Hector. This was at one time referred by Hector
to BeUga (Ann. Mag. Nat. Hist. ser. 4, vol. ix. p. 438, 1872).

Globicephala.

Glohicephala Lesson, 1828, Hist. Nat. Mamm. et Ois. vol. i.

p. 441 ; type, Delphinus deductor Scoresby {= D. melas Traill).

Globicephala mel^na.

Delphinus melas Traill, 1809, Nicholson's Journ. vol. xxii. p. 21

(North Atlantic). Glohiocephalus macrorhynchus Gray, Hector,

1870, Trans. N;Z. Inst. vol. ii. p. 28; id. 1873, I.e. vol. v. p. 164;.

id. 1875, 1. c. voh vii. p. 261, pis. 16, 16 A; id. 1877, 1. c. vol. ix.

p. 481, pis. 13, 13 a; id. 1870, Ann. Mag. Nat. Hist. ser. 4, vol. v.

p. 222. Glohicephalus melas Traill, Hector, 1885, Trans. N.Z.

Inst. vol. xvii. p. 209 ; Waite, 1909, Subant. Is. N.Z. p. 551.

The Blackfish is found in all tropical and temperate seas. Like
its relative the Tasmanian Blackfish, it goes about in schools. It

is occasionally reported stranded in considerable numbers, but as

the term " blackfish " is popularly applied to several species, the

specific identity is not always certain. Skeletons and skulls are

common in New Zealand museums.
Chatham Islands.—Skull in Dominion Museum, Wellington,.,

(according; to Hector, Ann. Mag. Nat. Hist. ser. 4, vol. xi. p. 105,

1873).

Cook Strait.—{a) Two skulls and other bones in the Dominion
Museum. Described by Hector (1870, p. 28 ; 1873). One of the

skulls is very massive, measuring 67*5 cm. in length and 47*5 cm.

in breadth. Rostrum : length, 34 cm. ; breadth at base, 26-5 cm.

Pterygoids approximating to within 3 or 4 mm. Teeth ^,

Intermaxillaries broad, expanding a little in front*, approaching

to within 2 cm. of the edge of the maxillaries, upper surface

rugose anteriorly. Six cervical vertebrae fused. (6) Lyall Bay.

School ran ashore, January 1876. Ten skeletons were secured.

One now mounted in Dominion Museum. Exterior of animal

and skeleton described by Hector (1877). Teeth ^. Yertebrse :

C. 7, D. 11, L. 13, Ca. 29= 60. Six cervicals fused. Ribs 11, of

which 7 are two-headed. Phalanges: 4, 13, 10, 3, 1. Two skeletons

in the British Museum are perhaps from this school, (c) Skeleton

in Otago Museum. Teeth _?^. Vertebra: C. 7, D. 11, L. 12,

Ca. 26=56. Four cervicals fused. Ribs 11, of which 6 are
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two-headed. Sternum of 3 segments, the first two perforated,,

the last divided longitudinally.

Otago.—Skeleton in Canterbury Museum. Pterygoids sepa-
rated along the middle line of about 1 cm. Teeth \^. Ver-
tebrse: 0. 7, D. 11, L. 14, Ca. 24 = 56. Six cervicals fused.

Pelvic bones curved, rod-like, about 15 cm. long. Ribs 11, of
which 6 are two-headed. Sternum of 3 segments, the anterior
one notched in front, perforated in the centre, and with the sides

projecting outwards and backwards. Scapula with broad L-shaped
acromion, coracoid with distal end expanded.

Stewart Island.—{a) Skull in Otago Museum. (6) Captured
January 1874. Skeleton in British Museum, exterior described
by Hector (1875).

Campbell Island.—(Filhol, Mission d'lle Campbell, Zool. p. 34,
1885, G. macrorhynchus).

Locality not stated.—(«) Skull in Auckland Museum. Figured
by Hector (1875, pi. 16). (6) Skeleton in Dominion Museum.
Teeth f. Vertebrae: 0. 7, D. 11, L. 13, Ca. 25= 56. Five cer-

vicals fused. Ribs 11, of which 6 are two-headed. Sternum of

3 segments.

Grampus.

Grampus {%Delphinus) Gray, 1828, Spicilegia Zoologica, vol. i.

p. 2 ; type, Delphinus griseus Cuvier.

Grampus griseus.

Delphinus griseus Cuvier, 1812, Ann. Mus. vol. xix. p. 14
(Brest, France). Grampus richardsoni Gray, Hector, 1873, Trans.
N.Z. Inst. vol. V. p. 163. Grampus griseus Cuv., Waite, 1912,.

Rec. Cant. Mus. vol. i. p. 328, pi. 63 ; id. 1912, Guide Whales &.

Dolph. N.Z. p. 19, pi. 5.

Risso's Dolphin has been recorded in such widely sundered
regions as the JSTorth Sea and the coast of New Zealand. It is a

rare species wherever found. Only twice has it been recorded
from our seas.

(1) Manaivatu, Beach.—Mandible in Dominion Museum, Wel-
lington. Described by Hector. Length of ramus 44*5 cm., of
symphysis 6 cm. Teeth 3 on each side opposite the symphysis,
blunt, conical, the posterior one 8 mm. in diameter and project-
ing 8 mm. above the dried gum.

(2) Pelorus Sound.—Figured by Waite. It is strange that,

the famous cetacean known as "Pelorus Jack" should not have
been mentioned in scientific literature until Waite in a short
note confirmed the identification of the Rev. D. C. Bates, and
published a photograph showing the contour of the dorsal fin

and flukes. It has an extensive litei'ature in newspapers and
magazines. A special booklet by J. Cpwan has been devoted to /
it, while an article on " Pelorus Jack—Tuni-Rangi," by W. T.
Downes, appears in the Journal of the Polynesian Society,
vol. xxiii. p. 176, 1914. Both these give the Maori legend

Pnoc. ZooL. See—1922, No. XL. 40
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" Pelorus Jack " has been described as " bluish-white tinged

with yellow and purple, and with irregular brown-edged scratch-

like lines in all directions. His flippers are blackish and mottled

with grey" (Cowan), Length about 14 ft. Dorsal fin high and

falcate, Tiiis famous cetacean for many years frequented the

waters outside the entrance to Pelorus Sound, and was in the

habit of meeting steamers on the route between Nelson and

Wellington. It accompanied the vessels for some miles, and

played from side to side of the bows, keeping just in front

and frequently leaping out of the water. It was protected by

an Order in Council. " Pelorus Jack " has not been seen since

1912.

Cephalorhynchus.

CephalorhijncMs {^ Delphinus) Gray, 1846, Zool. 'Erebus' &
* Terror,' Mamm. p. 36 ; type, D. heavisidii Gray.

Cephalorhykchus hectori. (PI, II. figs. 1 & 2.)

Electra hectori Yan Beneden, 1881, Bull. Roy. Acad, Belg.

ser. S, vol. i. p. 887, pi. 2. Lagenorhynchus clangulus (not Gray)

Hector, 1870, Trans. N.Z. Inst. vol. ii. p. 27; id. 1872, Ann.

Mag. Nat. Hist. ser. 4, vol. ix. p. 436, fig, Electra dangula (not

Gray) Hector, 1873, Trans. N,Z. Inst. vol. v. p. 160, pi. 12; id.

1877, 1. c, vol. ix. p. 350, pi. 11. CephalorJiynchiis hectori Ben.,

Hector, 1885, Trans. N.Z.Inst. a'oI. xvii. p. 209; True, 1889,

Bull. U.S. Nat, Mus. sxxvi. pp. 112, 177, pi. 32. Cephalorhtjn-

chus alhifrons True, 1899, 1. c. pp. Ill, 177, pi. 32.

Confined to New Zealand seas. It is the Common White-nosed

Porpoise, never seen far from the coast.

North Coast.— Specimen captured. Skeleton in Paris Museum.
Described byVan Beneden as the type of Electra hectori. Teeth 30,

Yertebraj: C. 7, D. 14, L. 15, Ca. 27=63. Two cervicals fused.

Ribs 14.

Bay of Islands.—Skull in Dominion Museum. Teeth 30.

Length of skull 30-5 cm., of rostrum 14-5 cm. ;
width of rostrum

at base, 7-5 cm.

Wanganui Coast.—(a) Skeleton in WanganuiMuseum , Sternum

of two segments ; four pairs of ribs articulate with the anterior

and one pair with the posterior segment, which is perforated.

Two cervicals fused, (b) StuflJ'ed skin in Wanganui Museum.
Specimen stranded alive, Castleclifi" Beach, May 1921. Mr. G.

Shepherd, Curator of the Wanganui Museum, has kindly supplied

me with a description which enables me to give the following

particulars. Forehead grey. Snout and a mai-gin round the

grey of the forehead, black. Dorsal surface slaty black, shading

into slaty grey on the sides and then into black bordering the

white under surface. Tip of lower jaw, flippers, dorsal fin, and

tail black, A white spot in the axil of each flipper. Under sur-

face white, interrupted by an isthmus of black connecting the

two flippers. The white extends backwards to midway between



CETACEA OF THE NEW ZEALAND SEAS. 581

the vent and the flukes, dividing into three equally long pointed

(PI. II. figs. 1 & 2) bands, one central and one extending obliquely

along each flank. An elongated dusky patch surrounds the vent.

Total length of specimen 1-90 ni. An interesting point to observe

is that, according to Mr. Shepherd, the forehead is grey and not

white. This intermediate colour probably accounts for the vary-

ing descriptions given to this animal, resulting in it having been

listed under two names.

Cook Strait.—(«) Outside Wellington Hai-bour. Described by

Hector (1870). Yertebrse : C. 7, D. 14, L. & Oa. 48= 69. (6) Ofl'

Cape Campbell. Two shot from a lai-ge school. Exterior de-

scribed by Hector (1872, 1873). (c) Wellington Harbour. Skull

in Dominion Museum. Teeth -|i. Length of skull 31-2 cm., of

rostrum 16 cm. ; width of skull at squamosals 16 cm., of rostrum

at base 8 cm. (cZ) Half model in Otago Museum, There is

also a skeleton, perhaps of this specimen, but locality not

given,

Canterhury.—(«) Skeleton from Banks Peninsula in Canter-

bury Museum, Vertebra? : C. 7, D. 13, L. 15, Ca. 29= 64. Two
cervicals fused. Ribs 13, of which 4 are two-headed, last rib

less than half the length of the 12th. Sternum of one piece,

{h) Skull in U,S. JSTational Museum, Washington.

LaGENOKHYNCH us.

LagenorMjnchus Gray, 1846, Zool, 'Erebus' & ' Terror,' Mamm.
p. 30 ; type, Delphimis acutus Gray.

LAGENOB.HY]SrCHUS OBSCURUS.

Delphinus obscurus Gray, 1828, Spic. Zool. p. 2 (Cape of Good

Hope). Clymenia ohscura Gray, Hector, 1873, Trans. IST.Z. Inst,

vol. v. p. 160, pi. 1 ; id. 1877, 1. c. vol. ix. pi. 11 ; id. 1885, 1. c.

-vol. xvii. p. 211 ; Hutton, 1877, 1. c. vol. ix. p. 349.

The Dusky Dolphin is common round the coast. It is apparently

widely distributed, being recorded from the Cape seas and in the

Southern Ocean as far south as 58° S. lat. (Lillie.)

Wanganui Coast.—(a) Skull in Dominion Museum, Wellington.

Described by Hector (1873). Teeth -^. Length of skull,

35-5 cm. ; breadth at squamosals, 16'7 cm. ; rostrum length,

19-3 cm. ; breadth at base, 8-5 cm. (&) Two specimens in

AVanganui Museum.
Cook Strait.—Skeleton in Dominion Museum. Teeth |^.

Vertebrae : C. 7, D. 13, L. 19, Ca. 32= 71. Two cervicals fused.

Ribs 13, of which 6 are two-headed. Phalanges : 2, 9, 6, 2, 1.

Sternum of 3 segments.

Banks Peninsida.—{a) Lyttelton Harbour. Skull in Canter-

bury Museum, (h) Akaroa. Cast in Canterbury Museum.

There are two other skeletons of unknown locality in the

Dominion Museum.
40*
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LiSSODELPHIS.

Lissoclelphis Gloger, 1841, Hand- u. Hilfsb. ISTaturg. vol. i.

pp. xxxiv, 169 ; type, Delphinus jjeronii Lacepede. (Tursio

Wagler, 1830, is j^reoccupied by Tursio Fleming, 1822, a genus

of Physeteridae.)

LiSSODELPHIS PERONII.

Delphinus peronii Lacepede, 1804, Hist. Nat. Cet. p. 316 (south

of Tasmania). Tursio peronii Lacep., Lillie, 1915, 'Terra iSTova'

Exped., Zool. vol. i. p. 121.

Tills species is included in the New Zealand fauna on the

authority of Lillie, who records seeing two specimens in lat. S.

47° 04', long. E. 17P 33' (south-east of Nugget Point, Otago)..

The species is easily recognised on account of its peculiar

coloration. It has been recorded in the Southern Ocean from
Tasmania to Chile.

Stenella.

Stenella {^ SUno) Gray, 1866, Proc, Zool. Soc. 1866, p. 213;
type, Steno attenuatus GrSij. Proclelphinus Gervais, 1880,.

Osteogr. Cet. p. 604 ; type, P. marginatus Duvernoy (= /". euphra-

syne Gray).

I have adopted Stenella as the earliest valid name for this

genus, passing over Soicsa. proposed earlier on the same page,

because it is probably only a variation of Susie (preoccupied by-

Lesson, 1828). It may also be added that Susu or Sousou is a
Hindu word, and therefore the type of Sousa, if not hitherto

fixed, should be the Indian species ^S*. lentiginosus.

Stenella euphrostne.

Delphinus euphrosyne Gray, 1846, Zool. 'Erebus' & 'Terror,'

p. 40, pi. 22. Clymenia novce zealcmdice (not Quoy & Gaimard)
Hector, 1873, Trans. N.Z. Inst. vol. v. p. 159, pi. 2; id. 1877,,

1. c. vol. ix. pi. 11.

A large species, recorded from the North and South Atlantic.

Its claim to be included in the New Zealand fauna rests on the

following skull :

—

Waikanae Coast.—Skull in Dominion Museum, Wellington.
Described and figured by Hector. The proportions of this skull

and the position of the nerve foramina agree Avith the type of

D. euphrosyne as figured by Gray (Zool. ' Erebus ' & ' Terror,'

pi. 22). Teeth -^^ Length of skull 48 cm., of rostrum 28*4 cm. ;;

breadth of skull at squamosals, 23*3 cm. j breadth of rostrum at

base, 12 cm. Pterygoids approximate to within 2 mm.
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Stenella PSEUDODELPHIS.

Delphinus pseudoclelphis Schlegel, 1841, Abhandl. Gebiete Zool.

Heft 1, p. 22. Clymenia attenuata Gray, Hector, 1885, Trans.

N.Z, Inst. vol. xvii. p. 211.

This Dolphin has been recorded from the South Atlantic Ocean
and Cape seas. Pi'obably it should be united with S. mcdayanus
Lesson (1826) and S. frcenatus F. Cuvier (1836), and the distri-

bution given as Atlantic, Indian, and Pacific Oceans. Its inclusion

in the New Zealand fauna rests on a single skull. There is also

in the Dominion Museum a mandible which I refer to this

species. The tip is broken, but there are 36 alveoli present.

Length of ramus 34 cm., of symphysis 6 cm.

Parapara.—Skull in Dominion Museum. Hector doubted this

skull being obtained in the New Zealand area. It, however, bears

the legend " Loc. Parapai-a. Hector 1879. Steno attenuatus

Gray " written on the premaxillte. The proportions of the skull

and the contour of the premaxillae are identical with the type of

D. attenuatus figured by Gray (Zool. ' Erebus' & ' Terror,' pi. 28),

but there are high fronto-supraoccipital ridges (like the figure of

D. dorism. Gray's work). It is a large skull, and the high ridges

may be a sign of age. Pterygoids in contact. Teeth missing,

alveoli 39, but end of rostrum not quite perfect. Length of skull

39*2 cm., of rostrum. 24 cm. ; breadth of skull at sqviamosals

16"2 cm., at orbits 14"7 cm. ; breadth of i-ostrum at base 9 cm. /

Delphinus,

Delphinus Linne, 1758, Syst. Nat, ed. 10, p. 77; type, B. delphis

Linne. '
, .

Delphinus delphis.

Delphinus delphis Linne, 1758, Syst. Nat. ed. 10, p. 77

(European seas). Delphinus novce zealandice Quoy & Gaimard,
1830, Voy. 'Astrolabe,'' Zool. vol. i. p. 149, pi. 28; Button, 1877,

Trans. N.Z. Inst. vol. ix. p. 349. Delphinus forsteri Gray, Hector,

1872, Ann. Mag. Nat. Hist. ser. 4, vol. ix. p. 438-; id. 1873,

Trans. N.Z. Inst. vol. v. p. 158, pis. 2, 3 ; id. 1874, 1. c. vol. vi.

p. 85 ; id. 1877, 1. c. vol. ix. pi. 11.

The Dolphin is found in all seas ; it is common round the New
Zealand coasts.

Bay of Islands.—Skull in Dominion Museum.
Hauraki Oulf.—I ha,ve seen a skull from Motutapu Island.

East Coast, North Island.—Specimen captured by the 'Astrolabe

'

off Tolaga Bay. Described by Quoy and. Gaimard as the type of

Delphinus novce zealandice.

Wangccnui BeacJi.—Skull described by Hector (1873).

Cook Strait.—(a) Lyall Bay. Skeleton in Dominion Museum.
Exterior described by Hector (1874). Teeth ^f. Yertebrte

:

0. 7, D. 14, L. 17, Ca. 37 = 75. Two cervicals fused. Ribs 14,
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of which 3 are two-headed. Costal ribs 8, of which 5 articulate

with the sternum. Sternum of one piece. Phalanges : 2, 9, 7,2,1.

(6) Porirua. Skull in Dominion Museum. Described by Hector
(1872).

Lyttelton Harhour.—Skeleton in Canterbury Museum, from
Governor's Bay, 1896. Vertebra) : C. 7, D. 15, L. 20, Ca. 33= 75.

Ribs 15, of which 5 are two-headed, the last pair small, half the

length of the 14th. Costal ribs 8, of wdiich 4 appear to articulate

directly with the sternum. Sternum of one piece, appai-ently of

three fused segments. Pelvic bones curved, I'od-like, about
8 cm. long.

There is a skeleton from New Zealand in the British Museum.
True (Bull. U.S. Nat. Mus. 36, p. xxxvi, 1889) gives the measure-
ments of the skull.

TURSIOPS.

Ttcrsiojys Gervais, 1855, Hist. Nat. Mamm. vol. ii. p. 323
;

type, Delphinus tursio Fabricius ( = D. truncatKS Montagu).

TURSIOPS TRUNCATUS.

Delphinus truncatus Montagu, 1815, Wern. Trans, vol, iii. pi. 5.

Tursio metis Gray, Hector, 1873, Trans. N.Z. Inst. vol. v. p. 162
;

id. 1877, 1. c. vol. ix. p. 477, pis. 11, 12; Hutton, 1876, 1. c.

vol. viii. p. 180. Tursiops tursio (Fabr.), Hector, 1885, 1. c.

vol. xvii. p. 210. Beluga kingii (not Gray) Hector, 1873, Ann.
Mag. Nat. Hist. ser. 4, vol. xi. p. 105 ; id. 1873, Trans. N.Z. Inst.

vol. V. p. 163. Delphina2yterus leucas (not Pallas) Hector, 1885.

1. c. vol. xvii. p. 209.

The Cowfish appears to be widely disti-ibuted, having been
recorded from localities as distant as the North Sea and New
Zealand. In the latter place it has been recorded from both
east and west coasts of the South Island.

Lyttelton Harhour.— Skeleton in Canterbury Museum, from
Governors Bay, 1895. Teeth |i. Vertebrae : C. 7, D. 13, L, 17,

Ca. 27=64. Two cervicals fused. Ribs 13, with a vestige about
4 cm. long on the right side only of a 14th. Costal ribs 9, of

which the first is rather broad and thick, five articulate directly

and four indirectly with the sternum. Sternum of 4 segments,
the anterior curved iipwards and notched in front and with a
minute perforation in the centre.

Otago Harbou,r.— 1913. Skull and cast in Otago Museum.
Busky Sound.— («) Skull in Otago Museum. 1898. (6) Skeleton

in Otago Museum. Captured in Useless Bay, 10th May, 1875.

Exterior and skull described by Hutton. Teeth |-|. (c) Skeleton
in Dominion Museum. Captured in Useless Bay, 10th May, 1875,
Described by Hector (1877). Teeth |-|. The anterior pair, upper
and lower small, not projecting above the alveoli. Vertebrae

:

C. 7, D. 12, L. 17, Ca. 28=64. Two cervicals fused. Ribs 12,

of which 4 are two-headed. Costal ribs 10, of which 5 articulate
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with the sternum. Sternum of 4 fused segments, (d) Skull in

Dominion Museum, labelled "Dusky Bay, 6/1/73."

Locality not stated.—(a) Skeleton in Wanganui Museum.
Teeth If. Vertebra) : 0. 7, D. 12, L. 17, Ca. 22+ =58+ . Ribs 12,

of which 5 are two-headed. Two cervicals fused. (6) Skull

(incomplete) in Dominion Museum. Labelled in Dr. Knox's
handwriting ''•Beluga kingii Gray. The Australian Beluga.

From Swainson Coll." This is merely an imperfect cranium ;

the whole of the rostrum and mandible are missing. It is from
a young animal, as the frontal is quite separate and the cranial

sutures are open. It appears to agree in all essential characters

with the skulls of Titrsiops truncatits in the Dominion Museum.
The main point of difference which gives the present specimen a
distinct appearance is the absence of a transverse supraoccipital

ridge, but this is obviously dvie to age, and could not be expected

to be pronounced in a young animal. This specimen was referred

to under the name Beluga kingii by Hector (1873), and is

responsible for the introduction into New Zealand literature of

the " White Whale, Beliyhinapterus leucas" which finds a place in

Hutton and Drummond's ' Animals of New Zealand,' but has
been treated more cautiously by Waite, who omitted it altogether

in his ' Guide to the Whales and Dolphins of New Zealand.'

EXPLANATION OF THE PLATES.

Plate T.

Neohalwna marginata.

Fig. 1. Skull, lateral view.

2. Skull, superior view.

3. Skull, inferior view.

PliATE II.

CepTialorhynchus liectori.

Fig. 1. Side view.

2. Inferior view.

K.ogia hreviceps.

Fig. 3. Specimen stranded at Wanganui,
February 1909.

Plate III.

Mesoplodon hoivdoini.

Fig. 1. Skull, superior view.

2. Skull, inferior view.

3. Skull, lateral view.

Plate IV.

Mesoplodon hoivdoini.

Fig. 1. Mandible.

2. Left ramus of mandible.

3. Scapula.
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29. On the Dental Characters o£ certain Australian Rats.

By Prof. F. Wood Jones, Adelaide University.

[Received May 22, 1922 : Read June 13, 1922.]

(Text-figures 1-12.)

The observations recorded in the present paper, although very
limited in their scope, may possibly prove to be of some value
when they are extended over a wider range of types than is avail-

able to the author.

The business of diagnosing the specific characters of the
material which he studies does not, as a rule, fall within the
province of the anatomist, but there are times when even
the teacher of human anatomy has to enlarge his field of enquiry,

and enlarge it so that he comes within measui-able distance of

being a systematic zoologist. The attempt to assign a specific

name to an Australian Murine is an enterprise no amateur
should engage in, and it must not be thought that the present
author is responsible for the determination of the species men-
tioned here. But short of giving an actual name to a species, it

may happen that one who is not a systematic zoologist may want
to track down, as nearly as possible to its proper position, some
animal into the structure of which he is enquiring.

Among the characters which bulk lai-ge in the diflferential

diagnosis of various Murines are the crown patterns of the molar
teeth. It is quite certain that not a tithe of the literature

dealing with the molar patterns of the rats has been reviewed
during a search of the works and periodicals available here in

Adelaide ; but enough has been studied to convince the author
that although it is a simple thing to diagnose the crown occlusal

pattern of the molars of a young animal, it is difiicult or even
impossible to say what may have been the pattern when once the
molars are worn down in an old or an aged specimen. Text-fig. 8
illustrates the condition of the left upper molar series in three
individuals belonging to one species, and it is "easy to see that in

the oldest individual a diagnosis of the original occlusal pattern is

a matter of considerable uncertainty. Consideration of the inter-

esting problem of the relation of crown-pattern to root-formation
has prompted the author to turn to the root-patterns in order to

see if they presented any constant or useful featiu^es.

A series of circumstances has led up to this little investigation

of the root-patterns of a few Australian rats. In the first place, a
number of skulls and certain cranial fragments were found uporr
an island,—Franklin Island in ISTuyt's Archipelago,—the living-

rats inhabiting which had been already properly identified. The
skulls were all of aged individuals, and no diagnosis could be made
from the molar patterns; and yet it was of some importance
that the identity of the fragments should be sufficiently well
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established to make their relation to the living rats of the

island clear.

In the next place, upon another island (Goat Island) in the

same Archipelago the tracks of a rat were seen upon the sea-

beaches, but despite every effort no rat could be caught or shot or

even seen dui-ing a brief visit to the island. Nevertheless the

fact that the tracks were in reality those of rats was proved by
the finding of skull fragments in the dejecta of some birds of prey.

These fragments were all of lower jaws and lacked teeth (see

text-ftg. 1). Save for a single humerus no other portion of the

rats was I'ecovered. It was a matter of some interest to see if

the rat of Goat Island, and the living rat of Franklin Island, and
the dead rat of Franklin Island were or were not identical.

Text-fiefure 1.

Fragment of left lower jaw taken from the pellets of birds of prey on Goat Island^

Nuyt's Archipelago. The edentulous alveolus has a characteristic root-pattern.

Still more recently the author was confronted with the remains
of so many rats that the deposit formed by their bones constituted

so vast a bulk as to be exploited as a commercial undertaking,
though situated some 40 miles from the i\ailroad and some
200 miles from the place to which the deposit could be sent by
rail. These bones were in a system of caves (Buckalowie), and
among the millions of rats which had gone to the formation of

the deposit not one seems to be represented by a whole skull..

Jaws and fragments of jaws devoid of teeth were to be had by
the thousand (see text-fig. 2), and at once the question arose

—

Could the fragments be identified by an examination of the jaws
from which the teeth had been lost ? Whatever the rats were,.
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they were certainly ancient and they were mixed with the remains-

of many other animals, amongst which were TJiylacimis and
Thijlacoleo. Even the accident of the loss of teeth in the jaw
fi-agments composing the deposit on the floor of the caves provided

a partial answer to the question, for it was at once evident from
an examination of the alveolar cavities for the upper molars that

two quite different root-patterns were represented.

In order to determine the affinities of these root-patterns the

author extracted teeth from such properly identified skulls as he
could obtain, and the present paper is merely a record of the

findings. If the results are capable of no further extension, at

least they permit one to say that the past and present rats of

Text-figure 2.

<1 B
Typical fragments from bone debris of Buckalovvie Cave deposit. A. Portion

bearing left upper molar root-cavities. B. Left lower molar root-cavities.

Franklin Island are the same animal, that the murine contem-
porary of Thylacoleo which formed the cave-deposit at Buckalowie,

was a creature a good deal like the Franklin Island rat ; but that

the unknown rat which lives on Goat Island is not the same sort

of rat at all, but is like a rat whose remains make a small and
recent addition to the cave-deposits and like existing members of

the genus Rattus.

Hydromys Geofi'., 1805.

The species examined is that known as the " Golden-bellied

Water-Rat, " H. chrysogaster Geofi". It is now a comparatively

rare animal, and in South Australia (and in some of the other

States) it is becoming increasingly difficult to obtain. The speci-

mens examined were trapped either on the Onkaparinga River in

the Mount Lofty Range or on the River Murray at Tailem Bend.
The animal is so thoroughly distinctive that its specific diagnosis

needs no authority. '
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Upper Molars.

The upper molar series when examined from its occlusal sur-

face presents a remarkably simple pattern in the young animal
when practically no signs of attrition are present, and the same
simplicity is preserved in the adult when attrition is well advanced
(see text-fig. 3, A). The anterior molar consists of three very
distinct masses arranged in the antero-posterior axis of the tooth.

Text-figure 3.

Left upper molar series of Hydromys chrysogaster. A, showing tlie occlusal

surface of the two molars ; and B, the alveolar cavities. The outlines of the
anterior molar are superimposed on its alveolar cavities in B. The cavity-

marked X is not present in some specimens.

Each of these divisions shows a central depressed area when
viewed from the occlusal surface.

The posterior molar consists of a small anterior lingual portion
and a larger posterior mass. The total area of the posterior
molar is less than half that of the anterior tooth. (See text-
fig. 3.) In advanced age the wear of the tooth involves the raised
fim of the individual crown masses, and beyond a flattening of
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the occlusal surfaces no marked change of crown-pattern takes

place with increasing age.

Upon removing the two upper molars in Hydromys a very-

curious arrangement of the alveolar cavities is seen. There are

either 8 or 9 separate sockets for the reception of roots, small or

large, of the anterior tooth, and two cavities for the roots of the

posterior tooth. (See text-fig. 3, B.)

Of the 8 or 9 root-cavities for the anterior tooth 2 belong to

the anterior lamina of the crown, 5 or 6 belong to the middle

lamina, and 1 to the posterior lamina.

Text-figure 4.

Z ingua/

Anterior left upper molar of 'H.ydromys chrysogaster to show the relation of the

multiple roots to the crown divisions. In this example only two lingual roots

are present. A=anterioi-, P=posterior extremity of molar.

The anterior root is large and shows at its extremity a tendency
to be itself subdivided into 3. Four very minute labial cavities

belong to four small labial roots of the medial lamina and one or
two far larger lingual root-cavities belong to the same subdivision.

The small posterior portion of the anterior molar has one large

alveolus for a single large root which shows a marked tendency to

be bifid. (See text-figs. 3 & 4.)

The two roots of the posterior tooth are arranged in the long-

axis of the jaw and thus both tend to be elongated from side to.

side and to be bifid.
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Lower Molars,

The lower molar series consists of two dental masses with the

same simple type of occlusal surface as that displayed by the

upper teeth. The anterior molar is divided into two main parts,

and in some specimens, but not in all, a very small posterior shelf

is present. The posterior molar is also divided into two main
masses, but the whole area of the tooth is considerably less than
that of the anterior one. (See text-fig. 5, A.) Again there is

the same complexity of the alveolar cavities and roots. Again
9 root-cavities belong to the anterior molar mass. The anterior

portion of the anterior molar has a large anterior root and two

Text-fisfure 5.

A
Left lower molar series of IHydromys chrysogaster. A. Occlasal surface.

B. Alveolar cavities, the outlines of the anterior molar being shown.

small postero-lingual and two small postero-labial roots. The
posterior portion has two small labial, one small lingual, and a

large, transverse, and partially sub-divided posterior i"oot. There
are again two rather tortuous root- cavities, situated antero-

posteriorly, for the posterior molar. (See text-fig. 5, B.)

Looking at the whole of the peculiar features of this upper and
lower molar series, with its strange collection of roots and alveoli,

it is difiicult to avoid conjecturing that, despite the simple crown-
pattern of the anterior molar it is in reality very far from being

a simple tooth. It is difiicult to avoid speculating as to whether
Hydromys has in reality simplified its dentition by the loss of a
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molar. If the line of the palatal suture, or the origin of the

posterior zygoma root, should prove to be at all stable points in

cranial architecture, it would look as though the anterior lamina

of the upper anterior molar occupied somewhat the same
anatomical position as the whole of the anterior molar in more
typical forms.

E.ATTUS.

(1) R. greyi. Specimens from Mount Compass, South Australia.

Identity established by Mr. Oklfield Thomas (Ann. & Mag. Nat.

Hist, series 9, vol. viii. p. 425, October 1921).

Upper Molcii's.

The crown-pattern of the upper molars is shown in text-

ifig. 6, A,

Text-figure 6.

Left upper molar series of Mattus greyi. A, showing the occlusal surface

;

and B, the alveolar cavities.

It is typical and needs no description.

The roots are small, their alveoli being a series of clean-cut
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holes in the jaw-margin, and the tooth itself is not to any extent

received in a depressed area of the jaw.

The anterior molar has 5 roots, a large single median anterior

root and 4 others arranged in pairs behind it.

The second molar has 4 roots arranged as an anterior pair and
a posterior pair. The third molar has an anterior pair of roots

arranged labio-lingually and a single median posterior root. In
the whole root series there is a single anterior median root, and a

single posterior median root, and 5 lingual and 5 labial roots

arranged in pairs (see text-fig. 6, B).

What might be termed the root-formula for the upper molai"s

would therefore be 5. 4. 3.

Lower Molars.

The occlusal surface of the lower molars shows two sub-divisions

of the crown of the two posterior molars and three sub-divisions

of the anterior molar,, the anterior and middle sub-divisions of

the anterior tooth being often partially fused together (see text-

fig. 7, A).

The root-cavities are vs^ell developed and clear cut, like those of

the upper molars. The anterior tooth has 4 roots, consisting

Text-fissure 7.

Left lower molar series of JRattus greyi. A, the occlusal surface;

and B, the alveolar cavities.

of an anterior median rounded root followed by a pair of roots

(lingual and labial), followed again by a single root elongated

from side to side.

The second and third teeth have 3 roots each arranged as a
pair of anterior rounded roots and a single elongated posterior

root (see text-fig. 7, B). The lower root-formula could therefore

be written as 4. 3. 3.

(2) R. terrce-reginoi shows exactly the same condition as R. greyi
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and the introduced forms K. rattus and R. norvegicus are identical.

Evidently the unknown rat which lives on Goat Island is akin,

as a compai"ison of text-figs. 1 k 7, B, will show.

Leporillus Oldfield Thomas, 1906.

The species examined is that recently named L. jonesi (Ann. &
Mag. Nat. Hist. ser. 9, vol. viii. p. 618, Dec. 1921). All the
examples come from Franklin Island in Nuyt's Archipelago, on
which island the type was taken.

Upper Molars.

The upper molar occlusal pattern is shown at text-iig. 8. The
molars are large and are deep set in the jaws. The alveolar

cavities show a rather noteworthy sinking of the whole tooth
into the alveolar area of the jaw ; the cavities for the indi-

vidual roots opeiiing from an area which is itself somewhat
below the general surface of the surrounding bone. (See text-

fig. 9.)

Text-figure 8.

Left VTpper molar series of Leporillus jonesi. Three specimens, A, B, and C,

showing the alteration of the occlusal pattern, with varying degrees of attrition.

The first molar has 3 roots, each having a distinct socket in

the jaw. Of these three roots one is anterior and median, and
the other two are posterior lingual and labial ; the postero-

lingual root in some specimens shows a tendency to be bifid.

The second molar also has 3 roots, but the lingual root is

further advanced in the jaw so as to be more truly lingual, and
not so postero-lingual in position.

Proc. Zool. Soc— 1922, No. XLI. 41
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The third molar has 2 roots, of which the anterior is elongated

from side to side and shows a tendency to bifurcation
;
possibly

Text-figure 9.

Alveolar cavities of the left upper molar series of Leporillus Jonesi

.

it represents the anterior and lingual roots of the second molar.

The root formula would therefore be 3. 3. 2.

Lower Molars.

Of the lower molars the large anterior member shows three

laminte on its occlusal surface, the second molar two laminae, and
the third also two. The root -pattern shows the same reception

of part of the crown into a depressed area of the jaw as is seen
in the case of the upper teeth. (See text-fig. 10, B.) Each
tooth is provided with 2 roots, and anterior rounded root, and a
posterior one elongate from side to side. In the case of the first

molar there is a tendency towards lateral bifurcation of the
posterior root. The lower root-formula is therefore 2. 2. 2.

The rats whose remains have gone in such countless numbers
to constitute the bone-doposits in the Buckalowie caves, had the
molars sunk into the jaw in the same fashion as is seen in the
Franklin Island Leporillus. They had the same root-formula
above and below (see text-fig. 2 and compare text-figs. 9 & 10)

;
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they also seem to have had the same crown pattern, certainly
they had not the crown pattern which is distinctive of Oonilurus.
The measurements of fragments of their skulls are practically
those of the Franklin Island Leporillus ; and it is probably not
far from the truth to say that a rat very like the modern insular

Text-fiivure 10.

Left lower molar series of Leporillus Jonesi. A. Occlusal surface.

B. Alveolar cavities.

form was a contemporary of Thylacoleo and Thylacinus in the
northern parts of South Australia . No traces of living rats were
seen at Buckalowie, nor do the guano-miners know of the
presence of any in the district.

NoTOMYS Lesson, 1842.

The only example of this genus that I have been able to

examine is N. cervinus, the specimen coming from Miller's Creek
to the west of Lake Eyre.

The specimen is one which shows very little wearing of the
occlusal surfaces of the molars. There is seen the same tendency
for the tooth to be received in a depression of the jaw as v/as

noted in Leporillus. The root-pattern is also reminiscent of that

genvis, for the upper molars 1 and 2 are 3-rooted teeth, the
roots being one anterior and two posterior. The third molar,

however (in the only specimen examined), showed a single

cavity which contained a partially subdivided root. (See text-

fig 11.)

• The root-formula would therefore be 3. 3. 1.

The lower molars are all 2-rooted teeth, but there is a well-

marked tendency towards reduction of the posterior root of the
third molar. The root-formula is 2. 2. 2.

41*
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Text-fiarure 11.

Left upper molar series of Notomys cervinus. A. Occlusal surface.

B. Alveolar cavities.

Text-figure 12.

Lower molar series of Notomys cervinus. A. Left upper molar crown-pattern.

R. Kight lower molar root cavities.

Conclusion.—It is suggested that the study of the molar root-

pattern, and the expression of what might be termed a root-

formula, are of some importance in systematic work among the

Murines. Unfortunately it is not possible in Adelaide to carry

out even a partial survey of the Australian rodents, for the

material is not obtainable, but it is hoped that such workers as

possess material will record the root-patterns of Conilurus,

Mastacomys, and other interesting Austialian forms.





p. 2. S. 1922, CARTER, PL I.

STRUCTURE OF THE ENAMEL IN THE PRIMATES.





p. Z. S. 1922, CARTER, PI. II.

JEPPMHSM WHttsmm

^'' f^fcc!''--'^

^HfPTlflHMIIIPP^PiWPW

^: I

h oJ.

STRUCTURE OF THE EnAMEL IN tHE PF^iMaTES.





p. Z. S. 1922, CARTER, PI. 111.

Llli' >'''!'
vil I' r

;i^

STRUCTURE OF THE ENAMEL IN THE PRIMATES.





p. Z. S. 1922, CARTER, PL IV.

STRUCTURE OF THE ENAMEL IN THE PRIMATES.





p. 2. S. 1922, CARTER, PI. V.

mm\m

STRUCTURE OF THE ENAMEL IN THE PRIMATES.





p. Z. S. 1922, CARTER, PI. VI.

^^f^MHmi^m

-I.p.m.

>>«.£ ^^'

ii:

STRUCTURE OF THE ENAMEL IN THE PRIMATES.





p. Z. S. 1922 CARTER, PL VII.

-As.

/p.m.

'-ex;-

-T—;^-£..C

STRUCTURE OF THE ENAMEL IN THE PRIMATES.



STRUCTURE OP THE ENAMEL IN THE PRIMATES. 599

30. On the Structure o£ the Enamel in the Primates and

some other Mammals. By J. Thornton Carter,

Hon. Research Assistant^ University College, Uni-

versity of London.

[Received May 24, 1922 : Read June 13, 1922.]

(Plates I. to YII. *)

Dui-ing the past forty years the theory of the evolution of the

crowns of mammalian molar teeth, which is associated with the

names of Cope and of Osborn, has attracted the attention of a

large number of workers, so that a voluminous literature on the

subject has accumulated.

Whilst so much work has been devoted to the gross forms of

the teeth, it is surprising to find that Uttle attention has been
given to the minute anatomy of the dental tissues as evidence in

throwing light on the problem of affinity.

In the year 1850, Sir John Tomes, F.R.S., submitted to the Royal
Society a contribution, entitled "The Structure of the Dental
Tissues of the Order Rodentia " (Phil. Trans. 1850), in which he
gave a detailed description of the pattern of the enamel in various

genera, and from their comparison drew the interesting con-

clusion that the various families of Rodents possess a "constant
and exclusive character in the structure of the enamel"; further,

that there is a " diflerent and distinct character in each of the

larger groups, and that the variety of structure is constant

throughout members of the same group : we may take, for

example, the Sciuridee, the Muridse, and the Hystricidse, in each

of which the structure of the enamel is different and in each is

highly distinctive" "the varieties in the structure of the
dental tissue, with a few isolated exceptions, justify and accord
with the arrangements of the order into the several divisions

proposed by Mr. Waterhouse and deduced by him from the
relations of the several parts of the skull."

Yet a year earlier than the publication of his observations on
the histology of the enamehin Rodents, Tomes had contributed to

the Philosophical Transactions a paper " On the Dental Tissues

in Marsupial Animals" (Phil. Trans. 1849, vol. cxxxix.), in which
he demonstrated a marked feature in their enamel in the form of

a system of tubes continuous with the dentinal tubes, this being
a constant character of the teeth of all Marsupials, excepting

only those of the Wombat. This character " attains its utmost
development in the Macropodidse, and is more feebly present

in some Dasyuridse, whilst in Myrtnecohius and yet further in

* For explauation of the Plates, see p. 607-
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Tarsipes it is reduced to small limits " (Tomes, Dental Anatomy,

The significance and value of these contributions lies in the

fact that Tomes demonstrated clearly that the enamel pattern in

Rodents provides a specific criterion of affinity, and that the

structure of the enamel in Marsupials, taken in conjunction with
other anatomical characters, may be employed to demonstrate
Marsupial relationship.

Seventy years have passed since the publication of these

researches, but, in so far as I am aware, during that period no
one has extended Tomes's work and published the results of the
examination of the enamel structure in all the representative

members of a diversified order ; and further, with the exception of

Sir Charles Tomes, F.R.S., the distinguished son of a distinguished

father, no one has applied the results obtained to the determi-
nation of affinities or relationship in the case of extinct mammals.
In a paper on the " Minute Structure of the Teeth of Oreodonts,
with special reference to their suggested resemblace to Mar-
supials" (P. Z. S. 1906), Sir C. Tomes employed the character of

tubular enamel as a test of Marsupial relationship, and found
that in none of the Creodont teeth which he examined was this

character present. Included with this Creodont material was a

portion of a tooth of Borhyaina, one of the Sparassodonta, in the
enamel of which Tomes found no trace of tubes. But the
Marsupial characters of this group Avere so numerous that Prof.

D. M, S. Watson, F.R.S., asked me to undertake a further exami-
nation of the enamel in other members of the suborder, and I
was fortunate enough to discov^er this Marsupial character in the
teeth of Cladosictis, Pharso2)horus, and of Borhycena (Journ.
Anat. 1919).

Following the provision of the material for the examination of

Sparassodont teeth, the authorities of the American Museum of

Natural History handed over to me a rich and representative

collection of teeth and jaws of Eocene mammals, comprising some
eighty genera, which had been formed for the purpose of obtain-

ing a set of sections with the hope that, in the words of

Dr. Matthew, "the investigation thereof will provide a new line

of evidence for the affinities of mammals, as distinct from the
skeleton or the teeth or the soft anatomy" and to '' have
a cross check on relations of the same kind as the cross check
betAveen teeth adaptations and feet adaptations." Already several

hundreds of sections have been prepared from this material, and
the results obtained encourage the hope that Dr. Mathew's exjDec-

tations will be fulfilled. To obtain the utmost value from such a
collection, it is desirable to possess a complete series of sections of

teeth of every genus of existing mammalia, and, in consequence,
I have laboured to build up a collection of ground sections which
should embrace not only representatives of each genus, but also,

in so far as is possible, sections of each tooth in the individual

dentition.
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Included in the material supplied by the American Museum
are teeth of Eocene Primates and Menotyphla : this material

was found to be highly fossilized and very friable, and before

examining it thoroughly, I decided to complete my collection of

tooth sections of recent Primates. A large number of old-world

and new-world monkeys have been examined, and some 200
sections have been prepared from teeth of practically all the

members of the suborder Lemuroidea.
The results obtained from this microscopical examination

disclose certain new featiu^es, which, taken in conjunction with
other anatomical characters, should be of value.

The first striking feature to be recorded is that throughout the

whole suborder Lemuroidea a constant feature in the enamel is a

regular system of tubes continuovis with the dentinal tubes.

Chiromys provides a solitary exception, and thus occupies a

position similar to Pliascolonnys amongst the Marsupials. The
richness of penetration varies greatly both in the teeth of

different families and also in different areas of the enamel of

individual teeth *.

In the Lemuriformes the amount of penetration is usually

slight, seldom exceeding the extent shown in PI. II. fig. 2, where
the tubes (^) are seen to pass through about half the thickness of

the enamel : over the apex of the unworn incisor teeth and in the

cusps of the molars the tubes often pass outwards to within a

short distance of the free surface, as shown in PI. III. fig, 2. As
one passes downwai'ds towards the neck of the tooth and the

enamel becomes thinner, the penetration becomes more sparse,

most of the dentinal tubes splitting up into a fine bnishwork just

beneath the enamel surface. Such tvibes as pass over into the

enamel traverse a layer of uncalcified tissue shown in PI. 11.

figs. 1 & 2 and designated by the letters %i.l.

In the Indrisinse the tubular penetration is extremely rich,

rivalling the extent found in the Macropodidfe ; for over the

apices of the cusps of all the teeth there are tubes in the enamel
continuous with almost every dentinal tube, and these pass out-

wards through the greater thickness of the enamel. The illus-

trations shown in PI. I. figs. 1 & 2 give a cleaier idea of this

condition than can be conveyed by a verbal description.

Towards the necks of the teeth the penetration is still quite

rich, but in the sulcuses of the crowns of the molars the pene-
tration does not proceed to any great extent.

In Propiihecus the degree of penetration is markedly less than
in the Indrisinse, but in certain areas of the enamel it is a con-

spicuous feature (PI. II. fig. 3).

In the LorisidsB there is a very rich penetration, attaining its

* For simplicitj' I retain the terms " tube " and "penetration," since they are

employed in all- text-books in the description of this condition in the enamel, but I

consider the so-called tubes to be fibrils, epiblastic in origin, and though continuous

with the dentinal fibrils, they ai'e not a penetration of these structures into the

enamel {vide Carter, Phil. Trans. Roy. Soc. ser. B, ccviii. 1917).
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greatest development in the enamel of the tooth-cusps. With a

view to economy of illustration, I have not included a photo-

micrograph of their enamel, resembling as it does the enamel of

the Galagos, illustrated in PI. III. fig. 3.

In Perodicticus potto (PI. YI. fig. 4) the penetration is not

nearly so rich as in the Lorises and the Galagos, whilst in

Nycticebus (PI, VI. fig. 3) it is but slight, many of the tubes in

the enamel of the molars ending just within the enamel in the

form of small bulbous spindles similar to those shown in the

enamel of Gallithrix (PI. lY. fig. 3).

In Tarsius, concerning whose position in the classification of

the Primates so much has been written in recent years, the

penetration attains a degree of richness even greater than is

found in the enamel of Galago, and rivals in extent the condition

shown in Indris (PI. III. fig. 1).

The actual structure of the enamel in the Lemurs also presents

features of great interest, inasmuch as one finds that in sections

of the entire tooth, the general pattern, or form and ari-angement

of the prisms, in the Asian and African forms differs from that

of the Mascarene Lemurs, and that the enamel of Tarsius is to all

intents and purposes identical with that of Galago.

The pattern of the Mascarene genera is shown in the photo-

micrograph of a molar of Indris (PI. Y. fig. 1), and this pattern

is constant for all the genera, including Chiromys (PI. Y. fig. 2).

Immediately beneath, on the same plate, is a photo-micrograph
of a portion of the enamel of Semnopitliecus (PL Y. fig. 3), and it

will be seen that the general structure is closely similar to the
two lemurs, the enamel being composed of prisms or rods of a
somewhat granular structure and with straight, even margins, the
prisms being separated one from another by a slight amount of

calcified interstitial substance.

The enamel pattern in the Asian and African Lemui-s is quite

distinct from that seen in the Mascarene forms. It is composed
of rods or prisms with undulating margins, which in longitudinal

section present a sharply-defined picture showing the wavy out-

line of the margins of the rods (PI. lY. fig. 1). In transvei"se

section (PI. YI. fig. 2) these are seen to be cylindrical rods (e.r.),

separated one from another by a considerable amount of the
calcified interstitial substance usually designated by workers on
the histology of enamel as the interprismatic material (i.p.m.).

A pattern of enamel identical with this obtains in the teeth of

the Hapalidse and the Cebidse. In Ccdlithrix, which Gregory
regards as a very primitive form, there is a slight degree of

penetration of the enamel, the prolongation of the dentinal

tubes terminating in the enamel {e) in the form of little

bulbous spindles (6) (PI. lY. fig. 3). The close similarity of the
enamel pattern of Ccdlithrix, which is identical with that of all

other Platyri-hines, to the pattern of Galago and of Tarsius
will be apparent on comparing the micro-photographs figured

(PI. lY.).
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I have prepared sections of teeth of Megaladapis grandidieri

and of PalcBopropiihecus from the Pleistocene of Madagascar.
In the former penetration was almost absent, but in PalcEopropi-

thecus a system of tube is present, developed to an extent which
equals the condition seen in the teeth of Frojnthecus itself

(PL II. fig. 3).

In pattern both forms have an enamel identical with that of

the recent Mascarene forms.

The microscopical examination of the enamel in Primates
therefore discloses certain features which have not been noted

before. They are :

—

(1) The enamel in all Lemurs, with the exception of Chiromys^
possesses a system of tubes continuous with the dentinal tubes.

In Indris and Propithecus the penetration is very rich, but in the

Lemurinfe it is feebly developed. In the Galagos, the Lorises,

and in Perodicticus potto the penetration is rich also, but in

j^ycticehus it is slight, so slight, in fact, that except in the apices

of the cusps, the penetration is reduced to a degree which is but
little greater than one finds in the teeth of the ISouth American
monkeys.

(2) There is a mai'ked and constant difference between the

enamel pattern in the Mascarene forms and the Asian and
African forms, the enamel in the former having a pattern

identical with that found in the Catarrhines, whilst the Asian
and African forms present a pattern identical with that seen in

the teeth of the Platyrrhines. The Lemuroidea, therefore, parallel

the Anthropoidea in enamel structure.

(3) Tarsius has an enamel indistinguishable in sections from
that of Galago.

Amongst living mammals the penetration of the enamel by
tubes is, as alreai^y stated, a character found in all Marsupials,

Phascolomys excepted. No other order possesses this character

as a constant feature of all its genera.

In the order Insectivora, however, there are a number of

genera which do possess it. In the Menotyphla one finds an
extremely rich penetration in the enamel of the Macroscelidae

{Petrodroimis and Rhyncocyon were examined), but in sections

prepared from a large number of teeth from skulls of Tupaia
there is no trace of any penetration. In the Lipotyphla all teeth

of Soricinae and of Orocidurinse have enamel which is richly

tubular. Erinaceus has a moderate degree of penetration, but
Gymnura has none. The Talpinfe also do not disclose any
penetration.

The two genera comprising the suborder Hyracoidea have an
enamel which is richly tubular.

The only other living mammal which possesses this character

in the enamel is the Jerboa, one solitary creature out of the large

number comprising the order Rodentia.

In the enamel of the teeth of all fossil Marsupials which I have
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examiaed, extending back to Peradectes (irom. the Tiffany beds of

Colorado (Lower Eocene)), there is a penetration.

In the suborder Multituberculata (Allotheria), which Dr.
Matthew tells me he regards as in the Metatherian stage of

evolution, but separate from the Marsupials and Placentals,

I have also discovered a rich penetration and a distinct pattern

of enamel, which will be alluded to later in this communication.
With the presentation of fresh details of the minute anatomy

of the teeth the first qu.estion to arise is that of their

significance.

Is the tubular system of the enamel to be regarded as an
heritage derived from remoter ancestors, or has it some adaptive
significance in relation to the present needs of its possessor ?

To throw light on the question, I have prepared sections of

teeth of several primitive Primates.
In the enamel of Notharctus and of Pelycodus, undoubted

Lemuroid Primates from the Lower Eocene, I have been able to

discover no trace of penetration by tubes, although I have pre-

pared a number of sections from teeth of different specimens.
In Hemiacodon, one of the Anaptomorphidse from the Middle

Eocene, there is marked penetration, well shown in PL VI. fig. 1,

where, in the enamel over the apex of the tooth, the tubes {t)

are clearly shown passing some distance into the enamel, though
a little further down in the crown of the same tooth all trace of

structure, in both enamel and in dentine, had become obliterated

in the process of fossilization.

In FhenacoleniuT , concerning whose affinities there has been
some discussion (Broili and Schlosser including it amongst the
Insectivores, whilst Dr. Matthew, in his list of Eocene material

supplied to me, includes it amongst the Menotyphla), the enamel
is also tubular.

NoiJiodectes {Plesiadapis), whose affinities also are dovibtful,

discloses no sign of penetration, and the structure of its enamel
lends no support to the views of Stehlin that it is closely akin to

the Chiromyidjie, but rather supports the opinion of Matthew
that it is nearer to the Menotyphla, and is a primitive synthetic

type intermediate between Tupaiaoids and Lemuroids.
With regard to the microstructure of the enamel in these

extinct Primates, it is interesting to record that Hemiacodon
possessed an enamel identical in pattern with that of Tarsius of

the Asian and African Lemurs, and therefore with that of the
Platyrrhinse, whilst Notharctus and its forerunner-s Pelycodus
disclose a structure similar to that found in the Mascarene forms,

living and extinct, and to the Catarrhinse.
It is obvious, therefore, that, in the examination of a fragment

of a tooth, the discovery of the presence of a system of tubes in

the enamel, unsupported by other evidence, would not afford a

precise test of affinity; but, taken in conjunction with the pattern
of the enamel, the demonstration of tubes would enable one to

state, with a degree of certainty, as to whether such a fragment
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had been derived from a Multituberculate, a Marsupial, an
Insectivore, a Lemur, or whether the tooth was that of a Jerboa

;

and further, as the evidence adduced in this paper shows, in the

case of a Lemur one could differentiate between the Mascarene
and the Asian and African forms.

It remains for me to give a very brief description in general of

the tubular enamels of those mammals apart from the Lemurs to

which I have alluded.

The enamel pattern of the Multituberculates is quite distinctive,

and differs fundamentally from all others which I have examined.

If a section of a tooth of Polymastodon be ground and examined
(PI. VII. fig. 5), tubes {t) will be seen passing from. the dentine

{d) into the enamel (e) : by careful illumination a faint pattern

may be discerned, which can be developed by washing the section

for a time in acid alcohol until such an image as is shown in

PI. YII. figs. 2, 3, and 4 is disclosed.

Here one sees a series of horseshoe-shaped bodies (A.s.), which

become smaller and more widely separated as the outer edge of

the enamel is approached. In A^diatever plane the section may be

cut these structui^es never become complete circles, the two ends

remaining apart and terminating in bulbous slightly recurved

enlargements. Such an image would be seen in tiansverse

section of any spiral structure.

Any further description of the minute structure of this peculiar

enamel would be ovit of place in this paper, but it may be men-
tioned that Ptilodus also has an enamel which is richly tubular

and an enamel pattern similar to, but by no means identical with,

that of Polymastodon.
The Marsupials possess a very distinctive general pattern, as is

shown in PI. VIL fig. 1, where the rods or prisms {p) are seen,

in transvei'se section, to be arranged in rows which sometimes

merge : these rows are separated by a very definite area of inter-

prismatic material {i.pjn.}, so that, as Dr. Mummery has pointed

out, in teased preparations of developing enamel this substance

splits up into laminae. The dark dots (t) are the so-called tubes

seen in section. A section showing the enamel prisms in such

rows and presenting the tube-penetration is peculiar to

Marsupials.

I have not figured the richly tubular enamal of the Jerboa, but

it is the only rodent which shows any trace of tube-penetration,

and its enamel pattern presents the criss-cross arrangement of

the rods which Sir John Tomes showed to be a character peculiar

to the Rodents.
With regard to the significance of the presence of a system of

tubes in the enamel, the variability of its degree and of its

distribution and the fact that, Avbilst richly developed in one

creatui'e it may be totally absent in a closely-related form, would
seem to indicate that it is connected with some adaptive process,

and that, taken alone, it has little or no value as evidence of

affinity or line of descent.
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The microstructure of the enamel, howevei-, appears to be par-

ticularly constant. In the long and well-authenticated series of

creatures comprising the ancestiyof the Horses, the microstructure

of the enamel does not change, in spite of the modification of the
teeth from the brachydont form in Eohipjjus through all the pro-

gressive stages leading up to the complex hypsodont molar teeth

of recent horses.

In the Marsupials the pattern of the enamel in recent and
fossil Australian forms appears to be identical with that of the
teeth of Peradectes from the Tiffany beds of Colorado (Lower
Eocene).

Certain fossil rodents from the Eocene exhibit a close

similarity in enamel structure to recent forms, and where, as in

Chiromys, a Lemur has evolved a rodent dentition, the structure

of its enamel still retains its Lemurine character.

It was my intention to hold over a description of the minute
structure of the teeth of Primates until I had published an
account of the structure of the teeth in Insectivores, recent and
fossil, and of the primitive Creodonts, the material for which has
been examined, together with that of a large number of other

Eocene mammals. But Professor J. P. Hill, F.R.S., and Professor
D. M. S. Watson, F.R.S., were of the opinion that the facts

presented in this communication would be of immediate interest

to the Fellows of the Society, the more so as recent palseonto-

logical discoveries have provided fresh evidence of the antiquity

of the Higher Primates,

In conclusion, I have to express my deep gratitude to my
colleague, Major G, S. Sansom, and to Mr. F. J. Pittock for

their kindness in preparing the micro-photographs used in the

illustrations, and to Professoi's Hill and Watson for constant
encouragement.

Above all I have to thank Dr. W. D. Matthew, F.R.S., for

providing invaluable material, and for most A^aluable information
and suggestion in conversation during his recent visit to Europe.

Most of the recent material employed was acquired by pur-
chase, but I am deeply indebted to the Zoological Society through
Mr. R. I. Pocock, F.E..S., for the gift of teeth of Ghiromys,
and to Professor J. Elliot Smith, F.R.S., for a mandible of

Tarsius.

Summary.

A microscopical examination of the teeth of Primates discloses

the fact that all members of the suborder Lemuroidea possess, in

a vai-ying extent, the character of a penetration of tubes into the
enamel.

In the Lemurinse this penetration is slight, but in the Indrisinse

it is very rich.

The Galagos and Pottos also have a rich penetration, but in

Nycticehus it is but feeble.
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Tarsius has an enamel richly tubular, and in its structure

essentially Lemurine.
A furthei" interesting feature is that the pattern of the enamel

in the Mascarene Lemui^s difiers from that of the Asian and
African foi-ms, and that the former has a structure identical with

that found in the enamel of all Catarrhines, whilst the structure

of the enamel in the Platyrrhines is identical with that found in

the Asian and African Lemurs.
Two primitive Lemui'oid Primates, Pelycodus and JS'otharctus,

from the Eocene show no penetration, but in the structure of

their enamel resemble the Mascarene Lemurs.
Hemiacodon, a Tarsioid Primate, also from the Eocene, has an

enamel which is tubular, and in structure appears identical with
the enamel of the recent Tarsius.

The enamel pattern affords a useful test of affinity if taken in

conjunction Avith the character of a tube-penetration, and enables

one to discriminate between Multituberculates, Marsupials, and
Placentals.

EXPLANATION OF THE PLATES.

The followiua; is a list of reference letters common to the various figures :—
h. bulbous spindles.

d. dentine.

e. enamel.

e.r. enamel rods.

h.s. horseshoe-shaped bodies.

i.p.m. interprismatic material.

u.l. uncalcified layer.

Plate I.

Fig. 1. Longitudinal section through the incisor of Indris, showing the pi-esence in

the enamel (e) of tubes {t) continuous with those of the dentine. X 180,

Fig. 2. Longitudinal section through the protocone of an upper molar of Indris,

showing a similar condition to that seen in tig. 1. X 180.

Plate II.

Fig. 1. Longitudinal section of a lower incisor of JLemur catta, showing the form and
structure of the enamel rods or prisms (p), and at the surface of the

dentine {d) next the enamel a layer of uncalcitied material {u.l.). X 350.

Fig. 2. Longitudinal section of a lower mcisor of Lemur, showing the passage of

tubes {t) from the dentine {d) into the enamel (e) ; the tubes traversing

the layer of uncalcitied material {u.h) are shown in fig. 1. X 350.

Fig. 3. Section of a lower premolar of Propitheciis, showing the presence of tubes {t)

in the enamel (e). X 300.

Plate III.

Fig. 1. Section of a tooth of Tarsius, showing the junction of the tubes (t) in the

enamel (e) with those of the dentine {d). X 450.

Fig. 2. Section of a lower incisor of Microcelms. X 250.

Fig. 3. Section from the coronal surface of a lower molar of Galago. X 350.

Plate IV.

Fig. 1. Section of a tooth of Tarsius, showing the general pattern of the enamel (<?)

with the undulating margins of the enamel rods {e.r.) and the tubes {t) in

the enamel. X 350.

Fig. 2. Section of a tooth of Galago, presenting an appearance identical with that

shown in fig. 1. X 340.
• Fig. 3. Section of a premolar tooth of Callithrix {Callicebus), showing an enamel

pattern similar to Tarsius and to Galago. The dentinal tubes terminate

a very short distance within the enamel as little bulbous spindles (6).

X 350.
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Plate V.

Fig. 1. Section of tlie occlusal surface of the left iipper molar of Indris ; the photo-

micrograph taken from the same tooth as the illustration shown in PI. I.

fig. 2. The tubes {i) pass but a short distance into the enamel (e).

The pattern of the enamel is clearly shown, the enamel rods (e.r.) having
straight margins and showing a fine granular structure. X 450.

Pig. 2. Section of a molar of Chiromys. The dentinal tubes terminate at the amelo-
dentinal junction. The pattern of the enamel is similar to that of the
other Mascarene Lemurs. X 500.

Pig. 3. Section of enamel of Semnopitkecus. X 450.

Plate VI.

Fig. 1. Section of a cusp of a molar of Seniiacodon, showing the presence of tubes

{t) in the enamel (e). X 275.

Fig. 2. Transverse section of an incisor of Galago, showing the enamel rods (e.r.) cut
across and having a circular form separated one from another by a con-

siderable amou.nt of interprismatic material (i.p.m.). X 300.

Fig. 3. Section of a molar of Nycticehtis, showing the slight amount of penetration

of the "tubes" {t) into the enamel, whilst many end in a bulbous spindle

(J) similar to those shown in the enamel of Callithrix (PI. IV. fig. 3).

X 300.

Fig. 4. Section of an incisor of Perodicticus potto, showing the passage of tubes (t)

and an enamel pattern identical with that seen in G-alago and in Tarsius.

X340.

Plate VII.

Fig. 1. Section of an incisor of Macropws riificollis, showing the enamel rods {e.r.),

cut transversely, lying in rows which are separated by sharply-defined

areas of interprismatic material {i.p.m.). The "tubes " of the enamel are

seen as black dots {t). X 1500.

Fig. 2. A transverse section of the enamel of a molar of Folymastodon, etched to

show the structure. The horseshoe-shaped bodies with bulbous ends {h.s.)

would suggest sections through an elongated spiral since they never form
complete rings. X 275.

Fig. 3. Transverse section through the enamel of the lower incisor of Folymastodon,
showing a similar condition to that seen in fig. 2, but demonstrating a
finely granular structure of the areas embraced within the horseshoe-

shaped bodies. X 400.

Fig. 4. Longitudinal section of the enamel of a molar. X 480.

Fig. 5. Unetched section of a molar of Folymastodon, showing the passage of tubes

{t) from the dentine {d) into the enamel (e). X 300.
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31. Miocene Probosciclia from Balucliistau. By C. Foester

Cooper, M.A., F.Z.S., Superintendent of the University

Museum of Zoology, Cambridge.

[Received May 3, 1922 : Read May 23, 1922.]

(Plates I.-IY.* and Text-figures 1-12.)

The present paper contains a description of some Proboscidian
I'emains obtained during two expeditious to the Lower Miocene
deposits of DeraBugti in Baluchistan.

These fragments are of interest, as they throw some further

light on the earliest known Indian Elephants which have been
described partly as a variety of Bxinolophbdon angustidens t and
partly as belonging to a genus, Hemimastodon $, not known else-

where. There are also teeth and a fragment of a lower jaw of

a small Dinotherium.

Schlesinger §, in his beautifully illustrated account of the
Mastodons in the Natural History Museum of Vienna, has figured

and described two forms of B. angustidens. The criteria for

distinguishing these two vai'ieties lie, according to him, in the

structure of the molars, and his description seems to refer

especially to the intermediate teeth as being the more commonly
found remains. In both forms the ridges consist of a large

round outer cusp on the outer side of the tooth, with a smaller

cusp pressed against its inner border and with one or more
additional cusps in the valleys which separate the ridges. On the

inner side of the tooth the ridge is continued by two similar

main cusps—a larger on the outer side of the tooth and a smaller

on the median side, but without any accessory cusps in the

valleys.

Of the two varieties, one, which Schlesinger calls var. typica,

shows these cusps as round in section and rather separate from
one another, the surface of wear of the cusps being circular and
flat with the genei-al surface of the tooth ; the other, var. suh-

tapiroidea, differs in having the cusps more elliptical in section

and less separate from one another, the accessor}^ columns are

less developed, and the areas of wear are oval and their planes

slope from the general level of the tooth. While making these

distinctions, Schlesinger at the same time denies the validity of

* For explanation of the Plates, see page 626.

t Lydekker, 'Palseontologia Indica,' ser. 10,. vol. vii. ,pt. 4, pp. 23'-25 (1884).

I use this generic name after Schlesinger, with whose work the chief comparisons in

this paper are made and without prejudice to otlier names. The British Museum
uses the name Tetrahelodon. My friend Professor H. F. Osborn writes to me since

this paper was set up in type that he prefers the name Trilophodon.

X Pilgrim, ' Palaeontologia Indica,' n. s. vol. iv.pt. 2, p. 17 (1912).

§ Schlesinger, Mitt. Geol. Geselt. Wien, Bd. xi. p. 133 (1918).
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Lydekker's variety pcdceindica, which was founded chiefly on a

third lower molar and which he states is within the range of

variation of var. typica. The specimens now to be described

tend, if anything, to reverse Schlesinger s view and in part to

confirm Lydekker's.

The material in the collection consists of two palates of

B. angustidens of slightly different age, part of a lower jaw
belonging to the older of the two palates, and some separate upper
and lower molar and premolar teeth.

The younger of the two palates (text-fig. 1) has on each side

the last premolar and first molar in moderate wear, and the

second molar erupting and unused. In front are the broken
roots of the third premolar. Beyond this point and behind the

second molars the specimen ends. The fourth premolars are

weathered, but show a square outline and four subequal cusps a

little elongated in the transverse direction. There is a shelf in

front and low talon behind, and there are no intermediate cusps.

They are very similar in size and shape to a correspoding tooth

figured by Schlesinger for B. longirostre. There is no sign of a

successional tooth underneath, so that it is not likely that they
are imperfect milk teeth.

The first molars are three-ridged, with a very small talon. The
first two ridges are worn, the third as yet untouched. They
agree more with those figured by Schlesinger as var. suhtapi-

roidea * than as var. typica t.

The second molars, again, agree best with the figures of suh-

tapiroidea J, but here the cusps seem more separate from each other,

a diffei-ence which may be more apparent than real, and due in

large measure to the tooth being unworn; an internal accessory-

cusp on the third ridge is more prominent than his figures show.

The other palate is i-ather older in that the second molar is

now in wear on the first two ridges. The specimen on its right

side has an open socket, from which the third premolar has fallen

out; the fourth premolar and first molar are well worn, the second

is partly in wear, and the front ridge of the third is preserved in

the alveolus. It is clear that this animal had two premolars and
two molars in simultaneous wear, which is a longer time than

Andrews § suggests for this species. The present specimen

appears to show that these four teeth i-emain until the third molar

erupts, when it finally pushes the premolars and first molar

forward and out. This is consonant with the view, supported by
other reasons, that the stage of 'angustidens represented by these

Indian forms is earlier than that of the more typical French

forms from Sansan etc., and is possibly as early as any yet

described.

The structure of the teeth in this second palate is essentially

the same as in the other, except that in the second molars the

* Schlesinger, Mitt. Geol. Geselt. Wien, Bd. xi. pi. iii. fig. 2.

t Loc. cit. pl.'ii. fig. 2. J Loc. cit. pi. vii. fig. 3.

§ Andrews, Phil. Trans. R. S. vol. xciv. p. 108 (1903).
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division of the various cusps in the ridges is less noticeable.

This, again, is apparently due to wear ; the grooves between the

Text-figure 1.

Bunolophodon angustidens. Palate with second molars jnst ernptiii"-. X h.

cusps are often not more than shallow wrinkles in the thick
enamel, and very little use would be sufficient to obliterate
them.

Pnoc. ZooL. Soc.—1922, No, XLII, 42
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In connection with these palates, the third upper molar (PI. I.

fig. 1) may be desciibed, of which there are two separate speci-

mens, a right and left, both unworn and of similar pattern.

They difler in shape from corresponding teetli from France in

the collection of the British Museum in being, broad in front and
in getting narrow behind so rapidly that the ground-plan of the

tooth is that of an isosceles triangle instead of the more usual

elongated form.

A tooth figured by Schlesinger * (var. subtapiroidea) is ap-

parently nearer tiie present one in shape, but, being tilted up in

the figure, his specimen cannot be closely compared. In structure

the two are very similar, except that in the Indian specimens the

fourth ridge (talon) consists of three cusps only instead of four,

and that anything in the nature of valley cusps is conspicuous by
its absence. In Schlesinger's form the cusps of the main ridges

are three on each side, except on the last ridge where they are

double only; in the present form they are partly double, but
here and there show either the treble condition or the beginning
of it. In his form, however, there is a pair of accessory cusps

which, while not very conspicuous, can be seen clearly in the

first two valleys. These are absolutely unrepresented in the

Indian form, with the sole exception of the fii'st valley in one of

the two teeth, which has a low but distinct cusp on the outer

side connected to the posterior flank of the first ridge. It is

possible that the " subtapiroid '*' condition is the more primitive,

and small mutations in the direction of greater complication of

the valleys are therefore to be expected.

These third upper molars, while nearly as broad as Schlesinger's

specimen, are shorter, and are considerably more so than French
specimens.

Another separate upper tooth, in quite unworn condition, is

here figured (PI. I. fig. 2). It is apparently a second molar of

the left side, but is rather larger than the corresponding teeth

in the two palates already described. It is similar to them in all

respects, except that the aix^angement of the cusps is much more
that of the " typica" form. This is especially noticeable in those

of the inner side and on the second ridge, where as many as

eight cusps of diflferent sizes can be counted. At first sight this

tooth might be mistaken for a very small third molar on account
of its rather pointed end, large talon, and absence of posterior

pressure mark. If this were really so, it might have some bearing

on Pilgrim's genus Hetn'miastodon. The pointed appeai^ance is

due to the thick enamel being broken away on each side, and is

therefore purely artificial ; if this part be restored, the tooth has
the square end of a second molar. The large talon is due to the
tooth being in germ and becomes resorbed when the third molar
begins to press against it ; in each of the two palates in which the
third molar is not yet in contact with the second the latter hns a
laro-e talon.o

* Sclilesinger, loc, cit. pi. vii. fig. 3,
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Of upper premolars there are two specimens, both unworn.
One, apparently a third premolar of the left side, consists of four

cusps arranged in pairs, but not joined into ridges, and a small

talon. This is a small tooth (PI. IV. fig. 3) about 30 mm. long and
20 mm. in width. The other, a fourth premolar (PI. IV. fig. 2)

45 mm. long and 36 mm. Avide, is formed of two separate cusps in

front, while the hinder cusps are subdivided each into about four
smaller ones, and make a neai-er approach to a ridge; the talon is

fairly well-marked.

It may be stated at this point that no part of the material in

the present collection gives any evidence in support of the genus
Hemmiastodon *, which was originally described from specimens
from the same beds in Baluchistan. 8chlesinger t has criticised

the validity of this genus somewhat adversely, and has pointed
out that, with the exception of the type specimen (a third upper
molar), all the other specimens fall within the limits of known
variation of B. angustidens. The type tooth has only three
ridges instead of four, and is of a more pi'onounced triangidar

shape than the third molars just described. Schlesinger has
made the tentative suggestion that it may be a four-ridged tooth
with the front ridge broken away t, which has been misintei'preted

as a complete three-ridged one. This, of course, is possible, and
fractured specimens of proboscidian teeth with extraordinarily

little evidence of the fractured sui-face are not rare. On the
other hand, the broken edges of these teeth all show a convex
anterior border, whereas the presumed line of fracture in the
tooth under discussion is decidedly concave. The normal front
border of these teeth seems to be convex in unworn specimens,
which in fully-developed teeth may become flat or concave bv
pressure of the tooth in front. If Pilgrim's specimen be an
entire one, there remain alternative exj^lanations. Either it is

an abnoi'mal specimen, or Pilgrim was correct in making a generic
distinction for it and keeping it apart from the genus Buno-
lophodon. In neither case is there any proof for or against
his view, except the negative evidence of two seasons' collecting-

over the same ground, which has produced nothing to confirm
the genus TIemimastodon, while the more ordinary variations of

Buonolophodon angustidens occuri'ed in fair quantity.

The right and left fragments of the lower jaw are in precisely

the same stage of wear as the older of the two palates, and are in

all probability parts of the same animal. The fourth premolar
and first molar are well worn, the second has the first two ridges
in wear, and a complete third mola.r lies in the alveolus.

Compared with a specimen in the British Museum, the
mandible (text-fig. 2) is not only smaller, but gives the impression
of having been considerably shallower than is usual ; it compares

* Pilsviin, loc. cit. f Loc. cit. p. 48.

X A third lower molar minus the first ridge would give a shape very doso to
that figured bj- Pilgrim,

42*
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more closely with Schlesinger's figure of a specimen *, a rather
older animal, which is named var. stcbtapiroidea, but which is

noted as not typical,

Tlie third lower molar of this present specimen agrees, however,
neither with those figured by Schlesinger for var. typiccff, nor
for var. subtapiroideaf, nor with any of the corresponding teeth

of angustidevs in the British Museum collection or at Cambridge.
On the other hand, there are four specimens of third lower

xnolars in the present collection whicli agree in a certain point

among themselves and also with that described by Lydekker a,s

the type tooth of var. palmndica.
There are the usual four ridges and small talonid. Each ridge

is formed of two cusps, each cusp being unequally divided into a

large outer and small inner one, the two smaller cusps lying towards
the middle line of the tooth, and thefour cusps which constitute the

ridge are arranged in a straight line at right angles to the long

axis of the tooth. The only exception to the division of the cusps
is that the inner cusp of the fourth ridge is practically undivided.

So far these characters approximate to those of suhtapiroidea
;

the first and second valleys, however, have each a large cusp
standing up separately in unwoi'n specimens from the ridges, but
showing in worn specimens as being more connected to the
anterior ridge than the posterior ; the third valley in this speci-

men has no cusp Ausible. This arrangement does not appear to

be that of Schlesinger's var. tapiroidea. A reference to his

figures shows that it should have the valley cusps small or

absent % and the main cusps clearly divided, while in var. typica

the main cusps are less clearly divided and the valley cusps are

prominent. There are, moreover, two cusps to each valley, the

anterior being derived from the posterior fiank of the external

cusp of the anterior ridge, and the posterior from the anterior

flank of the corresponding cusp of the posterior ridge §.

A specimen of a small form of typica from Sansan, in the
Cambridge Museum, is figured for comparison with the Indian
forms (PI. III. fig. 1).

Either of these forms c&,n be matched by specimens from the

Middle Miocene of France in the British Museum collection.

The valley cusps may be large or small, but always show the same
tendency to be two in each valley. The Indian specimens all

show single cusps in the valleys, large in the first, smaller in the
second, and in the third valley may even be absent.

Lydekker |i states that var. p>alcGindica is separated on account
of a " somewhat greater development of the accessory columns."

* Scblesiiigev, loc. cit. \)\. v. figs. 1 & 2.

f IjOC. cit. pi. viii.

X Tliis is bost shown in his fig. 1 of plate viii.

§ This arrangement can clearly be seen in his fig. 4 of plate viii., where a string,

used to support the specimen, runs between the two cusijs in the second valle}' of the
tooth.

11
Cat. Foss. Mamm. British Museum, vol. iv. p. 29.
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It is, however, not so much that the cusps are necessarily more
developed, as that their comparative isolation from the ridges is

the point that strikes the eye. And a greater char-acter is the

fact that they are single in each valley. An absolutely unworn
third lower molar similar to the tooth in the ja.w described above
is here figured (PI. II. fig. 1 and text-fig. 3), but being in better

condition, it shows the characters more clearly.

Of European forms in the collection of the British Museum,
the nearest approach in general appearance to the Indian teeth

is a damaged specinfen with the first ridge and front part of

the second broken away (PI. II. fig. 2). The main cusps were
probably divided as in the Indian specimen, but the divisions

have become obliterated by slight wear. The thiid ridge shows
the presence of the second valley cusp, which is small but enough
with the larger anterior one to close the valley. The third

valley is similar to the Indian specimen in having only one cusp.

The talon of the Indian specimen is very small and consists of

Text-figure 3.

SunoIopJiodon angustklens. Third lower molar in side view

two cusps only, and this is rather a feature of the Indian teeth,

which have either two or never more than three cusps on this
ridge. French forms seem to have three or four cusps as in the
specimen figured, while Schlesinger figures * four molars, two of

subtajnroidea with two cusps, one of typica from France with two,
and one of tyjrica with three. On the whole, the Indian lower
teeth seem to come more under Schlesinger's heading of typica,
while the upper teeth approach that of subtapiroidea'f.

A larger and more worn third lower molar (text-fig. 4) is

figured which shows a distinct curvature of the lateral borders.
This curvature Lydekker has quoted as one of the characters of

var. pakeindica, but the presence of perfectly straight teeth in
these deposits shows that it has no great significance. On the
other hand, it shows very clearly that the valley cusps are single.

* Schlesinger, Joe. cj#. pi. viii.

_t In one case the upper and lower teeth belono
his distinction of less value.

to one individual, which renders
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It is not unlike Lydekker's figured * specimen (text-fig. 5), except

that in the latter the cusps of the transverse I'idges are not

straight across, but are bent up in the middle line in the third and

Text-figure 4.

BunolopliodoH migustiJor.s. Third lower molar. X J.

especially in the fourth ridges. After making allowance for this,

his form can be seen to fall in with the other Indian teeth here

described. As this complete singleness of valley cusps does not

seem to occur elsewhere, it seems that Lydekker's view that the

* Mem. Geo!. Surv. Iiid. vol. iii. pi. 4, fig. 3.
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Indian specimfens form a separate variety on this character is to

some extent justified *, and has at least as much to commend it,

in the present state of our knowledge, as have the varieties

Text-fio'ure 5.

Bunoloplioclon angustidens. Outline of the type-specimeu of var. palceindica,

figured by Lydekker. X |.

typica and suhtaph'oidea, which appear to have intermediate
stages between them.

" Species" and "subspecies" have little significance in palseon-

* A close appi'oacli, liowevev. to the Indian teeth is fig-ured by Wegner (Pala;on-
tographica, vol. Ix. 1913, pi. xv. figs. 3 & 4). This specimen is move advanced in

its larger talon, and has a number of accessory cusps in the first vallc^^ The second
and third valleys, however, are like the Indian form except that the cusps of the
fourth ridge are fully divided into two each. Weguer's specimens, an upper as well
as a lower molar, come from the Upper Miocene of Doppeln, and though more
advanced than the Indian form, are constructed on somewhat the same plan. Wegner
notices the same difference between his forms and specimens from Sansau as is

noticed here.
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tology except for descriptive purposes, and as other material

becomes available from new sources, all these distinctions will be

merged in the mass of small variations from which new mutations
will eventually arise. Moreover, but few specimens of augustidens

have, as yet, been obtained from India, and additional material

is required to show whether the differences here noted are con-

stant or not.

Text-iisrure 6.

Bunolopliodon augustidens. First lower molar in side view. X 1.

Of the other lower teeth, the second molar is rather diSerent

from a French specimen from Simorre (B.M. No. 42720) in being-

longer and narrower in piopoi'tion, in the more widely open valleys,

and in the greater prominence of the talonid ridge, where the two
cusps stand up very prominently (text-fig. 2). Of first lower

molars there are several specimens, one of them (text-fig. 6 and

Text-fie'ure 7,

BuiMlophodon angmtidens. First lower molar (B.M. No. 29671) from Simorre,

ill side view. X 1.

PI. ly. fig. 1) absolutely unworn. Compared with two specimens

(text-fig. 7), also unworn, from Sansan and Simorre respectively,

the Indian tooth is rather longer for its breadth and is widest at

the last ridge ; the valleys, as in the other lower molars, are

less blocked by the accessory cusps. The talonid is formed of two
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well-marked cusps, a feature of all the Indian teeth, whereas of

the European forms here compared, one has three cusps and the

other a low ridge of eight or nine wrinkles. The valleys are

more open and the ridges lower. The accessoiy cusps in the

second valley are much lower.

There remain for a brief notice several ends of lower teeth,

apparently third molars, which are of unusual form. They all

resemble the one figured (PI. TIL fig. 2) in the buckling up of

the last ridge and in the curious structure of the talonid, which
is formed of four cusps of diflerent sizes pressed together into a

conical hillock. The valley between the last ridge and the talonid

is widely open and without any accessory cusp. This condition

I have not been able to match at all closely, although some
specimens of B. longirostre approach it. The teeth are the

average size of B. angustidens. Whether they represent another

form or are within the range of variation of the latter species

cannot at present be told.

DiNOTHERIUM.

This genus was first described from India by Falconer *, who
named a specimen from Perim D. incUcum. Its specific characters,

according to him, lie in the shape of the jaw, there being no
difierence from D. giganteimi in the teeth except a greater thick-

ness of the enamel.

A second form, smaller than the first, from Attock was men-
tioned, but not definitely named by him. This was subse-

quently called D . penta23otam%a; by Lydekker f. In the Catalogue

of Fossil Mammalia in the British Museum %, presumably his

final opinion on the subject, he included the two forms under the

name indicum, and stated that many of the differences previously

used by him had proved to be individual variations.

Another " species," I), sindiense (Lydekker), is too fragmentary'

to afibrd any evidence of a specific character.

More recently Pilgrim has mentioned this genus. In the

Records § of the Indian Geological Survey he names a form from
Baluchistan D. naricuon, there stating that ''it difiers very

markedly from the other known species," and giving certain

characters. In his Memoir ||, however, he withdreAv this name
and made the form a variety, gajense of D. pentapotamice, although
Lydekker had already shown cause for making the latter the

same as D. indicum.

Presumably Pilgrim's reasons for making his form a variety

were those by which he was at first inclined to make it a species,

i.e. the fact of the ridges in the last lower molar not being parallel

* ' Falconer's Memoirs,' vol. i. p. 408.

t Pal. Ind. ser. x. vol. i. pt. 2, p. 72, pi. ix.

J Pt. iv. p. 11, and footnote.

§ Pilgrim, Rec. Geol. Surv. Ind. vol. xxxvii. p. 156 (not vol. xxxviii. as quoted hy
Pilgrim in liis Memoir).

II
Pilgrim, Mem. Geol. Surv. Ind., n. s. vol. iv. no 2 (1912).
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to one another, but diverging from within outwards, etc. In the

same papei' he gives characters in which he considei's the Indian

forms differ from D. giganteum. These are :

—

1. The longitudinal ridge connecting the transverse crests in

the molai's is ver}^ much stronger in the Indian forms.

The present writer is nnable to see this difference in speci-

mens in the present collection, nor can the published figures

of Indian forms be said to show any great difference in this

];espect from European specimens in the British Museum
collection.
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2. The transverse valley in tlie second upper molar is com-
pletely blocked on the inner side, and

3. The inner posterior column of the third upper premolar is

more isolated than in giganteum, in which a ridge in continuation
of this column extends right across the va.lley.

These two charactei-s seem to be within the limits of varia-

tion of European forms. A third upper premolar from
Darmstadt (B.M. collection, No. M. 3494) has the column
quite isolated.

pi

'J'he material of the present collection from the Bugti beds is, as

is the common experience, both scanty and fragmentary, and
consists only of part of a lower jaw and some separate upper and
lower teeth. The lower jaw (text-figs. 8 & 9) belongs to a small



PROBOSCIDTA FROM BALUCHISTAN. 623

form, and in size and structure compares closely with D. hobleyi *.

The third ridge of the last molar is not parallel to the front ones,

but slopes at an angle similar to that found in D. hobleyi and
D. Icevms.

Of the separate teeth, none shows any great difierence from
specimens of European forms with which it has been compared.
An upper molar, probably a second, is here figured (text-fig. 10).

Text-figure 10.

A. B.

C.

Dinofherium sp. Second upper molar. A. Surface view. B. View from

inner side. C. External side. P. Posterior view. X f

.

There is nothing in it which can be construed as a " longitudinal

ridge," nor is there anything in the nature of a "cusp blocking
the valley " which has not been found within the range of
variation of European specimens. A third upper premolar
(PI. lY. fig, 6) is also figured to show the separation of

the inner cusps said to be characteristic of the Indian foi-ms,

* Andrews, P. Z, S. 1911,
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but which, as has just been stated above, occurs also in

D. giganteum. The remaining teeth in tlie collection are not

distinguishable from the smaller forms from Europe, and call

for no comment except for three specimens. Of these, one appears

to be an anterior lower milk molar (PI. IV. fig. 4 and text-fig. 11 ),

a tooth which apparently has not so far been noticed. It is

24 mm. long and 21 wide, and consists of two ridges, one running
from the middle of the inside border round the front and along

Text-fisfure 11.

Dinotherium sp. Anterior lower milk molar, internal view from side. X 1.

the whole outside border, but being interrupted by a small notch
towards the front of the outer border; the second ridge runs
transversely across the hinder part of the tooth from a high cusp
on the inner side towards the outer border. The tooth is pointed
in front, wide behind, and triangular in ground-plan. Posteriorly

there is a small cingulum shelf and anteriorly a small cingulum
cusp.

Text-figure 12.

Sp. incertcB sedis. Side \iew of tootli, the anterior end pointing- to the ri<'-]it. X 1.

The next tooth (PI. IV. fig. 5) is apparently a third upper
premolar, but of unusual form. It is partially worn, and shows on
one side two low cusps not touched by wear ; opposite these
are two large irregular areas of wear. There is no cingulum
around these cusps, but a small one at each "end" of the tooth.

In the plate the two low cusps are placed in the same position as

the ectoloph of the more noi-mal premolar (broken in this speci-
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men) (PI. TV. fig. 6) when the main diflerences appear to be the

low ecboloph and general deficiency of cingulum. Probably it is an

abnormal tooth. The third specimen (PI. IV". fig. 7 and text-

fig. 12) is even more problematic. It is bilophodont, 36 mm.
long and 28 mm. broad ; each ridge consists of two cusps joined

Measurements of specimens, in millimetres. Approximate

figures are 'marked with an asterisk.

Length. Breadth.

BUNOLOPHODON ANGUSTIDENS.

Lower teeth.

3id molar. Baluchistan (text-fig. 3 and PL II. fig 1)

(text-fig. 4)

„ „ (text-fig. 3), in jaw

,, ,, damaf^ed specimen .

'„ Aiivergne. B.M. No. M 5975
Sansan. B M. No. 40729

B.M. No. 37242«
Cambridge Museum (PI. III. fig. 1).

2nd molar. Baluchistan (text-fig. 2), in jaw
Sansan. B.M. No. 42720 .,..,

B.M. No. 40729
B.M. No. 37242 a ..

1st molar. Baluchistan (text-fig. 6)

Sansan. B.M. No. 40734
Simorre. B.M. No. 29671

? India. J^M. No. M 2893

Upper teeth.

3rd molar. Baluchistan (PI. I. fig. 1)

Sansan. B.M. No. 32534
Chevilly. B.M. No. 7424, a cast

2nd molar. Baluchistan, older palate ..,

„ younger palate

'(PI. I. fig. 2) ...

1st molar. Baluchistan, j-ounger palate

The width of the palates between the front of the second
molar is about 65.

DiNOTHERIUM Sp.

Third lower molar
Length of fragment of lower jaw (text-tigs. 8

First upper molar

Second upper molar (text-fig. 10)

Third upper molar

143
162
158
143*
159
167
180
135

99
107
93
105

78
91
82
71
71

128
162
1,57

112

79

77 56
365
64 52
63 62
70 66

64
67
65*
64*

68

68

73
64

55
63
61
62

45
45
49
43
38

72
79
78

57
57
66

49

too'ether transversely. The anterior ridge is thick and somewhat

pointed in front, the po.sterior ridge is thin and slightly concave

in front, the enamel is smootli and there is no trace of cingulum.

It has been compared with all forms of bilophodont teeth in the
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collection of the Briti.sli Museum without result *. It is certain

that it does not belong to any known form of Dinothermm, and

yet it is to teeth of that genus alone that it can be compared.

Summary.

The Proboscidi^ of the Bugti beds of Baluchistan consist of

a form of Bunolophodon angustidens and a small Dinotherium.

The Indian B. angustidens is of a small type more primitive

than the French forms from Sansan, nearer to Schlesinger's form
subtapiroidea than his form typica, but not identical with it.

Lydekker's subspecific name var. palceindica may be retained for

the present until intermediate forms are found to occur. The
genus Hemimastodon is not supported by material in the

collection.

The Dinotherium is not found to differ from the smaller

European forms nor from D. hohleyi of Africa, and it is doubtful

in the present state of knowledge whether the Indian Dinotheres

are separable from the European.

EXPLANATION OP THE PLATES.

Plate I.

Fig. 1. SunolojiJwdon angustidens. Third upper molar.
2. „ „ Second upper molar.

Both figures are reproduced about f natural size.

Plate II.

Fig. 1. Bimolopliodon angustidens. Third lower molar. ,

2. „ „ Incomplete specimen from Sansan. (B.M.No.
32533.)

Both figures are reproduced about | natural size.

Fie: 1. J3tmoloj>hodon angustidens. Third lower molar from Sansan. (Cambridge.)
2. „ {angustidens ?). Terminal part of a third lower molar.

Both figures are reproduced about f natural size.

Plate IV.

Fig. 1. Bunoloplwdon angustidens. Unworn first lower molar.
2. „ „ Fourth upper premolar.
3. „ ,, Third upper premolar.
4. Dinotherium sp. Anterior milk molar.
5. „ „ Third upper premolar.
6. ,, „ ? Third upper premolar of unusual type.

7. Sp. incertm sedis. ? An anterior premolar.

All figures are reproduced a shade under natural size.

* Such as Listriodon etc. India has produced animals with verj^ unusual denti-
tions such as Tetraeonodou ; the present specimen may belong to yet another
strange form.
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32. On Coininerson's Dolphin and other Species o£ Cephalo-
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F.R.S., F.Z.S., Director of the Natural History Depart-
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(Plates I-III.t)
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The literature of the Cetacea includes numerous specific names
which are of little use to science, owing to a want of knowledge
of the animals to which they were oi'iginally applied. Many
descriptions are based on external features alone, while others

depend exclusively on osteological chai-acters. The correlation

of these two kinds of description is ditficult and often impossible,

and there is probably no group which includes a larger proportion

of doubtful species than could be found in a complete list of the

names which have been given to Cetacea.

Under these circumstances I have felt much satisfaction in

being able, as I think, to rescue one of these doubtful species

from its present position. In 1804, Lacepede (pp. xliv, 317) gave
a brief description of a Dolphin which had been observed by
Commerson, near Tierra del Fuego and in the Straits of Magellan,

during Bougainville's voyage round the world. Commerson's
MSS., addressed to Buifon, by whom they were sent to Lacepede,

included a diagnosis of this Dolphin :
—"Tursio corpore argenteo,

extremitatibus nigricantibus." It is furtiier stated that the

black colour ajDpears only on the " extremities," and that the

back and almost all the surface of the animal shine like a

polished surface, white and, so to speak, silvered. These
Dolphins, somewhat inferior in size to the Common Porpoise,

were observed, during the Southern summer, playing round
the vessel, and were described as being among the most
beautiful inhabitants of the sea. They were given the name of
" Le Jacobite," obviously in allusion to their striking black and
white colour.

Quoy and Gaimard (1824, p. 87) mention a Dolphin, " moitie

blanc, moitie noir, a museau peu alonge," which they saw at the

Falkland Islands. A specimen was killed, but it sank imme-
diately. Lesson (1827, p. 181) states that during the voyage of

the ' Coquille ' they only once observed, at the Falkland Islands,

the Black-and-white Dolphin of Quoyand Gaimard,, and that every-

thing authorised him to think it was the Delphinus commersonii.

* Puljlislied hy permission of the Trustees of the British Museum.
f For explanation of the Plates, see p. 638.

Proc. Zool. Soc—1922, No. XLIII. 43
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Other authors of the early part of the last century are unable to

do more than quote the original account, although Gray (1846,

p. 30) surmised that this Dolphin might be identical with his own
Beluga kingii.

The external characters of the species which forms the special

subject of this paper were admirably figured by Moreno (1892,

pi. ix.), who described it (p, 385) under the name of Lageno-

rhynchus floweri, and gave satisfactory figures of the skull

(pi. viii.). It was first observed by him, in October 1874, in the

bay of the River Santa Oruz, which is on the Patagonian coast,

almost in the same latitude as the Falkland Islands. It was
seen in hundreds on certain occasions, but no specimen could at

first be obtained, although a female, the original of the three

figures of the larger individual shown in pi. ix., was secured from
the same locality in December 1876, and two other specimens

were obtained from Tierra del Fuego or Santa Cruz in 1884.

The colour-markings were identical in all the sjDecimens. The
individual whose external measurements are recorded was 138 cm.

in length, and the total length given for the skull is 28 cm.

It is unfortuna,te that Moreno's specific name, which was based

on a good and well-illustrated account of external and cranial

characters, cannot be accepted. It must be regarded, I think,

as a synonym of Delphinus comviersonii, which, although

described inadequately and without illustrations, appears to be

perfectly recognisable in the light of the evidence now available.

Not only were Commerson's and Moreno's specimens from
substantially the same locality, but the silvery colour, with black

confined to the " extremities,", described by the earlier observer,

is equally noticeable in Moreno's figures, which represent an
animal mainly white, with the head, tail, flippers, and dorsal fin

black.

The only other actual description of this animal with which I

am acqiiainted is that of the late Dr. W. S. Bruce (1915, p. 500,

pi. i.), who shows the external characters of a specimen, 4 ft. 4 in.

in length, which was obtained by him in 1893 at Poi-t Stanley,

Falkland Islands. It was referred, doubtfully, to Lagenorhynchihs

cruciger (d'Orb. &, Gerv.), and it was styled the " Piebald

Porpoise." Dr. Bruce records a number of positions to the

south of the Rio de la Plata at which Dolphins believed to be
" Piebald Porpoises " were observed from the ship.

It is shown by the records of Moreno and Bruce, as well as by
the new evidence now submitted, that a Porpoise characterised

by its sti'ongly contrasted black and white colours arranged in a

very definite j)attern, is common in the neighbourhood of the

Falkland Islands and of Tierra del Fuego. I think there can

be no doubt that this Porpoise belongs to the same species as

the " Jacobites " which played round Bougainville's ship in the

Straits of Magellan, and were observed later at the Falkland

Islands by Quoy and Gaimard, and by Lesson.
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Liouville (1913, p. 165), in a discussion, under the heading of

Lagenorhynchus fitzroyi, of certain Dolphins which have been

recorded as L. cruciger or by other names, comes to the conclusion

that a number of conspicuously marked Southern Dolphins,

recorded under various specific names, are colour-varieties of a

single species. Whether this view be correct or not, the con-

cordant evidence derived from several distinct sources, with

regard to Commerson's Dolphin, shows that this species at least

is remarkably constant in the position of its areas of black and
white. It may be suggested that these striking markings have

the protective value which has been ascribed to the " disruptive"

type of coloration in animals. As seen in the water, the white

area probably divides the body into two parts which seem to

have little, if any, connection with one another. The Dolphin is,

in fact, effectively camouflaged, and perhaps the protection is

specially successful in water liable to contain floating ice. The
principal enemy of Commerson's Dolphin is probably Orcinics,

the Killer Whale.
The British Museum has recently received the following-

material, referable to the genus Cephalorhynchus, in which I

place Delphinus commersonii J^SiceT^. {=: Lagenorhynchus JJoioeri

Moreno and L. cruciger Bruce, nee auctt.) :—

•

A. An eviscerated male specimen (in salt), 4 feet 6 inches long,

captvired in Stanley Harbour, Falkland Islands
;
presented by

Mr. J. E, Hamilton, Magistrate of West Falkland, Avho stated

that the stomach contained "krill" (the Norwegian whalers'

name for the small Crustacea which form the food of Whalebone
Whales) and the pens of cuttlefish. The vertebral epiphyses are

quite free, and the animal was accordingly immature.

B. A skull, with lower jaw, picked up on the shore of Byron
Sound, West Falkland

;
presented by Mr. Rupert Yallentin.

0. Two photographs of a specimen stranded in the Falkland

Islands on another occasion
;
presented by Mr. Rupert "Vallentin,

who stated that these Porpoises are fond of basking in the beds

of Macrocystis when the sun is shining, and that he knew of no
other species in that locality.

D. A note-book, lent by Mr. Lionel E. Adams, containing

observa,tions on Dolphins observed by him from a ship in the

Straits of Magellan, together with a small photograph showing
two of them in the air during a jump out of the water. The
note-book included an excellent sketch, completely agreeing with

A and C, and the passage "Jet black and pure white (no
'•' shades). I did not see any vai^iation in the markings of one of

"the hundreds that played about the ship."

The following notes were made on Mr. Hamilton's specimen
(PI. I. figs. 1 & 2) before its skeleton was prepared. The skin,

although somewhat abraded, showed the external coloi-ation

perfectly distinctly.

43*



630 SIR SIDKET HARMER ON COMMERSON's DOLPHIN

Colour.—Jet-black and pure white, the principal white area

shading to some slight extent through grey to the black areas in

front and behind (as in Moreno's pi. ix. fig. 1), but the junctions

of the two colours othei'wise very sharply marked. The black

occurred on the whole of the head and lower jaw (interrupted

ventrally by a pear-shaped, median, white area on the throat),

extending backwards obliquely from the sides of the head to the

pectoral fins, which were black on both surfaces, and was

continued across the ventral side as a broad band, behind the

white marking on the throat, this band giving oft' an acutely

pointed median prolongation backwards, between the flippers.

The tail, including the flukes on both surfaces, was black all

round, for nearly a foot from its emargination, and this colour

was continued forwards obliquely on the back' beyond the dorsal

fin, but separated by a white interval even in the mid- dorsal line

from the black of the head, A large heart-shaped black area

surrounded the reproductive opening, and was observed by

Mr. Hamilton in another male specimen examined by him. The
white part of the skin consisted of (a) the median ventral area on

the throat, (&) the main white area encircling the body obliquely,

much more developed ventrally than dorsally, and including

most of the ventral and lateral regions of the body.

Mr. Yallentin's photographs (PI. I. fig. 3; PI. II. fig. 1), one

of which shows that the specimen was a male, correspond in

every essential detail with the above description. Mr. Adams's

sketch (D), which represents animals seen in the sea, agrees closely

with the others, but from the conditions under which it was

made, it is not surprising that it does not show any black area

round the reproductive opening. His photograph shows two
living animals in the air, as seen from the ship, and it suggests

the idea of a Porpoise " moitie blanc, moitie noir," as described

by Quoy and Gaimard.
Neither Moreno nor Bruce shows a broad black marking round

the reproductive opening. Moreno's ventral view indicates,

however, a narrow, longitvidinal, black mark in this situation, its

posterior third being nearly constricted ofi" from the front

poi'tion. The specimen was a female, and the question arises

whether the individuals of this sex normally have a ventral black

marking narrower than that of the male. One of Bruce's figures

(the lowest in the Plate) of an animal of unrecorded sex gives

aome indication of a constricted, narrow marking like that shown
by Moreno.

Externalform.— The head of A had no beak distinctly outlined

from the remaining portion, but was nearly conical. The dorsal fin

had an elongated base, and was low and rounded, with but little

indication of a falcate shape. The flippers were also more
rounded at their ends than in most Dolphins. These characters

point to Cephalorhynclius (cf. True, 1889, pp. 108, 176), and this

conclusion is confirmed by the cranial characters.
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External measurements of Mr. Hamilton's specimen (A) :

—

Cm.

Total length 137*

Dorsal fin (middle) to tip of snout 81

,, ,, ( J, ) to emargination of tail 63"5

,, ,, length of base 22*8

Flipper, length, from axilla 16'5

,, ,, inferior border 23"5

Gape, length of, from tip of upper jaw ... 16*5

Snout to blow-hole 20*3

Tip of lower jaw to (middle of) umbilicus.. 64
Umbilicus to reproductive aperture f 14

Reproductive aperture tc anus 1 8'5

Anus to emargination of tail 40"5

The characters of Cephalorliynchus Gray Avere re-defined by
Flower, in his well-known paper on the Delphinidfe (1883, p. 473),
the type-species being Delphimts heavisiclii Gray, 1828. In his

Review of the Delphinidse, True (1889, pp. 108, 176) recognises

four species of the genus—the type-species from the Cape of Good
Hope, C. albifrons Triie and G. hectori Yan Beneden from
New Zealand, and C. eutropia Gray from Chili. In 1893 and
] 896 several new Dolphins from Chili were described by R. A.
Philippi. His two papers were later criticised by True (1903),
who expressed the opinion that Phoccena or Tursio alhiventris

(Perez, MSS.) Philippi, 1893, 1896, is a synonym of G. eutrojna,

and that Tursio platyrrJdnus Philippi, 1896, is probably the
same species. Tursio 1 jxmopeX Philippi, 1896, was not thought
by True to be referable to Cephalorliynchus., but it seems possible

that it may also belong to this genus.

The external characters have been described in Cejjhalorhynchus

heavisidei, C. albifrons, G. hectori, and G. albiventris. G. etctropia,

G. platyrrhinus, ? C. panopte, and ? G. chiloensis are known from
cranial characters alone.

The British Museum possesses the type-specimens of G. eit-

tropia§ and C. heavisidei. The skull of the latter was inside the

mounted skin when Flower wrote his revision of the Delphinidfe

in 1883. It has since been removed, and although defective

in the occipital region, it is otherwise in good condition.

The following table gives measurements of the skulls in the

Museum :

—

* The measurement recorded by Moreno is 138 cm., and tliat given bv Bruce is

132-2 cm.

t The distances between the apertures were in each case measured from their

middle points.

X Philippi (1901) later described a new Dolphin, Tursio ? chiloensis, from Chili,

which he stated to have resemblances to T. panope.
§ Figured bj' Gray 1846, pi. xxxiv. figs. 1, 2; see also Gray, 1866, p. 262.
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£ II

a>

C. commersonii.
Cf. Flower.

P. Z. S. 1883,

p. 506.

IM °

s s

Ci .

5 ^

oi

.
'^.

"S M

1. Total length (centimetres)

2. Rostrum, length

3. „ width at base . .

36-3

19-5

8-3

7-7

7

1-7

16-8

10-5

6-5

2'2

1-7

15-1

16-7

14-3

300

13-5

5-8

37

2-2

29-8

14-0

7-3

6-5

5-3

1-6

12-3

10-9

6-2

1-6

1-8

12-7

14-6

13-2

23-0

10-8

4-8

3-3

1-9

29-5

14-0

6-5

6-2

5-2

1-6

12-3

11-2

6-0

1-5

1-5

14-8

13-2

23-0

11-0
4-6

2-9

1-7

29-0*

13-2

6-8

5-9

51

1-5

11-6

10-4

5-1

1-3

1-8

1-2

12-9

14-5*

13-0*

22-8

11-0

4-3

2-6

1-5

4. „ „ opposite 2nd tooth

5. „ „ at middle
6. „ vertical depth, at middle of

tooth-rovY

7. Tooth-row, length of

8. Maxilla, right, posterior expansion of,

length ....

9. Do. do. width (middle
of orbit to naves)

10. Do. width at posterior end of
tooth-row

11. Premaxilla, right, width at posterior

end of tooth-row ...

12. „ „ width behind nares .

.

13. Orbital width (at front of orbit)

14. Glenoid width
15. Greatest height of skull

16. Mandible, length

17. „ condyle to posterior end of
tooth-row

18. „ depth, at middle of 17
19. „ „ at posterior end of

tooth-row
20. „ „ at middle of tooth-

row

Peecehtages.

1. Total length 100-0

53-7

21-2

46-3

29-0

17-9

16-0

100-0

47-0

21-8

41-2

36-5

20-8

16-1

100-0

47-5

21-0

41-7

38-0

20-4

15-6

100-0

45-5

20-4

40-0

35-9

17-6

14-8

2. Rostrum, length

4. „ width opposite 2nd tooth
from behind

7. Tooth-row, length of

8. Maxilla, right, posterior expansion,
length

9. Maxilla, right, posterior expansion,
width

18. Mandible, depth, middle of part behind
teeth

* Estimated (skull imperfect).

The external cliai^acters of Mr. Yallentin's Dolphin were not
definitely known, although he himself had no doubt that the
skull belonged to the species shown in his photographs. Com-
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parison of the skull with the other Falkland Is. specimen
confirms this conclusion. The only difference of importance is

that the rostrum of Mr. Yallentin's specimen (B) is distinctly

narrower at its base than is that of Mr, Hamilton's skull (A).

Flower (1883, p. 469) stated that the rostrum becomes longer

and wider, in proportion to the brain-case, in older Dolphins.

The skull B has an unfinished appearance in the region of the

base of the rostrum, as if growth were there incomplete ; and
the notches in the maxillee are wider than in A. The two skulls

are practically alike in their orbital width, and by an addition to

the rostrum at its base, B would become similar to A in the width
of this structure and in the reduction of the maxillary notches.

C. eutropia and Philippi's three species alhiventris, platyr-

rhimis, and panope agree with one another in having a rostrum
which in length exceeds 50 per cent, of the total skull-length.

The tooth-row is also relatively long in the same species, the

percentage in C. eutropia (type) being 46*3, as shown by the

preceding table, and ranging from 46"0 to 51 "5, as shown by
Philippi's measurements, in the other three species. C. commer-
sonii agrees with G. Jieavisidei, and differs from the other four

species, in having a rostrum less than half the length of the

skull, and a shorter tooth-row, not exceeding 42 per cent, of the

skull-length. The skulls of the two species are also absolutely

smaller (29-30 cm.), C. eutropia having a skull more than 36 cm.

long, and those of Philippi's three species ranging from 33*0 to

39-5 cm.
Although C. commerso7iii has a considerable resemblance to

C. heavisidei in cranial characters, I have noted the following

diff"erences in the skulls available for comparison (PI. II. figs. 2

& 3). The skull of C. heavisidei has previously been figured by
Schlegel and by Yan Beneden and Gervais, as pointed out below

;

and that of C coTiimersonii by Moreno (1892, pi. viii.).

Premaxilla.—The outer edge of this bone, in Ceplialorhynchus

generally, forms a prominent elevated ridge in front of the

anterior nares (Flower, 1883, p. 473). In C. com^nersonii the

left bone is not prolonged behind this ridge, that of the right

side forming a slender splint passing towards the nasal of its

side, but not reaching it. Moreno's fig. 1 a seems to agree in

this respect. In C. heavisidei this posterior process is consider-

ably larger in the left premaxilla, and still larger in the right

bone, where it is 12 mm. wide and touches the nasal, passing

back to about the middle of its length. C. eutropia resembles

G. heavisidei in these respects, except that the right premaxilla

does not r-each the nasal, from which it is 11 mm. distant. The
floor of the depressed triangle in the premaxillse, in front of the

anterior nares, is flatter in G. commersonii than in G. heavisidei,

Avhere it is slightly concave. The width of the premaxillee in the

front half of the triangle is distinctly greater in G. heavisidei

than in the other species, and the maxillte are here corre-

spondingly narrower.
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Maxilla.— C. conimersonii seems to be characterized by the

specially large posterior expansions of the maxillae. Measuring

the length of these expansions from the bottom of the maxillary

notches along a line parallel with the middle line of the skull,

and the breadth as indicated in the table of measurements, these

parts are absolutely longer in C. conimersonii than in the con-

siderably larger type-skull of C. eutropia. In G. heavisidei they

are relatively narrow, and do not completely cover the orbit, the

whole upper margin of which is visible in a dorsal view, with

part of the postorbital process, which slopes a good deal

outwards.

In C coinmersonii, the front of the orbit is completely con-

cealed by the maxillary expansions, the only part visible dorsally

being the postorbital process, which is more vertical than in the

other species. Rather more of the upper surface of the orbit is

shown in Moreno's figures, particulai-Iy in fig. 2, which is

described as representing a younger specimen ; and the extent of

the overgrowth of the orbit by the maxilla is perhaps dependent

on age.

In G. heavisidei there is a slight constriction of the outer

margin of the rostrum, 20 mm. in front of the maxillary notches,

so that a small lateral lobe is partially marked ofl' at the base of

the rostrum, on each side. These lobes do not occur in

G. commersonii.

Nasal.—These bones, though no donbt variable, show certain

features which may be distinctive. In G. heavisidei they are

subdiscoidal, the central part the thickest and the margin thinner,

and they are in contact with one another, on the upper side only,

for about 7 mm., leaving a small triangle of the frontals un-

covered between their lower borders and the mesethmoid. The
greatest diameter is 25 mm. In G. eutropia each bone is quite

twice as wide as long (25, 11 mm.), and has* a sharply marked,

nearly vertical, anterior face, which almost reaches the meseth-

moid. The left nasal is wanting in skull B of G. commersonii,

and the right nasals are not altogether alike in the two skulls.

The shape seems to be somewhat intei-mediate between those

of the other two species, being more quadrangular than in

G. heavisidei, and rather longer in proportion to the width than
in G. eutropia, the two bones having a median suture nearly

reaching the mesethmoid. The right nasal of skull A measures
22 mm. in width and 17 mm. in length, Morenos fig. la gives

similar evidence.

Mandible (PI. III. fig. 2).—While differing in certain respects,

all three species show, more or less distinctly, the outwardly bowed
rami, corresponding with the expanded part of the rostrum,

given by True (1889, p. 108) as a generic character. That of

G. eutropia (c) is much larger and heavier than those of the other

species, but it resembles the mandible of G. commersonii (b) in

general form and in the shape of its coronoid process, which is a
blunt triangle with its apex directed nearly vertically and lyino-
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well in front of the condyle. In C. heavisidei («) the coronoid

process is directed backwards, so that its apex lies but little in

advance of the condyle, while from its front end the upper edge

of the jaw slopes down to the teeth, instead of remaining at fii^st

horizontal, as in the other two species ; and the jaw is slighter

and has less vertical depth than in them.
Pterygoid.—The importance of these bones in distinguishing

genera in the Delj>hinid£e was 23ointed out by Flower (1883), who
relied on Van Beneden and Gervais' figure (pi. xxxvi. fig. la)

for evidence as to CephcdorhyncIntSj and repi'oduced it on p. 473.

There can be no reasonable dovibt that the figure was drawn from
a skull with incomplete pterygoids, and it is thus to some extent

misleading. The type-skull of C. heavisidei resembles the figure

as reproduced by Flower, in respect of the pterygoids, but a,

comparison with the two skulls of C. commersonii, in both of

which these bones are complete, shows that they are much
longer than would be inferred from that figure. They resemble
in shape the pterygoids shown by Flower (1883, p. 471) in Glohi-

cephcda (Globiceps), but their posterior margin is more oblique, or

less nearly transverse. In skull A (PI. III. fig, 1), the palatal

surface of each pterygoid measures 36 mm., from the point where
it leaves the vomer, to its posterior tip. In their free, posterior

portions the two bones are separated by a narrow, O-shaped
interval, 18 mm. long and widening to 8 m.m. across, at the com-
mencement of the posterior oblique borders. Skull B is similar,

except that the interval between the free parts of the pterygoids

is A-shaped, and the length to the tip is only 30 mm. The
pterygoids are incomplete in Moreno's figure.

99 29
Teeth.—Skull A {C. commersonii) has "

_^ teeth visible with^

out cutting away any of the gum. One or two small ones may
perhaps be present, beneath the gum, at the anterior end of the

series. In skull B, in which many of the teeth are wanting,

the number is about 29 on each side of each jaw. In C. heavisidei

27 27
(type), the number is ^ ^^ , while in C. eutropia (tyj)e) it is

30-31 on each side of each jaw.

The osteological features of the Cetacea are so variable that it

is often impossible to be sure how far characters selected from an
examination of a limited amount of material are of any value.

It is thus important to point out that, in the features enumerated
above, the two skulls of C. commersonii are in substantial agree-

ment with one another, except where attention is called to a

difference. There is evidence, moreover, that other specimens
of C. heavisidei agree with the type-skull. The skull of this

species has been figured and briefly described by Schlegel (1841,

p. 31, pi. iii. figs. 1, 4; pi. iv. fig. 6); and by Yan Beneden and
Gervais (1868-1879, p. 599, pi. xxxvi. figs. 1-1 b), from a skull in

the Paris Museum. The latter authors were inclined to regard
the specimens of Cejjhaloi'hyiichush'om. y-Avious south eiii localities
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as belonging to a single species. I have to thank Prof. R.
Anthony for the information that the skull figured in the
' Osteographie ' (figs. 1, la) is from the Cape of Good Hope,
Dussumier, 1827, although he thinks that the lower jaw figured

(1 h) may not be from the same specimen. It may no doubt
be assumed that Dussumier's specimen at least belonged to

C. heavisidei.

The following may be noted as points of agreement between
the type-skull of C. heavisidei and Schlegel's figures :—The small

lateral lobes at the base of the rostrum on each side ; the narrow
posterior expansions of the maxillae, not completely covering the
orbit ; the shape of the nasals, which do not quite touch one
another and leave a triangular part of the frontals exposed between
themselves and the mesethmoid ; and the broad posterior ends of

the premaxillse, both of which nearly reach the nasals. In.

Van Beneden and Gervais' figure most of these resemblances are
also noticeable, and attention may be specially directed to the
right j^remaxilla, which reaches the nasal behind.

Cephalorhynchus Gray, 1850 (see Flower, P.Z. S. 1883, p. 473,

and True, 1889, Bull. U.S. Nat. Mus. no. 36, pp. 108, 176).

0. COMMERSONII Lacep.

Delphinus commersonii, " Le Jacobite," Lacepede, 1804, Hist.

Nat. Get, pp. xliv, 317 (referred to by Quoy and Gaimard, 1824,
Toy. ' Uranie,' p. 87 ; and by Lesson, 1827, Yoy. ' Coquille,'

p. 181).

Delphinus commersonii Desmarest, 1822, Mamm. 2^ Partie,

p. 517.

Phoccena commersonii Lesson, 1827, Man. Mamm. p. 414.

Lagenorhynchus floweri Moreno, 1892, Rev. Mus. La Plata,

iii. p. 385, pis. viii., ix.

Lagenorhynchus cruciger'^. Bruce, 1915 {nee auctt.), "Piebald
Porpoise," Scotia Rep. vol. iv. p. 500, pi. i.

Known localities.—Tierra del Fuego, Straits of Magellan, coast
of Patagonia, Falkland Islands.

External characters.—Length at least 140 cm. Head conical,

without distinct beak. Dorsal fin bluntly triangular, not falcate.

Flippers rounded at the end, not falcate. Most of the sides and
ventral surface silvery white, this colour extending completely
across the back, between the head and the dorsal fin. A large
white, median, pear-shaped area, widest behind, on the throat.

Head, tail, caudal, pectoral, and dorsal fins jet-black (the fins on
both surfaces), a narrow dorsal band of black passing obliquely
from the tail to just beyond the dorsal fin, a broad black band
extending across the ventral side between the flippers, produced
backwards into a median, acuminate process. A black area
surrounding the reproductive opening. White and black areas
very sharply defined. Visible teeth 29-30 on each side of

each jaw.
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Skidl.—Total length at least 29-30 cm. Rostrum about 47 pei^

cent, of the total, at base half as wide as long, without pro-

jecting lateral lobes posteriorly. Tooth-row 41-42 per cent.

Posterior lobes of maxillas large, almost completely covering
the orbits ; the postorbital process nearly vertical and hardly
visible from above. PremaxillEe little prolonged behind the
anterior nares, the floor of the depressed triangle flat. Nasals
subquadrangular, meeting in a median suture, the width much
less than twice the length. Pterygoids separated behind by a

fl- or A-shaped interval ; the posterior border oblique, its tip

30-36 mm. from the vomer. Upper border of mandible
horizontal, behind the teeth, the coronoid process bluntly tri-

angular.
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EXPLANATION OF THE PLATES.

Plate I.

Ceplialorlii/nchus commersonii.

Figs. 1 & 2. Mr. J. E. Hamilton's eviscerated specimen (A), lateral and ventral
views. X t\.

Fig. 3. Ventral view of anotlier individual (C). From a photograph sent by
Mr. K. Vallentin.

iPlate IL

Ceplialorhynclivs commersonii.

Fig. 1. Side view of specimen C. From a second photograph sent by Mr. R.
Vallentin.

Fig. 2. Skull of specimen A, dorsal view. X about g-.

C. heavisidei.

Fig. 3. Skull of the type-specimen, dorsal view. X about f

.

Plate III.

Cejphalorhiinchus spp.

Fig. 1. C commersonii. Skull of specimen A, ventral view. X about i.

Fig. 2. Lower jaws, from the right side. X about -t.

a. C. heavisidei. Ti'pe-specimen.

h. C. commersonii. Specimen A.

c. C. etitropia. Type-specimen.
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Introduction.

In papers * on the tongues of the Primates, I showed that the
mobility is well marked, the gustatory and secretory organs are
well developed, and the papillae are not specialised for one kind
of food. In the remaining mammalian orders one or more of

these characters is highly developed, or greatly diminished, in

accordance with the nature of the diet and mode of feeding. As
the literature contains many descriptions of individual tongues,
the remaining papers of this series will be limited to general
descriptions of the difierent types, and special attention will be
paid to physiology and classification.

The present paper is based on the examination of specimens in

the Society's Prosectorium, the British Museum (Nat. Hist.),

and the Museum of the Royal College of Surgeons.

Order CETACEA.

List of specimens examined.

Suborder Mystacoceti (Baleen Whales).

Pieces of tongue of Balcena and Bcdoeiioptera.

Suborder Odontoceti (Toothed Whales).

Sperm Whale {Physeter macrocejjhahis), Sowerby's Beaked
Whale {Mesoplodon bidens), Beluga {Delphinaptei^us leucas).

Porpoise {Phoccena communis), Cep)hcdorhynchus eutropia, Risso's

Dolphin {Grrampus griseus), Common Dolphin [Delpliinus delphis),

Bottle-nosed Dolphin {Tursiops titrsio), White-beaked Dolphin
{Lagenorhynchus cdbirostris).

* P. Z. S. 1922, pp. 1-29, 277-322, 497-524, 741-767.
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The tongues of the Oclontoceti diflfer greatly from those of the

Mystacoceti, and both differ considerably from those of the other

mammalian orders. Some are so simple that they resemble the

tongues of fishes.

Size :—In many Cetacea the tongue fills the space between

the halves of the mandible, but it does not do so in the ISTarwhal

{Monodon monoceros), Balcenoptera borealis (29), and Delphina-

pterus leucas. Barclay (2) showed that the food must pass far back

to reach the tongue, if it is an organ of taste in the latter. In
Balmnoptera hoop)s (10) it forms a large mass, projecting upwards
between the baleen plates like an intermolar eminence. The
bulk may be so increased by gaseous decomposition after death

that the tongue protrudes from the mouth. This protrusion,

howevei", does not take place in the Odontocete tongue.

Consistence :—In the Odontoceti the tongue is firm, hard and
muscular, and the upper surface feels like parchment. In the

Mystacoceti, on the other hand, it is soft, from the presence of a

large amount of oil or fat which, according to Owen (27), sepa-

rates the mucous membrane from the muscles. Schulte (29) has

also shown that masses of fat sej)arate the musculi genioglossi in

Balcenoptera horealis. The oil will exude from the cut surface

of the tongue for a long period in preserved specimens. Some
have, in fact, likened the tongue to a sac of blubber, Rawitz (28)

and Eschricht (13) described the fat in adult animals, and
Kiikenthal (21) saw it in a 11 7*5 cm. foetus of Balcenoptera

musculus.

Mobility :—John Hunter (20) showed that the tongues of the

Odontoceti are more muscular and mobile than those of the

Mystacoceti, and attributed the difference to the methods of

feeding. In the former they are organs of prehension, but they

are passive in the latter, for the food flows into the open mouth.

Scoresby (31) described the mode of feeding in Balcena mysticetus

as follows :
—"When the whale feeds, it swims with considerable

velocity under water, with its mouth wide open ; the water enters

by the fore part, but is poured out again at the sides, and the

food is entangled and sifted, as it were, by the whalebone, which

does not allow anything to escape."

In the Odontoceti the mobility varies. In Orcella hrevirostris

(1) it is great, for the free part extends back as far as the fourth

interdental space. In Platanista gangetica the apex is bound to

the mandibular symphysis by a fold of mucosa, but the edges ai-e

free and mobile. The animal is blind and burrows in the mud
at the bottom of rivers for small fishes and Crustacea, which con-

stitute its diet. So the sensitive edges of the tongue may be

organs of exploration. In Mesoplodon hidens, according to

Turner (34), the tip is mobile from side to side.

In both suborders the tongue is more mobile in the new-born
animal than in the adult.

Shape

:

—The tongue is large and shapeless in the adult

Balcenoptera hoops (10), but it is broad and squat in the foetal
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Balcenoptera horecdis (29). In the majority of the Odontoceti it

has the usual mammalian form, but it is slipper-shaped in

Grampus griseus and Lagenorhynchus alhirostris.

The apex varies considerably. It is full and rounded in

Balcena and Balcenoptera. In the Odontoceti, on the other hand,

it Is not so full and rounded, and it may or may not have pro-

cesses and warty growths. In Glohicej^halus melas (25), Gephalo-

rhynclius eutropia (text-fig. 25 B), and Physeter macrocephalus

(text-fig. 25 A) it is plain and poiirted. In Grampus griseus

Text-figure 25.

Tongues of the Cetacea. A : dorsum of tlie tongue of a foetus of Thysetev macro-

cephahis ; B : lateral view of the same, showing the loose wrinkled frenum

;

C : tongue of Ceplialorhynclius eutropia,

(text-fig. 26 A), Lagenorhynchus alhirostris (text-fig. 26 B), and
Delphinus delphis (text-fig. 26 C) it is broader and smooth, but
Cams and Otto (8) described and figured it as covered with
tubercles in the latter. The apical lobules are small in Phoccena

communis (text-fig. 27 A), large in Deljyhinapterits leucas (text-

fig. 27 B), and in two rows in Tursiops tursio (text-fig. 27 C).

The latej-al borders are immense and massive in Balctnoptera

hoops, and thin in the fo3tal B. borealis. They are very variable

in the Odontoceti. In no Cetacean have they any lateral organs.
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Owen (27) stated that they are plain in the Mystacoceti, but
Wyman (35) described lobules in B. borealis. Schulte (29), how-
ever, did not figure them in the foetus of that species.

It is difficult to decide where the oi-al and pharyngeal parts of

the tongue meet in many species, for vallate papillae are frequently

absent. In Orcella fulminalis the base is delimited by a sulcus,

whose ends correspond to the angles of the mouth. And many
glands open into the sulcus (1).

Sidci :—Median dorsal a,nd median ventral sulci are absent in

most cases. But many fine longitudinal and transverse sulci

may be present. In Orcella they feel gritty to the touch.

The tongue may be smooth and plain all over, as in the foetal

Balcenoptera borealis. It is wrinkled all over in Orcella hrevi-

rostris. In many species the posterior part of the dorsum is

Text-figure 26.

Tongues of the Cetacea. A: Grampus griseus ; B: Lagenorh^/nchus albirostris
;

C: iJelphinus delphis; s : glandular sac.

divided into areas by sulci. The inferior surface is more or less

corrugated, and may rest on a cushion formed by folds of the
mucosa of the floor of the mouth. The degree of corrugation

varies at different ages, for Anderson (1) showed that the tongue
in the young Platanista gangetica is smooth, but its i-oot is

corrugated in the adult. In Cephalorhynchus eutropia a thick

fold surrounds the tongue below the apex.

Glands:—The most marked features on the tongues of the

Cetacea are the orifices of innumerable glands, and nearly every
account records their presence. They vary greatly in extent and
prominence, and they are more numerous than in all other

Mammalia,
" Genus Orcella :—In 0. fulminalis many racemose glands open
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into the basal limiting sulcus. In 0. brevirostris thex^e are no
glands on the inferior surface, but the whole dorsum has patulous

orifices. Those on the base of the tongue are very large.

Genus Platanista :—The glands are numerous, but nob as long

as those in Orcella. Some open into sacs.

Genus Mesoplodon (text-fig. 28) :—Numerous large and small

glandular orifices are present, and there are five large sacs with

linear orifices.

Genus Lagenorhynchus (text-fig. 26 B) :—The orifices cover

the posterior two-thirds of the tongue, and increase in size from
before backwards. The central ones lie on elevations. No sac&

are present, and there are no glands on the inferior surface.

Genus Tim'siops (text-fig. 27 C) :—Many small orifices surround
the edges of the anterior part of the tongue, and there are large

clusters beneath the tip.

Text-figure 27.

c.

Tongues of the Cetacea. A: Flioccena communis ; B: Del])Mnapterus leucas
\

C : Tursiops tursio.

Genus Phoccena (text-fig. 27 A) :—No sacs are present, and
many minute orifices crowd the posterior part of the dorsum.
Genus Delphinus (text-fig. 26 0) :—Many small orifices, lying

in the centre of small areas crowd the posterior part of the
dorsum. And there are clusters of pores on each side of a
median ventral elevation. Two sacs (s) are present on the base
of the tongue.

Genus Delphinaptems (text-fig. 27 B) :—No sacs are present,

and the glands are restricted to the posterior part of the dorsum.
Genus Cephalorhynchus (text-fig. 25 B) :—Innumerable small

elevations with minute, but patulous, orifices cover the posterior

part of the tongue and pharynx. No orifices are present on the
inferior surface, and no sacs are present.

Genus Physeter (text-fig. 25 A) :—The surface of the foetal

tongue is pitted all over. But the nature of the specimen at

Proc. Zool. See—1922, No. XLIV. 44
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my disposal did not permit histological examination being

made.
The lingual glands are tubular or branching, and vary in

length. And authors who have described true vallate papillae

mention that glands open into the fosste. Murie writes as

follows of the tongue of Glohicephalus melas (25) : "It exhibits

numerous glandular papillse and depressions, probably the

representatives of papillae fungiformes; other larger and much
deeper furrows behind may be circumvallate cavities or mucous

glands."

Text-figure 28.

The tongue of Mesoplodon hiclens showing glandular orifices and

the five large sacs.

Papillce :—In most Cetacea, papillas are scanty or absent, and
those which are present are usually tactile or mechanical in

function. The sense of taste is very slight or absent, and in no
other mammalian order is it so deficient.

Papillae are most numerous in Orcella and Platanista. In the

former the oral part of the tongiie has filiform papillae, and the

pharyngeal part has pedunculated and sessile papillae, arranged

singly or in pairs at the mouths of large racemose glands. In
the latter the free part is thick with filiform papillae divided into

processes.
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Grampus griseus (text-fig. 26 A) has neither filiform nor fungi-

form papilliB. At the junction of the oral and pharyngeal parts

of the tongue there are two i-ows of deep narrow slits in V-for-

mation, but there is no mesial sulcus. Each row has six fissures.

In the specimen in the Museum of the Royal College of Surgeons

they are absent.

Owen (37) described four lai"ge fossulate papillte in Hyperoodon.

But Turner (34) recorded many crypt-like depressions and
papillae, and a vallate V in Mesoplodon bidens. In my specimen
of M. hidens there are five large sacs, probably glandular in

character.

In Cephalorhynchus eutropia (text -fig. 25 B) there are no
filiform or fungiform papillae. Between the oral and pharyngeal

parts of the tongue are five fissures in V-formation.

In Delphinus delphis (text-fig. 26 0) the slits have closed lips.

In Deljjhinapterus leucas (text-fig. 27 B) they are longer, and
the lips of one are opened to disclose a row of globular bodies.

Phoccena communis (text-fig. 27 A) has eight small fissures placed

end to end in V-formation.

Neither papillae nor fissures are present in Monodon monoceros,

Lagenorhynchus alhirostris (text-fig. 26 B), Delphinus phoccena,

^nd Balcenoptera horealis.

In no Cetacean is there any trace of lateral organs. It appears,

therefore, that the gustatory function is practically absent.

The Inferior Surface of the Tongue is usually folded, both

longitudinally and transversely, and its mucosa is usually soft

all over. But there is a firm bounding zone in Grampus griseus,

Lagenorhynchus alhirostris, and Physeter macrocephalus. Some
forms have glandular pits beneath the apex. In no case did I

see any trace of a sublingua or plicae fimbriatae, but Schulte (29)
described a small tr-iangular sublingua in the foetal Balcenoptera

horealis.

Thefremcm is absent in DeljjMnapierus leucas and Mesoplodon
'bidens. It is slight in Grampus gi-iseus, Lagenorhynchus alhi-

rostris, Cephalorhynchus eutropia, and Phoccena comimmis.
Schulte (29) said it is absent in the foetal Balcenoptera horealis.

Anderson (1) described it in the foetal Orcella hrevirostris, but
said it is absent in the adult. I observed a very marked frenum
in the new-born Physeter macrocephalus (text-fig. 25 A). These
observations would show that the Cetacea require a frenum
-while suckling, but not when they lead an independent existence.

No Cetacean has salivary papillae or plicae fimbriatae.

Summary.

1. The tongues of the Cetacea have their glandular organs

iDetter developed, but their gustatory and mobile functions are

less, than in other Mammalia.
44*
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2, The tongues of the Mystacoceti agree with those of the

Odontoceti as follows :— 1. Filiform papillae are scanty or absent.

2. The mucosa is more or less corrugated. 3. There is no trace

of foramen caecum, lytta, frenal lamella, lateral organs, and
apical gland of Nuhn.

3. The tongues of the Mystacoceti and Odontoceti differ in the

following points :

—

Mystacoceti.

Tongue soft.

Intermiolar elevation present.

Much oil in the tongue.

Apex massive.

Absent.
Lateral borders ill-defined.

Glands less numerous.
Muscles slight.

Mobility slight.

Odontoceti.

Tongue firm and hard.

Absent.

Absent.
Not so.

Marginal lobules present.

Well-marked.
Glands very numerous.
Muscles well-developed.^

Mobility variable.

Order SIRENIA.
The tongues differ considerably from those of the Cetacea,

and their characters approximate to those of the tongues of the-

Ungulata.

Text-figure 29.

Wfl^P^' A.

Tongues of the Sirenia. A and B dorsum and lateral aspect of the tongue of

Salicore indicus ; C : lateral view of the tongue of Manatus american-us.

The tongues (text-fig. 29) are firm and hard, but not very
mobile. That of Manatus thickens progressively from before-
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backwards, but there is a distinct intermolar eminence. In
Halicore, on the other hand, the posterior two-thirds are greatly

elevated as in some Ungulata.
The apex is rounded and entire in both genera, and the lettered

horders are entire and devoid of lobules which characterise the
Cetacean tongue. Neither notches nor sulci are present.

The mucosa on the oral part is plain, but that on the
pharyngeal part has many folds. The base has glandular openings
arranged singly or in pairs. There are no glands on the inferior

surface, and no apical gland of Nuhn is present. The glands are
less developed than in the Cetacea.

Feipillce :—In both genera there is, behind the apex, a cluster

of retroverted cuticular spines. And as the tongue is not very
mobile they are of great assistance in cropping the vegetation on
Avhich the animals live. Behind that cluster the dorsum is plain

in Mecnatus, but covered with a velvety pile of small papilla in

Halicore. Owen (27) figures a plain dorsum behind the spines

in the latter.

In Manatus, according to Owen (27), there are many vallate

papillae. In ffcdicore they are represented by clusters of pits.

Latered Organs :—In Memectus (4) these are well-developed

and appear as large cushions with numerous fissures. In Hedicore

these are absent.

The Inferior Surfeice has many large orifices in Manatus, and
many embedded cylindrical bodies in Hedicore, but I was unable
to examine the latter microscopically.

The Frenum is slight, and there is no frenal lamella, foi'amen

ceecum, lytta, sublingua, or plicae fimbriatae. No comb-like
structures are found on the infero-lateral aspect.

Order UNGULATA.

Suboi-ders Peeissodactyla and Artiodactyla.

In most species the tongue is long, comparatively narrow, and
very mobile. But it is broad and flat in Rhinoceros. It has the

greatest mechanical power in Gireiffa.

The eipex is truncated, pointed or rounded, and may or may
not have a notch. In many species it has clusters of hard
mechanical papillae, as in the Sirenia. It is free in all forms,

and this gives it considerable mobility.

The lettered horclers are full and rounded. They may be com-
paratively smooth, or covered with prominent conical and
fungiform pa,pillae. But Su,s is the only genus with lateral

lobules similar to those in the Cetacea.

The anterior part of the tongue is flat and very mobile.

Posterior to that is an intermolar eminence which raises the food

up to the molar teeth. Most posteriorly is a flat, thin, more or

less glandular part.

The intermoleir eleveotion is present in all families. It is entire
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in all except the Rhinoceros in which it is cleft. And it is

covered with papillje belonging to one or more of the conical,

fungiform, and vallate series.

In the Perissodactyla it is well-marked, but low and flat. It
has only conical papillse in Equus cabalhis. In Tapirics indicus

it has both conical and fungiform papillte. In Bhriioceros clusters

of vallate papillse cover its halves.

In the Suina it is also flat. And both conical and fungiform
papillfe are jaresent.

The CamelidsB have well-marked eminences. And they possess

large vallate and very hard projecting conical papiilge in the

Llama.
In the Cervidge and Bovidas the prominent eminence has very

hard conical and fungiform papillse, and the former vary con-
siderably in size and shape. Clusters of vallate papillae may
invade the sides of the eminence. I did not examine a sufii-

ciently large series of tongues to draw conclusions as to their

value for purposes of classification.

The eminence is prominent in Tragulus, but flat in Hyomoschiis.

When the posterior third of the tongue is examined it is seen
how glandular orifices are numerous in the Perissodactyla, but
few or absent in all other forms. And the characters of these
structures in the diflferent Mammalian orders, with special

reference to the relation between their size and that of other
parts of the oral glandular apparatus, have already been
described.

It is seen in this paper that the Cetacea, which have no salivary

glands, have large lingual glands ; the Sirenia, which have small
salivary glands, have fewer glands; and the Ungulata, with good
salivary glands, have few lingual glands. Also the Perissodactyla
have larger lingual glands than the Ruminantia,.

Gh'cimivcdlate PajyiUce (text-fig. 30 A) :—The number and
arrangement vary, and the following patterns were observed by
myself :

—

1. ISTo papillae.

2. A pair of papillae.

3. Several papillae in a straight line, or wide-angled Y.
4. Rows of papillae on each side of the tongue.
5. Clusters or fields of papillae.

In the Perissodactyla there are two large papillae in Equus
cabcdlus, E. asinus, and E. cliapmamii, but seveiul observers
noted three in E. cabcdlus. Mayer (22) described a pair in
Tajnrus americcmus, but I noted several in a straight line or
wide-angled V in T. ame7-iccmu,s, T. indicus, and T. bairdi. In
Rhinoceros there is a field of ten papillae on each side of the
tongue.

In the Suina there is a pair of papillae in Siis scrofa, S. babi-
russa, Poiamochcerus penicillatus, Phacochcems celiani, and Dicotyles
torqtiatus. Schwalbe (30) recorded three papillae in Sus scrofa.
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The Tylopoda have the largest vallate papillas, and they are

arranged in two converging lines on the narrow intermolar

eminence. In Oamehcs dromedarius there are seven on each side

in a single chain. But Mayer (22) stated that the seven in

G. hactrianus are in two rows on each side—an inner one with

three papillee, and an outer one with four. In Auchenia the

numbers of papillae are not identical in each row.

The Tragulidse have types of papillje which are not found in

any other group. There is a pair of long furrowed papillae

surrounded by a patulous fossa in both Tragidus and Hyomo-
schus ; but Flower (14) described many small papillie in the

latter.

The tongue in Girafa has more papillae than that of any other

mammal. Miinch and Tuckerman counted fifty, and Owen (27)
described two fields, each with 15-20 elements.

In the Cervidpe the papillye are iisually arranged in two rows
on each side. And the following numbers were observed by
myself, or recorded by others :

—

Muntiacus muntiac 6 on each side.

Cervus elaphus 20-28 (26).

,, axis 15-20 ,, ,,

,, djyhoioski 20 ,, ,,

,, humilis 10 ,, ,,

CapreolvjS caprea 7-8
,, ,, (24).

Rangifer tarandus 5-6
,, ,, (22).

Alces machlis 18-20 ,, ,, (33).

Gariacits virginianus 13 ,, ,, (33).

,, toltecus 10-11 ., ,, (33).

In the Bovidae there are rows of small papillae on each side,

and the number of rows are shown in the classification givea

below.

The following list contains the number of papillae :—

Bos taurus 10-17 on each side.

Bison americantos 18 ,

,

,

,

„ honasus 1 1 on one side, and 6 on the
other (33).

Bibos indicus 17-19 on each side (33).

Budorcas taxicolor 14 ,, ,, (36).

Gonnochcetes gm(j 20 ,, ,, (36).

Gephcdophus maxvjelli 7 ,, ,,

,, dorsalis 12 ,, .,

Antilope ine^^gejis 18-20 ,, ,, (6).

Rujncapra rupicapra 10 ,, „ (19).

Antilocajjva americana 36 (33).

Gapra hircus 12 ,, ,,

,, ihex 13 ., ,.

Ovis aries 12 ,, .,

Ammotragus 8 ,, ,,
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It is frequently difficult to determine by the naked eye

whether a certain papilla is of the vallate or fungiform variety.

It appears, therefore, that the papillary patterns are distri-

buted as follows :—

No papillae Hyracoidea,

A pair of papillte Equidse, Suidse, Phaco-

cheridse, Tragulidse.

Papillae in a line or V Tapiridse.

Papillae in rows Camelidae, Cervidae, and
Bovidae.

Papillae in fields Rhinocerotidae and Giraffidae.

The papillae are oval, cylindrical, or conical with the bases of

the cones projecting beyond the Valiums. And the surface is

smooth, granular, or lobulated (text-fig. 30 B.). The fossa is

closed or patulous, and the vallum varies in prominence. Taste-

buds are usually well-marked.

Fungiform Pcqnllce (text-fig. 30 O.E.F.) :—The distribution on
the dorsal and ventral surfaces varies in the different families.

In appearance they are hemispherical, or almost pedunculated,

a,nd the surface is smooth, granular, or covered with processes.

Many have rich supplies of taste-buds.

In the Perissodactyla they are not very numerous, but have
the usual mammalian arrangement in clusters and rows ; and
those on the lateral borders are very numerous. In Equus there

are none on the intermolar elevation, but there are prominent
ones there in Tapirus. In neither genus is there a marked
ventral papillary zone.

The tongues of the Suina have many papillae on the dorsum,
but few on the ventral surface. And those on the lateral borders

may be very prominent.
In the Tylopoda the papillae are not numerous on the dorsum,

but they form a very wide ventral papillary zone. And in no
other family is the latter so large.

In the Cervidae there is a prominent cluster of papillae behind
the apex. Between it and the anterior extremity of the inter-

molar eminence there is an area possessing very few papillae, but
the latter is bounded laterally by papillary bands. The ventral

papillae are numerous, but small.

In the Bovidae there is no thick apical, dorsal cluster, and the

papillae stretch right back from the apex to the intermolar

eminence. They are only absent from a thin central strip of the
dorsum. They are very regularly arranged. They are not
numerous inferiorly in Bison, but they are numerous, small, and
closely packed in Antilope, Gapra, and Aminotragus.

In the Tragulidae the papillae are numerous on the dorsum,
and have the usual arrangement. They are absent only from a

narrow central strip.
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Conical Papillce :—The teeth in the Ruminants are assisted by
the action of the hard conical papillae comminuting the food

against the prominent palatal ridges.

In the Perissodactyla they are innumerable, slender, silky,

and set very closely together. And their characters are similar

over the entire dorsum.
In Sus the lateral borders of the tongue have innumerable

long, club-shaped conical papillse, as in the Oetacea. But no
other genus of the Suina possesses them. In Potamochcerus the

Text-figure 30.

J^OLOIAM G.

Tongues of tlie Ungulata. A {a-i) : vallate papillary patterns ; B [a-j) : naked

eye appearances of tlie vallate papillae : C {a-c) : fungiform papillae ; D : conical

papillaa ; E : fungiform papillse of the Bovidaj ; F : fungiform papillse of the

Cervidae ; I.M.E : intermolar eminence ; Gr : sublingual combs.

conical papillae on the base are very large, pointed and directed

backwards. In Dicotyles all the papillte are very minute. The
characters of the conical papillae and lateral organs are useful for

classifying the Suina (page 653).

In the Camelidse the anterior part of the tongue has minute

closely-set papillae. But those on the intermolar elevation are

large, flat, hard, and separated into two groups by a smooth

central strip.
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The Boviclse and Cervidfe have papillae similar to those in the

Camelidgs, but those on the eminence are smaller, more numerous,
and not divided into two groups.

In the Tragulidse the conical papillfe on the dorsum are all

small in Ti'cigulus, but in Hyomoschus those on the base of
the tongue are large, pointed, closely set, and directed back-

wards. Those on the base are not so disproportionately large in

Tragulus.

The ventral papillary zone is narrow in the Perissodactyla,

but wide in the Artiodactyla, especially the Tylopoda.

The conical papillae are shown highly magnified in text-

fig. 30 D.

Lateral Organs :—As Oppel (26) has collected the various

published accounts, it is only necessary to show here their value

for purposes of classification. They are frequently absent, and I

would suggest that the latei^al rows of circumvallate papillae

replace them in these cases.

In the Perissodactyla they are absent, according to Boulart-

and Pilliet (5), in Tapirus americanus, Equus caballus, and
Rhinoceros. But they are well-marked in all the Tapiridse

examined by myself. Complete accounts of the organs have been
published by Sertoli (32) and Honigschmeid (19).

In the Suina they are present in Sths, Phacochcerns, and
PotamochceriijS, but they are absent in Dicotyles. The Babirussa

has circular organs, but those in the other forms consist of rows
of leaninae and sulci.

In the remaining Artiodactyla they are present in the Giraffidae,

Tragulidse, and Antilope mergens, but they are absent in all others

examined.
The Lytta is represented by a median ventral lidge, which

varies in width and prominence, but it is not at all like that in

the Carnivora. And sections show that it has a central core.

In Tapirus indicus it is narrow, prominent, and firm. But it

is wide, flat, and softer in Equus\ and the structure in the latter

has already been described by Briihl (7). Owen (27) recorded

its presence in Rhinoceros. In all Perissodactyla it does not

widen much from before backwards.

In Dicotyles it forms a long, narrow isosceles triangle.

The Tylopoda, as exemplified by the Llama, have short, pro-

minent crests with very thick mucosa.
In the Tragulidas it is broad and flat, especially in Hyomoschus.

But it is most variable in the Oervidge and Bovidse. In these it

is narrow and sharp, low and broad, or absent. The appearances,

however, are of no value for purposes of classification.

On the infero-lateral aspects of the tongue there may be long

bands with divided free edges, or rov/s of separate processes.

They may help to keep the interstices between the teeth clear,

or they may help to mix the food and saliva. They have not

been named, so I suggest the term "sublingual combs" for

them. They are restricted to the attached part of the inferior
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surface of the tongue. The following arrangements have been

observed :

—

1. Combs absent—Perissbdactyla, Suina, Hyracoidea.

2. Edges divided into triangles—Tylopoda, Tragulid^e.

3. Long, more or less separate processes^—Bovidee and
Cervidce.

Some forms are shown in text-fig. 30.

The fi-enicvi is always present, and permits the tongue to be

very mobile. But there is no trace of a frenal lamella.

There is no trace of a foramen ctecum, sublingua or plicte

fimbriatse, and the apical gland of Nuhn is present only in

Ovis aries.

It has been the object of the above summary of the characters

of the tongues of the Ungulata to show their value for purposes-

of classification. And they have been arranged schematically as

follows. From that system it will be seen that the characters of

the tongue are a usefxil addition to the external and skeletal

characters at present in use.

Classification.-—T1\\Q following characters are valuable for

purposes of classification :— 1. Character of the orifices of glands

on the base. 2. Nature of the intermolar eminence and its

papillfe. 3. Arrangement of the vallate papilla?. 4. Lateral

organs. 5. Sublingual combs. 6. Distribution of conical and
fungiform papillfe.

Suborder Perissodactyla.

Numerous orifices of glands on base. No combs. Conical

papillse silky and closely-set. Ventral pa,pillary zone very small

or absent.

A. Intermolar eminence cleft. Vallate papillas in fields. No
lateral organs Rhinoceros.

B. Eminence low, flat, and entire.

a. Apair of vallate papillffi. No lateral organs. No fungifoi-m

papilloe on eminence Eqtms.

b. Vallate papillas form a row or V. Lateral organs present.

Large fungiforms on eminence Tapirus.

Suborder Artiodactyla.

Few or no orifices of glands on base. Combs variable. Conical

papillfe hard and not so closely set. Ventral papillary zone
well-marked.

A. No sublingual combs. Two vallate papillie.

0, Edges of tongue tave long processes Bus.

b. No long processes present.

i. Papillse on base immense Fotamochcertis,

ii. Papillffi on base not immense.

a'. Lateral organs present Fhacochcerus..

V . No lateral organs Dicotyles.
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B. Sublingual combs present.

a. A pair of long, narrow vallate papillae.

i. Basal conical papillae small Tragulus.

ii. Basal conical papillae very large Syomoschus.

b. A single row of immense vallate papillse on each side... Camehis, Auclienia,

c. One or more rows of small vallate papillae on each side.

i. Fungiform papillas absent from an extensive area in

front of the intermolar eminence. Two rows of vallate

papillae Ceevid^.

ii. Fungiform papillae stretch right back to eminence, but
are absent from a central strip on the anterior part of

the dorsum.

a'. One row of vallate papillae on each side CepJialoplius.

h'. Two rows on each side Bos, Ovihos, Bison,
Connochcetes, Strepsiceros, Antilope.

c' . Four rows on each side Budorcas, Ovis.

Suborder Hyracoidea.

The tongue in Hyrax has a low, flat elevation similar to that

in Halicors, and the lateral organs are well-marked. Thei'e is

no vallate papilla in several specimens examined by myself, and
by Briicher (6), Gmelin (16), Munch (24), and Tuckerman (33).

And there is no trace of a lytta. All conical papillae are

minute. The basal lingual glands have few orifices on the
surface. It is evident, therefore, that the tongue has some
affinities with those of the Sirenia. No sublingual combs are

present.

Suborder Proboscidea.

The tongue is short and wide, and it corresponds to the inter-

molar elevation of the other Ungulata. The apex is bound down
to the floor of the mouth, as in the Cetacea. In E. indicus

Mayer (22) observed six papilke, but Miall and Greenwood (23)
recorded four. In the specimen examined by myself there were
two on the right side and one on the left. In E. africanus

Forbes (15) saw four papillae on the right side, and three on the

left, but Miinch (24) observed thi'ee on each side. The lateral

organs are well-developed, but their contained taste-buds are

sometimes very few. No sublingual combs are pi'esent.

Summary and Conclusions.

1. The Cetacea have simpler tongues than any other mammals.
2. The tongues do not support the view of some authorities

that there are affinities between the Cetacea and Ungulata. But
the differences between them are due to the nature of the diet

and the mode of feeding. And the nature of the food causes

the Sirenian tongues to resemble those of the Ungulata in some
points.
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The essential differences between the Cetacea, Sirenia,

Artiodactyla, and Perissodactyla are :

—

Cetacea—Mobility slight. No gustatory organs. Glands
numei'ous. An intermolar eminence is only present in some
Mystacoceti. Few or no mechanical papilla3.

Sirenia—Mobility greater. Slight gustatory organs. Glands
fewer. Small intei-molar eminence. Mechanical papillae present.

Artiodactyla and Perissodactyla—Mobility great. Well-marked
gustatory organs. Glands variable, being numerous in the latter

and few in the former, Intermolar eminence well-marked, but
variable in size. Mechanical papillae well-marked.

3. The characters of the tongue have several points in common
in the Artiodactyla and Perissodactyla, but those of the
Hyracoidea and Proboscidea are such as to separate them into-

groups by themselves. Of these the Hyracoidea have some resem-
blance to the Sirenia.

4. The Cetacea are the only mammals in which the tongues
may lie far back in the mouth.

5. The tongues of the Mystacoceti differ from those of the
Odontoceti.

6. The tongues of the Mystacoceti contain large quantities of

oil, but this is absent in all other mammals.
7. The excessive development of cuticular spines on the

anterior part of the tongue in the Sirenia allows great use to be
made of the moderate mobility.

8. The Perissodactyla differ from the Artiodactyla in the
characters of the glands on the base of the tongue.

9. Sublingual combs are only present in the Camelidfe,
Tragulidse, Cervidae, and Bovidse.

10. It is impossible to distinguish the genera of the Cervid^
from one another by the characters of the tongue.

11. The distribution of the fungiform papillae is a good means-
of telling the Cervidae from the Bovidfe,

12. The Hyrax and Cetacea are the only mammals in which I

was unable to detect vallate papillae.

13. The sheep {Ovis aries) is the only mammal below the
Primates which possesses the apical gland of IsTuhn.

14. The characters of the fungiform papillae distinguish the
deer from the antelopes.
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Introduction.

At the Scientific Meeting of the Zoological Society held on
May 24th of last year (P.Z.S. 192L p. 645), Major Flower ex-

hibited examples of three species of Egyptian Jei'boas (Jaculidie),

including a pair of the very rare four-toed form, Scarturus
tetradactylus, which had never been previously imported to

Europe alive, and was almost unknown in museums, apart from
the original example in Berlin, which was described as Dipus
tetradactylus by Lichtenstein in 1823. These examples were
exhibited in the Zoological Gardens for some months, but died

in the winter and came into my hands for examination *. To
compare with them I had several specimens of the two common
Egyptian Jerboas [Jactdtts jaculus and Scirtopoda orievtalis)^

;

and also one of the five-toed genus Allactaga [A. indica), a pair

of examples of Zapus hudsonmmis or a. nearly related species,

and one male specimen of Pedetes caffei—the last-mentioned

examples having been preserved for many years in alcohol in the

Society's collection. The specimens above mentioned form the
material upon which this paper is principally based.

* Although apparently fully adult when received, all the skeletal tissues at the
time of death were exceedingly frail. Even the tips of the incisor teeth were
uncalcified and pliable—a condition I never before observed in any mammal.
t Good figures, drawn from life, and descriptions of these, as well as a brief

account of S. tetradactylus, may be found in Anderson and de Winton's ' Mammalia
of Egypt.' My reasons for adopting the name Scirtopoda are given below (p. 679).

Proc. Zooh. Soc—1922, No. XLY. 45
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;

That Zcipus belongs to the same gi'oup of Rodents as Jacidits

has long been admitted, and is disputed, so far as I am aware, by
no one acquainted with this order. The evidence rests mainly

upon certain cranial characters connected more particularly with

the zygomatic arch and the preorbital foramen, the structure

of which distinguishes that genus from the Muridee, despite the

generally murine shape of the skull. It is also conceded that

Slcista, formeidy knovvn as Sminthus, is tolerably closely related

to Zapus. With regard to Pedetes, my pretext for including

that genus in this paper is its former ascription to the same
section * as Zapus and Jaculus, although now recognised as

representing a quite distinct family, sometimes associated with

the Hystricomorpha, together with the family Anomaluridpe.

External Appearance.

The general appearance of Sicista and Zapus may be described

as murine. They have a long mouse-shaped head and compara-
tively small diurnal eyes, and, although the hind legs of Zapus
are elongated and saltatorial, they are not very much longer rela-

tively than in our common wood-mouse, Apodemtos sylvaticus. The
Jerboas, on the other hand, are not the least like typical murine
rodents in appearance. The head is very large, wide, and, as a

rule, short especially in the snout, which is deep from above
downwards, and the eyes are relatively enormous and nocturnal.

The hind legs are of great length and the fore limbs are short.

A Jerboa with the fore limb, measured from the elbow, of

approximately the same length as that of a Zapus has the foot,

measured from the heel, about twice as long as that of Zapus.

Hence, when progressing on all fours, the gait of a Jerboa is

exceedingly awkward, owing to the great elevation of the hind

quarters. They seldom adopt that mode of progression, usually

employing their hind legs alone. When moving at speed they

take prodigious hops, like a Kangaroo; but they frequently go at

a more leisurely pace, trotting or striding along like an ostrich

or a human being, an action of which Kangaroos, and, pre-

sumably, Zapus also, are quite incapable.

The great variation in the size of the ears affects the appearance

of different species of Jerboas when compared with one another.

They also differ in the shape of the muzzle. As above stated, the

muzzle is typically short and truncated ; but in Euchoreutes,

hence named naso, it is relatively long. Presumably also

Allaclaga, although I have never seen a living example, must
have a differently shaped muzzle from Jacidtcs on account of the

pi^ominence of the upper incisor teeth, which form an angle

instead of, as in Jaculus, a continuous curve with the nose.

Scarturus is intermediate between the two genera just mentioned
with respect to the direction of these teeth.

* See Flower and Lydekker's ' Mammals, Iiiving and Extinct,' p. 480 (1891^,
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The Rhinarmm and Mouth.

In Zapus the rhinarium is well defined and marked by a

distinct vertical groove, formed by the thickened bulging upper

and inner margin of the nostrils. Above the thickening of the

upper rim there is a short transverse area. The area below

the rhinarium, extending from the nostrils to the edge of the

Text-fio-ure 29.

A. Head of Zapus Jiudsonianvs.

B. „ Jacidvs jaculus.

C. „ Scirtopoda orientcdis.

D. „ Scarturus teh'ctdaef.i/lus.

upper lip, is covered with shortei- hair than the rest of the

muzzle. There is no sign of a groove or ghiltrum dividing

the upper lip in the middle line. (Text-fig. 30, A.J"

From Miller's description of the rhinarium of /Sicista loriger

(Cat. Mamm. Western Europe, p. 537, 1912), it seems that the

muzzle resembles in general features, at all events, that of Zapus,
45*
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He describes the anterior border of the nostril as thickened,

with a small wart beneath it [? the nostril], and the space between

the nostrils as narrow, marked by a well-developed vertical ridge,

and the vipper lip as having no groove in front.

In Jaculus, S'cirtopoda, and Scarturus the rhinarium is very

like that of Zapus, showing a similar thickening of the upper and

inner rim and a median groove, but the area below the rhinarium

Text-fieure 30.

:^'W''/?v>t.-

A. Muzzle and I'liinarium of Zapus hudsoniaims.

B. ,, „ Scirtopoda orientalis.

C. The same, contracted.

1). Muzzle and iliinarium of Jaculus jaculus, to show especially the papillae,

slightly enlarged and cleared of hair, carrying the long stout vibrissfs.

E. Muzzle and rhinarium of Pedetes caffer.

in the middle line is naked and constitutes a kind of shallow
philtrvim. Of the muzzle of this genus, Anderson and de Winton
said:—"Over the bare area of the nose of Jaculus there is a
thickened fold of skin capable of being drawn forwards, so as

almost to cover the nostrils, this structure serving to protect them
when the animal is using its broad snout to push out the earth
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when digging its burrow " (Mamm. Egypt, p. 304). The rhinarium
when thus partially concealed also contracts very perceptibly, the

nostrils are approximated and a,ssume a more vertical appearance,

and the philtrum is obliterated by the median juxtaposition of

the two halves of the upper lip. This device probably serves to

exclude fine blown sand, as well as the soil when digging is in

operation. (Text-fig. 30, B, 0.)

The rhinarium of Pedetes is quite unlike that of Zapus and
Jaculus. It is covered above and in front with fine short hair

;

but the nostrils, which are elongated and appear to be valvular,

are surrounded by a narrow rim of naked skin. The median
portion of the rhinarium below the nostrils in front is angled,

but there is no trace of groove or philtrum dividing the deep

upper lip, which is covered uniformly with longish hair (text-

fig. 30, E).

Both in Zapus, Jaculus, Scirtopoda, and Scarturus, the mouth
is provided with well-developed palatal and lingual lobes jutting

inwards from the cheek. The palatal lobes meet along the middle

line of the palate, but are separable and do not fuse in the

middle line, the epithelium of the palate being smooth. The
lingual lobes, which are long, meet in the middle line over or

in front of the tongue, forming a secondary floor to the mouth.
Zapus is provided with cheek-pouches opening just inside the

corner of the mouth. The Jaculida3 are without them, and, so

far as I am aware, they have never been recorded in Sicista.

In connection with the mouth, reference may be made to the

presence in some genera of grooves on the incisor teeth. Their

incidence is remarkable and puzzling. They are absent in Sicista,

the least specialised genus of the group ; but are present in Zapus,

which seems to be much more neai"ly akin to Sicista than it is to

any genus of Jaculidae. Within the Jaculidte, the grooves are

present in Dipus, Jaculus, Scirtopoda, and Cai'diocranius ; absent

in Allactaga, Scarturus, Etichoreutes, and Pygeretmus. Their
presence, as recorded by Satunin, in Gardiocranius—a genus
resembling Pygeretmus in possessing five toes on the foot and a

specialised broad lanceolate tail—suggests that the character has

no great systematic value.

Facial Vibrissce.

The mystacial vibrissas are well developed in Zapus. One or

two long superciliary vibrissse are also present ; but in the long

hairs clothing the cheek I failed to find the genal tuft. The
inteiTamal is represented by two very fine vibrisspe in one example.
In the Jaculidpe the interramal tuft is apparently absent,

and the superciliaries and genal tufts are of inconstant occur-

rence, and represented at most by one or two fine vibrissse each.

But the mystacials are well developed, one of them on each side

set low down being stouter and longer than the rest. This
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peculiarity is not so well marked in Allactaga and ScarturihS as

in Jacuhcs ; but tlie two common Egyptian Jerboas differ some-
what in this respect. In Scirtopoda orientalis this long bristle is

distinctly stouter and stiffer than the rest, and rises from a small

papillary i-oot, whereas in J. jacuhis the difference is considerably

o-reater, and the papilla from which it arises is much larger,

(Text-fig. 30, D.)

In Pedetes the mystacial vibrissie are comparatively few in

number and short, although stout. A few longish superciliaxies

are present. The interi-amal tuft is apparently absent ; but the

genal is represented by two or three long vibrisste set high up
the cheek a little behind and below the posterior angle of the eye

as in the Hystricomorpha.
By the characters mentioned above the genera may be arranged

as follows :

—

a. Rliinai'iuin ill defined, covered with hair except immediatelj' round
the nostrils, which are not visibly swollen and have no median
groove between them ; superciliary and genal vibrisste well de-

veloped ; mystacials stout and comparatively short Pedetes.

a'. Rhinarium well defined, naked, nostrils with swollen rim and a

groove between them; superciliarj' and genal vibrissa few or

absent, uij'stacials long and slender for the most part.

I). Head narrow and low, murine in shape ; no median groove on

upper lip; mouth with cheek-pouches (? in Sicista) Zapns, Sicista.

b'. Head broad and high; upper lip. divided by philtrum, no cheek-

pouches Jaculus, Sch'topoda, Scartiirus *.

The Ear.

In Zapus the ear is moderately large and expanded, and arises

fi'om the head by a broad base which is not tubular. The anterior

edge is normally overfolded, and inferiorly about on a level with
the supratragus it is produced into a lamina which is normally
folded inwards out of sight. The lower edge of this curves into

the cavity of the ear and ceases on its floor. The tragus is

represented by a small movable lobe, and the antitragus by a large

tufted lamina which, when the ear is folded, projects forwards
and closes the lower portion of the cavity. The orifice is situated

just below and on the inner side of the cleej) intertragal notch.

(Text-fig. 31, A-C.)
Miller describes the ear of Sicista loriger as " moderately large,

extending a little beyond tlie eye when laid forward, its outline

simple, ovate, its posterior border with large thickened lobe at

base, capable of completely closing the meatus, its anterior border
with minute though evident sub-basal notch and projection ;

both surfaces of ear densely clothed with short hairs ; basal lobe

cons^iicuously tufted." This description might have been taken

* I have not seen a sufficient number of specimens ol Allactaga and other Asiatic,

genera of Jaculidse to know whether the cleavage of the upper lip is a constant

character in this group or not.
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from the ear of Zapus, with the anterior flap concealed, as is

normally the case, by being folded inwards.

Text-figure 31.

A. Eav of Zapus hudsoniamis, expanded.

B. The same, contracted.

C. Base of ear of the same, with basal portion cut open between tragus

and antitragus.

D. The same of Scarturus tetradactijJns.

E. The same of Scirtopoda orientalis.

F. Expanded ear of Pedetcs coffer.

G. Folded ear of the same.

H. Base of the ear of the same, cut open.

I., infolded lamina of anterior border; t., tragus; at., antitragus; s., supratrngus ;

o., orifice of ear ; c, columnar process.

In the Jaculidpe the ears vary greatly in length. In Eucho-

reities, the longest-eared form, they considerably overlap the tip

of the exceptionally long snout, when turned forwards--. ]n
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Scarturus, wliich has a sboi't snout, they surpass it by a little.

In Allactaga inclica they reach about to the end of the muzzle,

and in most species assigned to this genus they appear, judging
from Lichtensteiu's figures, to re;ich well beyond the eyes at all

events. In Scirtopoda orientalis they overlap the eyes by a little
;

in J. jaculus they just cover them. In other species figured by
Lichtenstein they are as short n,s in the typical species or shorter.

But despite their length they all appear to be similarly con-

structed. They are more or less tubular at the base, the orifice

being sunk deep down within the cavity. There is no trace of

tragal lobe or antitragal flap, such as are seen in Za.pus and
JSicista; but just v/ithin the anterior edge, on a level with the

supi'atragua, there is a delicate membranous lamina descending,

as in Zapus, into the tubular basal portion and normally folded

in out of sight. The lower end of this lamina curves backwards
and inwards, and just inside its lower end there is a deep ca.vity

bounded above by the anterior end of the supratragus, which is a

slender delicate ridge running backwards towards the posterior

edge of the ear, exactly as in Zapus. The orifice is situated

a little below this anterior cavity, and is separated from it by a

thickening. There are minor differences in the structure of the

ear which may prove to hfl.ve systematic importance, but my
material is not sufficient in quantity to establish the point. In
Scirtopoda orientcdis, for instance, the anterior infolded lamina

is lai'ger than in Scarticrus, and the area round the auditory

orifice is more swollen. In Scarturus, on the other hand, the

lower end of the passage leading to the anterior pit is much more
swollen than in S. orientalis., and the tubular portion of the ear

is provided Avith a fine delicate lamina ascending from a point

behind the auditory orifice up to the position of the aborted

antitragus. This is not so noticeable in *S'. orientalis. Sclater's

brief description of the ear of Euchoreutes contains nothing to

suggest any difference between that genus and the three I have
examined in the structure of the organ in question. (Text-

fig. 31, D, E.)

From what has been said above it will be clear that the kinship

claimed to exist between Zapus and the Jaculidse on cranial

grounds is completely boi-ne out by the ear. The ear of the

Jaculidfe may be regarded as a derivative of the type seen in

Zapus, specialised by its more tubular base, with which the dis-

appearance of the tragus and antitragus is correlated. In the

Jaculidas, too, the anterior basal pit is deeper and its inferior edge

is closer to the auditory orifice.

The ear of Pedetes is very different from those described above,

altliough in its tubular base and its length it recalls in appear-

ance the ear of some Jaculidse. It shows, however, in its posterior

border behind the tip, a shallow but long emargination, similar

to the emargination so common in many of the Hystricomorpha.

The anterior edge is not overfolded and there is no inturned lamina

at the base. There is no antitragus, but from the inner side of
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the outer wall of the tubular base there arises a compressed

process which projects upwards as a free outgrowth some little

distance above the margin of the basal tubular portion. When
the ear is expanded this process, which possibly represents the

tragus, inclines forwards along the edge of the ear in front of it.

The suprat)'agus is a well-defined ridge running upwards and
backwards, but stopping abruptly in the middle of the ear far

away from its posterior edge ; and the wall of the etir between

the posterior end of the supratragus above and the auditory

orifice below is folded and creased. (Text-fig. 31, F-H.)
The reason for the termination of the supratragus in the middle

of the ear is this. When the ear is folded, it doubles up exactly

lengthwise along the middle line, so that the anterior and posterioi'

margins are evenly in contact throughout their length, except

close to the basal tubular portion ; but the space that is left

between them at this spot is filled by the process above described,

and that appears to be its function. The grooving of the wall

of the lower portion of the ear is also subservient to this peculiar

method of folding, which could not be efl^ected if the rigid supra-

tragus extended across the cavity of the pinna.

By the structure of the ear the genera discussed fall into the

following three headings :

—

a. Ear long, folding exactlj' along the middle line, so that its anterior

and posterior edges coincide ; a columnar process rising from its

basal tubular portion ; supratragus a well-defined thickened ridge.

No inturned Hap at the base of the anterior edge in front Fedetes.

a'. Ear long or coniparativel.y short, not folding so that the two edges

of the pinna exactly coincide ; no columnar process rising from its

basal portion ; a distinct inturned flap at the base of the anterior

edge in front. Supratragus comparatively wealc.

b. A small tragus and large antitragus, base of pinna not tubular.

Zapus, Sicista.

V . No tragus or autitragus ; base of ear more or less tubular.

Jaculus, Scirtopoda, Scarturus, ALlactaga.

The Fore Foot

In Sicista subtilis, judging from Tullberg's figure, the fore foot

is comparatively broad, short, and unmodified ; the four main
digits are subequal in length, the third and fourth projecting a

little beyond the second and fifth, the latter being a little shorter

than the second ; the first, or pollex, is quite short, and springs

from the middle of the side of the foot close to the distal edge
of the carpal pad. The digital pads are moderate in size and
elliptical, and the claws are small. The plantar pad consists of

three moderately large interdigital elements, subtriangular in

shape and in contact or nearly so. The carpal pads are large,

covering about half the area of the sole, the internal element

being about twice the area of the external, which is in contact

with it. (Text-fig. 32, B.)

The fore foot of Zapus is comparatively long and narrow. The
carpal pads and pollex are tolerably similar to those of Sicista,
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but the three iiiterdigital elements of the plantar pad ai^e small,

obscurely defined, circular tubercles widely separated from each

other. The four main digits, moieover, are longer and thinner
than in Sicista aud unevenly spaced, the third and fourth being
close together at the base, but the second is some distance from
the third, and the fifth from the fourth. The claws are compara-
tively long, and the sole of the foot is granular. The foot is a slight

exaggeration of the type seen in Apodemus sylvatictis, the common

Text-figure 32.

A. Right fove foot of Scarturtis tetradactylus.

B. The same of Sicista subtilis (after TuUberg).

C. The same of Zapus Iniclsonianus.

D. The same of Apodemus sfflvatictis, for comparison with C.

E. Kight hind foot of Sicista stibtilis (after Tullberg).

F. The same of Zapus hudsonianus.

G. The same oi Apodemus si/lvaticiis, for comparison with F.

English wood-mouse, the third and fourth digits being conjointly a

little more removed from the second and fifth. (Text-fig. 32. C.)

The fore feet of the Jerboas (Jaculidae) seem to resemble very

closel}^ those of Sicista in a general way, except that the claws

are much longer, beitig generally very long, and the interdigital

elements of the plantar pad greatly reduced in size. In Scm^turus

they are represented by Ihiee widely separated circular papillae
;
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in EuchoreiUes, according to Sclater. there are only two, coire-

sponcling apparentl}^ to the median and outer of Scarturii,s ; in

Allactaga indica I can find only the median remaining, whereas

in Scirtopoda orientalis and J. jaculus all definite trace of them
seems to have disappeared, the sole of the foot in front of the

carpal pads being merely marked by integumental creases. As
in Sicista and Zapu,s, the carpal pad is double, the outer or ulnar

element being comparatively small, v\hile the inner or x-adial is

veiy large, especially in Allactaga indica, where it occupies

practically the whole of the posterior half of the sole. The
poUex is a mobile cylindrical process, covered above with a large

nail in Jaculus, Scirtopoda, Scarturus, and Allactaga, but in

Euchoreutes, according to Sclater, it is armed, like the other

digits, with a long claw. This author also described the digits

of Euchoreutes as long, but, judging from the figure, they are no
longer than in other genera of Jaculidfe. As in several Rodents,

notably the Squirrels, objects are held in the fore foot by folding

the four digits back upon the large carpal pad, which plays the

part, as it were, of a thumb. (Text-fig. 32, A.)

The fore foot of Pedetes is short and broad, and has five well-

developed digits, all armed with long, stout, nearly straight claws

—the pollex being like the others, but shorter. The digital pads

are scarcel}^ defined ; and the under sides of the digits and the

short area of the sole distal to the carpal pads are naked and
granularly roughened. No trace of plantar pads remains. The
carpal pads are remarkable and, so far as I know, unique. They
are very large. The inner pad is an elevated thickened cushion,

beset on the summit with minute spicules. The inner pad is

laminate and normally fits closely against the outer pad, but is

independently movable like a valve, so that a deep space separates

the summits of the two pads. Its free edge, moreover, bears a

fringe of long hairs. This modification suggests that the carpal

pads are prehensile and aid in the grasping of food that is

gripped by the digits with their long claws. These claws are no
doubt also fossorial. (Text-fig. 35, A-C.)
From the following summary of the characters of the fore foot

it will be seen that Pedetes stands apart from the other genera,.

It may be noted, however, that Sicista falls with the Jerboas

and not with Zapus :-—

a. Fore foot with well-developed pollex armed with a claw as long as

on the other digits ; claws very long, stout, and straight ; carpal

pads separable and prehensile, the movaljle outer pad with fringe

of long hairs Pedetes.

a '. Fore foot with short pollex armed with a nail or slender claw ; claws
of digits 2 to 5 long or short, but slender and curved ; carpal pads
normal, confluent, the outer immovable and not fringed.

h. Foot elongated and narrow, digits unevenly spaced, 3 and 4 in

advance of 2 and 5 Zapus.

h'. Foot short and broad, digits 2 to 5 evenly spaced.

c. Pollex armed with small claw (sec. Sclater) Ei(cli orelites.

c'. Pollex armed with broad blunt nail Sicista, Jaculus, Scarturus,

Scirtopoda, Allactaga,
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- The Hind Foot.

The hind foot in Sicista subtilis, according to TuUberg's figure,

is much broader a.nd shorter than in Apodemus sylvaticus, but
closely resembles in those particulars the foot of Rattus norve-

gicus. The hallux is shorter than in that species and closer to

the second digit, and the second, third, fourth, and fifth digits

are subequally spaced and close together, as in the fore foot, the

third and fourth projecting a little beyond the second and fifth.

The claws are short and the digita,l pads normal a,nd semi-

elliptical. The plantar pad is represented by four separated

interdigital elements, the median being comparatively large and

Text-fisfure 33.

A. Right lund foot of Allactaga indica.

B. The same of Scarturus tetradactylus.

C. The same of Jaculus jactdus, with hair cut short.

triangular, the others much smaller and subcircular, the one at

the base of the hallux being remote from the rest and only a
little in advance of the external metatarsal pad, which is also

quite small and subcircular, while the internal metatarsal pad is

elongated and situated near the inner edge of the foot halfway
between the heel and the hallucal element of the plantar pad.
(Text-fig. 32, E.)

The hind foot of Zapus is very different from that of Sicista.

It is very long and slender, the second, third, and fourth digits

being well in adva.nce of the first and fifth, with the second



CHARACTERS OF SCARTURUS AND OTHER JERBOAS. 671

farther from the third than tlie latter is from the fourth, these

two being closely united proximally. The hallux is moderately

long and slender, and rises a little behind the origin of the fifth
;

it reaches to the base of the second, which is shorter than the

third approximately by its digital pad ; the fifth i-eaching only

to the distal end of the narrow webbing tying the third and
fourth closely together proximally. The claws are long and
slender, and the digital pads elliptical. The plantar pad is repre-

sented by four small, isolated, subcircular, interdigital elements

set on the granular sole in accordance with the disposition of

the digits. The metatarsal pads are represented merely by the

internal element, which is a small subcircular pad set one-third

of the distance along the metatarsal area between the hallux

and the heel. (Text-fig. 32, F.)

The hind feet of the Jaculidse diflier profoundly from those of

Zapus in the disposition of the digits and other particulars.

They are markedly perissodactyle, the third digit being the

longest, set in the middle line, and symmetrically flanked on each

side by the second and fourth, which are equal in length and

rise at the same level. Their digital pads are moderately or very

large, deep, compressed, and laterally grooved, with lobulate

distal edge. The plantar pad is represented by a larger or smaller

soft median papilla,' pointed apically. The metatarsus is much
longer than in Zapits, and, as is well known, the three bones

corresponding to the three main digits are completely fused into

one. The first and fifth digits may be absent or present. When
present they rise a long way back on the metatarsus, and, since

they do not normally touch the ground, have been described as

functionless. They are slender, with a small normal digital pad
and thin longish claw. The metatarsal bone proper to each

i-emains distinct from the median " cannon " bone, and, when
both these digits are retained, they spring from the side of the

metatai^sus at the same level. Progressive reduction in the

number of digits from five to three is shown in the family. In

Pifgereimus, AUactaga, and Euchoreiotes the first and fifth are

retained. In Scarturu-s the first is lost and the fifth retained. In

Jaculus both are lost. The underside of the digits varies greatly

in hairiness. In the two Egyptian (i\)Qc\its, Jaculus jacidus ^.n^L

Scirtopoda oriPAitalis, they are thickly fringed on each side with

long hairs, whicli curve inwards over the undei- surface of the

digits a.nd form a soft hairy cushion. Close to the pads these

hairs are exceptionally long. They quite conceal the median pad
from the lateral aspect, but the pads of the second and fourth

digits are not entirely covered by them. In these two hairy-

footed species the median plantai' papilla is veiy small and soft,

and the digital pads are comparatively small. In Scarturtis,

which occurs in the same localities as Scirtopoda orientaUs, on
the contrary, the under sides of the digits have no long fringes,

and the digital pads are very large and deep, and more strongly

grooved and marginally lobate than in Scirtopoda oi'ientalis and
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Jaculus jacidus. They conceal the claws from the lower aspect

of the foot, but these claws are smaller than in J. jaculus and
;S'. orientalis. The plantar papilla, moreover, is a large conical

eminence. The three main digits of Allactaga inclica resemble

those of Scarturus tetradactylas in the comparatively scanty

development of hairs on the under side ; but the pads do not

appear to be so large*. Nevertheless, the plantar papilla is a

large conical eminence as in t^cartioncs. (Text-figs. 33, 34.)

In the four species of this group above described the claw of

the median digit is considerably smaller than those of the lateral

digits.

Text-figure 34.

A. Right hind foot of Scarturus tetradactyhis, from outer side.

B. Lower view of same, with digits closed together.

C. Right hind foot of Allactaga inclica, from outer side.

D. The s.ame of Scirtopoda orientalis.

E. Lower view of the same, with digits closed.

The hind foot of Pedetes, although saltatorial, has the meta-
tarsus much shorter in relation to the length of the digits than

in the Jaculidie ; but it resembles the hind foot of the latter in

having the third digit the longest, set in the middle line, and
flanked on each side by the second and fourth ; and, as in the

Jaculidae, the under side of the digits and mostly of the meta-
tarsus is naked, but covered with the hairs which overlap them from
the sides. As in Scarturus, there are four digits, the first having

entirely disappeared, while the fifth is retained. But, aj-.art from

* The only specimen examined had l)een for many years in alcohol, and possibly

the pads were shrunken in size.
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these features, the foot is very different from tliat of all the genera

of Jaculidse. For instance, the fifth digit forms a uniform series

Text-fifi-ure 35.

A. Left fore foot of Fedetes caffer, from outer side.

B. Right fore foot of the same, from below.

C. Two carpal pads of the same, spread (on rather larger scale),

D. Right hind foot of the same, with hairs cut short.

E. Left ;, „ with hairs entire.

F. The same from outer side, showing fourth and fifth digits.

c, outer movable carpal lobe with fringe of liair ; 5, fifth digit.

with the next, the space between it and the fourth being equal

to that between the fourth and third or third and second.
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Again, the claws are broad and strong like pointed lioofs, and
beneath are completely fused with the digital pads, which are

represented merely by an ill-defined area constituting the heel

of the hoof. I can find no trace of plantar pads, although Tull-

berg describes one at the base of each digit. All that I can find

is an elevation at the base of each digit formed by the underlying

bone. That, however, does not constitute a pad. The middle

area of the foot behind the base of the digits is provided with a

mat of long hairs which functionally takes the place of the

plantar pad. Behind this the sole is naked up to and including

the heel. (Text-fig. 35, D-F.)
Good chai-acters foi- distinguishing the families, subfamilies,

and the principal genera are supplied by the hind feet :

—

a. Claws broad and lioof-like; digital pads scarcely developed, merelj^

forming an ill-defined lieel to the hoofs
;
plantar pads suppressed,

their place taken bj' a mat of hairs above the base of the digits ... Pedetes.

a'. Claws sharp and curved, not hoof-like ; digital pads normally or

exceptionally developed; plantar pad present, the middle of the
foot above the base of the digits naked.

b. Foot with separated metatarsals, "murine," artiodactyle or nearlj'

so
;
plantar pad represented by four interdigital papillae ; hallux

much smaller than fifth digit and higher up the foot, the fiftli

at least reaching the base of the fourth ; digital pads normal.

c. Foot short with digits 2 to 5 subequal, subequally spaced, and
terminally almost in a line

;
plantar and metatarsal papillse

comparatively large Sicista.

c'. Foot long, with third and fourth digits terminal and close

together, the second farther from the third, and the fifth still

farther from the fourth
;

plantar and metatarsal papillaa

minute Zapus.

I)'. Foot with three median metatarsals fused, very long, not "murine,"
markedly' perissodactyle

;
plantar pad represented by a single

median conical papilla ; hallux, when present, as large as the fifth

digit and set on the same level, so high up the foot that their tips

fall far short of the bases of the adjoining digits ; digital pads of

second to fourth large, deep, compressed, and deeply grooved
laterally.

d. Fifth digit retained ; short fringes of hair on digits 2 to 3
;

plantar papilla very large and exposed *.

e. Fn-st digit (hallux) retained AUactaga.

e' . First digit (hallux) absent Scartwus.

d'. Fifth digit absent ; long fringes of hairs on digits 2 to 3 : plantar
papilla verj' small, normally concealed by overfolded fringes

of hair Jaculus, Scirfopoda.

Tails.

In Sicista and Zapus the tail is long, subcylindrical, tapering,

and covered with scales and short hairs as in typical murine
Rodents, the hairs at most forming a slight terminal pencil. In
the majority of the Jaculidse it is more definitely quadrate,
covered with short hairs, not distinctly scaly, and is provided
with a distinct terminal tuft, which, however, varies considerably

in size. In Jaculus jaculus, Scirtopoda orientalis, and Scarturus,

* The hairiness of the feet in JUacfac/a may vary specificallj' according Iq

habitat,
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for instance, the hairs of the tuft are long and show a marked
tendency to a bilateral, distichous, or feather-like arrangement,
apparently to give support and prevent the end sinking into soft

sand when used as a prop ; a.nd probably for use as a guide-mark
in the dark, the tuft is usually conspicuously black or brown and
white, the distal half being white and the proximal black or deep
brown, and frequently additional white hairs precede the dark-

coloured portion. The size of the tuft, however, varies even
within specific limits. It is, for example, very large in Allactaga

saliens Gm. (= jaculus Pall.) and quite small in Alactagulus

acontion Pall, and Allactaga elater Pall., judging from Lichten-
.stein's figures. In the two first-mentioned, moreover, it is

conspicuously coloured, whereas in the last it appears to be uni-

formly or nearly uniformly brown. In Euohoreutes, according to

Sclater, it is moderately developed and bicoloured, but " the
hairs do not seem to be arranged in so distichous a manner as in

Alactaga."

Two genera, however, of this family—namely, Pygeretm%is and
Cardiocranms—have the tail of a very difiierent shape. It is

narrow and cylindrical at the base, then broadened, depressed,

and lanceolate, with the apex attenuate, but not tufted at the
end as in typical Jerboas. Thus two distinct types of tail are

found in the Jaculidse.

In Pedetes the tail is long and bushy throughout, being
uniformly and thickly covered with long hairs from base to

apex.

Summary of the Characters of the Tails.

a. Tail subcylindrical or subquadrate.

h. Tail uniformly and thickly covered throughout with long hairs... Pedetes.

V . Tail covered for the most part with short hairs, often tufted at

the end.

c. Tail Covered with short hairs and rows of scales, at most
pencilled at the end Sicista, Zapus.

c' . Tail covered with hairs, but not visibly scaly, with larger or

smaller terminal tuft Jaculus, Scirtopoda,
Scarturus , Allactaga, JSucJioreutes.

a. Tail broad, flattened, and lanceolate, covered with short hairs,

apicallj' pencilled, not visibly scaly Fygeretmus, Cardiocranius.

Anus and External Genitalia.

In Zapus the anus, as in most Rodents, opens in the centre of

an area of naked skin above the genital orifice, the two orifices

being separately visible on superficial inspection. In the female
the vulva is, however, just below the anus and the naked skin
surrounding it is continuous above with that surrounding the
anus. There is no elongated, conical, preputial excrescence and
no visible external clitoris. In the male the penis, normally
retrospective, is separated by a fi'inge of hair from the anus

Proc. Zool. Soc— 1922, No. XLYI. 46
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Text-fig'ure 36.

A. Rear end of Scirtopoda orienialis, from beliiuel, with the anal lobe raised

to show the anal orifice (a.) above the penis {p.).

B. The same from the side, with the anal lobe in natural position and the

penis (p.) partialljf protruded.

C. Upper side of glans penis of Scirtopoda orientalis, with spikes lying

forwards.

D. Lower view of glans penis of the same, with apex dilated.

E. Dilated tip of glans penis of the same from the front, with spikes

raised.

P. Side-view of glans penis of the same, with spikes partially raised.

G. Upper view of glans penis oi Jacultis jaculus.

H. Lower view of the same.

I. Tip of glans penis of the same, from the front.

K. Upper side of glans penis of Scarturus tetradactylus

.

L. Rear end of S. tetradactylus, with glans partiall}' protruded.

M. Rear end of Pedetes caffer, from behind, with crescentic anus above

penis.

a., anus; g., glandular pit in penis of Scirtopoda orientalis ; o., genito-urinary

orifice; p., penis.
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above, and its glans is slender and subcylindrical, according to

Tullberg *.

In all the specimens of Jaculidse examined the anal and gene-

rative orifices are so closely applied that on superficial inspection

there appears to be a single orifice only, situated upon, a thick

naked excrescence a little distance below the root of the tail.

In the females, indeed, the vulva and anus are slightly insunk,

and are closed by a common sphincter. In the males the tip of

the penis in its natural position is pressed up against the lower

side of the anal prominence which carries the anal orifice, con-

cealed from view, on its underside. This prominence is exceed-

ingly large in Scirtopoda oj-ientalis (text-fig. 36, A, B).

The penis of Scirtopoda orientalis was first described by Sonninit
and Olivier t. The glans is large and oval in shape, and is thickly

covered with many backwardly directed short spines ; but, in

addition, it is armed vvdth a pair of long slender stiliform spikes,

like those in the pouch of the glans of Ccelogenys, Cavia, and
some other Hystricomorphs. These spikes are rigid, excejat at

the tips, which are soft. According to Sonnini, these tips form
a small yellow button like the anthers of certain flowers ; but
in the specimens examined by me they were pointed and only

distinguishable by their softness from the rest of the spike.

Normally these spikes lie forwards upon what is the upper side

of the penis when this organ is extended from the prepuce and
directed forwards, and their tips overlap the apex of the glans

;

but they are capable of being elevated or even directed back-
wards. Beneath the narrowed apex of the glans the large orifice,

which has an upper and a lower lip, opens, and on each side of

it there is a shallow, probably glandular, pouch. The lower side

of the glans is provided with a median, probably glandular,

gutter, the edges of Avhich, when brought together, form a

narrow lineal crease (text-fig. 36, C-F). In Jacidus jaculus the

glans penis is very diflferent, as Anderson and de Winton pointed

out. It has no spikes, and the small spines seen in Scirtojyoda

orientalis are represented by minute pits, in each of which there

is sunk a scale with serrulate free edge. There is a median
thickening on what is the upper side of the penis when this

organ is turned forwards, and there is a narrow median groove
below. There is a curved groove above the upper lip of the orifice

and a small prominence on each side of it, but no glandular

depression. (Text-fig. 36, G-I.)

In Scarturus the glans is oval or cordate from above or below,

pointed from the side-view, and the tenninal orifice is simple.

It is armed with sharp recvirved spines, which are fewer in number
and relatively larger than in Scirtopoda orientalis, but there is

* In tlie specimen I examined the tip of the glans was covered with an extra-

neous thickening of hard material closely adherent to it.

t Voy. en Ea-vpte, i. pp. 173-174 (1800).

I Bull. Soc. Phil. Paris, ii. no. 40, p. 121 (1801).

46*
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no tvace of the pair of long spikes seen in the latter species.

According to the descriptions of Olivier and Tullberg the glans

penis of AUactaga saliens closely resembles that of Scarturus.

(Text-fig. 36, K, L.)

The anus and genitalia of the male of Pedetes ca-ffer were

described and figured by Calori *. To his account Tullberg had

nothing to add. The anus is situated a long way below the root

of the tail, much farther than in the Jaculidae, and the prepuce

of the retroverted penis forms a conical prominence beneath it.

Superficially the anus appears as a crescentic slit, with the

concavity downwards ; and this appearance results from the

downward growth of the skin of its upper border forming a

flap over the anus itself. Calori described a gland-opening in

the middle line of the perineum between the anus and the penis.

This does not appear to me a very appropriate description,

because no orifice is visible on the area named. There is, how-
ever, the orifice of a gland-opening within the prepuce just above

the urino-genital orifice when the penis is retroverted and at

rest. The penis itself is elongated, compressed, and covered

with minute spicules ; but there is no trace in it of the

glandular pouch which is so characteristic of the Hystricomorphs.

(Text-fig. 36, M.)

a. A large gland-opening within the prepuce of the male on the anal

side of the genito-urinary orifice ; anus in the form of a crescentic

slit some distance above the iienis Fedetes.

a'. No preputial gland on the anal side of the genito-urinary orifice of

the penis ; anus not ci'escentic in shape.

h. Anus exposed above the tip of the penis, which is not tucked up
against it ... ; Za-fus.

h' . Anus concealed beneath an excrescence, to the under side of which
the tip of the penis is applied.

c. Glans penis spiny with two immense erectile spikes Scirtopoda>

c' . Glans penis without spikes.

d. Glans penis elongated, parallel-sided, covered with mimite
pits, each provided with a serrate scale Jaculus.

d' . Glans penis ovate, armed with spines Scarturus, AUactaga.

The Skull o/ Scarturus.

The skull and dentition of Scarturus agi-ee in essentials with

those of AUactaga, and differ in many points from those of

Jaculus—that is to say, the incisors are ungrooved and slightly

projecting, though not nearly so strongly as in A. indica, for

example; the minute upper premolar is retained ; the zj^gomatic

arch is comparatively slender where it forms the anterior wall of

the orbit ; the channel for the nerve is formed by a deep notch in

the floor of the antorbital foramen and not a closed tube as

in Jaculus ; the auditory bullse are much less inflated than in

Jaculus, despite the large size of the ears, and the mastoid is not

visibly inflated. I cannot, indeed, find any generic characters to

* Mem. Accad. Sci. Bologna, v. pp. 297-298 (1854). '
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distinguish the skull of Scartiorics from that of AUaciaga, unless it

be the lesser prominence of the incisor teeth and the presence of

Text-fiofure 37.

A. Skull of Scarturvs tetradactt/lus, from the side.

B. The same, from below. The molar teeth which were out of the skull

are diagrammatically represented.

C. The same, from above.

a longish median process projecting backwards from the palate

over the mesopterygoid fossa, a character observed in the one

skvill of S'carturus examined.

The Oemis Scirtopoda Brandt.

In his selections of the type-species for some of the genera and
subgenera introduced into the family Jaculidse by the older

authors, Thomas cited Diptos maiiritanict(jS Duv. as the typical

representative of Brandt's genus Scirtopoda and also of its sub-

genus Ealtomys (Ann. Mag. Nat. Hist. (8) ii. p. 308, 1908). He
also stated that 'maiiritanicus is identical with or closely allied to

the large Egyptian Jerboa described by Olivier as Jacidus gerhoa,

the species quoted as Jacidus orientalis in the preceding pages of

this paper. Except that the eai's are relatively and the bodily size

actually larger in this species than in Jacidus jacidus and the
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colour slightly different, I can find no difference between the two
in external characters to which I should attach generic value.

In dentition and cranial characters they are also much alike.

But the external genitalia of the male are profoundly different.

In my opinion these differences are of greater systematic im-
portance than the cranial and dental characters employed for

separating generically such forms as Jaculus jaculus and Dipus
sagitta*. I propose, therefore, to resuscitate the genus Scirtopoda

Brandt, separating it from Jaculus by the peculiar armature of

the glans penis.

I a,m not in a position to give an opinion as to the suggested
identity betv/een S. mauritanicus and S. orientcdis ; but Duvernoy's
and Lereboullet's figures and description of the penis of mauri-
tanicus (Mem. Soc. Mus. Strasboiu^g, iii. no. 2, p. 48, pi. iv. fig. 12,

1842) show tliat that organ is of precisely the same nature as in

orientalis. The spikes on the penis appear, indeed, to be shorter

in onauritanicus than in orientalis, but that may be merely an
individual difference.

Conclusions.

The analytical keys published in the foregoing pages to show
the incidence of the genera according to the characters described

attest the isolation of Pedetes from the rest of the genera, and
thus bear out the prevalent opinion of the present day that that

genus is in no way related to the Jerboas and Jumping Mice.
Pedetes, therefore, need not be considered further in the present

connection.

The keys also bear witness to the affinity nowadays admitted
to exist between the Jerboas and the Jumping Mice, but show
that the two may be sharply distinguished by the structure of

the hind feet.

In 1901 Lyon (Proc. U.S. Nat. Mus. xxiii. p. 666), using
skeletal (mainly cranial and dental) characters, classified the
Jerboas and Jumping Mice as follows :

—

Family ZAPODiDiE.
Subfamily Sminthin^ {SmintJnis, ? Eom.ys).

,, ZapodiNjE {Za2jus, Napcmzapus, Eozapus^.

Family Dipodid^.
Subfamily Dipodin^ {T)ipus, Allactaga, and probably Platycer-

comys).

„ EucHOREUTiiV^ (Eicchorelites).

* I am aware that the use of soft parts for differentiating genera of Mammals
maj'_ be an annoj'ance to modern systematic maramalogists, who, following the
fashion set in the United States, like to woi'k from dried skins and skulls. But,
although the zoo-geographical and other results obtained from that method are of
great value and interest, 1 am sure that the sooner the swing of the pendulum carries
us back to the method in vogue thirtj' years ago of working from fresh or spirit-

preserved material, combined with skins, the better it will be for the science of
mammalogj^
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Apart from the alterations necessitated by the nomenclature
noAV in vogue and the addition of several recently proposed or

recently restored generic names to the Jerboa family, I have no
modifications of this classification to suggest, except the severance

from the rest of the Jerboas of the two genera Pygeretmus
{Platycercornys) and Cardiocranius* , which agree in having broad,

flattened, lanceolate tails, distinguishing them at once from the

rest of the family. They may constitute the subfamily Pygeret-

minee, which appears to be a specialised ofishoot of the five-

toed Allactaga-gvou^. The two genera differ at least in the

following characters :

—

Pygeretmus has lost the anterior upper
premolai', which Cardiocranius retains ; the latter has grooved,

the former ungrooved upper incisors.

Lyon divided his Dipodinse into two groups : (1) i)ipM5, with

its subgenera, possessing three toes, a considerably inflated

mastoid, the upper incisor grooved, the anterior upper premolar
absent, and the antorbital canal for the nerve complete.

(2) AUactac/a, with its subgenera, has more than three digits, the

mastoids not much inflated, the upper incisors without grooves,

the small antei-ior upper premolar present, and the antorbital

canal for the nerve incomplete.

If the above-mentioned characters held good there would be

strong reasons for separating Allactaga and its kindred from
Dipus and its allies as a special subfamily Allactaginse. But
there seem to be too many intermediate forms to make such a

course advisable. In the number of the toes, for instance,

Scarturus is precisely midway between Dipus or Jaculus and
Allactaga. In the Asiatic three-toed Jerboa, Dipus t, the

mastoids are' much less inflated than in the African forms,

Jacidus and Scirtopoda ; Dipus thus connects those genera with

Allactaga in that particular. In Dipus, too, the anterior small

premolar is retained as in Allactaga, whereas it is lost in Jacuhts

and Scirtopoda. On the other hand, the small five-toed Asiatic

Jerboa, Alactagidus acontion, resembles the three-toed African

genera, Jacidios and Scirtopoda, in the loss of this molar.

Of the characters mentioned by Lyon, therefore, there remain
as distinctive only the presence or absence of the grooves in the

* Satunin, Ann. Mus. Zool. St. Petersb. 1902, p. 582. The genus Cardiocranius
has au extvaordinai-il}' wide and inflated cranial portion of the skull, which, as com-
pared with the facial portion, is much larger even than in EucJioreutes. I associate

this genus with 'Pygeretmus on the assumption that the peculiarly modified tail

has not been developed twice independently within the group.

t For the sense in which this genus is here used, sagitta being its type-species,

see Thomas, Ann. Mag. Nat. Hist. (8) ii. p. 308 (1908). Trouessart seems to have
been unaware of this paper by Thomas when he published his ' Faune des Mamm.
d'Europe ' in 1910. At all events, he proposes the new name Dipodipiis for the

group of Asiatic three-toed species, with sagitta as the type, for which Thomas
showed the old name Dipus to be available. Satunin ^eems to have come in-

dependently to the same opinion on this point as Thomas (Mittli. Kankas. Mus.
1907, p. 72). Trouessart also resuscitated Scirtopoda in quite a different sense

from that in which Thomas employed it (cf. supra, p. 679). But, since Thomas
was the first reviser of the nomenclatui-e of these Jerboas, I follow his decisions.
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upper incisor teeth and the closed or open canal for the antorbital

nerve. I am not aware whether these are constant differences.

Adopting Lyon's classification with the modifications above

mentioned, the families and subfamilies of Jumping Mice and
Jerboas will be as follows :

—

I. Family Zapodid^e,
1. Subfamily Sicistin^ *= SMiNXHiNiE (Sicista).

2. ,, Zatodinje (Zapus, Napceozapus, Eozapus).

II. Family Jaculid^ or Dipodid^.
1. Subfamily Jaculin^ or Dipodin^ (Jaculus, Scirtopoda,

Dipus, /Scarturus, AUactaga, Alactagulus).

2. ,, PYGEEETMiNJi; {Pygeretmus, Gardiocranius).

3. „ EucHOEEUTiNiE {Euchoreutes).

The chief distinguishing characters of the Zapodidse and
Jaculidse and of the Sicistinse, Zapodinse, and Euchoreutinse may
be found in Lyon's paper. Those of the Pygeretminse are stated

above. With regard to the Jaculinse, the genera which appear

to me to be admissible, though there may be others, may be

distinguished as follows :

—

a. Five or four toes on the hind foot; incisors ungrooved ; antorbital

nerve-canal open above.

h. Five toes on foot, hallux present.

c. Small upper premolar retained AUactaga.

c'. Small upper premolar lost Alactagulus.

v. Four toes on foot, hallux lost (skull and dentition as in

AUactaga) Scarturus.

a'. Three toes onlj' on hind foot ; incisors grooved ; antorbital canal

closed above (? always).

d. Small upper premolar retained ; mastoids less inflated Dipus.

d'. Small upper premolar lost ; mastoids much inflated.

e. Glans penis without spikes, with insunk scaly armature Jaculus.

e'. Glans penis with a pair of large erectile spikes and spinous

armature Scirtopoda.

* See Miller, Cat. Mamm. Western Europe, p. 536 (1912).
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(1) Preface,

This paper on the genus Ligia is intended to be the first of a

series dealing with the Terrestrial Isopods. The opportunity of

undertaking the work was given to me by Dr. W. T. Caiman,
F.R.S., who placed at my disposal the material, now in the

possession of the British Museum, which belonged to the late

G. Budde-Lund. The author of ' Isopoda Terrestria ' evidently

intended to use this material, which comprises specimens of most
known species of terrestrial Isopods, for the revision of his great

work on which he was engaged at the time of his death. He was
only able to complete the genera Euhelum, Armadillo, and the sub-

family Spherilloninse, but he left notes of observations on other

genera which will be referred to in their proper place. I propose

* For explanation of the Plates see p. 703.
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to endeavour to carry on, from the place at which it was left by
Budde-Lund, the task of making a critical revision of the'Isopoda
Teri-estria,' with the aid of his collection and other material in

the Museum.
I should like here to pay tribute to the generosity with which

Dr. Caiman has always put his unrivalled knowledge of the

Crustacea at my disposal during this investigation ; my grateful

thanks are also due to my wife for many of the figures illus-

trating this paper and a great deal of other tedious work, and to

Mr, Frank Forty for his excellent figures of L. jngnientata and
L. perkinsi.

(2) Introduction.

Budde-Lund recognised seventeen species in the genus Ligia,

five of which he had not seen and therefore did not describe.

Since the publication of ' Isopoda Terrestria ' several new species

have been created, three of which still stand, some of the doubtful
species have been set on their feet, and the genus Geoligia has
been created to contain two purely terrestrial Ligiidse. Budde-
Lund's descriptions were always in Latin and, valuable as they
are, were often extremely sketchy ; and no serious attempt was
made to describe thoroughly any species of Ligia until Sars

in 1899 gave his classic diagnosis and figures of Ligia oceanica.

Later, in 1901 and 1916, Chilton did an equally admirable
service for Ligia nova3-zeala7idice and exotica. Not all modern
descriptions have improved greatly on their predecessors, although
Miss Richardson has given careful accounts of the American
species of Ligia.

Having had the privilege of examining an extended series of

forms, I have been in a very favourable position for weighing the
relative importance of various characters in discriminating

between species. In descriptions of new species, characters are

again and again cited as specific which are found on examination
to be generic, but not i^eferred to—either being considered as un-
important or not having been noticed—by previous authors. For
example, such a careful and reliable writer as Chilton gives
" transverse depression just posterior to the angle of the eye,

interrupted in the middle " as a specific character of Ligia novce-

zealandice, when, in fact, there is no Ligia of any species I have
seen in which this " depression " is absent.

(3) Sexual Characters.

The very marked sexual differences have been a stumbling-
block in the recognition of genuine species.

The secondary sexual characters in which the sexes differ are

as follows :

—

1. The antennse of the male are usually relatively longer than
those of the female and are frequently stouter, though not in all

species.
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2. The perteopods often possess well-marked processes or spines

in the male only, and also frequently bear a plate-like expansion

covered with file-like serrations on two or more segments of the

first two or three legs, as has already been remarked by Chilton

in Ligia oceanica (1899). The feature is constant enough to

justify the conjecture that it is of value in holding the female

in pairing.

3. The sutures between coxal plates and terga are frequently

Avell marked on the dorsal surface of three or moi-e segments of

the thorax of the female, but in the male there is rarely more
than the faintest indication of the suture. This character will

be referred to in detail in the description of each species and in

the discussion on OeoUgia.

4. The male is usually laa-ger than the female, but frecjuently

relatively narrower ; doubtless this difference is associated with

the brood-pouch of the latter.

It follows from this that descriptions of species founded on any
of the above characters, in which the sex is not named, must be

looked upon with suspicion. As far as possible I have always
noted in the following pages characters in which the sexes differ,

or have stated on which sex the description has been based.

(4) Generic and Specific Characters.

Nearly every external character possessed by Ligia has been
used from time to time for systematic Avork. As these characters

are" of very unequal value, I will pass them in review and
endeavour to justify the characters on which I have based my
descriptions.

The proportions of the body and the size vary with age and sex,

but bearing that in mind, they may be a valuable guide.

The shape of the somites of the body differs very little in the
different species. As a rule the hinder margins of the first

three thoracic somites are transverse and the remainder pro-

gressively more and more curved, and the coxal plates are drawn
out into progressively longer backwardly- directed spines. The
first three or four somites of the thorax are about equal in length
and the others successively shorter. Unless there is any strongly
marked difierence, I have therefore omitted these points in my
descriptions.

The general shape of the body cannot be described in other
terms than "elongate-oval" or the like, so it is unnecessary to

repeat it for each species.

The colour in the case of preserved specimens, especially if they
have been kept in spirit a long time, is almost valueless.

The surface of the body is always covered with minute
granulations, and the free margins of the somites are beset with
minute setae, but in some species the surface is notably smoother
than in others,



686 MR. H. G. JACKSON ON THE

The cephalon has a transverse groove on its hind border and
two somewhat pear-shaped post-orbital pits ("interrupted de-

pression "of Chilton). There are three transverse grooves on the

epistome in all species.

The eyes of the saine species have been described by different

authors as "moderate," "large" or "small." Compared with
some nearly related genera, the eyes of any Ligia would be
large : it is therefore unnecessaiy to do more in a specific descrip-

tion than compare one species with another.

The abdomen (metasome) has the first two somites covei^ed by
the last thoracic and without the drawn-out pleural plates possessed

by the remaining somites. The difference in width between
abdomen and thorax is more marked in some species than in

others, but I cannot consider it a good character, as it is distinctly

affected by the preservation of the specimen ; when the body is

flaccid and the anterior abdominal somites are more exposed, the

difference is exaggerated. In many species there are indications

of lateral oblique carin^e on the third, fourth, and fifth abdominal
somites. I have noted the character when it is conspicuous.

The terminal segment (telson -f- 6th abdominal somite) varies

slightly with every species and is, therefoie, a valuable cha-

racter. The posterior margin may be produced into spines or

blunt processes. It may bear a median process which niay be
acute or almost obsolete ; the corners may be drawn out into

postero-lateral ^yrocesses. On each side above the point of insertion

of the uropod the margin may bear two processes (sometimes
little more than undulations), the inner and othter accessory

processes (PI. II. fig. 10).

The key given on p. 689 is based in the first place on the shape
of the posterior margin between the two inner accessory processes.

If a median process is present, the margins on either side of it,

between it and the inner accessory processes of each side, are

always, however slightly, concave. Long usage has sanctioned for

this type of telson the inaccurate term " triangulate."

On the other hand, an " arcuate " margin is smoothly convex
between the inner accessory processes.

It is conceivable that cases may arise which are intermediate
between the two types, but the material described below presents

no difficulties.

The appendages are of great systematic value.

T\\e first antennce are vestigial throughout the genus.

The second antennce differ greatly in length, in the character of

the segments of the flagellum and in the relative length of the
peduncle and flagellum.. I have followed Miss Richardson in

describing the length of the appendage in relation to the somites

of the body, but I cannot follow her in attaching importance to

the relative length of the segments of the peduncle. The
number of segments of the flagellum is useful as a general indi-

cation, but as it sometimes differs on the two sides of the same
animal, it must not be taken too seriously.
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The moitth-parts differ slightly throughout the genus. It is

interesting to note that in the majority of species the maxillipede

(whose palp has always five separate or indicated joints) and
second maxilla differ from those of Ligia oceanica, the type of the
genus. The first maxilla and the mandible are, however, very
constant in structure, on which account I have considered it

unnecessary to deal with them under each species.

The percBopods are always biunguiculate. In the males of certain

species the inner edges of the first and sometimes second and
third leg are deeply sulcate. I have not enough material to

pronounce on the value of this character, but as I have found it

present in some and absent in other specimens collected at the

same spot and obviously identical in all other particulars, I feel it

necessary to regard it with caution until its significance is known.
The sexual difierences have been alluded to above.

I have not found the vleoijods to be of any systematic value.

The uropods are frequently distinctive both in shape and size.

(5) The genus Geoligia.

This genus was founded by Dollfus in 1893 on a single'damaged
male specimen obtained from Valencia (Venezuela) at a height
of 1200 metres above sea-level. The character on which the
genus was separated from Ligia was the absence of indication of

separation of coxal plates from terga on the thorax, added to

the unusual habitat of the specimen.

In 1900 the same author described specimens from the Hawaiian
Islands, obtained at heights varying from 2000 feet to 4000 feet,

as a new species of the same genus. These differed from the
holotype in many particulars, and one male specimen was in

possession of a complete uropod of extraordinary form, the rami
being composed of several segments. Dollfus accordingly added
to the characters of the genus the possession of jointed uropods,
and his diagnosis is as follows :

—

" Coxopodites (epimeres) non ou tres pen distincts.

Appendices des uropods articules. Le reste, et notammement
les parties buccales, comme dans le genre Ligia—especes

terrestres."

An examination of the degree of separation of the coxal plates

from the terga throughout the genus Ligia reveals that it would
be a most treacherous character on which to found a species,

let alone a genus. It is variable, even within a species, but
a generalisation that would be true for the majority of cases

might be stated thus :—The sutures between the coxal plates and
terga are always visible to a greater or lesser extent in the
female on the second, third, and fourth thoracic somites: they
may be present or absent on the other somites. In the male the
svitures may be altogether obliterated (e. g. L. olfersii) or well

marked on each thoracic somite (e. g. L. oceanica).
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The original specimens of the Hawaiian Geoligia perkinsi are

preserved in the British Museum. An examination of the

material shows that any generic distinction based on this

character must be abandoned, as the females all have this suture

well mai^ked on the second, third, and fourth somites.

An examination of the single uropod cannot but raise doubts

as to the genuine nature of the " joints." These are at most
ii'regular intervals, and show under a high magnification no
arthrodial modification of tissue such as would be found in a

natural structure.

It is therefore suggested that the segments of the rami were
produced accidentally. Among two dozen specimens of Ligia

exotica—a species distinguished by the length and slenderness

of the uropods—I found two specimens which showed "joints"

in the rami, identical in every respect with those of Geoligia

perkinsi Further, when placed side by side with a uropod which
had been purposely bent, no difierence could be detected. The
probability that the jointed uropod of Geoligia is of accidental

origin is therefore exceedingly strong, and the last anatomical

difference between Geoligia and Ligia is thereby removed.

If G. siinoni and G.pe^'kinsi are compared, it will be found that

they differ widely from one another in i-elative size of eyes and
head, length of antennas, shape of telson, and other points. The
artificial nature of the genus is shown by the fact that they differ

more from each other than each differs from certain species of

Ligia, and difficulty arises in finding not generic but specific

differences between these species and various species of Ligia.

In 1915, Pearse (p. 549) described under the name of Ligyda
richardsonce, specimens he collected in Cincinnati, Colombia, at

3800 feet elevation. This species greatly resembles Geoligia

simoni, and occurs at no great distance from it, and it is very

probable that collection of more material from Venezuela and
Colombia will show that both must be referred to the same
species. If habitat is to count for everything in the delimitation

of genera, then Pearse should have made a new genus for

L. richardsonce or have placed it in Dollfus's genus, of which he

seemed unaware. His action in retaining the genus Ligia

for his new species supports my contention that bionomical con-

siderations should have no weight in the separation of this genus

from Ligia.

It may be assumed that these three species have arisen from
littoral species of Ligia which have migrated inland and become
slightly modified in so doing. Thus Geoligia perkinsi is almost

identical with the littoral L. haivaiensis, but G. simoni and
L. richardsonce present a more difficult problem, as the adjacent

littoral species that have been recorded (L. hcmdiniancc and
L. olfersii) do not bear any obvious relation to them. Either

they are modified from the haudiniancij or from an unrecorded

New World species resembling L. italica, from which they can

only Avith difficulty be distinguished.
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I propose, therefore, on the grounds I have given above, to

unite Geoligia with Ligia, and regard G. simoui and G. perkinsi

as species of the latter genus.

(6) Key to the genus Ligia.

The following species are omitted from the key as being

insufficiently described or of doubtful validity :

—

L. ehrenhergii

Brandt, L. cajennensis Koch, L. australiensis Dana, L. cursor

Dana, L. vitiensis Dana, and L. malleata Pfeffer.

The general distribution of each species is given as a possible

aid to identification. The key is to be considered as artificial, and
not necessarily indicating relationship of forms to one another.

C Posterior margin of telson triangulate 2.

(. Posterior margin of telson arcuate 9.

("Process on propoclite of 1st leg of male 3.

(.Without process on 1st leg of male 6.

("Antennse longer than thorax in male , 4.

(. Antenna3 shorter than thorax in male 5.

r Telson with blunt median process and hlunt accessory processes.

^ ) hawaiensis (Pacific Islands).
") Telson with acute median process and two acute accessor}' processes.

L exotica (warm seas).

r Flagellar joints of antenna short and squat ... cinerascens (Japan).

I
Flagellar joints of antenna long and slender.

L occidentalis (tropical W. America).

C With comb of long setse on carpus and merus of 1st leg of male.

6.-J
' 6at((^ire;ana (tropical W.America).

(.Without comb on 1st leg of male 7.

r Antennae as long or longer than thorax 8.

'1 Anteunaa not reaching further than 5th thoracic segment.
L pigmentata (Suez).

First leg of male deeply grooved olfersii (tropicalE. America).

First leg of male without grooves perJcinsi (Hawaiian Islands

—

terrestrial).

("Width of body more than half its length 10.

9.]
(.Width of body less than half its length 11.

,( Carpus and merus of 1st leg swollen pallasii (N.E. America).
10.]

(.Carpus and merus of 1st leg deeply grooved... dilatata (Cape Peninsula).

(AnteiinEeas long or longer than whole body 12.
11.3

(.Antennae shorter than body 13.

("Uropods longer than body gracilipes (S.Africa).

12.]
(.Uropods not so long as body natalensis (Natal).
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C Postero-lateral processes of telson produced to sharp points 14.

13.]
(. Postero-lateral processes of telson obsolete, or small and blunt . 15.

f Antennae as long as or longer than thorax, setose.

14. ^ novcB-zealandicB (New Zealand, Chile).

(. Antennae sliorter than thorax, not setose oceanica (Europe).

("Eyes large and separated by less than their horizontal length... 16.

(.Eyes small and separated by more than their horizontal length. 17.

JFlagellum of antenna with about 20 long and slender joints.

rioJiardsoiics (Colombia—terrestrial).

Flagellum of antenna with about 17 short and setose joints.

glahrata (Cape).

/Flagellum of antenna with about 20 joints ... italica (Mediterranean).

1 Flagellum of antenna with about 16 joints ... simoni (Venezuela—
(. terrestrial).

(7) TAe g'e?^^6S Ligia, Fabricius, 1798.

I quote Sars's diagnosis of the genus :

—

" Body regularly oval, or oblong oval, moderately convex

above, with the metasome not abruptly contracted ; last

segment rather broad, with distinct epimeral plates. Eyes
large and convex. Antennulae very small, with the last

joint rudimentary, nodiform. Antennse rather strong and
elongated. Mandibles with a ciliated lappet and numerous
penicils behind the cutting-part. Maxillipeds comparatively

short and stout, with the terminal part rather expanded,

epignath rounded. Legs gradually increasing in length

posteriorly, dactylus distinctly bi-unguiculate. Opercular

plate of pleopoda sub-branchial. Uropoda more or less

elongated, basal part not produced inside ; rami narrow,

styliform, subequal, each with a single apical spine,"

The only point that will not hold for the whole genus is that

relating to the contraction of the metasome. It may or may not

be as broad as the mesosome.

I have thought it desirable to include in the following

descriptions, for the sake of uniformity, complete accounts of all

species that I have examined, although three of them have been

fully described elsewhere. When full synonymy and figures have

already been published, I have been content to refer to them when
I have been satisfied as to their correctness.

The order in which the characters of each species are dealt with

is based on convenience in examination, and does not pretend to

any natural or logical order. Although the males and females of

a species may difi^er considerably, I have considered it safe to

re-describe Some species, and describe a new species from the female

only, as, with the, data given above, it may be predicted with some

certainty in what characters the male may be expected to difier

from the female, and to found the specific diagnosis on common
characters.
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• 1. LiQiA OCEANICA (Linnteus).

Ligijda oceanica Richardson (1905), p. 684 [q. v. for complete
synonymy).

Ligia oceanica Dahl (1916), p. 32.

Male specimen described.

Length 25 mm. Breadth 12 mm.
Surface moderately coarsely gi'aniilated. Eyeso^ moderate size,

rounded and separated by twice their horizontal length. Antenncp
moderately long and stout ; flagellum reaching as far as the hind
border of the 4th thoracic somite, the peduncle half-way down
the 2nd somite. Flagellum with 12 to 14 very short and stout

segments. Coxal plates divided by veiy distinct grooves from
terga of every thoracic somite in both sexes. Abdomen not
abruptly contracted. Telson arcuate ; the postero-lateral processes

acute and nearly as long as the, middle of the hind border;
accessory processes not produced, but the inner forming a
prominent undulation. Mouth-jyarts : 2nd maxilla bilobed, with
two hairy bristles on inner side. Maxillipede palp clearl}^ divided

into five joints. 1st ^Jerceojjod of the male only has merus, carpus,

and propodus produced on inner side to a flat plate-like expansion,
with free border fringed with short setfe. The surface of this

expansion is covered by oblique serrations. U^rojjods 7 mm.
Distribution. Hammershus ; Cuxhaven ; Portsmouth ; Northern

Seas. (See Richardson (1905) for complete list.)

Figured in full by Sars (1899).

2. Ligia pallasii Brandt. (PI. I. fig. 4.)

Ligijda jMllasii Richardson (1905), p. 682 (q. v. for synonymy).
Ligt/da jKcUasii Richardson (1909), p. 125.

Male specimen described.

Length 35 mm. Breadth 20 mm.
S'urface coarsely granulated. Eyes of moderate size, rounded

and separated by twice their horizontal length. Antennce
moderately long and stout ; flagellum reaching as far back as hind
border of 5th somite, peduncle to hind border of 2nd somite

;

flagellum with 15 short and stout segments, without large setse

but densely covered with exceedingly minute setae, Coxal plates

divided by deep and distinct grooves on every thoracic somite in

both sexes. Abdomen not abruptly contracted, with prominent
oblique carinoe on each side of 3rd, 4th, and 5th somites. Telson
arcuate

;
postero-lateral processes acute, produced as far as or

beyond middle of hind border ; accessory processes not produced,
but the inner forms a prominent undulation. Telson twice as
broad as long. Mouth-parts as in L. oceanica. 1st, 2nd, a,nd 3rd
perceopods with carpus and merus expanded as in oceanica. 2nd
and 3rd legs with small process on pi-opodus not reaching beyond
the dactyl in both sexes. Uropods 8 mm.

Proc. Zool. Soc—1922, No. XLVII. 47
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Distribution. Litycha ; Alaska ; California ; British Colombia.

(See Richardson (1905) for complete list.)

Figures in Richardson (1905).

This species is nearly related to the foregoing.

3. LiGiA GLABRATA Brandt. (PL I. fig. 5 ; PI. II. fig. 6.)

Ligia glabrata Budde-Lund (1885), p. 263.

'^^Ligia dilatata Collinge (1920), p. 475,

Female specimen described.

Length \Z ram.. Breadth Q Tara. (Another imperfect specimen
measured 19 mm. by 9 mm.)

Surface very slightly granulated or nearly smooth. Eyes
of small size, separated by about one and one-half times their

horizontal length. Antennoi of moderate length ; flagellum

reaching as far back as hind border of 5th thoracic somite,

peduncle to hind border of 2nd segment ; flagellum with 15

to 17 slightly setose, short, and squat segments. The coxal

plates are divided by deep grooves on the 2nd, 3rd, and 4th
thoracic somites. Abdomen not abruptly contracted. Telson

arcuate
;

postero-lateral processes blunt and little produced

;

accessory processes almost obsolete. Month-jJarts : 2nd maxilla

not bilobed, though a crease indicates the usual division ; without
hairy bristles on inner side. Maxillipede with 1st and 5th joints

of palp distinct ; remainder only indicated by deep marginal
indentations. Peroiopods typical in form. Uropods 4'5 mm.

Distribution. Cape of Good Hope ; Table Bay.
Collinge (1920) surmises that L. glabrata is possibly an

immature form of L. dilatata. These specimens are, however,
undoubtedly mature, and must be identified with the former of

Brandt's species. I have seen no male of this species.

4. Ligia occidentalis Dana. (PI. II. figs. 7 & 8.)

Ligyda occidentalis Richardson (1905), p. 681 {q. v. for

synonymy).

Male specimen described.

Length 25 mm. Breadth 11 mm.
Surface minutely granulated. Eyes large and quadrangular,

and separated by less than the horizontal length of one eye.

Antennce moderately long and slender ; flagellum reaching as far

back as hind border of 6th thoracic somite, peduncle to hind
border of 2nd. Flagellum with 22 long and slender segments.
Division of coxal plates lightly marked on all thoracic somites.

Abdonen not abruptly contracted. Telson very obtusely tri-

angulate
;
postero-lateral processes are as long as or longer than

median process ; accessory processes very small. Moitth-jmrts

:

2nd maxilla weakly bilobed, with no hairy bristles ; maxillipede

with five distinctly marked joints. Propodus of 1st perceopod

with prominent process on inner side of distal end, which projects

forwards by the side of the dactyl. Cai'pus and merus of 1st and
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2nd legs and carpus of 3rd flattened and striated as in oceanica.

Uropods 10 mm.
Distribvjtion. California; San Francisco. (See Richardson (1905)

for complete list.)

Figures in Ilichardson (1905).

5. LiGiA ciNERASCENS Budde-Lund. (PI. II. fig. 9.)

Ligia cinerascens Budde-Lund (1885), p. 265.

Ligyda cinerascens Richardson (1909), p. 126.

Male specimen described.

Length 27 mm. Breadth 12 mm.
Surface minutely granular, rather smooth. Eyes large and

nearly round, separated by their horizontal length or a little less.

Antennce moderately long and stout ; flagellum reaching as far

back as half-way across the 6th somite ; the peduncle half-way
across the 2nd ; flagellum with 25 short and stout segments.
Goxal 2)lates faintly indicated on all the thoracic somites of the
male and very distinctly in the female. Abdomen not abruptly
contracted, Telson broadly triangulate, the median process

obtuse
;
postero-lateral processes produced to acute points reaching

no further backwards than inner accessory processes ; accessory

processes slight but sharp. Mouth-parts : 2nd maxilla strongly

bilobed, with two small hairy bristles on inner side ; maxillipede

with the five joints entirely separate. First verceopod with
prominent inner process on propodus in male. Uropods 10 mm.
+ (rami broken).

Distribution. Hakodate, Japan ; Manila or Chile.

This species is nearly related to L. occidenfalis, but differs from
it in the telson and the character of the antennae. The segments
of these are more numerous in L. cinerascens, but short and squat
so that the whole appendage is relatively shorter than in L. occi-

denfalis.

6. Ligia exotica Roux. (PI. II. fig. 10.)

Ligia dentipes Budde-Lund (1885), p. 268.

%Ligia malleata PfefTer (1889), p. 36.

Ligia exotica Budde-Lund (19086), p. 303.

Ligyda exotica Richardson (1905), p. 676 (g. v. for complete
synonymy).

Ligyda exotica Richardson (1909), p. 125.

Ligia exotica Budde-Lund (1912), p. 391.

Ligia exotica Chilton (1916), p. 462.

Male specimen described.

Length 27 mm. Breadth 17 mm.
Surface moderately roughly granulate. Eyes large and separated

by less than their horizontal length. Antennce very long and
slender ; flagellum reaching as far back as hind border of 5th
abdominal somite, peduncle to hind border of 3rd thoracic somite.

Flagellum with 28 or more very long and slender segments. The
47*
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antenna is shorter in the female. Tlie whole is as long as the thorax,

and the peduncle reaches half-way across the 3rd somite. Goxcd

2)lates distinctly marked on all segments in both sexes. Abdomen
not abruptly contracted. Telson with acute median process ;

postero -lateral processes drawn out to equal or exceed the median
in length ; accessoiy processes long and acute. Moidli-jmrts :

2nd maxilla bilobed, but without hairy bristles on inner side.

Maxillipede with five joints of palp not clearly divided. First

perceopod with prominent inner process on propodus in male. I

find the first three legs of the male to have similar expansions on

the carpus and merus to the 1st leg of L. oceanica, but Chilton

does not mention the point, so it may not be universal or present

at all seasons of the year. Uropods 17"5 mm.
Distribution. "Widely distributed on the warmer shores of the

Atlantic, Pacific, and Indian Oceans, and it has been recorded on

the American coast as far south as Chili and Puntarenas " (Chilton

(1906)). Budde-Lund's specimens are as follows:—Aden;
Bagamoja, Shellah-Lama, E. Africa ; Bissao ; Brazil ; Colombo ;

Malacca ; Nagasaki ; Rio de Janeiro ; Singapore ; Pulo Milo,

Tonga (Malay Archipelago). (See Richai-dson (1905) for further

list.)

Budde-Lund describes under the name L. dentipes a species to

which he gives no character that distinguishes it from exotica. A
careful examination of his specimen reveals no cause why this

species should be any longer separated from L. exotica.

Figured and described in detail by Chilton (1906).

7. LiGiA OLFERSii Brandt.

Ligyda oZ/ersn Richai-dson (1905), p. 674 (g-. v. for synonymy).

Female specimen described, owing to mutilated condition of

the males in my possession.

Length 19 mm. Breadth 9 mm.
Surface minutely granular, rather smooth. Eyes of narrow-

oblong shape, separated by less than their horizontal length.

Antennce long and slender ; flagellum reaching as far back as hind

margin of thorax, peduncle to hind margin of 2nd thoracic somite.

Flagellum with 26 (broken) long and narrow segments. Goxal
plates divided by deep grooves on 2nd, 3rd, and 4th thoracic

somites. In the male there is no indication of the line of fusion.

Abdomen not abruptly contracted. Telson broadly triangulate
;

postero-lateral processes acute, but not longer than inner accessory

processes ; accessoi-y processes strongly marked. Mouth-parts :

2nd maxilla weakly bilobed, without hairy bristles ; maxillipede,

five divisions only indicated on mai'gin and not going right across

the palp. Perceopods of female typical in form. In the male the

carpus and merus of the 1st and 2nd are deeply excavated on the

inner side. Uropods 11 mm.
Distribution. St. Thomas, Trinidad ; Florida; Brazil.

Figures in Richardson (1905).
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8. LiGiA ITALICA Fabricins. (PL II. figs. 11 & 12.)

Ligia italica Buckle-Lund (1885), p. 269 {q. v. for synonymy).

Ligia italica Budde-Luncl (1908 «.), p. 11.

Male specimen described.

Length 8'5 mm. Breadth 3 "5 mm.
Surface nearly smooth ; scattered minute gTanules. Eyes of

moderate size, somewhat rectangular and separated by horizontal

length of one eye or a little less. A^itenoice long and slender;

flagellum reaching as far as hind border of 6th thoracic somite,

peduncle to the 2nd. Flagellum with 18-20 long and slender

segments. Coxal plates either exceedingly faintly separated or

the division is apparently obsolete. In the female the separation

is marked, but not very distinctly, on the 2nd, 3rd, and 4th

thoracic somites. They are but little produced backAvards on any
somite. Abdomen abruptly contracted ; latei-al margins of somites

only very slightly produced backwards. Telson arcuate
;
postero-

lateral processes obsolete ; only slight undulations mark the

accessory processes. Mouth-parts : 2nd maxilla strongly bilobed,

without hairy bristles ; maxillipede with five joints indistinctly

separated. Ferceopods typical in form. Uropods 4 mm.
Distribution. " A common species on the sea-shore in almost all

the counti-ies adjacent to the Mediterranean Sea, also found in

the Madeira and Canary Islands" (Budde-Lund (1908a)).

I agree with Budde-Lund in looking upon Brandt's ehrenbergii

as a synonym, but, also with him, I am doubtful of the identity

of the specimen described by Dana under that name (1852), The
matter is further discussed under L. gracilipes.

9. Ligia gracilipes Budde-Lund. (PI. II. figs. 13, 14, & 15.)

Ligia gracilipes Budde-Lund (1885), p. 270.

'^Ligia ehrenbergii Dana (1852), p. 738.

ILigia dilatata Collinge (1920), p. 475.

The somewhat macerated condition of the specimens makes
it impossible to give a complete description of any one. The
following account applies to the female, and as I cannot be positive

that any of the specimens were males, I have not referred to the

characters of that sex.

L^ength 7 mm. Breadth 3*5 mm.
. Surface minutely granulated, EyesX&vge and separated by less

than their horizontal length. Antenna', extraordinarily long and
slender. "Whole appendage one-quarter as long again as thorax

and abdomen together
;
peduncle reaching as far back as hind

border of penultimate abdominal somite. Flagellum Avith 22

(Budde-Lund) veiy long and slender segments. (A separate

antenna had 28 segments ; each segment was about five times as

long as broad.) Coxal plates separated by deep grooves on 2nd,

3rd, and 4th thoracic somites, and distinctly marked on the 5th.

Abdomen abruptly contracted. Telson arcuate ; the postero-lateral
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processes blunt and but little produced ; accessory processes

almost obsolete. Mouth-farts : 2nd maxilla without any trace of

division into two lobes; without hairy bristles on inner side.

Maxillipede indistinctly divided into five segments. Perceopods

very slender, but otherwise typical in form. The Uropods were not

attached to any specimen, but a separate appendage was 12 mm.
in length, the base being 3 mm. and the rami exceedingly long

and slender. They are stated by Budde-Lund to be longer than

the body.

Distribution. S. Africa, " e ' Laudana ' exampla pauca in museo
Simon asservantur " (Budde-Limd).

Although the material from which this species was made is

poor, there is no doubt, I think, that it is a good one. Collinge,

(1920), who had only Budde-Lund's short description to guide him,
discussing the point, suggests that it is a " young form of some
species," admitting, however, that young specimens have, as a rule

short antennse, whereas the gracilipes is notable for the great

length of the antennae. He seems to overlook the quite extra-

ordinary length of the uropods. Dana (1852) identified provision-

ally as L. ehrenbergii Brandt, specimens found at Madeira. His
description and figures of these specimens apply to L. gracilipes in

every particular but size and locality. The size he gives as

between 17 mm. to 19 mm. long, and 7 mm. to 8 mm. broad-
more than double the dimensions of Budde-Lund's specimens.

The locality is N.W. Africa as against S. Africa of the

gracilipes. It seems as if Dana would have been justified in

creating a new species for the reception of the specimens, but as

he did not do so, they must be identified with L. gracilipes if

further material should prove them to be the same. I do not

think they should be so identified in the present state of our
knowledge.

10. LiGiA HAWAiENSis Dana. (PI. II. fig. 16.)

Ligia hawaiensis Dana (1852), p. 740.

Ligia hatoaiensis Budde-Lund (1885), p. 271.

Ligia vitiensis Stebbing (1900), p. 646.

Male specimen described.

Length 19 "5 mm. Breadth 7"5 mm.
Surface minutely granular. Eyes large and quadrangular and

separated by less than their horizontal length. Antennce very
long and slender ; flagellum reaching as far back as hind border

of 3rd abdominal somite
;
peduncle half-way across 3rd thoracic

somite ; flagellum with 30 long segments, each about twice as

long as it is broad. The antennse in the female reach to the

hind border of the thorax, and the flagellum has about 26 segments.

Coxal plates scarcely, if at all, separated. In the female, deep
grooves mark the distinction on the 2nd and 3rd thoracic somites,

bvit indications are absent or exceedingly faint on other somites.

Abdomen abruptly contracted . Telson triangulate ; median process
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well marked
;
postero-lateral processes acute but short ; accessory

processes well marked. Mouth-parts : 2nd maxillse weakly lobed,

without hairy bristles on inner side ; maxillipede with palp deeply

lobed on margin into five portions, but segments otherwise in-

distinctly marked. First perceopod with prominent inner process

on propodus in male only. Expansions similar to those of

oceanica on carpus and merus of this leg. Uropods (separate)

7*5 mm.
Distribution. Hawaiian Islands ; Molokai ;

Matadona, China

Straits, British New Guinea.

I have examined the specimens of the Willey Collection labelled

L. vitiensis, and identify them, without possible doubt, as this

species.

Figured by Dana (1852).

11. LiGiA NOY^-ZEALANBiiE Dana.

Ligia novi-zealandice Dana (1852), p. 739.

Ligia cursor Budde-Lund (1885), p. 265.

Ligia novce-zealandice Chilton (1901), p. 106 {q. v. for complete

synonymy).
Ligia novce-zealandice Chilton (1909), p. 287.

Ligia novce-zealandice Chilton (1911), p. 568.

Male specimen described.

Length 12 mm. Breadth 5*5 mm.
Surfctce minutely granular. Eyes rather small and quadrangular,

and separated by twice their horizontal length. Ante^moi very

long and slender ; flagellum reaching as far back as hind border

of 4th abdominal somite
;
peduncle to hind border of 3rd thoracic

somite. Flagellum with 20 small and setose segments. The
antennte are shorter in the female. The whole is as long as the

thorax, and the peduncle reaches half-way across the 3rd somite.

The segments of the flagellum are more setose than in the male.

Coxal plates very faintly marked or absent. In the female they

are marked by deep grooves on the 2nd, 3rd, and 4th thoracic

somites. ^?)cZome?z abruptly contracted. Telson urcuate ;
postei-o-

lateral processes acute and produced, but shorter than middle of

hind border ; accessory processes marked by slight undulations.

Mouth-parts : 2nd maxilla with no trace of division into two

lobes; without hairy bristles on inner side. Maxillipede with. 1st

and 5th joints only, completely separated, remainder only

indicated by indentations on inner side. 1st and 2nd peroiopods

with carpus much swollen in male only ; subchelate. Uropods

5 mm.
Distribution. Coast of New Zealand ; Steward Island ; Sunday

Island, Victoria ; Chile ; Juan Fernandez.

I found that Budde-Lund's specimens, labelled Ligia cursor,

from Juan Fernandez (and described by him under that name
(1885)) agreed in every particular but length of antennae v/ith

Chilton's description (1901) of L. novce-zealandia. These
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specimens weve all females. An examination of Chilton's

original specimens of novce-zecdandice showed that the antennse

were shorter iu the female than in the male, and that the females

agreed entirely with Budde-Lund's cursor. Fragments of a

specimen, labelled "Z. cursor (male)," from Chile, in Budde-Lund's
collection, proved to have subclielate 1st legs like those of the

male of the oiovce-zealandice. The cursor described by Budde-
Lund is therefore synonymous with Dana's novce-zealandice.

Dana's original account oi L. cursor i\9)02) figures and describes

the telson as triangulate. Budde-Lund was misled by the locality

of his specimens into crediting Dana with an error on that point,

and hence gave a description of L. novce-zecdandice from S. America
(specimens of which he thought he had not seen) under the

name of L, ctorsor. The latter species has not apparently been

found since Dana described it from " Valparaiso."

The matter is of considerable interest, as Chilton has already

had occasion to observe (1909 a & 1915) the similarity of fauna of

South America and New Zealand in connection with other

terrestrial and aquatic forms.

Figured and described in detail by Chilton (1901).

12. LiGiA BAUDINIANA Milne-Edwards. (PL II. figs. 17 & 18.)

Ligyda Ijciuclmiana Richardson (1905), p. 678 [q. v. for

synonymy).

Male specimen described.

Length 20 mm. Breadth 9 mm.
Surface rather coarsely granular. JiJi/es large and separated by

less than their horizontal length. Antennce long and slender
;

flagellum reaching as far back as hind border of last thoracic

somite, peduncle to hind border of 2nd. Antennse slightly

shorter in the female. Flagellum with 29 small and slender

segments. Goxcd plates very faintly marked on 2nd, 3rd, and 4th

thoracic somites. In the female they are very distinct on the

corresponding somites. Abdomen not abruptly contracted.

Telson triangulate; median process bluntly rounded; postero-

la.teral processes acute, but not projecting as far back as median
process ; accessory processes represented by undulations. Mouth-
parts : 2nd maxilla bilobed, but without hairy bristles on inner

side. Maxillipede palp with five distinctly separate segments.

Propodus and carpus of 1st peros,opod(m. male only) each produced

on inner side to a flat plate-like expansion ; free borders each

fringed with a comb of exceptionally long and markedly equal

setse. The plates are obliquely striated. TJropods (separate)

12"5 mm. The uropods on the female specimens wei^e shorter in

proportion than these, which possibly, however, did not belong to

the specimen described above. (In an 18 mm. female the uropods
measured 8*5 mm.)

Distrilnijtion. Bermudas; Mexico; Yucatan; the Bahamas;
Prooriso, Colon.
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Biidde-Luiid (1885), without having seen a specimen, regarded

this species as a synonym of X. exotica. The features which dis-

tinguish it from L. exotica were fully pointed out by Richardson

(1902), with additional evidence for its separation from that

species. Chilton (1916), who had not seen a specimen, i-emarks

that it " may be difficult to find characters that will distinguish

between them in all cases."

Among Budde-Lund's material, I found a tube bearing a name
of an undeseribed species of Ligia which he evidently intended

to describe in tlie course of his revision of ' Isopoda Terrestria.'

An examination of the specimens showed at once that they were

identical with Milne-Edwards's haudiniana, which had obviously

been overlooked by Budde-Lund. This furnishes a further proof

of the complete independence of this species from the exotica^ as

upheld by Richardson.

Figures in Richardson (1905).

13. Ligia pigmentata, sp. n. (PI. I. figs. 2 & 3.)

The material consisted of a single female specimen and a few

appendages which may have belonged to a male.

Length 14 mm. Breadth 5 mm.
Surface slightly granulated, nearly smooth. Colour cream,

with scattered minute black spots. Eyes large, quadrangular and
separated by their horizontal length. Antennce of moderate
length ; flagellum reaching as far back as half-way across 5th

thoracic somite, peduncle half-way across 2nd somite, Flagellum

with 18 short and broad segments. C'o^a^ jo/afcs with suture lines

exceedingly lightly marked on 2nd, 3rd, and 4th thoracic somites

only. They are produced but little backwards on any somite.

Abdomen not abruptly conti^acted. Telson triangulate ; median
process bluntly pointed

;
postero-lateral processes acute but short

;

inner accessory processes small and blunt. Mouth-parts : 2nd
maxilla strongly bilobed ; without hairy bristles on inner edge.

Maxillipede palp with joints completely separated. Perceopods

typical in form. A separate one (male?) had a thick bunch of

setae on the dactyl, over the unguis. Uropods 6 mm. Base 2'5 mm.,
rami 3'5 mm.

Distribution. Suez.

Budde-Lund had labelled the tube containing this specimen

Avitli the above specific name, but had apparently published no
description or figures of it.

.

14. Ligia perkinsi (Dollfus). (PI. I. fig, 1.)

Geoligia perkinsi Dollfus (1900), p. 525.

Male specimen described.

Length 18 mm. Breadth 8 mm.
Siorface almost smooth. Eyes large and separated by their

horizontallength or a little less. Antennce very long and slender ;
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iiagellum reaching as far back as hind border of 4th abdominal
somite

;
peduncle half-way across 3rd thoracic somite. Flagellum

with 30 very long and slender segments. Co.val j^T'Oi^tss show no
sign of division from terga, but in the female the sutures are
strongly mai'ked on the 2nd, 3rd, and 4th thoracic somites.

Hinder thoracic somites and free abdominal somites with postero-

lateral angles much drawn backwards and very acute. Abdomen
not abruptly contracted. Telson triangulate ; median process

blunt
;
postero-lateral processes acute and drawn out, but not as

far back as inner accessory processes. Both accessory processes

represented by undulations. Mottth-parts : 2nd maxilla weakly
bilobed and without hairy bristles. Maxillipede with five separate

joints to the palp. Perceopods typical in form. Uropods 14 mm.
Distribution^ Hawaiian Islands, Karrai 6000 ft., Oloa 2000 ft.

Although this species is apparently purely terrestrial, it shows
no modification whatever fi-om the typical littor-al Ligiidse. The
reasons for removing it from Dollfus's genus are given in the
beginning of this paper.

15. LiGiA NATAiiENSiS Collinge.

Ligia natalensis Collinge (1920), p. 474.

Male specimen described.

Length 10 mm. Breadth 4*5 mm.
Surface minutely granular, rather smooth. Eyes moderately

large and separated by their horizontal length. Antennce ex-

ceedingly long and slender ; whole appendage longer than body in

male, and as long as body in female ;
peduncle reaching as far as

hind border of 4tli thoracic somite in male, and half-way across

that somite in female. The flagellum has 20-23 long, slender, and
distinctly setose segments. Coxal plates show no sign of division

from terga, but are faintly marked on 2nd, 3rd, and 4th thoracic

somites of female. Abdomen abruptly contracted. Telson arcuate;

postero-lateral pi-ocesses only very slightly produced ; the acces-

sory processes obsolete. Mouth-parts: 2nd maxilla not divided

into two lobes, without hairy bristles on inner side. Maxillipede

with 1st and 5th joints of palp separated ; remainder only

indicated by deep marginal indentations. Perceopods slender, but
of typical form. Uropads : No specimens of this size had uropods
attached. In a male specimen 7 mm. in length they measured
4 mm. ; a female 10*5 mm. had uropods of 4 mm.

Distribution. Umklali, Winkle Spruit Beach, South Coast,

Natal.

This species is nearlj'- related to L. gracilipes, but is distinguished

from it by the more massive form of body and appendages and the

smaller uropods. I am unable to confirm Collinge's observation

that the flagella of the antennae of 7 to 9 mm. specimens of nata-

lensis have fewer joints than those of gracilipes. In most cases,

specimens of that size were as mature in form as larger specimens.

Figured and described by Collinge (1920).
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I have not seen specimens of the following species :

—

16. LiGiA DiLATATA Brandt.

Ligia clilatata Brandt (1833), p. 171.

Lygia clilatata Krauss, Siidafrik. Crust., 1843, p. 62.

Ligia clilatata White, List Crust. Brit. Mus. 1847, p. 98.

Ligia clilatata Budde-Lund (1885), p. 262.

Ligicc clilatata Stebbing, Ann. South African Mus. 1910, vi.

p. 437.

Ligia clilatata Collinge (1920), p. 475.

Distrihit,tion. Cape Peninsula.

Collinge has re-described and figured this species in the last-

named work, but has added little to Budde-Lund's previous

description. Reasons for legarding Z. glccbrata and L. gracilipes

as independent species and not as shown in Collinge's synonymy
are given above.

17. Ligia richardson^ (Pearse).

Ligyda richarclsonce. Pearse (1915), p. 549.

Distribution. Sierra Nevada de Santa Marta, Colombia, at

3800 ft. elevation.

Fully described and figured by Pearse.

18. Ligia simoni (Dollfus).

Geoligia simoni Dollfus (1893), p. 343.

Distrihibtion. Valencia, " vers 1200 metres d'altitude, dans les

forets."

This species only appears to difier from the preceding in the

greater relative breadth of the body and the larger size of the eyes.

Dollfus's description is based on a single male specimen, however,

and occurring as they do so close together, it is probable that

collection of further material will show them to be identical.

Figured and briefly described by Dollfus.

The following species are insufiiciently described or of doubtful

validity :

—

19. Ligia cajennensis Koch (1847).

20. Ligia australiensis Dana (1852).

21. Ligia cursor Dana (1852).

22. Ligia vitiensis Dana (1852).

23. Ligia malleata Pfeflfer (1889).

Distribution Bagamoyo.
The description of this species and the locality in vphich it was

found suggests its identity with lAgia exotica. Pfefi"er does not,

however, mention the character of the 1st leg nor the sex of the
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species he described. If it was a male it differs from L. exotica

in the absence of a process on the propodus, but if a female

it is probably synonymous with L. exotica.
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EXPLANATION OF THE PLATES.

Plate I.

Pig. 1. Dorsal \'ie\v oi Liffia perkiust. X5.
2. „ ,, L. piffmentata, s]}. n. Xo.
3. Telaon o( L. pif/menlata, tiTp. n. X13'5.
4. Zi. pallasii. 2nd leg of male. Xo.
o. L. ff

lab rata. Telson and uropods. X7'7.

Plate II.

Fig. 6. Ziigia (jlahrata. Antenna. X9.
7. L. occidentalis. Telson. X7.
8. „ Antenna. X6.
9. L. cinerascens. Antenna. X5.

10. L. exotica. Telson. XlO.
11. L. italica. Antenna. X7.
12. „ Telson. X16.
13. Ii. gracilipes. Antenna. X7'7.
14. „ Uropod. X7.
15. „ Telson. Xl7.
16. Zi. liawaiensis. Telson. Xl3.
17. i. baudiiiiaiia. Telson. Xll.
18. „ 1st leg of male. X9.
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Stephanid^.
The position of this family remains undetermined, as it

appears to form a transition between the Ichneumonidse and
Evaniidae, with some leanings towards the Braconidse. Different

authors have taken very varied views as to its affinities. Cresson

includes only Stephanus and the synonymous Megischus ; Cameron
adds Monomachus ; while Ashmead unites Stephanies and
Megalyra. Even Schletterer, the monographer of the family,

declined to express any decided opinion. Some authors unite

Stephanus and Btenophasmtis as members of this family, though
Ashmead places the latter next to Doryctes, and they are now
usually considered to be Braeonidae. The two may be easily

distinguished :

—

Antennae 30-40-jointed, shorter than body ; anterior ocellus

surrounded by five frontal tvibercles ; mandibles recurved,

parrot-like ; mesonotum not sulcate : scutellum tripartite
;

posterior femora armed with two or three large teeth

beneath. Fore wing with one cubital cell, hind wing with-

out cell, or with one only; abdomen convex beneath.

Stephanid^.

Antennae with about 70 joints, longer than body ; frontal

tubercles wanting, or not more than two ; mandibles not

recurved ; mesonotum with two longitudinal sulci ; scutellum

entire; posterior femora mutic ; fore wing with two cubital

cells ; hind wing with two or three complete cells ; abdomen
more or less concave beneath Stenophasmid^.

Roman (Arkiv for zoologi, xi. 1917) states that the structui^e

of the body, especially of the abdomen and legs, is sufficiently

characteristic to entitle them to rank as a family, and considers

Proc. Zool. See—-1922, No. XLYIII. 48
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them to be nearest to the Evaniidse, especially the Aulacinse,

which have similar habits. Evidence of this is adduced from the
general form and the mode of insertion of the antennae, the
tendency of the posterior margin of the head to become collar-

like, the strong pleural sulcus for the reception of the middle
legs, and possibly also the tendency of the neuration of the wings
to become more simple. The special character of the five frontal

tubercles occurs in the same manner in the Oryssini, and Koman
would place the Stephanidse as the lowest member of the great

gToup of Ichneumonidag, between the Evaniidee and Aculeata.

For convenience, especially as an aid to identification, I accept

Enderlein's subfamilies, with the addition of Neostephanus
Kieffer, while admitting the possibilitj'- of transition forms.

Morley (Entom. 1917, p. 106) has drawn attention to the

analogy of their sti^ucture with that of the Pimplid tribe Xorides,

to which Lamarck actually ascribed Stepkanus serrator under the

name of Xorides coronator.

General Description.

The head is large and globose, with five frontal tubercles

surrounding the anterior ocellus, from which the family takes

its name (Greek : Stephanos, a crown or wreath). The anteiior

tubercle is frequently larger than the rest, very rarely obsolete;

the posterior pair are almost invariably smaller than the others,

and have been quite overlooked by some authors, who describe

species as trituberculate only.

The powerful mandibles protrude rectangularly, are externally

bfisally angular, anteriorly compressed, pointed and bent down-
wards like the beak of a parrot, with long grey to golden
pubescence beneath. The maxillary palpi are long, slender, and
five-jointed ; basal joint short, second twice as long as fii^st, the

others of about equal length. The labial palpi are short and
four-jointed ; the three basal joints clavate, the apical cylindrical

and longer. The eyes are large and roundish elliptical. Straight

lines joining the ocelli would form an equilateral triangle with the

base behind ; the posterior ocelli are close to the interior margin
of the eyes. The .30-40-jointed antennae are placed very low
down, the face being very short, cheeks normally as long as scape,

and the frons proportionately large. Temples usually smooth
and shining. The scape is incrassate, and the other joints,

especially towards the middle, indistinctly discreted, gradually

shorter and more slender towai'ds the apex, distinctly pubescent
except the basal ones ; second flagellar joint normally twice as

long as first; third as long as first and second together.

The frons is more or less coarsely arcuately, transversely, or

irregularly striate ; the occiput has usually several transcarinse

close to the posterior tubercles, posteriorly often transversely

rugose and latei'ally irregularly punctate rugose. Temples
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usually polished smooth, with a few scattered punctures, rarely

distinctly rugose. The cheeks are alwa^^s distinctly developed

and usually about the same length as the scape. The posterior

margin of the head is either simple (serra^or), bordered (^furcatus),

or produced into a more or less distinct collar (collarifer).

The pronotum consists of an anterior narrowed neck, which is

usually more or less distinctly ti-ansrugose, and a posterior

crescentic part—herein called the semiannular—which is either

entirely smooth or more or less finely rugose, with a narrow polished

posterior margin. The mesonotum is curvate in front, rugose or

punctate, rarely smooth ; it has a central longitudinal row of

punctures, sometimes almost obsolete, on each side of which is a

smooth space, beyond which are two lateral impressions or rows

of punctures. 'Che scutellum is divided into three sections by
distinct crenulate sulci, is almost smooth, with a few large

punctures on the margins of the lobes, of which the lateral ones

are often more or less punctate. The mesoplurae ai^e deeply

impressed above, somewhat smooth and shining, distinctly sculp-

tured below. The metapleura? are often separated from the

median segment by a row of punctures, a sulcus or a carina, or

rarely by a sulciis and a carina; less commonly confluent. Of
the metanotum proper only a very narrow band, laterally broader

triangular, is seen and is longitudinally striate. The median
segment is large, usually with large, shallow punctures ; some-
times the interstices are alutaceous, and rarely, as in gigas, it is

rugose, anteriorly often diffusely punctate, and more or less grey

pubescent. The abdomen is inserted near the apex of the median
segment, not far from the hind coxae. The petiole is rarely

sessile, as in Schlettererius, usually nearly as long as the remaining
segments together; it is veryra.rely smooth (macuUpeniiis), usually

more or less finely trans-striate. The remainder of the abdomen
is usually smooth, with a few dull spots, due to microscopic

sculpture, more rarely entirely dull, Thei-e are seven segments
in the male, six in the female, the posterior ones being short and
indistinctly discreted. The terebra in female is usually as long-

as or longer than the whole body, the spicula ferruginous or red,

its sheaths entirely black, or white or pale-banded before the

apex, rarely rust-red (insignis).

The anterior legs are short, their femora and tibiae compara-
tively slender, the tarsi five-jointed, the penultimate joint very

short and furnished with pencils of hair. The hind legs are very

elongate, their coxae stout, usually transrugose, often with finer

striation between coarse transverse ridges. The second joint of

the trochanters is indistinct. The hind femora are strongly

fusiform, smooth and polished, rarely finely sculptured ; on the

under side they bear two or three large teeth and a varying
number of smaller serrations. The hind tibiae are compressed

either in the basal third, or as far as, or even beyond, the middle

and constricted. The hind tarsi are usually five-jointed in the
48*
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male and three-jointed in the female ; only in Schlettererius and

Steplianus serrator they are five-jointed in the female and three-

jointed only in ^S'. tihiator male.

Text-fie-ure 1.

Stephanus.

1. Neuration complete.

Par3Stephane)lus.

2. Discoidal cell \-\ of cubital

cell, not touching the submedian,
and more or less petiolate. Ex-
ternal submedian cell open behind.

Radius not extending to margin
of wing.

Hem/stephan us.

A/eostephanas.

3. Discoidal cell about as large

as cubital, touching submedian
cell. External submedian cell

open behind. Radius extends to

margin of wing.

4. Cubital and discoidal cells

wanting ; external submedian cell

open behind.

5. External submedian cell is

indicated by a part of the median
nervure onlv.

Foenatopus.

6. External submedian cell en-

tirely wanting.

Diastephanus.

The neuration of the wings shows five, apparently constant

forms, which have been utilized as the foundation of as many
subgenera.
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Schultz (Spolia Hymenop. 1906, p. 273) writes: "I cannot

accept Foenatopus Sm. or any of the 'newly-erected genera of

Stephanus Jur., as they are purely artificial, and useful at most
for distinguishing groups of species in this rich genus." Are not

most of our genera artificial, and is not their object exactly that

stated above ? Cameron, again, in Ann. Soc. Ent. Belg. Ivi. 1912,

p. 358, makes the curious statement :
" There are three longitudinal

nervures, which is one of the points separating Stephanus from
Parastephanus.''^ There are always three such nervures, the

difierence being in the development.
When the neuration is complete, as in Stephanus, s. str., there

are three basal cells : costal, which is very narrow and often in-

distinct, median and inner submedian ; an outer series of three :

cubital, discoidal, and external submedia.n ;
and a long, some-

what nai'row radial cell. The type of this subgenus is Stephamts

serratoi' Fab.

In the second form the neuration is similar to that of the

second, but the discoidal. cell is only about one-fourth of the size

of the cubital, and is petiolate, not touching the inner submedian.
They are Indo-Australian. Type : Parastephanellus pygmce.us

Enderl.

In the third form the submedian or posterior nervure is

abbreviated, not extending beyond the apes of the inner sub-

median cell ; the external submedian cell is thus open behind.

The discoidal cell is about the same size as the cubital, and
touches the inner submedian cell on a longer or shorter base.

This subgenus, Hemistephanus Enderl., is exclusively Neotropical.

The type is H. macrunis Schlett.

In these three subgenera the stigma is opaque and the

bounding nervures iiidistinct. In the three following subgenera
the stigma is smaller, translucent, the bounding nervures distinct,

the cubital and discoidal cells wanting.

In the fourth form, Neostephanus Kiefi^., there are three com-
plete basal cells ; the median nervure extends to the full length of

the outer submedian cell and the second transverse nervure is

present, the outer submedian cell being thus bounded on three

sides. Type : Neost. alluaudi Kiefi".

Form five, Fcenatopus Smith, difiers in having only a short

prolongation of the median nervure beyond the basal cells, with-

out any indication of the second transverse nervure. Type

:

F. indicus Westw.
Form six, Diastephanus Enderl., has the neuration still further

reduced, no nervure extending beyond the basal cells. Type

:

D. flavomaculati(jS Enderl.

In these three forms the radius does not extend to the margin
of the forewing, the radial cell being apieally incomplete.

The colour in the majority of species is mainly black, frequently

inclining to brownish; the head is often ferruginous or red,

antennte and mandibles basally and the legs more or less red.
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A few species are fulvous, as F. natalicus Westw. The size

varies enormously vi'ithin the same species, e. g. 8. coronator,
20-40 mm. The terebra in female varies greatly in different

species, but appears to retain the same proportional length in

each species. The males are, as a rule, smaller and more slender
than the females, although individuals may exceed the size of the
smaller females.

Very little appears to be known as to the life -history of these
insects. Jurine writes of S. serrator as living in dry wood

;

Montrouzier observed S. hcematipoda flying from trunk to trunk
on the edge of a wood ; the Cuban S. brimneus was taken in some
numbers and in both sexes coming out of the same hole in a
diseased tree, called Jalia, Roman (Arkiv for zoologi, 1917)
considers it to be certain that they are forest insects and parasites

on wood-boring larvae. He found them always round fallen or

dead trees, which were infested by the larvae of Rhyncophora,
Anthribidae, Longicornia, and Buprestidae. He hazards a conjec-

ture that the special hosts belong to the Brenthidae, which, like^

the Stephanidte, are slender, elongate creatures, occurring in all

warm countries.

There can be little doubt that the family is more widely dis-

tributed and the individuals more numerous than at present
supposed. No collector had paid special attention to them till

Roman did so in 1914-15 in Brazil, where he took 98 specimens,
representing 7 species, all belonging to the subgenus Hemi-
stephanus. It is somewhat remarkable that H. vadosus accounts
for 68 specimens, and that his two new species, H. angulicollis

and glabrlcoxis, are represented each by one female only. The
formation of the prothorax in these is very characteristic.

One difliculty, inseparable from every attempt to compile a
monograph without having access to authenticated specimens of

every species, lies in the fact that every author has his own
methods of description, and lays especial stress on different

characters. Schletterer first gave scientific descriptions, including
details of the posterior margin of the head, proportions of the
basal flagellar joints, relative length of petiole to the remaining
segments, and general sculpture.

Enderlein desires to emphasize the value of the microscopic
sculpture of the central tergites, while Roman finds in the
sculpture of the j)ronotum valuable characters for the determina-
tion of species.

Smith and Cameron have given us many quite worthless
descriptions, based largely on colour only, but worst of all are

Westwood's notes, one cannot call them descriptions, of S. diadema
a,nA frontalis in the Trans. Ent. Soc. Lond.
What may be the effect of the Great War on the various

collections, especially in Belgium, cannot yet be known, but it is

certain that the German lust of destruction has caused heavy loss

to science in all non-militant branches.



HYMENOPTKROUS FAMILY SXEPHANID^. 713

Table of Genera.

(2.) 1. Hind wing: with basal cell; abdomen sessile 1. Schlettererius.

(1.) 2. Hind wing without basal cell ; abdomen petiolate.

(8.) 3. Cubital and discoidal cells present; stigma tliick, chrtinized ;

the bounding nervures indistinct (SxEPHANiNiE.)

(5.) 4. Neuration complete 2. Stephanus.

(4.) 5. Median vein in-joniplete, outer submedian cell open behind.

(7.) 6. Discoidal cell about j of the size of the cubital cell, does not
touch the submedian cell, but is petiolate ; stigma broad.

3. Farastejjhanellus

.

(6.) 7. Discoidal cell nearly as large as the cubital, and touches the
submedian on a longer or shorter base ; stigma narrow,
long, and pointed 4. Uemistephanus.

(3.) 8. Cubital and discoidal cells wanting; stigma hyaline, bounding
nervures distinct (Fcenatopodin^.)

(12.) 9. External submedian cell present partly.

(11.) 10. „ „ „ open behind only 5. Neostephanus.

(10.) 11. ,, „ „ open apically and behind. 6. Foenatoptcs.

(9.) 12. „ „ ,, entirely wanting 7. Diastephaniis.

Schlettererius Ashm.

Schlettererius K^hvaQsid, p. 150 ; Stephaaus Say, p. 61 ; C'resson

(2), 1880, p. xviii.

This genus appears to ngree with Stephanus Jur. in the

neuration of the fore wings, the formation of the mandibles and
the insertion of the antennas, but difi'ers in having one complete
cell in hind wing, abdomen sessile, the basal segment being not,

or but little, longer than the second.

Only one species, S. cinctipes Cress., has hitherto been
recognized, but the description of S. rufipes Say, though
defective, suffices to place it here. I give the original

descriptions.

1. RUFIPES Say, I. c.

Stephanus Jur.

'' S. rufipes. Black; abdomen sessile ; thorax not remarkably
attenuate before. Inhabits Pennsylvania.

" Body somewhat sericeous; palpi pale yellowish; scutellum

with a groove on each side, rough ; metathorax rough, and with

two slightly elevated longitudinal distant lines ; wings hyaline
;

a large triangular fuscous carpal spot ; feet rufous
;
posterior pair

of tarsi dusky ; abdomen a little rough at base; oviduct as long

as abdomen.
" Length one-fifth of an inch.

" Although the arrangement of the wung nervures agrees

precisely with S. coronatus Jur., yet the form of the body differs

materially, the thorax not exhibiting the remarkable attenuation

before, and the abdominal petiole is not visible."
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2. ciNCTiPES Cress.

Stephanus cincfdpes Cress. (2), p. xviii ; Scblett,, p. 156.

/Schlettererius, Ashm., I. c.

" 2 . Black ; labrum, narrow band at base of all tbe tibiae,

and apical third, except extreme tip of the ovipositor sheaths,

white ; tarsi testaceous, paler at base ; trochanters, apex of first

abdominal segment above, and most of the second and third seg-

ments, ferruginous ; in front of ocelli a sharp semicircular carina,

toothed in the middle and on each side; face transversely rugose
;

cheeks nearly smooth ; immediately back of ocelli a series of

sharp transverse ridges (sometimes this part is tinged with dull

ferruginous) ; mesothorax finely, transversely wrinkled, the im-

pressed longitudinal lines composed of deep pits
;

pleurae and
metathorax roughly punctured, the former less so and shining;

middle of scutellum smooth and polished; tegulas dull testaceous;

wings pale fuscous towards tips, an angular subhyaline band
commencing at base of stigma, apex of wings paler than beneath
stigma ; all tarsi 5-jointed, the penultimate joint Avith a long-

tufted process at the tip beneath ; anterior tarsi double the

length of their tibiae and very slender
;

posterior coxa; large and
toothed above near the apex, their femora with two large teeth

beneath, and a number of small unequal teeth between and on
either side of them ; their tibiae not much thickened toward tip

and not dilated ; their tarsi about two-thirds the length of the

tibiae, with the first joint rather longer than the second, which
is about equal in length with the third ; abdomen smooth and
polished, except the first segment, which is finelj^ roughened
and not longer than the posterior coxae ; ovipositor about
double the length of the body. Length 'SS-'TS inch."

Habitat : Washington Territory (Morrison).

Schletterer (i. c.) gives the habitat as " Subreg. 3. United
States, Massachusetts, Pennsylvania, Washington, New York,''

and adds that aS'. cinctiptes is connected with the European
S. serrator by its 5-jointed hind tarsi, and partly by the style of

its sculpture, but differs in having two large teeth on the hind
femora [serrator has three), in the sheaths of the terebra being
white-banded before the apex, etc.

Ashmead {I. c.) says :
" Posterior tarsi in both sexes normal,

unarmed." This appears to be a misprint for " femora," and is

incorrect since cinctipes has the hind femora armed with two
large teeth beneath.

S. coronatus Panz., Jur., etc. is a synonym of S. serrator Fab.
The two species diflfer in size, colour, and especially in the rela-

tive length of terebra ; both occur in Pennsylvania.
Say (I. c.) states that the neuration of his ridfipes agrees pre-

cisely Avith that of *S'. coronatus Jur., but does not especially

mention the basal cell in hind wing.
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Stephanus.

Tlie designation Stejihanus Jur., originally applied to the

whole family, was restricted by Enderlein (2), p. 473, to the

species possessing " complete " neuration, comprising three basal

cells, the costal, median and inner snbmedian, and three outer

cells, cubital, discoidal, and external or outer suhmedian, together

with a closed radial cell ; and I follow him in calling this group,

so characteiized, the subgenus Stephanus.

Unlike other subgenera, it is distributed throughout the

whole range of the family, and to it belong the few known
European species.

There does not appear to be any character, other than the

neuration, by which the species of this subgenus can be distin-

guished from those of any other. As a rule they are large

insects, mainly black, often witli a red head, but size varies in

the females from 10-40 mm.
The terebra varies from slightly shorter than the body to

twice its length. The males are mostly smaller than the

females, though in some species the few specimens known of

botli sexes are nearly of the same size. Temples smooth and

shining, unless otherwise stated.

The type of the subgenus is S. serrator Fab., which is

unfortunate in some respects, as it has iive-jointed hind ta.rsi in

both sexes and tridentate femora ; the former character is

unique and the latter is shared only by /S, borneensis Sauss.

S. tibialor Schlett., from Aden, is exceptional in having the hind

tarsi three-jointed in the male.

The characters utilized for diflferentiation of species in the

following table are : 1st, number of joints in hind tarsi ;
2nd,

sculpture of temples ; 3rd, colour of sheaths of terebra. Other

important points are : relative proportion of petiole to I'est of

abdomen ; sculpture of head and thoi"ax ; length of basal

antennal joints : and colour of wings.

The colour of the head (black, red, or, in one case, yellow) is a

good distinction ; here, as among Coleoptera, it is often found

the black shows a tendency to become rufescent, but can never

be mistaken for a true red.

Table of tSpeoies.

?
(2.) 1. Hind tarsi o-jointed ; hind femora tridentate ; temples finely

rugose-punctate. 8-17 mm 1. serrato7' Fah.

(1.) 2. Hind tarsi 3-jointed ; hind femora bidentate (except No. 25).

(8.) 3. Temples coarsely rugose-punctate.

(,5.) 4. Antennse very short ; temples with a smooth space behind

eyes; head bordered ; mesonotum entire 2. aiitinorii Grihodo.

(4.) 5. Antennae normal.

(7.) 6. Temples with smooth raised space behind eyes : prothorax

normal ; hind femora slender 3. ,gigas Schlett.
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(6.) 7. Temples without smooth space behind eyes
;
prothorax with

an mflated ring between neck and semiannnlar ; hind
femora ver^^ incrassate 4. tibiator Schlett.

(3.) 8. Temples smooch.

(22.) 9. Sheaths of terebra entirely black.

(11.) 10. Frons coriaceo-granulate, legs entirely smooth ... 5. nigricauda Sichcl.

(10.) 11. Frons arcuate or trans-rugose, legs distinctly sculptured.

(15.) 12. Frons arcuate rugose.

(14.) 13. Petiole shorter than rest of abdomen ; terebra about one-third [Schlett.

longer than bodj' ; head red Q. paclii/lomerus

(13.) 14. Petiole longer than rest of abdomen; terebra half as long [Cam.
again as body; head pale yellow, black banded. 7. xanthocephalus

(12.) 15. Frons coarsely, irregularly, or transversely rugose.

(17.) 16. A distinct sulcus across vertex and part of occiput ; terebra
nearly half as long again as body; wings infumate,
centrally darker 8. s?t?ci/j'o«.s Schlett.

(16.) 17. No distinct sulcus on head or occiput.

(19.) 18. Dark chestnut-brown ; sheaths of terebra blue-black.

9. hrunneus Cam.

(18.) 19. Head black ; body chiefly black.

(21.) 20. Petiole and hind coxae coarsely transrugose; wings infuscate.

10. unicolor Schlett.

(20.) 21. Petiole finely trans-striate ; hind coxa3 smooth ; wings sub-
hyaline, iridescent 11. hornianus Enderl.

(9.) 22. Sheaths of terebra white-banded before apex.

(42.) 23. Posterior margin of head simple, not bordered or reflexed.

(33.) 24. Terebra about as long as body.

(30.) 25. Head black.

(29.) 26. Second flagellar joint twice as long as first, third little shorter
rhan first and second together.

(28.) 27. Mesonotum contiuently punctate ; hind femora shining,
smooth 12. andmus Schlett.

(27.) 28. Mesonotum irregularly rugose-punctate ; hind femora dull.

13. sicJcmanni Schlett.

(26.) 29. Second and tliird flagellar joints of equal length and little

longer than first 14. crassicauda Morhy.

(25.) 30. Head not black.

(32.) 31. Head, anterior femora and tibiae niostlj^, and all tarsi red.

15. tarsatus Sichel.

(31.) 32, Head yellow, body dull ferruginous 16. texanus Cre&s.

(24.) 33. Terebra distinctly longer than body.

(35.) 34. Petiole basally smooth, head granulate, mesonotum coriaceo-

punctate 17. europaiis Sichal.

(34.) 35. Petiole basally striate, head and mesonotum otherwise
sculptured.

(37.) 36. Mesonotum smooth, 2nd and 3rd flagellar joints of equal
• length and little longer than first 18. j^or^ifs Morley.

(36.) 37. Mesonotum more or less punctate.

(41.) 38. Mesonotum rugose-punctate.

(40.) 39. Median segment centrally densely punctate, laterally diffusely.

Head and thorax black, abdomen brown, petiole rufescent.

19. anmnalipes Fst.

(39.) 40. Median segment evenly rugose-punctate throughout. Head
and thorax ferruginous, abdomen red-brown, petiole

nigrescent 20. hicolor Westw.

(38.) 41. Mesonotum diff'usely punctate, median segment coarsely

reticulate 21. jw^?*ica«s (Sichel).

(23.) 42. Posterior margin of head bordered or reflexed.

(60.) 43. Posterior margin of head bordered but not reflexed.
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(49.) 44. Terebra about as long as or very little longer tban bod}'.

(46.) 45. Petiole much shorter than rest of abdomen, mesonotum finely

trans-striate and diffusely punctate 22. niger Smith.

(45.) 46. Petiole as long as or very slightly shorter than rest of

abdomen, mesonotum not trilns-striate.

(48.) 47. Wings browu, centrally darker 23. fvoggattl Cam.

(47.) 48. Pore wings hyaline, with steely iridescence 24. cegloiiicus Cam.

(44.) 49. Terebra distinctly longer than body.

(51.) 50. Hind femora tridentate, forewings fuscous, with darker spot

or fascia in middle 25. borneensis Sauss.

(51.) 51. Hind femora bidentate.

(55.) 52. Wings evenly infumate.

(54.) 53. Frons arcuate rugose ; metapleurai coriaceous above, diffusely

punctate beneath ; entirely black or black-brown.
26. fiircatus Lcp.& Serv.

(53.) 54. Frons irregularly rugose, metapleunc densely punctate,

head red 27. mficeps Sauss.

(52.) 55. Wings centrally or distally darker.

(59.) 56. Wings centrally darker, petiole shorter than rest of abdomen.

(58.) 57. Head not impressed behind vertex, semiannular smooth,
mesonotum posteriori}' confluently punctate ... 28. coronator Fab.

(57.) 58. Head compressed behind vertex, semiannular transrugose,

mesonotum posteriorly coarsely transrugose ... 29. rfjtca/is Westw.

(56.) 59. Wings infumate, external median and submedian cells and
then to margin of wing dark brown, petiole as long as rest

of abdomen 30. lanceolatus Kieff.

(43.) 60. Posterior margin of head reflexed, collar-like.

(62.) 61. Wings strongly infumate, centrally darker
;

petiole shorter [Montrz.

than rest of abdomen '. 31. hcematipoda

(61.) 62. Wings slightly infuscate or hyaline, petiole as long as rest

of abdomen.

(64.) 63. Head black, cheeks pale marked, median segment cribrate

punctate 32. acM^«s Lep. & Serv.

(63.) 64. Head red, median segment confluently punctate. , 33. villosus Kieff.

<?.

(2.) 1. Hind tarsi 3-jointed, hind femora bidentate 4. ^i&ia^or Schlett.

(1.) 2. Hind tarsi 5-jointed.

(6.) 3. Hind femora tridentate.

(5.) 4. Mesonotum irregularly rugose, metapleurse rugose; wings

hyaline, centrally and apically infuscate ]. serrator Fab.

(4.) 5. Mesonotum cribrate punctate, metapleuras densely punctate;

fore wings with transverse dark band' 25. boriieensis Sauss.

(3.) 6. Hind femora bidentate.

(10.) 7. Posterior margin of head produced, collar-like.

(9.) 8. Posterior mara;in of head translucent but not reflexed. Meta-

pleurse and median segment partly confluently punctate.

33. villosus Kieff'.

(8.) 9. Posterior margin of head reflexed. Lateral lobes of scutellum

coarsely punctate ; metapleuruB and median segment not

confluently punctate 3Q. pilosus 'HWiott.

(7.) 10. Posterior margin of head bordered, but not collar-like.

(12.) 11. Wings subhyaliue green and red iridescent ; outer orbits are

white-marked 11. Jiorn iamis Euderl.

(11.) 12. Wings not iridescent.

(20.) 13. Wings infumate, centrally darker.

(17.) 14. Head red.
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(16.) 15. Head impressed behind vertex; semiaiiimlar transrugose;
mesoiiotum centrally smooth, metapleurte coarsely rugose.

29. ducalis Westw.

(15.) 16. Head not impressed behind vertex ; seraiannular smooth

;

mesonotum densely, partly confluently punctate ; meta-
pleurje densely punctate 28. coronator Yeib.

(14.) 17. Head black.

(19.) 18. Second and third flagellar joints of equal length and little

longer than lirst ; median segment densely punctate

;

]X'tiolc shorter than rest of abdomen, tvans-striate

throughout 23. ritiripes Morley.

(18.) 19. Second flagellar joint twice as long a.s first, third distinctly

longer than second; median segment diffusely punctate

;

[Szepl.

petiole smooth, only basally rugose 34. rvfofemoratus

(13.) 20. Wings not centrally darker.

(28.) 21. Wings more or less infumate.

(25.) 22. Thorax confluently punctate.

(24.) 23. Petiole trans-striate, rest of abdomen smooth and shining.
Dark chestnut-brown 9. hrmmeiis Cress.

(23.) 24. Petiole very finely transaciculate, rest of abdomen finely

alntaceous. Black; head and anterior legs red. 35. comma Morlej'.

(22.) 25. Thorax otherwise sculptured.

(27.) 26. Vertex transrugose; median segment scrobiculate reticulate

;

hind coxae trans-striate. Black; head red 15. tarsatiis ^'\c\\&\.

(26.) 27. Vertex arcuate striate; median segment densel}', partly con-
fluently punctate ; hind cox<c finely striate between coarse
scale- like rugosities. Black to dark brown, cheeks white- [Serv.
marked 26. furcatus Lep. &

(21.) 28. Wings clear hyaline; vertex, and occiput longitudinally
carinate 37. rugosus 'EWioit.

1. SERRATOR Fab.

Ichneumon No. 193, Zschah, i. p. 60, 2 ; tab. Synistcita, fig. 193,

$ ,1789. Ichneumon serrator Fab. (1), p. 224, 5 ,1798. Stephanus
coronatus Panz., pi. et fig. 13, 1801, 2 ; Jur., tab. 7, $ ; Lep. & Serv.,

p. 489, pi. 376, fig. 2«, 5, c, $ ; Nees ah Es., i, p. 8, 1834, $ ;

Blanch., p. 23. Bracon serrator Fab. (2), p. 108, $ . Ichneumon
coronatus Latr., p. 179, 5 • Xorides coronatus Lamarck, p. 135

;

I.e. iv. Ed. 2, 1835, p. 347. Stephanas serrator Brull., p. 537, 2 ;

Westw. (4), p. 227, $; Sichel (2), p. 472, ? d ; Schlett., p. 91,

$ S ; Andre, p. 481, $ <S

.

$ c? . Head with frons moderately coarsely and regularly,

occiput more finely and irregularly rugose, ai-cuately near the

posterior ocelli. Temples finely rugose-punctate, with a small

smooth raised space behind eyes. Posterior margin of head
simple. Second flagellar joint twice as long as first, third longer
than second, but shorter than first and second together. ISTeck

coarsely transrugose, semiannular more finely. Mesonotum
coarsely and irregularly rugose, more finely to nearly smooth in

front, with a distinct central longitudinal channel and two lateral

divergent rows of small punctures. Mesopleurse coriaceous

rugose, with coarser reticulations behind ; scutellum centrally

smooth, laterally longitudinally rugose ; metapleurfe rugose, but
less coarsely than the median segment, from which they are
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separated by a distinct sulcus. Petiole stout, irregularly rugose,

basall}^ more coarsely, much shorter than the remaining feebly

shining part of abdomen. Terebra longer than body, its sheaths

entirely black. Hind legs with the coxge finely coi'iaceous

;

femora tridentate, tibije constricted beyond middle and longer

than femora, ; hind tarsi five-jointed in both sexes.

Black ; antennse basally brown ; mandibles basally ferruginous,

cheeks white-marked ; abdomen rufescent, apically black, or

entirely black; legs brown, rufescent beneath, their joints

whitish. Wings basally hyaline, centi-ally and apically slightly

infuscate.

Length 8-17 mm.
Habitat : Germany, France, and Central Europe.
The tridentate hind femora and five-jointed hind tarsi will

suffice to distinguish this species § , and the only other d with

the former character {borneensis Sauss.) is nearly twice as large.

2. ANTINORII Grib.

Megischus antinorii Gribodo, p, 346, J . Stej)hanus ant. Schlett.,

p. 108; W. A. Schulz (2), p. 16, $ .

5 . Frons moderately shining, densely aird irregularly, not
arcuately, reticulate rugose. Five frontal tubercles (not six as

sta,ted by Gribodo in his original description), of nearly equal

size, a triangular space in front of the anterior ocellus shining-

smooth. Vertex densely, coaxsely, and deeply rugose-punctate,

with five curved carinse in front and a longitudinal impression
behind. Occiput coarsely but diflusely and not deeply rugose-

punctate, without longitudinal impression. Posterior margin of

head sharply bordered. Cheeks I'ather shorter than scape and
as long as second flagellar joint, shining smooth and diflusely

punctate. Temples with a smooth shining protubei-ance near
eyes (as in gigas), above it coarselj' and deeply punctate, below
densely and coarsely rugose-punctate. Antennae unusually short,

32-jointed, reaching only to the base of median segment; second
flagellar joint two and a half times as long as first, third only as

long as second. Neck weakly transrugose, separated by a right-

angled impression from the semiannulai-, wdiich is densely and
coarsely rugose-punctate, with a broad smooth posterior margin.
Prosternum shining, anterior third finely rugose-punctate, remain-
der smooth with very sparse and deep punctures. Mesonotum
entire, centrally almost smooth, otherwise very coarsely, but not
deeply or densely rugose-punctate. Scutellum shining, with a
few punctures on the lateral lobes, and the borders of central

lobe finely striated. Mesopleuras densely and coarsely reticulate,

with a smooth shining space below tegulse and above middle
coxse. MetapleurfB prominent, coarsely reticulate rugose, with a
broad, deep, and curvately carinate impression in front and a
similar smoother impression behind. Median segment discally

extremely coarsely reticulate, laterally rugose, separated from
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the metapleurse by a fine longitudinal carina, behind which is a

narrow sulcus. Petiole basally transrugose, then finely trans-

striate, apically smooth, shorter than rest of abdomen. Terebra
nearly as long as body, ferruginous, sheaths entirely black.

Hind legs with coxas stout, with setiferous punctures in front,

more sparse towards middle, apically finely trans-striate ; femora
inflated, microscopically finely and densely alutaceous and
punctate.

Head, thorax laterally, legs including tibiie and petiole beneath
with long, sparse, coarse hairs ; similar but shorter and finer

hairs on abdomen.
Wings hyaline, apically infumate, stigma opaque, nervures

pitch-brown.

Black ; mandibles and antennae red-brown ; cheeks and base

of anterior femora red-yellow. Wings faintly iridescent.

Length 25 mm. Terebra 23 mm. (Gribodo : 26 mm. ; terebra

20 mm.)
Habitat : Mahal Uonz, Shoa, East Africa, 1 § taken by

Marquis Orazio Antinori. Described from the unique type in

the Museum at Genoa by W. A. Schulz.

The extremely short antennae and six frontal tubercles, as

described by Ginbodo, inclined Schletterer to doubt this species

being a true Stephanus, but the latter character proves to be a
mistake, the five fi^ontal tubercles being quite normal ; and
Schulz states that the right antenna is complete, the apical

joint is normally pointed and \^ times as long as the penultimate,

not showing any signs of being abnormally formed or dwarfed.

This species resembles S. gigas and S. tihiator Schlett. in the

verjr coarse sculpture of the body and especially of the temples,

but differs from both in the unusually short antennse. From
S. gigas it may be further distinguished by the bordered posterior

margin of the head and by the broadly smooth posterior margin
of prothorax ; fi'om S. tihiator it differs in the absence of the
longitudinal sulcus on occiput, in the formation and sculpture of

the prothorax, etc. No other specimen having been yet taken,

it must remain uncertain whether the short antennse are truly

characteristic of the species.

3. GIGAS Schlett.

Stephanus gigas Schlett., p. 96.

Frons vei-y coarsely and irregularly rugose ; occiput arcuately

rugose near the posterior ocelli, behind this centrally trans-

versely, laterally irregularly rugose. Temples covered with
dense, rather deep and partly confluent punctures, excepting a

smooth space behind ocelli. Posterior margin of head simple.

Second flagellar joint fully twice as long as first, third only as

long as second. Neck coarsely transrugose, semiannular coarsely

rugose-punctate throughout, excepting an indistinctly rugose
impression near tegul^. Mesonotum centrally somewhat smooth



HYMENOPTEROUS FAMILY STEPHANID^E. 721

with a central longitudinal row of broad and deep punctures, and
two deep, divergent sulci, laterally very coarsely rugose-punctate.

Central section of scutellum smooth, with a few marginal
punctures ; lateral lo'nes densely, coarsely, and partly confluently

punctate, Metapleurse and median segment very coarsely and
reticulately rugose, separated by a deep rugose sulcus. Hind
legs with the coxse short and stout, transrugose, more finely

behind ; femora compa.ratively small and slender, polished

smooth, with two large teeth ; tibiae much longer than femora
and compressed only in basal third.

Black ; mandibles basally and hind coxae ferruginous, antennae
with basal half brownish.

Habitat : Schiras, Persia. Type in Imp. Nat. Hist. Museum,
Yienna.

This description was taken from a specimen without abdomen,
and as no mention is made as to the number of hind tarsal

joints, the sex cannot be determined. It appears to resemble
closely S. tihiator Schlett. from Aden, in the coarse sculpture of

head and temples, though differing in the structure of pronotum
and in the slender hind femora.

4. TiBiATOR Schlett.

Stephanus tihiator Schlett., p. 293, $ J; Morley (1), pp. 34 &
112, §.

$ S • Frons very coarsely and irregularly to reticulately

rugose ; vertex obliquely arcuate rugose ; occiput very irregularly

punctato-rugose, with a central longitudinal impression. Temples
coarsely and deeply punctate, posteriorly more diffusely and
cleanly, near the cheeks more densely and confluently. Cheeks
feebly punctato-rugose. Second flagellar joint twice as long as

first, third slightly more slender than second and but little

longer. Neck very short, laterally coarsely rugose, above with
two large fovete separated by a longitudinal carina ; then follows

a coarsely rugose-punctate inflated part, separated by a distinct

constriction from the semiannular, which is apically coarsely

rugose, centrally and laterally densely and partly confluently

punctate, with a polished smooth posterior margin. Mesonotum
centrally difl^usely punctate, apically and laterally rugose

;

scutellum smooth with diffuse punctures, its three lobes defined

by crenulated sulci. Mesopleurse rather coarsely and irregularly

rugose in the upper impressed part, irregular!}^ to reticulate

rugose beneath, with a smooth, shining, and diffusel^^ punctate
space near the tegulse ; metapleurse very prominent, coai-sely

and irregularly rugose, separated by a deep sulcus from the
coarsely reticulate rugose median segment. Petiole trans-striate,

apically smooth and shining. Terebra, shorter than body,
sheaths entirely black. Hind legs with coxae basally densely
aciculate punctate, apically transrugose ; femora strikingly
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incrassate, bidentate, smooth and shining, with diffuse setiferous

punctures : tibite as long as femora, compressed to about middle
;

tarsi three -jointed in both sexes.

Black, with a tendency to brownish, especially in the cheeks

and tarsi. Antennae ferruginous in 5 ; black in c5' . Wings
hyaline.

In (S the rugosity of the semiannular is more pronounced
than the punctui-ation ; the lateral lobes of the scutellum are

more rugose than punctate ; the abdomien is longer and more
slender in $ .

Length 5 ,
21-24 mm.; abdomen 16-18 mm.

;
petiole 10-11

J

mm. ; terebra 20-22 mm. ; d , 21 mm.
Habitat : Aden ; Ruaha River, late German East Africa.

This species appears to differ from S. gigas Schlett. in the

formation of the prothorax and in the strikingly incrassate hind

femora.

In some respects it resembles S. pachylomerus Schlett., from
which it may be distinguished by the coarsely punctate temples,

formation of the prothorax, and by the shorter petiole and

terebra.

It resembles S. antinorii in size, length of terebra, and incras-

sate hind femora—this last is not uncommon among the African

species. It differs in the longitudinal occipital sulcus, structure

and sculpture of prothorax, formation of mesothorax and

sculpture of mesopleurfe.

8. tihiator S is distinguished from all others yet known by the

hind tarsi being three-jointed, and is the only known exception

to the rule, that the males of this family have those tarsi five-

jointed.

8. serratoi- $ alone has the hind tarsi five-jointed, otherwise

they are invariably three-jointed.

5. NiGRiCAUDA Sichel.

Megischus nigricauda Sichel (2), p. 479, $ . Ste2Jliaims n.

Schlett., p. 106, $ .

2 . Frons eoriaceo-granulaxe, vertex arcuate rugose ; occiput

with basal third trans-striate, remainder smooth polished. Pro-

notum smooth and shining, neck subquadrate ; mesonotum
almost impunctate, smooth and shining; with an anterior

longitudinal impression, separated from the smooth polished

scutellum by a row of punctures ; median segment scrobicuJate

reticulate. Petiole finely trans-striate, remainder of abdomen
smooth polished. Terebra as long as body, sheaths black. Legs,

especially the hind ones, smooth and shining ; hind femora

bidentate.

Black ; head red, vertex black, cheeks pale marked ; mandibles

basally and two or three basal antennal joints red or rufescent

;

anterior tarsi rufous, middle tarsi white-banded, base of hind
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metatarsus and whole of following joints white, claws black.

Wings flavescent, costa beyond stigma black ; nervuves fuscons.

Length of body and terebra 15-1 6| mm. Wings 8-8^ mm.
Habitat : Manila (Luzon). Prof. Semper. 2 5 2-
Sichel remarks on the variability of the serrations between the

large teeth. In one specimen one of these, near the apex of

femoi^a, amounts almost to a third tooth, while on the other
specimen this is pi^esent on one femur only.

The coriaceo-granulate frons, the very smooth pro- and meso-
notum, and the apparent absence of all sculpture on the legs

suffice to distinguish this species.

6. PACHYLOMBRUS Schlett.

Stephanus pachylomei^us Schlett., p. 98, $ ; Morley (1), p. 111.

2 . Frons coarsely arcuate rugose ; vertex very convex and
arcuate to transverse rugose ; occiput transrugose. Posterior
margin of head simple. Temples centrally prominent, very
shining ; cheeks shorter than scajje. Second flagellar joint more
than twice as long as first, third only as long as second. Neck
very short, with a deep oblique impression, and superficially

punctate -rugose ; semiannular polished, with very diffuse fine

punctures. Mesonotum with medium- sized and partly confluent
punctures. Scutellum smooth, margins of lobes obliquely striate.

Mesopleurse with the upper impressed part oblique rugose in

front, smooth behind, the lower convex part diffusely punctate.
Metapleurse coarsely and irregularly rugose, separated from the
cribrate-punctate median segment by a deep, slightly rugose
sulcus. Petiole finely transrugose, distinctly shorter than the
rest of abdomen ; second segment shining smooth, basally feebly
rugose, the remainder rather dull, Terebra longer than body,
its sheaths entirely black. Hind legs with coxae strongly shining,
diffusely punctate ; femora very incrassate, smooth, diffusely

punctate, bidentate ; tibite slightly longer than femora, compressed
nearly to middle.

Black ; head, base of mandibles, scape, third segment entirely

and legs partly red ; apical abdominal segments more or less

rufescent. Wings subhyaline, discal and external submedian
cells infuscate.

Length 28 mm.; terebra 35 mm.
Habitat : West Africa (Gaboon) ; type in Nat. Hist. Museum,

Hamburg. Gold Coast ; in coll. British Museum.
This species resembles S. co7'onator and duccdis in shajie and

colour, but may be easily distinguished by the entirely black
sheaths of the terebra, prominent temples, weaker puncturation
of mesothorax and more incrassate hind femora. From S. sul-

cifrons, which it also resembles, it may be known by the absence
of the sulcus on vertex and by the simple posterior margin of
head. It differs from S. xanthocepludics Cam. in the short pro-
notum, sculpture of prothorax and hind coxse, and in coloration

Proc. Zool. Soc— 1922, No. XLIX. 49
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7. XANTHOCEPHALUS Cam.

Stephmius xanthocephalus Cameron (10), p. 358, $ .

5 . Frons strongly arcuate striate ; vertex irregularly arcuate

rugose, occiput finely and closely trans-striate
; posterior margin

of head simple. Pronotum densely and rather strongly ti-ans-

striate ; mesonotum shining, irregularly striate and punctate,

basal half centrally smooth. Scutellum smooth, apically sjjarsely

punctate. Pleura; smooth, white pubescent. Median segment
Avith large, diffuse punctures, apically irregularly trans-striate.

Petiole finel}'^ and closely striate, apically more strongly, longer

than rest of abdomen. Terebra half as long again as body,

sheaths entirely black. Hind legs with coxae densely striate,

femora with two large teeth, one medium and two very small.

Black; head pale yellow, with broad black band from occiput

to posterior tubercles ; scape testaceous ; antennas black ; third

segment partly, ventral surface and aj)ical segment entirely

rufous ; apices of femora, anterior tibiae and tarsi, apex of hind
tibias, and hind metatarsus rufo-testaceous. Wings hyaline,

posterior discoidal cell infumate, stigma and nervures black.

Length 28 mm. ; terebra 43 mm.
Habitat : Dima, West Africa. A, Roller. Type in Congo

Museum, Tervouren.

The pale yellow, black-banded head is very distinctive.

8. suLciPRONS Schlett.

Stephanus sulcifrons Schlett., p. 110, $ . 1 Megischus insidiaior

Smith (3), p. 7 6 .

$ . Frons coarsely and obliquely to irregularly rugose, vertex

transrugose, the rugosity gradually passing into puncturatioii on
occiput, and all sculpture disappearing at back of head ; a very
distinct longitudinal sulcus aci-oss vertex and part of occiput

;

posterior margin of head strongly bordered ; cheeks rather shorter

than scape. Second flagellar joint twice as long as first, third

shorter than first and second together. Neck coarsely and
obliquely rugose ; semiannular i-ather closely and parti}'' con-

fluently punctate, its posterior margin polished smooth. Meso-
notum diffusely and coarsely punctate. Scutellum smooth, with
a few conspicuous marginal punctures. Mesopleurae feebly rugose
and shining in the upper impressed part, punctate below ; meta-
pleuraa very coarsely and densely punctate, separated from the

coarsely cribrate-punctate median segment by a deep and smooth
sulcus. Petiole transrugose, apically smoother, shorter than rest

of abdomen, which is basally shining, otherwise dull. Terebra
much longer than body, sheaths entirely black. Hind legs with

coxae coarsely transrugose; femora entirely smooth, bidentate,

the tibiae longer than femora, compressed to beyond middle.

Black ; head, two basal antennal joints, anterior legs and hind
tarsi red or ferruginous. Wings slightly infuscate, centrally

darker.

Length 23 mm. ; terebra 30 mm.
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Habitat : Mindanao, Pliilippines. Type in Museum at Ham-
burg.

c? (?). M. insidiator, Smith. " Male. Length 9 lines. The
head and base of the antenn?e feiTuginous ; the former trans-

versely striated, with the posterior margin of the vertex smooth
and shining, or with a few punctures. Thorax strongly, but not

closely punctvired ; wings fusco-hyaline, the anterior and inter-

mediate tibiae rufo-testaceous, with the femora obscurely so ; the

posterior femora with two stout teeth beneath and six minute
ones between them ; the posterior tibiae at their apex, and the

tarsi pale rufo-testaceous. The abdomen elongate, lanceolate at

the apex, and entirely smooth and shining. Hah. Mysol."

This species may be best known from the very similar S. coro-

nator F. by the sulcus on vertex and entirely black terebral

sheaths ; the latter character and the smaller size will distinguish

it from S. ducalis Westw. Smith's description of his insidiator

is defective, but it may be the male of sidcifrons, which it appears

to resemble.

9. BRUNNEUS Cress.

Megischus brunneus Cresson (1), p. 84, 5 (j"

.

5 . Head coarsely rugose, vertex deeply trans-striate. Thorax
coarsely and coniiuently punctate ; apex of median segment trans-

rugose. Petiole trans-striate, remaining segments shining-

smooth. Terebra longer than body, spicula brown, sheaths blue-

black. Hind femora bidentate, the anterior tooth largest ; hind
tibiae compressed in basal third ; hind tibiae 3-jointed, metatarsus
much dilated. All tarsi yellow pubescent beneath.

Dark chestnut-brown, antennae blackish, scape brown, legs

brown, knees yelloAvish, posterior femora and tibife externally

nigrescent. Wings subhyaline, tinged with fuscous ; stigma and
nervures black, former with basal pale spot.

Length 1-11 lines (14-23 mm.) ; terebra 9-1 3| lines

(18-27 mm.) ; fore wings 9^-1 4^ lines (19-29 mm.)
(5' . Similar to $ , but more slender ; the two teeth on hind

femora equal in size, hind tibiae less dilated, all tarsi five-jointed,

hind metatarsus not dilated.

Length 9 lines (18| mm.); alar expanse 9| lines (19 mm.)
Habitat : Cuba.
" Collection Ent. Soc. Philad. Two 2 $ , two J c? specimens.

Both c? and 2 of ^^lis species were taken by Dr. Gundlach in

considerable numbers, coming out of the same hole in the trunk
of a diseased tree, called Jalia in Spanish."

10. UNicoLOR Schlett.

Stephanus unicolor Schlett., p. 104, 5 .

5 , Frons rather coarsely and irregularly to arcuatel}' rugose

;

occiput transrugose, more coarsely near the ocelli
;

posterior

margin of head with raised border ; cheeks as long as scape.

49*
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Second flagellar joint one and a half times as long as first, tliivd

fully twice as long as first, but shorter than first and second

together. Neck very short, laterally coarsely rugose, bifoveate

above ; semiannular smooth and shining, with a few anterior and
lateral superficial punctures. Mesonotum diffusely punctate, with

a distinct row of central punctures. Scutellum jDolished smooth,

with a few lateral punctures. Mesopleuree smooth above, feebly

rugose and diffusely punctate beneath ; metapleurae coarsely

reticulate to irregulary rugose, separated by a smooth shining

sulcus from the median segment, which is reticulate to cribrate

punctate. Petiole moderately coarsely transrugose, little shorter

than the rest of abdomen, the central segments more or less dull,

the basal and apical segments shining smooth. Terebra as long

as body, sheaths entirely black. Hind legs with coxse coarsely

transrugose ; femora stout and polished, bidentate ; tibiae

compressed to beyond middle.

Black ; the head shows a tendency to become red on the frons,

pale yellow on cheeks and temples ; scape ferruginous, anterior

legs brown to rufescent. Wings slightly infuscate.

Length 14 mm.
Habitat: Mindanao, Philippines. Type in Nat. Hist. Museum,

Hamburg.
This species is somewhat similar to S. sidcifrons JSchlett., but

only half as large and wanting the distinctive vertical sulcus.

It also resembles F, indicus West., D. leucodontus Schlett., and
D. 2}cdlescens Schlett., from all of which it may be known by
the neuration.

11. HORNIANUS Enderl.

Stephanies hornianus Enderl. (5), p. 12, $ J .

$ S . Prons coarsely transrugose ; vertex witli four trans-

carinpe ; occiput irregularly rugose. Second flagellar joint shorter

than third. Neck trans-striate ; semiannular smooth polished,

with a row of punctures before postei'ior margin. Propleurse

trans-striate, mesopleurse smooth, lower half punctate, apex sub-
rugose ; metapleurse widely reticulate, separated from the median
segment by a very deep, smooth, and shining sulcus. Median
segment widely reticulate, basally diffusely punctate, apicall}^

densely transrugose. Petiole finely trans-striate, as long as, or
slightly shorter than remainder of abdomen. Terebra in $
rather longer than body. Hind legs with coxae shining smooth,
diffusely punctate, transrugose in front and behind ; femora
diffusely punctate, bidentate.

Black ; a yellow spot on outer orbits ; petiole and legs except
coxse and hind femora ferruginous ; last tarsal joint black.

Wings subhyaline, with red and green transverse iridescence on
outer margin ; stigma and nervures black.

Length ? Habitat : Ceylon

.
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Enderlein appears not to have given the size of this species,

but as he compares it with S. ceylonicus Cam. and S. hcematipoda
Montrz., it is probably about 28-30 mm. The former of the

above species is said to resemble the present one in colour, with

the same spot on the outer orbits, but the sculpture of the meso-
and meta-pleurfe difiers, the petiole is black, and the wings have
a steely iridescence.

12. ANDINUS Schlett.

Stephamos andinus Schlett., p. 138, $ .

$ . Frons somewhat coarsely and irregularly rugose ; occiput

transrugose, coarsely in front, more regularly towards the eyes.

Temples finely but distinctly obliquely rugose, with a smooth
space behind eyes. Posterior margin of head simple. Second
flagellar joint twice as long as first, third a little shorter than

first and second together. Neck rather coarsely transrugose

;

semiannular finely but distinctly obliquely rugose. Mesonotum
coarsely and confluently punctate, the usual median row of

punctures wanting and the two lateral impressions represented

by indistinct rows of punctures. Scutellum coarsely and difi"usely

punctate. Mesopleurse above finely alutaceous and dull, beneath

slightly shining and difi:usely punctate ; metapleurae dull, finely

and diftusely punctate, separated from median segment by a deep

and dull sulcus. Median segment diffusely but deeply punctate,

apically transrugose and with distinct lateral sulci. Petiole

trans-striolate, basally more irregularly rugose, shorter than rest

of abdomen, which is discally dull, laterally shining. Terebra

as long as body, sheaths white-banded before apex. Hind legs

with coxse trans-striolate; femora shining smooth, bidentate

;

tibiae constricted not quite to middle.

Black ; cheeks pale marked ; the anterior legs, especially the

tarsi, tend to become brownish. Wings hyaline.

Length 19-20 mm.
Habitat : Colombia. Type in Royal Nat. Hist. Museum,

Berlin.

This species differs from ;S'. acutus Lep. & Serv. in the simple

posterior margin of head, coarser puncturation of mesonotum, and
shorter petiole. From S. niger Smith it may be known by the

finer sculpture of the frons, obliquely rugose temples, and rugose

semiannular.

13. siCKMANNi Schlett.

Stephanus sickmanni Schlett, p. 1 52, $ .

5 . Frons coarsely and irregularly rugose ; occiput anteriorly

arcuately, posteriorly transversely, and laterally irregularly

rugose. Temples with a few apical punctures. Posterior margin

of head simple. Cheeks slightly longer than scape. Basal flagellar
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joints normal- Neck coarsely transrugose, semiannular distinctly

transrugose and finely punctate, with smooth posterior margin.
Mesonotum coarsely and irregularly rugose-punctate. Scutellum
centrally smooth, laterally with diffuse to dense and partly con-
fluent punctures, lateral lobes smooth in front, densely and
confluently punctate behind. Mesopleurse above distinctly

alutaceous, shining smooth, with diffuse punctures below ; meta-
pleui-as diffusely punctate, more densely in front, separated from
median segment by a very shallow and alutaceous sulcus. Median
segment rather coarsely and diffusely punctate, longitudinally
rugose round insertion of petiole, marginal furrows indistinct.

Petiole centrally smooth, basally and apically somewhat rugose,
shorter than remainder of abdomen, which is apically dull. Terebra
about as long as body, sheaths white-banded before apex. Hind
legs with coxse coarsely transrugose above, laterally more irregu-

larly ; femora subglabrous, bidentate ; tibiae compressed not quite
to middle.

Black; cheeks pale marked ; antennae, mandibles basally and
the legs, especially about the joints, tend to become rufous.

Wings almost hyaline.

Length 24-25 mm.
Habitat : Georgia, U.S.A. Type in Royal Nat. Hist. Museum,

Berlin. Named after Prof. Franz Sickmann, of Iburg, Hanover.
This species resembles small individuals of S. fui^catus Lep, k

Serv., from which it differs in the shorter petiole and terebra,

and sculpture of prothorax and mesonotum. For differences

between this species and S. hicolor Westw., see the latter species.

It bears also a great resemblance to //. marginalis Schlett., but
is easily distinguished by the neuration and by the reflexed

posterior margin of head in latter.

14. CRAssicAUDA Morley.

Stephanus crassicauda Morley (1), p. 106, 5 .

5 . Head coarsely and irregularly rugose, a central longitu-

dinal trans-striate sulcus on occiput
;
posterior mai^gin of head

simple ; temples finely punctate, prominent and glabrous above.
Second and third flagellar joints of equal length and a little

longer than first. Neck short, with three strong trans-carinae

;

semiannular finely trans-striate, its posterior margin narrowly
smooth ; mesonotum coarsely punctate ; scutellum. smooth, with
diffuse and rather fine puncturation. Meso- and meta-pleurae
alutaceous and dull, with a few punctures, latter separated from the
median segment by a sulcus. Median segment scabriculous and
centrally trans-striate. Petiole trans-striate, as long as rest of

abdomen ; apical segments discally emarginate. Terebra slightly

longer than body, sheaths unusually stout and abrviptly pointed,

ferruginous, with a white band before the equally broad black
apex. Hind legs with coxae elongately pilose and sparsely trans-
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carinate ; femora smooth and pilose, with two very long and
slender teeth ; tibiae constricted in basal third and again beyond
middle.

Black ; a white spot on cheeks ; base of flagellum ferruginous
;

anterior legs, hind trochanters, constricted part of tibiae, their

apex, and the hind tarsi fulvous. Wings slightly infumate,
external submedian cell darker, with a pale space beyond it.

Length 26 mm,; abdomen 16 mm,; petiole 8 mm.; terebra

27 mm.
The type, in the British Museum, bears a label " Austi-alia,

1868 "only.

The cotype, in same collection, is much smaller : body 20^ mm.

;

abdomen 13 mm.; petiole 6 mm.; terebra 19 mm. It was taken
by F, P. Dodd, 5. iii. 08, at Townsville, Queensland.

15, TARSATUS Sichel,

Megischus tarsatus >Sichel (2), p. 476, pi. 10, figs. 4 et 5, 5 .

Stephanus tarsatus Schlett., p. 107, 5 J .

§ . Face below antennae obliquely striate, the striae descending
from the sides to the central line ; frons transrugose ; vertex

coarsely transrugose ; occiput with a small central part trans-

rugose, laterally ii'regularly reticulate. Neck elongate, trans-

rugose; mesonotum apically smooth, centrally diffusely punctate
with a few transrugosities ; scutellum smooth, with deep and
coarse but diffuse punctures ; median segment scrobiculate

reticulate. Abdomen slightly pubescent
;

petiole trans-striate,

Terebra as long as body, white-banded before apex. Hind coxae

trans-striate ; hind femora bidentate.

Black ; head except apex of mandibles, scape, sometimes also

basal flagellar joint, apex of pronotum, anterior femora, tibiae

mostly, and the tarsi red ; antennae fusco-piceous. Wings in-

fumate, nervures fuscous or rufo-fuscous.

Length 38 mm. Expanse of fore wings 18 mm.
c? . Similar to 5 ; head more strongly transrugose, occiput

centrally more broadly trans-striate, metathorax more rugose,

petiole and coxae more finely sculptured, serrations on hind
femora finer ; abdomen fusco-piceous.

Length 24 mm. Expanse of fore wings 11 mm.
Habitat : Manila, Philippines ; Bachian, Molucca Islands.

Schletterer (I. c.) tentatively synonymizes this with M. tarsalis

Smith, from Bachian, remarking that it corresponds in the

infumation of the wings, length and colour of terebra, colour of

body, sculpture of petiole, and, to some extent also, in sculpture

of head and thorax. It appears, however, to differ in having the

head coarsely sculptured, black, not red as in tarsatus, the thorax
coarsely punctate, and is only 9 lines (18 mm.) long. I consider

it a distinct species, but the- description is insufficient for certain

determination.
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16. TEXANUS Cress.

MegischU'S texamis Cress. (2), p. 190, 5 .

9 • Frons coarsely reticulate ; vertex with two trans- cariiife
;

occiput finely transrugose. Pronotum smooth ; mesonotum
coarsely rugose ; metanotum (median segment) centrally and
apically rugose. Petiole as long as rest of abdomen. Terebra as

long as body, basal half of sheaths ferruginous, apical half black,

white-banded before apex. Legs shining ; hind femora bi-

dentate; hind tibice constricted above middle. Wings "too
mxich damaged to be described."

Opaque, dull ferruginous ; head yellowish, mandibles apically

black ; antennae apically darker ; hind tibise with constricted

part yellow ; frontal tubercles apically and abdominal segments
from second apically fuscous.

Length 10 mm.
Habitat : Comal Co., Texas. 1 $ .

In the absence of details as to the wings, I place this species

in the subgenus Stephanus. It appears to be characterized by
the sculpture of the head and by the colour, especially of the

terebral sheaths.

17. EUROP.EUS Sichel.

Bothriocerus europceus Sichel (1), 1860, p. 759, 5 • Megischus

eur. Sichel (2), p. 484, § . Stephanus eur. Andre, p. 486

;

Schlett., p. 95, $ .

$ . Head granulate, frons near tubercles irregularly rugulose,

occiput above regularly transrugose. Pronotum irregularly

trans- striate, its extreme posterior margin smooth ; mesonotum
coriaceo-granulate, obscurely trans-striate, with central longitu-

dinal row of punctures ; median segment coriaceo-granulate and
apically obscurely trans-striate. Petiole trans-striate, basally

smooth, remainder of abdomen smooth and shining. Terebra
longer than body, its sheaths apically white-banded. Legs
smooth.

Black ; mandibles and antennse basally rufo-testaceous

;

tegulfe, petiole, base of second segment, trochanters, anterior

tibife, hind tibiae basally, and all tarsi red or rufescent. Wings
subhyaline, stigma black, nervures fuscovis.

Length 13 mm. ; terebra 17 mm.
The unique specimen was taken in Sicily in Sept. 1859.

In the absence of details as to the relative lengths of the

antennal joints and of the hind legs, it is impossible to place

this species with certainty. It appears to be very near anoma-
lipes Fst., from which it differs chiefly in the basally smooth
petiole. The granulate sculpture is probably the same as that

otherwise described as coarsely punctate. A similar case occurs

where the same sculpture is described by one author as " coarsely

striate" and by another as " carinate."
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18. TORTUS Morley.

Stephanus tortus Morley (1), p. 84, $ .

$ . Frons reticulately, but not transversely rugose ; the
three anterior tubercles prominent, acute ; occiput laterally

coarsely reticulate, centrally transaciculate
;

posterior margin of

head simple. Second flagellar joint rather longer than first,

third only as long as second. Neck transrugose, semiannular
glabrous. Mesonotum smooth, central row of punctures distinct,

lateral rows subobsolete. Mesopleurse smooth above, riigulose

beneath ; metapleurte rugulose, separated from the median
segment by a strong, glabrous sulcus. Median segment deeply
and rather diffusely punctate, apically transaciculate. Petiole

shorter than rest of abdomen, finely trans-striate throughout, all

remaining segments smooth shining. Terebi^a about one-third

longer than body, sheaths white-banded before apex. Hind legs

with coxae discally glabrous and finely granulate, below and
inside obsoletely trans-striate; femora bidentate, shining smooth,
sparsely punctate ; tibiss compressed in basal third, centrally

excised and apically inflated.

Black ; mandibles and a spot near their base red
;

petiole

dark red, rest of abdomen piceous ; anterior legs, except basally,

red ; hind tibite piceous, centrally red. Wings slightly infumate.
Length 26 mm. ; abdomen 19 mm.

;
petiole 9 mm. ; terebra

34 mm.
Habitat : Nedunkernie, N.P. India. Taken by 0. S. Wickwar.
Type in coll. Claude Morley, Monk Soham, Suffolk.

The proportions of the flagellar joints, granulate hind coxje,

and strvicture of hind tibife distinguish this species from all

others with white-banded terebral sheaths.

19. ANOMALIPES Fst.

Stej)hanusanomalipes'Eoviit.,^.129>, $ ; Schlett., p. 93 ; Andre,

p. 487, $ .

$ . Frons rather coarsely and irregularly rugose ; occiput

diffusely and arcviately rugose behind the tubercles, posteriorly

transversely, laterally irregularly rugose. Temples with a few
shallow and confluent punctures in front

;
posterior margin of

head simple. Second flagellar joint twice as long as first; third

longer than second, but shorter than first and second together.

Neck rather coarsely and transversely, semiannular more finely

and less regularly rugose. Mesonotum rather coarsely,

posteriorly more densely transrugose punctate, with a distinct

central longitudinal line of punctures and two lateral impressions.

Scutellum centrally shining smooth, laterally finely and densely

punctate. Mesopleuree rather coarsely coriaceous throughout

;

metapleurte coarsely and irregularly rugose, separated by a

distinct and slightly alutaceous sulcus from the median segment,
which is coarsely and densely rugose-punctate. Petiole rather

slender, finely coriaceous, basally indistinctly transrugose,
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shorter than the remaining segments together, also shorter than
the hind coxse, trochantea's and femora together ; rest of abdomen
basally rugose, thence dull to apex. Terebra longer than body,

its sheaths white-banded before apex. Hind legs with coxse

plainly ti-ans-striate above, laterally coriaceous and shining

;

femora internally shining, externally and above almost shining,

slightljr rugose behind, bidentate ; tibiae longer than femora,

compressed in basal third.

Black ; cheeks pale marked, mandibles and antennae basally

ferruginous, temples tending to bi'ownish ; abdomen brown,
petiole rufescent ; legs more or less rufescent. Wings slightly

infumate throughout.

Length 17 mm. ; terebra 21 mm.
Habitat: Hungary. Forster's type is in the State Museum

at Budapest.

Distinguished from serrator Fab. by the three-jointed hind tarsi,

white-banded terebral sheaths, etc. From S. sickmanni Schlett.

it may be known by the rugose, not punctate metapleurse,

coriaceous petiole, and longer terebra.

20. BicoLOR Westw.

Stephambs hicolor Westw. (2), p. 535 ; (3), p. 276 ; Schlett.,

p. 154, $.

5 . Frons arcviately to irregularly rugose ; occiput anteriorly

arcuately, posteriorly rather coarsely transversely, laterally more
irregularly rugose. Temples verj^ diffusely punctate. Posterior

margin of head simple. Cheeks a little longer than scape. Basal

flagellar joints normal. Neck rather coarsely transrugose

;

semiannular iinely transrugose and sparsely punctate. Meso-
notum rather coarsely punctato-rugose. Scutellum smooth,

with a few punctures on outer margin onl}'. Mesopleurae above
alutaceo-rugose, below somewhat densely punctate ; metapleura^

irregularly rugose, separated from the median segment by a

nearly smooth sulcus. Median segment rather densely punctate

centrally, laterally more diffusely, oblique to transverse rugose

round insertion of petiole, crenulate marginal sulci distinct.

Petiole basally irregularly, otherwise transversely striate, shorter

than remainder of abdomen, which is entirely dull. Terebra

evidentlj' longer than body, sheaths white-banded before apex.

Hind legs with the cox?e laterally coarsely and irregularly, above

indistinctly, apically decidedly transrugose ; femora slightly

shining, bidentate ; tibise compressed to middle.

Badious ; head and thorax ferruginous, remainder of body red-

brown ;
petiole more or less nigrescent. Wings slightly infumate.

Length 15-22 mm. Habitat: Kentucky, Georgia, U.S.A.

This species may be known from S. sickmanni Schlett., which
it much resembles, by the longer terebra, sculpture of meso- and
meta-pleurfe and of petiole, which is rugose throughout, not

centrally smooth. The coloiu" is also distinctive, being a decided

red-brown or chestniit, S. sickmanni being deep black.
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21. NIGRICANS (Sichel), Scblett.

MegischtiiS tarsatus vai-. nigricans Sicliel (2), v, p. 476, 5 .

Stephanus nigricans Schlett,, p. 109, $ .

5 . Face below antennae irregularly rugose reticulate, frons

transrugose ; occiput centrally broadly transrugulose, laterally

coarsely and deeply reticulate. Neck elongate, transrugose

;

mesonotum diffusely punctate ; scutellum centrally smooth,

laterally diffusely punctate ; median segment coarsely reticulate.

Petiole trans-striate ; terebra longer than body, broadly white-

banded before apex. Hind coxae trans-striate; hind femora
bidentate.

Black ; tegulfe apically rufescent ; anterior legs red, front

femora externally black. Wings infumate, nervures fuscous.

Length 33 mm. ; fore wings 12 mm. ; terebra 35 mm.
Habitat : Ceylon. One $ in coll. Sichel.

Sichel considers this a variety of S. tarsatus Sichel, which it

strongly resembles, but the different sculpture of face and occiput,

black head, and longer terebra entitle it to specific rank.

22. NIGER Smith,

Megischus niger Smith (4), i. p. 44; Cam. (1), p. 420, pi. xviii.

fig. 19, 2 • Stephanus niger Schlett., p. 135, $ .

2 . Frons coarsely and irregularly rugose ; occiput anteriorly

arcuate-rugose, posteriorly transversely, laterally irregularly

rugose ; cheeks scarcely as long as scape. Postei-ior margin of

head strongly bordered. Second flagellar joint two-and-a-half

times as long as first, third as long as first and second together.

ISTeck with a distinct transverse impression, behind which it is

finely and sparsely rugose ; semiannular polished, with very fine

and diff'use punctures. Mesonotum finely trans-striate and
diffusely punctate, the usual central row of punctures and the

two lateral impressions obsolete. Scutellum smooth, with a few
marginal punctures. Mesopleurae smooth, with diffi'use coarser

and finer punctures ; metapleurae finely and irregularly rugose,

separated by a deep and smooth sulcus from the median segment,

which is diffusely and irregularly punctate, with distinct

marginal furrows. Petiole very distinctly trans-striate, much
shorter than remainder of abdomen, but nearly as long as the

hind coxae, trochanters, and femora together. Terebra scarcely

longer than body, its sheaths white-banded before apex. Hind
coxae trans-striate between stronger rugosities ; hind femora dull,

bidentate ; tibiae compressed not quite to middle.

Black ; cheeks pale marked and the ' anterior legs with a

tendency to brown. Wings hyaline.

Length 23-25 mm.
Habitat: Panama, Guatemala. Type in British Museum.
This species is distinguished from the similar ^S'. marginalis

Schlett. by the bordered but not reflexed posterior maigin of
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head, shorter petiole, and by the sculpture of prothorax and
median segment.

S. sichnanni Schlett. has the posterior margin of head simple,

neck of prothorax short, semiannular rugose-punctate, and meso-

pleurae punctate,

23. FROGGATTII Cam.

Megischus froggattii Cameron (9), p. 357, $ c? • Bteplianus

froggattii Cam. (11), p. 98 : Elliott (2), p. 28, $ c5" . Stepharms

ruhripes Morley (1), p. 107, $ c? .

$ (5 . Frons strongly transrugose ; vertex arcuately and

occiput transversely rugose ; cheeks shorter than scape
;
posterior

margin of head bordered. Second and third flagellar joints of

equal length and rather longer than first. Neck short, cen-

trally longitudinally impressed, with one strong basal carina

;

semiannvdar widely aciculate, extreme base smooth. Mesonotum
coarsely punctate, with central smooth space ; mesosternum flat

and polished. Scutellum smooth, basa.lly bounded by a crenulate

furroAv. PropleursB diffusely punctate ; mesopleurse smooth

above, with three or four irregular rows of punctures below
;

metapleurse closely rugulose throughout, separated by a smooth

sulcus and a carina from the median segment, which is rather

densely but superficially punctate. Petiole transaciculate, a

little shorter than the remaining segments together ; base of

second segment feebly rugose, rest smooth aiid shining. Terebra

as long as, or very slightly longer than body, sheaths black,

broadly white-banded before apex. Hind legs with coxfe slender

and strongly trans-striate ; femora smooth and shining, bi-

dentate ; tibiee longer than femora, constricted in basal third
;

tarsi five-jointed in c? , three-jointed in $ ; all tibiae and the hind

femora elongately pilose.

Black ; mouth-parts and genal orbits testaceous ; anterior legs

except coxsB and trochanters bright red ; hind femora and tarsi,

except apically, and apical two-thirds of hind tibias red. Wings
brown, centrally darker, stigma and nervures black.

Length, $ , 33 mm. ; abdomen 22 mm.
;

petiole 10 mm.
;

terebra 35 mm. ; d , 16 mm. ; abdomen 11 mm.
;
petiole 4| mm.

Another 6 , 12, 8, 3^ mm. Taken by W. W. Froggatt, Solomon
Islands, July-Aug. 1 909.

5 6, length 22 mm.; abdomen 13 mm.; petiole 6 mm.;
terebra in 5 , 21-J mm. Taken by C. M. Woodford, Solomon
Islands, 1887.

There are also in the British Museum 5 5 $ , 2 (S cS , their

dimensions lying between those given above.

Cameron states that the abdominal petiole is a little longer

than the rest of abdomen, but actual measurement shows it to be

shorter. He also gives the colour of the wings as fusco-

violaceous ; it is now brown
;
possibly faded.
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This species much resembles S. rafo-femoratus Szepl., also

from the same locality, but difiei'S in the relative length of the

basal joints of the antennae, sculpture and length of petiole, and
the strongly trans-striate hind coxfe.

Cameron considers it to be near his Megischus violaceipennis

from New Britain, in which the sculpture of the body tends to

be reticulate.

Mr. C. T, Brues found in the Museum of Hax'vard College

4 $ $ , 2 cJ J , from Auki, Tulagi, Fulakora, and Malaili. The
larger females, 26-31 mm., have the femoral teeth more strongly

developed than in the smaller individuals of 21-23 mm. The
males measure from 20-21 mm.

24. CEYLONicus Cam.

Stephanus ceylonicus Cam. (4), p. 102 ; Morley (1), p. 34, $ .

5 . Frons irregularly transrugose, arcuately above ; vertex
and occiput arcuate rugose

;
posterior margin of head finely

bordered. Second flagellar joint twice as long as first, third
little longer than second. Neck closely trans-striate, with
central apical row of punctures, semiannular transcarinate,

laterally diffusely punctate, a narrow posterior mai-gin smooth.
Mesonotum diffuseljn^nnctate; scutellum only laterally punctate.
PropleuraB closely obliquely striate ; mesopleuras almost im-
punctate ; metapleuras smooth above, coarsely and almost
reticuiately transrugose beneath. Median segment diffusely

punctate, apically transreticulate. Petiole closely trans-striate,

as long as rest of abdomen, which is smooth. Terebra slightly

longer than body, sheaths white-banded before apex. Hind
coxae transrugose, hind femora bidentate.

Black ; a pale spot below eyes ; anterior legs and base of hind
tibiae rufo-testaceous. Wings hyaline with steely iridescence

;

stigma and nervures black.

Length 28 mm.
Habitat : Trincomali, Ceylon (Yerbury^. Kandy and Gal-

gamua, Ceylon (Morley.)

25. BORNEENSis Sauss.

Megischus horneensis Saiiss., p. 202, 5 S .

" $ c? • M. ruficej)s simillimus, ejusdem pictura ; capita
tamen toto rufo ; tantum mandibulae apice nigris. Antenna)
nigrae, primo articulo rufo. Caput sicut in specie, laudata
insculptum sed superne totum et occipite transverse arcuato-
strigatum. Facies rugoso-punctata, nonnunquam tamen utrin-
que strigis nonnullis, valde obliqufe conferens, vel toto transverse
obsoleta arcuata - strigata. Mesonotum politum, cribrosum,
antica utrinque punctis confluentibus crasse strigatus ; scutello

polito. Coxa3 postice ti-ansverse elevato-rugatas ac striatte.

Femora postica, denti usque 3 armata (1 ante medium, 2 prope
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apicem). Ala3 fusco nebulosse, in medio vitta transversa vel

maculis fusca.
" Yariet. a. Pedibus fusco-rufescentibus.

h. In individuis minoribus et in maribus sculptura

incomplete explicata.
" 2 . Long. 20-31 ; thoracis 4-8-7-5

;
petioli 6-10 ; oviposit.

32*5-40 mm.
" S • Long. 25 ; thoracis 4-6; petioli 6-5; alse 12 mm."
Habitat : Borneo.

Yery similar to furcatus Lep. & Serv. and to rufice^is Sauss.,

but distinguished from both by the tridentate hind femora and
the central dark mark or band in fore wing ; from the latter also

by the sculpture of the frons, and the longer terebra.

26. FURCATUS Lep, & Serv.

Stephanus furcatiLS Lep. & Serv., p. 1835, $ ; Schlett., p. 130,

5 S . Stejohanus hrasiliensis Westw. (1), p. 413, pi. 66, fig. 3 ;

Westw, (3), p. 227, S • Megischus anmdator BrvilL, p. 539, pi. 40,

fig. 5; Sichel (2), p. 482, 2 ; Cam. (1), p. 419, pi. 18, fig. 7, S
Stephanus mmulator Westw. (3), p. 228, 5 . Bothriocerus

americanus Sichel (1), p. 761 , $ . Megischus americcmus Sichel (2),

p. 480, $ . Megischus hrasilianus Sichel (2), p. 483, c? .

$ S . Frons very coarsely irregularly to arcuately rugose

;

the three anterior tubercles very large ; occiput coarsely rugose,

arcuately in front, transversely behind, laterally irregularly.

Temples apically feebly rugose ; cheeks as long as scape.

Posterior margin of head strongly bordered. Second flagellar

joint fully twice as long as first, third longer than second but
shorter than first and second together. Neck coarsely trans-

rugulose, semiannular smooth, slightly transrugose in front and
with a few lateral punctures. Mesonotum with a central row of

very coarse punctures, a smooth, difi'usely punctured space on
each side bounded by divergent impressions, beyond which it

is laterally transrugose, with a more or less extensive smooth
space. Scutellum polished and diffusely punctate. Mesopleurse

finely coriaceous above, obliquely rugose in front, smooth and
difi'usely punctate beneath ; metapleui^ae with a, few coarse

rugosities in which are some large punctures, separated from the

median segment by a shallow but distinct and almost smooth
sulcus. Median segment punctate, more densely and partly

confluently centrally and laterally, apically transrugose. Petiole

trans- striate, shorter than rest of abdomen, also shorter than the

hind coxfe, trochanters and femora together ; second segment
shining smooth, basally rugose, remaining segments rather dull.

Terebra longer than body, white-banded before apex. Hind legs

wuth coxae finely ti-ansrugose between coarse, scale-like rugosities;

femora shining smooth, bidentate ; tibiae compressed not quite to

middle ; tarsi five-jointed in J , three-jointed in $ .
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Black to dark brown, cheeks sometimes pale marked. Wings
infumate.

Length 25-39 mm. ; terebra in 2 )
38-52 mm.

Habitat : Brazil ; Guatemala.
The sculpture of the median segment is variable. In some

specimens in the British Museum the punctures are more diffuse,

only apically and laterally confluent, forming transverse rugosities;

in others the pxmctures are more coniiuent, the greater part of

the segment being coarsely transrugose. The punctures appear
to be more distinct in the rT c? than in the $ 5 .

*S'. annulator Brull., $ S ; the tyiDCS are in the British

Museum, and certainly belong to the present species. $ : length

25 mm. ; terebra 27 mm. ; abdomen, anterior legs, and hind
tibife rufescent. S '• length 23 mm. ; the front legs and hind
tibiae red.

*S'. hrasiliensis Westw., 5 . Type in British Museum.. This
is a very small specimen, only 17 mm. long, terebra 20 mm.,
with abdomen and all tai^si rufescent. I cannot find any
specific difference irom furcatus Lep. & Serv.

This species is said to be the least rare of the family. It can
be distinguished fi'om S. sickmanni Schlett. by the raised

posterior margin of the head, sculpture of thorax, and longer
terebra. It also superficially resembles ITemistephanus mm--
ginalis Schlett., but may be at once distinguished by the
neuration of the wings.

27. RUFiCEPS Sauss.

Megischus riijiceps Sauss., p. 201, 5- Stephanus saussurei

Schulz (2), p. 322, 2 .

" Ba Chieu, prov. Saigon, 1886; Cambodia, 1886.

" $ . Yalidus, cinereo-hirtus, M. furcati Brull. statura et illi

simillime. Caput rufus, ore nigro, palpis fuscis. Antenna3
nigrse, basi superne rufae, primo articulo rufo. Caput anterius
rugato-punctatum, baud arcuato strigatum, supra crassissime

areolatO'punctatum, in vertice rugis transversis elevatis 1-4
instructum ; occipitis vitta longitudinali transversa striata.

Frontis depressis snbrhomboidalis, rugosa, per turbiculos rugi-

formes 5 nigros circumscripta, marginibus infero-lateralibus

vittam transversa strigatum notatis. Pronoti collum crasse trans-

verse plicato strigatum. Mesonotum crasse cribro-punctatum

,

baud strigatum. Tegulse rufidse. Mesopleurse dense punctatse.

Scutellum et postscutellum rugulosa, basi et apice polita,.

Metanotum crassissime foveolato punctatum. Abdominis petiolus

ut solitum confertim transverse striolatum. Abdomine de
reliquo Isevigatum, sericans, ba.si petiolari rugulosa. Terebra
nigra, annulo ante apicem longiusculo albido. Pedes nigri, politi,

partibus rufo-testaceis. Coxae postice plus minus crasse

subsquamoso rugosse, ac punctatse, superne apice transversse

strigatse. Femoi'a postica subtus crenata, dentibus-que 2 armata.
Ungues rufse. Alse nebulosse, venis nigris.
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" Long. 19-27 ; thorax 4-5-6
;

petioli 6-5-9-5
; alse 10-5-16-5

;

oviposit. 26"5-34 mm."
M. de Saussure tentatively suggests as males for this species

two very small insects, taken in Siam. They differ in having

the head entirely red, the occiput almost striate, as in

S. borneensis Sauss., the sculpture of the body less pronounced,

and the pronotum scarcely striate in one specimen. Length

10 mm.
This species appears to closely resemble S. furcatus Lep. k

Serv., but the face is rugose-punctate, not arcuate rugose; the

mesonotum, median segment, and mesopleurse densely punctate,

and the head red. It also resembles S. coronator Fab., but

diffei-s in the red head and the sculpture of head and mesopleurse.

Schulz {I. c.) alters the name of this species to saussurei, on

the ground of ruficeps being preoccupied by Cameron's Central

American insect. As the latter falls into the subgenus

Hemistejjhanus, I reinstate the original name.

28. CORONATOR Fab.

Pimpia coronator Fab. (2), p. 118, $. /Stephanies coronator

Boisd., p.656, pi. 12,fig. 7, $ ; Schlett.,p. 114, $ J ; Enderl.(4),

p. 306, 2 (?• MegischMs cor. Brull., p. 538, $ ; Sichel (3),

p. 477, § S- MegiscluLS insularis Smith (1), p. 120, § 6 .

Megischus vicluus Smith (2), p. 138, S . Megischus longicaudatits

Costa, Ach. (2), p. 271, $ 6 ; (1) P- 81, $ d ,
pi. iv. tigs, la 6,

lb 2-

2 . Face coarsely arcuate rugose ; occi]3ut immediately behind

tubercles arcuately, behind this centi-ally transversely, laterally

obliquely rugose. Posterior margin of head sharply bordered.

Cheeks distinctly longer than scape. Second flagellar joint twice

as long as first, third a little longer than second. Neck very

coarsely transrugose ; semianni^lar polished, with a few punctures

in front. Mesonotum coarsely, densely, and posteriorly partly

confluently punctate, anteriorly more diffusely, with a distinct

central longitudinal row of punctures and indistinct lateral

impressions. Scutellum centrally smooth, lateral lobes diffusely

punctate. Mesopleurge almost smooth and shining above, rugose-

punctate beneath ; metapleurse coarsely and densely punctate,

separated by a slightly rugose sulcus from the coarsely cribrate

punctate median segment. Petiole ba.sally coarsely, apically more
finely transrugose, little shorter than remainder of abdomen,

which is basally rugose, otherwise feebly shining. Terebra rather

longer than body, sheaths white-banded before apex. Hind legs

with cox?e coarsely transrugose behind ; femora polished smooth
and posteriorly extremely finely punctate, bidentate ; tibite much
longer than femora, compressed in basal third; tarsi three-jointed.

S . Similar to $ but more slender
;

petiole is to rest of

abdomen as 5 : 6 ; hind tarsi 5-jointed.
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Black ; head, mandibles except apices and the scape ferru-
ginous ; anterior legs chestnut-brown. Wings infumate, with
darker spot in middle.

Length 20-40 mm. ; males average about 5 mm. less than
females.

Habitat : East India ; Sarawak ; Java ; Bachian ; Ceram
;

Amboina; Kaissa; IS'ew Guinea; Australia; Sumatra. Dr.Dohrn.
31. insularis Smith. Types in British Museum. From

Sarawak. Bather small, but typical specimens of S. coronator
Fab.

Length J , 19 mm.
; $ , 20 mm. ; terebra 25 mm.

Text-fig, 2.

Text-fie-. 3.

Stephanus coronator.

Stephanus coronator.

This species greatly resembles S. ducalis Westw., from
which it may be distinguished by the smooth semiannular
and by the sculpture of mesonotum, mesopleurae, and median
segment.
From S. hcematipoda Montrz. it can be known by its red head

with less prominent posterior margin, and by the sculptui"e of

head, median segment, and hind coxee; from S. sulcifrons Schlett.

it may at once be separated by the absence of the siilcus on
vertex and by the white-banded terebral sheaths, which latter

chai-acter will also distinguish it from the African S. pachylomerus
Schlett.

Proc. Zool. Soc— 1922, No. L. 50



740 MR. E. A. ELLIOTT ON THE

29. DUCALis Westw.

Megischus ducalis Westw. (4), p. 239, 5 . Stephanus ducalis

Schlett., p. 112, $ . Stephanus lucidus Szepl., p. 532, S

5 . Frons coarsely transrugose ; A^ertex coarsely arcuate

rugose ; occiput centrally distinctly impressed, arcuate rugose in

front, becoming transverse towards posterior margin of head,

which is shai-ply bordered ; cheeks shorter than scape ; flagellar

joints normal. Neck coai"sely transrugose, semiannular less

coarsely, with shining smooth posterior margin. Mesonotum
centrally smooth, diffusely punctate in front, with a rather

indistinct central longitudinal row of punctures and two shallow

lateral impressions, laterally and posteriorly coai^sely rugose-

punctate. Mesopleurse smooth above, rugose-punctate beneath ;

metapleurse coarsely rugose-punctate, separated by a deep trans-

rugose sulcus from the cribrate punctate median segment.

Petiole basally irregularly, apically finely and transversely

rugose, shorter than rest of abdomen ; 2nd segment basally

coarsely rugose, its apex and the last segment shining, remaining

segments dull. Terebra longer than body, sheaths black, white-

banded before the apex. Legs sparsely pubescent ; hind legs

with coxse coarsely transrugose, femora smooth and shining in

front, finely punctate behind, bidentate ; tibiae longer than
femora, compressed not quite to middle ; tarsi three-jointed.

Black; head, scape, and base of mandibles ferruginous. Wings
infuseate, centrally darker.

Length 20-36 mm. ; terebra 25-41 mm.
Westwood's type is in the British Museum.
cJ . Differs from the $ chiefly in the occiput being more

obliquely rugose, petiole only basally rugose, 2nd segment basally

rugose as in $ , but remainder of abdomen smooth and shining
;

hind tarsi five-jointed ; anterior femora partly, their tibiae and all

the tarsi often dark red.

Length 20-23 mm. Szepligetti's type (S. lucidus, J ) is in

the Hungarian ISTational Museum at Budapest.

Habitat : widely distributed in the Indo-Australian Region
;

East India, Java, Sumatra, Borneo, Pulu-Penang, Celebes,

Sumba, Key Island, Bachian, and New Guinea.

Schulz (2), p. 19, mentions a very large $ ,
36"5 mm., in

which the posterior angles of median segment, metapleurse,

petiole, and hind cox£e are all of a metallic steel-blue or violet

—

colours not previously observed in this family.

This species differs from /S. coronator Fab. chiefly in the head

being impi"essed behind the vertex ; the rugose semiannular, and
the coarse sculpture of mesonotum, mesopleurae, and median
segment further distinguish it. From S. hcematipoda Montrz.

it may be known by the impressed head, the arcuately rugose

vertex, less prominent posterior border of head, and by the

sculpture of the median segment. The absence of the sulcus on
vertex and the white-banded terebral sheaths will suffice to

separate this species from S. sideifrons Schlett.
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30. LANCEOLATUS Kieff.

Steplianus lanceolatus Kieffer (3), p. 277, $ .

5 . Head from antennae to the sharply bordered posterior

margin coarsely arcuate rugose; anterior frontal tubercle scarcely

larger than the lateral ones, posterior pair smaller, the space

between tubercles centrally smooth. Flagellar joints normal.
Pronotum elongate, with apical transcarina, posteriorly tiuns-

striate, laterally smooth and shining. Mesonotum and median
segment smooth, coarsely and diffusely punctate. Scutellum
smooth and shining, coai-sely punctate on margins of lobes.

Propleurse nearly smooth ; meso- and meta-pleuras coa.rsely and
diffusely punctate, former anteriorly subrugose. Petiole coarsely

and closely trans-striate, as long as rest of abdomen ; second
segment smooth and shining, four times as long as broad

;

remainder transverse, shagreened, and shining, Terebra about
half as long again as body, sheaths white-banded before apex.
Middle and hind coxae smooth, with Avhitish pubescence ; hind
femora smooth, bidentate ; tibiae compressed to middle. .Stigma
very long and pointed.

Black ; head except apices of mandibles, two basal antennal
joints, front legs except basal third, and hind tarsi red ; inter-

mediate legs black-brown. Wings infumate, distally darker,

external median and submedian cells and thence to posterior

margin brown ; stigma and nervures black.

Length 24 mm. ; terebra 37 mm.
Habitat : Obidos on the Amazon (P. Kihler).

Distinguished from S. maculipennis AV^estw., especially by the
coarsely trans-striate petiole without lateral tubercles ; from
S. rnficeps Sauss. it may be known by the arcuate rugose head
and darker wings.

31. HiEMATiPODA Montrz.

Stephanus licematipoda Montrz., p. 114 ; Schlett., p. 116, $ .

5 . Frons coarsely and irregularly rugose, somewhat obliquely
near the eyes ; occiput arcuate rugose behind the tubercles,

posteriorly centrally transrugose, laterally more irregularly.

Temples diffusely and finely punctate. Posterior margin of head
with slightly refiexed border. Neck very coarsely trans-striate,

semiannular smooth, laterally coarsely punctato-rugose. Meso-
notum centrally diffusely punctate, with a longitudinal row of

conspicuous punctures and indistinct lateral impressions, re-

mainder coarsely and subtransversely rugose-punctate. Scutellum
polished smooth with a few marginal punctures. Mesopleurse
smooth above, slightly rugose in front and behind, coarsely
rugose-punctate beneath, separated by a deep rugose sulcus fi^om

the median segment, which is very coarsely cribrate punctate,
laterally and apically indistinctly transrugose. Petiole coarsely,

anteriorly irregularly, otherwise distinctly transversely rngose.
50*
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a little shorter than remainder of abdomen and as long as hind
coxje, trochanters, and femora together ; second segment basally

rugose, apically smooth, the remainder dull. Terebra white-

banded before apex. Hind legs with coxae very coarsely trans-

rugose ; femora smooth, bidentate; tibise much longer than
femora, compressed not quite to middle.

Black; cheeks marked with pale red; anterior legs ferrtiginous,

their coxte black and tarsi pitch-bi'own ; apical inflated part of

hind tibipe ferruginous. Wings strongly infumate, centrally

darker.

Length 30 mm.
Habitat : Woodlark Island, NewGuinea. Bachian, Jobi Island.

Two specimens of tliis species are iii the Royal Nat. Hist.

Museum in Dresden ; in both the antennae are wanting and
terebra broken ; Montrouzier states the latter is white-banded.

Schletterer considers this species very similar to &'. coronator

Fab. and *S'. ducalis Westw., in both of which the head is red

and the sculpture very different.

32. ACUTUS Lep. & Serv.

Megisclms acutus Lep. & Serv., p. 489 ; BruH., p. 540, 9 .

Stephanies actotus Schlett., p. 137, 5 •

2 . Frons moderately coarsely arcuately rugose ; occiput

very coarsely arcuate i-ugose near tubercles, otherwise irregularly

to transrugose. Temples smooth and shining. Posterior

margin of head elongate, reflexed collar-like. Cheeks shorter

than scape. Basal flagellar joints normal. Neck coarsely trans-

rugose, less distinctly basally ; semiannular smooth, with coarse

but diflfuse punctures. Mesonotum shining, laterally densely,

partly confluently punctate, a median longitudinal roAv of

punctures, on each side of which is a smooth space, followed by a

row of broad punctures. Scutellum polished, with a few marginal

punctures. Mesopleurse shining, diffusely punctate; metapleurse

densely pubescent, somewhat rugose, separated by an almost

smooth sulcus from the median segment, which is cribrate

punctate and apically transrugose. Petiole finely trans-striolate,

about as long as remainder of abdomen, which is shining, with

a few dull spots, due to microscopic sculpture. Terebra a little

longer than body, white-banded before apex. Hind legs with

coxse trans-striolate between coarse rugosities ; femora smooth,

bidentate : tibiae compressed not quite to middle.

Black ; cheeks and mandibles pale marked ; anterior legs have

a tendency to become brownish. Wings slightly infuscate.

Length 21-30 mm.
Habitat : Brazil ; Colombia ; Kansas, U.S.A.
This species resembles aS'. oiige?' Smith, but has the posterior

margin of head reflexed, face arcuate rugose, mesonotum punctate,

net rugose, and longer petiole.
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33. viLLosus Kieff.

Stephanus villosus KiefFer (1), p. 4, $ d •

$ . Face and frons irregvilarly and coarsely rugose, space

between the tubercles strongly impressed ; vertex with three

arcuate transcarinse ; occiput coarsely and densely longitudinally

rugose; posterior margin of head produced into a broad

horizontal translucent collar. Second flagellar joint two and a

half times as long as first, third more than twice as long as first

and second together and about two and a half times as long as

second. Prothorax coarsely and rather diJffusely transrugose,

basally more strongly and more diffusely. Mesonotum smooth,
with median line of punctures and laterally transrugose;

scutellum with two anteriorly convergent irregular rows of

punctures and slightly rugose, anterior lobes diffusely punctate.

Mesopleura; white pubescent, the impressed part transrugose.

Metapleurte and median segment with large and partly confluent

punctures, former white pubescent. Petiole finely trans-striate,

about as long as rest of abdomen, which is basally striate. Terebra
as long as body, sheaths black, white-banded before apex. Hind
legs with coxse finely trans-striate, as long as the bidentate

femoi'a ; the tibiae longer than femora, constricted in basal

third and compressed beyond middle ; tarsi three-jointed, with
long grey pubescence beneath.

Shining black ; head except apices of mandibles, scape, and
second joint of hind trochanters red ; antei'ior legs black-brown.

Thorax and legs with long, sparse, Avhitish pilosity, the hairs on
meso- and meta-pleui-ae inserted on granular prominences.
Wings hyaline.

Length 16 mm.
1^ . Similar to 5 , but second flagellar joint not twice as

long as first ; third shorter than first and second together.

Mesonotum red-brown ; hind tarsi five-jointed, red, less densely

pubescent beneath
;
genital organs testaceous.

Length 12 mm.
Habitat : Jataney, Prov. Goyaz, Brazil. Coll. M. de Saule.

The unusual proportions of the basal flagellar joints in § are

very characteristic.

34. RUFOFEJIORATUS Szepl.

Stephanus ritfofemoratus Szepl., p. 532, S

.

S . Frons coarsely rugose, vertex transrugose, occiput coarsely

rugose; posterior margin of head bordered. Flagellar joints

normal. Neck rugose, semiannular smooth, diffusely punctate.

Mesonotum coarsely punctate, shining ; scutellum smooth and
shining. Mesopleuree closely punctate and shining. Median
segment diffusely and coarsely punctate and shining. Petiole

only basally rugose, remainder smooth and shining, as long as

rest of abdomen. Hind legs with coxas shining, diffusely rugose
;

femora smooth, bidentate; tarsi five-jointed.
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Black ; legs from femoi-a red ; basal half of hind tibiae black.

Wings brown, centrally darker ; hind wings with indications of

cubital and radial nervui'es.

Length 22 mm.
Habitat : Rubiana, New Georgia, Solomon Islands. Type in

the Hungarian National Museum, Budapest.
Easily distinguished by the smooth petiole and red femora.

This species closel}'^ resembles tS. ruhri2)es Morley, from which
it differs in the smooth petiole, propoi'tions of l)asal flagellar

joints, the sculpture of semiannular, mesopleui-ffi, and hind coxae.

35. COMMA Morley.

Steplicmibs comma Morley (1), p. 105, S .

(S . Head semicircularly rugose in front, trans- suloate below
scrobes. Tubercles small and transverse ; vertical carina

prominent ; occiput trans-striate
;

posterior margin of head
truncately bordered. Antennae very slender and elongate,

21 mm., second flagellar joint half as long again as first, third

half as long again as second, shorter than first and second

together. Thorax superficially but confluently punctate, the

rather short prothorax transcarinate, its posterior margin smooth.
Scutellum smooth, the basal sulcus crenulate. Mesopleurse

longitudinally bisulcate ; metapleurse rugulose, bisulcate above.

Petiole minutely transaciculate and apically explanate, shorter

than rest of abdomen, which is finely alutaceous and somewhat
shining. Hind coxfe (4 mm.) rather shorter than femora (5 mm.),
which are bidentate, with four small teeth before the central tooth

and another beyond it. Lower nervure of external median cell

in fore wing deflexed in the form of a comma at base, apically

wanting ; hind wing with costal nervure only, emitting a slight

spurious nervure from its apex below the three frenal hooks.

Black : head except apices of mandibles, the tubercles and the

occiput centrally, base of antennae, second and fourth segments
la,terally basally, whole of third segment, anterior legs except

coxse, and apical third of hind femora including the teeth bright

brick-red. Hind tibiae basally black, reliquse desunt. Wings
slightly infumate hyaline ; stigma and nervures black ; costal and
external submedian cells conspicuously darker.

Length 27 mm. ; abdomen 18 mm.
;
petiole 8 mm.

The type was taken by Dr. W. M. Graham " in forest on
trunk of tree "at Pbuasi, Ashanti, on 29 May, 1907. In coll.

British Museum.

36. piLosus Elhott (4), p. 256, <S .

S . There are sparse white hairs on the head, longer and
denser on the petiole and apex of abdomen. The pleurae are

covered with dense white pilosity, and on the legs, the hairs,

though less dense, are longer and more conspicuous. Frons,
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vertex, and occiput strongly arcuate rugose ; one strong carina

between the posterior ocelli and two beliind them ; ocellar space

depressed. Posterior margin of head broad and slightly reflexed.

Temples with a few setiferous punctures. Second flagellar joint

fully twice as long as first ; third a little longer than second.

Prothorax transcai*inate, semiannular smooth and laterally hairy.

Scutellum centrally smooth, lateral lobes coarsely rugose-punctate.

Metapleurse and median segment cribrate punctate, separated by
a strong carina, which is anteriorly somewhat rugose, posteriorly

smooth and shining. Petiole trans-striate, basally more coarsely,

shorter than rest of abdomen, which is smooth. Hind cox^
stout, coarsely transrugose ; femora smooth, bideutate, the teeth

long and acuminate ; tibiae as long as femora and trochanters,

strongly compressed in basal third.

Black ; head, scape, base, and apex of anterior femora red
;

frontal tubercles apically black. Wings faintly iridescent

;

fore wings centrally, hind wings apically infuscate ; stigma and
nervures black-brown.

Length 22 mm. ; abdomen 14^ mm.
;
petiole 6 mm.

Habitat : Palaboehan, Ratoe. "M.E.Walsh (etcFrisby), 22 Feb.,

1916. Type in coll. Claude Morley.

In the coarse sculpture and conspicuous pilosity, this species

much resembles S. villosus Kiefi".

37. RUGosus Elliott (4), p. 256, 6 •

S . Trons arcuate rugose ; vertex and occiput with strong

longitudinal carinse, occiput regularly, vertex less regularly

arcuate striate ; three strong carinee behind posterior ocelli.

Posterior margin of head bordered. Cheeks slightly shorter

than scape, smooth. Basal flagellar joints normal. Neck trans-

carinate, semiannular smooth, with a few punctures. Propleurse

finely trans-striate. Mesonotum apically smooth, central row of

punctures distinct, the smooth space on each side with a single

puncture before and behind, laterally strongly punctate,

separated from scutellum by two carinse. Scutellum centrally

smooth, laterally strongly rugose-punctate. Metapleurse and
median segment cribrate punctate, separated by a strong carina.

Petiole strongly transrugose, shorter than the remaining smooth
segments. Hind coxje coarsely trans-striate ; femora smooth,
bidentate ; tibiae slightly longer than femora, compressed to

middle.

Black ; head, except apices of mandibles, and apex of thorax
above red ; anterior legs more or less rufescent. Wings hyaline.

Length 16 mm. ; abdomen 10 mm.
;
petiole 4| mm.

Habitat : Java; Preanger Regency, near Seekoboemi. M. E.

Marsh, 1918. Type and co-types in coll. Claude Morley.
This species bears a superficial resemblance to both S. unicolor

Schlett. and S. ducalis Westw., but difl'ers considerably in

sculpture.
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38. violaceipejStnis Cam.

Megischios violaceipennis Cameron (2), p. 225, $ .

"Niger; pedibusrufis; coxis, trochanteribus, femoribus posticis

basique tibiarum posticarura nigris; alis fusco-violaceis, nervis

nigris. §

.

Long. 24 mm.
Antennae black, slender. Front rugosely punctured above

;

the sides above stoutly obliquely, the lower part transversely

striated, the ocellar region irregularly reticulated, the keels above

them mostly curved ; above the reticulated upper portion are

four long curved keels, the vertex behind them is irregularly

rugosely striated ; the ocellar region is distinctly depressed ; the

three tubercles form a triangle. The base of the pronotum is

smooth and shining ; behind on the sides are two stout curved
keels ; the rest of the pronotum is opaque and irregulai'ly trans-

versely striated. The base of the mesonotum is smooth and
shining, the rest of it bears mostly large and deep punctures,

except a space on either side of the centre ; on the sides and
base the punctures tend to become conjluent. Scutellum some-
what triangular in shape, smooth, shining and impunctate.
Median segment closely, stoutly irregularly punctured ; behind,

the punctures run into reticulations. Propleurse smooth and
shining ; the mesopleurse opaque, irregularly punctured, and
striated ; the metapleurse rugosely punctured. The four front

legs are rufous, with the coxfe darker ; the hinder black, except

the apical two-thirds of the tibise and the tarsi, which are rufous

at the base, blackish towards the apex ; the hind coxjb are, as

usual, irregularly striated ; the two teeth on the hind femora are
acute ; the apical one is longer and narrower than the hinder.

Wings fusco-violaceous ; the nei'vures and stigma are black.

The petiole is longer than the rest of the abdomen united ; it is

opaque and closely striated. The ovipositor is annulated with
white and is not quite as long as the body. The recurrent

nervure in the fore wing is interstitial."

Habitat: New Britain (Dr. Arthur Will ey). Type in Cam-
bridge Museum.

Said by Cameron to be A^ery like his S. froggattii, but, in the
absence of details as to the posterior border of head and relative

length of the basal antenna! joints, I am unable to place it

definitely in my table.

Parastephanellus Enderl.

In the (2) Zool. Anz. xxxiii. pp. 453-475, Dr. Gunther
Enderlein erects a new subgenus, Parasteplianits, which he
defines as having that part of the median nervure beyond the
outer submedian cell obsolete, and the cell consequently open
behind, the size of the discoidal cell and the breadth of the

stigma being variable. He thus includes species from the Indo-
Australian and Neotropical Regions.
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In the (4) Stett. ent. Zeit. 1906, p. 301, the name is altered to

ParastephanelliijS, Parastephanus being preoccupied by Haeckel
for Protozoa. The apparently constant difference between the
relativ^e sizes of the discoidal and cubital cells and of the stigma
in the above-named two regions led to a further subdivision,

removing the Neotropical species to a new subgenus, Hemiste-
phanus.

Parastephanell'us, confined to the Indo-Australian Region, has
the discoidal cell petiolate and only about one-fourth as large as

the cubital cell; the radius does not extend to the margin of the
fore wing, and, as a rule, the stigma is short and broad. The
sheaths of the terebra are black, except in No. 6, in Avhich they
are rufescent.

Table of Species.

(6.) 1. Hind femora tricleutate.

(3.) 2. Length 15-20 mm. Head red, apical abdominal segments dull.

1. martini Stadlm.

^2.) 3. Length 7-8 mm.
(5.) 4. Head black, pronotum transrugose ; median segment with

large diffuse punctures 2. orSiia^is Brues.

(4.) 5. Head rufescent, white-marked
;
pronotum glabrous ; median

segment without visible sculpture 3. ^Za&er Elliott.

(1.) 6. Hind femora bidentate.

(16.) 7. Petiole distinctly shorter or longer than rest of abdomen.

(13.) 8. Petiole distinctly shorter than rest of abdomen.

(10.) 9. Yellow-brown. Frons finely punctate, mesonotum rugose.

4. 'pygmmiis Enderl.

(9.) 10. Black.

(12.) 11. Prons evenly trans-striate ; neck smooth, terebra longer than
body 5. Z(B uzcoWis Morley.

(11.) 12. Frons subarcuate striate, centrally granulate; neck trans-

striate ; terebra shorter than body 6. aZ6iee)os Elliott.

(8.) 13. Petiole distinctly longer than rest of abdomen.

(15.) 14. Frons punctate, occiput transrugose; mesopleura3 smooth,
stigma black : 7. maoulifrons Cam.

(14.) 15. Frons transrugose, occiput finely trans-striate ; mesopleuraj

trans-striate, stigma pale 8. ehurneus Morley.

(7.) 16. Petiole about same length as rest of abdomen,

(20.) 17. White line on face below eyes.

(19.) 18. The two posterior frontal tubercles subobsolete; posterior

margin of head bordered ; antennse long and slender.

9. damellicus Westw.

(18.) 19. All frontal tubercles prominent; posterior margin of head
simple; antenn 33 short 10. picti/pes 'Roman.

(17.) 20. Head otherwise marked.

(26.) 21. Frons arcuate striate.

(23.) 22. Stigma very short. Head ochre-j'ellow
; pronotum trans-

striate 11. hrevistigina'S,n(\.eT:\.

(22.) 23. Stigma normal.

(25.) 24. Frons closely subarcuate striate
;
pronotum trans-striate.

12. falliditarsis Cam.

(24.) 25. Frons strongly arcuate striate; pronotum smooth. 13. scifets Elliott.

(21.) 26. Frons not arcuate striate.
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(28.) 27. Proiis trans-striate ; iutertubercular space unusually long.

14. claripennis Cam.
(27.) 28. Prons rugose.

(32.) 29. Frons rugose punctate.

(31.) 30. Neck of pronotum strongly trans-striate; median segment
punctate 15. rufo-ornatus Cam.

''30.) 31. Neck longitudinalljr striate; median segment reticulate rugose.

16. rubripictus Elliott.

(29.) 32. Prons rugose but not punctate ; metapleurse smooth ; median
segment diffusely punctate , 17. ma layanus Cam.

1. MARTINI Stadlm.

Stephamts onartini Stadelmann (1), p. 236, $ cT .

2 . Frons transrugose, coarsely punctate below ; occiput

coarsely transrugose
;
posterior margin of head sharply bordered.

Basal flagellar joints normal. Neck coarsely and obliquely

rugose ; semiannular coarsely punctate with polished posterior

margin. Mesonotum diffasel}'- punctate. Scutellum smooth,
with a few diffuse marginal punctures. Mesopleurae shining,

apically punctate ; metapleiTrfe densely punctate, separated by a

deep and shining sulcus from the coarsely cribrate-punctate

median segment. Petiole basally longitudinally, apically trans-

versely rugose, and as long as the i-emaining segments together

;

apical segments dull, Terebra very little longer than body,

sheaths entirely black. Hind cox?e transi-ugose ; hind femora
finely trans-striate and tridentate ; tarsi three-jointed.

Black ; head, scape, and first flagellar joint red ; anterior legs

nigro-fascous ; all tarsi testaceous. Wings subhya,line.

(S . Similar to $ . Nigro-fulvous, head red, antenna3 basally

red, apically nigro-ferrviginous ; base of hind femora ferru-

ginous ; tarsi five-jointed. Length, 5 , 17-20 mm.; c?, 15 mm;
Habitat : Dele, Sumatra. Named after the captor, Hofrat

Dr. med. L. Martin. Type in Berlin Museum.
Stadelmann states that this species closely resembles S. sulci-

frons Schlett., which has the neuration of the subgenus Stephamts;

he states also that the neuration is complete, but his figure

{I. c. pi. 6. fig. 4) shows the external submedian cell open behind
as in Parastephanellus.

Other difi"erences are said to be : the sulcus on vertex indistinct

in 5 1 wanting in S ; third flagellar joint longer, petiole longer

and more conrsely sculptured ; hind femora trans-striate and
tridentate, but smooth and bidentate in sidcifrons.

Easily known by the tridentate hind femora and large size.

2. ORBiTALis Brues.

Parastephanellus orhitalis C L. Brues, p. 98, S •

f? . Frons and vertex centrally transrugose ; cheeks longer
than scape

;
posterior margin of head bordered but not reflexed.

Basal flagellar joints normal. Pronotum transrugose, the
rugosities extending obliquely to the pleurae ; a punctate area on
each side before the smooth posterior margin. Mesonotum
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sparsely foveate punctate, with punctate median line ; scutellum

smooth, with coarse lateral punctures. Mesopleurfe pubescent in

front, smooth and shining behind ; metapleura? irregularly

rugose. Median segment with difiuse, large, and shallow

punctures, separated from the metapleurse by a smooth sulcus

and a reticulate ridge. Petiole two-thirds as long as thorax,

trans-striate above, irregularly rugose latei-ally and below

;

remaining segments polished. Claspers short, basally smooth,

apical half punctate and hairy, apex rounded, with dense fringe

of short hairs. Hind coxae trans-striate, with a smooth area

externally near the base. Hind femora tridentate.

Black ; face to just above antennae and inner orbits narrowly

pale yellowish, outer orbits more widely above white. Palpi and

antennae piceous, ba;^e of flagellum fuscous
;

propleuras below

rufous ; front legs anteriorly brown-yellow ; all knees and apices

of tibite are whitish, all tarsi honey-yellow. Wings slightly

infuscate ; stigma about half as wide as radial cell, petiole of

discoidal cell short.

Length 7-8 mm.
Habitat : Fulkora, Solomon Islands (F. W. Mann). Type and

paratype in the Museum of Comparative Zoology at Harvard
College, U.S.A.
The black head and the sculpture of pronotum and median

segment will distinguish this species from the only other of

similar size with tridentate hind femora {glaher Elliott).

3. GLABER Elliott.

Parastephandlus glaher Elliott (2), p. 129, 5 .

$ . Frons arcuate rugose, vertex strongly transrugose,

occiput becoming gradually smoother towards the slightly raised

posterior margin, and with distinct longitudinal impression

;

carina between the posterior ocelli ver}^ inconspicuous, scarcely

to be distinguished from the transverse striae ; anterior frontal

tubercle very prominent. Cheeks shorter than scape ; basal

flagellar joints normal. Prothorax glabrous. Neck rather short

;

mesonotum smooth ; scutellum with marginal punctures only
;

pro- and meso-pleura? very finely alutaceous, metapleurse almost

smooth and median segment with scarcely any visible sculpture.

The pleurae, abdomen beneath, and the legs with erect white

hairs. Petiole very finely trans-striate, slightly longer than rest

of abdomen, which is smooth. Terebra longer than body,

sheaths black. Hind legs with coxae finely trans-striate, femora

smooth, tridentate ; tibi^ compressed to middle.

Black ; head rufescent, with white line under eyes as in

P. damellicus Westw. ; a testaceous mark on frons just below

the anterior tubercle, which is pale rufescent. Legs rufescent,

base and apex of tibiae paler and all metatarsi whitish.

Length 8 mm. ; abdomen 4| mm.
;

petiole 2^ mm. ; terebra

11 mm.
Habitat : Singapore, " F. Sm. Coll."
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The almost entire absence of visible sculpture is characteristic.

The colour of head and legs and the sculpture will easily

distinguish P. orhitalis Brues, which is the only other species of

similar size with tridentate hind femora.

4. PYGMiEUS Enderl.

Stephanus pygmceus Enderl. (1), p. 197, § c? . Parastepha-
nellus pygmmus Enderl. (2), p. 472 et seqq.

; (4), p. 289 et seqq.

5 6 . Frons extremely finely and densely punctate ; all five

frontal tubercles acuminate, the posterior pair smaller ; vertex
and occiput obsoleteiy transaciculate

;
posterior margin of head

sharply bordered. Antennse very slender, second flagellar joint

scarcely one and a half times as long as first ; third shorter than
first and second together. Neck almost smooth, its posterior

margin polished. Mesonotum rugose ; scutellum polished

smooth ; metanotum (the small visible part of the true meta-
notum) longitudinally striate. Mesopleurte smooth, pubescent,
diflTusely punctate in front only ; metapleurse coarsely and
deeply rugose, separated by a shining smooth space and a row of

punctures from the densely punctate median segment. Petiole

finely rugose and shorter than the remaining segments together.

Terebra about two-thirds of the length of body; spicula red-

brown, slieaths entirely black. Legs covered with fine erect

hairs, hind femora bidentate.

Tellow-broAvn ; apical two-thirds of antennae, apex of man-
dibles, meso- and meta-thorax, pleurae and median segment
darker, yellow-brown to black-brown. Wings hyaline, external

submedian cell infumate ; stigma short and bi'oad, dai'k brown.
Length, $ , 7-8 mm. ; S ,

5-7 mm.
Seven cJ d and 3 2 $ in Berlin Zoological Museum ; collected

by Nicholitz at Milne Bay, New Guinea.
Dai^k specimens of the present species greatly resemble lighter

ones of F. daniellicus Westw., also from New Guinea, but are

easily known by the shorter and broader stigma, infumate spot

in Aving, shorter petiole, and, in 5 , shorter terebra.

5. LiEVicoLLis Morley.

Parastephanellus IcevicoUis Morley (1), p. Ill, 5 S

.

5 . Head finely and evenly trans-striate ; vertex coarsely

transcarinate
;
posterior margin of head bordered ; cheeks smooth

and a little longer than scape. Second flagellar joint half as

long again as first ; third half as long again as second. Neck
very short and smooth, semiannular smooth, with a few fine

punctures, as is also the mesonotum. Scutellum quite smooth
and separated from mesonotum by crenulated lines. Mesopleurae

and metapleurpe obsoleteiy shagreened, not punctate, the latter

separated from metanotum by a basally obsolete cai"ina. Median
segment centrally smooth, apically rugulose, and basally with a few
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lai'ge punctures. Petiole very finely transaciculate, shorter than
the remaining segments, which are smooth; second segment
basally somewhat elongately attenuate. Terebra longer than
body, sheaths entirely black. Hind coxte transaciculate, their

fehiora smooth with a few setiferous punctures, bidentate ; tibiae

longer than femora, constricted to middle.

Black ; antennae and palpi infuscate ; base of antennae,

mandibles except apices, clypeus and fi-ons fulvous ; face and
whole external orbits and all tarsi whitish. Wings hyaline,

stigma and nervures piceous.

c? differs in having the whole head except the whitish external

orbits dull red ; base of occiput nitidulous ; basal flagellar joints

longer, though in the same pi-oportions
;

propleui'se dull testa-

ceous ; anterior femora and tibise piceous.

Length 9 mm. ; abdomen 5 mm.
;

petiole 2 mm. ; tex'ebra in

2 11 mm. A single pair, now in British Museum, taken in the
Ding-Ding Island in the Indian Ocean during 1896 and 1900.

6. ALBICEPS Elliott.

Parastephansllus albiceps Elliott (2), p. 130, $ .

2 . Frons subarcuate striate, the striae broken into granules,

vertex and occiput finely granulate striate ; second flagellar joint

one and a half times as long as first, third slightly shorter than
first and second together. Pronotum very finely trans-striate

throughout, neck very short; mesonotum subglabrous; scutellum

normal
;

propleurae finely, obliquely striate ; mesopleurse aluta-

ceous ; metapleurae punctate, separated by a deep crenulated

sulcus from the alutaceous and punctate median segment.
Petiole trans-striate, shorter than the rest of the smooth
abdomen. Terebra rather shorter than body, rufescent, apically

black. Hind legs with coxae trans-striate, femora finely

alutaceous, bidentate ; tibiae compressed to middle.

Black ; mandibles basally fiavous, all orbits broadly white
;

antennae basally, anterior legs except middle coxae rufescent, hind
tibiae and tarsi much paler. Wings hyaline ; stigma and
nervures brown.

Length 9| mm. ; abdomen Sg mm.
;

petiole 2^ mm. ; terebra

8g mm.
Habitat: Victoria, Australia. R. E. Turner, 1907.

Easily known by the extremely broadly white orbits.

7. MACULiFRONS Cam.

Megiseleus macidifrons Cam. (3), 1902, p. 32, S •

S . Frons closely punctate ; vertex and occiput transrugose

;

posterior margin of head bordered. Second flagellar joint twice

as long as first, third shorter than first and second together,

Prothorax short, nearly smooth and shining, neck with a
transverse carina ; mesothorax closely and finely punctate, dull

:
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scutellum smooth. Mesopleurfe nearly smooth ; metapleurse

transrugose, separated by a sulcus from the cribrate-punctate

median segment. Petiole trans-striate, longer than rest of

abdomen, which is feebly shining, discally depressed. Hind legs

with coxa3 trans-striate above ;
femora alutaceous, shining,

bidentate ; tibiae constricted to beyond middle.

Black ; head red, upper part of frons, the vertex, and occiput

black, with a broad red mark behind the posterior ocelli ; outer

orbits yellowish ; scape and basal flagellar joint i-ufous. "Wings

subfuscous, nervures black.

Length 12 mm.
Habitat : Baram District, Low Country, Sarawak. Robt.

Shelford. Type in British Museum.
The peculiar generic name " Megiseleus" appears to be a

printer's error. If the writing were indistinct, the " ch" might

easily be mistaken for " ele."

8. EBURNEUS Morley.

Parastephanellus ehurneus Morley (1), p. 35, 2 d •

5 . Frons rugose, trans-striate. The three anterior frontal

tubercles acuminate, front one longest and recurved
;

posterior

pair smaller and I'ounded. Occiput finely trans-striate. Posterior

margin of head bordered. Second flagellar joint one and a half

times as long as first ; third shorter than first and second

together. Neck short, smooth, and shining ; semiannular finely

ruo-ose. Mesopleuraj obsoletely trans-striate and dull ; meta-

pleurte smooth and shining, separated by a deep sulcus from the

median segment, which is smooth, with large, diffuse punctures.

Petiole with basal half finely trans-striate, longer than remainder

of abdom-en, which is dull and obsoletely punctate. Terebra

shorter than body, sheaths black. Hind legs with coxse obsoletely

transaciculate ; femora nearly smooth and shining, bidentate

;

tibise compressed to middle.

Black; face, clypeus, mandibles except apically, and a streak at

the inner orbits testaceous white ; a. broad stripe from base of

mandibles to near occiput ivory-white ; scape and basal flagellar

joint testaceous ; base and apex of intermediate tibiae white.

Wings clear hyaline, stigma pale.

Length 6 mm. ; terebra 5 mm.
(^ . Similar to § ;

petiole piceous, genital valvulse testaceous.

Length 3 1 mm.
The 2 was taken by 0, S. "Wickwar at Candy, Ceylon, Feb.

1910 ; the 6 by Green, on a leaf infested by a Coccid, jffemi-

cMonaspis hrasiliensis, at Pradenula, Ceylon, June 1909. Types

in British Museum.
Similar to the Australian P. rufo-ornatus Cam., c? , but the

petiole is longer, the sculpture of median segment is difierent,

and the coloration is ver^ distinctive.
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9. DAMELLICUS Westw.

Stephanus damellicus Westw. (5), p. 126, pi. xxiv. fig. 2;
Schlett., p. 116, 5 . IIe7niste2)hanus damellicus Morley (1), p. 112.

Parastephanellus d. (2), p. 29, $ .

Westwood's original description is as follows :

—

"Niger; capita et antennarum basi piceo-rufis
; pedunculo

abdominis pedibusque rufis ; capita antice trituberculato verticeque

carina parva transversa instructo, linea tenvii alba utrinque sub
oculos ; antennis gracillimis, pone medium fuscis ; collari trigono-
truncato, collo lasvi, metanoto basi serie striolarum brevissimarum
notato, pedunculo abdomen longitudine fequanti, ti^ansversim

Icevissime striolato ;
abdomine ovali nitido, oviductu longitudine

caput et corpus totum sequanti
;
pedibus posticis crassis, coxis

elongatis transversim carinatis, femoribus clavatis, subtus serratis

dentibusque tribus majoribus armatis ; tibiis pone medium subito
dilatis; tai-si posticis 3-aiticulatis ; alis liyalinis venis distinctis

nigris, stigmate nigro basi lutescenti.

—

Hah. Austral. In Mus.
Hopeano Oxoniae.

" The mandibles are robust, their inner margin (seen from
above) has two obtuse teeth, seen laterally they are more
irregular. The marginal cell is slightly open at the tip, the vein
forming the hinder margin of the incomplete second submarginal
cell is abbreviated, and the second discoidal cell is incomplete,

the vein forming its hinder margin being obsolete.
" tSpecies proxima Stephanus luematipyoda Montrouzier, Ann.

Soc. Agric. Lyon, T. vii. 1, p. 113. Hah. Woodlark Island."

Having examined the beavitifully preserved type, I am able to

correct and complete the above description.

Pi-ons anteriorly rugose-punctate, transrugose above, vertex
with a very conspicuous transverse carina, behind which the
head is arcuate rugose, becoming trans-striate towards the
strongly bordered posterior margin. The three anterior tubercles

very prominent, the two posterior subobsolete. Antennae very
slender ; basal flagellar joints normal. Neck smooth, semiannular
transrugose. Mesonotum coarsely but not closely rugose-
punctate ; metanotum (the small strip visible) longitudinally

striate. Mesopieurje finely ]3unctate ; metapleurte punctate and
separated from the rugose median segment by a line of

punctures. Petiole finely striate throughout, slightly shorter
than remainder of abdomen, which is smooth and shining.

Terebra slightly shorter thaii body. Hind legs with coxse strongly
trans-striate ; femora bidentate ; tibise compressed to slightly

beyond the middle. Black ; the anterior tubercles and the carina
on vertex are bright red, remainder of head and base of antennae
dull red, with a broad white line on each side, starting from the
posterior margin, passing under the ej^es, and meeting over the
mouth. Neck of pronotum, mesonotum partly, petiole, and legs

red. Wings hyaline, stigma rufescent, basally paler, nervures
black.
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Length 8^ mm.; abdomen 5 mm.; petiole 2 mm.; terebra

8 mm.
The "carina parva transversa" is unusually large, and its

bright red colour makes it very conspicuous. The small visible

portion of the true metanotum is longitudinally striate, but the

median segment is rugose. The hind femora are furnished in

the anterior half beneath with two comparatively long and very

sharp spine-like teeth, and can only be called bidentate. There

is a slight blunt pi"ojection near the base, more pronou.nced on

the right femur than on the left, but these do not count as teeth.

The white line on the head, extending, as one might say, from

ear to ear, is very characteristic.

Enderlein ((1), p. 196) describes both sexes of a Paraste-

phanellus, which he considers to be identical with the present

species, differing in colour only. The neck coarsely longitudinally

striate, the semiannular slightly rugose in front, smooth behind

;

the petiole as long as remainder of abdomen and apically smooth.

No mention is made of the conspicuous carina on vertex, nor of

the white line on head, also petiole and legs are differently

coloured. They are closely-allied species, but that of Westwood
comes from Australia, whereas Enderlein's was taken in New
Guinea, Bismarck Archipelago, and Borneo. For this species

—

rubripictus Elliott—see p. 759.

The measurements given by Westwood in lines are approxi-

mately correct, and the petiole, remainder of abdomen, and
terebra appear to be of equal length. Accurate measurements

show slight differences, which may be ignored for purposes of

identification, as in my table.

The present species is closely allied to, and may even be

identical with P. pictipes Roman.
The British Museum has of this species 7 5 5, taken by

K.. E. Tui-ner at Mackay, Queenlsand, and 1 5 from the S-wan

River. They vary in size from 65 mm., terebra 7 to 13 mm.,
terebra 14| mm. The only difference from the type is in the

slightly longer terebra, which is shorter than the body in the

type but longer in these. I do not consider this sufficient to

create a new species.

10. PICTIPES Roman.

Parastephanelhis pictipes Roman (1), p. 1, 5 .

5 . Head seen laterally scarcely higher than long. Frons
strongly but scarcely ti-ansversely rugose ; the five tubercles rather

prominent but obtuse, the vertex behind them furnished with a

short carina ; occiput towards base more coarsely and more
transvei-sely striate, with indistinct longitudinal impression

;

posterior margin of head emarginate, not bordered. Antennae
short, scarcely reaching beyond thorax, 23-jointed

;
pedicellus

sub-elongate, half as long as scape ; first flagellar joint scarcely

longer than scape, second one and a half times as long as first

;
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third and fourth of equal length and little longer than second.

Thorax sub-depressed, pronotum closely and finely trans-striate,

neck apically deeply emarginate and bifoveolate. Mesonotum
coarsely rugose-punctate, with antei'ior central longitudinal line

of punctures, a strongly cvenulate line before scvitellum, which is

rugose, apically subglabi'ous, alutaceous. Mesopleuife tumid,

scabrous, with broad and smooth posterior margin ; metapleurse

prominent, irregularlyscabrous. Sternum smooth and shining, very

finely trans-striolate, the punctate mesolcus open behind. Median
segment depressed, coarsely rugose-reticulate, basally laterally

more finely sculptured. Petiole about as long as remainder of

abdomen, centrally slightly incrassate, trans-striate, with smooth

apical margin ; second segment half as long as first, shining,

microscopically reticulate ; remaining segments transverse, third

to seventh finely and closely trans-striolate, eighth exserted,

coriaceous. Apical margins of ventral segments sparsely pale

pubescent ; hypopygium apically compressed and subacuminate.

Terebra shorter than body, sheaths black. Hind legs with coxae

trans-striolate inside ; femora bidentate, reticulate, basally exter-

nally smooth and shining; tibiee reticulate, half as long again as

femora, with a central, shining, acute-angled impression behind

(? constricted to middle and there impressed). Wings extending

beyond apex of petiole ; in foi-e wing, stigma nearly five times as

long as its bi'eadth, costa not extending beyond it ; in hind wings

the costa extends to within a third of the apex of wing.

Black; basal half of flagellum, a straight line on cheeks from
base of mandibles, touching the eyes, to the temples—not reach-

ing the posterior margin of temples—apices of coxse, trochanters

partly, extreme base and apex of anterior femoi-a, anterior tibife

chiefly, posterior tibiae bn sally, and all tarsi red ; intermediate tarsi

basally white. Wings hyaline, stigma and nervures black, former
basally narrowly pale ; radix rufescent, tegulse nigi^o- fuscous.

Length 10-11 mm.; terebra 9*5 mm.
Taken by Dr. E. Mjoberg's Swedish Scientific Expedition to

Australia, at Derby, Kimberley Division, West Australia,

Oct. 1910. 1 2 .

This is possibly a dark form of F. damellicus (Westw.),
Enderl., as both have the same unusual streak of colour on the

cheeks. But Westwood describes his species as having three

large teeth on the hind femora, whereas the present species

has only two. Enderlein (Arch. Naturg. 1901) describes a

supposed damellicus Westw., from New Guinea, the Bismarck
Archipelago, and Borneo, which has two femoral teeth but not
the long pale streak on cheeks, and also differs from pictipes in

the sculpture of the pronotum. The present species is now the

only Parastephaoiellus in the Stockholm Museum ; the nearest

species with which it might be compared is the somewhat unlike

Hemistephanus teocanus Cresson. A detailed description has
been given so that this species may in future be clearly under-
stood,

Peoc. Zool. Soc—1922. No. LI. 51
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Westwoocl's incorrect description of his damellicus as having
the hind femora tridentate has caused much confusion. The
present species appears to differ chiefly in the five frontal

tubercles being prominent, posterior margin of head not bordered,

and pronotum somewhat differently sculptured. The peculiar

coloiation of the head points to close connection between the

two, but I do not venture to synonymize them for the present.

11. BREVISTIGMA Endoid.

Parastephanellus hrevistigma Enderl. (3), p. 203, J .

S . Frons finely arcuate transrugose ; the three anterior frontal

tubercles acuminate, the two posterior flatly rounded ; vertex with

three trans-carinse, the space between them polished ; occiput finely

and closely trans-striate. Antennae slender and about 25-jointech

Pronotum finely trans-striate, its lateral angles sharply trans-

rugose, posterior margin polished smooth, neck short. Mesonotum
coarsely rugose-punctate; scutellum smooth. Mesopleurse smooth,

very finel}'^ striate ; metapleurae smooth, reticulately punctate in

front above, separated by a i-ow of deep punctures from the

median segment, which is coarsely, but not reticulately punctate.

Petiole slender, finely and irregularly transrugose, about as long

as remainder of abdomen. Hind coxse finely trans-striate, often

granulate ; femora bidentate.

Head clear ochre-yellow, vertex slightly nigrescent ; apical

two-thirds of antennae brown
;
prothorax ferruginous, posterior

half black above ; remainder of thorax, abdomen, hind coxse,

femora, and tibiae black. Base of second segment and whole of

anterior legs ferruginous. Wings hyaline, faintly infuscate

;

stigma I mm. long, and, like the nervures, brown.
Length 6*4 mm.; abdomen 3"9 mm.; petiole 1'9 mm.; fore

wing 4"4 mm.
Ha.bitat: Hankau (Koshun), Formosa; 28th April, 1912.

Type in Dahlen Museum. (H. Sauter.)

12. PALLIDITARSIS Oa.m.

MegiscJius palliditarsis Cam. (8), p. 56, $ . Af. ruficollis Cam.
I. c. p. 57, S

2 S • Frons closely subarcuate trans-striate ; vertex more
finely trans-striate and occiput nearly smooth. Thi^ee frontal

tubercles short and bluntly rounded in $ , more pointed in S
Posterior tubercles distinct, but broad and blunt. Posterior

margin of head simple. A strong carina between the posterior

ocelli a,nd two smaller ones behind it. Second flagellar joint a little

longer than first and about as much shorter than third. Pro-
notum, pro- and meso-pleuroe smooth ; scutellum smooth, with a
few diffuse punctures ; the bordering furrows weakly crenulated
in 2 , smooth in J . Metapleuraj smooth in 5 , slightlj'- aciculated

in . Petiole closely trans-stx-iate throughout, longer than rest
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of abdomen, which is smooth . Hind legs with coxse closely ti'ans-

striate, femora smooth and bidentate; tibise constricted to beyond
middle in $ , not quite so far in S . Terebra in § longer than

body.

2 . Black ; head rufo-testaceous, outer orbits broadly white,

propleurce and pi'osternum rufous, base of second segment and
the anterior legs rufo-testaceous ; middle tibite basally broadly,

apically narrowly white; hind legs black. Front tarsi partly,

middle tarsi entirely, and hind metatarsus except at apex white.

c? . Similar to $, but head darker red, face and oral region

pale
;
prothorax entirely red, basal antennal joints paler, anterior

legs testaceous, femora darker, hind legs black with knees rufous,

constricted part of tibise and all tarsi white. Wings, in both
sexes, hyaline, nervures and stigma rufous in 5 , darker, with
pale base to stigma in S •

Length, $ , 6 mm. ; abdomen 3| mm. ;
petiole 2 mm. ; terebra

9 mm. Length, S , 7 mm. ; abdomen 3| mm.
;
petiole 2 mm.

There is no doubt that the two species of Cameron are 6 and

$ of the same. His statement that the hind femora of M. rvfi-

collis are trans-striate is an evident mistake for coxfe. There are

few things more deceptive than the relative proportions of petiole

and rest of abdomen. Cameron gives the petiole in this species as

"twice longer"; the actual measurements are 2 and \\ mm.
Habitat : Kuching, Borneo. John Hewitt. Types in British

Museum.

13. sciTUS Elliott.

Parastephanellus scitus Elliott (2), p. 163, cj .

S . Frons strongly arcuate striate, vertex and occiput trans-

striate, posterior frontal tubercles subobsolete, two carinas between
the posterior ocelli

;
posterior margin of head bordered. Scape

longer than cheeks ; second flagellar joint one and a half times as

long as first ; third rather longer than second. Pronotum trans-

striate, the extreme base smooth, neck shoi't ; mesonotum finely

punctate ; scutellum normal
;
propleurse obliquely striate ; meso-

pleurse smooth ; metapleuras coarsely punctate and separated by a
sulcus from the closely and finely punctate median segment.
Petiole finely trans-striate, as long as rest of abdomen, which is

smooth and shining. Hind coxse coarsely, their femora finely

trans-striate, the latter somewhat strongly infiated, bidentate;
tibiae compressed to a little beyond middle.

Black ; head dark red, antennse pale rufescent, becoming
gradually darker towards the apex ; extreme base of pronotum,
front legs, middle tibiae and tarsi, hind tarsi, and base of second
segment rufescent. There is a scarcely noticeable paler line

under the eyes. Wings hyaline, slightly iridescent; stigma
rufescent, basally pale ; nervures blackish.

Length 8 mm. ; abdomen 5 mm. ; petiole 2| mm.
Habitat : Pusa, Bengal. (T. B. F.) 21.vi.ll.

51*
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This is the first specimen of tliis subgenus I have seen from
India proper, all the others being from more southern localities;

one fi'om Oej^'lon, one from Ding-Ding Island in the Indian
Ocean, and several from Boineo and Australia. It difiers from
all other males yet described in the sculpture of the head and
hind legs, and in colour.

The males are decidedly rarer than the females, and the mate
of this species should be discovered ere long.

14. CLARIPENNIS 0am.

Megischits claripennis 0am. (8), p. 56, 5 .

§ . Frons finely and closely transrugose, vertex subarcuate
striate, occiput finely striate, almost smooth behind. The anterior

frontal tubercle longest, and separated from the next pair by a
greater distance than these are from each other, the enclosed

space being unusually elongate. Three carinse between the
posterior ocelli, the front one strongest. Posterior margin of

head strongly bordered. Second flagellar joint half as long again

as first ; third longer than second, but shorter than first and
second together. Pronotvnxi entirely smooth and shining; meso-
notum shagreened, and with longitudinal furi^ow : scutellum

elongate and smooth. Propleura; smooth ; mesopleuije aciculate;

metapleurse obliquely striate. Median segment strongly reticu-

late punctate. Petiole longer than rest of abdomen, closely

trans-striate ; remainder of abdomen smooth. Terebra half as

long again as body, sheaths black. Hind co:s8e closely trans-

striate ; hind femora smooth, bidentate, their tibiae compressed to

a little beyond middle.

Black ; the outer orbits broadly, the anterior tarsi and the
middle tibiae testaceous, hind metatarsus basally white ; head
rufo-testaceous, vertex blackish, four basal antennal joints pale

rufo-testaceous ; the second segment basally rufous. Wings clear

hyaline ; stigma and nervures almost black.

Length 8 mm. ; abdomen 3g mm.
;

petiole 2 mm. ; terebra
13 mm.

Habitat: Kuching,. Borneo. John Hewitt, B.A. Type in

British Museum.

15. RUFo-ORNATus Cam.

Stephanus 7'ufo-ornahis 0am. (5), p. 45, J . Parasteplianellus

rufo-ornatus Elliott (1), p. 92, S . P. rufid-ornatus Morley (1),

pp. 35 et 112, $ (5.
'

S . Frons closely, rugosely, and almost reticulately punctate
;

vertex closely trans-striate ; arcuate striae between frontal
tubercles, and a distinct central longitudinal sulcus on vertex.
Second flagellar joint one and a half times as long as first.

Pronotum short, finely and closely trans-striate. Mesonotum
coarsely rugose; scutellum smooth, with two short lateral



flYMENOPTEliOtlS FAMILY StEPHANlD^. 759

impressions at apex, between which it is striate. Pro- and
meso-pleurae obscurely striate ; apical half of metapleurse

irregularly reticulate. Median segment finely and closely

punctate, apically centrally striate. Petiole finely and closely

trans-striate, as long as rest of abdomen. Hind femora bi-

dentate.

Black ; a broad yellow line from base of antennfe to beyond

eyes ; matidibles pale yellow ; antennae, frontal tubercles,

scutellum, apex of petiole, anterior legs, hind coxte partly,

trochanters, apices of femora, the tibiae and tarsi rufous. Wings
clear hyaline; stigma fuscous, basally pale; nervures brown.

Abdomen from second segment sometimes I'ed.

Length 5-10 mm.
5 . Similar to (S . Petiole slightly shorter ; terebra longer

than body.

Length 13-14 mm.; abdomen 8| mm.; petiole 4 mm.; terebra

15 mm.
Habitat: c^" . Burnett River, Queensland (R.Semon); Kuranda,

Queensland (Dodd), var. Kuranda, 1904. 5 . Mackay, Queens-

land ; Swan River, West Australia.

The 2 2 1 together with the S S from Kuranda, are in the

British Museum.
Easily distinguished from P. hrevistigma Enderl. by the sculp-

ture of metapleurse and median segment, and by the colour.

16. RUBRIPICTUS Elliott.

Stephanus damellicus Enderl. (nee Westw.) (1), p. 196, 5 J.
Parastephanellus rihbripictus Elliott (1), p. 129, $ cJ .

5 c? . Frons rather coarsely rugose-punctate, laterally trans-

rugose ; the three anterior tubercles very acuminate, posterior

pair small ; vertex and occiput transrugose
;

posterior margin of

head sharply bordered. Antennae very slender; basal flagellar

joints normal. Neck coarsely longitudinally striate; semiannular
feebly rugose, with polished posterior margin. Mesonotum
diffusely and coarsely rugose-punctate. Scutellum centrally

smooth, with marginal puncturation. Metanotum longitudinally

striate. Mesopleurae pubescent, finely aird difi'usely punctate

;

metapleurse separated by a row of punctures from the coarsely

and reticulately rugose median segment. Petiole finely rugose,

apically more or less smooth, as long as the remaining segments
together. Terebra in $ as long as body, spicula red-brown,

sheaths black. Legs finely pubescent ; hind coxte densely trans-

rugose ; hind femora bidentate, their tibiae compressed almost to

middle.

Black; face, mandibles except apices, cheeks, 4 or 5 basal

antennal joints, anterior legs and hind tibice red-brown ; petiole

and hind femora sometimes brownish or rufescent. Wings clear

hyaline ; stigma long and narrow, brown.
Length, $ , 11-12 mm.

; c? ,
6-11 mm.
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Habitat : Milne Bay (Micliolitz) ; Bismarck Archipelago
(Di'. Dahl) ; Borneo (Grabowsky).

This species is distinguished from all others in this subgenus
by the long and narrow stigma ; from P. pygmceits Enderl, it

differs also in the longer basal flagellar joints and entirely hyaline
wings.

Enderlein (/. c.) considers this species to be merely a dark
variety of P. clamellicus Westvv. The sculpture of the pronotum
is entirely different, the petiole and hind legs are black, the
characteristic white line on face is wanting, and the stigma is

longer and narrower. These points, taken in conjunction with
the different localities, appear to justify me in regarding them as

separate species.

17. MALAYAINUS Cam.

Stephanus inalayanus Cameron (6), p. 43, $ .

5 . Frons closely and coarsely transrugose ; vertex arcuate

striate. Anterior frontal tubercle very large ; temples broad and
inflated. Second flagellar joint half as long again as first.

Pronotum striate at apex of basa.l fovea,; propleurse smooth
above, closely striate beneath ; mesopleurse nearly smooth; meta-
pleur?e apically coarsely reticulate. Scutellum smooth, with
large basal transverse fovea, from which two lines of foveate

punctures run to apex. Median segment smooth, with large

diffuse punctures. Petiole closely trans-striate, as long as

remainder of abdomen. Terebra slightly longer than body,

sheaths black. Hind coxse irregularly trans-striate; hind femora
bidentate.

Black ; outer orbits, front tubercle, face, frons, and scape more
or less obscurely red ; anterior legs brown, their tarsi paler

;

basal joints of hind tibia; testaceous. Wings clear hyaline;

stigma and nervures black.

Length 11 mm. ; terebra 12 mm.
Habitat: Mankwari, New Guinea (May).
Cameron states that this species much resembles P. inacidifrons

Cam., from Borneo, but is more slenderly built, with hyaline

wings and a fovea at base of scutellum, maculifrons having the
wings infumate, no fovea at base of scutellum.

Hemistephanus.

Enderlein (4), pp. 189 et 301.

Dr. Giinther Enderlein defines this subgenus as having that

part of the median nervure beyond the external submedian cell

obsolete and the cell open behind; the discoidal cell almost as

large as the cubital and always touching the submedian cell

;

stigma long and narroAV. Type : H. macrurus Schlett.

This group, or subgenus, appears to be confined to South
America, being at present known chiefly from Brazil, with a few
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from Colombia, Peru, and Chili. It seems probable that this is

not the true distribution, or rather, that they are spread through-

out the whole of the warm parts of the Southern Continent, their

apparent absence being due to the absence of collectors.

The males are poorly represented, only 6 out of 17 species here

recoi-ded being known in that sex. Szejaligeti briefly mentions

*S'. (i/.) loustenii, 6 , stating merely "
c? , tarsi four-jointed, meta-

tarsus brown "
(p. 534). The statement that the hind tarsi are

four-jointed is repeated with respect to several other species, and

seems inexplicable, seeing that he correctly gives others as five-

jointed.

As a general rule, tliey are black insects with red head and

nearly hyaline, or evenly infuscate wings. The known exceptions

are: H. marginalis Schlett. with black head, and H. macidipennis

and suhmacidatus Westw. \\\t\\ centrally darker wings ; the types

of the two last are in the British Museum.
Roman works out this subgenus in (2), largely based on material

collected by himself in the Amazon Region in 1914-15. He
does not consider the difference in neuration of the fore wing to

be of sufficient value to justify the erection of a new genus—

I

prefer to call it a subgenus—and proposes to call it merely a

group of the genus Stej)hanus. Three main reasons for this are

advanced :— 1st. That they differ from S'iephanus, s. str., only in a

single wins; character, a,nd that there is in the Stockholm

Museum a transition form in which the external submedian

cell is only slightly open. It is not unusual to find in Stephamts,

s. str., that the apical transverse nervure bounding this cell does

not actually join the median nervure, thus leaving the outer lower

angle of the cell slightly open, but the median nervure, never-

theless, extends to the full length of the cell. 2nd. As far as is

known, all the S. American Stephanus, s. str., are 25 mm. or

more in length, Hemistephanus all less than 25 mm. I am
unable to decide as to the value of this fact. 3rd. Megischus

texaims Cress., originally described from a specimen with

mutilated wings, is said to be represented in the Stockholm
Museum by a topotype and to be a Jle^nistephanus, but differing

in colour and sculpture from the S. American species, showing

strong affinities to the N. American species of Stephanus, s. str.

I should be not inclined to withdraw the subgenus on this evidence

alone. There may be a mistake in identification, or the northern

representatives of the group may have their special characters.

For the present I place that species in Stephanus, s. str.

Practically nothing is known of the life-history of these insects.

They are always found on or ai-ound dead or dying wood, and
are certainly forest dwellers, parasitic on wood-boring larvtie.

Roman (Z. c.) suggests that their hosts are to be found among the

Brenthidpe, their larvae being elongate and apparently suitable for

those of slender elongate insects like the Stephanidse ; also they

are both found in all warm countries. Buprestidae may also be

considered, but Brenthidae he thinks most probable.
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Table of Species.

?.

(18.) 1. Posterior margin of head produced eollar-like.

(13.) 2. Petiole distinctly longer tlian rest of abdomen.

(4.) 3. Petiole tw ice as long as rest of abdomen; pronotum poste-

riorly rugose punctate ; abdomen from second segment
sliining smooth ; terebra about 1 j times as long as body.

I. collarifer Schlett,

(3.) 4. Petiole not more than half as long again as rest of abdomen.

(6.) 5. Head black; neck indistinctly transrugose, pronotum oblique,

rugose behind 2. marginalis ^c\\\eti.

(5.) 6. Head red.

(8.) 7. Neck transverse, hind coxae smooth beneath 3. c/lahricoxis Roman.

(7.) 8. Neck longer than broad ; hind coxa; trans-striate beneath.

10.) 9. Neck twice as long as broad
;
pronotum smooth, diffusely

punctate behind only, median segment with punctures of

varied size, interstices partly punctate-rugose... 4. pertianus Enderl.

(9.) 10. Neck not more than H times as long as broad.

(12.) 11. Neck of pronotum laterally angulated
;
punctures on median

segment uniform, interstices smooth 5. anffulicollislioma.n.

(11.) 12. Neck of pronotum not laterally angulated ; interstices on [Cam.
median segment alutaceous 6. erytlirocephalus

(2.) 13. Petiole at most as long as rest of abdomen.

(15.) 14. Terebra scarcely longer than body ; median segment centrally

narrowl J', laterally broadly irapunctate 7. !^e«e)- Schlett.

(14.) 15. Terebra at least one-third longer than bodj'.

(17.) 16. Petiole as long as rest of abdomen ; terebra half as long again

as body 8. wiistneii Schlett.

(16.) 17. Petiole shorter than rest of abdomen ; terebra one-third [Schlett.

longer than body , 9. limpidijpennis

(1.) 18. Posterior margin bordered or not bordered, but not produced
collar-like.

(26.) 19. Posterior margin of head bordered.

(21.) 20. Terebra twice as long as body; semiannular smooth and
shining 10. macrurus Schlett.

(20.) 21. Terebra not more than half as long again as body.

(23.) 22. Median segment confluently punctate.

(22 i.) 22 a. Scutellum smooth, with marginal punctures only. 27 mm.
II. intermedius Szepl.

(22a.) 22&. Scutellum closely punctate throughout. 13 mm. l\a. granidatiis^Wioii.

(22.) 23. Median segment diffusely, not confiuently punctate.

(25.) 24. Semiannular striate; metapleura; coarsel.y alutaceous and
punctate ; hind coxic closelj' rugose ; wings hyaline.

12. jpelillcei Enderl.

(24.) 25. Semiannular smooth ; metapleurae irregulaidy rugose ; hind
coxse with sparse scale-like rugosities, wings subhyaline [Westw.
centrally slightly darker 13. suhmaculatus

(19.) 26. Posterior margin of head simple, not bordered.

(28.) 27. Semiannular and petiole except basally smooth ; wings sub- [Westw.
hj'aline, centrally darker 14. maculipennis

(27.) 28. Semiannular more or less rugose ; wings not centrally darker.

(30.) 29. Terebra more than half as long again as body; petiole as long
as rest of abdomen 15. ruficeps Cdsa.

(29.) 30. Tei'ebra little or not longer than body.

! 32.) 31. Terebra a little longer than body ; petiole shorter than rest

of abdomen ; wings clear hyaline 16. vadosiis Schlett.

(31.) 32. Terebra only as long as body ; petiole slightly shorter than

rest of abdomen ; wings infumate 17. cylindricusW^eaiv,'.
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c?.

Posterior margin of head produced collar-like.

Petiole shorter than rest of abdomen ; collar short. 7. tener Schlett.

Petiole longer than rest of abdomen.

Petiole near!}' twice as long as rest of abdomen ... 1. coUarifer Schlett.

Petiole a little longer than rest of abdomen ; neck long and
slender 4. peruanus Enderl.

Posterior margin of head simple, not bordered.

Semiannular coar.eelj', obliquely rugose; 4th tergite finely

longitudinallj' parallel striate; wings slightly infumate.

17. cylindricus Westw.
Semiannular quite or nearh- smooth.

Wings clear hyaline ; 4th tergite divergently longitudinallj^

striate 16. uactos^ts Schlett.

.

(9.) 10. Wings centrall}- darker 14. maculipennis
[Westw.

1. COLLAEIFER Schlett.

Stephanies coUarifer Schlett., p. 141, $ c? •

$. Frons arcuate to oblique rugose; all five frontal tubercles

prominent ; occiput coarsely longitudinally to obliquely rugose
;

posterior margin of head reflexed and produced into a long,

translucent collar. Basal flagellar joints normal. Neck with a

strong transvei'se fold, behind which it is slightly transrugose

;

semiannular transrugose, laterally finely punctato-rugose. Meso-
notum centrally smooth, with indistinct longitudinal row of

punctures and two divergent, superficially punctate impressions,

remainder transrugose and difFasely punctate. Scutellum smooth,
witii a few isolated but deep marginal punctures. Mesopleui'je

finely alutaceous and shining above, sparsely punctate beneath ;

metapleurse coarsely reticulate rugose, not separated from the

median segment by any sulcus. Median segment with diff"use,

shallow punctures, between which it is finely alutaceous; marginal

sulci distinct and sometimes an indistinct central impression.

Petiole transrugose, neai'ly twice as long as the smooth and
shining remainder of abdomen, and almost longer than the hind
coxae, trochanters, and femora together. Terebra longer than
body, its sheaths white-banded before apex. Hind legs with

coxiB trans-striate between coarse, scale-like rugosities ; femora
polished smooth, bidentate ; tibiae compressed to beyond middle

;

tarsi three-jointed.

Black ; head entirely, mandibles and antennas basally ferru-

ginous. Wings subhyaline ;
" neuration complete, excepting

that part on the median nervnre outside the submedian cell."

cJ . Similar to the $ , but head and thorax more finely sculp-

tured, median segment closely cribrate punctate ; hind tarsi five-

jointed.

Length
, 5 ? 18 mm. ; terebra 24 mm. ; c? , 12 mm.

Habitat : Brazil (Tefe on the Amazon and San Paulo Prov.)
;

Surinam. Type in the Royal ISTat. Hist. Museum, Berlin

;

co-type in coll. Wiistnei, in Sonderburg.
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This species is distinguished from all others by the extremely
elongate posterior margin of the head, and by the great com-
parative length of the petiole, which is twice as long as the rest

of the abdomen.

2. MARGINALIS Schlett.

Stephamis margincdis Schlett., p. 133, 5 .

5 . Frons and occiput coarsely and ii-regularly rugose, a few
arcuations immediately behind frontal tubercles. Posterior

margin of head retlexed collar-like. Second flagellar joint three

times as long as first ; third as long as first and second together.

Neck indistinctly finely rugose, especially centrally; semiannular
finely obliquely rugose. Mesonotum centrally polished smooth,
anteriorly and laterally rather coai-sely transversely punctato-
rugose, the median line of punctures obsolete. Scutellum
polished smooth, with a few very conspicuous punctures. Meso-
pleurte almost smooth, with large, diflfuse punctures ; metapleurse

coarsely reticulate rugose, separated from the median segment
by a polished smooth sulcus, which is broad in front, narrow
behind. Median segment anteriorly smooth, centrally and
posteriorly finely transrugose, coarser towards apex, with difi'use

superficial punctures. Petiole basally distinctly, apically in-

distinctly transrugose, very little longer than rest of abdomen

;

second segment basally rugose, remainder of abdomen dull.

Terebra scarcely longer than body, white-banded before apex.

Hind legs with coxae distinctly transrugose between widely
placed scale-like rugosities ; femora polished smooth, bidentate

;

tibiae compressed to beyond middle.

Entirely black ; wings slightly infumate. Length 25 mm.
Habitat : Bahia, Brazil. Type in Imp. Nat. Hist. Museum,

Berlin.

This species strongly resembles Stephanus furcatus Lep. & Serv.,

niger Smith, and sicktnaoini Schlett., from all of which it may be
distinguished—in addition to the neuration—by the reflexed

posterior ma.rgin of the head and the elongate basal flagellar

joints. The latter character, and the sculpture of the mesonotum
will separate it from its nearest allies, 11. coUarifer Schlett. and
JI. ivustneii Schlett.

3. GLABRicoxis Eoman.

Stephanus {Hemistephanus) glabricoxis Roman (2), p. 9, 5 .

5 . Frons arcuate rugose, space between tubercles longitu-

dinally rugose ; vertex with 2-3 transcarinse ; occiput more
longitudinally rugose

;
posterior margin of head collar-like,

translucent. Scape as long as second flagellar joint ; third joint

rather longer than first and second together, fifth slightly shorter

than fourth and as long as sixth. Neck transverse, apically

deeply emarginate, transvei-se fold broad and deep ; an oblique

costa runs on each side of the fold, behind which the pronotum
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is polished smooth ; mesonotum anteriorly and laterally coai'sely

transrugose, posteriorly centrally smooth ; impressed part of

metapleurse striate; median segment rugulose, especially laterally,

the umbilical punctures do not extend to the sides; stigmal sulcus

obsolete in front. Petiole slender, transrugose, longer than
remaining segments ; second basally transrugose, slightly acicu-

late beyond middle; third basally finely transreticulate, otherwise

finely aciculate ; fourth transverse, basal half transreticulate,

apical half polished. Terebra one-third longer than body, its

black apex more than half as broad as the subapical white band.

Hind legs with coxae polished smooth externally and beneath

except towards apex, furnished with a few transverse piliferous

granules, the usual close striation only visible above and inside

;

femora apically above and externally iinely reticulate ; tibiee

compressed to beyond middle ; metatarsus about four times as

long as broad. Fore wing not reaching apex of second segment.

Black ; head except apices of mandibles, two ba,sal antennal

joints, and hind metatai'sus red. Wings strongly infumate,

stigma and nervures black, the former basally pale, radix and
tegulae black.

Length 18"5 mm. ; terebi-a 24 mm.
Habitat: Cururuzinho, Rio Autaz, Brazil ; 20.x. 1914. One $

only.

Very similar to S. angidicollis Roman, differing especially in

the sculpture of the short neck, the chiefly smooth coxse and
darker wings, as well as in minor details.

4. PERUANUS Enderl.

Hemistephanus 2)et'-ucinus Enderlein (4), p. 302, $ ; Roman (2),

p. 7, ? J .

§ c? . Head rather large ; frons transrugose, straightly in

front, arcuately behind. All five frontal tubercles well developed,

the anterior one produced into a carina in front. Vertex and
occiput arcuate rugose, posteriorly smooth, without central

impression
;

posterior margin of head broad and translucent.

Second flagellar joint about two and a half times as long as first

:

third about as long as first and second together. Pronotum
elongate, polished smooth, with a few punctures on semiannular

and a strong apical carina. Mesonotum anteriorly with a median

row of punctures, on each side of which is a smooth space,

bounded by two divergent rows of punctures, outside of which

are four strong rugosities, dorsally smooth, with large diffuse

punctures. Scutellum smooth. Mesopleurae coarsely and
diffusely granulate rugose, separated from the median segment

by a wavy longitudinal carina. Median segment with large and
small shallow punctures on a partly rugose punctate ground, a

short longitudinal impression before spiracles, latei^ally indistinctly

rugose, anterior lateral angles smooth polished. Petiole basally

finely transrugose, apex broadly smooth, longer than remainder
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of abdomen ; second segment with extreme base finely rngOse,

then microscopically longitudinally aciculate ; third to beyond
middle and fourth basally finely sbagreened and dull, remainder

smooth. Terebra rather longer than body, white-banded before

apex. Hind legs with coxse finely transrugose throughout

;

femora bidentate, smooth.

Black ; head and 3-4 basal antennal joints ferruginous, thorax

basally dark red-brown. Tarsi densely gold pubescent beneath.

Wings strongly infumate, nervures black-brown, stigma slender.

Length, $ , 19^^ mm. ; abdomen 13g mm.
;
petiole 7i mm. :

ter-ebra 21 j mm. ; fore wing 11| mm. J , 9^-14 m.m.

Habitat : Prov. Chanchamayo (Rio Toro), Peru ; Rio Autaz and
Manaos, Brazil.

This species is best known from all others by the elongate,

unsculptured pronotum. It resembles Parastephanellus collarifer

Schlett., from which it may be distinguished by neuration of

wings, sculptui'C of median segment and abdomen, and by the

colour.

5. ANGULicoLLis Roman.

Stephanus (^BemistepJi)^ angulicollis Roman (3).,, p. 7, 5 .

5 . Frons arcuate rugose, space between the stout anterior

tubercles longitudinally rugose, the posterior pair squamiform
;

vertex with 3-4 transcarinee ; occiput anteriorly more or less

arcuately rugose, remainder smooth, centrally longitudinally

aciculate, the rugose and smooth parts forming an obtuse angle

with each other. Posterior margin of head produced into a

translucent collar. (Scape as long as second flagellar joint, third

rather longer than first and second together, fifth as long as

fourth and rather longer than sixth. Neck elongate, about one

and a half times as long as broad ; in front of the transverse fold

is a broad sulcus, on each side of which is a strong raised costa

running forwards and suddenly bent outwa,rds, followed by others

which become smaller in the direction of the fold ; semiannular

coarsely rugose before and below its polished posterior margin.

Mesonotum with distinct central row of punctures, parapsidee

coarsely subtransversely rugose ; impressed part of metapleurse

striate. Median segment with umbilicate punctures of about

even size on a smooth ground, lateral impressions from spiracles

to anterior margin. Abdomen more than twice as long as head
and thorax, petiole slender, strongly trans-striate throughout,

longer than the remaining segments together ; extreme base of

segment two transrugose, remainder polished and closely acicu-

late ; third slightly longer than its apical breadth, basally finely

transreticulate, rest aciculate, with broadl}^ smooth apical margin
;

3rd to 6th slightly apically emarginate ; fourtli not longer than

its basal breadth, basal third transreticulate, centrally transacicu-

late, apically polished ; remaining segments strongly transverse.

Terebra about one-third longer than body, the black apex about
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half as broad as the snbapical white band. Hind legs with coxae

closely trans-striate, subobsoletely above, a few piliferous

granules. Femora towards apex above and externally very finely

reticulate; the tibiae compressed to beyond middle; metatarsus

five times longer than its maximum breadth. Fore wings not

reaching apex of second segment.

Black; head except apices of mandibles, scape, first flagellar

joint partly, and hind metatarsus obscurely red
;
palpi fuscous.

Wings nearly hyaline ; stigma black, basally narrowly pale

;

nervures and radix black, tegulpe pale, basally black.

Length 17 "5 mm. ; terebra 22 mm.
Habitat: Apipica, Rio Autaz, Brazil, 14.ix.l914. One 5-
Apparently isolated by the peculiar structure of the neck, but

near B. peritanus Enderl. in the elongate neck and small trans-

verse fold.

6. ERrTHROCEPHALUS Cam.

Megisckus erythrocephalus Cameron (l),p. 421, $ . Stephanus e.

Schlett., p. 140, $ .

5 . Frons transrugose ; occiput longitudinally rugose, with
faint central sulcus

;
posterior margin of head broadly bordered.

Neck longitudinally sulcate, laterally obliquely carinate ; semi-

annular trans-striate, posterior margin narrowly smooth. Meso-
thorax trans-striate throughout ; scutellum smooth, with three

large marginal punctures on each side ; meso- and meta-pleurse

and median segment alutaceous, with difi"use large punctuies, the

two latter separated by a sulcus. Petiole trans-sti-iate, longer

than rest of abdomen ; second segment basally coarsely trans-

rugose, thence and basal two-thirds of third discally longitudi-

nally aciculate and dull, remaining segments smooth. Terebra
slightly longer than body, sheaths white-banded before apex.

Hind legs with coxae coai-sely trans-striate: femora smooth,
bidentate ; tibiae constricted in basal third, apical third felted

beneath.

Black ; head red. Wings hyaline, stigma and nervures black.

Length 19 mm.; abdomen 13 mm.: petiole 7 mm,; terebra

20 mm.
Habitat : Buguba, Panama. Type in British Museum.
Closely allied to M. collarifer Schlett., but sufiiciently distin-

guished by the less developed posterior margin of head and
shorter terebra.

7. TENER Schlett.

Stephanus tener Schlett., p. 142, $ ; Roman (2), p. 7, $ cJ

.

$. Frons finely arcuate rugose; occiput finely longitudinally

to obliquely rugose, more transversely near posterior ocelli

;

tlie three anterior frontal tubercles very prominent
;

posterior

margin of head produced into a short but distinct and trans-
lucent collar ; cheeks scarcely as long as scape. Second flagellar
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joint twice as long as first, third longer than first and second

together. Neck elongate and very slender, posteriorly rugose,

especially laterally ; semiannular polished smooth, with a few

fine punctures and oblique striations. Mesonotum laterally

deeply pvinctato-rugose, with a central line of small but distinct

punctures, on each side of which is a smooth space bounded by a

row of broad punctui'es. Scutellum smooth, with a few con-

spicuous marginal punctvires. Mesopleura; rather smooth and
shining above, dull beneath, with diffuse and shallow punctures

;

metapleurae anteriorly finely and irregularly, posteriorly coarsely

reticulate rugose, not separated by any sulcus from the median
segment, which is punctate, except narrowly in the middle and
broadly at the sides. Petiole transrugose, as long as remainder

of abdomen ; second segment smooth, basally rugose ; third and
fourth finely wavily transrugose, third centrally feebly longitu-

dinally aciculate (in small individuals nearly smooth). Terebi^a

as long as body, white-banded before apex. Hind legs with

coxse extremely finely transrugose between coai'se, scale-like

rugosities ; femora polished smooth, bidentate : tibiae compressed

to beyond middle.

Black ; head, scape, first flagellar joint, and mandibles basally

ferruginous. Wings hyaline.

Length 9'3-14-5 mm. The type in the Hungarian National

Museum at Budapest is 13 mm. long.

Habitat : type from Obidos on the Amazon, Brazil ; Rio
Autaz.

(S . Similar to 5 , but segment 4 subtransverse. Length
9-1 0"5 mm.

Habitat : Rio Autaz, Amazon District, Brazil ; taken by
Roman in 1914-15.

The elongate neck and shorter terebra will sufilce to distinguish

this species from H. collarifer , limpidipennis^ and tvilstneii Schlett.,

in all of which the neck is normal and the terebra longer than the

body.

8. wiJSTNEii Schlett.

Stephanus vmstneii Schlett., p. 149, $ .

5 . Frons irregularly rugose ; vertex transrugose ; occiput

rugose-puncta,te. Cheeks shorter than scape. Posterior margin
of head produced into a very distinct collar. Basal flagellar

joints normal. Neck with a few deep rugosities; semiannular
polished smooth, with diffuse punctures. Mesonotum with a

central row of punctures, on each side of which is a smooth
space, laterally rather densely rugose-punctate. Scutellum
smooth, with a few fine marginal punctures. Mesopleurse almost
smooth and slightly shining above, dull and rather coarsely and
densely rugose-punctate beneath ; metapleurte reticulate rugose,

more coarsely behind than in front, not separated from the

median segment by any sulcus. Median segment densely
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cribrate punctate, with a distinct crennlate sulcus on each side.

Petiole very finely and indistinctly trans-stviate, as long as the

remaining segments ; second segment basally striate, rest smooth
and shining, with a few dull spots due to microscopic sculpture.

Terebra half as long again as body, sheaths white-banded before

apex. Hind legs with coxpe finely striated between coarse

rugosities, distinctly transrugose beneath ; femora polished

smooth, bidentate ; tibite compressed to beyond middle.

Black ; head, mandibles basally, and scape ferruginous. Wings
hyaline.

Length 12 mm. ; terebra 18 mm.
Habitat : Massanary, on the Amazon, Brazil. Type in collec-

tion of Herr Wiistnei, after whom it is named.
Schletterer states that this species is deceptively like H. limpidi-

pennis, but the sculpture of face is different, petiole and terebra

longer, the former less distinctly sculptured and the median
segment more densely punctate. From JI. marginalis it may be

distinguished by smaller size, shorter basal flagellar joints, shorter

petiole, and shorter terebra.

Szepligetti, p. 533, states briefly of this species :— S . Tarsi

4-jointed ; metatarsus brown. $. Length 14 mm.; terebra

18 mm. Habitat: Fonteboa, on the Amazon, Brazil.

This eiTor as to the S S having 4-jointed hind tarsi is

repeated by him in other cases ; they are always 5-jointed.

9. LIMPIDIPENNIS Schlett,

Stephamis limpidipennis Schlett., p. 147, $ .

5 . Frons rather coarsely and subarcuately rugose ; vertex

transrugose ; occiput more coarsely punctato-rugose. Temples
with a few punctures near eyes. Posterior margin of head pro-

duced into a long translucent collar. Cheeks decidedly shorter

than scape. Basal flagellar joints normal. Neck of prothorax
with two coarse transverse folds, between which it is deeply

impressed and shining, behind them lightly punctato-rugose

;

semiannular rather densely, partly confluently punctate. Scutellum
entirely smooth with a few marginal punctures. Mesonotum
laterally rather coarsely and densely rugoso-punctate. Meso-
pleurae smooth above, dull beneath, with large difiuse punctures;
metapleurae in front lightly and indistinctly, behind coarsely and
deeply reticulate rugose, not separated from the median segment.
Median segment shining smooth, with large diflfuse punctures,

centrally closer, marginal sulci distinct. Petiole trans-striate,

basally irregularly rugose, distinctly shorter than remainder of

abdomen, which is basally finely rugose, otherwise smooth with a

few dull spots due to microscopic sculpture. Terebra evidently
longer than body, white-banded before apex. Hind legs with
ooxfe finely trans-striate between very coarse rugosities ; femora
smooth, bidentate ; tibias compressed to beyond middle.
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Black ; head, base of mandibles, and scape ferruginous. Wings
extremely clear hyaline.

Length 14-15 mm. ; tevebra 19-20 mm.
Habitat : Massanary, Brazil. Type in Hungarian Nat. Museum,

Budapest.

This species differs from //. vmstneii chiefly in the more
arcuate rugose head, shorter and more coarsely sculptui'ed petiole,

and more diffusely punctate median segment. From H. collarifer,

with which it agrees in size, colour, posterior margin of head, and
length of terebra, it may be best known by the rugose- punctate

occiput, shorter petiole, deeper sculpture of the semiannular, and
by the very clear wings.

10. MACRURUS Schlett,

Stephamos macrurus Schlett., p. 128, 5 .

5 . Frons rather finely arcuate I'ugose ; occiput in front

arcuately to transversely rugose. Postei'ior margin of head
strongly bordered. Clieeks shorter than scape. Basal flagellar

joints normal. Neck of prothorax apically finely transrugose,

the remainder, together with the whole semiannular, smooth and
shining. Mesonotum sparsely punctate, centrally smooth, with a

longitudinal row of broad punctures, laterally finely transrugose.

Scutellum polished smooth, diffusely and finely punctate. Meso-
pleurse above finely alutaceous and shining, beneath dull, with
large and partly confluent punctures ; metapleurse dull, finely

and diffusely punctate, separated from median segment by an
indistinct and finely rugose sulcus. Median segment with diffuse

large punctures, intersjDevsed with finer ones. ' Petiole trans-

rugose, basally more coarsely, a little shorter than rest of

a,bdomen, which is basally rugose, then shining, with a few dull

spots. Terebra twice as long as body, sheaths white-banded
before apex. Hind legs with coxa3 shining, finely trans-striate

;

femora polished smooth, apically finely sculptured and subopaque,
bidentate ; tibiae longer than femora, compressed not quite to

middle.

Black ; head ferruginous, mandibles red, apically brown

;

antennae pitch-brown, apically ferruginous ; neck of prothorax
brown or rufous ; hind tarsi rufescent. Wings hyaline.

Length 23-24 mm.
Habitat : (Surinam. Type in Roj^'al Natural History Museum,

Berlin.

This species may be distinguished from H. niacidipennis

Westw. by the sculpture of petiole and hind coxae, longer terebra,

and hyaline wings. From H. collarifer Schlett. and limpidi-

pennis Schlett., which it resembles in form and colour, it may at

once be known by the much less prominent posterior margin of

head and by the longer terebra.
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11. INTERMEDIUS Szepl.

Stephanus intermedins Szepl.
, p. 533, 5 .

5 • Frons coarsely and indistinctly arcnately rugose ; vertex

arcuately, occiput transversely rugose ; cheeks short, only half as

long as scape
;
posterior margin of head shai'ply bordered. Basal

flagellar joints normal. Pronotum short, irregularly trans-striate,

its posterior margin polished. Mesonotum coarsely and irregularly

rugose ; scutellum smooth, with coarse marginal punctures.

Mesopleurse in front finely punctate, a few coarse punctures

behind and transrugose below ; metapleurae pubescent, with a

few isolated punctures, separated by a deep smooth sulcus from
the confluently punctate median segment. The petiole trans-

rugose, rather shorter than rest of abdomen. Terebra rather

longer than body, white-banded before apex. Hind legs with

coxpe trans-striate; femora smooth, bidentate ; tibiae compressed

in basal third.

Black; head, scape, and hind tarsi ferruginous. Wings
infumate, light brown.

Length 27 mm. ; terebra 30 mm.
Habitat : Tonantins, Brazil,

This species comes very close to H. macrurus Schlett., from
which it may be distinguished by the confluent puncturation of

the median segment, infumate wings, and much shorter terebra.

11a. GRANULATUS Elliott.

Hemistephanus granulatus Elliott (2), p. 130, $ .

$ . Head, excepting the smooth temples, granulate rugose,

vertex and occiput moi'e finely
;

posterior margin of head
bordered ; anterior tubercle prominent ; three very conspicuous
carinjB between the posterior ocelli. Basal flagellar joints normal.
Pronotum rather short, trans-striate, with smooth posterior

margin ; mesonotum centrally trans-striate, laterally punctate

;

scutellum closely punctate throughout, marginal punctures deep.

Mesopleurse finely and closely punctate ; metapleurae coarsely

punctate, separated by a crenulate sulcus from the median
segment, which is confluently, almost granulate punctate. Petiole

trans-striate, slightly shorter than rest of abdomen ; base of

second segment trans-striate, remainder smooth, feebly shining.

Terebra very nearly as long as body, rufescent. Hind legs with
coxse trans-striate ; femora smooth, bidentate ; tibise compressed
to middle.

Rufescent ; all metatarsi flavous to white. Wings infumate.
Length 13 mm.; abdomen 7| mm.

;
petiole S^mm. ; terebra

13| mm.
Habitat : Swan River, West Australia.

The closely punctate scutellum and general granulate sculpture

will distinguish this species.

If the label " Swan River " is correct, this is the first, and
Phoc. Zool. See—1922, No. LII. 52
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up to the present, the only species of this subgenus known
from the Australian Region. The large size of the discoiclal

cell places it here, but all other known examples come from

South America.

12. PEHLKEi Enderl.

Hemistephanus pehlkei Enderl. (4), p. 304; Roman (2), pp. 10

et 13, ?.

5 . Frons closely, posteriorly ai-cuately rugose ; space between

tubercles transrugose in front, obliquely behind. Vertex strongly

arcuate rugose ; occiput in front arcuate rugose, becoming finer

and straighter behincl, with a broad, indistinct median impression
;

posterior margin of head finely Ijordered. Second flagellar joint

normal, third longer than first and second together. Neck
rather short, with four transverse carinae : semiannular

moderately transrugose, the narrow posterior border smooth, and
with lateral very fine oblique striation. Mesonotum anteriorly

irregularly punctate rugose, with a median line of confluent

punctures, centrally smooth, laterally coarsely punctate.

Scutellum polished smooth, laterally coarsely punctate. Meso-
pleurae rugose reticulate and difi'usely punctate ; metapleurse

similarly, but more coarsely punctate, separated from median
segment by an anteriorly obsolete carina. Median segment

smooth, with microscopic reticulation and difi^use punctures whicli

do not touch the middle or sides ; marginal sulci wanting.

Petiole trans-striate, apically more finely, shorter than rest of

abdomen. Second segment basally rugose, towards apex longitu-

dinally aciculate ; third to fifth basally granulate aciculate
;

fourth apically longitudinally aciculate, remainder very finely

aciculate. Terebra one-third longer than body, sheaths black, a

subapieal white band as broad as the black apex. Hind coxse

transrugose ; hind femoi'a smooth, bidentate.

Black ; head except apices of mandibles and 3 or 4 basal antennal

joints ferruginous; hind tarsi gold pubescent beneath. Wings
clear hyaline; stigma black, nervures black-brown.

Length (type) 2O5 mm.; abdomen 14| mm.; petiole 6 mm.
terebra 28 mm. ; fore wing 10| mm. (Enderlein). 15-20^ mm.
(Roman).

Habitat: Rio Magdalena, Colombia (Pehlke); Rio Autaz and
Curururuzino, Amazon District, Brazil (Roman).
Roman states that this species is specially distinguished by

the extremely fine oblique striation on the semiannular nnd at

the lower end of the pleural furrow, also by the divergent longi-

tudinal striation on the fourth tergite. The finely bordered
posterior margin of the head and the carina between metapleurse

and median segment are chax^acteristic, also the whole sculpture

of the abdomen.
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13. SUBMACULATUS Westw.

Megischus submaculatus Westw. (4), p. 230. 5 . Stephanies s.

Schlett., p. 126, $.

$ . Frons arcuate rugose ; occiput anteriorly arcuately,

posteriorly transversely rugose. Posterior margin of head very

finely bordered. Second iiagellar joint one and a half times as

long as first, third as long as first and second together. Neck
very finely trans-striate ; semiannular entirely smooth. Meso-
notum very difl^usely and finely punctate ; scutellum smooth, with

a few marginal punctures. Mesopleurte shining smooth above,

dift'usely punctate below ; metapleursD irregularly rugose,

separated by a narrow but distinct sulcus from the median
segment, which is very diflfusely punctate, apically irregularl}'

transrugose. Petiole trans-striate, a little shorter than rest of

abdomen, with two very distinct lateral tubercles before middle

;

remaining segments smooth, apex o£ abdomen dull. Terebra
longer than body, sheaths white-banded before apex. Hind coxfe

with diffuse scale-like rugosities ; hind femora polished, bidentate;

hind tibise compressed to middle.

Black ; head and scape red. Wings subh5^aline, scarcely darker
centrally.

Length 18 mm.; terebra 33 mm.
Habitat: Para, Brazil. Type in British Museum,
Very similar to mactdipennis Westw., but diff"ers in the almost

smooth neck of pronotum, more diffuse puncturation of mesonotum
and median segment, trans-striate petiole with much larger

tubercles, and the subhyaline wings, not darker centrally.

14. MACULiPENNis Westw.

Megischus maculipennis Westw. (4), p. 229, S • Steiohanus m,
Schlett., p. 127, S ; Szepl., p. 533, ? S

.

5 S . Frons and vertex arcuate rugose ; occiput regularly,

laterally irregularly transrugose. Posterior margin of head
simple. Second flagellar joint one and a half times as long as

first ; third normal. Neck very coarsely, basally more finely

transrugose; semiannular polished smooth. Mesonotum coarsely

and diff'usely, laterally more densely and partly confiuently

punctate, the median row of punctures and lateral divergent
impressions very distinct. Scutellum smooth, with a few con-
spicuous marginal punctures. Mesopleurse above shining smooth,
below finely and diffusely punctate ; metapleurte coarsely and
irregularly rugose, separated by a narrow but distinct sulcus
from the median segment, which is coarsely and diff'usely

punctate, apicall}^ transrugose. Petiole smooth, basally finely

trans-striate, with a small tubercle on each side before the
middle, shorter than rest of abdomen, which is subnitidulous,
apically dull. Hind coxse with diffuse coarse rugosities, only
near posterior margin densely transrugose ; hind femora polished
smooth, bidentate ; hind tibiae longer than femora and compressed
to middle.

52*
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Black ; head entirely, frons and hind legs centrally ferru-

ginous ; mandibles and antennpe basally rufescent. Wings
subhyaline, centrally strongly infumate.

Length 25-33 mm. ; terebra 35-50 mm.
Habitat : Para, Brazil. Type of $ in British Museum.
Szepligetti (l. c.) states:—" §. Length 25-30 mm.; terebra

35-50 mm.; sheaths white-banded before apex; posterior margin
of head sharp

;
petiole transrugose ; hind tarsi 3-jointed

;

otherwise as 3' • Yurimaquas, Peru, and Prov. Piauchy, Brazil.

Text-figure 4.

Hemistephanus maculipennis.

"Var. 1. 5- Hind tibiae entirely black. La Merced, Brazil.
" Yar. 2. 5 d . Median segment transrugose. centrally punc-

tate. Wings pale brown to hyaline, centrally dark marked. Only
basal half of front legs more or less red. Petiole of 5 rather
lightly transrugose. Length 33 mm. ; terebra 50 mm, Yilca-

nota, Peru."

In the type-form the smooth petiole, centrally dark wings, and
sculpture of prothorax will distinguish this species from sub-

maculatus Westw. and macrurus Schlett., both of which it

resembles. The transrugose petiole of Szepligetti's specimens
appears to be mei-ely a variety.

15. BUFiCEPS Cam.

Megischus rujiceps, Cameron (1), p.

Stejihanus capitatus Schlett., p. 151, $
Morley (1), p, 112, $,

420, pi. 18, fig, 9, §.
Hemistephmnis ruficeps
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"Niger, capite rufo ; alis fere hyalinis, 5 long. 19 mm.;
terebra 25 mm. Hah. Panama, Yolcan de Olurique, 2500-4000
feet." (Cameron.)

5 . Head coarsely rugose, vertex more finely
;

posterior

margin of head simple. Antennae very slender, about two-

thirds of length of body, scape elongate ; basal flagellar joints

normal. Neck coarsely, semiannular more finely trans-sti'iate.

Scutellum smooth, with large and coarse marginal punctures.

Mesopleurse aciculate, rather dull ; metapleurae rugose and dull.

Median segment nitidulous, with large and diffuse punctures.

Petiole irregularly but closely trans-striate, as long as remainder

of abdomen. Terebra half as long again as body. Hind legs

with coxse striolate, more strongly towards apex, inner side

densely pilose ; femora smooth, bidentate ; tibiae and tarsi

covei'ed with dense, shining, fulvous pubescence.

Black with red head. Wings subhyaline.

Length 19-21 mm.; terebra 25-35 mm.
Habitat: Panama (Cameron); Amazon (Bates). Type in British

Museum.

The present species may be best separated from cylindricus

Westw. by the much longer terebra and by the sculptxire of the

pro- and meso-thorax a.nd of the hind coxae. It also resembles

H. 'wiistneii Schlett., from which it may be known by the simple

posterior margin of the head, coarser puncturation of the

scutellum, and by the greater size.

In 1861, Smith described a Fcenatopus ruficeps, and subse-

quently withdrew his genus Fcenatopus as synonymous with

Stephanus . On these grounds Schletterer {I. c.) altered the

specific name to capitatibs. More recent investigation has

resulted in the original genus Stephanus being divided into a

number of subgenera, in each of which it appears permissible to

repeat a specific name ; hence I restore the original name
ruficeps given by Cameron.

16. vADosus Schlett.

Stephanus vadosibs '^cliXett.j-^.liQ, $ '> Roman (2), p. 11, ? d'

.

5 . Head irregularly rugose, frons fiiiely, occiput more
coarsely and tra,nsversely in front ;

posterior margin of head

simple. Second flagellar joint barely twice as long as first

;

third longer than first and second together. Neck feebly trans-

rugose, semiannular polished smooth above, obsoletely rugose

below. Mesonotum with irregular to transverse superficial

rugosity, central row of punctures distinct, lateral ones indistinct.

Scutellum polished smooth, marginally punctate. Mesopleurse

shining above, dull beneath ; metapleurae irregularly rugose,

not separated from median segment, which is smooth shining,

very difi"usely punctate, with distinct marginal sulci. Petiole very

finely trans-striate, little shorter than rest of abdomen ;
second

segment basally finely rugose, apical third longitudinally striate,

fourth longitudinally divergently striate. Terebra longer thai:^
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body, white-banded before apex. Hind legs with coxa3 finely

trans-striate between coarse ridges ; femora smooth, bidentate
;

tibiee compressed about to middle.

Black ; mandibles and antennge basally and hind metatarsus

ferruginous ; anterior legs brown, with a tendency towards
rufescent. Wings entirely hyaline.

Length 12-20 mm. ; terebra 15-24 mm.
6 . Differs from 5 in having 3rd abdominal segment usually

distinctly elongate, 4th transverse or rarely quadrate. Length
8-1] "5 mm.

Habitat : Brazil, Manaos, Rio Autaz. Type in National

Museum, Budapest.
This species appears to be one of the most frequent in the

Amazon region, yet, until 1914, it had been only once taken, and
the S was not known. It comes close to H. Gylhidrims Westw.,
from which it may be distinguished chiefly by the finer sculpture

of pro- and meso-thorax, longer terebra, and entirely hyaline

wings. From //. limpiclipennis Schlett., wustneii Schlett., and
tener Schlett., all of which it resembles, it is at once separated by
the simple posterior margin of the head.

• 17. CYLiNDRicus Westw.

Megischus cylinclricus Westw. (4), p. 230. Stephanus cylin-

dricus Schlett., p. 144; Enderlein (4), p. 306, 2 '•, Roman (2),

p. 10, 2 c?.

2 . Head entirely finely and moderately irregularly rugose,

more transversely near posterior ocelli ; three anterior frontal

tubercles very prominent
;

posterior margin of head simple.

Second flagellar joint fully one and a half times as long as first

;

third longer than first and second together. Neck coarsely

rugose, anteriorly transversely, posteriorly more irregularly

;

semiannular smooth above, lateral])'' posteriorly obliquely rugose.

Mesonotum rather coarsely rugose-punctate, a small central

smooth space with indistinct longitudinal row of punctures, the

lateral ones more distinct. Scutellum polished, with diffuse

marginal punctures. Mesopleurse shining smooth above, dull

and diffusely punctate beneath ; metapleurse finely and diffusely

punctate in front, irregularly rugose behind. Median segment
strongly shining, very finely and diffusely punctate, marginal
sulci obsolete. Petiole basally irregularly rugose, remainder
distinctly trans-striate, a little shorter than rest of abdomen, also

slightly shorter than the hind coxa?, trochanters, and femora
together ; second segment basally subrugose, third basally trans-

versely, apically longitudinally striate, rest smooth, with a few
dull spots due to microscopic sculpture. Terebra as long as

body, sheaths white-banded before apex. Hind legs with coxse

finely striate between coa,rse rugosities ; femora smooth,
bidentate ; tibiae compressed to middle.

Black; head entirely, mandibles and antennae basally ferru-

ginous, hind tarsi badious. Wings slightly infuscate.

Length 13-15 mm.
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c? . Differs from $ in the stouter petiole, third segment not,

or scarcely longer than its basal width, fourth strongly transverse

(subelongate in $ ), its extreme base longitudinally striate.

Length 19-14-5 mm.
Habitat : Rio Autaz, Apipica, Cururuzinho, Brazil ; Peru, Dept.

Chanchamayo.
This species seems by no means plentiful. It resembles

H. vadosus Schlett., from which it may be known by the coarser

sculpture of pro- and meso-thorax, shorter terebra, and colour of

head. The simple posterior margin of the head and longer third

flagellar joint will separate it from H. Iim2ndi2}ennis, tener, and
wicstneii Schlett.

Neostephanus.

KiefFer (1), p. 4, gen. n.

Smith's genus Fce.nato'pxis was defined as having the cubital

and discoidal cells wanting, or only indicated by indistinct

nei'vures.

Kiefier {I. c.) subdivided this genus, placing in a new subgenus,

Neostephanus, those species in which the apical margin of the

external submedian cell is marked by a transverse nervure, while

retaining in Foenatopus those in which this nervure is absent.

The species of the subgenus Neostephanus appear to be confined

to Central and South Africa and Madagascar, to which latter

island the type-species, N. alluaudi KieflT., belongs.

Table of Species.

(2.) 1. Hind femora tridentate ; frons irregularly rugose ; vertex

with four trans-carinse 1. alluaudi KieS.

(1.) 2. Hind femora bidentate.

(4.) 3. Temples rugose and dull except shining raised space near

eyes
;
pro- and meso-notum closely rugose 2. insignis Schlett.

(3.) 4. Temples smooth and shining.

(6.) 5. Head large and globose; frons arcuate punctate... 3. ^?o6icej3s Enderl.

(5.) 6. Head ordinary ; frons not arcuate punctate.

(10.) 7. Frons rugose.

(9.) 8. Frons obliquely rugose ; median segment diffusely punctate.

4. camerunus Endcrl.

(8.) 9. Frons subarcuate rugose ; median segment coarsely and
partly conttuently punctate 5. cj-ass jjjes Bischoff

(7.) 10. Frons reticulate.

(12.) 11. Vertex with one transcarina; 2nd and 3rd flagellar joints

equal ; mesopleurge smooth ; black, with white-marked

head and abdomen 6. albomaculatusCum..

(11.) 12. Vertex bicarinate ; 3rd flagellar joint as long as first and
second together; mesopleurse granulose and dull; red-

brown, abdomen yellow-marked 7. pentheri Kieff.

1. ALLUAUDI Kieflf.

Neostephamis alluaudi Kiefier (1), p. 1, ? .

2 . Face and frons ii-regularly rugose, becoming arcuate

towards the frontal tubercles, the space between which is not



778 MR. E. A. ELLIO'JTT ON THll

impressed ; vertex with four transcarinse ; occiput finely and
densely tvans-striate. Posterior margin of head simple. Second
flagellar joint about one and a half times as long as first ; third as

long as first and second together. Neck transcarinate, semi-

annular finely and densely trans-striate, posterior margin smooth
and shining. Mesonotum irregularly rugose, with three longitu-

dinal impressions; scutellum shining smooth, with a few marginal

punctures, the lobes separated by rows of broad puiictures. Median
segment finely shagreened, shining and diffusely punctate. Petiole

finely trans-striate, longer than rest of abdomen. Terebra shorter

than body, sheaths rufescent, apically black. Hind legs with

coxae as long as trochanters and femora together, strongly tra,ns-

rugose ; femora very finely shagreened, tridentate ; tibire con-

stricted beyond the middle, covered internally with dense erect

red pubescence; tarsi densely pubescent beneath, metatarsus a

little longer than the following joints together.

Black ; head except apices of mandibles, basal third of antennee,

the front coxse and legs, inflated part of hind tibise and all tarsi

red; apical third of antenna3 and the intermediate legs brown.

Wings subhyaline.

Length 15 mm. ; abdomen 9 mm. ; terebra 12 mm.
Habitat : Madagascar, south of the Bay of Antongil and St.

Marie de Madagascar. Thi^ee specimens taken by M. Ch.

Allnaud.

(? Gold Coast, N. Territories, Yahi. Dr. J. J. Simpson, xi. 1916).

It is unfortunate that the type of the genus is the only one yet

known with tridentate hind femora.

2. iNSiGNis Schlett.

Stephanits insignis Schlett., p. 100, $ .

$ . Head rather coarsely and irregularly rugose throughout.

Temples subrugose and dull, except a raised smooth and shining-

space near the ocelli. Posterior margin of head simple. Cheeks
longer than scape. Second flagellar joint twice as long as first

;

third shorter than first and second together. !Neck rather coarsely

irregularly to transversely rugose; semiannular coarsely irregularly

rugose. Mesonotum rather coarsely and irregularly punctato-

rugose. Central section of scutellum anteriorly dull; behind this

a small smooth polished space, laterally difiusely punctate, lateral

lobes rather coarsely and densely punctate. Mesopleura3 polished

smooth above, laterally rugose with rather dense indistinct

puncturation ; metapleurse coarsely and irregularly rugose,

separated by a smooth shining sulcus from the median segment,

which is somewhat densely punctate. Petiole as long as, or

slightly longer than rest of abdomen, trans-striate, remainder of

abdomen smooth and shining. Terebra scarcely as long as body,

spicula red, the sheaths ferruginous, apically black. Hind legs

with coxfe and femora much incrassate, former coarsely and
irregularly rugose, more tr-ansversely towards apex ; femora finely
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rugose-punctate and dull, bidentate ; tibiae constricted to beyond
middle.

Black, with a tendency towards red ; cheeks pale marked,
mandibles and antennae basally and frontal tubercles rufescent, a

curved red line round anterior ocellus and all legs more or less red.

Wings entirely hyaline.

Length 14 mm.
Habitat: South Africa. Type in Nat. Hist. Mus., Berlin.

This species may be best known by the rugose and dull temples,

the dense and irregular sculpture of pro- and meso-notum, dense

puncturation of scutellum, and median segment and red sheaths

of terebra.

3. GLOBiCEPS Enderl.

Stephanus glohiceps Enderl. (1), p. 200, 2 •

2 . Head large and globose, its longitudinal axis very elon-

gate, temples and occiput very long and convex. Frons arcuate

punctate ; all five frontal tubercles distinct ; vertex coarsely trans-

rugose ; occiput finely arcuate rugose, with distinct longitudinal

impression
;
posterior margin of head sharply bordered. Basal

flagellar joints normal. Neck elongate, smooth, laterally obliquely

rugose ; semiannular trans-striate, posterior margin smooth.
Mesonotum strongly transrugose and punctate. Scutellum cen-

trally polished, laterally strongly punctate. Mesopleurse pubescent,

smooth, apical half diffusely punctate ; metapleurse alutaceous and
dull in front, coarsely punctate behind, separated from median
segment by a row of punctures. Median segment punctate,

apically more densely. Abdomen wanting in the unique specimen.

Hind coxae finely trans-striate, their femora elongate, tarsi three-

jointed.

Black ; head ferruginous yellow ; apex of mandibles and a
transverse band between eyes black ; five basal antennal joints,

anterior legs, apices of hind femora with their tibiae and tarsi

ferruginovis. Wings hyaline, very faintly infuscate ; stigma and
nervures dark brown.

Length circa 14 mm., the proportions of the remaining parts

being about as in N. insignis Schlett.

Habitat : Johann Albrechtshohe, N. Oameroons, March 1896
;

L. Conradt.

The shape, sculpture, and colour of head appear distinctive.

4. CAMERUNUS Enderl.

JVeostephamcs camerunus Enderl. (4), p. 299, 5 (^ .

$ 6 . Head medium ; frons coarsely obliquely rugose, more
transversely in front, almost circularly between the tubercles

;

vertex strongly, occiput less strongly arcuate rugose, with distinct

posterior median impression. Posterior margin of head bordered.

Basal flagellar joints normal. Neck short, coarsely obliquely

rugose; semiannular smooth, posterior margin polished. Meso-
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notum apically panctato-rugose, clorsally alutaceous between deep

but diffuse punctures ; scutellum polished smooth, laterally

diffusely punctate, a row of about 10 subquadrate punctures on
each side between it and the dorsum. Mesopleurpe with small

and diffuse punctures and microscopic shagreening ; metapleura3

widely reticulate, smooth above, separated from median segment
by a carina, which passes into a row of punctures above in front.

Median segment with diffuse, sharply-defined punctures, anterior

lateral angles nearly smooth, apex rugose-punctate round the

insertion of petiole. Petiole slender, finely trans-aciculate,

extreme apex polished, longer than rest of abdomen in J , shorter

in 2 ; second segment basally rugose, remainder smooth.
Terebra in § twice as long as body, ferruginous brown, sheaths

brown, broadly white-banded before apex. Hind coxae rather

slender, finely reticulate outside, trans-aciculate inside ; femora
bidentate. Radius in fore wing sharply geniculate and extending
nearly to margin of wing.

Black ; head—except mandibles apically, vertex, and space

between frontal tubercles,—five basal antennal joints, all

trochanters, tibiae and tarsi, apices of hind femora, petiole

laterally, apical segment dorsally only in $ , entirely in d , and
the male genitalia ferruginous ; anterior femora brown. Wings
hyaline, apically slightly infuscate ; stigma a,nd nervures brown.

Length, $ , 18| mm.; abdomen 13 mm.; petiole 5| mm. ; fore

wing 11 mm.; terebra 37 mm. c?, 13 mm.; abdomen 8 mm.;
petiole 5 mm. ; fore wing 11 mm.

Habitat ; Barombi, Cameroons. 1 2^1 c? ; L. Oonradt.

5. CRASSIPES Bischoff.

I^eostephmius crassipes Bischoff, p. 329, $ .

2 . Frons subarcuate rugose ; vertex transrugose ; occiput

punctate-rugose with central impression
;

posterior margin of

head bordered. Antennae normal. Prothorax smooth, laterally

obliquely rugose ; mesonotum irregularly punctate rugose

;

scutellum smooth, laterally strongly punctate. Mesopleurae

diffusely punctate : metapleurae coriaceous in front, rather closely

punctate behind, separated by a row of strong punctures from

the median segment, which is coarsely, densely, and partly

confiuently punctate. (Details of petiole wanting.) Terebra
much longer than body, sheaths black, white-banded before

apex.

Black to black-brown ; face below anteiior tubercles, temples,

cheeks, occiput laterally, four basal antennal joints, second segment
laterally, third basally and ventrally, last segment entirely, hind

trochanters, apices of hind femora, all tibiae and tarsi more or less

yellow-brown.

Length 19 mm. ; terebra 27 mm.
Habitat: Kasindi, north of Lake Albert Edward. Jan. 1908.

Details as to the sculpture etc. of abdomen and as to hind legs
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are wanting in the original description, and the unique specimen
of JV. globiceps was without abdomen, while the only details as to

the hind legs are that the coxae are trans-striate and the femora
elongate.

Apparently very like JW globiceps Enderl., but frons less

arcuately rugose, space between tubercles trans-striate, sculpture

of occiput coarser and the impression less deep, puncturation of

metapleui^ae and median segment confluent.

6. ALBOMACULATUS Cam.

Fcenatopus albomaculalus Cam. (7), p. 18, $ .

^ . Frons closely and regularly reticulated ; vertex dull,

irregularly reticulate, with a transcarina behind tubercles

;

occiput irregularly closely striate, with an indistinct longitudinal

impression. Second and third flagellar joints of equal length.

Neck irregularly trans-striate, semiannular lightly reticulate

;

mesonotum basally reticulate, laterally obliquely striate ; scutellum
smooth and dull. Mesopleurae smooth ; metapleuree finely

reticulate. Median segment with round, clearly sepauated
punctures, and microscopic sculpture. Petiole as long as thorax

;

terebra as long as body, sheaths black. Hind coxas dull, coarsely

aciculate, basally reticulate, apically striate ; hind femora with a

blunt, rounded basal tooth and two other long-pointed teeth.

Black ; clypeus and a large spot on malar region whitish
testaceous ; mandibles basally a,nd the carina on vertex rufescent

;

base and apex of petiole- and a transverse spot at base of second
segment white. Wings hyaline ; stigma and nervures black.

Length 12 mm.; terebra 12 mm.
Habitat : Sebakwe, S. Rhodesia.

7. PENTHERI Kieff.

Neostephanus peniheri Kieffer (2), p. 101 ; Morley (1), p. 1 1 1, c^ .

S . Frons dull, reticulate ; vertex with two transcarinae

;

occiput finely rugose. Antennae normal. Prothorax trans-

rugose; mesonotum very short and transverse, finely shagreened,

as is also the scutellum. Mesopleurae closely granulose and dull

;

metapleurae trans-striate and shining, separated by a carina from
the median segment, which is as long as broad, reticulate and
diffusely punctate. Petiole finely trans-striate, as long as re-

maining segments. Hind legs with coxae transrugose ; femora
bidentate ; tibiae compressed in basal half ; tarsi five-jointed, meta-
tarsus longer than the four following joints.

Red-brown ; mandibles black, antennae basally pale, base and
apex of petiole and a basal spot on each side of third segment
yellow. Wings subhyaline ; stigma black, basally white.

Length 10 mm.
Habitat : Zerua, S. Africa. Taken by Dr. Penther in November.
The British Museum has a specimen taken in Angola in 1878

by J. J. Monteiro.
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FcENATOPUS Smith.

This subgenus was erected in 1860 by Smith, to inckide all

those species of Stejyhanii^s having reduced venation, but was
restricted by Enderlein (Zool. Anz. xxviii. 1906) to those having
only the basal cells complete, and a portion of the median nervure
beyond the transverse nervure representing the upper boundary
of the submedian cell. In Diastepharius this part of the median
nervure is either entirely wanting or reduced to a mere stump.
Although these subdivisions of the Stephanidfe may be said to be
purely artificial, yet, since some of them appear to be confined to

certain regions, and no transition forms are known, they seem to

be founded on permanent differences, and are of the highest value
in identifying the numei-ous species.

The number of teeth on the hind femora and the length of the
petiole as compared with tiie rest of the abdomen, and, in the $ ,

the length and colour of the terebra and its sheaths, are among
the best characters for difl;erentiation.

Table of Species.

(25.) 1. Hind femora bidentate.

(16.) 2. Petiole distinctlj'longer or shorter than rest of abdomen.

(12.) 3. Petiole distinctly longer than rest of abdomen.

(5.) 4. Sheaths of terebra black ; head arcuate striate ... 1. ocellatus 'EiWoii.

(4.) 5. Sheaths of terebra pale-banded before apex.

(7.) 6. Sheaths of tei'ebra white-banded 2. wwiicMs Westw.

(6.) 7. Sheaths of terebra yellow-banded.

(9.) 8. Terebra only as long as bodjr 3. sumbanus Enderl.

(8.) 9. Terebra much longer than body.

(11.) 10. Mesopleurse closely punctate; 2nd segment basally smooth
and shining A. formosanus Enderl.

(10.) 11. Mesopleura; very diffusely punctate; 2nd segment basally

granulate and dull 5. s«?ca^icoZZis Enderl.

(3.) 12. Petiole distinctly shorter than rest of abdomen.

(14.) 13. Terebral sheaths ferruginous, broadly yellow-banded, apex
black. Head pale marked; middle tibise and hind meta-
tarsus white 6. anwM^JtorsJs Enderl.

(13.) 14. Terebral sheaths not yellow-banded ; vertex transrugose.

(15.) 14 a. Sheaths ferruginous, apex black ; mesonotum irregularis'

coarsely rugose; scutellum smooth and shining; metapleurae
and median segment alutaceous, separated by a carina. [Schultz.

7. fernandopoensis

(14a.) 15. Sheaths brown, apex black ; mesonotum and scutellum
denselj' rugose-punctate, latter with central smooth space ;

metapleurae and median segment densely superficially

punctate, not separated 8. schlettereri Enderl.

(2.) 16. Petiole about as long as abdomen.

(18.) 17. Pronotum very short, densely rugose-punctate; terebra

shorter than body, sheaths yellow-brown 9. brevicollis T^nderl.

(17.) 18. Pronotum not verj'^ short.

(22.) 19. Pronotum normal.
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(21.) 20. Neck oblique rugose, semi'anmilav rugose-punctate; nieso-

pleura3 punctate ; terebra as long as body, sheaths red-

brown, apex black 10. conradti 'Ender].

(20.) 21. Neck trans-striate, semiannular and mesopleurie smooth and
shining ; terebra shorter than body, black, white-banded [Schlett.

before apex 11. lacteipennis

(19.) 22. Pronotum very elongate.

(24.) 23. Neck trans-striate, semiannular and niesopleurse smooth.
12. longicollis Cava.

(23.) 24. Pronotum transrugose throughout. Rufo-piceous, abdomen [Semenov.
white-marked 13. turcomanorum

(1.) 25. Hind femora tridentate.

(29.) 26. Neck of pronotum very elongate.

(28.) 27. Neck of prothorax alutaceous ; hind femoral teeth black.

14. simpsoni KieflT.

(27.) 28. Neck of pronotum finely striate; middle and apical hind
femoral teeth white 15. variidens WiMoii.

(26.) 29. Neck of pronotum not elongate.

(31.) 30. Neck of pronotum very short
;
petiole shorter than rest of

abdomen; terebra as long as body 16. arctiatiis IsAeW.

(30.) 31. Pronotum of ordinarj' length.

(35.) 32. Frons striate, but not arcuately.

(34.) 33. Frons finely trans-striate, occiput alutaceous
;
petiole shorter

than rest of abdomen ; terebra shorter than body.

17. natations Westw.

(33.) 34. Frons rugosely trans-striate, occiput smooth
;
petiole longer

than rest of body ; terebra 1| times as long as body.

18. longicaiida Elliott.

(32.) 35. Frons arcuate rugose.

(37.) 36. Frons sparsely, almost granulately rugose; pronotum strongly
trans-striate ; legs rufescent ; basal and central femoral
teeth white, the apical black 19. rugiceps Elliott.

(36.) 37. Frons moderately arcuate striate to "rugose; vertex and
occiput trans-striate.

(41.) 38. Neck of prothorax smooth.

(40.) 39. Pronotum entirely smooth ; terebra shorter than body, black.

20. piceicornis Cam.

(39.) 40. Rest of pronotum trans-striate; terebra half as long again
as body, white-banded 21. iridipennis Elliott.

(38.) 41. Neck of pronotum striate or rugose.

(43.) 42. Pronotum strongly transrugose; lateral lobes of scutellam
closely punctate 22. punctatvs Elliott.

(42.) 43. Neck of pronotum more or less coarsely obliquely striale,

remainder alutaceous.

(45.) 44. Metapleurse and median segment confluent, coarsely and
superficially punctate. Terebra as long as body, ferruginous.

23. togoensis Stadlm.

(44.) 45. Metapleurse and median segment separated by a line of
punctures, diffusely punctate ; terebra shorter than body,
black 24. claripennis Elliott.

(6.) 1. Hind femora bidentate.

(3.) 2. Scutellum depressed, coarsely punctate
; petiole shorter than

rest of abdomen ; 2nd segment basaily longitudinally
striate. Black; head bright rufo-testaccous ... 25. aratifi-ons Fjuderl.

(2.) 3. Scutellum not depressed, only laterally punctate; petiole

longer than rest of abdomen ; 2nd segment basaily smooth.
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(5.) 4). Frons and occiput finely transrugose ;
pvonotum transragose

tlirougliout; 2ud segment apically dull. Black; head
j'ellow, vertex and occiput black i, formosanus Endevl.

(4.) 5. Frons coriaceo-rugose, vertex and occiput transrugose; neck

elongate, transrugose, semiannular smootL; 2nd segment
basally smooth and shining. Black ; head red, pale marked.

2. indicus Westw.
(1.) 6. Hind femora tridentate.

(10.) 7. Anterior frontal tubercles normal, larger than the posterior.

(9.) 8. Frons transrugose, occiput alutaceous ;
pronotum trans-

striate
;

petiole longer than rest of abdomen. Ilufo-

testaceous, median segment apically black 16. natalimis Westw,

(8.) 9. Frons arcuate rugose, occiput finely transrugose and
impressed ; neck oblique striate ; semiannular alutaceo-

punctate ;
petiole as long as, or slightly shorter than rest

of abdomen. Black ; head, thorax, and legs ferruginous.

22. togoensis Stadlm.

(7.) 10. Anterior frontal tubercles smaller than the posterior ; vertex

arcuate striate ; mesonotura irregularly striate. Blaclc

;

face, outer orbits, vertex, prothorax except central black

line, meso- and meta-pleurs, and anterior legs testaceous.

26. flavicollis Cam.

1. OCELLATUS Elliott.

Foenatopus ocellatus Elliott (2), p. 131, 2 .

2 . Head arcuate striate, occiput more finely ; three strong

carinse between the posteiior ocelli
;

posterior margin of head
bordered ; second flagellar joint one and a half times as long as

first ; third as long as first and second together. Neck elongate,

trans-striate, remainder of pi'onotum subglabrous; mesonotum
coarsel}'' punctate ; pro- and meso-pleurse glabrous, metapleurse

and median segment cribrate punctate. Petiole trans-striate,

longer than rest of abdomen ; terebra shorter than body, black.

Hind legs with coxag trans-striate; femora smooth, bidentate
;

tibife compressed to middle.

Black ; head and base of antennae rufescent, ocellar region pale,

and the ocelli deep, shining black ; basal third of middle tibise

and basal half of their metatarsi white. Wings hyaline, stigma

Yellow-brown.

Length 13 mm.; abdomen 8 mm.; petiole 4| mm.; terebra

10 mm.
Habitat: Mount Matang, Sarawak. 18. i. 1914; G. E. Bryant.

The deep black ocelli are strikingly conspicuous against the pale

rufescent background.

2. INDICUS Westw,

Stephamhs indicus Westw. (2), p. 588 ; (3), p. 277 ; Schlett.,

p. 125, 5 S ' Megischus indicus Westw. (4). Foenatopus
ruficevs Smith (2), p. 58, 5 . Foinatopus indicus Enderl. (3),
p." 290, $ , (4), p. 297 ; Morley (1), p. 36, $ 6 .

5 . Frons finely coriaceo-rugose ; occiput finely trans-striate,

with a shallow central longitudinal impression. Posterior margin
of head bordered. Second flagellar joint one and a half times as
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long as first ; third nearly as long as first and second together.

Neck elongate, very slender and finely transrugose above;
semiannular shining smooth, laterally subrugose. Mesonotum
lightly tr-ansrugose. Scutellum smooth and shining, with a few
mai-ginal punctures. Mesopleuraj polished smooth above, other-

wise diffusely punctate ; metapleurfe and inedian segment super-

ficially cribrate punctate, not separated by any sulcus. Petiole

slightly longer than rest of abdomen, rather shorter than hind
coxae, trochanters, and femora together, very finely ti'ans-striate,

remaining segments entirely smooth. Terebra slightly longer

than body, sheaths vvhite-banded before apex. Hind legs with
CGxte slender, finely transrugose ; femora dull, bidentate ; tibiae

longer than femora, compressed to beyond middle.

Black ; head red, frons and temples pale marked, anterior legs

more or less brown, intermediate tibiae and tarsi white-marked.
"Wings hj^aline.

c? . Similar, but more coarsely sculptured, especially on median
segment.

Length 11-14 mm.
Habitat: East India, Ceylon, Malabar, Philippines, Borneo,

Sumbava, Celebes. Sumatra, a specimen measuring 19 mm.
recorded by Dr. Dohrn,

Enderlein (l. c.) records specimens of this species, taken by
Dr. Dohrn in Sumatra, having the impression on occiput more
distinct, neck of pronotum more coarsely transrugose, semiannular
transaciculate in front, basal two-thirds of second abdominal
segment polished smooth, remainder of abdomen dull, and hind
femoral teeth black. Length 19-20'5

; terebra 21-23 mm. This
may prove to be a distinct species.

" Yar. (?) $. Face finely alutaceo-rugose. Certainly a

different species." Szepligetti, Termes. FUz. xxv. p. 531 (1902).
Habitat : Borneo.

3. SUMBANUS Enderl.

Foenatopus indicus var. sumhana Enderl. (4), p. 298 ; F.
suvibanus Enderl. (3), p. 209, $ .

2 . Frons finely coriaceo-rugose, occiput finely trans-striate
;

posterior margin of head slightly bordered. Second flagellar

joint about one and a half times as long as first ; third nearly as
long as first and second together. jNTeck deeply transrugose,
laterally finely and closely trans-striate, semiannular smooth
above, without trace of sculpture, laterally finely and closely

trans-striate, posterior angles strongly ti-ansrugose. Mesonotum
irregularly to transversely rugose. Scutellum smooth, laterally

finely aciculate with marginal punctures. Mesopleur?e rather
smooth, difi"usely punctate, with a central rugose and closely

trans-striate space. Metapleurse and median segment with large
cribrate punctures. Petiole very finely and closely trans-striate,

longer than rest of abdomen ; second segment basally rugose,
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centrally smooth, apically microscopically sculptured and dull,

Terebra as long as body, sheaths black, with yellowish snbapical

band. Hind coxfe trans-striate ; hind femora bidentate.

Black ; head flavo-ferruginous, frons and vertex darker ; basal

half of second segment rufescent ; anterior coxse and legs, hind
tibife and tarsi ferruginous, femoral teeth rufescent. Wings
hyaline, stigma very long and narrowish, brown ; nervures dark
brown.

Length IGg mm. ;
petiole 5-4 mm. ; terebra 16^ mm. ; fore

wing 9 mm.
Habitat : Sumba, Malay Archipelago. 1 2 ; Grelak. Type at

Stettin.

Differs from F. indicus in the sculpture of prothorax, shorter

terebra, and colour. The femoral teeth are rufescent, whereas in

F. indicus they are black (Enderlein), or white (Schlett.); the

black apex of terebral sheaths is more than half as broad as the

pale subapical band in sumhanus, but very much less in indicus.

4. FORMOSANUS Enderl.

Fcenatopus formosamis Enderl. (3), p. 207, $ 6 •

5 6 . Frons rather finely and irregularly transrugose, the

ridges outwardly forked ; occiput more finely rugose, with indis-

tinct longitudinal median impression. Pronotum transrugose,

more densely towards base, and intermixed with coarse punctures,

lateral margins smooth, a broad posterior margin polished smooth
and in front of it two roundish lateral spaces very finely and
densely striate, having a velvety appearance, posterior angles

strongly rugose. Scutellum polished smooth, laterally sparsely

punctate. Mesopleurte rather closely pimctate, posterior margin
very finely punctate and sparsely yellow pubescent. Petiole finely

and densely trans-striate ; second segment basally smooth and
shining, apical half dull. Terebra in $ much longer than body,

sheaths black, with a broad yellow band before apex. No details

as to the hind legs are given.

Black ; in $ frons black-brown, with three longitudinal rufo-

testaceous lines, vertex and occiput black, remainder of head
ferruginous yellow; in J head light yellow, vertex and occiput

black. Antennae black, two basal joints yellow, third brown.
Anterior legs from femora red-brown, tibije and tarsi in ^ paler.

Hind tarsi, sometimes also hind tibise, dark red-brown. Wings
hyaline, stigma pale brown, nervures black-brown, apical nervure
of median cell more or less pale.

Length, $ ,
12-4-17'75 mm.

;
petiole 4"5-7 mm. ; terebra 16"5-

24*5 mm. ; fore wing 7'5-10'75 mm. (^ , 10|-16| mm.; petiole

4'6-6 mm.; fore wing 5*3-9 mm.
Habitat : Formosa, many localities, by H. Sauter, 1909-12 ; 18

$ $ , 12 S 6 • Co-types in Dahlen and Stettin Museums.
One large $ , taken by H. Sauter in Hankau in 1912, has the

nervure bounding the median cell pigmented throughout. Length
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21"5 mm.
;

petiole 7 mm. ; terebra 29 mm. ; fore wing 12-6 mm.
Enderlein states that the development and pigmentation of the

nervure mentioned varies with the size of the individual, being

shortest and palest in the smallest.

5. suLCATicoLLis Ended.

Fcenatopihs indicus var. sulcaticollis Enderl. (4), p. 298. F.

sulcciticollis Enderl. (3), p. 210, $ .

5 . Frons finely coriaceo-rugose ; occiput finely trans-striate,

temples smooth polished
;

posterior margin of head slightly

bordered. Second flagellar joint about one and a half times as

long as first ; third nearly as long as first and second together.

Pronotum not rugose, but finely and densely trans-striate

throughout, except the rugose posterior lateral angles and the

smooth posterior mai-gin. Mesonotum transrugose ; scutellum

smooth, with diflfuse coarse marginal punctures. Mesopleurse

smooth, very diffusely punctate ; metapleurse and median segment
cribrate punctate. Petiole finely and densely, but unusually

superficially trans-striate, slightly longer than rest of abdomen ;

second segment with basal sixth granulate, apical half dull,

central part smooth and shining. Terebra longer than body,

sheaths black-brown with broad yellow subapical band. Hind
coxsB more strongly trans-striate than the petiole ; hind femora
bidentate.

Black ; head and three basal antennal joints ferruginovis

;

apices of tergites 2-7 brownish ; anterior coxaj dark ferruginous,

anterior tarsi paler, hind tarsi black-brown. Wings hyaline,

stigma very narrow, brown ; nervures dai^k brown.
Length 18 mm.

;
petiole 6| mm. ; terebra 23 mm. ; fore wing

9| mm.
Habitat : Sumatra (Dr. Dohrn). Type in Stettin Museum,
From F. indicus Westw. and F. sumbanus Enderl. it diflfers in

sculpture of pronotum and petiole as well as in colour, and from
the latter also in the longer terebra.

6. ANNULiTARSis Enderl.

Fmnatopus annulitarsis Enderl. (3), p. 206, $ .

2 . Frons, vertex, and occiput arcuate rugose. Pronotum
stroiigly tx'ansrugose, laterally finely aciculate, posteriorly longi-

tudinally striate ; scutellum coarsely and densely punctate,

posterior margin finely aciculate. Mesoplearse smooth, closely

punctate, posterior margin finely trans-striate, upper half yellow
pubescent. Petiole finely and densely trans-striate ; second
segment smooth, basally rugose, remainder of abdomen dull.

Terebra shorter than body, sheaths ferruginous, with indistinct

yellow-brown band before the black apex. Basal half of hind
coxpe transrugose ; hind femora bidentate.

Black ; face, cheeks, and temples ferruginous yellow ; hind
legs partly dark ferruginous ; middle tibiae and metatarsus

Proc. Zool. See—1922, No. LIII. 53
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basally, hind metatarsus entirely whitish yellow. Teeth on hind

femora black. Wings hyaline, stigma pale brown.

Length 9-14| mm.
;

petiole 2'4-3'6 mm. ; terebra 7*8-

11 "6 mm. ; fore wing 5 '7-7 '8 mm.
Habitat : Taihorin, Kankau, Hoozan, Formosa. 1910-12

;

H. Sauter. Co-types in Dahlen and Stettin Museums.

7. FEENANDOPOENSIS Schultz.

Fcenatopus fernandopoensis Schultz (1), p. 273, $ .

2 . Frons finely and densely arcuate rugose, dull, with
subobsolete longitudinal carina ; vertex coarsely transrugose

;

occiput finely and irregularly rugose ; cheeks finely and sparsely

punctate. Posterior margin of head finely bordered. Basal

flagellar joints normal. Pronotum alutaceo-rugose, extreme
posterior mai-gin polished smooth, laterally and apically diffusely

punctate. Mesonotum irregularly and coarsely transrugose

;

scutellum centrally smooth and shining, laterally finely punctate
and dull. Mesopleurae with posterior larger half closely punctate.

Metapleuras and median segment finely alutaceo-punctate, latter

discally difiusely and coarsely punctate, separated by a carina.

Petiole finely and densely trans-striate, shorter than rest of

abdomen. Terebra shorter than body, spicula and sheaths ferru-

ginous, latter apically black.

Black; mandibles except apex, face and cheeks rufo-testaceous
;

ferruginous are five basal antenna! joints, anterior legs (coxse,

trochanters, and femora nigrescent), hind coxa3 apically, hind
trochanters chiefly, basal half and apex of hind tibise and the

tarsi, basal band on second and third abdominal segments, apex
of third tergite obscurely and apex of last sternite. All the last

tarsal joints and the claws black. Wings hyaline.

Length 9 mm. ; terebra 7 mm. ; fore wing 5 mm.
Habitat : Fernando Po. Type in coll. W. A. Schultz.

8. SCHLETTERERI Enderl.

Steplianus schlettereri Enderl. (1), p. 201, 5 . Fcenaiopus schl.

(2), p. 474.

$ . Frons transrugose, with indistinct central carina ; vertex
coarsely transrugose ; occiput irregularly and finely rugose-

punctate ; temples smooth, subrugose near the eyes. Posterior

margin of head sharply bordered. Neck almost smooth ; semi-
annular polished smooth, laterally punctate. Mesonotum and
scutellum densely rugose-punctate, latter with a small smooth
central space. Metanotum not longitudinally striate. Meso-
pleurse smooth, difii'usely and superficially punctate ; metapleurse

and median segment not separated, densely and superficially

punctate. Petiole finely trans-striate, shorter than remainder of

abdomen. Terebra rather shoi'ter than body, sheaths yellow-

bi-ovvn, apically black. Hind coxse finely trans-striate.
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Black ; mandibles except apex, basal half of antennse, a streak

on temples along eyes, the tegulse, tibise and tai-si yellow. Wings
colourless hyaline.

Length 10-11 mm.
Habitat : Johann Albrechtshbhe, N. Cameroons. L. Conradt

;

1895-96.

Differs from F. hrevicollis Enderl. in the formation of the pro-

pleura?, reticulate transrugose face, longer and smoother pronotum,
and shorter petiole.

9. BREVicoLLis Enderl.

Stephanus hrevicollis Enderl. (1), p. 201, 5 . Fcenatopus h.

(2), p. 474.

5 . Head densely granulate rugose ; vertex transrugose

;

occi]3ut densely punctate rugose. Postei'ior margin of head
shai'ply bordered. Second flagellar joint a little longer than
first ; third and fourth as long as scape and about as long as first

and second together. Pronotum short, densely punctate rugose
;

mesonotum and scutellum densely punctate, latter without any
central smooth space ; metanotum finely transrugose. Propleurse

separated from prothorax by a distinct acute-angled sulcus,

produced into free-standing edges, which, seen laterally, appear
like two sharp points. Mesopleurae above smooth and shining,

lower half punctate ; metapleurae and median segment separated

only by a smoother streak, and both closely punctate. Petiole

extremely finely trans-striate, as long as rest of abdomen.
Terebra rather shorter than body ; the spicula and sheaths,

except black apex, yellow-brown. Hind coxse finely trans-

striate.

Black ; mandibles except apex, three basal antennal joints,

tegulee, anterior tibiae and all tarsi yellow-brown. Wings hyaline.

Length 7-10 mm.
Habitat: Bismarcksburg, Togo. L. Conradt ; 1893.

This species appears to differ from all others in the peculiar

formation of the propleurse. From F. schlettereri Enderl. it further

differs in the shorter prothorax and coarser sculpture of pro- and
meso-notum.

10. ooNRADTi Enderl.

Stephanus conradti Enderl. (1), p. 202, 5 . Foe,natopiis c. (2),

p. 474.

5 . Frons very densely arcuately longitudinally rugose ; vertex

with three or four coarse ridges; occiput densely irregularly

rugose, with subobsolete central channel. Temples subrugose
near the eyes. Posterior margin of head slightly bordered. Basal

flagellar joints normal, third slightly shorter than fourth and as

long as scape. Neck obliquely rugose, remainder diffusely

53*
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punctate. Mesonotvim indistinctly transrugose ; scutelkim

nitidulous, with fine and diffuse small punctures. Metanotuni
relatively elongate, sharply longitudinally striate. Pi'opleuite

separated from pronotum by a narrow sulcus ; mesopleurte

rugose-punctate ; metapleurte rugose, apically trans-striate below,

sparsely aciculate above. Median segment not veiy closely

punctate, separated from the metapleurge by a shining, curvate

impression. Petiole finely striate, about as long as rest of

abdomen. Terebra slightly shorter than body, sheaths red-brown,

apically black. Hind coxae finely trans-striate.

Black ; mandibles basally, sis basal antennal joints, ai:iterior

legs, apices of hind femora, basal half of hind tibiae and hind tarsi

red-brown or chestnut. Wings hyaline, nervures brown.
Length 15 mm.
Habitat: Bismarcksburg, Togo. L. Conradt ; March 1893.

11. LACTEIPENNIS Schlett.

Stephanus lacteipennis Bchlett., ip. 119, $.

9 . Frons rather finely and arcuately punctato-rugose ; vertex

arcuately rugose, occipvit gradually more irregularly. Posterior

margin of head simple. Basal flagellar joints normal. Neck
finely but distinctly trans-striate ; semiannular smooth and
shining, apically and laterally finely trans-striate. Mesonotum
rather coarsely transversely punctato-rugose. Scutellum with
larger section smooth, lateral lobes diffusely punctate. Meso-
pleuree smooth and shining, rugoso-punctate in front ; meta-
pleurge and median segment very coarsely cribrate punctate,

separated by an indistinct sulcus. Petiole finely trans-striate,

about as long as remainder of abdomen and distinctly shorter

than the hind coxte, trochanters, and femora together ; second
segment basally finely rugose, rest of abdomen dull. Terebra
slightly shorter than body, sheaths black, white-banded before

apex. Hind legs with coxee distinctly trans-striate ; femora
anteriorly shining smooth, posteriorly finely trans-striate and
rather dull, bidentate ; tibiae not longer than femora, compi^essed

to beyond middle.

Black ; head, mandibles basally, and scape ferruginous ; a pale

streak from; cheeks along eyes; anterior legs chestnut-brown,
their joints pale marked. Wings milky white.

Length 22 mm.
Habitat : Borneo. Type in National Museum, Budapest.
The peculiar milky-white wings and short tibiae are distinctive

of this species.

12. LONGiooLLis Cam.

Megiseleius longicollis Cam, (3), p. 32, § .

$ . Frons coarsely and closely striate, obliquely above, trans-

versely below ; vertex and occiput closely obliquely striate, latter
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with indistinct impression. (No details as to the proportions of

the antennal joints are given, and these are broken off in the
co-type in the British Museum.) Prothorax elongate, deeply

incised at apex, the incision basally rounded ; neck trans-striate,

semiannular smooth. Mesonotum basally coarsely and irregularly

reticulate, apical ly centrally impressed and laterally irregularly

punctate. Scutellum smooth, laterally punctate. Mesopleurae
smooth, basnlly pilose ; metapleurpe rugose. Median segment
closely and coarsely punctate rugose. Petiole trans-striate, about
as long as the smooth remainder of abdomen. Terebra longer
than body, white-banded before apex. Hind coxse closely but
not strongly striate ; hind femora bidentate.

Black : head pale rufous, orbits yellowish, three basal antennal
joints, anterior legs, and base of second segment rufescent

;
pro-

thorax brownish. Wings clear hyaline, stigma and nervures
black.

Length 18-20 mm. ; terebra 20-22 mm.
Habitat : Sarawak (Robert Shelford).

13. TURCOMANORUM Semenow.

Stephanus Ucrcomanorum Semenow, p. 435 ; Andre, p. 488, $ .

$ . Face and frons coarsely subtransversely rugose ; vertex

with two transcarina? enclosing a falcate space ; occiput trans-

rugose ; temples finely subrugose above, with a shining raised

space near external margin of eyes, beneath which they are

coriaceous
;

posterior margin of head simple but sharp. Third
flagellar joint longer than second, but shorter than first and second

together. Pronotum regularly transrugose, neck elongate.

Mesonotum in front irregularly punctato-rugose, behind more
feebly and subarcuately rugose. Mesopleurse densely coriaceo-

rugose ; metapleurae and median segment reticulate rugose,

scarcely separated. Petiole finely and densely trans-striate, about
as long as rest of abdomen. Terebra about as long as body,

sheaths unicolorous nigro-piceous. Hind legs with coxse regularly-

transrugose; femora finely coriaceous, dull, bidentate; tibise

constricted in basal two-thirds, and at the base of the clavate

part irregularly and strongly impressed as if mutilated.

Rufo-piceous ; head, thorax, and legs chiefly rufescent; base

and apex of petiole and two round spots on basal third of second

segment white. Wings hyaline, stigma and nervures fuscous,

former basally white.

Length 10 mm.
Habitat : Transcaspia ; one $ taken near the military road to

the station of Tedshe on the river of that name. Type in Mus.
Zool. Acad. Cfesar Scient. at Petropolsky.

This species is not unlike F. indicus Westw., but distinguished

by the coarse sculpture of head and temples, and by the white-

marked petiole and second segment.
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14. siMPSONi Kieff.

Fotnatopus swipsoni Kieffer (6), p. 233, $ .

5 . Head subglobose, dull ; frons coarsely and irregularly

rugose, reticulate between tubercles, with median longitudinal

carina ; vertex transcarinate ; occiput reticulate. First flagellar

joint half as long as scape, second one and a half times as long as

first; third and fourth of equal length and each twice as long as

second. Pronotum elongate, dull, alutaceous, more strongly

behind ; mesonotum reticulate
;

propleurse and sternum coria-

ceous ; meso- and meta-pleurae, scutellum, and median segment
alutaceous, with large and diffuse punctures. Petiole densely

trans-striate, as long as rest of abdomen. Terebra shorter than

body, "composed of two red filaments, apically black and spatu-

late, without sheaths." The absence of the sheaths must ha.ve

been due to accideiit. Hind coxae closely trans-striate ; hind

femora tridentate, finely and indistinctly trans-striate ; hind

tibife only apically slightly inflated.

Black ; mandibles except apices, cheeks, 4-5 basal antennal

joints, a distal sp"bt on each side of third segment, tibise and tarsi

red; a spot on temples, one on vertex and the tr"ochanters dull

red ; anterior femora and apical third of hind tibiae brown-black
;

hiiid femoral teeth black; middle metatarsus whitish. Wings
hyaline, stigma linear, yellowish hyaline.

Length 11 mm.; abdomen 6 mm.; petiole 3 mm.; terebra

10 mm.
Habitat: Hon, South Nigeria; 13. iii. 1910; J. J. Simpson,

Entom. Research Committee.

15. vARiiDENS Elliott (4), p. 257, $ .

Foenatopus variidens Elliot (4), p. 257, $ .

$ . Frons and ocellar space very finely striate ; vertex and

occiput transvei'sely, almost arcuately striate
;

posterior margin

of head strongly bordered. Cheeks slightly shorter than scape.

Second flagellar joint one and a half times as long as first ; third

nearly as long as first and second together. Prothorax finely

trans-striate, neck elongate, apically above deeply incised. Meso-

notum irregularly rugose-punctate, central row of punctures

distinct; scutellum centrally smooth, lateral lobes punctate.

Mesopleurae smooth ; metapleurse and median segment cribrate

and confluent. Petiole finely trans-striate, slightly shorter than

i-est of abdomen. Terebra longer than body, with a 3 mm. broad

white band before the 1 mm. bi'oad black apex. Hind coxse

trans-striate ; femora smooth, tridentate ; tibise slightly longer

than femora, compressed almost throughout.

Black ; head ferruginous, frons darkest, inner orbits and
anterior frontal tubercles paler ; vertex, including ocellar space

and occiput, black. Front tibise and tarsi rufescent ; base of

intermediate femora, their tibise externally and apical tarsal

joints rufescent, metatarsus white ; hind legs entirely black,
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except the middle and apical femoral teeth, which are white.

Wings iridescent hyaline, nervures pale brown, stigma centrally

translucent.

Length 16 mm. ; abdomen 9| mm.
; petiole 4| mm, ; terebi-a

18 mm.
Habitat: Paleboehan, Ratoe. M. E. Walsh (ex Frisby); 22nd

February, 1916. Type in coll. Claude Morley.
The colour of the femoral teeth is distinctive. In F. rugiceps

Elliott the basal tooth is white, the apical black ; in the present

species this is reversed.

16. ARCUATUS Kiefi".

Foeiiatoptis ctrcuaius Kieffer (4), p. 118, $ .

5 . Head subglobose ; frons irregularly rugose, almost reticu-

late ; vertex transcarinate ; occiput irregularly rugose, with
longitudinal sulcus ; temples centrally prominent ; posterior

margin of head bordered. Second flagellar joint about one and a

half times as long as first ; third as long as first and second
together. Neck very short, thorax cribrate punctate above
throughout ; median lobe of scutellum centrally slightly sha-

greened. Mesopleurae difl:\isely cribrate punctate. Petiole

densely transaciculate, rather shorter than rest of abdomen.
Terebra as long as body, sheaths brown, apically black. Hind
legs with coxae trans-striate; femora tridentate; tibiae compressed
rather beyond middle.

Dull black ; head entirely red, or occiput black-brown ; five

basal antennal joints red ; anterior femora brown ; all tibipe and
tai'si pale brown or brownish white. Wings hyaline, stigma and
nervures brown. The radius curvate, not angulate, emitted from
apical third of stigma.

Length 10 mm.
Habitat: Oameroons. Type in National Entom. Museum,

Berlin. (Conradt.)

17. NATALicus Westw.

Stephanus natalicus Westw. (5), p. 127, pi. xxiv. fig. 8; Schlett.,

p. 102, 5 (S . Neostejjhanus natalicus Enderl. (2), p. 474.

Foeriatopus natalicus Morley (1), p. 110, § c?

§ S . Frons finely transrugose, vertex transcarinate ; occiput

alutaceous. Posterior margin of head simple. Second flagellar

joint one and a half times as long as first ; third nearly as long as

first and second together. Prothorax trans-striate. Mesonotum
diffusely punctate; scutellum smooth. Meso- and meta-pleui-se

nearly smooth, former pubescent, latter confluent with median
segment, which is superficially and difl[usely punctate. Petiole

shorter than i^est of abdomen, transaciculate, remainder smooth
and feebly shining. Terebra shorter than body, fulvous, apically

black. Hind legs with coxEe apically transaciculate; femora
tridentate ; tibiae constricted to beyond middle. Tarsi five-jointed

in (S ,
three-jointed in female.
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Fulvo-testaceous ; antennae basally nearly white ; apex of

median segment discally black ; central abdominal segments
apically nigrescent. Wings fuscous or fulvo-hyaline, iridescent,

stigma pale.

Length, $ , 10 mm. ; abdomen 6 mm. ; petiole 2^ mm. ; terebra

8 mm. S , 7g mm.
Habitat : Port Natal, S. Africa. Type in Hope Museum,

Oxford.

In the British Museum are an old pair from F. Smith's

collection with label *' Port Natal," and a female with a green
label from the same locality ; all three were probably taken by
the Swedish collector, Gueinzius, about 1859.

This species bears a strong superficial resemblance to Diaste-

phanus cdutaceits Morley, but, in addition to the venation, it may
be distinguished easily by the sculpture of vertex and pronotum,
and by the tridentate hind femora.

18. LOWGICAUDA Elliott.

Fcenatopus longicauda Elliott (2), p. 30, $ .

2 . Frons transrugose, vertex finely trans-striate, occiput

smooth and shining ; frontal tubercles short and blunt ; three

stout carinas between the posterior ocelli. Posterior margin of

head simple. Basal flagellar joints normal. Prothorax finely

trans-striate; mesonotum cribrate punctate ; mesopleurse smooth,

with a few large punctures in the middle ; metapleurse coarsely

punctate above, smooth below, separated by a crenulate furrow

f):'om the cribrate punctate median segment. Petiole trans-

striate, a little longer than rest of abdomen, which is smooth and
shining. Terebra half as long again as body, with a sharply-

defined subapical white band, 2 mm. wide and \^ mm. at apex,

black. Hind coxse trans-striate, basally more coarsely ; hind

femora very finely alutaceous and rather shining, tridentate

;

hind tibiae compressed to a little beyond middle.

Black ; mandibles except apex and face pale testaceous ; anterior

legs rufescent, tibiae paler ; hind tarsi rufescent. Wings basally

inf uscate, nervures black.

Length 15 mm.; abdomen 10 mm.; petiole 5g mm.; terebra

22 mm.
Habitat: Nilgiri Hills, India, 3000ft.; 14th April, 1888 Sir

George Hampson. Type in British Museum.
Very like F. iridipennis Elliott, but easily known by the infus-

cate wings and smooth occiput with simple margin.

19. RUQICEPS Elliott.

Foenatopus rugiceps Elliott (2), p. 29, 5 •

$ . Frons granulate rug use, vertex and occiput subarcuate

rugose. Frontal tubercles rather small and blunt, the space

between them rugose ; three carinae between the posterior ocelli.



HYMENOPTEROUS FAMILY STEPHANID^. 795

Posterior margin of head strongly bordered. Scape longer than
cheeks. Second flagellar joint not quite half as long again as first

;

third about as long as first and second together. Prothoi'ax

strongly trans-striate, with rather broad smooth posterior margin

;

mesonotum coarsely punctate, apically smooth
;
propleurce lightly

punctate ; mesopleurae basally punctate, apically smooth ; meta-
pleurte coarsely punctate, separated by a row of punctures from
the median segment, which has large and difluse punctures
Petiole trans-striate, as long as rest of abdomen, which is finely

alutaceous. Terebra shorter than the body, basally rufescent,

the colour gradually passing into an ill- defined subapical yellowish

Text-figure 5.

Faenatopus rtigiceps.

ring, extreme apex black. Hind coxte coarsely transrugose, their

femora tridentate, the basal tooth broad triangular, the central

longer and more rounded, the apical narrow and very sharply

pointed ; hind tibise constricted in basal two-thirds.

Black ; head rufo-testaceous, frons and vertex nigrescent, face

and base of mandibles testaceous. Front legs rufo-testaceous,

femora darker ; middle legs lighter, with base of tibiae and rather

more than basal half of metatarsus white ; hind legs rufescent,

the basal and central femoral teeth white, the apical black, apex
of tibiae and the metatarsus except its apex white. Wings feebly

infuscate, nervures blackish.
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Length 12 mm.; abdomen 7 mm.; petiole 3| mm.; terebra

10 mm.
Habitat : South India, F. Smith coll. Type in British

Museum.
The type bears a label with the MS. name " F. ruficejis

Smith." A red head is very common in this subgenus and in

no way distinctive. The rugosity of the head seems more
characteristic. This species may be easily known by the colour

of the femoral teeth, which appears to be a very constant

character.

20. PiCEicoRNis Cam,

Foenatopus piceicornis, Cam. (10), p. 360, $ .

$ , Frons subarcuately, vertex more distinctly arcuately rugose

;

occiput finely and closely trans-striate, Pronotum smooth

;

mesonotum in basal half strongly, irregularly reticulate, laterally

coarsely punctate ; scutellum smooth, laterally coarsely punctate.

Median segment coarsely and difi'usely punctate. Petiole finely

trans-striate, as long as rest of abdomen. Terebra slightly shorter

than body. Hind femora tridentate.

Black ; outer orbits broadly yellow, mandibles apically rufo-

testaceous, antennse piceous, apically darker ; anterior tibiae and
tarsi pale testaceous ; hind trochanters, apex of tibiae and the

tarsi rufo-testaceous. Wings clear hyaline, stigma and nervures

black.

Length 13 mm. ; terebra 13 mm.
Habitat: Dima, West Africa (A, Roller). Type in Congo

Museum, Tervueren.

The pale apex of mandibles is unusual, they are usually

darker there.

21. IRIDIPENNIS Elliott.

Foenatoptcs iridipennis Elliott (2), p. 30, 5 .

5 . Frons arcuate rugose, vertex and occiput finely and
distinctly trans-striate ; two short carinse between the postei-ior

ocelli
;
posterior margin of head bordered. Basal flagellar joints

normal. Neck of pronotum smooth, rest trans-striate, with narrow
smooth posterior margin. Mesothorax with large, well-separated

punctures. Propleurse finely striate ; mesopleuree finely alutaceous,

metapleurse and median segment cribrate punctate, separated by
a carina. Petiole trans-striate, extreme apex smooth, as long as

rest of abdomen ; base of second segment trans-striate, remainder
smooth. Terebra half as long again as body, white svibapical

band 2 mm, broad. Hind coxse finely trans-striate, their femora
tridentate ; tibiae constricted in basal two-thirds.

Black ; head red, vertex black ; the anterior tubercle has its

front half red, the posterior half black. Anterior legs and hind
tarsi rufescent, base of middle tibise and their metatarsus testa-
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ceous. Wings hyaline, strongly iridescent throughout, nervures
black.

Length 15mm,; abdomen 10mm.; petiole 5 mm.; terebra

22 mm.
Habitat: Dehra Dun, India. Nov. 1907; Lt.-Ool. F. W. Thom-

son, I.M.S.
The sharpl}^-defined red colour on the frons, including just the

front half of the anterior tubercle, is unusual. May be distin-

guished from F. longicauda Elliott by the striate occiput, smooth
neck of pronotum, and bordered posterior margin of head.

A male, tentatively placed with this female, differs in the finer

sculpture of the head and striate metapleurse. The base of the
antennae and the head are testaceous, with the vertex and part of

occiput black. A very slender insect.

Length 11 mm. ; abdomen 7 mm.
;
petiole 4 mm.

Habitat: Kangra Valley, 4000 ft. July 1889; Dudgeon.

22. PUNCTATUS Elliott.

Fcenatopus punctatus Elliott (2), p. 73, 5 .

$ . Frons arcuate rugose, vertex and occiput; finely trans-

rugose ; posterior margin of head boi'dered ; three carinse between
the posterior ocelli. Scape slightly longer than cheeks ; basal

flagellar joints normal. Pronotum strongly transrugose, with
broad smooth posterior margin ; mesonotum transrugose ; central

lobe of scutellum smooth, with a few large punctures, the lateral

lobes closely punctate. Petiole finely trans-striate, shorter than
rest of abdomen, which is smooth and shining. Tei-ebra as long

as body, white-banded. Hind coxfe transrugose; femora trans-

rugose, tridentate ; tibia? compressed to middle.

Rufescent ; a broad white band on each side under the eyes to

base of mandibles. Wings hyaline, nervures rufescent.

Length ISg-lG^ mm.; abdomen 8|-11 mm.; petiole 4-5 mm.;
petiole 13|-16| mm.

Habitat: Burma. Two specimens in British Museum; the

smaller with label "Bii-mah, F. Smith, coll."; the larger
" Birmah " only.

The punctui^ation on the latei'al lobes of scutellum is unusually

dense.

23. TOGOENSis Stadlm,

Stephanus togoensis Stadlm. (2), p. 80, S ; Enderl. (1), p. 203,

5 S. Va,v. fasciafAos Enderl. I. c, $. Diastephanus togoensis

Enderl. (2), p. 476 ; Morley (1), p. 113.

rj . Frons arcuate rugose ; vertex with three or four coarse

ridges ; occiput rather more finely transrugose, with subobsolete

central impression. Posterior margin of head slightly bordered.

Second flagellar joint one and a half times as long as first; thii^d
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slightly shorter than first and second together. Neck of pronotum
latei'ally obliquely rugose, remainder alufcaceo-punctate ; meso-
notum coarsely punctate ; scutelluni smooth, with marginal punc-
tures ; metanotum longitudinally striate. Mesopleura? diffusely

punctate, upper margin polished ; metapleuree and median segment
confluent, coarsely and superficially punctate. Petiole finely trans-

sti'iate, as long as, or slightly shorter than, remainder of abdomen.
Hind coxfe trans-striate ; hind femora tridentate.

Black; head, base of mandibles, five basal antenna! joints, pro-
thorax, tegulae and legs, except hind coxse and apex of hind
femora, ferruginous. Wings hyaline, nervures dark brown.

Length 8-11 mm.
2 . Similar to S • terebra as long as body, spicula red-brown,

sheaths ferruginous, apically black. Length 11 mm.
Habitat: Bismarcksburg, Togo. L. Ooni-adt, 1893.

Var. fasciatus Enderl. More slender than the type-form

;

band across basal half of third segment rufescent
;

posterior

femora basally dark.

Habitat : Johann Albrechtshohe, North Cameroons. L.

Oonradt, 1895-96.

Dr. Enderlein {I. c.) places this species in his subgenus Diaste-

phanus, but Stadelmann expressly states that the neuration is

exactly as in F. indicus Westw., and it is so closely similar to

F. conradii that I incline to consider it merely a colour variety

of that species. The difi'erent sculpture of scutellum and the
absence of the slight smooth depression between metapleurse and
median segment appear to be the only difli'erences. No mention
of the femoral teeth is made in the description of F. conradti.

24. CLARIPENNIS ElHott.

Foenatopus claripennis Elliott (2), p. 81, $ .

$ . Frons arcuate rugose, vertex subarcuate trans-striate, with
distinct central longitudinal furrow, occiput more finely striate.

Posterior margin of head bordered. A long, stout carina just in

front of the posterior ocelli and two shorter ones between them.
Scape as long as cheeks. Second flagellar joint one and a half

times as long as first, third nearly as long as first and second
together. Neck of pronotum coarsely, obliquely striate, the
remainder alutaceous ; mesonotum moderately punctate. Meso-
pleurae alutaceous, basal half diffusely punctate ; metapleurte

nearly smooth, with diffuse, large punctures, separated by a line

of punctures from the median segment, which is alutaceous and
diff"usely punctate. Petiole trans-striate, its extreme apex smooth,
as long as rest of abdomen. Terebra shoi-ter than body, black.

Hind legs with coxfe trans-striate, femora tridentate and very
finely alutaceous, tihise constricted to middle.

Black ; head rufescent, vertex darker ; tegulse, basal half of

petiole and its apex broadly, and the second and third segments
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basally red. Anterior legs rufescent, femora centrally and tibiae

partly darker ; middle metatarsus yellowish ; hind legs black,

apex of femoi'a, the tibi« and tarsi rufescent. Wings very clear

hyaline, apical half iridescent.

Length 15'mm. ; abdomen 9 mm. ; petiole 4| mm.; tei'ebra

13 mm.
Habitat : Nyassaland, Chiromo, Ruo River. R. C. Wood, 1916.

Type in British Museum.
The long red carina in front of the j)Osterior ocelli and the

sculpture of the prothorax sufficiently distinguish this species.

25. ARATiFRONS Enderl.

Fcenatopus aratifrons Enderl. (3), p. 207, J .

S . Frons finely and densely, vertex and occiput more strongly

transrugose. Pronotum with fine striation between coarser

rugosities, laterally anteriorly alutaceo-granulate, posteriorly

closely longitudinally striate. Scutellum depressed, coarsely

punctate. Mesopleurje sparsely punctate, posterior margin smooth,

with fine trans-striation, upper third with sparse yellow hairs.

Petiole densely trans-striate, second segment smooth, basally

longitudinally striate, apically dull. Hind coxse irregularly

rugose, posterior fourth more regularly ; hind femora bidentate.

Black ; head bright rufo-testaceous ; front coxas and anterior

legs ferruginous yellow ; hind tarsi ferruginous, metatarsus pale

yellow. Wings hyaline, stigma apically rounded, ochre-yellow

;

nervures brown.

Length 10*2 mm.
;
petiole 2| mm. ; fore wing 6 mm.

Habitat : Kankau, Formosa. H. Sauter. Type in Dahlen
Museum.

26. FLAVicoLLis Cam.

Fcenatopus JtavicoUis Cam. (10), p. 359, c? .

(5 . Anterior frontal tubercle smaller fhan the posterior, space

between them obliquely striate; vertex arcuate striate. Meso-
notum basally depressed and there bounded by a curved carina,

and apical trans-sulcus, central part bounded by shallow oblique

sulci and irregularly striate. Scutellum smooth, with irregular

marginal punctures. Metanotum (median segment) difiusely

punctate. Petiole dull and closely striate. Hind cox£e closely

striate ; hind femora tridentate.

Black ; face, clypeus, outer orbits chiefly, scape, 3-4 basal

flagellar joints, prothorax except central black line, meso- and
meta-pleurae, and anterior legs testaceous ; vertex, base, and apex
of hind tibia3 rufo-testaceous. Wings hyaline, stigma pale, ner-

vures dark testaceous.

Length 8 mm.
Habitat: Dima, West Africa. A. Roller, Type in Congo

Museum, Tervueren.
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DiASTEPHANUS Enderl.

Enderlein (2), p. 473.

This subgenus, as defined by Enderlein, has the ,lowest form of

neuration, consisting of three basal cells and a widely open i-adial

cell ; the median nervure rarely extends beyond the transverse

nervure, and then only as a short stump, whereas in Fcenato2nis

it extends to the full length of an outer submedial cell, or closely

approximating that length. It occui'S in the Ethiopian, Oriental,

and Australian Regions, but has not yet been recorded from the

Western Continent.

The species vary in size from 6 to 29 mm. in length, and the

colour is, on the whole, brighter and more varied than in the

other subfamilies ; a white or flavous frons with rufescent lines

is A^ery common.
In preparing a table of species, I have experienced much diffi-

culty in consequence of the want of details in some descriptions,

in which, for instance, such important points as the sculpture of

the head and the pi-oportional length of the basal antennal joints

are omitted. The colour of the terebral sheaths forms a good

distinction in many cases, but these being broken in one species,

renders it useless in that section. The colour of the terebra must
always be understood to refer to the sheaths ; the spicula is

usually rufescent.

Table of Species.

?.
(20.) 1. Hind femora tridentate.

(11.) 2. Petiole as Ions as rest of abdomen.

(6.) 3. Hind femoral teeth white.

(5.) 4. Femoral teeth milk-white ; frons arcuate striate, mesonotum
and median segment coriaceous and diffusely i^unctate ;

terebral sheaths red-brown, with broad subapical yellow
band 1. 7eitcoc?o?i Kieff.

(4.) 5. Femoral teeth whitish ; frons finely rugose, mesonotum
coarsely irregularly rugose-punctate, median segment
cribrate punctate, terebral sheaths black 2. pallescens Schlett.

(3.) 6. Hind femoral teeth not all white.

(8.) 7. Posterior margin of head produced into a collar; femoral
teeth brown, median segment alutaceous 3. fiiscideus Kieff.

(7.) 8. Posterior margin of head bordered, but not collar-like.

(10.) 9. Sheaths of terebra black ; neck short ; hind femora punctate,

the teeth black 4. biroi Szepl.

(9.) 10. Sheaths of terebra white-banded: neck elongate; hind femora
trans- striate, central tooth white 5. hilineatus Elliott.

(2.) 11. Petiole distinctly longer or shorter than rest of abdomen.

(17.) 12. Petiole distinctly shorter than rest of abdomen.

(14.) 13. Body unusually slender, pronotum elongate and shining,

frons denselj-^ striate 6. gracilis Kieff.

(18.) 14. Body normal, prothorax not elongate, more or less dull.

(16.) 15. Head finely reticulate, posterior margin simple... 7. tertianusM.or\eY.

(15.) 16. Head rugose, posterior margin bordered 8. nova-giiineensis

(12.) 17. Petiole distinctly longer than rest of abdomen. [Szepl.
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(19.) 18. Metapleurte and median segment finely reticulate-rugose; [Enderl.

terebra shorter than body, sheaths red-yellow . 9. fiavomactdatus

(18.) 19. Metapleurse and median segment irregularly coarsely rugose
;

[Schulthess.

terebra as long as body, sheaths red-brown ... 10. rothkirchi

(1.) 20. Hind femora bidentate.

(38.) 21. Sheaths of terebra with subapical pale band.

(23.) 22. Sheaths broadly yellow-banded ; head small ; second seg-

ment finely punctate and dull ; femoral teeth yellowish. [Enderl.

11. flaviclentatus

(22.) 23. Terebral sheaths white-banded.

(27.) 24. Hind femoral teeth white.

(26.) 25. Anterior tubercle obsolete, frons transrugose, neck elongate,

slender, median segment centrally basally smooth
12. leucodontus Schlett.

(25.) 26. Anterior tubercle normal, frons arcuate striate, neck normal,
median segment cribrate punctate throughout . 13. elegans Elliott.

(24-.) 27. Hind femoral teeth unicolorous with femora.

(31.) 28. Frons rugose.

(30.) 29. Frons with strong longitudinal carina, neck normal, meso-
pleura3 and hind femora smooth 14. carinifrons Enderl.

(29.) 30. Frons not carinate, neck short and broad, mesopleurie aciculate-

punctate, hind femora aciculate 15. nigHpes Szcpl.

(28.) 31. Frons not rugose.

(33.) 32. Head very small, frons alutaceous, neck granulate aciculate,

metapleurae and median segment with large hexagonal
punctures 16. paruiceps Enderl.

(32.) 33. Head normal.

(35.) 34. Frons reticulate, neck transcarinate, metapleurse finely acicu-

late, petiole longer than rest of abdomen 17. frontilinea Morley.

(34.) 35. Frons trans-striate.

(37.) 36. Frons arcuate striate, terebra shorter than body... 18. trilineatus l^lWoti.

(36.) 37. Frous trans-striate, but not arcuatelj'; terebra longer than
body 19. c/ti»eMs»s Elliott.

(21.) 38. Sheaths of terebra unicolorous.

(40.) 39. Body rufo-testaceous, femoral teeth white; terebra apically

black 20. alutaceusM-Oxlej.

(39.) 40. Body chiefly black.

(42.) 41. Petiole only half as long as rest of abdomen ; head small

;

[Enderl.
sheaths of terebra brown 21. brevipetiolatus

(41.) 42. Petiole much more than half as long as body.

(46.) 43. Terebra about as long as body.

(45.) 44. Frons finely trans-striate ; first and second flagellar joints of

equal length 22. ^WZoJci^((s Elliott.

(44.) 45. Frons transrugose : second flagellar joint one and a half times
as long as first 23. dohrni Enderl.

(43.) 46. Terebra distinctly longer or shorter than body.

(48.) 47. Terebra longer than body; frons arcuate rugose; two pro-
minences on posterior half of hind femora stronglj-

developed 24. quadridens Elliott.

(47.) 48. Terebra shorter than body.

(50.) 49. Terebra only half as long as body. Head small, frons arcuate
rugose, median segment aciculate, laterallj^ punctate

25. terehellus Enderl.
(49.) 50. Terebra much more than half as long as body.

(52.) 51. Anterior femoral teeth yellow, the posterior black. Head
small

;
petiole very slender 2nd segment punctate.

26. ruficollis Enderl.
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(51.) 52. Femoral teeth unicolorous.

(56.) 53. Femoral teeth white.

(55.) 54. Second flagellar joint one and a half times as long as first,

third longer than first and second together ; mesopleurae

smooth above; median segment strongly punctate [Enderl.

throughout 27. maculifemur

(54.) 55. Second tiagellar joint twice as long as first; third only as

long as first and second together ; mesopleuree trans-

striate, median segment cribrate punctate, with elongate

triangular central smooth space 28. sulcatus ^Wiott.

(53.) 56, Femoral teeth unicolorus with femora.

(60.) 57. Neck of prothorax elongate.

(59.) 58. Second flagellar joint one and one-third as long as first,

petiole longer than rest of abdomen ; second segment
rugulose 29. salomonisWe&tw.

(58.) 59. Second flagellar joint fully twice as long as first ;
petiole

slightly shorter than rest of abdomen ; 2nd segment
smooth 30. celehensis SzejA.

(57.) 60. Neck of prothorax normal.

(62.) 61. Frons irregularly rugose ; abdomen from 2nd segment finely,

densely punctate, dull 31. szepliaetti Enderl.

(61) 62. Frons finelj'trans-striate, abdomen from 2nd segment smooth
and polished 32. simillimus Elliott.

<?.

(6.) 1. Hind femora tridentate.

(5.) 2. Frons alutaceous, first and second flagellar joints of equal

length ; anterior legs yellow.

(4.) 3. Posterior margin of head bordered ; neck finely rugose, semi-

annular coarsely rugose
;
petiole about as long as rest of

abdomen ; femora finely and densely punctate . 33. similis Szupl.

(3.) 4. Posterior margin of head simple
;
pvonotum nearlj' smooth

;

petiole distinctly longer than rest of abdomen ; ¥emoi'a

smooth and scarcely punctate 34. flaviceps Elliott.

(2.) 5. Frons rugose-punctate; second flagellar joint nearly twice

as long as first ;
petiole nearly twice as long as rest of

abdomen 35. fuscinervis Cam.

(1.) 6. Hind femora bidentate.

(8.) 7. Petiole as long as rest of abdomen ; face and lower half of

frons white; wings red and green iridescent ... 36. flavifrons Elliott.

(7.) 8. Petiole distinctly longer or shorter than rest of abdomen.

(10.) 9. Petiole distinctly longer than rest of abdomen
;
pronotumand

femoral teeth entirely black 37. fasciatus Szepl.

(9.) 10. Petiole distinctly shorter than rest of abdomen.

(12.) 11. Anterior frontal tubercle obsolete ; occiput very short ; both
femoral teeth white ZB.jflavonotatus'ElWoii.

(11.) 12. Anterior frontal tubercle normal ; occiput not short; posterior

femoral tooth black... 26. riificollis Enderl.

1, LEUCODON Kieff".

Diastephamos leucodon KiefF. (4), p. 116, $ .

5 . Head subglobose ; frons densely arcuate striate, vertex

with three transcarinte ; occiput densely trans-striate, dull

;

posterior margin of head produced into a short collar. Basal

flagellar joints normal. Neck elongate, densely striate ; semi-

annular coriaceous with smooth posterior margin. Mesonotum
and median segment coriaceous, with large, difiuse and superficial
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punctures. Scutellum centrally smooth and shining, marginal
rows of punctures large and deep, lateral lobes dull. Pleur89

coarsely alutaceous. Petiole densely trans-striate, as long as

rest of abdomen. Terebra nearly as long as body, spicula red,

sheaths I'ed- brown, with a clear yellow ring before the black

apex. Hind legs with cosse densely trans-striate ; femora
bidentate ; tibite compressed in basal two-thirds.

Black ; head except apices of mandibles, six basal antennal
joints, prosternum, tegulse, anterior legs except femora above,

apex of hind coxge, base and apex of hind femora, basal two-
thirds of hind tibiie, and apex of petiole clear red ; space between
anterior ocellus and posterior margin of head, anterior femora
above and apical third of hind tibiae brown ; base of petiole,

basal half of third tergite, a spot on each side of fourth and
the hind tarsi yellowish white ; hind femoral teeth milk-white.
Wings hyaline, stigma and nervures subhyaline.

Length 10 mm.
Habitat : Oameroons. Tj'^pe in National Entomological

Museum, Berlin. (Conradt.)

Very like 1). fuscidens KiefF., but differs chiefly in the
sculpture of frons, pro- and meso-notum, and in the colour of

the terebra and of the femoral teeth.

2. PALLESCENs Schlett.

Stephanus pallescens Schlett., p. 123, 5 . Diastephanus
pallescens Enderl. (2), p. 475.

$ . Frons finely and more or less distinctly transrugose

;

occiput obconical, anteriorly rather coarsely trans-striate,

posteriorly more iriegularly rugose. Posterior margin of head
bordered. Cheeks longer than scape. Second flagellar joint

scarcely longer than first : third one and a half times as long as

second. Neck elongate, veiy slender, finely trans-striate above
;

semiannular moderately finely rugoso-punctate, its posterior

margin smooth. Mesonotum coarsely and irregularly punctato-

rugose. Scutellum finely punctate rugose. Mesopleura; smooth
and shining above, ra,ther dull beneath, with a few indistinct

punctures ; metapleuras and median segment somewhat coarsely

cribrate-punctate, not separated. Petiole trans-striate, scarcely

as long as rest of abdomen, which is feebly shining or dull.

Terebra shorter than body, sheaths entirely black. Hind legs

with coxse transrugose ; femora finely trans-striate and dull,

tridentate ; tibife longer than femora, compressed to beyond
middle.

Black ; face ferruginous, dull flavous towards eyes and on
temples ; mandibles and antennae basally rufescent. Anterior
legs chestnut-brown; teeth of hind femora whitish. Wings
hyaline.

Length 11 mm. ; terebra 8 mm.
Habitat : Philippines. Type in Town Museum at Hamburg.

Proc. Zool. Soc—1922, No. LIY. 54



804 MR. E. A. ELLIOTT ON THE

This species resembles B. leucodontus Sclilett., but the

anterior tubercle is fully developed, second flagellar joint shorter,

pro- and meso-notum more coarsely sculptured and hind femora

tridentate. From D. salomonis Westw. it may be at once known
by the conformation of the neck of prothorax and the tridentate

hind femora.

3. FusciDENS Kieff.

Diastephamis fvscidens Kieff. (4), p. 118, 5 .

5 . Head subglobose ; frons and vertex irregularly rugose,

latter with three transcarinse in front ; occiput trans- striate,

dull
;

posterior margin of head produced into a collar. Second

flagellar joint one and a half times as long as first ; third longer

than first and second together. Pronotum coriaceous, with

polished posterior mai-gin ; mesonotum transrugose ; scutellum

centrally smooth and shining, marginal rows of punctures

superficial. Pleurae alutaceous. Median segment alutaceous,

with large, diffuse punctures. Petiole densely traiis-striate. as

long as remainder of abdomen. Terebra as long as body, spicula

red, sheaths entirely black-brown. Hind legs with coxse trans-

striate ; femora tridentate ; tibise compressed to beyond middle.

Black ; head except apices of mandibles, four basal antennR,l

joints, basal half of third segment entirely, anterior legs, apex of

hind coxpe, hind femora entirely and hind tibise basally red

;

hind tarsi testaceous ; apical joint of all tarsi black ; femoral

teeth brown. Wings hyaline, stigma and nervnres subhyaline.

Length 11 mm.
Habitat : Oameroons (Conrad t). Type in National Entomo-

logical Museum, Berlin.

Yery like D. leucodon Kieft'., difieriug chiefly in the iiregularly

rugose frons, transrugose mesonotum, and in the colour of

terebral sheaths and hind femoral teeth.

4. BiROi Szepl.

Fcenatopus btj-oi Szepl., p. 530, 5 • Diastephanus h. Enderl.

(2), p. 475.

$ . Frons irregularly, not transvei'sely rugose ; occiput shoit

and rugose
;

posterior margin of head bordered. First and
second flagellar joints of equal length. ISTeck short, subquadrate,

anteriorly transA"ersely, then irregularly rugose ; semiannular

coarsely rugose. Mesonotum coarsely rugose ; scutellum centrally

smooth, otlierwise diffusely punctate. Mesopleurse with large,

dense punctures, anterioi'ly dull. Median segment with large

punctures, which are confluent and form rugosities on the apical

half. Petiole finely striate, about as long as rest of abdomen.
Terebr-a slightly shorter than body, sheaths black. Hind cox8B

finely trans-striate, their femora finely and densely punctate

tridentate.
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Black; cheeks and temples yellowish; mouth-parts, base of

antenna?, anterior tibise mostly, and all tarsi yellow-red. Wings
hyaline, stigma brown, tegulse basally yellow.

Length 11 mm.
Habitat: Sinbang, New Guinea. Type in Hungarian National

Museum.

5. BILINEATUS Elliott.

Diastephanus hilineatus Elliott (2), p. 162, $ .

2 . Head finely trans-striate ; two carinae between the

posterior ocelli; all frontal tubercles distinct
;

posterior margin
of head bordered. Second flagellar joint one and a, half times as

long as first; third longer than second, but shoi-ter than fii'st and
second together. JSTeck of prothorax elongate, finely trans-striate,

remainder smooth; mesonotum subglabrous, very diffusely punc-

tate
;
pro- and meso-pleurse very finely trans-striate ; metapleurse

and median segment cribrate punctate, not separated. Petiole

trans-striate, as long as rest of abdomen, Avhich is smooth
and shining. Terebra shorter than body, sheaths rufescent,

with a subapical band ^ mm. broad, before the -g- mm. broad

black apex. Hind coxae and femora distinctly, their tibise less

strongly trans-striate, the femora tridentate, tibife compressed to

middle.

Black ; head rufescent, mandibles except extreme apex, frons

centrally broadly and orbits up to the level of the anteinor

tubercle flavous
;

point of abdomen below terebra white.

Anterior knees pale rufescent, hind legs darker, with knees and
metatarsi pale. Central femoral tooth white. Wings hyaline,

ii'idescent ; stigma and nervures brown.
Length S-Sg mm.; abdomen 5 mm.

;
petiole 2| mm.; terebra

7 mm.
Habitat : Pusa, Bihar; G. R. Dutt, 12. v. 09. Ohapra, Bengal;

Mackenzie.
The whole of the lower part of the head is white, excepting

the more or less narrow rufescent lines separating the frons from
the inner orbits. The sculpture of the head, the colour of the

terebra and that of the femoral teeth will suffice to distinguish

this species from all those with tridentate hind femora yet

known. (May 1919.)

6. GRACILIS Kieff.

Diastephanus gracilis Kieff. (5), p. 28, 5 .

5 . Body, especially abdomen, unusually slender. Frons dull

and densely trans-striate, arcuately round anterior ocellus;

vertex with five transcarinse ; occiput rugose, without central

impression ;
posterior margin of head simple. Second flagellar

Joint little longer than first ; third shorter than first and second
54*
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together. Pronotum elongate, shining, finely punctate, posterior

margin rugose. Mesonotum coaxsely transrugose ; scutellum

with central lobe finely punctate, with large marginal punctures,

separated by rows of small punctures from the lateral lobes,

which are alutaceous. Mesopleurae finely alutaceous ; meta-

pleuree reticulate rugose, the impressed part alutaceous. Median
segment finely punctate with difl^use larger punctures, and with

a broad crenulated sulcus on anterior margin. Petiole very

slender, finely trans-striate, much shorter than rest of abdomen,

which is coi'iaceous. Tevebra little shorter than body, spicula

red-broAvn, sheaths black. Hind legs with coxse densely trans-

rugose ; femora finely alutaceous, tridentate : metatarsus partly

and second tarsal joint entirely white pubescent beneath.

Black ; head except apices of mandibles and occiput, four

basal antennal joints, apex of petiole, basal half of third segment,

apex of hind femora, the tibise and tarsi yellow or red ; posterior

coxa and femoi-a brown. Wings whitish, stigma dark bordered,

nervures pale yellow.

Length 13 mm. ; terebra 12 mm.
Habitat: Mundame, Johann Albrechtshohe, German East

Africa. Conradt, 1906.

7. TBRTiANUS Morley.

Diastephanus tertimius Morley, p. 108, 5 .

5 . Head finely reticulate throughout
;

posterior tubercles

and vertical carina small ; cheeks much longer than scape

;

posterior margin of head simple. Second and third flagellar

joints of equal length and about half as long again as first. Neck
longitudinally sulcate, laterally obliquely carinate ; semiannular
microscopically sculptured and dull, without any smooth posterior

margin. (Mesonotum destroyed by pin.) Scutellum dull and
difii"usely punctate. Mesosternum shining, finely alutaceous.

Mesopleurse alutaceous and sparsely punctate; metapleura^ fiuely

transcarinate, confluent with median segment, which is finely

reticulate and sparsely punctate. Petiole transaciculate, shorter

than rest of abdomen, which is dull. Terebra rather shorter than
body, sheaths black. Hind legs with the coxae narrow, dull, and
apically transaciculate ; femora dull, tridentate ; tibiee longer than
femora, constricted to middle.

Bla.ck ; head, base of antennae, prothorax, apex of petiole, base

of second segment, basal two-thirds of third, and the legs red
;

base of hind femora and a mark inside apical third of hind tibiae

black. Wings hyaline; stigma lanceolate, centrally translucent

;

nervures brown.

Length 12 mm.; abdomen 7 mm.; petiole 3 mm.; terebra

10| mm.
Habitat: Lesapi River, Masbonaland. Nov. 1897; Guy

Marshall,
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8. NOVA-GUINEENSIS Szepl.

Fcenato'pus nova-guineensis Szepl., p. 529, § . Diastephanus
Qiova-g. Entlei"!. (2), p. 476.

2 Frons finely rugose, laterally more transversely ; vertex
transrugose ; occiput short and rugose, with distinct central
apical sulcus

;
postei-ior margin of head bordered. First flagellar

joint as long as second. Fro- and meso-notum coarsely rugose,
neck short and broad. Scutellum only centi-ally smooth. Meso-
pleurse dull, densely aciculate, with large, diffuse punctures.
Median segment rather smooth, with large punctui-es. Petiole
densely trans-striate, shorter than rest of abdomen. Terebra
little shorter than body, sheaths black. Hind legs with cox^e

coarsely ti-ansrngose ; femora densely and finely alutaceo-
punctate, tridentate.

Black ; head except vertex, base of antennpe, anterior tibiae and
all tarsi yellow-red ; anterior femora brown. Wings hyaline,

nervures brown ; stigma centrally yellow, tegulee black.

Length 10 mm.
Habitat : Stephansort, New Guinea. Type in Hungarian

National Museum.
Szepligetti states that in his F. nova-guineensis, biroi, similis,

and nigrijjes the median nervure is prolonged outside the basal

nervure. Enderlein (2) gives as the definition of his subgenus
Diastephcmus :

" external submedian cell entirely wanting, there
being at most a tiny remnant of the a.uterior bounding nervure,"
while, in Feenatopus, this nervure extends to the full extent of an
external submedian cell. There might thus be some doubt as to

the position of the above species ; as, however, Enderlein places

them in Diastephcmus, I follow him,

9, FLAVOMACULATUS Enderl.

Stephanus flavomacidatus Enderl. (1), p. 205, $ , Dtasle-

phanusf. (3), pp. 474-75.

$ . Frons indistinctly arcuate rugose ; all frontal tubercles

acuminate ; vertex coarsely, occiput finely transrugose, without

central impression. Posterior margin of head slightly bordered.

Pronotum finely rugose, laterally deeply punctate just in front

of the polished posterior margin ; neck elongate. Mesonotum
very coarsely transrugose ; scutellum punctate, with central

smooth space. Metanotum longitudinally striate. Metapleurse

a.nd median segment finely reticulate rugose, separated by a fine

raised line. Petiole i-ather finely trans-striate, longer than rest

of abdomen. Terebra shorter than body, reddish-yellow, sheaths

rust-yellow, apically black. Hind coxse finely trans-striate ; hind

femora tridentate, teeth yellov/.

Black ; face, cheeks, five basal antennal joints, presternum,

anterior legs, and hind tibiae ferruginous ; median line and lateral

margins of frons, base of petiole, apex of hind femora and spots



808 ME. B. A. ElililOTT ON THE

on segments 3-5, also apex of last segment yellow. Wings
hyaline, nervures pale brown.

Length 12^- mm.
Habitat : Johann Albrechtshohe, IST, Oameroons. L. Conradt,

1896.

There appeal's to be a very remarkable similarity between the

specimens of this group of Stephanida3 from Johann Albrechtshohe,
North Oameroons, and, since several are described from single

specimens only, and none from any sufficient number, there may
be doubts as to the distinctness of the species. The difficulty of

deciding this matter is greatly increased by the fact that the

descriptions vary in the amount of the details; the relative length

of the basal antenna! joints, and especially details as to the hind

legs and femoral teeth, are often wanting. In addition to this,

Dr. Enderlein (1) gives a table of the African species of

Stejihanus—as then known to him—in which he gives characters

differing from those in the detailed descriptions. Thus : tei'e~

bellus—median segment (a) not separated from metapleurse, (6)

separated by a raised carina ; togoensis—scarcely or not at all

separated
; flavomaadatus—neck («) obliquely striate throughout,

(5) finely rugose ; hrevijMtiolatus—face (a) irreguLarly reticulate,

(h) finel)^ arcuate rugose. While provisionally retaining these

species, further information is required to settle their claims.

10. BOTHKIRCHI ScllultlieSS.

Diastephanus rothkirchi Schulthess, p. 283, $ ; Morley (1),

p. 113, ?.

$ . Frons irregularly and partly arcuately rugose ; vertex

with four transcarinse ; occiput' strongly transrugose, without
longitudinal impression. Posterior margin of hea,d sharply

bordered. Scape as long as first and second flagellar joints

together; second longer than first ; third shorter tha.n first and
second together. Pronotum finely transrugose ; semia.nnular

centi-ally finely transrugose, laterally coarsely and irregularly

punctate. Mesonotum coarsely rugoso-punctate ; scutellum

centrally smooth, with a few marginal punctures, lateral rows of

punctures distinct, lateral lobes finely ti-ansrugose. Mesopleurte

finely rugose and diffusely punctate ; metapleura? confluent with
median segment, and, like it, irregularly and coarsely rugoso-

punctate, interstices and bottom of punctures very finely trans-

rugose. (A few lines before this, the author states " median seg-

ment longer than mesonotum and scutellum, finely facetted,

between the facets very finely transrugose.") Petiole finely trans-

striate, longer than rest of abdomen ; second segment basally

coarsely rugoso-punctate, remainder of abdomen smooth . Terebra

as long as body, spicula red-brown, shen.ths brown, paler before

the black apex. Hind legs with coxpe and femora finely trans-

rugose, latter tridentate; teeth in three groups, the central of one
tooth only, largest of all ; the basal and apical groups of two
each, of which the inner is smallest ; apex of tibise and inside of

tarsi clothed with dense red-grey pubescence.
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Black ; head red except apices of mandibles and the occiput

;

4-5 basal antenual joints, pronotum laterally and beneath, a basal

band on third tergite, ventral surface of second sternite, all coxse

and legs red ;
petiole basally, knees and middle metatarsi basally

white, hind coxfe and base of hind femora black. Wings hyaline,

stigma elongate, narrow lanceolate, brownish ; nervures dark
brown.

Length 10 mm. ; abdomen 6 mm.
;

petiole 3'5 mm. ; wings
3"5 mm. ; terebra 10"5 mm.

Habitat : Cameroons. Oberlieutenant v. Rothkirch, German
Colonial Defence Foi'ce.

A specimen in tlie Biitish Museum (M'Langa, Nyassaland,

S. A. Neave, 2. i. 1914) diifers from the above description only

in having a more red-brown petiole and second segment black.

This species comes near D. szepligeiii Enderl. and D. gracilis

Kieff., but differs from both in size and sculpture. The number
of minor denticulations between the larger hind femoral teeth

appears to vary, but we do not possess sufficient details to decide

whether this is an individual or specific difference.

11. PLAVIDENTATUS Enderl.

Diastephanus Jlavidentatus Enderl. (3), p. 204, 5

5 . Head i-ather small, globose. Neck strongly transrngose,

laterally more finely and closely, semiannular finely trans-striate,

apically more closely, posterior margin laterally rugose. Meso-
pleurte sparsely and coarsely punctate, posterior margin smooth,

upper third finely transrngose and yellow pubescent. Petiole

finely transrugose ; second segment dull, finely punctate and
basally indistinctly rugose. Terebra rather longer than body,

sheaths with broad yellow bai^d before apex. Hind femora
bidentate ; hind tibire and metatarsus yellow pubescent.

Black ; face, cheeks, lateral borders of frons, and a median line

yellow ; antennae brown, basally paler. Anterior legs pale ferru-

ginous ; a streak on outside of basal fourth of front tibiae, basal

fourth of middle tibias and basal half of middle metatarsus yellow.

Hind legs black-brown, tarsi rufescent, femoral teeth yellowish.

Wings hyaline ; stigma pale yellow, nervures brown.
Length 11|-14| mm.; petiole 4" 1-5* 2 mm.; terebra 13|-

15 mm. ; fore wing T-S^ mm.
Habitat : Formosa, 1911 ; Kankau, 1912 ; Hoozan, 1910.

H. Sauter. Co-types in German Ent. Museum at Dahlen and
in Stettin Museum.

Enderlein {I. c.) states that the only other species in this

subgenus having yellow femoral teeth are his D. maculifemVjT

and D. ruficoUis. The detailed descriptions state clearly that in

D. maculi/emicr both teeth a,re white, and in D. ruficoUis the

anterior tootli is yellow, the posterior black. The present species

differs from D. ruficoUis in the sheaths of terebra being yellow-

banded, hind tibipe pubescent, and both femoral teeth yellow; from
D. maculifemur in smaller head, longer terebra, and in the colour

of terebral sheaths and femoral teeth.
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12. LEUCODONTUS Schlett.

Stephanus leucodontics Schlett., p. 121, 5 . Diaste2)7ianus I.

Enderl. (2), p. 475.

2 . Frons finely, transversely coriaceo - rugose ; anterior

frontal tiibei'cle wanting (otherwise always present) ; occiput

very short, finely trans-striate, more coarsely behind the ocelli.

Posterior margin of head simple; cheeks longer than scape.

Second fla,gellar joint one and a half times as long as first ; third

longer than first and second together. ISTeck elongate and
slender, obsoletely trans-striate ; semiannular subnitidulous,

with a central longitudinal trans-striate fovea. Mesonotum
finely and irregularly ti-ansrugoso-punctate. Scutellum entirely

smooth. Mesopleur* smooth and shining, with a few superficial

punctures below ; metapleursB smooth and shining in front,

rather coarsely reticulate-rugose behind. Median segment
centrally a,nd basally smooth, laterally with large punctures,

which are more dense apically. Petiole very finely transrugose,

as Ions' as rest of abdomen, which is smooth and sti'ongly

nitidulous. The terebra broken ofi". Hind coxa3 slender, trans-

striate ; hind femora entirely smooth, bidentate ; hind tibia3

compi'essed to beyond middle.

Black; frons rufo-testaceous, rest of head ferruginous; antennas

basally testaceous ;
pronotum and legs brown ; teeth of hind

femora white, and hind tarsi white-marked. Wings entirely

hyaline.

Length 10 mm.
Habitat : Sarawak. Type in Royal Nat. Hist. Museum,

Berlin.

The absence of the usually well-developed frontal anterior

tubercle will distinguish this species from all others. It closely

resembles Z>. p«/Zesce«s Schlett. and F. indicus Westw. It may
be distinguished from both by the short occiput, simple posterior

margin of head, and by the sculpture of the hind femoi-a ; from
F. indicus Westw. it further difiers in the neuration.

A specimen in the British Museum, from Singapore, has

a white-banded terebra; length of body 10| mm.; terebra

9 mm.

13. ELEGANS Elliott.

Biastephanus elegans Elliott (2), p. 31, $ .

2 . Frons finely arcuate striate ; vertex trans-striate ; occiput

nearly smooth. Space between the posterior ocelli trans-striate.

Posterior margin of head bordered. BasaJ flagellar joints normal.
Pronotum very finely trans-striate and rather shining, basal
margin smooth ; mesonotum almost smooth. Central lobe of

scutellum finely punctate. Propleuras finely striate ; mesopleura;
smooth and shining ; metapleuras and median segment cribrate

punctate, separated by a carina. Petiole extremely finely trans-

striate, shorter than rest of abdomen, which is smooth and
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shining. Terebra shorter than body, sheaths white-banded.

Hind coxfe trans-stria te, their femoi'a bidentate; tibiae compressed

to middle.

Black ; head rufo-testaceous, vertex slightly darker ; thi'ee

basal joints of antennas, presternum, tegulse, and anterior legs

rufo-testaceous, the femoia rather darker, tarsi paler, middle

metatarsus whitish ; hind legs darker, with the metatarsus paler.

Femoral teeth white.

Length 6;^ mm.; abdomen 3| mm.
;

petiole 1| mm. ; terebra

5 mm.
Habitat : Singapore. H. N. Eidley, 1900. Type in British

Museum.
A delicate insect, distinguished by the space between the

posterior ocelli being striate, instead of, as usual, carinate, and
by the white femoral teeth.

14. CARiNiFRONS Enderl.

Diastephanus carinifrons Enderl. (4), p. 292, $ .

5 . Head rather small, globose ; frons rugose to coarsely

reticulate, transrugose between tubercles, from the anteiior of

which a strong carina runs longitudinally down frons. Vertex
strongly transrugose, behind this a median longitudinal impres-

sion, and the occiput finely and closely trans-striate
;

posterior

margin of head bordered. Second flagellar joint one and a half

times as long as first ; third as long as first and second together.

Neck of prothorax strongly, semiannular finely transrugose,

posterior margin polished smooth. Mesonotum anteriorly

irregularly transrugose, posteriorly coarsely rugoso-punctate

;

scutellum smooth, apically diffusely punctate. Mesopleuraj

smooth, with a transrugose longitudinal impression, the apical

third in front of the impression strongly and densely punctate.

Metapleurse and median segment deeply reticulate, scarcely

separated. Petiole finely trans-a.ciculate, apical margin narrowly
smooth and polished, longer than rest of abdomen, which is

smooth, basally rugose. Terebra longer than body, spicula

ferruginous, sheaths black, white-banded before apex. Hind legs

with coxse long and slender, densely trans-striate ; femora
smooth.

Black ; head except vertex and apices of mandibles, and 3-4
basal antennal joints ferruginous ; anterior margin of frons and
a median streak below anterior tubercle ferruginous

;
posterior

margin of pronotum yellow ; anterior legs red-brown ; hind
tarsi and tibise brown. Wings hyaline, nervures pale brown.

Length 14 mm. ; abdomen 9| mm.
;

petiole 5^ mm. ; terebra
16 mm. ; fore wing 7^ mm.
Habitat : Soekaranda, Sumatra,. 1 5 • Dr. Dohrn.
ISTot unlike D. dolirni in colour, but petiole a,nd terebra

proportionally longer, sheaths of latter white-banded : sculpture
of pro- and meso-notum difl:erent.



812 MB. E. A. KLLIOTT ON THE

15. NiGRiPES Szepl.

Fosnatopus 7iigripes Sz6pl., p. 531, $ . Diastephanus n.

Enderl. (2), p. 475.

5 . Frons coarsely rugose ; occiput trans-striate with central

impression
;
posterior margin of head bordered. Flagellar joints

normal. Neck short and broad, transrugose, semiannular smooth.

Mesouotura coarsely rugose; scutellum smooth. Mesopleurse

aciculate, with diffuse large punctures. Median segment with
large, more or less confluent punctures, interstices aciculate.

Petiole finely trans-striate, as long as rest of abdomen, Terebra
as long as body, sheaths white-banded before a.pex. Hind legs

with COX8S transrugose ; femora finely aciculate, bidentate.

Black ; head and base of antennse red ; middle tibiae basally

and the metatarsus white; hind tibiae basally red-brown. Wings
hyaline, stigma and nervures black.

Length 20 mm.
Habitat : Sumbava, Lesser Sunda Is. Type in Hungarian

Nat. Mus., Budapest.

16. PARViCEPS Enderl.

Diastephanus parvioeps Enderl. (4), p. 296, $ .

$ . Head very small and globose. Frons finely alutaceous

(under a 27-power lens it appears finely and densely aciculate)

;

vertex and occiput finely and densely transaciculate, with a sub-

obsolete impression behind. Posterior margin of head bordered.

Second flagellar joint one and a half times as long as first : third

as long as first and second together. Neck granulate a,ciculate,

semiannular smooth
; (mesonotum damaged); scutellum polished,

with a few marginal punctures on central lobe, lateral lobes finely

punctate. Mesopleiirse with a few coarse }')unctures on anterior

half, apex finely and closely punctate. Mefcapleur;e and median
segment coalescent with hexagonal cellular impressions, honey-
comb-like. Petiole very finely and closely transaciculate, longer

than rest of abdomen, which is smooth, only extreme base of

second segment finely punctate rugose. Terebra nearly as long

as body, spicula ferruginous, sheaths black, white-banded before

apex. Hind coxae slender, shining, finely and lightly trans-

striate; hind femora shining smooth, with microscopic reticula-

tions.

Black ; head (except apices of mandibles, vertex, and frons to

anterior tubercle, which are black-brown), base of antennae, front

tarsi, middle tibiae and tarsi ferruginous-yellow ; hind tibiae and
tarsi brown. Wings hyaline, nervures brown ; stigma very long

and narrow, hyaline.

Length 11 mm.; abdomen 6| mm.; petiole 3| mm.; terebra

10^^ mm. ; fore wing 6 mm.
Ha,bitat : Soekaranda, Sumatra. 1 §. Dr. Dohrn.
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17. FRONTiLiNEA Moi'ley.

Diastephanus frontilinea Morley (1), p. 109, $ .

§ . Frons finely reticulate and white pubescent ; vertex

longitudinally aciculate ; occiput veiy finely and closely trans-

aciculate ; frontal tubercles prominent and aciuninate, the

anterior rather larger. Posterior margin of head reflexed.

Antennae with first and second flagellar joints of equal length

and rather shorter than third. ISTeck multicarinate, semiannular

smooth and shining. Mesonotum veiy short, shining and

sparsely punctate. Scutellum large and flat, with the impressions

marked only by two rows of three punctures in front, smooth and

shining. Mesopleura) finelj^ alutaceous and pubescent, with a few

scattered punctures ; metapleursB smooth and finely subaciculate,

separated by a strongly-marked sulcus from the median segment,

which is coriaceous between veiy large and partly confluent

punctures. Petiole transaciculate, longer than rest of abdomen
;

second segment basally narrowly scabr-ous, remainder of abdomen
smooth ; apex of sixth segment discally acutely emarginate.

Terebra shorter than body, sheaths white-banded before apex.

Hind legs with coxae trans-striate; femora alutaceous, bidentate

;

tibiae as long as femora, compressed to a little beyond middle and

there internally excised.

Black ; mouth-parts, inner and outer orbits testaceous ; a longi-

tudinal line down centre of frons and the tubercles rufous;

antei'ior tibia3 testaceous and hind tarsi red. Wings narrow,

hya.line ; stigma lanceolate and subhyaline.

Length lOg mm.; abdomen 5| mm.
;

petiole 3 mm.; terebra

9 mm.
Habitat : Rangpur, on bordei- of Eastern Bengal and Assam

;

25. vii. 05. Type in Pusa collection.

18. TRILINEATUS Ellio'Ct.

Diastephanus trilineatus Elliott (3), p. 81, $ .

5 . Frons and vex-tex very finely arcuate striate, occiput

trans-striate ; carinae between posterior ocelli subobsolete

;

posterior margin of head bordered. Second flagellar joint half

as long again as first; third as long as first and second together.

Pronotum trans-striate; mesonotum diffusely punctate; scutellum

smooth. Propleurse smooth ; mesopleurse finely striate and

punctate; metapleurae and median segment cribrate punctate.

Petiole trans-striate, apically smooth, as long as the smooth re-

mainder of abdomen. Terebra shorter than body, with subapical

white band. Hind coxae ti-ans-striate, their femora bidentate:

tibiae compressed slightly beyond middle.

Black ; mouth-parts flavous, inner and outer orbits and frons

centrally and two basal joints of antennae flavous; vertex and

occiput nigro-rufescent ; legs more or less rufescent. Wings
hyaline.
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Length 9-13 mm.; abdomen 5-8 mm.; petiole 24-4 mm.;
terebra 8^-12 mm.

Habitat: Hoabinh, Tonkin. R. V. de Salvaza; Aug. 1918.

Two specimens in the British Museum.
The colour of the head in this species is exactly as in

D. hilineatus Elliott, from which it difiers in the bidentate hind

femora and concolorous teeth.

19. CHINENSIS Elliott.

Diastephanus chinensis Elliott (2), p. 73, $ .

5 . Frons very finely striate, transversely below, becoming

longitudinal above, round the anterior tubercle and in the ocellar

space; vertex and occiput finely longitudinally striate; posterior

mai'gin of head bordered. Basal flagellar joints normal. Pro-

notum trans-striate, semiannular more coarsely, especially laterally.

Mesonotum coarsely punctate ; centi'al lobe of scutellum with

diffuse large punctures, lateral lobes with the external half longi-

tudinally striate. Proplevirte longitudinally striate above and

smooth beneath ; mesopleurae alutaceous ; metapleurte coarsely

punctate aliove, trans-striate beneath, separated by a carina from

the cribrate-punctate median segment. Petiole finely trans-

striate, with extreme apex smooth, as long as rest of abdomen,

which is smooth and shining. Terebra slightly longer than body,

spicula rufescent, sheaths black, with subapical white band.

Hind coxae trans-striate ; hind femora finely alutaceous and

shining, bidentate ; tibiae compressed to beyond middle, alutaceous,

the explanate part less strongly sculptured.

Black; head except vertex, two basal antennal joints and the

ant9rior legs rufescent. Wings hyaline, nervures brown.

Length 12 mm.; abdomen 8 mm.; petiole 4 mm.; terebra

13 miB.

Habitat : China ; Haut Mekong, Tong King. R, Y. de

Salvaza. Type in British Museum.
Distinguished by the sculpture of the frons and vertex, and

especially by the striation of the outer lobes of the scutellum.

20. ALUTACEUS Morley.

Biastephanus alutaceus Morley (1), p. 109, $ .

5 . Body entirely alutaceous and dull throughout. Head
finely transrugose in front ; all frontal tubercles small ; vertex

with one carina behind ))asal tubercle ; a few weak transcarinte

at posterior margin of occiput, which is bordered. Antennae as

long as hea,d and thorax ; second flagellar joint one and a half

times as long as first ; third only as long as second ; all flagellar

joints well discreted inter se. Neck with a diseal longitudinal

sulcus, apically only laterally transcarinate, semiannular basally

explanate. Scutellum as broad as long, apically obtuse, the
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usual impressions or rows of punctures are wanting. Meso-

pleurc-e smoother than mesonotum and pubescent ; metapleurse

confluent Avith median segment, which is explanate and slightly

transcarinate immediately before its apex. Petiole shorter than

the remaining segments, second basally constricted, sixth apically

discally emarginate. Terebra shorter than body. Hind coxfe as

long as femora, which are strongly incrassate, bidentate, and

basally angulate below ; tibiee longer than femora, compressed to

middle and there excised.

Text-figure 6.

DiastepJianus alutaceus.

Rufo-testaceous ; eyes, ocelli, apex of mandibles, frenum, spot

at base of petiole, circular spot on each side of basal third of

second segment, and a larger spot on each side of fourth black;
femoral teeth white ; terebra riifo-testaceous, apically black.

Wings lacteous-hyaline, with a circular pale fuscous spot in the
discoidal cell, and another very faint one below the centrally

infuscate stigma.

Length 10 mm. ; abdomen 6 mm.
;

petiole 2| mm. ; tere})ra

8 mm.
Habitat: Lonely Mine, Rhodesia. H. Swale, 12. v. 1914.

Type in British Museum.
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21. BREviPETiOLATUS Enclerl.

Stephanus hrevipetiolaUis Enderl. (1), p. 205, $ . Dia-

stejyhanus b. Enderl. (2), p. 475.

5 . Head small ; frons finely arcuate rugose ; anterior

tubercle very long and pointed, the four others indistinct.

Vertex coarsely transrugose ; occiput finely and closely punctate,

slightly rugose
;

posterior margin of head bordered. First and

second flagellar joints of equal length, third and fourth also

equal, and twice as long as first. Pronotum smooth and dull.

Mesonotum irregularly transrugose ; scutellum centrally dull,

not punctate, the anteriorly convergent rows of punctvires deep.

Meso- and meta-pleurse and median segment finely alutaceous,

latter not separated from metapleui-se. Petiole dull, only apically

sub -transrugose, stout, clavate, and only half as long as remainder

of abdomen. Terebra as long as body, spicula yellow, sheaths

brown. Hind coxse finely trans-striate.

Black ; frons, vertex, and apex of mandibles black ; remainder

of head, four basal antennal joints, and band at base of third

segment ferruginous ; legs ferruginous, femora basally and above

and hind tibiae centrally black. "Wings hyaline, nervures pale

brown.
Length 8 mm.
Habitat: Johann Albrechtshohe, JSIorth Cameroons. L. Con-

radt.

The unusually short and stout petiole, together with the dull

pronotum and scutellum, distinguish this species from all others.

The group of species, including D. schlettereri, togoensis and its

var. fasciatus, flavomacidatus, and hrevipetiolatus, all from Johann
Albrechtshohe, have much in common, and r-equire further

elucidation.

22. TRILOBATUS Elliott.

Diastephanus trilohatus Elliott (3), p. 32, $ .

5 . Frons and vertex extremely finely, occiput more coarsely

trans-striate ;
posterior margin of head very finely bordered.

Scape slightly longer than cheeks. First and second flagellar

joints of equal length, third about as long as first and second

together. Pronotum transrugose, apically coarsely, basally more
finely, with extreme base smooth; mesonotum and scutellum

smooth, with a few coarse punctures ; mesopleurae smooth above,

punctate below; metapleurse cribrate punctate ; median segment
coarsely and irregularly punctate. Petiole shorter than rest of

abdomen, finely trans-striate, remaining segments smooth.

Terebra very slightly longer than body, sheaths black. Hind
coxae basally punctate, remainder trans-striate; femora bidentate;

tibiae compressed to beyond middle.

Black ; head beneath, inner orbits, and frons flavous ; the
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upper margin of the colour is trilobed, the central lobe extending
to the lower tubercle, the outer lobes triangular ; antenna3 basally

rufo-testaceous
;
posterior metatarsi white. Wings hyaline.

Length 11 mm.; abdomen 7 mm.; petiole 3 mm. ; terebra

11| mm.
Habitat: Hoabinh, Tonkin. R. V. de Salvaza. Aug. 1918.

Type in British Museum.
Differs from D. trilineattis Elliott in the shorter second

flagellar joint, sculpture of mesonotum and mesopleurse, and black

terebral sheaths. In D. h-ilineatus and simillimus two descending
rufescent streaks divide the space between the eyes into five about
equally bioad strips of colour, and the lower tubercle is entirely

black. In D. trilohatus tlie nari'ow centi'al streak extends to

the top of the tubercle and the outer streaks are broadly
triangular.

23. DOHKNi Enderl.

Diastephanus dohrni Enderl. (4), p. 291, $ .

5 . Head medium size ; frons anteriorly regularly, posteriorly

irregularly transrugose, an irregular longitudinal impression below
anterior tubercle, space between tubercles arcuate rugose ; vertex
transrugose ; occiput rather wavily trans-striate with central

longitudinal impression and finely bordered. Second flagellar

joint one and a half times as long as first : third as long as first

and second together. Pronotum dull, indistinctly transrugose in

front, posterior margin polished smooth. Mesonotum smooth,
with diffuse coarse punctures and apically transrugose ; scutellum
smooth, six deep punctures on each side. Mesopleurre smooth,
anterior third densely and finely punctate, with diffuse larger
punctures, posterior half coarsely punctate on each side of a
central carina. Metapleuree and median segment coalescent,

irregu:larly and laterally reticulately punctate. Petiole finely

trans-striate, apically transrugose, shorter than rest of abdomen,
which is smooth, basally slightly rugose. Terebra as long as body,
spicula red-yellow, sheaths entirely black. Hind legs with cox^e

slender, finely and densely trans-striate ; femora smooth, with
microscopic sculpture.

Black ; head except vertex and apices of mandibles, 4-5 basal
antennal joints ferruginous ; anterior legs pale ferruginous, hind
tibiae and tarsi dark brown. Wings hyaline; nervures brown,
stigma hyaline, apically very pointed.

Length 18 mm.; abdomen 11| mm.; petiole 5^ mm.; terebra
18 mm. ; fore wing 9| mm.

Habitat: Soekaranda, Sumatra. 1 $. Dr. Dohrn
; Jan. 1894.

This species is not unlike D. carinifrons Enderl. in colour and
in habitus, but differs chiefly in the structure and sculpture of
head, shorter petiole and terebra, the latter having entirely black
sheaths.
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24. QUADRIDENS Elliott.

Diastephanus quadridens Elliott (3), p. 31, $ .

5 . Frons strongly arcuate rugose, vertex and occiput strongly

trans-striate and sulcate ; three carinse between posterior ocelli
;

ocellar space rugose; posterior margin of head bordered. Second
flagellar joint one and a half times as long as first ; third as long

as first and second together. Prothorax coarsely trans-striate,

basally more finely and extreme base smooth ; mesothorax trans-

rugose ; marginal punctui"es of scutellum deep. Propleurse finely

striate; mesopleurse punctate above, smooth beneath ; metapleurse

and median segment strongly cribrate punctate. Petiole finely

trans-striate, as long as remaining smooth, shining segments.

Terebra longer than body, sheaths black. Hind coxae and femora
densely and finely trans-striate, latter bidentate, but the two
prominences on basal half so unusually developed as almost to

rank as teeth ; tibias compressed to middle.

Black ; head and two basal antenna! joints rufo-testaceous

;

vertex nigrescent. Wings hyaline.

Length 15 mm.; abdomen 10 mm.; petiole 5 mm.; terebra

17 mm.
Habitat : Luang Prabang, Indo-China. R. V. de Salvaza

;

5.x. 1917. Type in British Museum.
This species is characterized by the unusual development of the

femoral subsidiary tubercles, as well as by the sculpture of the

prothorax, mesopleurae, hind coxae, and femora.

25. TEREBELLUS Enderl.

Stephanus terebellus Enderl. (1), p. 204, 5 • Diastephanus (2),

p. 475.

5 . Head small ; frons arcuate rugose, vertex coarsely, occiput

finely transrugose
;

posterior margin of head sharply bordered.

First and second flagellar joints of equal length, third and fourth

also equal and each twice as long as first. Pronotum elongate,

polished smooth, punctured only in front and round scutellum,

which is polished smooth. Metanotvim very narrow, coarsely

longitudinally rugose. Mesopleurse polished smooth above,

densely pubescent and diffusely punctate below ; metapleurae

diffusely, posteriorly more densely punctate, separated by a slightly

raised costa from the median segment, which is finely alutaceous,

laterally diffusely plinctate, with a fine longitudinal median line.

Petiole finely trans-striate, about as long as rest of abdomen.
Terebra only half as long as body, sheaths black, apically ferru-

ginous. Hind coxfe finely trans-striate.

Black ; face, cheeks, temples, 5 basal antennal joints, anterior

femora, hind femora beneath, third and fourth stei'nites ferru-

ginous. Wings hyaline; stigma and nervures pale yellowish,

Antennpe from sixth joint brown ; hind metatarsus whitish.

Length 8| mm.
Habitat : Lolodorf , South-East Cameroons. L. Conradt.
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This species appears to be characterized by the small head,

smooth pro- and meso-thorax, and very short terebra.

26. RUFicoLLis Enderl.

Dlastephanus rvficolUs Enderl. (3), p. 205, $ c5' •

5 S • Head small, globose. Neck strongly transrugose.

laterally more finely; semiannular trans-striate, basally more
coarsely and posterior margin latei'ally irregularly rugose.

Mesopleurfe dull, with largo diffuse punctures, upper thiid finely

granulate punctate, yellow pubescent. Petiole very slender,

finely trans-striate; second segment dull, finely punctate, basally

more granulate. Terebra in 5 slightly shorter than body,

sheaths entii'ely black. Hind femora bidentate ; hind coxae

smooth, hind tibise and metatarsus without pubescence.

Black ; head ferruginous yellow, vertex more brown in $ ,

redder in S ', antennae darkish rufo-testaceous, apically broAvn
;

posteiior half of pronotum feiTUginous ; anterior coxae and legs

pale ferruginous, all tarsi rufescent. Anterior femoial tooth

yellow, the posterior black. Wings hyaline ; stigma long and
yellow, nervures brown.

Length, §, 10| mm.; petiole 3"2 mm.; terebra lOg mm.;
fore wing 6 mm. S , 8 mm.

;
petiole 2'2 mm. ; fore wing

4*4-4"6 mm.
Habitat: Formosa. H. Sauter ; May-June 1912. Co-types in

Dahlen and Stettin Museums.
DilFers from D. Jlavidentaius in the entirely yellowish head,

not pubescent hind tibiae and metatarsus, black terebral sheaths

and black posterior femoral tooth.

27. MACULiFEMUR Enderl.

Diastephanus maculifeviur Enderl. (4), p. 294, 5 .

5 . Head rather large, globose. Frons densely and coarsely

punctato-rugose, the rugosities run from the median line

obliquely backwards, apically more transversely ; space between
frontal tubercles longitudinally striate : vertex with three or

four strong transcarinfe ; occiput wavily trans-striate and finely

punctate, with narrow central impression. Cheeks buccate

;

posterior margin of head bordered. Second flagellar joint one
and a half times as long as first ; third almost longer than first

and second together. Pronotum densely t]?ans-striate, more
strongly towards apex, posterior ma,rgin polished smooth. Meso-
notum apically strongly transrugose, dorsally with deep diflfuse

punctures* and microscopic striation, a deep impression before

scutellum, which is polished smooth, with deep marginal punctures
and subobsolete median impression. Mesopleurse polished

smooth, difiusely punctate beneath, apically finely and densely

punctate ; metapleuree and median segment separated by a
carina betAveen two rows of small punctures, and both with large

hexagonal to circular punctures, honeycomb-like. Petiole very
Proc. Zool. Soc— 1922, No. LV. 55
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finely and densely transaciculate, with narrow smooth posterior

margin, about as long as remainder of abdomen, which is smooth,
basally finely rugoso-punctate. Tei*ebra shorter than body,

spicula ferruginous, sheaths entirely black. Hind coxse slender,

shining, very finely transaciculate; hind femora smooth, shining,

with microscopic reticulations, bidentate.

Black ; head except apices of mandibles, and three basal

antennal joints ferruginous ;
posterior margin of pronotum

yellow-brown. Basal fourth of intei mediate tibife, basal half of

their metatarsus, a small elongate oval spot near apex of hind

femora outside, and the femoral teeth white. Wings hyaline,

nervures brown ; stigma very long and narrow, j^ellow hyaline.

Length 13-15^ mm. ; abdomen 7^-8g mm.
;

petiole 3g-
4| mm. ; terebra 10-12 mm. ; fore wing 7|-8| mm.

Habitat : Perak, 1 $ ; Malacca, 1 $ .

Text-figure 7.

Text-figure 8.

Diastephanus sulcatus.

DiastepTiaifus sulcatus.

28. SULCATUS Elliott.

Diastephcmais sulcatus Elliott (3), p. 80, $ .

5 . Face irregularly rugose, vertex and occiput trans-sfcriate,

with very distinct longitudinal sulcus ; three stout, cui-ved

carinEe between the posterior ocelli; posterior margin of head

bordered. Bcape longer than cheeks. Basal flagellar joints
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normal, Neek finely trans-striate, semiannular smooth in front,

basally arcuate striate ; mesonotum rugose ; scutellum laterally

strongly punctate ; metanotum longitudinally carinate. Pro-

pleurae smooth ; mesopleuras finely trans-striate, apically punctate;

metapleurse and median segment cribrate punctate, the latter

with an elongate triangular cential basal punctate and very

finely trans-striate and dull space, bounded by large punctures.

Petiole trans-striate, shorter than the remaining smooth

segments. Terebra shorter than body, spicula pale red, sheaths

black. Hind coxae finely trans-striate, their femora glabrous,

bidentate ; tibiae compressed to middle.

Black ; head red, apices of frontal tubercles and the carina on

the vertex black ; two basal antennal joints rufo-testaceous,

third darker red, apically black. Anterior tibiae and all tarsi

rufescent ; femoral teeth white. Wings hyaline.

Length 13 mm. ; abdomen 7| mm.
;

petiole 3| mm. ; terebra

11 mm.
Habitat : Luang Prabang, Indo-China. H. V. de Salvaza ;

29. ix. 1917. Type in the British Museum.
The sculpture of the median segment resembles that of

D. leacodonhts Schlett., which the author describes as " basally

and centrally smooth," and agrees also in the colour of the head

and of the femoral teeth. It differs in sculptvire of head and
prothorax and black terebral sheaths.

29. SALOMONis Westw.

Stephanus salomonis Westw. (5), p. 128, $ . Diastephamos s,

Morley (1), p. 107; Brue.s, p. 100 ; Elliott (2), p. 74, $

.

$ . Frons and occiput arcuately rugose, latter with slight

longitudinal sulcus; posterior margin of head bordered. Second

and third flagellar joints of equal length, and about one-third

longer than first. Neck elongate, glabrous, centrally deeply im-

pressed and laterally vallately elevated ; semiannular smooth,

with a few apical transcarinse, and a band of indistinct punctures

before the base, Mesonotum rather densely punctate ; meso-

pleurae subglabrous, with a few superficial punctvires ; median
segment with large, rather dense, but not confluent punc-

tures. Petiole rather longer than rest of abdomen, trans-

striate ; second segment basally constricted and slightly rugu-

lose, remaining segments smooth. Terebra slightly shorter

than body, sheaths entirely black. Hind cox^e trans-striate,

hind femora alutaceous, shining, bidentate; hind tibiae com-
pressed to middle.

Black : face below antennae, inner orbits partly, outer orbits

entirely pale stramineous ; mandibles and anterior legs bright

ferruginous ; hind legs with coxae, base of femora and apex of

tibiae more or less black. In the type-specimen the basal half

55*
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of the hind femora is black all over, but in the other above only.

Wings hyaline.

Length 16 mm.; abdomen 10 mm.; petiole 5| mm.; terebra

15 mm.
Habitat: Solomon's Island, New Hebrides (Westwood)

;

Solomon Islands (Woodford).

The snecimen described by Westwood, now in the British

Museiim, was taken during the voyage of H.M.S. ' Herald ' in

1866. The abdomen is wanting, but the three-jointed tarsi prove

it to be a female. In the same collection is a perfect specimen,

taken by C. M. Woodford, probably about 1886, from which the

description has been completed.

The extraordinarily deeply-excised neck of pronotum is ver}?-

distinctive of the species ; I know of no other at all like it.

Mr. T. C. Brues (I, c.) describes a specimen from Wai-ai,

Solomon Is., which lie considei'S to be this species. It differs in

colour, in the legs being entirely black, except apical half of

hind femora and basal constricted part of their tibiae, second

flagellar joint rather longer. The peciiliar formation of the neck

is not noted, but it is said to be finely trans-rugose, mesonotum
irregularly rugose-reticulate in front, smooth behind. Allowing

for the personal equation in descriptions, and the common
variation in the colour of the legs in insects, I think the specimen

described is truly this species.

Schletterer (p. 123) tentatively synonymizes this species with

his D. pallescens from the Philippines ; from it, however,

I), scdomonis differs in the above-named formation of the pro-

thorax, the proportionate length of the basal antennal joints, and

in having bidentate hind femora ; these in D. pallescens are tri-

dentate.

30. CELEBENSIS Szepl.

Fcenatojncs celebensis Szepl., p. 531, $ . Diastephanus Enderl.

(2), p. 475.

5 . Frons coarsely and indistinctl}^ transrugose ; occiput finely

transrugose, with indistinct central impression
;
posterior margin

of head bordered. Flagellar joints normal. ISTeck elongate,

smooth in front, feebly trans-striate behind ; mesonotum and
scutellum smooth; mesopleurse smooth, anteriorly rugose-punctate.

Median segment cribrate punctate. Petiole finely trans-striate,

nearly as long as rest of abdomen. Terebra rather shorter than

body, sheaths black. Hind legs with coxse finely transrugose
;

femora shining, extremely finely alutaceous, bidentate.

Black; temples, cheeks, and innei- orbits yellowish; mouth, a

median stripe on frons, and base of antenna3 yellow-red : anterior

tibiae, basal half of hind tibife, and the tarsi brown-red. Wings
hyaline, stigma centrally yellowish, tegulse brownish.

Length 16 mm.
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Habitat : Toli-Toli, North Celebes. Type in Hungarian
National Museum, Budapest.

31. SZEPLIGETII Enderl.

DiastephaniLS szepUgetii Enderl, (2), p. 476, $ .

5 • Frons ii^regularly rugose ; vertex with two transcarinse

;

occiput densely granulate rugose. Temples inflated. Scape
shorter than second flagellar joint, which is scarcely twice as long-

as first; third and fourth of equal length and shorter than first

and second together. Pronotum polished smooth ; propleuree

very finely punctate in front, centrally finely and densely acicu-

late, smooth behind, separated from pronotum by a deep sulcus.

Mesonotum dull, difli"usely punctate, anteriorly rugose. Scutellum
smooth, with large difi'use marginal punctures. Mesopleurfe

rugose and finely punctate ; metapleurpe coarsely reticulate

rugose, separated by a longitudinal carina from median segment,
which is somewhat smooth, diflTasely and deepl}^ punctate, apically

rugose. Abdomen rough, finely and densely punctate
; j^etiole

shorter than rest of abdomen. Terebra shorter than body
(sheaths broken). Hind coxas finely and densely punctate,

posteriorly finely striate.

Black : head ferruginous, except apices of mandibles, vertex,

and occiput; scape, first flagellar joint, apices of femoi-a, tibia? a,nd

tarsi except last tai-sal joint, ferruginous. Wings hyaline, stigma,

brown-yellow, nervures golden-brown.

Length 15mm.; abdomen 9 mm.; petiole 3| mm.; spicula

13 mm. ; fore wing 8 mm. ; expanse of wings 17^ mm.
Habitat : Sierra Leone, West Africa.

32. STMILLIMUS Elliott.

Diastephanus sbnillimus Elliott (3), p. 82, $ .

$ . Head extremely finely trans-striate; flagellar joints normal.
Neck rather finely trans-striate, semiannular smooth ; mesonotum
punctate ; mesopleurse smooth above, punctate benea.th ; median
segment and meta.pleura? cribrate punctate. Petiole very finely

trans-striate, slightl}' longer than the remaining smooth segments.
Terebra much shorter than body, sheaths black. Hind coxje

trans-striate; femora smooth, bidentate ; tibias compressed to

middle.

Black; front of head coloured exactly as in D. triUneattts

Elliott, to which it bears a strong resemblance. Wings hyaline.

Length 12| mm. ; abdomen 7| mm.; petiole 4 mm. ; terebra

9 mm.
Habitat: Hoabinh, Tonkin. Aug. 1918; R. Y. de Salvaza.

This species appears to differ from D. trilineatus Elliott chiefly

in the proportional length of the second flagellar joint, in

sculpture, and in the entirely black terebral sheaths. Type in

British Museum.
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33. siMiLis Szepl.

Fcenatopus similis Szepl., p. 530, d" . Diastephanus, Eiiderl.

(2), p. 475.

(5 . Frons finely alutaceo-rugose ; occiput short and rugose

;

posterior margin of head bordered. First and second flagellar

joints of equal leugth. Neck short, finely rugose, dull, semi-

annular coai'sely rugose, as is also the mesonotum. Scutellum

diffusely punctured, centrally smooth. Mesopleuras finely rugose,

not punctate ; median segment with large, but not confluent,

punctures. Petiole finely trans-striate, about a.s long as re-

mainder of abdomen. Hind legs with coxa3 finely trans-striate

;

femora finely and densely punctate, tridentate; tarsi fouv-jointed.

Black ; head feri-uginous, vertex nigrescent, temples and cheeks

yellowish ; anterior legs except middle coxa3 aud the hind tarsi

yellow-i-ed. Wings hyaline ; stigma and nervures brown.
Length 11 mm.
Habitat : Simbang, New Guinea. Type in Hungaiian

National Museum, Budapest.
This species closely resembles D. hiroi Szepl. from the same

locality, and may prove to be the male of that species.

Szepligetti states that in this species, in D. fasciatiis S •,
fi-nd

in H. 'wUstueii cJ f-he hind tarsi a,re four-jointed. This is

undoubtedly an error, as the said tarsi are five-jointed in all

other known males, excepting only S. tibiator Schlett., in which
they are three-jointed as in the typical female.

34. FLAVICEPS Elliott.

Diastephanus Jiaviceps Elliott (1), p. 131, c?-

S Frons alutaceous, dull ; vertex and occiput in front

arcuate rugose, becoming transverse towards posterior margin,
which is simple. First and second flagellar joints of equal

length, third a little longer. Prothorax almost smooth ; meso-
notum trans-striate in front, central row of punctures and
lateral impressions distinct ; median segment coarsely punctate.

Petiole trans-striate, a little longer than rest of abdomen,
which is smooth and shining. Hind coxae trans-striate ; femora
smooth, tridentate ; tibiae compressed to beyond middle.

Black; face, frons, base of antenme, and anterior legs testaceous.;

cheeks pale red, occiput dark i-ed : apex of prothorax and the

hind femora rufescent. "Wings hyaline.

Length 11 mm.; abdomen 7k mm.; petiole 4 mm.
Habitat ? The type in the British Museum bears a label

" F. Sm. coll. 79. 22"." without locality.

35. FUSCiNERvis Cam.

Fcenatopus fuscinervis Cam. (4), p. 101, S

cj c Frons rugose-punctate, laterally closely trans-striate
;
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vertex closely trans-striate, as also the occiput, which has an
. indistinct longitudinal impression. Anterior three frontal

tubercles stoat, conical; the posterior smaller and more rounded.

Second flagellar joint not quite twice as long as first. Pronotum
closely aciculate, basally smooth, with an apical transcarina.

Mesonotum centrally trans-striate ; scutellum smooth. Meso-
pleurae basally and apically sparsely punctate ; metapleurse

reticulate, lower half smooth, with four suboblique carinse.

Median segment strongly reticulate. . Petiole closely trans-

striate, nearly twice as long as rest of abdomen, which is

short ovate. Hind legs with coxae finely trans-striate ; femora
rather dull, basally transrugose, tridentate ; tibiae compressed
to middle.

Black ; head dark red, vei'tex nigrescent, outer orbits yellow
;

pronotum basally, second and third abdominal segments laterally

testaceous ; anterior coxae, trochanters, tibiae and tarsi rufo-

testaceous ; hind tiirsi red. Wings hyaline ; stigma and
nervures pale fuscous.

Length 12-14 mm. ; abdomen 5g-7 mm.
;
petiole 3g-4^ mm.

Habitat : Kuching, Sarawak. Type in British Museum.

36. FLAVIFRONS Elliott.

DiastephanusJlavifrons Elliott (1), p. 131, S •

cJ . Frons irregularly rugose, vertex transcarinate, occiput

trans-striate
;
posterior margin of head boidered. Second flagellar

joint neai-ly twice as long as first ; third not quite as long as

first and second together. Pronotum trans-striate, deeply

impressed at apex; mesonotum centrally smooth, laterally rugose,

lateral impressions distinct. Mesopleurae finely striate ; nieta-

pleur^e punctate ; median segment coarsely punctate. Petiole

trans-striate, as long as rest of abdomen, which is smooth
and shining. Hind coxae trans-striate; hind femora smooth,
bidentate.

Black; face and lower half of frons white, the edges of the

colour sharply defined, that of the black forming an inverted W,
and the mandibles apically broadly black, sharply defined ; frontal

tubercles rufescent ; two basal antennal joints pale red ; apex of

pronotum obscurely, second and third abdominal segments,
anterior tibiae and tarsi rufescent. Wings hyaline, with red and
green iridescence.

Length 11 mm. ; abdomen 8 mm.
;
petiole 4 mm.

Habitat: Quop, West Sarawak. G. E. Bryant ; iv. 1914. Type
in British Museum.

This species is distinguished by the colour of the head ; the
black colour of the mandibles, which is unusually broad, has a
straight margin against the white of the face, while the lower
border of the dark upper part of frons forms a clear-cut broad
inverted W.
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37. PASCIATUS Szepl.

Foenatop'iis fasciatus Szepl., p. 529, S . Diastephanus Enderl.

(2), p. 475.

S • Frons finely and distinctly transrugose ; occiput short and
transi'ugose

;
posterior margin of head bordered. First flagellar

joint subglobose, little shorter than second. Pronotum elongate,

slender, transrugose. Mesonotum and scutellnm nearly smooth,
Mesopleurie anteriorly finely rugose, indistinctly punctate.

Median segment with large, superficial, and not very dense punc-

tures, interstice alutaceous. Petiole densely trans-striate, longer

than rest of abdomen. Hind coxte densely and irregularly trans-

rugose ; hind femora finely alutaceo-punctate, dull, bidentate

;

hind tarsi four-jointed.

Black ; head except vertex, base of antennee, prosternum,
anterior legs, hind femora centr.all}^, hind tarsi, and apical angles

of second segment yellow-red ; tegulre flavous, with black spot.

Wings hyaline, nervures yellow-brown, stigma centrallj^ flavous.

Length 9 mm.
Habitat : Sumbava. Type in Hungarian National Museum,

Budapest.

38. FLAVONOTATUS Elliott.

Diastephanus flavonotcdus Elliott (2), p. 32, S •

d . Frons exti'em.ely finely tiansversely coriaceo-rugose

;

vertex with four carin;ie : occiput shoi't, finely trans-striate, its

posterior margin simple. Anterior frontal tubercle almost
obsolete. Scape a little shorter than cheeks. Second flagellar

joint one and a half times as long as first. JSTeck elongate and
slender, the whole pronotum obsoletely trans-striate, becoming
subnitididous basally, with a short longitudinal fovea. Scutellnm
smooth; mesonotum nearly smooth. Pro- and meso-pleurse

smooth, the latter difi"asely punctcate ; metapleurse smooth in

front, reticulate rugose behind; median segment coarsely punctate.

Petiole very finely trans-striate, shorter than the remaining
strongly nitidulous segments. Hind cokvs slender, trans-striate;

their femora smooth, with two large white teeth ; tibise com-
pressed to beyond middle.

Black ; frons flavous, vertex ferruginous, occiput nigrescent.

Antennae testaceous; pronotum subrufescent. Anterior legs

rufo-testaceous. Hind coxae black, femora ferruginous, centrally

paler ; tibiae darker, apically and the metatarsus flavous, other
tarsal joints rufescent. Petiole black, remaining segments
rufescent, a large circular flavous mark on each side of third

segment near base. Wings hj^aline, iridescent; nervures pale

fuscous.

Length 19^ mm.; abdomen 6^ mm.; petiole 3 mm.
Habitat: Kuching, Sarawaicf 14. v. 1900. Type in British

Museum.



HYMENOPTEROUS FAMILY STEPHANID^. 827

This may prove to be the male of D. leticodontus Schlett., also

from Sarawak, with which it agrees in the obsolete frontal

tubercle, short occiput, and veiy largely in sculpture. The round
flavous spots on third segment are very distinctive, and 1 do not

feel sure enough of the connection to unite them.

DoiTBTFUL Species.

The following species cannot be placed, in consequence of

defective descriptions :

—

Megischus canadensis Davis.

Megischus canadensis Davis, Trans. Amer. Ent. Soc. xxiv.

p. 349 (1897), $ .

" 5 , 14 mm., ovipositor 18 mm.
" Black, with cheeks beneath and posterior tarsi dirty yellow

;

four anterior legs with tibi{\3, tarsi and apical trochanter, also

hind trocha,nters, pale piceous; wings hyaline, nervures and
stigma reddish-bi-own : the sculpturing is different from and
much finer than in the preceding species {M. fioridanus^ see

below), the head, including face, is circularly reticulate, very
finely so on the occiput

;
prothorax coai'sely reticulate

;
petiole

irregularly transversely wrinkled; five spines of the head are

mere transverse prominences and the anterior ocellus is in a
broad, rather deep basin

;
guides of ovipositor broken.

" One specimen from Toronto, Canada^ collected July 15th by
Mr. T. C. Priddey."

Stephanus diadema Fab.

Foemis diadema Tab. MSS. Type in Mus. Kilia?.

Stephanus diadema (Fab.), Westw. Trans. Ent. Soc. Lond. iii.

p. 277 (1843).

" I am unfortunately unable to detei'nune whether this un-
described insect be specifially different from the last {S. bicolor)

;

the notes which I made at Kiel simply stating that the oenus

diadema of the Fabrician cabinet is a Stephanus with a red head."

There appears to be no other reference to this species, though
the name appeai-s in all lists of Stephanidfe.

Stephanus diversus Schlett.

Megischtis furcatus Brulle, Hist. Nat. Ins. Hym. iv. p. 539

(1846); Westw. Trans. Ent. Soc. Lond. 1850-51, p. 228, 2.
Stephanus diversus Schlett. Berl. Ent. Zeit. xxxiii. p. 133 (1889),

" Nigei-, alis fere f uscis, abdominis segmento secundo Ifevigato,

valvulis terebrae nigris. Fern.
" II est noir, avec les joues roux et la base des mandibles d'un
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roux ferrugineux. Les ailes sent lavees de bistre et leurs

nervux'es sent noires. Gette espece ressemble beaucoiip a la

precedente {annulator=ficrGattcs Lep. & Serv.). Elle n'en diflfere,

pour ainsi dire, que par sa taille moindre, par la couleur plus

foncee de ses ailes et par les valves de sa tariere qui sent plus

greles, sans anneau blanc, et dont I'extremite n'est pas lanceolee

comme dans Meg. annulator. Long, du corps 0"030, de la tariere

0-040. Hah. le Bresil ; collect, de M. Serville.

" Le nom furccdus, qui porte cette espece, vient sans doute de
ce que le prothorax est echancre en avant. Cette disposition

existe dans le M. annidator, dont la partie anterieure du
prothorax est d'un roux ferrugineux."

Schletterer writes :
—" Brulle has described under the name of

annulator, a species previously named y^wc«<^6s by Lepeletier and
Serville in 1825. JH^furcatus, which is sufficiently distinguished

from furcatus Lep. & Serv. by the entirely black terebral

sheaths and darker wings, must be re-named : I call it diversus."

Megischus floridanus Davis.

Megischus floridanus Davis, Trans. Amer. Ent. Soc. xxiv.

p. 349 (1897/, $ S

.

" ? d^—-$20 mm., ovipositor 22 mm.
; d" 6 rom.

" Black, with head, thorax, and tarsi slightly reddish, decidedly
so in S ;

guides of the ovipositor in $ with a broad white band
near the apex ; wings yellowish fusco-hyaline, nearer hyaline
in (S ; front, vertex, hind coxfe, and petiole strongly rugose and
more or less reticulate, distinctly so on vertex and prothorax,
and in $ on petiole, becoming finer towards apex ; front above
antennae very rough and with five tubercles distinct, the last

two placed between the hind ocelli ; heel segment of hind tarsus
with large, dense scopal pads.

" Two specimens from Florida, collected by Mr. T. 0. Priddey."

Stephanus frontalis Klug, Westw.

Stephanus frontalis Klug, MSS. ; Westw. Trans. Ent. Soc.
Lond. iii. p. 276 (1843) (sine descript.).

" Species adhuc iuedita, in Mus. Reg. Berolinensis conserv.
Habitat Caput Bonse- Spei.''

Stephanus spoliator Smith.

Megischus spoliator Smith, Journ. Proc. Linn. Soc. Lond.
vii. p. 6 (1884), $ . Stephanus spoliator Schlett. Berl. Ent.
Zeit. xxxiii. p. 117 (1889), $ .

" M. niger, mandibidis et antennarum basi rufis ; thorace
rugose; pedibus anticis et intermediis ferrugineis, tarsis posteri-
oribus rubris ; alis hyalinis.

" Female. Length 7 lines. Black ; the mandibles, palpi, and
five basal joints of the antennas ferruginous ; the face rugose, the
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front with three short acute tubercles placed in a triangle,

behind which the head is transversely rugulose ; behind the eyes

is a broad ci-eam-coloured stripe, which extends to the base of

the mandibles. The thorax rugose, with large punctures on the

metar.horax ; the anterior and intermediate legs ferruginous.

Abdomen : the first segment, which forms the petiole, trans-

versely striated ; the I'ost of the abdomen smooth and shining ;

the ovipositor more than one-third longer than the body ; the

wings hyaline, the nervures black."

This species is from Waigiou Island, near ISTew Guinea. It

appears to show affinities with D. salomonis Westw. and P. 2nctipes

Roman, both froijQ the same region, but the details are too scant

to place it with certainty.

Megischus tarsalis Smith.

Megischus tarsalis Smith, Journ. Proc. Linn. Soc. Lond. v.

p. 137(1861), $.
" M. niger, pedibus anticis et intermediis ferrugineis, tarsis

posterioribvis rubris, alis subhyalinis.

'^Female. Length 9 lines. Black; the head coarsely sculptuiated,

on the face transversely so ; the front with a transverse ridge,

before which are two acute tubercles touching the eyes, and a

central, more elevated one, a little in advance. The thoi'ax coarsely

punctured, the prothorax forming an elongated neck; the anterior

and intermediate legs feii-uginous ; the dilated apical portion of

the posterior tibiae and the tarsi bright ferruginous; the posterior

coxa? rugose, the femora bidentate ; wings fuscous, the nervures
dark brown. Abdomen : the ovipositor the length of the body

;

the basal segment or petiole finely striated transversely, the

following segments smooth and shining ; the ovipositor with a

wide fascia of white a little before the apex. Bah. Bachian.
"This species difi'ers from M. coronator in the form and situation

of the tubercles on the front of the head ; the neck is much
longer and more slender ; the ovipositor is as long as, but not
longer than the body."

Schletterer tentatively synonymizes this species with S. taisatus

Sichel, with which it corresponds in the infumation of the wings,

length and colour of tei^ebra, sculpture of petiole, and, to some
extent, in the sculpture of head and thorax. It differs in having
the head black, thorax coarsely punctate, and in the much
smaller size. The details given are insufficient for certain

identification.
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EXHIBITIONS AND NOTICES.

May 9th, 1923.

Dr. A. Smith Woodward, F.R.S., "Vice-President,

in the Chair.

The Secretary exhibited, and made remarks upon, a medal
struck to commemorate the 150th Anniversary of the Royal
Academy of Belgium.

Mr. F. Martin Duncan, F.Z.S., exhibited, and made remarks
upon, a series of cinematograph-films illustrating various stages

in the life-history of the Wood-Ant {Formica rufci) and of the

Common Wasp {Vesj^a gei^manica), and asked the Society to

accept the series for its Zoological Film Library,

Dr. Chas. F. Sonntag, F.Z.S., exhibited, and made remai-ks

upon, a series of specimens and lantei'n-slides illustrating some
points in the Anatomy and Physiology of Whales.

May 23rd, 1922.

Dr. A. Smith Woodward, F.R.S., Yice-President,

in the Chair.

The Secretary read the following Report on the Additions to

the Society's Menagerie during the month of April, 1922 :

—

The registered additions to the Society's Menagerie during the

month of April were 369 in number. Of these 95 were
acquired by presentation, 105 were deposited, 156 were purchased,

3 were received in exchange, and 10 were born in the Menagerie.
The following may be specially mentioned :

—

A pair of Abbott's Duikers {Cephalophits spadix), new to the

Collection, from Usambara, presented by H.E. Sir Horace Byatt
on April 1st.

1 Gambian Pouched Rat {Cricetomys gamhianus), from French
West Africa, presented by Curtis G. Lampson, Esq., on April 3rd.

1 King Guereza (Colobus polycomus), from West Africa,

deposited on April 28th.
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2 Yociferous Sea-Eagles (ffaliaetus vocifer) and 2 Tufted

Timbres {Scopus umbretta), from Tanganyika Territory, pi-e-

sented by H.E. Sir Horace A. Byatt, K.O.M.G., on April 1st.

2 Tufted Timbres [Scoptis umbretta), presented by Mr. J. D.

Loveridge, F.Z.S., on April 1st.

2 Australian Cat-birds {uElurcedus viridis^, from New South
Wales, new to the Collection, purchased on April 21st.

6 Laughing Kingfishers {Dacslo gigantea), from South Australia,

purchased on April 13th.

4 Ivagus (Bhinochetus jubatus), from New Caledonia, pur-

chased on April 21st.

2 Tawny Frogmonths {Pod,argus strigoides) and 5 Regent
Birds {Seleucidcs chrysocephcdus), purchased on April 21st.

Mr. R. I. PococK, F.R.S., F.Z.S., exhibited, and made remarks
upon, a living example of the rare Bush-Dog Sj^eothos venaticus.

Mr, E. G. BouLENGER, F.Z.S., and Mr. F. Martin Duncan,
F.Z.S., exhibited, and made remarks upon, a cinematograph
record which they had taken illustrating the life-history of the

Axolotl (Amblystoma tigrinuiii).

Mr. D. Seth-Smith, F.Z.S., exhibited, and made remarks upon,

a series of photographs he had taken of some recent important
additions to the Society's collection of Birds.

The Rev. H. N. Hutchinson, M.A., F.Z.S., exhibited, and
made remarks upon, a plaster cast of a model reconstruction of

the mai'ine reptile Peloneustes philarchtbs, a Pliosaur from the

Oxford Clay, stating that he had received valuable assistance

from Mr. Ed. Godwin in completing the model.

June 13th, 1923.

Prof. E. W. MacBeide, D.Sc, LL.D., F.R.S., Vic^ President,

in the Chair.

The Secretary read the following Report on the Additions to

the Society's Menagerie during the month of May, 1922 :—

•

The registered additions to the Society's Menagerie during the

month of May were 489 in number. Of these 336 were acquired

by presentation, 14 were deposited, 122 were purchased, 4 were
received in exchange, and 13 were born in the Menagerie.

The following may be specially mentioned :
—

1 Bush-Dog (Speothos venaticus), from Northern Brazil, pre-

sented by H. J. Lynch, Esq., on May 23rd.
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1 Californian Sea-Lion {Otaria cnlifornica), born in tlie

Menagerie on May 27th.

2 European Beavers {^Castor fiber), from the River Nidelven,

Norway, purchased on May 23rd.

A colleotion of birds from Colombia, presented by Mr. W. K.
Pomero3^ F.Z.S., on May 6th, including 2 Colombian Red-
rumped Hangnests {Cassiciis uropygicdis), new to the Collection

;

2 Crimson-backed Tanagers (Ehamphocoelus climidiatus) ; 4 Colom-
bian Crested Colins [Eupsycliortyx leucopogoii), and others.

1 Sclater's Curassovv {Crax sclateri), 1 Crested Curassow (Crax
alector), and 2 Purplish Guans (Penelope pitrpia'asoetis), from
Brazil, presented by JJr. Paulo de Silva Prado on May 12fch.

3 Leadbeater's Cockatoos [Cacatita leadbeateri), hatched in the
Menagerie on May 19th.

1 Shovel-footed Ceratophrys {CeratophryscuUi'ipes), from Morro
Velho, Brazil, new to the Collection, presented by George Chalmers,
C.M.Z.S., onMay 29th.

The Secretary briefly described the technical side of the

Council's scheme to establish an Aquarium in the Society's

Gardens.

Proc. Zool. Soc— 1922, Ko. LVI. 56





PAPERS.
Page

A Study of the Remarkable Tortoise, Testudo loveridgii Blgi'., and the Morphogeny

of the Chelonian Carapace. By Joan B. Procter, F.Z.S. (Plates I.-III. ; Texl-

figures 1-21
; and Table.) 483

Notes on the Anatomy of Ccccoinis systoma, an Indian Toad of the Family Engystoma-

tidffi. By D. W. Dbvanesbn. M.A. (Text- figures 1-19.) 527

A Review of the Cetacea of the New Zealand Seas.—I. By W. R. B. Oliver, F.L.S.,

F.Z.S. (Plates I.-IY.) 567

On the Dental Characters of certain Australian Rats. By Prof. F. Wood Jones.

(Text-figures 1-12.) , 587

On the Structui-e of the Enamel in the Primates and some other Mammals. By

J. Thornton Carter. (Plates I.-VII.) 599

Miocene Proboscidia from Baluchistan. By 0. Forster Cooper, M.A., F.Z.S.

(Plates I.-I V. ; Text-figures 1-12.) 609

On Commerson's Dolphin and other Species of Cephalorhyiichus, By Sir S. F.

Harmer, K.B.E., F.R.S., F.Z.S. (Plates I.-III.) 627

The Comparative Anatomy of the Tongues of the Mammalia.—VII. Cetacea, Sirenia,

and Ungulata. By Charles F. Sonntag, M.D., F.Z.S. (Text-figureu 25-30.) 639

The External Characters of Scardirus and other Jerboas, compared with those of

Zap us and Pedetes. By R. I. Pocock, F.R.S., F.Z.S. (Text-figures 29-37.) 659

A Revision of the Isopod Genus Ligia (Fabricius). By Harold Gordon Jackson,

M.Sc, F.Z.S. (Plates I. & II.) 683

Monograph of the Hymenopterous Family Stephauidfe. By Ernest A. Elliott,

F.Z.S., F.E.S. (Text-figures 1-8.) 705



LIST OF PLATES.

1932, Part III. (pp. 483-835).

J. B. Peoctee : PI. I. Testiido loveridgii Blgr. (J uat. size.) . . 483

PI. II. Eadiograph of 5 type-specimen 483

PL III. Eadiograpii of (^ type-specimen 483

W. R. B. Olivee : PI. I. Neohalcena marginata , 657

PL II. Cephalorhynchus hectori and Kogia

breviceps 557

Pis. III.-IV. Mesoplodon howdoini 557

J. Thoenton Caeter : Pis. I.-VII. Structure of the Enamel in Pri-

mates 599

0. FoESTEE CooPEE : Pls. I.-[V. Miocene Proboscidia from Balu-

chistan 609

Sir S. F. Haemee : PL I. Cephalorhynchus commersonii 627

PL II. C. commersonii and C. keavisidei 627

PL III. Species of Cephalorhgnchus 627

H. G. Jackson : Pis. 1,-IL The Isopod Genus Ligia (Fabricius). . 683

NOTICE.

The ' Proceedings ' for the year are issued in four parts, paged consecutively,

so that the complete reference is now P. Z. S. 1922, p. . . . The Distribution

is usually as follows :

—

Part I. issued in March.

„ II. ,, June.

„ III. ,, September.

,, IV. „ December.

'Proceedings/ 1922, Part II. (pp. 205-481), was published on June 28th,

1922.

The Abstracts of the ' Proceedings/ Nos. 229-231, are
contained in this Part.

The dates of Publication of 'Proceedings' 1830-1858 will be found in the
• Proceedings' for 1893, page 436.

The dates of Publication of ' Transactions ' 1833-1869 will be found in the
' Proceedings ' for 1913, page 814.



«e ss

PROCEEDINGS
OF THE

GENERAL MEETINGS FOR SCIENTIFIC BUSINESS

OF THE

ZOOLOGICAL SOCIETY

OF LONDON.

1922.

PART IV.

CONTAINING Pages 837 TO 1276, WITH 13 Plates and

145 Text-figukes.

FEBRUARY 1923.

FKINTED FOR THE SOCIETY,

SOLD AT ITS HOUSE IN EEGENT'S PARK.

LONDON

:

MESSRS. LONGMANS, GREEN, AND CO.

PATERNOSTEIl ROW.

^ IPHce Tu,.„e SHUn.,.,



LIST or CONTENTS.

1922, Part IV. (pp. 837-1276).

EXHIBITIONS AND NOTICES.

The Secretary. Eeport on Additions to tlie Society's Menagerie during the months of

June to September, 1922 1273

The Secretary. Exhibition of photographs of Zebras and Oryx from Kenya 1275

Mr. E. T. Newton, F.R.S., F.Z.S. Exhibition of tanned sMn of a Frog 1275

Mr. 0. Tate Eegan, F.R.S., F.Z.S. Exhibition of specimens of leather made from Sharks'

skins 1275

Prof. G-. Elliot Smith, M.D., F.R.S., F.Z.S. Exhibition of photographs of a fossil

Tootli {Hesferointhecus) from Nebraska 1275

Dr. A. Smith Woodward, F.R.S., F.Z.S. Exhibition of drawings and photographs

comparing teeth of a Bear, Chimpanzee, and Hesperopithecus 1275

The Secretary. Report on Additions to the Society's Menagerie during the month of

October, 1922 - 1276

Prof. E. W. MacBride, F.R.S., F.Z.S. Exhibition of lantern-slides bearing upon

Dr. Kammerer's experiments on Amphibia 1276

Dr. A. Smith Woodward, F.R.S., F.Z.S. Exhibition of a skull and tusks of a Mammoth

from Siberia 1276

Mr. D. Seth-Smith, F.Z.S. Exhibition of the shed lining of the gizzard of a Hornbill . . 1276

PAPERS.
Page

37. Notes on East African Birds (chiefly nesting habita and stomach contents) collected

1915-1919. By Arthur Loveridge, F.E.S., O.M.Z.S 837

38. On the Myology and Classification of the Wombat, Koala, and Phalangers. By
Charles F. Sonntag, M.D., F.Z.S. (Text-figures 31-43.) 863

39. Experimental Evidence that Oommensalism may be beneficial to Crustacea. By
Edward B. Poulton, D.Sc, F.R.S., F.Z.S c 897

40. Description of a New Lizard of the genus Chalcides, from the Gambia, living in the

Society's Gardens. By E. G. Boulenghr, F.Z.S 899

41. On the Parasitic Nematoda collected from Mammalian Hosts which died in the Gardens

of the Zoological Society of London during the years 1919-1921 ; with a descrip-

tion of three new Genera and three new Species. By G. M. Vevers, M.R.C.S.,

L.R.P.C, F.Z.S. (Text-figures 1-10.) 901

Contents continued on page 3 of Wrapper,



MR. A. LOVERIDGE ON EAST APKICAN HIRDS, 837

37. Notes on East African Birds (chiefly nesting habits and

stomach contents) collected 1915-1919. By Arthur
LoVERIDGE, F.E.S., O.M.Z.S.

[Received October 22, 1922 : Read November 21, 1922.]

The following notes ai-e based on a collection of about a
thousand skins representing 51 families, 216 genera, and 402
distinct species, besides several hundred eggs; it does not include

a collection made in Uganda, but refers to tliose from the coastal

colonies—Kenya Colony (then B.E.A.) ; Tanganyika Territory

(then G.E. A.) ; Portuguese East Africa ; ISTatal.

No object would be served iu publisliing the whole list of

species, and the following field- notes selected from my diary

relate to the nesting habits, stomach contents, European
migrants, and other items of general interest.

The principal localities mentioned in the following pages
are :

—

Kenya Colony —Bissel, Fort Hall, Frere Town, Kabete,
Kedong Valley, Kijabe, Lake Naivasha, Nairobi, Voi.

Tanganyika Territory.—Dar-es-Salaam, Dodoma, Kongwa,
Longido West, Makindu (Msiha River), Morogoro, Mpwapwa,
Mt. Meru, Ngari Mtoni, Soke Nassai, Tabora, Uluguru Mts.

Portuguese East Africa.—Lorenzo Marques, Lumbo (mainland
opposite Mozambique).

Natal.—Durban.

I should like to take this opportunity of thanking Dr. V. G. L.

van Someren, Dr. Hartert, and Mr. Arthur Goodson for

undertaking the identification of many of the specimens. To
Dr. Hartert, I am also indebted for his kindness in correcting

proofs and seeing these notes through the press.

Some half-dozen new species or races contained in the collection

have been described by Dr. van Someren.

Nectarinia reichenowi Fisch.

This Sun-bird is particularly associated in my mind with the
red inflorescences of Leonitis leonurus, of which it is particularly

fond. Clinging to the stem of one of these plants, the bird
rapidly runs around the circlet of red flowerlets, in quick
succession driving its beak into the tube-like bases of the flowers

and passing on to the next till that particular plant is

exhausted (Kijabe, 26. vi. 15).

Chalcomitra senegalensis in^stimata Hartert.

The species has a very wide distribution in East Africa, having
been met with in strikingly difierent types of country. In
captivity it does well on sugar slightly moistened ; to this I added

Prog. Zool. Soc— 1922, No. LVIL 57
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a few ants, for without such additional insect diet they do not

thrive for long. It was a surprise how quickly the bird took to

this form of food, sitting on the edge of the bowl and sipping at

the mixture, with occasional intervals in which it gave vent to

the characteristic whistling chirp. I have seen the Scarlet-

breasted Sun-bird hovering in the air and taking termites on the

wing (Morogoro, 10. iv. 18).

Nest with one egg (Morogoro, 19. ii. 17); nest with two eggs

(Morogoro, 13. iii. 17) ; building (Morogoro, 9. xii. 17).

Chalcomitla vebreauxi a. Sm.

"Verreaux's Sun-bird was found nesting on the Bluff at Durban
(21 . xii. 14) ; the two eggs were of a chocolate colour.

Anthreptes collaris Yieill.

The Natal Collared Sun-bird also found nesting on the Bluff

with two eggs (Durban, 21. xii. 14).

MoTAciLLA VIDUA Sundev.

The East African Pied Wagtail is one of the sweetest songsters

in the country, and quite rivals a canary. Its favourite perch

when singing appears to be the ridge of a roof ; in such a situation

1 have seen three or four of these wagtails in company witli a

row of swallows (Morogoro, 14. ii. 17).

A nest containing three hard-set eggs was found on the brink

of a waterfall at Kabete—such a waterfall and surrounding scenery

as one might find in the Vale of Neath (Kabete, 26. v. 15).

MOTACILLA FLAVA CAMPESTRIS Pall. {cf. Ibis, 1921, p. 666).

During the month of November 1918 large flocks of Yellow
Wagtails were to be met with at Dar-es-Salaa,m. They were
particularly plentiful on the land near the sea-front, where they
ran at the heels of the transport oxen which were pastured there.

Macrontx croceus Yieill.

A nest of the Yellow-breasted Pipit containing a single egg
which disappeared the following day (Nairobi, vii. 15).

Serinus striolata AFPiNis Richmond.

Nest with three eggs (Kabete, 24. v. 15).

Passer griseus suahelicus Neum.

A nest of the Swahili Grey Sparrow containing three eggs in

the masonry of a house. Both nest, eggs, and sitiiation similar

to those of the English Sparrow (Kongwa, 25. iv. 17).

Hypochera orientalis Reichw.

Found a freshly-killed male lying dead in the bush without
any visible signs of violence ; one leg was missing from the knee,
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but tbis was evidently an old injury, as it had long since healed.

Whilst examining it, my attention was attracted by the
demonstrations of a Shrike {Harpolestes senegalensis orientalis),

and a short search discovered its nest with the hen bird sitting

on the clutch. Was it possible that the Shrike had killed the
Weaver, Avhich had been unable to escape owing to its crippled

condition? (Morogoro, 29. iii. 17).

COLIUSPASSER ARDENS TROPICUS Reichw.

Nests of the Red-collared Whydah with three eggs in each

were found on 9.iv. 17 and l.vi. 17, a,nd many more between
those dates, the species being quite common at Morogoro
(Morogoro, 1917).

COLTUSPASSER LATIOAUDA Licllt.

Many nests Avere found on the plains at Nairobi between
22. v. 1 5 and 5.vi. 15, containing three eggs, which comprises the

clutch. Two clutches of three eggs Avere found at the same place

on 7. V. 19. (Nairobi).

CoLiusPASSER EQUES Hartl.

Four nests Avith two eggs in each were found between 13 <&

23. iii. 17. It would appear that two is often the full clutch.

The nest is similar to those of other members of the genus. At
first H. frameAvork in the shape of an owsA is made between tAvo or
more stout grasses at a height of 3 feet from the ground, or

thereabouts. A loosely-built domed grass net is Avoven on to the
frameAvork, and the eggs laid in the bottom of the nest Avithout

lining of any kind (Morogoro, 1917).

CoLiusPASSER .TACKSONi Sharpe.

The males of Jackson's Whydah and the foregoing species

dance round and round the female as she sits on a tuft of grass,

the object of the dance being to display the extraordinary long
black tail-feathers Avhich are put on for the breeding season.

The dance is really a hop, and it is quite ridiculous to see the
birds appearing and disappearing as if shot into the air by some
unseen spring. Round and round goes the bii-d, till the grass is

ti-odden down in the vicinity of the central tuft to such an extent
that one could hardly credit that it was the Avork of so small a
creature. Doubtless they resort to the same spot day after day.

The dancing rings, about tAvo feet in diameter, are common
enough, and become almost bare of grass. The lengthy tail

seems to hamper the bird in flight as it leaA^es the grass or
bushes ; occasionally one is seen Avith its tail a,t right angles to

its body as it sits on a branch or briar. UnAvieldy as they appear,
attempt to catch one, and you ahvays find you just fail ; at the
eleventh hour the owner of the tail manages to get under way
(Nairobi, 1. v. 9).

57*
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Pyromelana xanthomelana Rdpp,

Nesting in company with P. nigi-oventris and P. JiammiGejjS.

Nests containing three eggs each found on 20. iii. 17 and 5. iv .17

(Morogoro, 5.iv. 17).

Pyromelana nigrivbntris Cass.

Nests of the Black-bellied Bishop-bird with full clutches of

three eggs were found from 14. ii. 17 to 30. iii. 17. »So common
v/ere these nests in places, that as many as thirty could be found

in about the same number of square yards. The most favoured

locality where I met with them was on the edge of a belt of dense
thorn-bush scrub at Morogoro. Sharp spear-grass mingled with
other kinds grew rank to one's shoulders, whilst scattered thorn-

bushes obscured by the luxuriant vegetation waited to entangle

the feet of the unwary. Sevei-al species of Yellow AVeavers flew

about in the trees from which their pendent nests were hung

;

below were the agitated Bishop-birds, whose scarlet-and-black

plumage showed to best advantage against the rich green of the

freshly-grown grass. Many other birds frequented the spot, and
joined their voices to the tumult which greeted the intruder.

The nests of the Bishop-birds were so similar to those of the

Coliuspasser just described that a fresh description is unnecessary

(Morogoro, 14. ii. 17).

On one occasion (20. ii. 17) when visiting this spot, I found a

dead female Black-vented Bishop-bird sitting upon three eggs

containing live young ! A few ants were crawling about the eyes

and mouth ol the dead bird, but it was so fresh that I was able to

leave it twenty-four hours before skinning. Seventeen days

later I examined the same nest and found two more eggs in it

(9. iii. 17), so it appeared as if the male had installed another mate
in the nest. The death of the bird may also be explained by the

presence of a Green Mamba (Dendraspis angusticeps) , which was
lying sunning itself on a thorn-bush not 20 feet away. It is

possible to suppose that it had bitten the bird, which was just

able to flutter back to its home before succumbing to the effects

of the poison (Morogoro, 9. iii. 17).

Pyromelana plammiceps Swains.

The eggs of the Fire-crowned Bishop-bird a,re the same hedge-

spirrow-egg blue as the preceding species, but are readily

distinguishable by their slightly larger size. Nests containing

full clutches of three eggs were found between 23. iii. 17 and
5. iv. 17 (Morogoro).

QUELEA INTERMEDIA. Reichw.

Nest with three eggs (Nairobi Plains, 7. v. 19).

QuELEA CARDINALIS Hartl.

Four nests of the Cardinal Finch containing three eggs each

were found (Nairobi, 7 & 8. v. 19).
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Spermestes sp., either cucullata Swains, or scutata Heugl.

Green -headed Mannikin. Two and four eggs respectively

(Kabete, 24. v. 15); two eggs (Soko Nassai, 22. v. 16); one egg

(Morogoro, 30. iv. 17) ; two eggs (Nairobi, 7. v. 19).

I have frequently found the hen-birds sitting on their eggs in

the deserted nests of other species of Weaver, which the}^ do to

save themselves the trouble of building. A nest was situated in

a very exposed thorn-bush on an exposed hillside at Kabete.

Two of the eggs wei'e peifectly fi'esh and two were perfectly bad,

so much so that they exploded when pricked with a pin ; the fifth

egg was empt}^, with a very small hole in its side such as might
have been made by a bird's claw, and the contents removed by ai\ts.

Another of these weaver-finches was sitting on its eggs in the

nest of a weaver [Ploceus xantlwps ?) which had been built in

sedges growing in the waters of a, SAvamp at Soko IN assai
;
yet

another had adopted the retort-shaped nest of another species of

Ploceus, Avhich was situated in a banana-palm, about 10 feet from
the ground, growing on the banks of the river at Morogoro.

Ur^ginthus bengalus angolensis Linn.

One egg of the Blue-breasted Waxbill in a nest (Lumbo,
28.x. 18).

Ur.eginthus niassensis Reichw. Niassa-land Bengali.

On the outward voyage to East Africa, when at Lorenzo
Marques, I made a note in my diary that a small blue bird had
built its nest in a thorn-bush just above that of a wasp, and
speculated whether it had been done for protection. I forgot

the incident entirely until indexing my notes three years later,

.
The species Avas probably U. h. angolensis. Two years later, at

Morogoro, I found many nests of U. niassensis. In nineteen

cases out of twenty these Avere built over the paper nests of wasps,

so that one could not approach one's hand through the thorns

before the A\'asps began to threaten and fly round. I watched a

pair of these birds building over a. wasp's nest, and so am certain

that it is not the Avasps which build beneath the bird's nest for

the sake of shelter from the rain, though doubtless the arrange-

ment is mutually beneficial. At Mombasa, I have seen the same
thing Avith U. b. hrunneigularis, but at Nairobi, Avhere one of

these charming little blue weavers is very common, I never
recollect having seen its nest above a Avasp's. The same at

Lumbo, Avhere U. h. angolensis was very abundant and its old

nests were to be seen in almost eA'ery thorn-bush.

I was very interested in coming across this paragraph in Belt's

'The Naturalist in Nicaragua.' "A yelloAv and broAvn flycatcher

builds its nest in these bushes, and generally places it alongside

that of a banded Avasp, so that Avith the prickles and the wasps it

is Avell guarded "
(p. 222).

Five, four, and tAvo eggSAvere found in three nests on 13. iii. 17,

and three eggs in a nest on 30. iii. 17 (Moi^ogoro)
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Lagonosticta senegala, subsp. n.

The birds exhibit a preference for the thatch of grass liuts

for a nesting-site, and make themselves perfectly at home, paying
but little attention to the human occupants of the place ; in one
such case the favourite perch was the towel-rail. This nest

contained tliree eggs and a parasitic egg slightly lai'ger ; the male
bird was sitting on the lot (Morogoro, 21. vi. 17). Another nest

was found to contain four eggs on 30. iii. 17.

These charming little birds, which may often be seen in

company with the blue Urceginthus hopping about on paths at

one's very feet, have been rather aptly christened "Animated
Plums " by Sir Frederick Jackson, on account of the rosy or plum
colour of the males of most of the species. Just before writing

up these notes, I was watching a pair sitting side by side on the

bough of a fir-like tree ; they had sidled up to one another till

they could get no closer. The hen was preening the head
plumage of the male, and afterwards touched beaks, making as

pretty a little group as one might wish to see.

Pytelia melba kirki Shelley.

Found a nest with three pure white eggs in a very low bush.

The nest was very similar to that of Urceginthus, being built of

flowering grass heads loosely put together, with a tubular

entrance in one side (Morogoro, 9. iv. 17). The species is often

to be found hopping about after dusk, feeding long after other

birds have gone to roost for the night (Morogoro, 23.vii. 17).

Amblyospiza unicolor Fisch.

Builds a finely-woven nest attached to reed-stems over water
;

such a nest containing three eggs was found (Morogoro, 20. iii. 17).

Ploceus reichenowi Fisch.

Clutches consist of two or three eggs ; several such were found
between 20. v. 15 and 20. vi. 19. One of these birds fell from a
tree just as an acquaintance of mine was passing beneath. It

was still warm when brought to me and not a feather disarranged.

The only signs of violence were blood oozing from the nostrils

and the beak full of clotted blood. On skinning, I found
extensive heemorrhage ai'ound the eyes and ears, in intestines,

lungs, and about the heart. It appeared to me to have died

from the poison of a venomous snake, probably the Boomslange
(i>. typus) (Nairobi, 18. ix. 19).

Ploceus nigrioeps Layard.

Some scores of nests of the Black-headed Weaver were
examined at Morogoro between 13. iii. 17 and ll.iv. 17, and
found to contain pure white eggs, white eggs with red blotches,

pure blue eggs, and blue eggs with red blotches ; the usual number
for a clutch appeared to be tAvo ; three, howevei-, was not
uncommon. A bird which I took to be this species was en-

gaged in stripping the leaves of a Bussu Palm into threads. It
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accomplished this by flying to a frayed edge and taking this in its

beak, flying slowly down with it (Morogoro, 20.xii. 16).

One of" the Black-headed Weavers surprised me to-day by
dodging after a Praying Mantis in the manner of a flycatcher.

Almost; immediately after catching the insect, however, it dropped

it
;
presumably owing to the mantis making good use of its fore-

legs (Morogoro, T.xii. 17).

Ploceus spekei Pleugl.

Out of a large colony of freshly-made nests found on the plains

and dependant from a thorn-tree, only one was found to contain

anything, and that but a single fresh egg (Nairobi, 10. vii. 15).

Oriolus brachyrhynchus l^tior Sharpe.

The note of the Black-headed Oriole is as lovely as its plumage.

On a hot afternoon, when all is still, you may be surprised by
suddenly hearing a liquid cry of " tokio " ringing out very clearly

quite close to you. You look in the direction from which the

sound came and hear it again, but perhaps behind you. The
bird appears to be aware that its cry is likely to draw attention

to it, and so frequently after giving a call it slips away to some
fresh perch, where it is concealed by the foliage. The natives

say that it calls " ndugu, ndugu," which is Kiswahili for " brother,

brother." By imitating the call, I have frequently been success-

ful in attracting the bird to the very tree beneath which I was
waiting (Morogoro, 7. vii. 17).

Amydrus morio RiJppELLi Yerr.

Riippell's Red-winged Starling and A. tenuirostris go about in

the same flocks, for both sj)ecies fell to one shot from a gun when
they were pillaging fruit-trees in the Uluguru Mts. A. ividleri

was taken later near the same place. A solitary bird was shot

on the lower slopes of the mountain near Morogoro, where they
very rarely come ; its neck was stripped bare of feathers, which
gave it so peculiar an aspect that I quite failed to recognise it

till shot. The only explanation I could think of was that it had
been snai-ed at some time or had been worried by lice and
sci'atched them ofl'; the skin was, however, uninjured. At Fort
Hall, A. on. rilppelli made such a noise on the roofs and gutters of

the houses that it was a perfect nuisance ; they seemed to have
adapted themselves to the habitations of man as much as the

English Starling.

Sprbo superbus Riipp,

The White-banded Glossy Starling will build in holes in clifis

or trees, or make a great untidy nest in thorn-bushes. A pair

were seen carrying food to their chirping young in a. cliff-fissure

in the Kedong Valley (vii. 15). A nest containing young was
found in a hollow tree at Longido West (30. i. 16). Another
nest with young was found in a thorn-tree at Dodoma (20. xii.

18), whilst nests with bright blue eggs were found at Mpwapwa
(30.iv. 17).
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CoRvus scAPULATUs Daucl.

Pied Crow. At Lumbo, T found a broken egg-shell in a culti-

vated patch, and on enquiry found that the native proprietor had

pulled the nest down from a cocoanut palm ; after this I searched

and found a good many nests, one containing three very large

young ones and another some newly-hatched (Lumbo, x. 18).

DiCRURUS AFER LUGUBRIS Rlipp.

At Government Farm a White-shouldered Crow was giving

vocal expression to its feelings after the manner of its kind,

cawing hoarsely in the midst of a field of stubble. From a

nearby mango-tree, stooping like a hawk, came a Black Drongo,

and went straight for the croaker, who took to wing at the last

. moment. Its more active assailant landed on its back when
about 40 feet from the gi'ound and gave the Crow a good

pecking, then, clearing off, it returned triumphantly to its perch.

I searched for, but found no signs of a nest; possibly the Drongo
had an ear for music and disapproved of the raucous cries

(Morogoro, 20. xii. 16).

Lanius collaris humeralis Stanley.

This Shrike, which is very common at iSTairobi, breeds all the

year round, for at any season the 5'oung bii'ds may be seen on
the telegi-aph wires clamouring for food with shivering wings.

Nests with eggs were found oil the following dates :—One
(13.i. 15); two (22. V. 15); four (l.vi. 15); three (5. vi. 15).

Nearly all the nests were built in thorn-trees. There is no lack

of thorns for their larders, and grasshoppers appear to be the

most common food ; huge caterpilla.rs were also found, whilst on
one occasion a small frog {Rappia sp.) was found impaled on the

point of an aloe. A friend told me that he once found a small

blue weaver (^Urceginthi(,s sp.) impaled on a thorn and still

alive. With diabolical ingenuity the Shrike had twisted other

thorns across in front to prevent the bird freeing itself (Nairobi,

l.vi. 15).

Laniarius sublacteus Cass.

A nest of the Lesser Pied Shrike with one egg (Lumbo,
28.x. 18).

Harpolestes senegala orientalis Cab.

The Greater Red-winged Bush-Shrike was found nesting on
the 26th and 29th of March, 1917. In both instances only two
eggs were laid. The nests were very shallow, composed of a

base of small twigs and rootlets with a lining of much finer

roots. They were both in bushes, one being at a height of 4,

the other 5, feet from the ground (Morogoro, 29.iii. 17).

Nest with young about 7 feet from the ground (Morogoro,

4.iv. 17).
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Malaconotus poliocephalus blanchoti Steph.

Chestnut-breasted Thick-billed Shrike. One of these beautiful

Shrikes was seen sitting on its nest in the fork of a rubber

sapling which had sprung from the stump of a felled rubber-tree.

l"'he nest was at a height of 18 feet from the ground, and was
slightly hidden by a few withei^ed yellow leaves, but all the

surrounding trees in the plantation were bai'e of foliage. The
eggs, of which there were three in the nest, were slightly

larger than a,n English Blackbird's, and were thickly freckled

with brown and faint purple on a white ground. One contained

a chirping chick, already breaking from its shell, and this I left

;

the other two were unfertile and easily blown (Morogoro,

2. xi. 17).

EUROCEPHALUS RUPPELLI ReicllW.

The White-headed Shrike was found building a very beautiful

and solid nest on the tip of a branch of mimosa-thorn quite

12 feet from the trunk and perhaps 9 feet from the ground
(Kongwa, 25. iv. 17).

Crateropus kirki Sharpe.

A nest of this species was taken on a mimosa bough about

10 feet from the ground. It held three eggs of Kii'k's Babbling
Thrush and one slightly larger egg of a Cuckoo {Coccystes cafer);

all the eggs were uniform greenish-blue (Lumbo, 22. x. 18). A
cock-bird was found sitting on thi-ee eggs (Morogoro, 23.iii. 17).

Pycnonotus barbaxus micrus Oberhols.

The Yellow-vented Bulbul breeds during the greater and lesser

rains, if not all the year round. Many nests were found at

Morogoro on the following dates :—Two young ones in a. nest

in boughs of a flamboyant (8. xii. 17 j; two eggs and three eggs

in a similar situation (14. xii. 17) ;
young in a nest in a bunch

of bananas in palm (16. i. 18); two eggs (26.iii. 17); and one

egg (11. iv. 17).

After a night of heavy rain, I witnessed a somewhat unusual
sight. Not 15 yards from wiiere I was standing, termites

were flying from their nest-holes. No less than seven species of

birds were engaged in catching them, of which five were seed

or fruit eaters. The birds were two Weavers {Lagonosticta sene-

gala subsp.), two Waxbills ( U. niassensis), one Finch {S. icterus

barbaiics), one Sparrow (P. g. suahelicus), two Pied Wagtails
(M. vidua), emd two of these Bulbuls, whilst, to add to the colour-

effect, a dainty Scarlet-breasted Sun-bird (C. s. incestimaia)

hovered above and captured the termites on the wing (Morogoro,
10. iv. 18).

Pycnoxotus tricolor pallidus Roberts.

Very abundant at Lumbo. Five nests, each containing two
eggs, were found on 28. x. 18.



846 MR, A. loVeridge : notes on

Andropadus insularis Hartl.

Many nests of tlie Coast Olive Bulbul were also found, and
five clutches of two eggs each taken ; two would appear to be
the normal number for a clutch. The eggs are white, scribbled

and blotched with brown and faint purple at the larger pole, in

some cases all over. The nest is small and shallow, composed of

twigs, and lined with fine rootlets (Lumbo, 28.x. 18).

Prinia mystacea tenella Fisch.

Nests of the White-eyebrowed Grass-Warbler, with three eggs
in each, were found on 22.iii. 17, 5.iv. 17, and 21.vi. 17 at

Morogoro.

Sylvietxa avhytei Shelley.

This Warbler constructs a most beautiful purse-like nest,

which it hangs from the branches of a thorn-bush. Three nests

with eggs were found at Lumbo on 28.x. 18, and a bird was
sitting on two eggs at Morogoro on 28. xi. 18. Two appears to

be the normal clutch.

CiSTICOLA LUGUBRIS Rlipp.

A deserted nest of the Brown-headed Grass-Warbler, con-

taining one egg, was found ; from the interior roof of the nest

depended the paper nest of a wasp, Avhilst a small company of

solitary bees had their comb in the bottom (Ruaraka River, nr.

Nairobi, 11.x. 19).

CiSTICOLA erythrops Hartl.

A nest of the Rufous-fronted Grass-Warbler containing three

eggs (Nairobi, 5. vi. 15).

OlCHLADUSA GUTTATA Heuffl.o
The Spotted-crested Ground-Thrush is a very sweet singer,

generally holding forth from thickets just before sunset ; it does

not expose itself when singing. The mud nest is built upon a
branch or, more rarely, in a fork ; it is very deep. The eggs
are of a uniform blue colour. A broken egg beneath a nest on
12. i. 17 ; in another nest young on 22. ii. 17; two eggs in a
nest found on 4. iv. 17 and two more in one on 6. iv. 17 (Moi'o-

goro, 1917).

Tchitrea cristata suahelica Reichw.

I have seen this Paradise Flycatcher hovering up the trunk of

a tree, picking the insects ofl' the bark whilst on the wing. It

constructs a beautiful cup-shaped nest, which it covers with
lichen; one such was attached to some epiphytes at a height
of 8 feet above a mountain torrent, and contained young (Uluguru
Mts., 28. xi. 18).
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illPAEIA EUFIGULA Fisch.

Nest of the Rufous-throated Rock-Martin, containing three

eggs, attached to tlie wall of a cattle-shed (Kabete, 6. v. 18).

HiRUNDO SMiTHi Leach,

A nest of the Wire-tailed Swallow with three eggs (Moro-
goro, 23. vii. 17); with two eggs and apparently deserted (Frere

'fown, 1. vii. 19). At Morogoro on 14. ii. 17, 1 made a note that

thousands of swallows had been gathering on the telegraph wires

for the past few days, apparently for migration.

HiRUNDO PUELLA UNITATIS Scl.

The Smaller Stripe-breasted Swallow was associated with the

preceding species in the assemblage for migration at Morogoro
(14. ii. 17). A dead bird was found upon her nest, which
contained three eggs, one of which was plain white (Kongwa,
25.iv. 17).

Along the river these birds nested against the rocks, but almost

every house in Morogoro had its nest with the typical long

entrance passage of mud. The birds are most persistent, and will

continue to build iu rooms, where they are not welcome and where
theii' nests are knocked down again and again. The eai'liest date

at which I found a nest at Morogoro was on 25. vi. 17, and the

latest 15. viii. 17. Three eggs is the invariable clutch.

On 23. vii. 17, I found a nest with no entrance tunnels, and
broke a small hole into it, but found no eggs. On again exam-
ining it a few days later, there were three eggs, and the hole

I had made had been neatly finished off" with mud to form a

window or third outlet. In one instance I opened a nest care-

fully, and found three eggs ; two were white witli faint reddish

speckles and the third pure white (23. vii. 17) ; these I took. On
1. viii. 17, 1 again visited the nest ; the small hole I had made had
been repaired, and three eggs again laid of which one only was
white. On 15. viii. 17 a third visit was made, and again three eggs

found of which one was white. A fortnight later the hole had
been again I'epaired, and the bird was sitting. I did not molest

her further, as such persistence deserved its reward, and it was
the variation in the clutches that caused me to rob her.

Calling on an English sergeant on one occasion, I found him
nursing one of these swallows, which had a broken wing ; he was
endeavouring to feed it on crumbs and meal. He had, it trans-

pired, thrown a stone at the bird as it sat chirping on the roof-

ridge : to his surprise and grief he hit it, and was now endea-

vouring to restore it to health by a vegetarian diet !! (Morogoro,

27.i. 17).

ITiRU^s^DO EMiNi Reichw.

Erain's Sv.^allow was only once met with at Morogoro (31. vii.

17) when evidently on migration, three birds in poor plumage
being seen. A pair of these birds, after starting the foundations

of twenty-one nests on the roof-rafters of my office verandah.
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appear to have at last selected a spot exactly above the most
frequented place

—

i. e., between the stairs and door (Nairobi,

8. vi. 19).

15.vi. 19. The birds sat with dabs of mud in their beaks,

uttering their peculiarly sweet metallic notes. The nest is about

finished.

22.vi. 19. During the week the entrance tunnel has been
under construction, the work proceeding veiy slowly.

28. vi. 19. The birds appear to have gone a,way.

1. viii. 19. The weather has been very cold and dull during the

past month, and the swallows have only twice put in an appear-

ance, when they added a few feathers to the nest.

7. viii. 19. Felt in the nest, and there appeared to be no lining

worth mentioning.

14. viii. 19. Nest with lining of grass and feathers, and one

broken egg ivith a streaJc of red in it, lying on the ground, having
been pulled down by a rutliless native. When did the egg get

incubated ? Is it possible I did not feel to the bottom of the

nest on the 7th inst. ?

Oypsblus apfinis ITardw.

The Indian Swift is extraordinarily abundant at Frere Town,
where great numbers of them fly a.bout, screaming, towards

evening ; in fewer numbers they are to be seen at most hours

of the day. They build along the cliflfs or under the eaves of

verandahs. The nests are constructed of feathers a.nd straw, so

cemented together with mucilage that they have the strength

and consistency of cardboard. A large number of nests were
examined on l.vii.l9; ten of these held young, three held

incubated eggs whose clutches numbered four, four, and three

respectively. One nest had a single fresh egg in it.

A nestling was picked up at Morogoro, 29. x. 17.

Tachorkis parvus Yerr.

M.j notes on the curious nesting habits of the Lesser Palm-Swift
have already been published *, On July 17th, 1917, I revisited

the colony which were nesting in the cocoanut-palms (not

banana-palms, which was printed in error). One nest was
completely upside down, having been built that way ; the bird

was brooding two eggs which were nearly ready to hatch.

Another nest had a bad egg which had a small hole in the top of

it, probably made by a bird's claw. Another held newly-hatched

young ;
yet another was occupied by downy young. In one

instance both birds were on the nest and appeared to be paired.

Some nests were unfinished, possibly abandoned.

On 4. ii. 18, I again visited the spot; in one nest there were
two fresh eggs, several hard-sat clutches in others, newly-hatched

and half-grown young in the rest.

* "Observations on the Nesting Habits of tlie Palm Swift etc." Mem. Proc. of

the Manchester Lit. & Phil. Soc. vol. Ixi. pt. ii. (1919).
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Caprimulgus eueop^us Linn.

The European Nightjar was collected at Morogoro (24. ix. 17),

Caprimulgus fossei mossambicus Hartl.

A single egg, perfectly fresh, was picked up and brought to me
by a native. A good series of birds were collected (Lumbo,
28.x. 18).

CoRACiAs garrulus Linn.

The European Roller on migration was met with on several

occasions. An immature female was shot at Nairobi (29. x. 15).

Large numbers of them were seen at Longido West (ii. 16).

Specimens wei^e obtained from a flock at Morogoro (lO.xii. 17).

CoRAciAS caudatus Linn.

The Lilac-breasted Roller was seen clinging to a blasted tree

just below a suitable nesting-hole. On both occasions when I

approached the tree I was made the subject of very noisy demon-
strations, so I concluded that they were nesting in the hole

(Bissel, 20.xii. 15).

A pair of birds were obtained at Kongwa (23.iv. 17) in very
fine plumage, and during that year they were extraordinarily-

abundant at Morogoro. In the stomachs of several specimens
were found many nauseous and warningly coloured grasshoppers
{Zonocerus elegans Thunb.).

Some three pairs lived in the neighbourhood of the camp at

Lumbo. One pair frequented a large baobab-tree, which served
as a jumping-off ground for their little excursions to rag the
soberly-garbed crows, which they chivvied mercilessly about.

After these little excursions, one or both of them would soar

higher and higher above their favourite tree, and then come
tumbling doAvn in the most extraordinary way, more like a winged
bird that is making an efibrt to recover itself than a healthy one.

Towards October 1918, 1 saw one of the birds outside a hole near
the top of the baobab, but thought climbing out of the ques-
tion. At the end of the month a native brought me a Roller,

which he told me he had caught on its nest in a hole in a tree
;

it was sitting upon two eggs which he had broken. I refused to

purchase the bird, but from the information that he gave me
I concluded that it was from this baobab that he obtained it, and,
if so, this Avould explain their energy in driving off the crows.
These birds were extremely shy of approach, whilst those met
with at Morogoro were quite the reverse.

Melittophagus bullockoides Smith.

A colony of some fifty White-fronted Bee- eaters was found in
an artificial pit some 20 cubic feet in size ; the nesting-holes
had been excavated in the sides of the pit (Ngari Mtoni, nr.
Arusha, 17.iv. 16).
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Merops apiaster Linn.

A single pair, in very worn pluma,ge, of the European Bee-

eater were obtained at Morogoro (17.x. 17).

LOPHOCEROS DECKENI Cab.

A male and immature female Yon der Decken's Horn bill were
shot on l.vi. 17 at Morogoro. The male had two large complete

mantids in its stomach, whilst the female had only beetles. The
young female was strikingly different from the male. Its bill

was black instead of orange-red and yellow ; the wings were also

spotted with white.

LOPHOOEROS MELANOLEUCUS SUAHELICQS ISTeum.

The Swahili Crowned Hornbill was common at Morogoro, the

type-locality for the subspecies. I extract the following note

from my diaiy under date 3. xi. 17 :
—" The last few days we have

had a small flock of these hornbills flying past in the morning and
evening ; apparently they return to the big trees along the river

to roost. They usually frequent a group of trees quite close to

my quarters for a short time before continuing their flight ; one

is soon made aware of their arrival by their shrill whistling

cries. The birds do not sit together, but on separate branches,

from which they make sudden and absurd dives as if they were
top-heavy and could maintain their balance no longer. These

little excursions are apparently after insects, though their

stomachs more often contain the remains of fruit." And on

4. ii. 18:—"One of these hornbills, which flew over the camp
to-day, apparently had nesting (!) material in its beak."

Whilst out in the bush one evening, I came upon an open
glade, thereby disturbing the most remarkable assemblage of

typical Africa,n birds which I have ever met with in so small a

compass. Some twenty Hoopoes {U. africanct) rose, and perched

for a few moments in the surrounding trees ; a large red-billed

Hornbill {L. m. sitahelicios) sailed oflT in its own peculiar dipping

flight. Wood-Hoopoes (E. c. schaloioi) raised their noisy outcry.

A red-headed Woodpecker [C. scriptoricaudci) paused in its occu-

pation of hammering a tree, caught sight of me, and dived off"

with a shrill whistle, so that the glade which was so full of life a

moment before was left to myself (Morogoro, 14. vii, 17).

LoPHOCEROS NEUMANNi Reichw.

A female of Neumann's Hornbill, which was being noisily

mobbed by a party of small birds whilst in flight, was found
to have a praying mantis in its stomach (Morogoro, 28. xi. 17).

Alcedo semitorquata Swains.

Half-collai^ed Kingfisher. A native brought me two beauti-

ful nestlings ; their head, back, and wings were turquoise-blue,

their breasts fa\Yn -colour (Morogoro, 28. xi. 17).
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CORTTHORNIS CYANOSTIGMA Riipp.

Malachite Kingfishei-. A nest of young ones was found in the

rivei'-bank at Morogoro (1917).

Halcyon leucocephala Vieill.

Brown-bellied Kingfisher. Having just stepped out of my
tent to walk across to my grass-hut one morning, I heard a

screech and a shrill whistling cry. There was a rush of small

birds about me, and I was just in time to see a South African
Lanner {Falco hiarmicits) rise from its stoop with a kingfisher

in its claws and speed away to a big tree some 20 yards off,

I shot the Lanner promptly, and it fell stone-dead Avith the
kingfisher in its claws (Morogoi-o, 17. i. 18).

Halcyon chelicuti Stanley.

Striped Kingfisher. Each morning as I wake I hear a pair of

small kingfishers start shrilling—this coined word seems to

describe the noise better than anything. The note is not unlike
" peewit," whistled through the top front teeth, but the one bird

follows up its mate's call, so that there is one continuous sound,
and at first I thought it was one bird calling. As each in turn
utters its note, it spreads its wings like a fan, then raises them
above the level of its head, lowers and then closes them, repeating

the performance constantly. It is a pretty spectacle to witness,

as the wings and tail are partially pale blue and displayed to

advantage. As these little kingfishers are no larger than
sparrows, and select the topmost branches of the acacia-trees for

their performance, it was some time before I could find out the
pei'petrators of the noise (Morogoro, 26.x. 17).

Halcyon albiventris orientalis Peters.

Oriental Brown-hooded Kingfisher. A young lizard {Gerrho-
saurus flavigularis) was in the stomach of a specimen shot at

Dar-es-Salaam, 26. vi. 18.

CoLius STRIATUS AFFiNis Shelley.

Mouse-bird. I believe Dar-es-Salaam Colies are referable to

this race, which was found nesting with three eggs on l.ii. 19.

A nest and three eggs were taken at Nairobi on 7. v. 19.

CoLius iNDicus PALLiDus Reichw.

Was collected at Lumbo, where there were many flocks in

July and August
; its cry was like that of a plover {Stephanibyx).

After August they were only seen singly or in pairs ; this should
have put me on my guard, but it was not till I happened on a

nest containing three eggs that it occurred to me that the birds
had disbanded for breeding. Search being made, a dozen nests
were found in October, but nearly all of them contained highly-
incubated eggs or young. The eggs are i-ound, dull stony-white
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in colour, streaked, blotched, or freckled with reddish-brown in

great variety. The nests were all situated in thorn-trees ; those

that were putting forth green shoots were given preference ;

they had deep foundations of thorny sprays, upon which was built

a cosy nest of moss, lined with fine fibres or grass. The old birds

ait very close, and make no attempt to leave if merely looked at

;

one's hand must be approached unreasonably close before they

will slip off. The clutch was invariably three (Lumbo, 28. x. 18).

SCHIZORHIS AFRICANA LEUCOGASTRA Reichw.

Many species of Plantain-eaters were collected, bat none were
more difficult to obtain than this species, Avhich frequents sandy
thorn-bush country. At Dodoma its harsh cry was quite a

feature of the scrub-life. The '"ha-haa" (emphasis prolonged

on second syllable) has quite a jeering sound as the bird rises from
some conspicuous perch it has chosen on the top of a thorn-tree

(commanding a good view of the dense thorn patch), and, flying

off for a short distance, leaves the perspiring hunter to push his

way through another few hundred yards of tangled undergrowth,

with the probability of a recurrence of the flight, which seems
always to be accompanied by the cry (Dodoma, 5. xii. 18).

Oentropus monachus Riipp.

A series of skins were obtained at Dar-es-3alaam and Lumbo.
At the latter place the bird was very abundant, and was found

to be feeding largely on maggots in the human f?eces so common
in the bush about the camp. The throat plumage in most of the

skins was soiled with foecal matter, and a good deal was found in

the stomachs of the birds along with the maggots. The offensive

smell made the birds most unpleasant to skin. I watched a bird

feeding in the early morning. The natives say that the skulking

habits of this Cuckoo amongst the bushes are an evidence of its

sense of shame for the diet which it has adopted (Lumbo,
21.vii. 18).

At the back of my tent was a large mango-tree whose base

had been wired in to form a large circular chicken-run, in which
a hundred and fifty fowls were kept. Early one morning one

of these Cuckoos flew into the mango-tree, and as the shadow of

the Cuckoo fell across the enclosure, a panic seized the fowls,

which flew and ran en masse against the wire-netting with a

bang ; there they crowded and trampled upon each in the greatest

confusion. They take no notice of the crows passing overhead

or perched in the nearby palms. Undoubtedly the Cuckoo was
mistaken for a hawk (Lumbo, 25. ix. 18).

Coccystes glandarius Linn.

The Great Spotted Cuckoo, of Europe, was first seen about
September 1917, when a pair flew over the camp at Morogoro.

Later, a male was shot on 27.x. 17 and another on 29. i. 18.

A gaudily-coloured grasshopper {Zonocerus elegans) was found

in fair numbers in its crop.
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COOCYSTES CAFER Licht.

The African Pied Crested Cuckoo was collected at Morogoro
(10. xii. 17) and Lumbo (22. vii. 18) ; at the latter place an egg was
found in the nest of a Babbling Thrush (C. kirki), as already

mentioned (22. X. 18).

*CucuLus CANORUS Linn.

The European Cuckoo was twice obtained at Morogoro in

February 1918 (12th and 26th). The birds were flying across

the railway-line from south to north about a mile outside the
town.

Lybius zoMBiE Shelley.

Were very common at Lumbo, going about in pairs at the

time of my stay. Perched on the bare branches of the baobabs,

they went through the most extraordinary courting (?) antics,

accompanied by cries no less unique (Lumbo, 11. vii. 18).

Trichol^ma laohrymosa Cab.

The Black-faced Barbet was collected a,t Morogoro (11. vii, 17)

and Dodoma (22. xii. 18). Lidian corn was found in the stomach
of one of the specimens from the first locality.

Trachyphonus emini Reichw.

Common at Dodoma, where they were going in pairs, bowing
and singing to one another. A nest with a single young one
was found in a hollow thorn-tree (Dodoma, 5. xii. 18).

Chalcopelia chalcospilos Wagl.

Green-spotted Dove. Two eggs in nest (Lumbo, 24. ix. 18).

TuRTUR senegalensis Linn.

Laughing Dove. Two eggs in nest (Morogoro, l.viii. 17).

Tympanistria tympanistria Temm.
Two eggs in nest (Kabete, 24. v. 1.5).

Pcecephalus fuscicapillus Verr.

I folio \ved a Brown -headed Parrot to a blasted tree, in

which was a woodpecker's hole some 20 feet from the ground.

Failing to get my hand in, I returned in the evening with two
boys, who chopped the hole open after half-an -hour's labour.

One of the stupid fellows placed the three large white eggs in

his handkerchief, put same in his pocket and slid down the tree,

breaking all three, wliich were perfectly fresh (Morogoro, 25.

vi. 17.)"

The species was also collected nt Dar-es-Salaam and Lumbo

;

at the latter place I had a young one, which was very tame and,

though loose, made no attempt to fly away.

Proc. Zool. Soc—1922, No. LYIIJ 58
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Agapornis pbrsonatus Reichw.

Parties of this handsome little Love-bird flew about with great

rapidity, screaraing noisily ; they were first met with at Kongwa.
They were nesting in the holes of a baobab-tree, whose apertures

they had apparently partly closed with a defence of thorns. Two
eggs were found at the foot of the tree side by side, and mea-
sured g X I inches. How they came to be there I cannot say, for

they contained embryos nearly ready for hatching (Kongwa,
26.iv. 17).

Bubo africanus Temm.
The Spotted Eagle-Owl was collected at Morogoro and Lumbo.

At the latter place one was being mobbed by a flock of crOws,

which had driven it from the shelter of the bush and were
pursuing it through the mangroves on the sea-shore. It alighted

on a sand-bank, and was encompassed by a circle of crows, cawing
with outstretched necks. The group would have made a unique

photograph (Lumbo, 3. ix. 18).

Pandion HALiAi^TUS Linn.

The Osprey was found nesting at Lake Naivasha with young
on 16. vii. 15.

Faloo biarmicus Temm.

A female of the South African Lanner was shot whilst

devouring a chicken in the topmost branches of a baobab-tree

(Morogoro, ll.xii, 17). As already mentioned, the cock-bird

was shot with a Kingfisher in its claws (Morogoro, 16. i. 18).

Falco cuvieri Smith,

The African Hobby was shot while eating a Yellow Wagtail

[Motacilla campestris) (Morogoro, 31.x. 17).

DissoDECTES DiCKiNSONi Sclater.

Dickinson's Kestrel, shot at dusk in a baobab-tree, was found

to have beetles, locusts, and a praying mantis in its stomach

(Morogoro, 18. vii. 17).

Cerchneis tinnunculus Linn.

The Common Kestrel was very common at Morogoro and
Dodoma ; at the latter place particularly it was rarely tha.t

there was not one in sight, usually sitting on Euphorbia
bushes, which were scattered about the thorn-bush. One
which I had in captivity throve well on the remains of

specimens which I was preserving. On one occasion, hearing

a succession of screeches outside my tent, I ran out to see

another Kestrel rise from the cage and fly to a tree near

by. The captive bird was clinging to the wire-netting of its

extensive run and screeching, being answered b}^ the bird in
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the tree for some minvites. Nearly a month later a flight of

locusts visited the neighbourhood, and my bird exhibited such

excitement that I released it to see what it would do. Flying

straight to a large tree in the middle of the camp, it captured a

locust ; for the next half-hour it remained about the tree, taking

short flights after the insects and returning to its perch to eat

them. The following were found in the stomachs of specimens

collected :—A lizard {Eremias spekii) and skink {Mahuia varia)

and many locusts in one (Morogoro, 4. xii. 17) ; a lizard [Latastia

longicaudata) (Morogoro, 5. ii. 18); a small bird (Dar-es-Salaam,

17. xi, 18); a rat and lizard and a parasitic worm {A.recto-

vaginata) (Dodoma, 6. xii. 18).

Pernis apivorus Linn.

The Honey-Buzzard was twice shot at Morogoro (23. ii. &
l.iv. 18); both were females, the former with grey head, the

latter with brown. In the stomach of the former were found
a large number of pupse and grubs of the grey hornet (Belonogastei'

griseus). It has been said that the feathers around the eyes

of this Buzzard protect it from stings, but anyone who has seen

the long stings of Beloiiogaster might be forgiven for doubting it.

Elanus c^ruleus Desf.

The Black-shouldered Kite—a rare visitor to England—is com-
paratively common in the East African bush, where its dove-

coloured plumage makes it look something like a sea-gull when
on the wing. Specimens were obtained at Nairobi, Dodoma,
Morogoro, and Lumbo. In the stomach of one was a mouse skull,

beautifully cleaned and undamaged (5.ii. 18).

Aquila rapax Temm.
The Tawny Eagle was shot at Morogoro (9.ii. 18) and

Dodoma (6. xii. 18). The former had its stomach full of putrid

goat's flesh, and the latter with bullock flesh and ofial thrown out

from the slaughter-house, where it was keej^ing company with

vultures and kites. It had a parasitic worm [Ascaris depressus)

in its stomach. On the road from Bissel to Longida, I i-ode up
to an Eagle which was feeding on a dead mule. It allowed me
to approach within 30 feet and, when I reined-up, looked at me
for a moment, and then went on coolly teai-ing off strips of flesh

with its beak, which it then transferred to its claws, to be held

whilst rendered still smaller. In the Kedong Yalley two young-

Eagles, just fledged, were seen sitting on the rocks at the base of

the towering cliff, where their nest evidently was (17. vii. 15).

LOPHOAETCJS OCCIPITALIS Daud.

This Crested Eagle was found to be nesting in February. The
nest was situated in a tree at a height of 80 feet from the ground.
The cry of the old birds when one approached reminded me of an

58*
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English Sparrow-Hawks note when disturbed. A few da5'-s later

the birds began sitting. It was quite impossible to reach the

nest, not merely because there was not a branch for 60 feet vip,

but because a swarm of bees nearly two feet in length were

under the junction of the first branch and the trunk, whilst

a second swarm hung from the big limb on which the nest

was placed, about 30 feet from the main stem (Morogoro,

20.ii. 17).

Melierax gabar Daud.

Gabar Goshawk. The feet of three birds were in the crop and

stomach ; they appeared to be those of Grass-Wa.rblers (Moro-

a'oro, 2.vi. 17). The melanistic form was obtained a few days

later at the same spot (Morogoro, 5. vi. 17).

AsTUR SPHENURUS Riipp.

Stomach of Riippell's Goshawk was found to contain locusts

(Morogoro, 12.vii. 17).

AsTUR tachiro {'i'SYAyzJE Neum.).

Probablyitwas this raceof the African Goshawkwhichlobtained
at Nairobi (20. x. 15) and Morogoro (20. xi. 17). 1 found the nest

of this species on November 17th ; it was situated at the top of a

tree whose bark was studded with thorns ; the tree was on the

banks of a stream in thick bush. On November 20th, I revisited

the nest at daybreak and saw the hen feeding the young ; she

was very shy and, being disturbed, did not return. In the

evening she was on the nest, but slipped silently away as we
approached. We had brought ropes, which assisted the native

in his ascent ; climbing was a very tedious business, as the

thorns had to be cut away all up the trunk. The two young in

the nest were of very different size, and one would think there

was quite a week's difference in their ages; the smaller bird was

still in the down stage.

After removing the young, I sat down in the gathering gloom

and watched the dark outline of the nest silhouetted against the

sky ; an indistinct " something " sailed past, and the next moment
the mother could just be seen alighting on the edge of the

nest. She had scarcely time to close her wings when I fired,

and she fell for\^ard dead into the empty nest. This involved

another climb for the boy. After gathering up the rope,

hatchet, and spoils we stumbled back through the bush to camp,

guided by the gleaming thread of water which lay in the river

bottom.

I skinned the bird at once— it was in fine condition—and then

fed the young with the flesh cut into strips ; they ate v/ith avidity.

Next morning I fixed up a very fair imitation of their home on

the top of a bush in the python s cage. On the l?8th they began

to feed themselves, and were fond of standing up in the nest.
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They held down scraps of meat in their claws, teai'ing it into

still smaller scraps with their beaks. Up to this time they
were fed on the flesh of monkey, lemur, rat, bullock, kite, hawk,
egret, hornbill, kingfisher, roller, wheatear, wagtails, weavei',

crow, puff adder, and chameleon. All these seemed to agree

with them except that of the bullock and the chameleon fat, both
of which they disgorged.

On December 1st the larger of the young Goshawks was
just beginning to fly about the cage when it disappeared; the
12-foot python must have eaten it. I had kept him so gorged
with dead fowls that I never imagined he woiild molest them.
The following day, hearing my monkeys making a great outcry,

I hastened out to find the python sliding silently towards the
bush on which the nest had been placed. I removed the remaining
hawk just in time, for on passing back to my tent I saw the

python had raised itself to the nest over which he was running
his snout. Having nowhere else to keep it, I left the bird in an
open grass hut.

On December 7th it took trial flights about this hut. When
the two young ones had been in the python's cage I had been
much puzzled by finding their excreta about 4 feet from the

nest. Now, I observed the remaining bird hop out of the box in

which it was, turn round on the edge, cock up its tail and
discharge the fluid " whitewash " to a distance of 3 feet. This
shows how they are able to keep the nest clean. It disgorges

pellets of fur Ig" x f" in size.

The young bird was not in the least like its parent, having
large pear-shaped brown blotches on the breast like F. biarmicus.

The mother, of course, has transverse fine striations. On
December 13th I missed the bird ; the night before it had flown

about 500 yards and stayed out all night. Someone accidentally

discovered it in a rubber-tree, and, in tr3'ing to recover it, struck

it vvith a bvitterfly net, which caused its death the following

night, as a small clot of blood was found on the spine when
dissected.

BUTASTUR RUFIPENNIS Suudev.

A Buzzard Eagle was fairly plentiful at Morogoro and Dodoma.
The stomach of a speciinen examined contained scarabs (Morogoro,

31.i.l8).

CiRCAETUS PBCTORALIS Smith.

In the stomach of a Black-breasted Harrier Eagle was a pellet

of rodent fur, in its gullet was a Hissing Sand Snake
{Psammophis sibilans) 2 feet in length, its tail being doubled

back for about 9 inches ; it had been swallowed head first.

Curiously enough, four days earlier I stalked a handsome Barred-
breasted Eagle in the same tree in wliich I sliot this specimen.

On raising my head when within range I lost sight of it, but a
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minute later it rose from the mealies two hnndred yards from the
tree, with a snake in its talons. It came so low over my head
that I was able to recognise the snake as a Hissing Sand Snake.
The Eagle then ascended in great spirals, taking the snake from
its talons with its beak and gulping it down as it ascended. I

was so interested that I forgot to shoot till the bird had finished,

and then when I did fire, missed, so that I was unable to

identify the Eagle, which was an unfamiliar one (Morogoro,

4&8.vi. 17).

ASTURINULA MONOGRAMMICA Temm.
Variously known as the African Buzzard-Eagle, Lesser Whist-

ling Hawk, and One-streaked Hawk. The fii-st name from a

popular point of view is a very absurd appellation conveying
the idea of great size. One-streaked Hawk seems to me the best

popular name conveying some idea of the bird. A female shot

at Morogoro had a ^Side-walking Spider [Palystes sp.) in her
stomach. A male was obtained a few months later (Morogoro,

2. iv. & 9.vii. 17).

Circus macrurus Gmel.

In the stomach of a Pale Harrier was found a young snake

(JRhatn'phiophis oxyrhynchus) and a skink {Mahuia striata), whilst

in that of a second were three species of lizards (Eremias

spekii, Gerrhosaurvs flavigularis, and Mahuia striata). Here
the Pale Harrier seems to prefer a reptilian diet (Morogoro,

31.i. &28. ii.l8).

Melanophoyx ardesiaca Wagl.

The Black Heron feeds along the shore at Dar-es-Salaam when
the tide is out; it was there very difficult of approach. On one
occasion, as I was returning home, one of these small Herons flew

over the causeway and dropped on a muddy flat not far from
where there was some grass. I was on the far side of the water

and immediately made for the place. The bird 1 found was
performing some very curious antics. Running swiftly forward
for about six steps, it abruptly halted, placed its beak to the

ground, and raising its wings, brought them forward and
downwards, so that for a moment its head was entirely hidden

by the outspread wings which were brought down to the

mud. This it repeated again and again until, reaching the

water, it turned about and practised its steps in the opposite

direction.

I imagined that it was a cock performing some courting display,

but on skinning found it to be a hen. Taking advantage of each

moment when its head was concealed, I wriggled forwards through
the grass till within range, when I di'opped it, very dead indeed,

but a perfect specimen (Dar-es-Salaam, l.vii. 18). Six months
later I saw these birds performing the same antics on the fore-

shore opposite the ruined Governor's Palace.

1



EAST AFRICAN BIRDS. 859

Ardea melanocephala Vig. & Child.

The Black-headed Heron Avas met with at Dar-es-Salaam

(26.vi. 18), Morogoro (29.xi. 18), and Tabora (IS.xii. 18). At
Tabora they were nesting in a great tree in the midst of culti-

vated ground, the birds winging their way home of an evening

from their feeding grounds. One of the Morogoro specimens was

shot stalking about a stubble field, and its stomach on examination

was found to contain the remains of rats, apparently five in

number.

Ardea cinerea Linn.

The Common Heron of Europe was twice collected at Dar-es-

Salaam (5. vii. & 19. xi. 18), the circumstances being as follows :

—

Just 60 feet below the bank on which onr house is built,

and perhaps a hundred yards away, lies a one-time estuary of

the sea ; the fresh water is noAv shut ofi" from the sea by a

causeway, bnt a series of large pipes still allow of cominunication

between the two at high tides, after which infusion the water

is brackish. Here various wateifowl are wont to feed on the

freshwater shrimps and small fish, including the Mud Skipper

{Periophthalmus sp.), which is present in large numbers ; while

at daybreak each morning a pair of herons are to be seen standing

in the shallows.

Every morning for eight days past I tried to stalk them,

but they were too wary, taking to wing whilst one was still a

hundred yards off. Once disturbed the birds would circle round
in the blue above, and then, heading over the causeway, would fly

seawards, doubtless to recommence feeding in one of the quiet

bays or lagoons with which the coast abounds. However early

I arrived, the birds were there before me, but determined to

succeed this moi-ning I started out at 4 o'clock.

"When I left the house it w^as pitch dark except for a waning
moon whose faint beams were reflected on the shimmering sur-

face of the dark water. Stumbling around the estuary in the

spongy soil where crickets were shrilling away, I reached the far

end, and was carefully withdrawing my feet from a particularly

boggy piece of ground, when suddenly I became aware of the

presence of a bird standing motionless in the shallow water

scarcely 30 feet away.
I hesitated for a moment, lest in the deceptive light the bird

might be nearer or farther than it appeared, as I was anxious not

to damage the skin ; also the report of the gun echoing across

the water might disturb the slumbers of our neighbours

occupying the houses along the opposite bank. Ere I had made
up my mind the hei'on rose with a hoarse squawk, and, spreading

its great wings, disappeared into the dai'kness. A smaller species

arose and settled again further out.

Pursuing my way round the estuary I arrived at an old

stranded buoy close to which there was a favourite fishing-ground
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of the birds. Sure enough, before I was within fifty yards of it, the
bird again arose and departed across the water. Its mate generally

fished near a stone some little way further along the bank, and
there I espied it ; the recognition was mutual, and it winged off

to a promontory where I could just distinguish it standing in

the water.

In pursuance of my original intention, I now lay down in the
wet grass within range of the stone and here waited for half-a n-

hour until day broke behind a row of tall palms, which later

formed a lovely picture silhouetted against the rosy dawn. The
grass, however, was very short owing to the activities of the
Sanitary Corps, so that as the light increased, realising how
conspicuous I must soon appear, I crawled away to a shallow
irrigation ditch fiinged with longer grass and within range of

the buoy. Half-an-hour passed which the mosquitoes relieved of

all monotou}-. It was quite a new point of view to see them
arrive like so many vultures outlined against the sky, and then to

alight on the stems of grass which were already burdened with
dew.
At 6 A.M., reveille sounded and someK.A.H. askai'is from a neigh-

bouring camp came down to wash clothes, but instead of taking to

flight at their approach, my heron, now clearly to be seen across

the shining water, sedatelj^ stalked further out. My patience well

nigh exhausted, I rose on one elbow, and, seeing how light it had
become, was on the point of giving up when another native came
down to the opposite bank, and as it appeared probable that he
would pass near the bird T resolved to wait a little longer and
crouched low again.

A hoarse cry fi^om the Heron caused me to look up ; afar I

beheld the big bird rising from the water. Down I ducked,
face and hand well into the grass, not daring to move lest I

should attract attention. A few moments of anxious suspense,

then swish, swish, swish sounded its pinions close overhead, as it

circled round preparatory to alighting. Then came a gentle

splash as it struck the water.

Yery cautiously I raised my head and looked through the
grass stems, where, not 40 feet away, stood my victim, sus-

piciously turning its head from light to left as it strode along.

Being cramped and stiff', I feared to raise my gun lest I should
muddle things, and the weary hours of waiting be wasted ; so

again I lay quiet until, in its walk, the bird should come into line

with the barrels of the gxin as it lay on the ground—bang

!

Overhead a raucous squawk and the sound of wings ! What
then. Surely I could not have missed. Hastily and awkwardly
I rose to my feet. ISTo ! There lay the victim of my murderous
early rising floating quietly on the Avater, stone dead ; a shot had
passed through its neck and a single spot of blood showed on one
leg. It floated listlessly to and fro as I waded out to bring it in.

Far out towards the sea a speck in the sky was all that was to be
seen of the other bird, which, all unknown to me, had come up
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close behind where I was lying, and, at the sound of the shot, had
risen with a cry. The dead bird measured 59 inches from tip

of beak to the tip of its longest claw (Dar-es-Salaam, 5.vii. 18).

Scopus umbretta bannermanki C. Grant.

East African Hammer-head. At Dar-es-Salaam I found a nest

from which the young had just flown, according to the natives

living about 30 feet away. They said that the bird had bred

there for many years ; its nest, in the fork of a tree, was scai"cely

10 feet from the ground and easil}' accessible. I was surprised

that the thrifty natives had not pulled down the load of sticks

for firewood (8.ii. 19).

OicoNiA CICONIA Linn.

The White Stork was only met with once and then in thousands.

It was at Morogoro (19. ii. 18), when about 4 p.m. my attention

was drawn to a great flock of birds high in the air ; others wei-e

coming round the western spur of the Uluguru Mtns. from a

S.W. direction. It was a most wonderful sight, and reminded
one of the Gannets flying about the Bass Rock, with this

difference : that in lieu of the limitless sea for a background, one
had the forest-clad slopes of the Uluguru .reaching up into the

clouds. And over the top and down the slopes, or circling mid
the clouds, still the birds came, the specks grew larger and
larger, then showed white and black until finally they were
recognisable as storks.

Thousands upon thousands came sailing through the air

without visible effort. B}^ scores they settled in the trees, stiff and
erect, their white plumage against the forest foliage forming a

not easily forgotten picture. It was very evident what had
brought them, for they pursued the locusts (which had appeared

the da,y before) on the wing, swallowing them in wholesale

fashion. In flight they carried their i-ed legs straight out behind,

but when intending to alight, they were allowed to hang down
and swing freely to and fro like a parachute coming to earth.

There is a cui-ious mechanism of the knee-joints, necessitating

the leg being out straight or bent at right angles ; in either

position it locks. After death, if the leg was placed in any other

position, it flew to one or the other of these of its own accord.

Millions upon millions of the locusts continued steadily driving

past like rain ; the air was vibrant with the noise of their flight

and with the steady pinion-beats of the pursuing storks. Others
of the insects settled on the vegetation, which was a-rustle with
them as they hopped, or took short flights, out of one's way. The
measurement of the outstretched wings of one of the storks was
6 feet 3 inches.

Abdimia abdimii Licht.

The following morning the storks were still about, and circled

over the hospital, where they were made targets of by a number
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of foolish officers, who blazed away at them with service rifles.

One of those shot was brought to nie, and 1. recognised it as the

White-bellied Stork {A. abdionii). When one considers what
myriads of locusts such thousands of birds must consume—the

stomachs of those shot being distended with the insects,—what
folly it is to destroy them needlessly.

Someone reported having seen a Secretary Vulture among the

storks, which were picking up locusts among the stubble of a

mealie-field. Numbers of hawks, eagles, and rollers were

harrying the locusts also.

Crex crex Linn.

The Corn-Crake or Land-Rail was taken at Nairobi during the

first nine days of May 1916 and 15. iv. 19.

COTURNIX DELEGORGUEI Hartl.

A Harlequin-Quail was obtained under rather peculiar circum-

stances, and shows how close these birds will squat. I was
walking across a patch of grass-grown land in Nairobi when
something rustled at my very feet

;
jumping to one side, expecting

to see a snake, I found it to be a quail that I had trodden upon
inadvertently (Nairobi, 2. vii. 15).

The following records of European migrants may be of

interest :

—

Oharadrius alexandrinus Linn. Kentish Plover. Dar-es-

Salaam (13. i. 19).

Oharadrius hiaticula Linn. Ringed Plover. Nairobi (12.x.

15) ; Dar-es-Salaam (14. i. 19).

Tringa subarquata Giild. Ourlew-Sandpiper. Dar-es-Salaam

(14. i. 19).

Tringa minuta Leisl. Little Stint. Lumbo (5. x. 18).

Oalidris arenaria Linn. Sanderling. Dar-es-Salaam (15. i. 19).

ToTANUS hypoleugus Linn. Oommon Sandpiper. Lumbo
(27. vii. & 4.ix. 18).

NuMENius PH^opus Linn. Whimbrel. Dar-es-Salaam; often

seen in January 1919, but not collected.

NuMENius ARQUATUS Linn. Curlew. Dar-es-Salaam (7. vi. 18) ;

Lumbo (25. vii. 18).

HiMANTOPUS HiMANTOPUS Linn. Black-Winged Stilt. Tabora
;

seen only (11. xii. 18).

H^MATOPUS OSTRALEGUS Linn. Oyster-catcher. Dar-es-Salaam
;

often seen during 1918,
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Introduction.

The most remarkable features in the existing classifications of

the Diprotodont Marsupials* are the positions assigned to the

Wombat, Koala, and Phalangers. Some zoologists have included

the Koala in the Phalangeridse and kept the Wombat separate.

Others have included the Koala and Wombat in the Phas-
colarctidse. And others again have formed three families

—

Phalangeridse, Phascolarctidse, and Phascolomyidse. It is evident,

therefore, that there is considerable difference of opinion as to

the true positions of these animals. To form a lasting and
natural classification one must examine all anatomical data, so as

to exclude convergent and adaptive characters, and those which
represent varying degrees of persistence of primitive conditions

which were present in their common ancestor. The exclusion of

these conditions, leaves us with data which are of vahie for

purposes of classification. And these can be divided into major
and minor groups. Minor characters are employed to emphasise
the classification based on major ones.

In the examination of animals received at the Society's

Prosectorium t I observed so many points in their myology
hitherto unrecorded, or different from existing accoimts, that I

have considered it fit to set them down as a separate section in

this paper. As the anatomy of the skeleton, teeth and viscera is

already well known I have simply mentioned the most distinctive

characters in the section on classification.

Myology.

Muscles of the Head and Neclc.

The Platysma in all species is muscular in the face and neck.

It is continuous with the facial, orbital, and auricular muscles,

* Pocock (9) and Osgood (7) have reproduced most of the systems of classification

vi'hich have been proposed.

t Fhascolomys mitclielli ((?$), Fhascolarctos cinereus ( $ ), Phalanger orientalis
(adult female and female mammary foetus), Fseridochirus peregrinus

( ? ? $ ).

Many points in the anatomy of Trichosuriis vulfecula have been described by me in

a former^aper (10).
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but the fusion is best marked in Phascolarctos. Fibres i-un to

the pads of vibrissse, but none are continuous with the well-

developed muscles in the labial labrets in Phascoloniys. There is

no essential point of difference between the platysma in these

forms and the Phalangeridse.

Masseter :— The general form is similar in Phascolomys (text- fig.

31 A) and Phascolarctos^ ; in the former the anterior border is

thick and muscular, but it is thin and tendinous in the latter.

In Phalanger (text-fig. 31 B) and Pseudochirus (text-fig. 31 C) the

form differs from the above : in the former the surface is

subdivided by sulci into three parts, but it is undivided in the

latter.

Pterygoids :—Macalister (5) observed that the external ptery-

goid is small and fused with the inteivnal pterygoid in Phascolarctos,

but I fovind it separated and well developed in all forms.

Digastric (text-figs. 32-34 t) :—In Phascolarctos it is mono-
gastric and fused with the mylo-hyoid, genio-hyoid, and omo-
hyoid ; and it is inserted into the mandible. I have already

shown that it enters into a sheet with mylo-hyoid and sterno-

hyoid (10), and I believe that the lateral fibi-es of the sheet

correspond to the digastric. Young (14) described two bellies

and a tevidinous inscription. In Phascolomys the broad anterior

bellies conceal the mylo-hyoid, and strong intermediate tendons
unite them to the posterior bellies. In Phalanger the broad
anterior bftllies do not completely cover the mylo-hyoid, and the
posterior bellies are fusiform. In Pseudochirus the monogastric
muscles conceal the greater part of the mylo-hyoid. In no species

has the digastric any connection to the hyoid bone. There is,

therefore, a close resemblance between the digastric muscles in

Phascolarctos and Pseudochirus.

Mylo-hyoid (text-figs. 32-34, M-H.M) :—In Phascolomys and
the Phalangers the mylo-hyoid runs from the mandible to the
hyoid bone. But in Phascolarctos it does not get any attach-

ment to the hyoid. In my specimen it is fused with the
sternohyoid ; and thei-e is, in reality, a sterno-mandibularis.

Young (14) does not mention fusion of mylo-hyoid and sterno-

hyoid, but notes that the mylo-hyoid has no attachment to the
hyoid bone.

Omo-hyoid (text-figs. 32-34, 0-H.M) :—In Phascolonnys and the
Phalangers it is attached to the hyoid bone, but no central tendon
is present. In Phascolarctos, however, it avoids the hyoid bone
and passes forwards to enter the tongue, wherein it forms a
lingualis.

The ansa hypoglossi, which supplies the omo-hyoid and pre-

tracheal muscles, is derived from the cervical plexus alone in

Phascolarctos, Phascolomys, and Pseudochirus. In Phalanger I

observed the nerve receiving connections from the first three
cervical and the hypoglossal nerves (text-fig, 31 D),

* P. Z. S. 1921, p. 548, text-fig. 53. f ^**'^-> P- 549, test-fig. 54.



OF THE WOMBAT, KOALA, AND PHALANGERS. 865

Pretracheal Muscles:—In all the animals described in this

paper the sterno-hyoid muscles could easily be separated from the

subjacent sterno-thyroids. The stei'no-hyoids are fused in

Phascolarctos and have no connection to the hyoid bone, so they

Text-fisrure 31.

..-^

MASSETER- -<££g>.- pg.

The masseter muscle in Phascolomys mitcJielli (A.), Fseudochirus peregrimis (B.),

and Phalmigei' orientalis (C.) ; D: the ansa hypoglossi in Fhalanger

orientalis.

C 2 and C 3 : cervical nerves ; A-H : ansa hypoglossi ; P.G : parotid glands

XII : hypoglossal nerve.

play no part in its movements. But in all other species they are

separate and receive an insertion to the hyoid. The sterno-

thyroids are essentially similar in all.

Hyoglossus :—Young (14) describes it as a transverse band,

bridging over the genio-glossi, and having no hyoid attachment
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in PhasGolarctos. I did not, however, observe this band at all.

Macalister (5) regarded it as a piece of the mylo-hyloid. In

.

Phascolomys and the Phalangers it runs from the hyoid bone to

the tongue.

It is, therefore, evident that the Koala has many traces of

Texfc-figure 32.

Dig.M.

S-H.M. S-M.M CL-M.M 3-H.M. T.M. CL.

Anatomy of the neck in Phascolomys initchelli.

CL : clavicle; CL-M.M: cleido-mastoid ; C.L.T: cervical thymus; Dig.M:
digastric ; E.J.V : external jugular vein ; L.C.C.A : left common carotid

artery; M-H.M : ra3lo-hyoid ; M.M : masseter; 0-H.M : omo-hyoid;

P.F.V: posterior facial vein ; S-H.M: sterno-liyoid ; S-M.G : submaxillary

gland; S-M.M: sterno-mastoid ; T.M: trapezius; XII; hypoglossal

nerve.

primitive lamination in its platysma, mylo-hyoid, sterno-hyoid,

and hyoglossus muscles. And in these conditions it differs

entirely from Phascolo'tnys and the Phalangers.

Sterno-mastoid, Cleido-mastoid, Cleido-occi'pital (text-fig. 32, S-M.
M, Cl-M, Cl-0) :—All are present in the Phalangers, but the
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last is absent \i\ Phascolarctos and Phascolomys. The insertion of

stevno-mastoid and cleido-mastoid is into the occipital crest.

Genio-hyoicl

:

—In mj specimen of Phascolarctos it I'unsfrom the

symphysis of the mandible to the hyoid bone and thyroid carti-

lage, so it is in reality a genio-hyo-thyroid. This arrangement

Text-figure 33.

Anatomy of the neck in Fhalanger orientalis (adult).

CL-0 : cleido-occipital ; Pect.Maj : pectoralis major; T.G : thyroid gland. Other

letters as iu last figure. In a mammary fcetus the cervical thymus concealed

the lower part of the neck. Nota the vertical anterior jugular veins and the

horizontal vena transversa.

dijEfers from Young's account (14). As no other thyro-hyoid

muscles are present, they are probably replaced by a part of the

genio-hyoid.

The genio-hyoids and stylo-hyoids are the only muscles
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attached to the hyoid bone in my specimen of Phascolarctos, for

the pharyngeal constrictors have no liyoid origin.

Scaleni:—In all forms the scalenus anticus is absent, as the
scalene group is behind the brachial plexus. The scalenus medius
and posticus ai-e present.

Sjylenius :—In Phascolarctos it is divisible into two parts

(capitis and colli), but it is a single sheet in Phascolomys and the
Phalangers.

Prevertebral Mioscles :—Young (14) described these muscles
in Phascolarctos, and pointed out that they are more or less

Text-figure 34.

M-H.M.

M.M.

Anatomy ol tlie neck in Fseudocliiriis peregrinus.

Letters as in text-fig. 32.

inseparable. The rectus capitis anticus major is the largest ; it

runs from the bodies of the first three dorsal vertebra) and all

cervical transvei'se processes to the basi-occiput. Rectus capitis

anticus minor cannot be isolated. Longus colli consists of fibres

lunning between the bodies and transverse processes of the fii'st
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three dorsal and cervical vertebrpe. In Phascolomys I observed

similar fusion of these muscles. A single thick muscular sheet

extends from the third dorsal vertebra to the basi-occiput

(text-fig. .35). A small bundle of fibres becomes detached, and

I'uns to the front of the thiid cervical vertebra when it fuses with

the bundle from tlie opposite muscle. The main mass, in my
opinion, represents rectus capitis anticus major. The mesial part

represents longus colli, and the rectus capitis anticus minor is

absent. In Phalanger there is more separation between the longvis

colli and rectus capitis anticus major, and there is no rectus

capitis anticus minor. But in Pseudochirus there is considerable

Text-figure 35.

C.i.

R.C.A.M

D.I.

L.C.

Prevertebral muscles in 'Phascolomys mitclielU.

Letters in text.

fusion. It appears, therefore, that the conditions in Phalanger

do not adhere so much to the primitive condition as do those in

Phascolarctos, Phascolomys, and Pseudochirus.

Muscles of the Back, Thorax, and Abdomen.

Trapezius :—In all forms the origin extends from the occiput

to the seventh dorsal spine, although Young (14) gave the eightli

spine as well in Phascolarctos. The clavicular insertion varies,

however. In Phascolarctos and Pseicdochirus most of the fibres go

to the clavicle, but some cross it and run to the clavicular deltoid,

Proc. Zool. Soc—1922, No. LIX. 59
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In Phascolomys, on the other hand, most of the fibres cross the

clavicle and fuse witli the clavicular deltoid ; and some fuse v^^ith

the cleido-mastoid. In Phalanger the conditions are intermediate.

The scapular insertion is, however, similar in all. And in no case

is there a tendinous intersection where the fibres cross the

clavicle. The fusion of the trapezius and clavicular deltoid is a

persistence of the primitive lamination, and is best marked in

Phascolomys.

Phomboideus:—In all forms it is an indivisible sheet whose
origin extends from the occiput anteriorly to the thoracic region

posteriorly, and it thickens from befoi'e backwards. It reaches

the fifth dorsal spine in Phascolomys, but stops at the third

in Phascolarctos, Phalanger, and Pseudochirus. As the rhom-
boideus shows no division in any of these animals they all exhibit

a persistence of the primitive condition of the muscle.

Latissimus Dorsi :—This muscle arises from a variable number
of posterior thoracic spines and the lumbar fascia, but there are

neither iliac nor scapular origins. Costal slips may exist. The
following origins were present in my specimens :

—

Phascolarctos : spines 4-10 ; no costal origin.

Phalanger : sj)ines 4-12 ; slip from last rib.

Pseudochirus : spines 4-12
; no costal origin.

Phascolomys : spines 5-15
; slips from lower six ribs.

The insertion of the latissimus is very similar in all, and it is

intimately connected to the teres major and dorso-epitrochlearis.

Levator Anguli Scapulce :—Young (14) states that it arises from
the front of the latei'al mass of the atlas along with the first slip

of the serratus magnus in Phascolarctos ; but he does not mention
whether it is fused with the omo-atlantic. It is inserted into

the scapular spine. In Phascolomys I observed it arising in

company with the omo-atlantic from the caudal border of the

lateral mass (text-fig. 36 A). And it is closely connected to the

upper part of the seri-atus magnus. It is attached to the root of

the spine of the scapula. In Phalanger (text-fig. 37) it arises in

common with the omo-atlantic, bvit is separate from the serratus

magnus. It is inserted into the dorsal surface of the scapula in

the anterior part of the supraspinous fossa. In Pseudochirus, on
the other hand, it is inseparable from the serratus magnus, and its

insertion never reaches the spine of the sc!::pula. It is, therefore,

evident that Phascolomys and Phascolarctos differ from the

Phalangers in the insertion of the levator scapulse. So the

conditions of the levator scapulae and serratus magnus are degrees

of persistence of primitive lamination.

Omo-atlantic (text-figs. 36 cfe 37) :—In Phascolomys and Phasco-

larctos it runs, widening as it goes, from the lateral mass of the

atlas to the outer part of the spine of the scapula. And the

lateral fibres cover the dorsal part of the shoulder joint. In
Phalanger and Pseudochirus it divides into two parts—a broad

mesial and a narrow lateral slip—and these are attached to the
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outer half of tbe scapular spine, Cunningham (2) describes it as
two muscles fixed to the whole length of the scapular spine
in Ousctts. The conditions in the Phalangers cannot be due to
their leading an active arboreal life, as other active animals
have a single muscle. They are probably remnants of primitive
laminations.

Text-figure 36,

Scapular muscles in Fliascolomys mitchelli.

I-S : infra-spinatus ; L.A.S: levator anguli scapulas ; L.H.T : long head of triceps
;

0-A : omo-atlantic; S.M : serratiis magnus ; S-S : supra-spinatus.

Serratus Magnus (text-figs, 36-38) :—In the Marsupialia there

is a more or less intimate connection between the levator scapulae

and the serratus magnvis, thus showing tha.t these muscles are

part of the same sheet. And the origin of the serratus extends
from the anterior cervical to the posterior thoracic region. In
Plicdanger the origin extends from the second cervical vertebra
to the seventh rib. The cervical slips are all distinct. In
Pseudochirus there are eight thoracic slips. Tlie cervical slips are

59*
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also coarser than the thoi^acic ones, but they are closer together.

In PhasGolarctos Young (14) described six cervical and nine

thoracic slips, and I observed the same. But Macalister (5)

recorded seven costal slips. As regards Fhascolomys, Macalister

pointed out that the cervical and thoracic parts are separate, and

he described them in detail.

Text-figure 37.

Scapular muscles in Plialanger orientalis.

T.Ma : teres major. Other letters as in text-fig. 36.

Intercostal Muscles :—The number of sets of intercostals vai^ies,

as the result of variations in the number of ribs, but the
characters of the muscles are essentially similar in all :

—

Phascolarctos : ten pairs of interspaces.

PhasGolo'inys : fourteen pairs of interspaces.

Phalangeridse ; twelve pairs of interspaces.
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Muscles of the Ventral Abdominal Wall :—In the Plialangers at
my disposal the muscles of the ventral abdominal wall were all

firmly united together and the linea alba was very obvious. The
rectus abdominis had eight intersections, and the first one was
so wide that there is apparently a rectus abdominis and rectus
thoracis. This condition was also present in Young's specimen of

Phascolarctos (14). In Phascolarctos and Phalanger the pyrami-
dalis conceals the rectus, and gets one insertion into the sternum

Text-fisfure 38.

TRAPEZIUS.

Scapular muscles in Phascolarctos cinereus.

Letters as in text-fip;. 36.

and last costal cartilage, but it is not so extensive in Phascolomys.

These animals are, however, essentially similar as regards all the

muscles of the ventral abdominal wall.

Dorsal Abdominal Muscles :—The quadratus lumborurn is well

developed in Phascolomys and the Phalangers. In Phascolarctos

it is more primitive, for it is practically absent, or, as Young (14)
suggests, it maybe replaced by intertransverse muscles connecting
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the lumbar vertebrae. The psoas parvus exceeds the magnvis irl

all forms, but the disproportion is not so great, and the parvus is

more tendinous in Phascolomys. Macalister (18) describes it as a

weak muscle in the latter. It is inserted into the pubis behind

the corresponding marsupial bone in all forms.

Muscles of the Anterior Extremity.

The Dorso-epitrochlearis arises from the posterior border of the

latissimus dorsi and its tendon in Phalanger and Fseicdochirus,

a,nd it remains muscular to its insertion into the tip and inner

border of the olecranon. In Phascolarctos it is thin, and a

considerable part is fascial. In Phascolomys it arises chiefly from
the tendon of the latissimus, and it is firmly bound down by deep

fascia. When the fore-limb is abducted the muscle becomes tight

soonest in the latter. And the distant extremity is more
evidently continuous with the anconeus internus in Phascolarctos.

Pectoral Muscles :—Cunningham (2 ) analysed the pectoral mass,

and desci'ibed a pectoralis major composed of superficial and deep
parts, a pectoralis minor, and a pectoralis quartus. In my
specimens tlie conditions present differed in some respects from
those described by Young, Cunningham, Macalister, and others.

Pectoralis Major :—In Phascolomys Macalister (18) showed that

the superficial part has clavicular, sternal, and costal origins. In
my specimen (text-fig. 39 A) it arises from the mid-sternal line

and fascia over the abdominal muscles in the infra-sternal fossa;

there is no clavicular nor costal origin. It is inserted into the

pectoral crest of the humerus and fuses extensively with the

clavicular deltoid. The deep part arises from the manubrium
sterni, crosses the pectoralis minor and quartus, and is inserted

by a narrow tendon into the outer tuberosity and upper part of

the pectoral crest. It is separated from the first part. In
Phalanger the superficial part does not arise from the entire

length of the sternum, but in other respects it resembles the
superficial part in Phascolomys. The deep part has a more
extensive origin from the body of the sternum. In Pseiidochirns

the conditions ai-e similar to those in Phalanger, but it is difficult

to distinguish the superficial part from the clavicular deltoid in the
fused muscular mass. In Phascolarctos the superficial part has an
origin from the inner third of the clavicle, so the clavicular deltoid

does not reach the sterno-clavicular joint as it does in Phascolo7nys.

I have already described and figured muscles resembling those in

the latter in Mandrillus leucophceus.

Pectoralis Minor:—In Phascolomys it arises from the posterior

three-fourths of the sternum, and it is inserted into the great
tuberosity, coraco-liumeral ligament, and coracoid process. It

remains separate from the quartus, but their insertions are
contiguous. In Pseudochirus the minor and quartus are in

contact throughout the greater part of their course. But in

Phalanger and Phascolarctos they are separate.

Suhclavius :—The insertion varies. In Phalanger it is attached
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to the outer two-thirds of the anterior border of the clavicle.

In Pseudochirus the conditions are similar to the above. In

Text-figure 39.

Clavicular muscles in Fhascolomys mitchelU (A.), Fhascolarctos cinerevs (B.), and
Fhalanger orientalis (C).

Cl.M : cleido-niastoid ; D.D].D2 : deltoid; H.H : head of humerus; P.M ;

pectoralis major ; S-M : sterno-mastoid ; S.D.F : slip of deltoid to forearm:

T.R : trapezius.

Fhascolarctos it runs to the outer sixth of the clavicle. The
attachment is more extensive in Fhascolomys, for it is fixed to the
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outer sixth of the clavicle, the upper border of the acromion, and
the spine of the scapula. I believe the extent of this muscle is

partly due to varying degrees of functional activity.

Deltoid (text-fig. 39 A-C) :—In Phascolomys the origin forms a

continuous line along the whole length of the clavicle, the

acromion and lateral third of the spine of the scapula. The
clavicular fibres receive the trapezius, and the acromial fibres and
trapezius form a powerful cephalo-humeralis. The clavicular

deltoid also fuses with the superficial part of the pectoralis major,

and the two are inserted into the pectoral crest. From the

scapular fibres a long, narrow, strap-like band I'uns to the deep
fascia over the radial border and dorsum of the forearm and
carpus. In Phascolarctos the muscle is also entire, the clavicular

origin is not so extensive, and the narrow band given off fuses

with the supinator longus. In Phalanger and Fseudochirus the

clavicular origin is not as extensive as in Phascolomys, the

clavicular and acromial parts are separate, and no slip is given off

to the forearm.

Scapular Muscles (text-figs. 36-38) :—I agree with Macalister

(18) that the supraspinatus is larger than the infraspinatus in

Phascolomys and the Phalangers, but I observed the reverse in

Phascolarctos. Young (14) states that the infraspinatus is slightly

larger than the supra,spinatus. The subscapularis and teres major
are essentially similar in all, and there is a cei-tain amount of

fusion between the latter and the latissimus dorsi and doi-so-

epitrochlearis. The teres minor is fascial in Phascolomys, thin

and with a tendinous attachment to the scapula in Phascola7'ctos,

and thin and muscular in Phalanger and Pseudochirus. Even
when it is muscular there is a considerable degree of fusion with
the infraspinatus. Meckel (6) states that the absence of a teres

minor as a distinct muscle appears to be general amongst
marsupials.

The characters of the Coraco-brachialis in many forms, including

the animals described in this paper, have already been recorded,

and Cunningham (2) has collected the observations. My own
observations do not diflfer from his.

Biceps :—The two heads of origin are in contact, but not fused,

in Pseudochirus, and the two bellies (gleno-ulnar and coraco-

radial) are fused from the middle of the arm onwards. In the
distal portion of the arm the two parts separate again and run to

the radial tuberosity and coronoid. In Phalanger the tendons of

origin are fused to form a tendinous sheet. The muscle bellies

remain fused to the distal part of the arm where the stout radial

and slender ulnar components are given off. In Phascolomys and
Phascolarctos the origins are conjoined, but the bellies separate

sooner from one another in the latter.

Brachialis Anticus

:

—In all forms it arises on the outer
surface of the shaft of the humei^us, and winds round it to be
inserted into the ulna with, or deep to, the gleno-ulnar component
of the biceps. In Phascolarctos it is fused with the biceps, but
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it is separate from it in Phascolomys and the Phalangers.

Macalister (18) showed that the conditions in Phascolomys are

similar to those in many Polyprotodonts and Diprotodonts.

T'rice^^s (text-figs. 36-38):—In Phascolomys I observed the long

head arising from the lateral two-thirds of the axillary border of

the scapula, and the humeral heads are indistinguishably fused.

Macalister (8) stated that the long head arises from more than a

third of the bone. In Phascolarctos the long head arises from a

third of the axillary border of the scapula, and it passes to the

distal third of the arm before it unites with the fused humeral
heads. In Phalanger and Pseudochirus the long head also arises

from a third of the axillary border, but it unites high up with the

humeral heads.

. Anconei:—The anconeus internus, according to Cunningham (2),

is generally present in the Marsupialia. In Phascolomys,
Phalanger, and Pseudochirus it is a marked parallel-sided band
running from the internal condyle to the olecranon, and the

ulnar nerve passes imder cover of it. In Phascolarctos it appears

to be more continuous with the dorso-epiti'ochleaiis. In Phasco-

larctos and Phascolomys it is not connected to a fibrous band
which gives origin to the flexor carpi ulnaris I'he anconeus
externus is present in all forms, but it is least in Phascolomys, in

which it has no connection with the triceps.

Pronator Radii Teres

:

—Cunningham (2) pointed out that this

muscle has no coronoid head in the Marsupialia. The inseitions

vary. In my specimens the conditions are as follows :

—

Phascolarctos : to middle two-fourths of the radial shaft.

Phalanyer : to distal two-thirds of the radial shaft.

Pseudochirus: to distal tv/o-thirds of the radial shaft.

Phascolomys : to distal half of the radial shaft.

ilexor Carpi Radialis:—This muscle is well developed. It

exiiibits a variable amount of fusion with the other members of

the superficial flexor group, but the fusion is least in Phascolarctos.

It is inserted into the base of the second metacaipal in Phasco-
lomys, Phalanger, and Pseudochirus, but it runs to the third

metacarpal in Phascolarctos.

Palmaris Longus is present in all. In Phascolomys Macalister

(18) described a true palmaris longus and a palmaris accessorius,

both arising from the internal condyle. In my specimen the
accessorius does not arise from the condyle, but it is implanted
into the side of the tendon of palmaris longus in the distal third
of the forearm ; and it has a, very slender tendon which runs to

the palmar pad. In Phascolarctos, Phalanger, and Pseudochirus
there is no trace of the accessorius.

ilexor Carpi Ulnaris :—In all the animals described in the
present paper the insertion is into the pisiform bone. But
Macalister (18) described it as being attached to the fifth meta-
carpal in Phascolomys, Young (14) descx'ibes it as giving off
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prolongations to the fifth metacarpal and the unciform in Phasco-
lat'ctos.

Flexor Suhlimis Digitorum :—-This muscle is frequently strongly

connected to the flexor profundus, and it is sometimes called the

flexor perforatus because the profundus tendons pierce its tendons,

which are very slender. The sublimis and profundus tendons
separate out from the strong flexor mass in the distal part of the

forearm.

Pronator Quadratus :—The extent of the interosseous space

occupied by the pronator quadratus varies considerably. In
Phascolomys I observed it extending over the distal half of the

space, but Macalister says it is weak and only occupies the distal

third. In Phascolarctos it occupies the lower fifth, but the extent
is even less in Phcdanger and Pseudochirus. Cunningham (2),

however, described it as covering one third of the bones in Cuscus
(Phalangista inaculata).

Supinator Longus :—My observations on Phascolarctos difier in

some respects from those of Macalister (5) and Young (14). It

consists of two parts. The proximal division arises from the
shaft of the humerus from close to the neck downwards, and it is

thin and almost aponeurotic. The distal pait, which is more
muscular, arises from the lateral supracondylar ridge and by
fibres which fuse with the extensors of the wrist. The two parts

unite into a strong tendon which, passing under the abductor
pollicis major, is inserted into the scapho-hmar bone. Young
points out that it is both a radial flexor and supinator. It receives

a slip from the deltoid. In Phalanger it is also large, but not
divided into two parts. It springs from the proximal two-thirds
of the lateral supracondylar ridge. No slip runs into it from the
deltoid. These conditions are also present in Pseudochirus. The
conditions in Phascolomys are, however, vei-y difierent. It is

thin and aponeurotic in parts, and it receives a strong band from
the deltoid.

Supinator Brevis :—The extent of the radius embraced by this

muscle varies. In Phalanger it covers less than the upper fifth,

in Phascolarctos it covei-s the upper fifth, and in Phascolomys it

envelops the upper two-thirds,

Extensores Carpi Radiales

:

—The existing records show that
there is considerable variation in these muscles in the Marsupialia.
1x1 Phascolomys there is a single muscle arising from the external
condyle and lateral ridge of the humerus and running to be
inserted into the second and third metacarpal bones. But it is

evident that the long and short extensors are combined in the
single muscle. In Phascolarctos both long and short extensors are
present and are inserted into the radial borders of the second and
third metacarpals respectively. In Phalanger both muscles are
present, but the brevior is a large and powerful muscle with
three heads of origin as described by Cunningham (2).

Extensor Communis Digitorum :—In all forms it arises from
the external condyle. In most Marsupialia it sends four tendons
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to the four inner digits. But, as Young (14) mentions, and I

observed rayself, tendons go to each of the five digits in Phasco-

larctos.

Extensor Seciijiidus Digitov'um :—This muscle, which corresponds

to the extensor minimi digiti of human anatomy, has been fully

described in many Marsupialia by Cunningham (2), Young (14),

and Macalister (5 & 18). In Phascolarctos it is in reality double.

One muscle runs to the third digit as an extensor medius, and
the other is inserted into the fourth and fifth digits. In Pliasco-

lomys and the Phalangers only the latter part is present.

Extensor Carpi Ulnaris :—In Phascolomys it arises from the

external condyle of the humerus and upper part of the shaft of

the ulna, and is inserted into the mesial border of the shaft of the,

fifth metacarpal bone. In Phascolarctos the ulnar origin head is

similar to the above. But in Phalanyer there is no ulnar head.

When a superficial view of the extensor muscles is taken in all

the animals described in this paper, it is seen that intermuscular

septa are well marked in Phascolarctos. In Phascolomys and the

Phalangers there is more fusion of the bellies of the muscles.

Extensor Ossis Metacarpi Pollicis

:

—This muscle, as has already

been pointed out by several authors, includes the extensor primi

internodii pollicis. In Phascolomys, according to Macalister (18),

it ariises from the dorsum of the shaft of the ulna and the inter-

osseous membrane, crosses the extensor carpi radialis tendon, and
is inserted into the trapezium and thumb metacarpal. In Phasco-

larctos I observed it arising from the dorsum of the proximal

third of the part of the ulna bordering the interosseous space,

from the membrane, and from the greater part of the dorsum of

the radius from the orbicular ligament distally. In Phalanger

and Pseudochirus it also arises from both bones and the inter-

osseous membrane, but the ulnar origin is lower and more
extensive than in Phascolarctos, and the muscle belly gives ofll:" two
tendons which wind over the extensor carpi radialis and supinator

long us tendons.

Extensor Secundi Internodii Pollicis

:

—There is no trace of this

muscle in Phascolarctos, and in this respect I agree with Young
(14) and diflfer from Macalister (5), who stated that it is arranged

as usual. In Phascolomys it runs from the lower third of the

ulna to the last phalanx of the poUex. The tendon gave a short

slip to the fascia over the metacarpo-phalangeal joint of the index.

In Phalanger it also gives slips to the index and pollex, and
Cunningham (2) describes two separate muscles in Phalangista

maculata. It is therefore evident that the only extensor of the

pollex in Phascolarctos is the additional tendon of the extensor

communis digitorum ; and in no other Marsupial is this arrange-

ment present.

Intrinsic Muscles of the Manus

:

—-The observations of

Cunningham (2), Macalister (5, 18), Huge and Young (14, 15)

have given us a very complete account of the anatomy of these

muscles. Young, in particular, has shown how they have become



880 Dil. C. F. SONNTAG ON THE MYOLOGY

modified in a.ccordance with habits. He has also shown that the
Koala is very different from the others, his conclnsions being as

follows:—"The digits form two groups, of which one, including
the thumb and index finger, is opposable to the other, this latter

comprising the three remaining digits. The index digit, in point

of fact, constitutes a second thumb ; and, in comformity with its

unusual freedom of action, its special muscles are well developed.

Moreover, as the result of the arrangement of the digits into two
groups, the middle line of the hand no longer passes through the

tliii'd digit, but along the fourth. The muscles of the hand are

correspondingly modified, and hence, so far as regards their

insertions, the arrangement is very diflferent to what is ordinarily

found."

Muscles of the Posterior Extrequities.

Gluteus Maximus :—In Phascolarctos it has no origin from the

iliac crest, but springs from the sacral and caudal vertebrae. The
coarse fibres sweep over the great trochanter, thereby producing
a rounded prominence-, and are inserted into a considerable length

of the femoral shaft. The fibres are continuous postero-mesially

with the lateralis caicdce. In Fhascolomys a broad, long agitator

caudse shuts oS" the gluteus maximus from the sacral and caudal

vertebral spines, and a strong intermuscular septum, which gives

origin to some of the fibres of both muscles, intervenes between
them. The gluteus maximus also arises, as in all Marsupialia

except the Koala, from the iliac crests posteriorly, and from the

lumbar fascia. The whole muscle appears flattened, and it is

inserted into the back part of the great trochanter. Cunningham
(2) describes how the gluteus maximus is divided into three parts

in Phalangista maculata^ but thei'e is no obvious separation into

distinct parts in my specimen of Phalanger orientalis. There it

is a long fan-shaped sheet composed of gluteus maximus, tensor

fasciaB femoris, and agitator caudal. It extends from the lumbar
fascia anteriorly backwai-ds along the iliac crest and spines of the
sacral and anterior four caudal vertebrae. The part of the sheet

representing the agitator caudse has much coarser fibres than the

other parts. The insertion of the sheet does not differ in any
essential point from that in Phalangista Qnaculata, already

described by Cunningham. In Pseudochirus the conditions

resemble those in Phalanger, but the fibres of the agitator caudle

are not so coarse, or so separate from the other parts of the
muscle.

Glibteus Mediics

:

—In all forms it is large, and frequently

exceeds the maximus in size. In Phascolarctos it arises from the

iliac crest, the gluteal surface of the ilium, and the sacral spines.

It is inserted into the great trochanter. The fibres are in parts

fused with the subjacent gluteus minimus, but there is no
lamination as described by Young (14). In Phascolomys it is

difficult to separate the medius and mimimus. In Phalanger and
Pseudochirus the medius and minimus, are separate. The Gluteus
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Minimus does not differ in any essential in the animals described

in this paper except for the degree of adhesion to the medins.

The Gluteus Quartus is present in all.

Pyriformis :—In all forms this is a strong triangular muscle
arising from the side of the sacrum and running to the summit
of the great trochanter of the femur. The Obturator Externus is

likewise similar in all, and is large.

Ohturator Internus:—This muscle is absent in Phascolomys, but

present in all other forms. The Gemelli are present in all. They
are both enormous in Phalanger, of moderate size in Phascolarctos,

and the inferior one is large in Phascolomys.

The Qiuidratus Femoris is absent in Phascolomys. In Phasco-
larctos it arises entirely from the great sciatic ligament. In
Phalanger it arises from the tuber ischii. The insertion is into

the posterior border of the great trochanter.

Sartorius :—In the Marsupialia this muscle acts as an extensor,

and an interval, filled with fascia, is present between its vipper

part and the quadriceps. It arises in all from the anterior

superior iliac spine ; and it is inserted into the inner side of the
quadriceps tendon {Phascolarctos), or the inner aspect of the patella

and knee-joint {Phalanger, Pseiodochirus, Phascolomys).

Quadriceps Extensor :—The rectus femoris has only the straight

head in Phascolomys, but both heads are present in Phascolarctos,

Pseudochirus, and Phalanger. In the other elements these

animals are all essentially similar, and the vastus externus
component is large. The tendon is inserted in all into the tibia..

It contains a cartilaginous patella in Phascolomys, Phalanger, and
Pseudochirus, but none in Phascolarctos. Waterhouse (17) stated

that Phascolomys also has no patella, and used this character

among others to show that they are related. As many observers

have recorded the presence of the patella in the Wombat, it is

evident that this is not a character linking it to the Koala, as

Waterhouse believed.

Gracilis :—When the skin is removed it is seen that the muscles
on the mesial aspect of the thigh are concealed by the gracilis to

a variable extent. It arises from the symphysis pubis and a
variable extent of the descending ramus, and from the mesial

extremity of the marsupia.l bone. It is inserted into the
proximal half of the mesial border of the shaft of the tibia. In
Phascolomys, Phalanger, and Pseudochirus it goes to the proximal
half of the tibi^, but in Phascolarctos it only runs to the proximal
third.

Biceps Crta'is : —In Phascolarctos the biceps and semimem-
branosus have a strong, common tendon of origin from the ischial

tuberosity and caudal vertebrae. The biceps is thin and triangular,

and inserted into the fascia over the proximal two-thirds of the
fibula. No femoral component enters into the biceps. Young
(14) points out that the nature and extent of the insertion are

associated with the semi-flexed attitude of the limb. In Phalanger
the muscle arises from the ischial tuberosity, along with semi-
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membranosus, and from the caudal vei-tebrse, the two parts being
separate. No femoral head is present. The ischial part expands
and becomes fan-shaped ; it is inserted into the fascia over the
fibula in the proximal two-thirds of the leg. The caudal part is

at first superficial to the ischial part, but winds round it and
divides into two portions. One of these fuses with the ischial

part. The other fuses with semitendinosus, and then is inserted

into the middle of the subcutaneous mesial surface of the tibia.

The conditions present differ in several respects from Cunningham's
account of the muscle in Phalangista maculata. In Pseudochirus

the conditions are essentially similar to those in Phalanger. In
Phascolomys it arises entirely from the ischial tuberosity along

with semimembranosus, and it is inserted into the fascia over the
proximal third of the fibula, and into the bone itself, but it is not
divisible into two parts as in the Phalangerid?e. ISTo femoral
head is present. Its insertion is less than in Phascolarctos and
the Phalangeridse.

No bicipiti accessorius is present in any of these animals.

Semimembranosus (text-fig. 40) :—In all forms it is muscular
from origin to insertion, and there is a vaiiable amount of union
to the biceps ; and the course in all is from the tuber ischii to the

mesial aspect of the leg. In Phascolarctos it is inserted into the
quadriceps tendon, internal tuberosity of the tibia, and the fascia

of the leg ; and some of the fibres fuse with the triceps adductor
femoris. In Phalanger the insertion is moved farther distally.

It avoids the adductor and quadriceps, passes under the internal

lateral ligament of the knee, and is attached to the anterior

tuberosity of the tibia. And, as Cunningham (2) pointed out in

Phalangista maculata, it must rotate the leg on the thigh and act

as a powerful flexor. In Phascolomys it is inserted into the
mesial aspect of the head of the tibia.

Semitendinosus (text-fig. 40) :— In Phalanger it is inserted into

a narrow strip of the middle of the ventral border of the shaft of

the tibia. But Cunningham (3) described it as going to the
mesial surface of the bone in Phalangista maculata. In Phasco-

larctos it is inserted into the mesial aspect of the tibia at the level

of the prominent tubercle on the anterior (ventral) border. In
Phascolomys it runs to the mesial border of the tibia in its middle
third. No tendinous insci'iption is present in any of these

Marsupialia. The muscle fuses with the biceps in Phalanger and
Phascolomys, but is quite free in Phascolarctos. But Macalister

(18) described it as free from other muscles in Phascolomys and
Phalanger.

Gastrocnemius :— In Phalanger., as in Phalangista maculata, the

two parts from origin to insertion are quite separate. The inner
head arises from the back of the internal condyle of the femur,
and its tendon is inserted into the tuberosity of the os calcis. The
outer head arises from the proximal sixth of the shaft of the
fibula and from the intermuscular membrane between it and
the peronei ; its tendon is inserted into the tuberosity of the



OF THE WOMBAT, KOALA, AND PHALANGERS. 883

OS calcis deep to that of the mesial part of the muscle. Only a

thin membrane connects the two parts. In Phascolarctos the two
parts arise as in Phalanger ; at the junction of the proximal and

middle thirds of the leg a strong, narrow aponeurosis, which

ultimately forms the tendo Achillis, begins to appear on the outer

part of the muscle, and the inner part is attached to it. In

Text-figure 40.

B.

Adductor and hamstring muscles oi Phascolarctos cinereus (above), and Fhalanger

orientalis (below).

A.M : adductors; B : biceps ; G.S.N : great sciatic nerve; I.L.L : internal lateral

ligament of knee; Q.E : quadriceps extensor; S-M : semi-membranosus
S-T : semi-tendinosus.

Pseudochirus the two parts unite, so it resembles that in Phasco-
larctos rather than Phalanger. In Phascolomys the inner head
arises from the back of the internal condyle, and from a small
piece of the popliteal surface of the femur on both mesial and
lateral aspects. The outer head arises from the sesamoid bone
at the back of the external condyle. Both remain separate for a
considerable distance, the mesial pai^t overlapping the lateral one,
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But they are inserted into a tendo Achillis. It is therefore

evident that the degree of sepai^ation of the intern us and externus

differs in these Marsupialia.

Soleus :—In Phascolarctos and Phalanger there is no separate

soleus, and the observations of Cunningham (2), Macalister (5),

andi Young (14) have shown that it is really contained within the

gastrocnemius externus, as the latter has a fibular origin. More-
over, the plantaris lies under cover of the inner part of

gastrocnemius externus, and not under the part which corresponds

to soleus. In Phascolomys the soleus has a small fibular head,

but no tibial origin.

Plantaris :
—-In Phalanger sind Phascolarctos it is well developed,

and it is inserted into the plantar fascia, but Young (14) observed

it inserting into the tendo Achillis in one Koala. In Phascolomys

it is absent.

Tibialis Anticics :—In all forms it arises from the outer surface

of the shaft of the tibia, and the interosseous membrane ; but its

insertion varies. In Phascolornys, according to Macalister (18), it

is inserted into the entocuneiform. In my specimen two tendons

are given off. One goes to the entocuneiform, and the other to

the hallux. The latter takes the place of the extensor longus

hallucis, which is absent as a separate muscle in my specimen. In
Phalanger a,nd Phascolarctos the insertion is into the entocuneiform

alone. And in these genera a separate extensor hallucis arises

from the fibula.

Extensor Digilorimi Longus :—Macalister (18) describes it in

Phascolomys as arising from the fibula and front of the tibia, and
running to the four toes. In my specimen (text-fig. 41) it arises

from the tibia, fibula, and interosseous membrane. It soon divides

into slender inner and stout outer portions. The former gives

three delicate tendons to the first, second, and third toes, but the

three stout tendons of the lateral portion go to the inner, dorsal,

and lateral parts of the inner toe. In Phascolarctos (text-fig. 41)
the muscle likewise consists of two parts, whereas Young (14)
states that in being separable into two portions the Koala differs

from such marsupials as have been examined. Three tendons
emerge. The first is slender and divides into slips for index and
medius. The second is of medium size and runs to annularis.

The third is powerful and divides into tendons to annularis and
minimus. In Phalanger three tendons are disposed as in

Phascolarctos, but the muscle itself is not divisible into two.

There is, therefore, a greater resemblance between these arboreal

forms than there is between Phascolarctos and Phascolomys.

Peronei :—The muscles composing the groups differ considerably.

In Phascolarctos, as pointed out by Young (14), there are four

components—longus, brevis, quarti metatarsi, and quinti meta-
tarsi,—aiid nil are fibular in origin. In Phalanger, as in Phalan-

gista maculata, there are three components—longus, brevis, and
some muscular slips representing portions of the extensor brevis

digitorurn. In Phascolomys Macalister (18) described long and
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short peronei and an accessory quinti tendon detached from the

last for the first phalanx of the outer toe. In my specimen this

last slip is absent, but I believe it is represented by one of the

slips of the exhensor longus digitorum.

Ruge pointed out that the eivtensor brevis digitorttm was
originally derived from the peroneal group of muscles. It is

present in all Marsupialia, but varies in the degree of development.

In Phalanger it runs to the four toes. In Phascolarctos it is

Text-figure 41.

E.L.R

Extensors of foot in Phascolomi/s mitchelli (above) and Phascolarctos cinereus

(below).

E.L.D : extensor longus digitorum; E.L.P : extensor longus liallucis ; P: peronei;

T.A : tibialis anticus.

inserted into the two inner toes. And in both forms it arises

from the fibula. In Phccscolomys it arises fron the outer part of

the tarsus, and is inserted into the inner pair of toes.

Tibialis Posticus :—This muscle has already been fully described

by Cunningham (2), Young (14), and Macalister (5, 18). In

Phascolomys it is a single muscle arising from the back of the tibia

and running to the inner part of the scaphoid. In Phascolarctos,

Phalanger, and Pseudochirus it is double. In the Koala two
fibular slips run to the scaphoid and entocuneiform ; but in the

Phalangers both tibial and fibular bellies run to the scaphoid.

Phoc. Zool. Soc—1922, No. LX. 60
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The flexor longus digitorum includes flexor longus hallucis, and
arises from tibia and fibula. Superficial and deep tendons are

present, and the latter pierce the former, as in the manus.
The popliteus occupies practically the whole interosseous space.

The intrinsic muscles of the pes have already been fully

described (2). and the mid line in Phascolarctos has been moved,
as in the case of the manus, with resulting modifications in

structure.

Summary of Myologiccd Features.

1. In all animals described in this paper there are traces of

adherence to the primitive lamination which characterises the

development of mammalian muscles in general. In Fhalanger,

PseiulochirtfjS, and Phascolomys we observe :— 1. Inseparability of

the prevertebral muscles ; 2. Undivided state of the rhomboideus
;

3. Fusion of the trapezius with the pectoral fascia and clavicular

deltoid ; 4. Biceps flexor cruris has only one head of origin ; 5.

Separate character of the hamstrings ; 6. Degrees of sepaiution

of levator scapulae and seri-atus magnus. In Phascolarctos the
following additional ones are present :—7. Platysma continuous
with muscles of orbit, auricle, and mouth ; 8. Sterno-hyoid pro-

longed to mandible ; 9. Styloid muscles a single sheet ; 10.

Digastric and mylo-hyoid fused ; 11. Hyoglossus transverse and
not attached to hyoid ; 12. Omo-hyoid passes into tongue; 13.

Internal oblique has tendinous intersections ; 14. Quadratus
lumboi-um absent ; 15. Supinator longus very long ; 16. Pronator
quadratus small ; 17. Coraco-brachialis double; 18. No extensor
secundi internodii pollicis ; 19. Origin of gluteus maximus

;

20. No soleus ; 21. Tibialis posticus double; 22. Characters of

peronei ; 23. Intrinsic muscles of manus and pes.

2. Many of the myological features are similar in all these

animals, in many other Mai*supials, and in animals belonging to

the other Mammalian orders.

3. Most of the characters not included in the above groups are

adaptations to suit modes of life.

4. In the small group of characters—omo-trachelian and
deltoid—not included in the three preceding groups, the Koala
and Wombat differ from the Phalansrers.

Classification.

All zoologists have separated Phascolomys from the Phalan-
geridfe, so the work of the systematist is limited to fixing the
proper position for Phascolarctos. To do so it is necessary to
examine all characters, both external and internal. The large

assemblage of data so obtained must then be reduced by excluding
characters of little or no value for pui'poses of classification. In
the first place, one must remove those which are var-ying degrees
of persistence of primitive conditions which were once present in

their common ancestor. Secondly, structures which are similar as
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the result of convergence must be excluded as they are not

evidence of affinitj'. Thirdly, those features which are common
to all the animals under considei'ation, to many other Marsupials,

and to other Mammals cannot be employed in making a classifi-

cation of the Wombat, Koala, and Phalangers. We are then left

with a series of useful characters, and those which are sheltered

deep down in the body should be of value, for they are less liable

to be inflvienced by climate and habits than are the more super-

ficial characters.

The anatomical characters must be aiTanged in four groups :

—

A. Those in which Phascolarctos and Phascolomys differ from

the Phalangeridse. They support the systems of Weber (12) and
Winge (13), and Weber's family of Phascolarctid^ is employed

here for the Koala and Wombat.
B. Those in which Phascolarctos and the Phalangeridfe differ

from Phascolomys. Special attention must also be paid to the

comparison between Phascolarctos and Psetidochirus . These

support the systems of Thomas (11), Bensley(l), and Gregory (4).

C. Characters in which Phascolarctos differs from Phascolomys

and the Phalangeridse.

D. Characteis differing in all forms.

Groups and D are evidence in favour of Pocock's system.

In estimating the value of the anatomical data one must always

bear in mind the habits and the character of the diet of these

animals. Phascolarctos and the Phalangeridse are arboreal

animals, but lead different kinds of life. The latter are active,

but the former is a clumsy, sluggish creature, clinging to branches

by its modified feet. Phascolomys, on the other hand, is an active

animal. Its hind-limbs are fossorial and its fore-limbs are for

active progression. A study of the myology shows that these

modes of life are accompanied by numerous differences in the

muscles. As regards the diet, that of Phascolarctos and Phasco-

lomys is bulky, whereas that of the Phalangerida3 is not ; and the

PhascolarctidsB have specialisations in the structure of their

alimentary canal to meet the demands imposed by it. Finally,

although the life habits differ, we find the arboreal sluggish

Koala and the active fossorial Wombat possess numerous
characters of great importance in their skeletons and soft parts, in

which they differ from the active arboreal Phalangeridfe. We
must always aim at discovering the part played by each structure

in the animal economy before we can assess its true systematic

value. Some characters are well understood, but there are others

of whose general adaptive purpose we are totally ignorant.

A. Characters in which the Phascolarciidce differ from the

Phalangeridce.

External Characters :—Pocock (9) showed that the supratragus

in the Phalangers and many other Mammals is a prominent ridge

with a well-developed lobe ; but it is low, inconspicuous, and

60*
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devoid of iobate thickening in the Phascolarctidse. This, in my
opinion, is a character of importance, for it does not appear to

depend on modes of life. Pocock has also shown how the various

genera can be separated by the auricular characters. As regards

the mammae the Phascolarctidse have only two, but the Phalan-

geridfe have four. Pocock found two only in Trichostorus. The

tail is a well-developed organ in the Phalangeridse, and rudi-

mentary but muscular in the Phascolarctida3 ;
probably the

reduction is the result of life habits; The Koala clings only by

its hands and feet to the branches, so the tail would be useless

;

and a tail would be in reality an impediment to the Wombat,
The Phalangeridse have vibrissse on the wrist and hind foot,

but no traces of these tactile hairs are present in the Phasco-

larctidpe. Moreover, the integuments of the hind feet differ.

In the Phalangeridse the skin is striated over the well-

marked pads, but it is granular on the reduced pads in the

Phascolarctidse.

Myology/

:

—In the Phascolarctidse there is no cleido-occipital,

the omo-trachelian is single, and the unbi-oken deltoid gives a slip

to the forearm. In the Phalangeridse, on the other hand, the

cleido-occipital is present, the omo-trachelian is double, and the

deltoid, which is in two parts, does not give a slip to the forearm.

Although these are prominent differences, they are of very minor

importance in classification.

Circulatory System:—In the Phascolarctidse the pericardium

adheres to the diaphragm, the post-caval vein does not conceal the

abdominal aorta, and anterior jugular veins are absent. In the

Phalangeridee the pericardium is connected to the diaphragm by

two membranous sheets, and the post-caval vein conceals the

posterior part of the abdominal aorta. I found anterior jugular

veins in IVichosurus and Phalanger, but not in Pseudocliirus
;

perhaps they exist in the latter, for my specimens had been

preserved so long in spirit that the veins, if present, had shrunk

to minute proportions.

Alimentary Canal:—Cheek-pouches are absent in the Phalan-

geridse, but present in the Phascolarctidse ; they are well-marked

in Phascolarctos, but rudimentary in Phascolomys. I believe,

however, that these diverticula are, in reality, adaptive in function.

The stomach is simple in both families, but possesses the so-called

gastric gland in the Phascolarctidse. That structure has been

regarded by many zoologists as of special value for showing the

close relationship between Phascolarctos and Phascolomys. Indeed

,

Forbes (3) regarded it as the main test. But Johnstone (16)

showed that it is no special gland ; it is an evagination and folding

of the mucous membrane plus an extension of the normal gastric

glands. It is in reality a means of increasing the secreting area

of the stomach to fulfil the demands imposed by a bulky diet.

The Phalangers do not consume a bulky diet, so cheek-pouches

are absent, and there is no trace of the gland patch. Unless

there were other characters showing a close relationship between
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PhasGolarctos and Pluiscolomys the gland patch alone could not
be employed as a test of affinity.

The liver also possesses distinguishing chai-acters. In the

Phalangeridfe the caudate lobe is present, but the main lobes are

not complicated by secondarj'- sulci. In the Phascolarctidse, on
the other hand, there is no caudate lobe, and many secondary
sulci subdivide the main lobes.

Phascolarctos predominates over Phascolomys in the size of

the cheek-pouches, the complexity of the gland patch, the sub-

division of the main hepatic lobes, and the length of the gall-

bladder.

As regards the dentition, Waterhouse (17) pointed out long ago

Text-figure 42.

The hard palate in Fhascolomys mitclielli.*

that " the approximation to the Rodent-like dentition which is

exhibited by the Wombat is perceptible in the Koala, in the
smaller development of the postei'ior incisors and canines of

the upper jaw, and the total absence of those premolars which,

in the typical Phalangers, intervene between the canine and
the five molars of the upper jaw, and the incisor and corre-

sponding teeth in the lower jaw." Bensley (1) has shown,
however, that the dental characters which would point to a
resemblance between Phascolarctos and Phascolomys are probably
due to convergent evolution, and Forbes (3) rightly considered

that the dental characters in Phascolomys are adaptive in

* Compare with Plate V in my paper on the Koala (10).
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character. Tomes (19) showed that the dental enamel in

Phascolomys possesses histological characters which sepai^ate it

from most, if not all Marsupialia, but he did not specifically

mention Phascolarctos. It appears, therefore, that in the dentition

we have an assemblage of characters bi-ought about by adaptation

and convergence, so they cannot be used to show a close affinity

between the Koala and Wombat.
Generative Organs and Development

:

—^In the Phascolarctidse

the vaginal culs-de-sac are separate, but they coalesce in some of

the Phalangeridfe, at least in Trichosurus (Eorbes). As regards

the fcetal membranes, Professor J. P. Hill informs me that they

are fundamentally the same, but differing in details, in the Koala
and Wombat. Moreover, the conditions in the Phascolarctidse

differ entirely from those in the Phalangeridse.

Osteology

:

—I have compared the conditions in the material at

my disposal with Owen's account (8), and the essential points are

shown in the subjoined table :

—

Phascolarctidae.

1. Pterygoid processes large.

2. Intermaxillary bones increased trans-

versely.

3. Palatal process of maxilla forms a

considerable part of boundary of

incisive foramina.

4. Palatal foramina entirely on palate

bones.

5. Groove obsolete.

6. Not ossified.

7. Mid spongy bone simple *.

8. Halves of mandible united.

9. Seventh cervical vertebra perforated.

10. Process beneatb the sixtb cervical

process sliort.

11. Anterior arch of the atlas partly

cartilaginous.

PhalangeridsE.

1. Processes small.

2. Bones not increased transversely.

3. Maxillne form a small part of

boundary.

4. Palatal foramina extend into maxilla?.

5. Groove runs from foramen rotundum
to Gasserian fissure.

6. Margin of tentorium ossified.

7. Convolutions of mid spongy bone
numerous and delicate.

8. Halves separate.

9. Not perforated.

10. Process greatly expanded.

11. Arch entirely osseous.

In many of the osteological characters not included in the

above list there are differences in degree only in the Phalangers,

Phascolarctos, and Phascolomys. Doran has shown that the ear

ossicles of Phascolarctos differ entirely from those in the Phalan-
gerid.9e, but they have some points in common with those of

Phascolomys.

B. Characters in lohich Phascolarctos and the Phalangeridce

differ from Phascolomys.

External Characters :— In Phascolo')nys flaps of skin from the
lower lip protrude into the diastemata, but this is a new develop-
ment, associated, as in many Rodentia, with the type of dentition.

There is, however, no trace of these in the other animals. As

* Owen's account is relied on here as the skulls in my possession are not perfect as
regards the turbinate bones.
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regards the manus and pes, it is necessary to consider both the
external appearances and the internal structure. Pocock (9) and
other's have ah'eady described the external appearances, and the
following conclusions can be drawn from their accounts :

—

1

.

The fore foot possesses no special modifications in Tricho-

surus.

2. The conditions in Phascolomys, which are adapted for a
fossorial and ambulant life, have some resemblance to those of

Trichosurus, but difier in many ways from those in Phascolarctos

and the Phalangeridpe. Among these are the length of the
digits, the shortness and bluntness of the claws ; and there is no
division of the digits into two opposing groups. The pads are

reduced.

3. In Phascolarctos and the Phalangeridse the pollex and index
can be opposed to the long a,xis of the manus, and Young regarded
these two digits as constituting one group, the remaining three

digits forming a second. These conditions are slightest in

Phcdanger, intermediate in Pseudochirus, and most highly

developed in Phascolarctos. The latter differs from all Phalangers,

except Trichosurus, in the appearance of the pads. In Phalanger
and Pseicdochirics the pads are striated, but they are granular in

Phascolarctos and Phascolomys. Moreover, myological literature

shows that Phascolarctos is peculiar in many ways. I agree with
Pocock's scheme, which shows that the characters of the manus in

Phascolomys differ from those in the other animals. And although
the others iiave features in common, there are sufficient characters

to distinguish Phascolarctos from the Phalangeridse.

Bensley (1) described and figured the pes of the Diprotodonts,

and drew important conclusions as regards the affinities of the
animals. He pointed out that the pes in Dromicia is prototypal

for the Phalangeridpe, and those of Phalanger and Pseudochirus
conforiTi more or less closely to it. But the conditions in

Phascolarctos show no close relation to those in PseudoGhh-i(,s.

The general conformation of the digits is the same, but the pads
are all reduced, the sole being covered with soft, granular skin as

in Phascolomys. The hallux is much farther back than in

Pseudochir-tis, so it is more perfectly opposable. A slightly

greater displacement would put its axis in line with that of the
fourth digit, which it opposes. The foot differs in Phascolarctos

and Phascolomys both in external appearance and internal

structure.

Although the pes of Phascolarctos differs liom that in Pseudo-

chirus the dental characters are similar, but reach a higher degree
of development in the former. Bensley (1) showed that these

genera have qiiadrituberculate molars with selenoid cusps. The
upper teeth have reduced external styles, with or without
intermediate conules. In Phalanger and Trichosurus the quadri-

tuberculate molars have bunoid cusps. And the upper teeth have
neither external styles nor intermediate cusps. Moreover, as
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shown on page 889, there are some resemblances between the teeth

of Phascolarctos and Phascolomys \A'hich have resulted from
convergence. These, however, must be excluded for purpose of

classification.

Osteology :—The contrast in the skeletal characters are tabulated

as follows :

—

Phascolarctos and the Phalangeridae.

1. Zygoma extended verticallj"^ and has
no twist.

2. Elements of occipital bone confluent.

3. Characters of supra-occipital.

4. Occipital processes arise from ex-

occipital.

5. Bulla from alisphenoid.

6. Petrous has a large cerebellar pit.

7. Six pieces in sternum.
8. Characters of humerus.
9. No third trochanter on femur.

Phascolomys.

1. Zygoma has a marked twist.

2. Elements not all confluent in many
skulls, but not in all.

4. Processes from petro-mastoid.

5. Bulla from temporal bone.

6. Pit obsolete.

7. Four pieces in sternum.

9. Third trochanter present. .

Myology :

—

Phascolomys differs from the Phalangeridee and
Phascolarctos in the absence of the quadratus femoris, obturator

internus and popliteus, and in having only one head to the rectus

femoris.

Circulatory System

:

—Phascolomys has no trace of a vena
transversa (text-fig. 32).

It is necessary to remark on the comparison between Phasco-

larctos and Pseudochirus, because these have been placed close

together in systems of classification. In a detailed examination

of their anatomy one finds they differ from other Phalangers and
Pliascolomys in the character of the teeth and straightening out

of the inflected angles of the mandible. As regards the visceral

anatomy and myology, there is no way in which they can be marked
out from other forms. I can see no reason other than the

condition of the teeth and mandible for separating Pseudochirus

from the other Phalangers, but I consider these alone as sufficiently

important to do so.

When the characters mentioned in groups A and B are reduced

by the elimination of the unimportant ones the following lists are

obtained ;

—

A. Characters separating the Phascolarctidse from the Phalan-

geridae :

—

1. Supratragus, tarsal vibrissee, skin of pads and tail.

2. Gastric gland patch and liver.

3. Foetal membranes.
4. Position of palatal foramina.

5. Characters of symphysis menti.

6. Characters of the mid-turbinal bone (Owen).

7. Characters of the ear ossicles.
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B: Characters separating Phascoloonys from Phascolarctos and

the Phalangeridse :

—

1. Formation of the alisphenoid bulla.

2. Site of occipital processes.

3. Pieces in sternum.

4. Third trochanter of femur.

5. Dentition.

6. Some of the characters of manus and pes.

C. Characters in which Phascolarctos differs from the Phalangers

and Phascolomys.

External Characters

:

—Pocock (9) showed that there is a

rhinarium in Phascolomys and the Phalangeridse, but no true

rhinarium is present in Phascolarctos ; and the nostrils of the

latter are also peculiar. In the same paper he deals with the

characters of the marsupium, and points out that Phascolomys is

intermediate between the Phalangeridie and Phascolarctos. More-
over, the pouch of the latter is not closely related to that of any
genus of the Phalangeridse.

Myology :—In the summary of myological features at the end

of the first part of this paper I enumei-ated many conditions

representing adherence to the primitive lamination of the muscles.

But these cannot be used for purposes of classification.

The other points ai^e given in the following table :

—

JPhascolarcfos.

1. Occipital crest curves backwards.
2. Alisphenoid bulls as long as ex-

occipital processes.

3. Characters of nasal bones.

4. Anterior margin of septum nasi con-

cave.

5. First dorsal spine scarcely exceeds
seventh cervical.

6. No patella.

7. Vagina musculina present.

8. No azygos lobe.

9. Epiglottis entire and far from tongue.
10. No faucial tonsil. I 10. Faucial tonsils present

11. Thick ureteric venous plexus. I 11. Absent.

Phascolomys and Phalangeridse.

1. Not so.

2. Not so in Phalangers. Bulla

temporal in Fhascolomys.

4. Convex.

6. Patella thin and cartilaginous.

7. Absent.
8. Right lung has azygos lobe.

9. Epiglottis notched and close to tongue.

D. Characters differing in allforms.

In the first part of this paper I described no fewer than thirty-

two myological features differing in all forms. But these fall

into primitive and adaptive groups, and are useless for purposes
of classification. As regards visceral anatomy, there are many
points difTering in all forms. Some of these are undoubtedly
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adaptive, but others cannot be included in that category. The
viscei'al and osteological characters are tabulated as follows :

—

1. Oral vestibule, palatal formula, tongue.

2. Spleen, thymus, cervical lymph-glands.

3. Division of the right axiricular appendix.

4. Branches of the aortic arch.

5. Number of dorsal vertebrte, ribs, intercostal soft parts.

6. Relative length of facial part of skull.

7. Characters of glenoid cavity.

8. Size and perforations of lachrymal bone.

9. Chai-acters of scapula.

Text-fi2-ure 43.

The scapula in Fhascolomys mitchelli (A.) : Phascolarctos ciuerens (B.)
;

and Fhalanger orientalis (C).

Conclusions.

From an examination of these four groups of characters I have
come to the following conclusion :

—

1. Phascolarctos cannot be included in the Phalangeridse.

Although dentition and foot structure have led some observers to

put it in that family in close relation to Pseudochirus, there are

many very important points in which it diflers from them. Jf

they are united it will be by superficial characters, and one will
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break up the series of fundamental characters uniting the Koala
and Wombat.

2. Phascolarctos is united to Phascolomys by characters Avliose

impoi'tance far outweighs the resemblances between the former

and the Phalangeridae. The major ones enumerated on page 892

are regarded as of value by anatomists and evolutionists.

3. The chnracters peculiar to Phascolarctos are not sufficiently

important to place it in a separate family. But they are useful

foi" distinguishing it from Phascolomys in the family Phasco-

larctidee.

4. I agree with Weber and Winge that there should be only

two families, one for the Phalangers, and one for the Koala and
Wombat ; and there are characters of sufficient importance to

place each of the animals in the latter in a separate subfamily.

My views are tabulated thus :

—

Family PHASC'OLARCTIDiE.
Subfamily 1. Phascolarctin^.

2. Phascolgmyin^,

Family Phalangerid^.
Subfamily 1. Phalangerin^.

Phalanger, Trichositrits.

Subfamily 2. PsEUDOCHiRiNiE.

Pseudochirios.

5. If one simpl}'' enumerates chai-acters and strikes a balance

he will obtain one form of classification, but if he considers each

feature and tries to detect the part it plays in the animal
oeconoray his results will be quite different. They will lead him
to place the Koala and Wombat in the same family.
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39. Experimental Evidence that Comniensulism may be

beneficial to Cmstacea. By Edward B. Poulton,

D.Sc, F.R.S., E.Z.S., Hope Professor of Zoology and

Fellow of Jesus College in the University of Oxford.

[Received November 7, 1922 t Read November 7, 1922.]

The special associations of Crustacea with organisms believed to

be disliked by their enemies—with Sponges, Ascidians, and Sea-

anemones—has probably been derived from a more generalized

use of animal and vegetable growths for the purpose of

concealment. The following experiments proved that two con-

spicuously coloured forms associated with Hermit-crabs were
intensely distasteful to fishes, and that one of the crabs, when
deprived of its associate, was greedily devoured. The experi-

ments were carried out, with the help and advice of Prof. W.
Garstang, in the Marine Biological Laboratory at Plymouth in

the summer of 1890. The results have often been described, but
never published.

(1) Pagurus hernJtardus and its Sea-anemone, Sagartia para-
sitica.—These Crustacea were commonly dredged up at Ply-

mouth, and large specimens bore on the shells—generally whelks
—from two as to as many as six of theseJarge brightly coloured

actinians. Prof. Garstang had already obtained much indirect

evidence of the value of the association, for he had often found

.
the young Hermit-crabs, too small to carry a Sea-anemone,
in the stomach of gurnards and other fishes. They had been
swallowed entire, their borrowed shells and all. He had, however,
never found in the fishes any of the larger crabs living in shells

suited for carrying Sagartia *,

I first tested the nematocysts of the Sagartia by touching it

with the tip of my tongue, and at once experienced a sharp smart
which endured for many hours. Pieces of about the size and
shape of the bits of meat on which the fish in one of the tanks
were accustomed to be fed were then cut from a Sea-anemone
and thrown into the tank. Misled by this, a few fishes seized

pieces of the Sagartia ; but no sooner had one been received into

the mouth, than it was shot out again with much force, and the
fish shook its head violently from side to side, apparently feeling

the same smart which I had experierced myself. After these

first trials not one of the fish would touch the pieces, and it was
obvious that the great majority saved themselves by yielding

to the stimulus provided by the behaviour of the others.

(2) Pagu7'us cuanensis and the Sponge, Suberites do7mtncula.—
This small Hermit-crab, also common at Plymouth, inhabits a

cavity in the sponge, the tip of its tail being fixed in a small

* These facts are recorded in " Colours of Animals," Internat. Sci. Ser., Lond.
1890, p. 203.



898 COMMENT LlSitt BENEFICIAL TO CRUSTACEA,

gastropod shell, while the rest of its body lies in a spiral canal

continuous with that of the shell and gradually prolonged from
it with the growth of the two associated organisms. The small

shell was evidently inhabited by the young crab when the asso-

ciation began, but had become deeply buried in the sponge at the

time when the experiments were made. The sponge was of the

usual orange-red colour, although they are sometimes dark and
comparatively inconspicuous. In size and shape it resembled a

smallish potato.

When disturbed or frightened in any way, the crab darted

back into its sponge exactly as other Hermits dash into their

shells.

In order to obtain pictures of this species and P. hernhardus

under as na,tural conditions as possible, the objects dredged up
with each species were ari-anged in a dish, which was lowered into

an aquarium so that its edge was in contact with the glass front

and its contents well lighted from above. The cr.abs were
secured in the most convenient position by tying to a stone in

the dish. Although the string was wound so as not to touch

F. cuanensis, and was, in fact, separated from its body by a con-

siderable thickness of sponge, the crab quite understood the

situation, .and spent the whole time the artist was at work in

trying to wear through the string with its two large claws.

Thus occupied and stretching out of its canal, it was an
admirable sitter.

Prof. Grarstang had already recorded that sponges as a group
are intensely disliked by fishes *, but I was anxious to test this

special example and compare its palatability with that of the crab.

Pieces like those of the Sagartia were therefore thrown into the

aquarium, but were I'ecognized as unpalatable even more quickly

than the others, and seized by fewer fishes. "When taken they

were instantly rejected. The Fagtirus was then ofiered deprived

of his sponge ; there Avas a wild sti'uggle, and the fortunate

captor swallowed him in a moment.

It was evident that both these Hermit-crabs are associated with

organisms possessing qualities rendering them unpleasant to fishes

—qualities advertised by conspicuous wai-ning colours. One of

the crabs was shown on this occasion to be very palatable to fishes,

and the other previously by Prof. Garstang, to be much sought

after by them. Although the experiments described were very

few, the results were so definite and clear that there can be little

doubt about the meaning of the association in these and other

similar examples of commensalism in Crustacea.

The beautiful illustrations, projected upon the screen, were
painted in 1890 by my friend the late Mr. H. M. J. Underbill, of

Oxford, who has reproduced the appearance of the living animals

in their natural surroundings with wonderful skill.

* " C!olom's of Animals," 1. c.
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40. Description of a New Lizard of the genus Chalcides,

from the Gambia^ living in the Society's Gardens.

Bj E. G. BouLENGER, F.Z.S. (Curator of Reptiles).

[Received October 5, 1922 : Eead November 7, 1922.]

The Society recently received from H.E. Capt. 0. H. Armitage,
C.M.G., a generous donor to its collection, a number of reptiles

from the Gambia. Among these was a Lizard of the genus
Chalcides which is evidently undescribed, and for which I

propose the name of Chalcides at^mitagei, after its discoverer.

Chalcides armixagei, sp. n.

Snout more conical than wedge-shaped, but with distinctly

projecting labial edge. Eye small. Ear-openings not larger

than the nostril, on a line with the mouth. Nostril pierced

mostly in advance of the suture between the rostral and the

first labial. Supranasals united. Frontal longer than broad.

Fourth labial entering orbit. Body very elongate. Sides of

body not distinctly angular. Scales perfectly smooth, in 24 rows
round the middle of the body. Limbs short tridactyle. Length
of hind-limb not quite equal to distance between eye and fore-

limb. Fore-limb equals in length distance between, posterior

border of orbit and snout. Tail shorter than head and body.

From snout to vent 119 millim. ; tail 82 mm.
Great variation is to be found in the structure of the Lizards

of the genus Chalcides, especially in the proportions of the limbs
and body, and in the number of digits, where we find all stages

of degeneracy, there being species with five, four, three, or even
tAvo fingers or toes. A linear arrangement based solely on the
number of the digits would be imnatural, as 1 have attempted to

show in a recent paper*. The shape of the snout, whether
conical or wedge-shaped, is of importance in tracing lines of

descent; this character being also taken into consideration, the

species here described as new cannot be placed in the group
Ch. sjihenopsiformis, delislii, and sepoides, its position being
intermediate between Gh. viionecton (with four fingers and toes,

and 24 or 26 scales round the body), and Ch. mauritanicus (with

two fingers and three toes, and 10 scales round the body).

* P.Z.S. 1920, vol. i. p. 77.
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41. On the Parasitic Nematoda collected from Mammalian

Hosts which died in the Gardens of the Zoological

Society of London during the years 1919-1921 ; with

a description of three new Genera and three new

Species. By G. M. Vevers, M.R.C.S., L.R.C.P.,

F.Z.S., Beit Memorial Research Fellow, and Assistant

in the Department of Helminthology, London School

of Tropical Medicine.

[Received October 24, 1922 : Read NoveraLer 7, 1922.]

(Text-figures 1-10.)

The parasites referred to in this paper wei'8 collected from
mammals which died in the Gardens from October 1919 to

June 1921, during which period the writer held the position of

Honorary Parasitologist to the Society.

In a previous Report, published in 1920 (1), I gave a list of

the parasites which were collected during the first eight months
of this period. Certain of these are again mentioned in this

paper, and to avoid confusion are marked in the Systematic List

with an asterisk (*).

Leiperenia gcdebi, from the Indian Elephant [Elejihas indicus).

and Galoncus tridentatics, from the Clouded Leopard [Felis

nebulosa), have both been described as new species by Dr. M.
Khalil in previous papers in 1922 (2). The methods employed
in collection have been referred to in my Report of June 1920.

The whole of the material has been worked out in the

Helminthological Department of the London School of Tropical

Medicine under the Directorship of Prof. R. T. Leiper, to whom
I am indebted for his kind assistance and many valuable

suggestions.

In all, 43 species were collected from 36 hosts. Three of these

are apparently new to science and are described below.

It is necessary to ci"eate three new Nematode genera :

—

(1) Troglostrongylus, for a new species of Metastrongylid worm
found in the frontal sinus of a Leopard Cat {Felis

hengcdensis). Type T. troglostrongylus, gen. n., sp. n.

(2) Gylicos'pirura, for the Spirurid from the stomach of the

I'iger originally described as Hjnroptera subceqtialis by
Molin. Type C. subcequcdis (Molin, 1860), gen. n.

(3) Pcqnllosetaria, for a new species of Filariid worm from the

peritoneal cavity of Tragidus Stanleyamis. Type P. tra-

gidi, gen. n., sp. n.

In Tragidus stanleyanus a second new species also occurred

;

this I have named Setaria javensis, sp. n.

Proc. Zool. Soc— 1922, No. LXI. 61
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Systematic List of Nematoda collected.

RHABDiASOIDEA R. & H., 1916.

AxRACTiDiE Travassos, 1919.

'^'Leiperenia galehi Khali!, 1922.

^Prohstmayria vivipara Kansom, 1907.

OXYVROWEA R. ck H., 1916.

OxYURiDiE Cobbold, 1864.

*Oxyuris equi Schrank, 1788.

AsCAliOIDEA R. & H., 1915.

AscARiDyE Cobbold, 1862.

AscARiN^ Travassos, 1913.

Ascaris transfuga Rud., 1819.

Belascaris 7narginata (Rud,, 1802), Gedoelst, 1911.

Belascaris mystax (Zeder, 1800), Leiper, 1907.

Toxascaris limhata R. & H., 1911.

Toxascaris leonina (v. Linstow, 1902), R. k H., 1911.

HETEROCHEILIDiE R, & H., 1915.

GoEziN^ Travassos, 1920.

^Contraccecwm osculatum (Rud., 1802), Baylis, 1920.

Hetera kiD^ R. & H., 1914.

SuBULURiN^ Travassos, 1914.

Suhdura distans (Rud., 1809), R. & H., 1912.

Stuongyloidea Weinland, 1858.

S X R o N G Y L I D ^ Baird, 1853.

SxRONGYLiN^ Stossich, 1898.

Strongyl'us vulgaris (Looss, 1900), R. it H., 1909.

Strongylus edentatus (Looss, 1900), R. & H., 1909.

Cylicostomum nassatum (vai'. parvtim), Yorke & McFie,
Vylicostomum gokUBoulenger, 1916. [1918.
Cylicostomum bicoronatum (Looss, 1900), GedoeLst, 1 903.
CEsophagostomum ajnostomum {Wi\\&c\\, 1891), R.&H.,

[1905.

Ancylosxomin^ R. & H., 1909. [1909
AnGylostomamalayanum{K\ess?a-\di\-\\nj\'dOb), R. & H.,
Ancylostoyna ceylanicum Looss, 1911. [1909.
Ancylostomaplurideiitatum{A\es.ii-ciYidv'n-\\,l 905), R.& H.,
Ancylostoma caninum (Ercolani, 1859), Hall, 1915.
*Ancylostoma conejmti Solanet, 1911.
Galoncas jjerniciosus (v. Linstow, 1886), Railliet, 1918.
Gcdoncus tridentatus Khali], 1922.

*Uncinaria criniformis (Goeze, 1782), Railliet, 1899.
Characostomtoiii asmilium R., H. k Joyrux, 1913.
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Trichostrongylid^ Leiper, 1912.

Trichostroxgylin.'E Leiper, 1908.

^Hcemonchas contorlus (Rudolplii, 1803), Cobbold, 1898.

M E T A s T R o N G y L I D /E Leiper, 1 908.

Metastrongylin.e Leiper, 1908.

^ Troglostrongylus iroglostrongyhts, gen. n., sp, n.

SpiRuiioinEA Ft. & H., 1915.

SpiRURiDiE Oerley, 1885.

SpiKURiNyE Railliet, 1915.

Habrovema chevreuxi Seurat, 1913.

Spirocerca sanguinolenta (Rud., 1819), R. &, TJ ., 1911.

tStreptopharagus aronatits Blanc, 1912.

Cylicospirura suhccqualis (Moliii, 1860), gen. n.

Rictulariid.e Railliet, 1916.

Rictularia affi,nis Jagerskiold, 1910.

Richdaria cahirensis Jagerskiold, 1910.

Rictularia plagiostoma (Wedl, 1861), "VVill.-tSulim 1873.

G N a T H s T o M I D ^ R. Blanchard , 1895.

Gnathostoina spinigerum Owen, 1836.

FiLAROiDEA Weinland, 1858.

FiLARIIDyB CImUS, 1885.

Filariik.e Stiles, 1907.

*Filaria gracilis Rndolphi, 1809.

Filaria tnariis Guielin, 1790.

Setaria lahiato-jxqnllosa (Aless., 1838), R. <fc H., 1911.

Setaria hornhyi Boulenger, 1 920.

Setaria javensis, sp. n.

Paqnllosetaria traguli, gen. n., sp. n.

Trichuuoidea Railliet, 1916.

Trichurid^ Railliet, 1915.

Tricuurin^ Ransom, 1911.

Trichuris ovis (Abildg., 1795), Smith, 1908.
Triclmris trichiura (Linnaeus, 1771), Stiles, 1901.

Ancylostoma pluribentatum (Aless-, 1905), R. & H., 1909.

In 1905, Alessandrini described a Ilookwoini fiom Felis mitis,

Brazil, which he named Uncinaria jylurideritatum (3). In 1909,
Railliet and Henry placed the species in the genus Ancylostoma

Looss, in his Monograph on the Hookworms (1911) (6), refers

61*
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to, and gives a brief description of the worm, with iigures

copied from the oj-iginal paper by Alessandrini. The only

measurements given ai-e the size of the body. In 1916, Clayton

Lane (6) suggested that A. jyluriclentatum might not be a valid

species ; he also suggested that if Alessandrini had not made an
error and the species was valid, it should be made the type of a

new genus.

Text-fig. 1.
Text-fig. 2.

200fJ.
200fj.

Ancylostoma pluridentatum (Aless.).

Mouth capsule. Lateral view. Moutli capsule, Dorsal view.

My material was collected from the small intestine of J^elis

tigris, Malay States.

I have compared the general measurements, mouth capsule,

and bursa with the original description and figures given

by Alessandrini, and find that they agree in all but three

points :

—

(1) The length of the body. Measurements given by Ales-

sandrini : Male 6-8 mm., female 6'5-9 mm.
Measurements of my material from Felis tigris :

Male 8*5-9 mm., female 9-10"5 mm.
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(2) The appearance of the month capsule when viewed from
the dorsal respect. In my specimens the mouth capsule

appears much deeper than the mouth capsule in Ales-

sandrini's figure.

(3) Length of the spicules :

Alessandrini's measurement = 960 /a.

Material fi'om Felis tigris = 800 /x,.

These differences do not seem to indicate that the worms from

F. tigris are of a different species from those described by
Alessandrini from F. mitis. The variations noted might well

be ascribed to the occurrence in a different host.

It would seem that the figures of the mouth capsule, as given

by Alessandrini, were made from somewhat flattened material

;

I have therefore prepared new figures of the head from the dorsal

and lateral aspects (text-figs. 1 & 2).

Text-fig. 3.

Text-fig. 4,

/OOfj.

Cliaracostomum asmilium R., H. & Joyeux.

Mouth capsule. Dorsal view. Dorsal ray of bursa. $

.

Characostomum asmilium R., H. & Joyeux, 1913.

This species was first described by Railliet, Henry and Joyeux

in 1913 from Cercopithecus patas (7).

These authors describe the worm fully, but do not give figures

of the bursa of the male or the cephalic extremity from the

dorsal aspect.

Two males were found in the small intestine of a Pig-tailed

Macaque (Macaciis nemestrinus) and one female from a Slow

Loris [Nycticebus tardigradtis).
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The opening of the mouth is not terminal, but turns slightly-

dorsalwards as in Ancylostoma and Necator,

The buccal aperture is surrounded by three concentric chitinous

rings ; these have no set«. The dorsal gutter is very well

marked, and is rugose on the dorsal aspect,

A figure is given illustrating these two points, as they are not
mentioned in the description of the original material. A diagram
of the dorsal ray of the bursa in the male is also given.

Metastrongtlin^ Leiper, 1908.

Troglostrongylus troglostrgngylus, gen. n., sp. n.

In a previous paper (1) I made reference to a pai'asite which
I found in the frontal sinus of a Leopard Cat {Felis bevgalensis).

At that time 1 Avas uncertain as to its systematic position, and
provisionally diagnosed it as a "species inquii-enda " in the

genus Synthetocaulus, with which ic has certain affinities. The
female, however, is ovoviviparous, and the male has remai-kably

long spicules with palmate expansions covered with minute
spines, which characters not onl}?- establish it as a new species,

but separate it from Synthetocauhis.

It also has certain characters in common with the genus
Hcemostrongylus, a species of which {H. subcrenatus) was described

by Railliet and Henr}'-, from the bronchi of a Leopard, in 1913.

The disjDosition of the rays of the bursa in this worm is different

;

in H. subcrenatus the postero-lateral and median-lateral rays are

fused, whereas in T. troglostrongylus the antero-Iateral and
median-lateral i-ays are joined. H. subcrenatus, moreover, has

no accessory piece (8).

On these grounds, therefore, I have considered it necessary to

create a new genus

—

Troglostrongylus—for this worm.
It would appear that the only other Nematode parasite which

has the frontal sinus as a habitat is the worm Filaroides muste-

larum, which lives in the frontal sinus of the Weasel [Mustela

vulgaris) (9).

The systematic position of F. viustelarttm is somewhat obscure,

but it probably falls into the Spiruroidea, which has no affinities

with the Sti'ongyloidea, into which 7\ troglostrongylus belongs.

A comparison of these tAvo forms shows certain points of simi-

larity in structure which seem to indicate parallelism in evolution

due perhaps to similarity in habitat.

Troglostrongylus, gen. n.

Generic diagnosis.—Metastrongylince : Head simple, two lips,

no buccal capsule. Cuticle covered with fine longitudinal stria

tions. The bursa of the male is small in comparison with the

length of the body. The ventral rays are short, and each formed
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of two r.iys fused. 'J'lie antero-lateral and mediaudateral rays

are fused together to form one large ray. The postero-lateral

and externo-dorsal rays are single and approximately the saxne

size. The dorsal ray is single and broad, owing to the fusion of

all its elements.

The spicules are long and equal, they are tesselated through-
out and carry pectinate lamellae along their inner edges; each
ends in a palmate expansion, the fingers of which are webbed
with a cuticular expansion which bears minute spines. The
female is ovoviviparous.

Type-species, Troglosirongylus troglostrongylu,s, sp. n.

Troglostrongylus troglostrongylus, sp. u.

Eost. Felis hengalensis.

Locality. India.

Habitat. Frontal sinus.

Specific diagnosis.—Troglostrongylus : Thin filiform greyish-

white worms, tapering rather abruptly at eacli end.

The mouth is guarded by two inconspicuous lips, each bearing
two minute papillfe. There is a slight cuticular expansion at

the head and extending about 1 mm. along the body ; on this

cuticular expansion are faint transverse striations. The rest of

the worm is covered with very fine longitudinal striations.

The oesophagus in both sexes is of the simple muscular bulb
type, measuring 500 /a in length and 100 fx in diameter at the
bulb. The excretory pore and nerve ring are situated 250 /l«

from the anterior end of the body.

Male.—Measures 12 mm. in length by '4 mm. in breadth.

The bursa is small and rounded, with a slight median notch in

its margin at the point where the distal end of the dorsal ray
meets it. The diameter of the bursa is '5 mm. The rays of the
bursa are somewhat asymmetrical. The ventral rays are small

and double ; the antero-lateral and median-lateral rays are fused
into one lai'ge ray.

The posterolateral and externo-dorsal rays are single and
short, in some cases not reaching the margin of the bursa. The
elements of the dorsal ray are fused into one large, broad ray,

which terminates in the median notch of the bursa.

The spicules are equal and measure 2 25 mm. in length; they
are dark brown in colour and are tesselated. In addition, along
the inner edge of each there are short transverse comb-like
projections, which may be single or sometimes divide into two or

even three branches. In the distal third these interlock and
produce a union of the two spicules. Each spicule ends in a
palmate expansion, the cuticular web of which is covered with
minute spines. The accessory piece is daggei'-shaped and
measures 270 /x in length.
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Female.—Measures 20-24 mm. in length by "7 ram. in breadth.

The tail tapers sharply and ends in a blunt point, near the end

of which are situated two small laterally placed papillae. The

anus is 300 ^ fi-om the tip of the tail.

The vulva is situated just behind the middle of the body.

Text-figure 5.

Troglostrongylus troglostrongyhis, gen. ii., sp. ii.

a. Caudal extremity of male. Lateral view.

h. Caudal extremity of male. Ventral view.

c. Egg. X 200.

d. Caudal extremity of female.

e. Head of female. Lateral view, showing excretory pore.

The eggs contain a living embryo at birth, and hatching takes

place almost immediatel}^, embryos being found in the naso-

pharynx, lungs, cesophagus, stomach, and intestines. The eggs

measure 87 /a, by 70 //,. Embryos found in the nasopharynx
measured 240 ju.
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SpiRURiNiE Railliet, 1915.

Cylicospirura sub^qualis (Molin, 1860), gen. n.

In 1918, Seurat described a Spirurid from the stomach of Felis

ocreata Gmeiin (10). This worm he considered to be identical

with Spiroptera suhcequalis Molin (11), and placed it in the genus

Sjnrocerca, as it conformed in many respects to the type-species

of that genus [Spirocerca sangttinolenta of the Dog).

He published a description with a drawing of the mouth
capsule of the worm taken from a single specimen, v/hich he

states was very much flattened by the pressure of the cover-glass.

My material consisted of three females and one male collected

from the stomach of a Tiger {Felis tigris), Malay States.

The measurements of these specimens correspond in every way
to those of the worm described by Seurat from Jf". ocreata, except

in regard to the mouth capsule, which is much wider in the

latter, due no doubt, as Seurat suggests, to the pressure. This

writer also states that the chitinous teeth in the mouth capsule

are tricuspid, whereas in my specimens they are bicuspid.

Yon Drasche in 1882 revised Molin's type material, and figures

the cephalic and caudal extremities of the male. In his figure

of the mouth-parts he shows each of the chitinous teeth as

bicuspid (12).

I have also compared my material with an unpublished drawing
of the cephalic extremity made by Prof. R. T. Leiper from
Molin's type-specimens in the Vienna Museum, and I find it

agrees in every i-espect.

Seurat, therefore, has either made aii error of observation,

due perhaps to the flattened state of his specimens, or he has

confused another species with *S'. sulcequalis, of Molin.

Moreover, as the mouth capsule of this worm with its armature
of teeth in no way conforms to the type of the genus Spirocerca

(S. sanguinolenta), I wish to propose a new genus, Cylicospirura,

with G. suhcequalis as the type-species.

Cylicospirura, gen. n.

Generic diagnosis.-—Spirurince : Body elongated, tapering
slightly anteriorly. Mouth circular, surrounded by six small
papilla;. The mouth capsule is deeper and conical in shape, with
the apex of the cone in apposition to the anterior end of the
oesophagus. It is provided with six triangular chitinous plates

arranged radically, each of the internal free ends of which termi-
nates in a bicuspid tooth which projects slightly beyond the
entrance to the mouth capsule.

The tail of the male is twisted spirally, and is furnished with
a narrow symmetrical bursa, which has four pairs of preanal and
two pairs of postanal papillte. The spicules are unequal, the
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long spicule being in the type-species more than five times the

length of the short spicule.

The vulva is situated in the anterior half of the body. The
female is ovoviviparous.

Endoparasitic in the stomach of Carnivora,

Type-species, Cylicospirura subcequalis (Molin, 1860), gen. n.

Text-fis. 7.

Text-fig. 6.

Cylicospirura suhcequalis (Molin), geii. n.

Mouth capsule. Caudal extremity of male.

Streptopharagus armatus Blanc, 1912.

In 1912, Blanc gave a short description (without figui-es) (13)
of this species in what he termed a preliminary note. As he does

not seem to have continued his researches on this woi'm, I have
made some drawings from material collected from a Pig-tailed

Macaque {Macacus nemestrinus) from India.

No mention is made in the original description of the guber-

naculum in the male ; this was probably an oversight.

Spiroptera pigmentata v. Linstow, 1897 (14), from Cercopithecus

cdbigulat'is Africa, undoubtedly falls into this genus, but must be

regarded as a separate species on account of the difierence in the
length of the spicules.
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Setaria Viborg, 1795.

From tbe peritoneal cavity of IVagidns Stanleya7ius, horn Java,
two species of Setaria were recovered : of one species only four
females were found, and of the other one male and one female.

Both of these species are apparently new, and one falls into a
new genus.

Text-fioure 8.

Streptopharagus anna tits Blanc.

a. Mouth.

b. Caudal extremity of female.

c. Cephalic extremity of male.

d. Caudal extremity of male, showing spicules and accessory piece.

Setaria javensis, sp. n.

ffost. Tragalus Stanleyamis.

Locality. Ja,va.

Habitat. Peritoneal cavity.

Material. Four female worms ; no males were collected.

Specific diagnosis.— Setaria: Body tapering gradually towards
the anterior end of the body ; head rounded and not separated
from the i-est of the body.

The j)eribuccal ring is ovoid, the dorso-ventral diameter being-

greater than the lateral.

Four submedian head papilhe are present, 40 ,« from the
anterior end of the body.

The nerve ring is situated 200 ^t from tlie opening of the
mouth.
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Fetnale 115 mm. in length and -5 mm. in maximum breadth.

QEsophagus has a total lengtli of 7*2 mm. and a maximum breadth
of 110 yu.

The anterior portion of the oesophagus is 400 ^ in length.

Text-figure 9.

4

Setaria Javensis, sp. n.

a. Ceplialic extremity of female.

b

.

Caudal extremity of female.

The anus is distant 320 /^ from the caudal extremity, which
tapers gradually and ends in a small knob. The vulva is situated

at a point 500 /.t from the anterior end. Ovoviviparous.

The embryos hi utero measure 210/x X 7fx.

In addition to the foregoing species, I recovered another
Filariid worm from the abdominal cavity of the same host

(Tragulus stanleyanus). This species is evidently very closely

related to the genus Setaria, but there are two points of generic

importance which separate it from this genus—namely, the struc-

ture of the mouth-parts and the presence of bosses irregularly

scattered over the cuticle of both sexes ; in other respects it agrees

with the generic diagnosis of Setaria, as given by Boulenger

(15).
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Papillosetaria, gen. n.

Generic diagnosis.—Filariince: Body cylindrical, filiform, taper-

ing considerably at the posterior extremity in both sexes.

The mouth is guarded by two lateral lips, which are lined by

Text-fio-ure 10.

Papillosetaria traguli, gen. n., sp. n.

a. Caudal end of male, showing spicules and papillae.

h. Cephalic extremity of female, showing vulva.

c. Caudal extremity of female.

an oval ring of chitin. The cuticle of both sexes is covered

irregularly with bosses, except in the regions of the head and

tail. There are four head papillae—two lateral and two sub-
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median. The oesophagus consists of two parts—-a short anterior

portion and a longer and thicker posterior portion.

The male is smaller than the female, its attenuated caudal

extremity ending in a close spiral. Preanal and postanal papillfB

are present. The spicules are unequal, the longer consisting of

two parts, the shorter dagger-shaped with an expansion at the

proximal end.

The tail of the female is curved dorsally, and bears two lateral

apjDendages close to the caudal extremity. The vulva is near
the anterior end of the body. The eggs are thin-shelled. Ovo-
viviparous, parasitic in the peritoneal cavity of mammals.

Type-species, PajjiUosetaria traguli, sp. n.

Papillosetaria traguli, sp. n.

Host. Tragulus stanleyaniis.

Habitat. Peritoneal cavity.

Locality. Java.

SjKcific diagnosis.—Papillosetaria : Body tapering at both
extremities, more especially towards the tail. Head rounded,
not separated from the remainder of the body. The mouth is

guarded by two lips, lined by an oval ring of chitin which
projects very slightly beyond the mouth. The head is surrounded
by four papillte : two latei-al and two submedian. The body,
with the exception of the two extremities, is irregularly studded
with small cuticular bosses.

Male.—Length 5*7 cm. ; maximum breadth 280 p.

The anterior portion of the oesophagus measured 500 /x in

length, the posterior region 9'1 mm.
The nerve ring is 200 /x, distant from tlie anterior end.

The tail is coiled in a close spiral.

The ano-genital opening is 120 /jl from the caudal extremity,
which ends in a small rounded knob.

There a,re three pairs of postanal and four pairs of preanal
papili8e.

The spicules are unequal, the larger measuring 370 /x. in length
and consisting of two portions—an anterior cylindrical portion
and a terminal twisted portion ending in a sharp point.

The shorter spicule is 85 /x. in length, and also consists of two
portions—a proximal expanded portion and a distal dagger-
shaped portion.

Female.—Length 14-5 cm. ; maximum breadth 460 /a.

Anterior portion of the oesophagus is 400 /.i long, the posterior

portion 9'6 mm.
The anus is '5 mm. from the caudal extremity; the tail portion

has a distinct curve dorsally.

The tail ends in a bifid appendage ; near the extremity are two
lateral appendages.
The vulva is 650 /x, from the head end.

Ovoviviparous ; embryos measui-e 230 /u in length.
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Nematode Parasites arranged according to Hosts.

PiiiMATEs. MAMMALIA.

C E R C O P I T H E C I D iE.

Maoacus nemestrinus. Pig-tailed Macaque. India.

"fCharacostomum asmUium R., H. & Joyeux, 1913.

(Esophagostomum apiostomum (Willacli, 1891), R. & H.,

1905.

Trichiiris trichiura (Lixiiy-j&xiii, 1771), Stiles, 1901.

fStreptopharcogits armatus BlaiiC, 1912.

Macacus rhesus. Rhesus Monkey. India.

QiJsojjhagostomtcm apiostomum (Willach, 1891). R. & H.,

1905.

Trichtivis trichiura {Linnteus, 17/1), Stiles, 1901.

'fSpirocerca saiiguinolenta (Rud.. 1819), R. &, H., 191 1.

Papio sphinx. Guinea Baboon. Africa.

Trich'uris ti-'ichiiora (Liiinteus, 1771), Stiles, 1901.

Cebid^.
Cebus fatuellus. Brown C:ipuchin. Guiana. •

Filaria gracilis Rudolphi, 1809.

Lagothrix infumatus. Smoky Woolly Monkey. S. America.

Filaria gracilis Rudolphi, 1809.

Callithrix jacchus. Common Marmoset. Brazil.

Suhulura distans (Rudolphi, 1809), R. & H., 1912.

PiiosiMi^i:.

Lemurid^.
Nycticebus tardigradus. Slow Loris. Malay.

fAncylostoma malayanuvi (Alessandrini. 1905), R. k H.,

1909.

f Characostoma asmilium, R., H. & Joyeux, 1913.

Gaknivora.

Felid^.
Fells leg. Lion. Africa.

Toxascaris leonina (v. Linstow, 1902), R, & PI., 1911.

Fblis TIGRIS. Tiger. Malay.

Belascaris mystax (Zeder, 1800), Leiper, 19u7.

Galoncus 'pernicosus (v. Linstow, 1886). Railliet, 1918.

Ancylostoma ceylanicam Looss, 1911.

fAncylostoma plu7-identattcm{ A]ess^ndYini,l205), R. &, H.,
1909.

Cylicospirura suhcequalis (Molin, I860), geu. n.
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Fblis parous. Leopard. India.

Belascaris mystax (Zeder, 1800), Leiper, 1907.

Gnathosloma spinigerum. Owen, 1836.

Ancylostoma ceylanicum Looss, 1911.

Felis nebulosa. Clouded Tiger. Assam.

Belascaris mystacc (Zeder, 1800), Leiper, 1907.

Gnathostoma spinigerwm Owen, 1836.

Galoncus tridentatus Khali], 1922.

Ancylostoma ceijlanicum Looss, 1911.

fHabronema clievreuxi Seurat, 1913.

Felis vivereina. Yiverrine Cat. India.

Belascaris mystax (Zeder, 1800), Leiper, 1907.

Ancylostoma ceylanicum Looss, 1911.

Felis bengalensis. Leopard Cat. E. Indies.

Belascaris mystax (Zeder, 1800), Leiper, 1907.

Gnathostoma spinigerum Owen, 1836.

fTroglGst7-ongylus troglostrongylus, gen. n., sp. u.

Felis sylvestris. Wild Cat. Inverness-shire.

Belascaris mystax (Zeder, 1800), Leiper, 1907.

Cyn^lurus jubatus. Cheetah. Africa.

Belascaris mystax (Zeder, 1800), Leiper, 1907.

YlVERRIDiE.

Paradoxurus hermaphroditus. Malayan Paradoxure.

Malay,

Gnathostomoj spinigerum Owen. 1836.

Rictularia 2)lagiostoma (Wedl, 1861), Will.-Suhm, 1873.

MuNGOS MUNGO. Indian Mongoose. India.

fFilaria martis Gmelin, 1790.

Canid^.

Yulpes vulpes. Common Fox. Britain.

Belascaris marginata (Rud., 1802), Gedoelst, 1911.

Rictularia afftnis Jagerskiold, 1910.

Uncinaria criniformis (Goeze, 1782), Railliet, 1899.

Canis lagopus. Arctic Fox. AiTtic regions.

'foxascaris limbata R. & H., 191 1.

CA^'IS PRiMiEVL'S. Indian Hunting Dog. India.

Sjnrocerca sanguinolenta (Rud., 1819), R. tfe H., 1911.

Canis aureus. Common Jackal. India.

Toxascaris limbata R. & H., 1911.

Ancylostoma caninum (^vco\&ui, 1859), Hall, 1913.
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Canis jubatus. Red Wolf. S. America.

Ancylostoma canimmi (Ercolani, 1859), Hall, 1913.

Oanis occidentalis. Arctic Wolf. S. America,

Toxascaris Iwibata R. &H.,1911.

fCANis AZAR^. Azara's Fox, S. America.

Rictularia cahh^ensis Jagerskiold, 1910.

Lycaon capensis. Cape Hunting Dog. S. Africa.

Belascaris mcm^inata (Rud., 1802), Gedoelst, 1911.

Toxascaris limhata R. & H., 1911.

Mustelid^.
CoNEPAXUS PROTEFS. Cordova Sktink. Argentine.

Ancylostoma conepati Solanet, 1911.

U a s I D ^.

Ursus arctos. Brown Bear. Caucasus.

Ascaris transfuga Rudolphi, 1819.

Otariidje.
Otaria californiana. Californian Sea-Lion. N. Pacific.

Contracceciom osculatum (Rud., 1802), Baylis, 1920.

Probohcidea.

ElEPHANTIDjE.
Elephas indicus. Indian Elephant. India.

fLeiperenia galebi Klialil, 1922.

Ungulata.

E Q U I D JE.

Equus onager. Onager. African origin. Bred in Gardens.

Strongylus vulgaris (Looss, 1900), R. & H., 1909.

Strongylus edeniatus (Looss, 1900), R. & H., 1909.

Cylicostomum nassatum (var. parvum), Yorke & McFie,

1918.

Cylicostomum hicoronatum (Looss, 1900), Gedoelst, 1903.

Cy^^cosi;om^(m (/oMi Boulenger, 1916.

Oxyuris eqai Schrank, 1788.

Equus grevyi. Gravy's Zebra. Africa.

Prohstmayria vivipara Ransom, 1907.

Cylicostomum nassatum. (var. jO(:«"yzMn), Yorke & McFie,

1918.

Strongylus vulgaris (Looss, 1900), R. & H., 1909.

Proc. Zool. Soc—1922. Fo. LXII. 62
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B O V I D ^.

Cephalophus sp. Duiker. S. Africa.

Setaria lahiato-papillosa (Alessanclrini, 1838), E.. & H.,

1911.

HiPPOTRAGUS EQUiNUS. Roaii Anfcelope. Africa.

"fSetaria hornhyi Boulenger, 1920.

Hmmonchus contortus (Rud., 1803), Cobbolcl, 1898.

Ovis VIGNEI. XJrial Gad. India.

Trichuris ovis (Abildg., 1795), Smith, 1908.

Ammotragus lervia. Barbary Sheep. Morocco.

Hcemonchus contortus (Rud., 1803), Oobbold, 1898.

TRAGULIDiE.

Tragulus stanleyanus. Stanley's Ohevrotain. Java.

fSetaria javeyisis, sp. n.

fPapillosetaria traguli, gen. n., sp. n.

[f Signifies that the parasite has not been found in this host before.]
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(Text-figm^es 11-12.)

During the period under review eleven species of Cestoda were
collected from thirteen mammalian hosts dying in the Gardens.
One of these is new to science, and has been placed in the genus
Cydorchida Fuhr. This is the first record of a member of this

genus occurring in a mammal, the only other species (C. omalan-
cistrota) being from a bird {Platalea leii,corodea). Two of the

species are larval forms ; of these it is interesting to note

Multiceps {Coe.nurus) serialis from the lung of the Coypu {^Alyopo-

tamus coypus), bred in Britain. The only other record of the

occurrence of this parasite in this particular host is that made by
Pagenstecher in 1877, the Coypu in this case being one which
had been in captivity in the Berlin Zoological Gardens (1).

Apart from this, the only other larval form noted was that of

Tcenia hydatigena {Gysticercus tenuicollis) from three Ungulates.

Systematic List of Species.

Gyclophyllidea (Adult forms).

MESOCESTOiDiDiE Fuhrmann, 1907.

Mesocestoides Railliet, 1893.

M. lineatus (Goeze, 1782), Railliet, 1893.

Anoplocephalid^ Kholodk, 1902.

ANOPLOCEPHALiNyE R. Blanchard, 1911.

MoNiEZiA R, Blanchard, 1911.

M. expansa (Rudolphi, 1810), R. Blanchard, 1891.

LiNSTOwiN/E Fuhrmann, 1907.

Inermicapsifer Janicki, 1910.

I. pagenstecheri 3Suwic^i^ 1910.

/. settii Janicki, 1910.

/. interpositus Janicki, 1910.
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Hymenolepidid^ R. & H., 1909.

DiPYLiDiiN^ Stiles, 1896.

Cyclorchida Fuhrmann, 1907.

G. crassivesicula, sp, n.

T ^ N 1 1 D ^ Ludwig, 1 886.

T^NiiNJS Stiles, 1896.

EcHiNOCOGCUs Rudolphi, 1801.

E. granidosus (Batsch, 1786), Rud., 1805.

T^NiA Linnaeus, 1758.

T. icenimformis (Batsch, 1786), Wolfhugel, 1911.

T. hcdaniceps Hall, 1910.

Qyclophyllw^a (Larval forms).

T^NiiD^ Ludwig, 1886.

MuLTicEPS Goeze, 1782.

M. (Cosnurus) serialis (Gervais, 1847), Stiles & Stev.,

1905.

T.ENIA Linnaeus, 1788.

T. hydatigena Pallas, 1766.

(Syn. Gysticercus tenuicollis Rud., 1810.)

Cyci.ophyllidea .

Mesocestoidid^ Fuhrmann, 1907.

Mesocestoides lineatus (Goeze, 1782), Railliet, 1893.

The occurrence of this species in a Fox and two Badgers, all

from Britain, is interesting, as it opens up the question of the

occurrence of two species, M. lineatus and M. litteratus, in this

country, and also throws some light on the question of the

validity of the latter species.

Hall stated in 1919 (2) that he could not express an opinion

on the validity of M. litteratus, but that he retained the name
although he could not see any evidence from material or desci-ip-

tions for supposing that it was a separate species. In the

examination of the material from the three hosts mentioned
above, certain vai-iations in the size and shape of the head, neck,

segments, and internal anatomy were noticed, all of which might
be accounted for by differences in the mode of preservation. In
the case of the material from one Badger, the host had been dead
some time, and the worms were also dead and well extended in

consequence ; in the case of the other Badger the worms were
collected and killed at once, in consequence of which each strobila

was much contracted, causing distortion of the internal organs of

each segment.
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The matei'ial from the Fox was dead when preserved, and
therefore well relaxed.

I am of opinion that all three batches of matejial collected

from these three hosts belong to the same species {U. lineatus),

the differences between them being of a transitional or A^arietal

nature, or due to differences in the methods of preservation.

With regard to the validity of the species M. litteratus
;

considering the extreme variability of M. lineatus, coupled with,

the fact that both have been recorded from the same hosts, there

seems to be no reason for keeping M. litteratus as a separate

species, especially as none of the descriptions given for it,

including the original by Batsch (1786) (3), contain any points

on which to differentiate it from M. lineatus.

Anoplo CEPH ALiD^ Kholodk, 1902.

LiNSTOWiN^ Fuhrmann, 1907.

Inermicapsiper Janicki, 1910.

(a) Inermicapsife}- pagenstecheri Janicki, 1910.

(b) Inermicapsifer settii Janicki, 1910.

(c) Inermicapsifer inte7posittis Janicki, 1910.

In listing these three species of Inermicapsifer from the Rock
Rabbit (Procavia capensis) I act with great diffidence, my reasons

being similar to those given by Douthitt in his monograph on
the Anoplocephalidse, 1915 (4).

It was only by the application of the key to the subfamily
Linstowinse, given by Douthitt, that I was able to make any
attempt to diagnose my material.

Hymenoleptdid^ Railliet & Henry, 1909.

D1PYLID11N.E Stiles, 1896.

Cyclorchida Fuhrmann, 1907, e.p. emend.

Generic diagnosis. Dipylidiinje. Rostellum armed with a

double crown of hooks which have a very large dorsal root and a

small hook portion.

Genital pores unilateral. Genital canals pass between the

longitudinal excretory vessels. Cirrus pouch communicating
with the genital cloaca by a narrow canal opening upon a large

papilla. Testicles very numerous, entirely su^rrounding the

female genital glands. Uterus ventral, growing laterally between
the excretory vessels into the cortical parenchyma.

Adults in birds and mammals.
Type-species, Cyclorchida omalaticistrota (Wedl, 1856), Fuhr.,

1907.
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Oyclorchida crassivesicula, sp. n. (Text-figs. 11, 12.)

Host. Paradoxurus hermaphroditus (Pallas).

Locality. Malay States.

Habitat. Small intestine.

Length of strobila 16-20 cm. Maximum width 1-75 mm.
The head is 250 p long by 280 /x broad. There are four suckers,

each measuring 100 /x in diameter. In front of the suckers there

is a i-ostellum 100 fx in length and 200 p broad at the base. The
I'ostellum is armed with a double crown of ten large and ten

small hooks which interdigitate one Avith the other.

The large hooks measure 65 p. in length from the point of the

Text-figure 11.

Cyclorcliida crassivesicula, sp. n. Scolex.

hook to the end of the haft, and 27 p from the point of the hook
to the end of the guard.

The small hooks measure 43 p from the front of the hook to

the end of the haft, and 13 /x from the point of the hook to the

end of the guard.

The hook portion is relatively very small compared with the

basal portion formed by the haft and guard. The neck is

500 ju long by 180 ^u broad. The first segments are equal in

width to the neck, and are very short, gi^adually increasing in

both dimensions to the posterior end of the strobila, where they

measure "5 mm. in length by 1-75 mm. in breadth.

Ill shivpe the segments are trapezoidal, broader than long, the
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posterior border of each segment overlapping the anterior border

of the following segment.

The genital pores are unilateral and protrude somewhat.

Male reproductive organs.

The testes are 16-20 in numbei", oval in shape, measuring
70-100 p. in their longest diameter.

In the younger segments they are arranged in a circle round
tlie female genitalia. In the more mature segments they are

pushed out laterally by the ovaries but still retain a suggestion

of their circular arrangement. There is a lai-ge seminal vesicle

which lies in the anterior third of the mature segments. In the

ripe segments in which the male elements are spent, this vesicle

resolves itself into a finely-coiled tube, which is continuous with
the vas deferens.

The cirrus pouch is 1 50 /x long, and opens through a papilla

into the genital atrium or cloaca.

Text-figure 12.

Cyclorcliida crassivesicula, sp. n.

A. Mature segment, showing male and female genitalia.

B. a and c. Ripe fertile segments.

h. Unfertile segment showing shape of uterus.

In the mature segments the cirrus is extended ; it measures
140 jLt in length and 20 jx in breadth at the base, and is covered

with small spines, which are directed backwards.

Female reproductive organs.

The two ovaries lie side by side in the centre of the segment

;

they are round lobulated organs measui-ing 160/x—180/z in

diameter.

Between the ovaries a veiy minute shell-gland is situated.

Immediately beneath the shell-gland lies a group of yolk-glands,

which together form a lobulated kidney-shaped organ measuring
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lOOjuin length, having the hilum directed towards the shell-

gland. Tiie vagina, which arises from a point between the
ovaries, is 165 /z in length.

As it approaches the genital opening it increases in width to a

maximum of 20 ;t, and at a point 30 /.i from the genital aperture
it narrows again to a fine duct, and opens into the genital atrium
alongside the opening of the cirrus pouch.
The uterus lies horizontally in the segment, and in the

unfertilised segment is a sac-like lobulated organ (text-fig, 12, b).

In the ripe segment the uterus distends the whole segment and.
pushes its way to the extreme edges on both sides. The eggs are

single, oval in shape, and double-shelled.

The diameters of the outer shell are 140 ju x 100 ^ : the
embryophore is much smaller, measuring only 40

fj.
in diameter,

No embryonal booklets were seen.

In 1908 Smith, Fox, and White (5) described a cestode from
Paradoxurus grayi which they named Tmnia paradoxuri. From
their description T. faradoocuri would seem to have no afiinities

with C. crassivesicula, the rostellum in the former species being
unarmed and the genital pores irregularly alternating,

Up to the present the genus Cyclorchida is represented by the
single species G. omalancistrota from the Spoonbill {Platalea

leuGorodia).

Cyclorchida crassivesicida, sp. n,, agrees with the generic
diagnosis of Cyclorchida as given by Ransom (1909) (6) in every
respect except in the statement that the adults occur only in

birds
; I have thei-efore emended the generic diagnosis to read

" Adults in birds and mammals.^'
A comparison of the description of C. omalancistrota, as given

by LUhe in 1909 (7), with my material olfers no point of generic
significance upon which to base a difierent genus.

T^NiiD^ Ludwig, 1886.

T^miNiE Stiles, 1896,

EchinocoGcus gramdosus ['Ba.ts.ch., 1786), Eudolphi, 1805.

The diagnosis of this species, as given by Hall in 1919 (2), is of

such latitude as to admit forms showing a variation of almost
100 per cent., and is evidently a careful compilation of the
characters as described by various writers. Although there are
many cases on record of larval foi-ms which vary considerably
from the typical Hydatid produced by the species E. granulosus,
up to the present the occurrence of more than one species of

adult does not seem to have been fully investigated.

Stiles in 1906 (8) suggested that an. adult form from the
Dingo might be a new species.

Liihe in 1910(9) redescribed Taenia oligarthra Diesing from
Felis concolor, Brazil, and compared it with Taenia echinococcus
V. Sieb. From his description it would appear to be a difierent



WHICH DIED IN THE ZOOLOGICAL GARDENS, 927

species, and therefore should be included in the genus

EchinocoGcus. The specimens of adult Echinococcus collected

from the small intestine of the Cape Hunting Dog {Lycaon

capensis) agree with the broad diagnosis as given by Hall except

in regard to the eggs and the hooks. The eggs in my material

measure 50 yu x 40 /x, whereas Hall gives 36 /x X 30 // as the

maximum. The shape of the hooks in my material differs con-

siderably from the figures of Leuckart and Stiles, the notch

between the handle and the guard being exceedingly deep.

I have diagnosed my specimens as Echinococcus granulosus,

but I do so provisionally, feeling that further study and com-
parison with forms from other hosts may prove them to be

another species.

Until a careful comparison is made of material from Australia,

South America, Africa, and Europe it would be unwise to make
any definite decision.

List of Cestode Species arranged under Hosts.

Carnivoea.

VlVERRID^.
YiVERRicuLA MALACCENSis. Indian Civet. India.

Taenia tmniaiformis (Batsch, 1786), Wolfhiigel, 1911.

Genetta genetta. Common Genet. Spain.

'fcenia tcBnia;formis (Batsch, 1786), Wolfhiigel, 1911.

Paradoxurus hermaphroditus. Malayan Paradoxure.

Malay.

Gyclorchida crassivesicula, sp. n.

Oanid^.
YuLPES VULPES. Common Fox. Britain.

Mesocestoides lineatus (Goeze, 1782), Railliet, 1893,

Canis aureus. Common Jackal. India.

Tcenia balaniceps Hall, 1910.

Lycaon capensis. Cape Hunting Dog. S. Africa.

Echinococcus granulosus (Batsch, 1786), Rudolphi, 1805.

MUSTELID^.
Meles meles. Common Badger. Britain.

Mesocestoides lineatus (Goeze, 1782), Railliet, 1893.

RODENTIA.

OCTODONTID^.
Myopotamus coypus. Coypu. S, America.

Multiceps {Ccenurus) serialis (Gervais, 1847), Stiles &
Stev., 1905.
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Hybaces.

PrOCAVIIDjE.

Procavia capensis. Cape Hyrax. S. Africa.

Inej^micapsifer pagenstecheri Janicki, 1910.

Inermicapsifer settii Janicki, 1910.

Inermicapsifer interpositus Janicki, 1910.

Ungulata.

BoviD^.
HiPPOTRAGUS EQUiNUS. Roan Antelope. Africa.

Cysticercus tenuicollis Rudolphi, 1810.

Moniezia expansa (Rud., 1810), R. Blanchard, 1891.

Ammotragus lervia. Barbary Sheep, Morocco.

Cysticercus tenuicollis Rud., 1810.

Ovis viGNEi. Urial Gad. India.

Cysticercus tenuicollis Rud., 1810.
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(Measurements in tbe Tables are in millimetres throughout.)

The recent description of Hebridean mammals by G. E. H,
Barrett-Hamilton and M. A. G. Hinton in P. Z. S. 1913*(1), in

'A History of British Mammals' (2), and in Ann. & Mag. Nat. Hist.

1913 (3), and by M. A. G Hinton in Ann. & Mag, Nat. Hist,

1914 (4), neither completely exhausted the subject nor, in most
groups, sought to rtaake any definitive summaiy. Of tbe three

wild genera most abundantly distributed in the Hebrides

—

Sorex,

Apodemus, and Microtus,—only Apodemus has been the subject

of a detailed review, which, owing to paucity of material, was
of necessity left indeterminate as far as certain islands were
concerned. Valuable results were accordingly to be expected
from tbe examination of further mammal material from these

localities, and for this reason it was thought desirable to extend
the scope, originally of an entomological character, of a private

expedition to the Inner Hebrides undertaken by some students

at Cambridge University, to include the collection of mammals
;

specimens, described in this paper, were thus obtained on Islay

and Jura by I. G. S, Montagu, and on Gigha by G. E. Hutchinson
and G. L, E, Hancock. The results achieved by the inspection

of this and other material in the British Museum collection

have cleared up several of the indeterminate points in (4), have
shown the existence of certain foi"ms of Sorex araoieus which
have an interesting bearing on the history of the species,

and have pointed the way to a thorough revision of the Biitish

forms of Microtus. It should be noted that, again, in the case of

no group is a definitive summary attempted ; a final view of the
relationships of such a group as that treated in this paper is, in

the writer's opinion, only possible when forms from all the islands

inhabited by that group have been examined. Accordingly the

* (1) " On a Collection of Mammals from the Inner Hebrides," P. Z. S. 1913.

(2) ' A History of British Mammals.' Gurney & Jackson, 1912-19.

(3) " Three new Voles from the Inner Hebrides, Scotland," A. M. N. H. 1913.

(4) " Notes on British forms of Apodemus," A. M. N. H. 1914.
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plan here adopted has been the tentative indication of these

relationships without final systematic grouping.

It should be noted here that the work of collection in the

Inner Hebrides was greatly facilitated by the invariable courtesy

of the inhabitants.

The writer further takes this opportunity to express his thanks

to M. A. C. Hinton, without whose generous advace the results here

described would largely have lacked their comparative value.

Review of Sorex araneus forms from the Inner Hebrides.

The satisfactorj'- description of the characters of the Hebridean

Common Shrews involves a general survey of those of Great

Biitain and of the most nearly related Continental forms.

Dorsal Ventral

Form. Colour. wash. Size. p^ .

8. a. araneus. Continental Dark. Pale to dark. Various. Present.

S. a. castaneus. British Southern Light. Pale to dark. Large. Present.

S. a. castaneus. Scottish Highland Light. Pale to dark. Small. Present.

Jura shrew Dark. Pale. Small. Present.

Gigha shrew Dark. Pale. Small*. Present.

Islay shrew Dark. Absent. Large. Absent.

* With large cranial characters.

It will be seen from the above table that no character can

be cited to distinguish the Jura and Gigha shrews from some
specimens of the Continental form. Continental S. a. araneus

includes forms exhibiting distinct local variation from the

typical ; a small form ranges from Denmark, through Northern
Germany and the JSTetherlands, into France; the large typical

form is found not only in Scandinavia but in Southern and
Eastern Germany ; shrews from the Harz Mountains and fi-om

South-Eastern Norway show a light ventral surface, the former

thus resembling the Jura and Gigha forms in both size and
colour. It should, moreover, be noted that the typical form of

S. a. castaneus is to be found only in the southern parts of Great

Britain, the shrew of the Scottish Highlands being readily dis-

tinguishable from it by its generally smaller size and smaller

skull. These forms all deserve systematic separation ; subspecific

status, however, would undoubtedly obscure their relationships

in such a manner as to render their present recognition inadvis-

able. It follows that the revision and satisfactory arrangement
of European shrews, as that of any other thoroughly examined
group, is impossible without a quadrinominal nomenclature. In
the absence of such a nomenclature the writer is unprepared

to make, and would certainly regard as unsatisfactory, an attempt
to distinguish systematically the forms of Jura and Gigha from
>S^. «. araneus. In a similar manner the maintenance of specific

status for the Islay shrew obscures its relationships, and the

writer accordingly reduces its status to a subspecific one.
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It may be noted as an interesting circumstance that the neigh-

bouring Highland form of jS. a. castaneihs is approached in size

most closely by the shrew of the island most recently separated

from the mainland, Jura, and least by that of the longest

separated, Islay. This coincides with the view that smallness in

S. araneus is a modern character, developed in Scotland, for

example, since the separation of Islay from the mainland.
Similai'ly, light dorsal coloration might be regarded as yet more
modern, developed throughout Great Britain since the separation

of Jura. That largeness in the group is primitive is confirmed, by
fossil evidence, which can, however, obviously throw no light on
the question of ancestral colour. The view that dorsal lightness is

primitive in Common Shrews has been considered to be supported

by its universal presence in young specimens. If, however, this

latter view be correct, the Jura and Grigha shrews must have an
unusual history ; on the one hand they may be regarded as con-

vergent forms, strikingly parallel with Continental >iS'. a. araneus
;

on the other hand they must be regarded as representatives of a
successful modern group, which, having excluded the older light

group from the European mainland, has itself, in part, been
excluded from the British mainland. The improbability of both
these assumptions encourages the statement that the description

of the Jura and Grigha shrews tends to confirm the view that

dorsal lightness in S. a. castaneus is a secondary development
from a dorsal clove-brov/n condition ; this view is perhaps sup-

ported by the fact that, even in ;S'. a. castaneus, the young coat is

of a slightly lighter tint than is that of the average adult.

SoREx ARANEUS ARANEUS Linmeus.

Sorex araneus castaneus Barrett-Hamilton & Hinton, P. Z. S.

1913, p, 823 (1).

Material examined and Dimensio7is. Six adults (3 d" , 3 $ )

collected by Sheppard in May 1912 in Jura. Five adults

(2 d" , 3 $ ) and six young adults (3 c? , 3 $ ) collected by Hutchin-
son in June and July 1922 in Grigha,

Jura, HB, T. HP,
Average of six adults 72"5 3o'3 12

GieHA.
2. Adult (?, 30.6. 22 70 37 13
5.' „ (?, 30.6.22 76 40 14
6. „ 2,30.6.22 70 32 11-5

11. „ ?, 2.7.22 71 34 12-5

15. „ ?, 3.7,22 77 37-5 12
1, Young adult (?, 30.6.22 62 35* 12

10, ., „ <?, 2.7.22 63 37 13
14, ,, „ S, 3.7.22, 66-5 34 12
3. „ „ 9, 30.6.22 71 39-5 13
4. ,. „ ?, 30.6.22 68-5 38 12
7, ,, „ ?, 1.7.22 59 36 12

Average of five adults 72'8 38"3 12"6

The term "young adult" is applied to specimens in the light summer coat, their
feet being abundantly clothed with hair.

* Tail damaged in trap.
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Description. Both these forms exhibit a dark, clove-brown,

dorsal coloration and a light ventral surface with traces of pale

wash ; they ai-e thus indistinguishable in appearance from certain

specimens of Continental S. a. araneus. In size (head-and-body

and condylobasal lengths) they resemble the neighbouring High-
land S. a. castaneus in being small. The Grigha form, however,

has large cranial and jaw measurements not usually associated

with small length of skull. This may represent a secondary

development, or may represent certain survived characters from
the primitive general largeness. The sum of these characters

indicate that the Jura and Grigha shrews exhibit considerably

more affinity with S. a araneus than with S. a. castaneus, and it

would certainly be incongruous to leave them with the latter

group. While they exhibit sufficiently distinct combinations of

characters to justify separate recognition, the writer does not

propose, for reasons stated elsewhere, to obscure their relationships

by systematising them as subspecies.

SoREX ARANEUS GRANTii Barrett-Hamilton & Hinton.

Sorex grantii Barrett-Hamilton & Hinton, P. Z. S. 1913,

p. 824(1).

Habitat. Islay.

JVew Material examiiied and Dimensions. Five adults (2 cj* , 3 5 ),

one young adult ( $ ), and one aged specimen ( J ) collected by
Montagu in June 1922.

HB. T. HP.
8. Adult <?, 18.6.22 74, 37 12

11. „ $, 18.6.22 66 35 12

3. „ ?, 17.6.22 72 31 12

7. „ ¥, 18.6.22. 77 37 12

9. „ ?, 18.6.22 76 38 irS

15. Young adult ?, 21,6.22 72 40 12

12. Aged ^,19.6.22 60 39 13

Average of 1922 adults (5) 73 35-6 11-9

„ of all adults (23) 76-15 35-9 12-45

Description. The new specimens of this form confirm the

description by Barrett-Hamilton and Hinton in (1). An exami-

nation of all specimens gives the following figui-es :

—

p^ present on both sides in 10 specimens, 45 p.c. of those examined.

„ „ ,,
one side „ 5 „ 23 „ „ „

„ absent „ both sides „ 7 ,, 32 „ ,, „

No. 12 is a most remai-kable specimen, the discovery of which
has an important bearing on the bionomics of the shrew.

L. E. Adams collected data, his interpretation of which has been
generally accepted, demonstrating that S. a. castaneus is an
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annual, each generation surviving about eighteen months. Thus,

according to this hypothesis :

—

In spring and early summer of year x there are present adults of

year x-\ and young of year x being produced.

In late summer and autumn of year x there are present young
adults of year x and adults of year x-l dying off.

In winter of years ^' x-\-\ there are only adults of year x

generation.

The abundant data in support of tliis view need not be recapitu-

lated, suffice it to say that all winter specimens were found to be

indistinguishable in point of age, and that no really aged specimen

had hitherto been examined. This theory was extended to

embrace many other European shrew forms. No. 12, hov/ever,

is undoubtedly above normal oge ; the teeth are almost com-
pletely worn away, the dorsal black and the ventral silver coats

are grizzled. No specimen like it is in the British Museum
collection, nor has one been recorded. It should be noted that

the proportion (l/29th) of examined S. ,a,,,grantii specimens

that this individual represents does not encourage the view that

there is a tendency to longevity in the subspecies, but causes

one to regard its occurrence as being as exceptional as in

S. a. casteneus.

In reducing the status of this form to a subspecific one the

Avriter is following the method of Barrett-Hamilton and Hinton,

who, on p. 432 of (2), write :
"' This mouse (3£. a. macgillivraii)

might well be called a species were it not that the subspecific

name indicates its relationships." From this point of view specific

status was, in the first place, incongruous for the Islay shrew,

and the necessity for systematising it as a subspecies of S. araneus

has been enhanced by the description of the shrews from Jura
and Gigha, the characters of which emphasize the relationships

of the Islay form. It should be added that this view is accept-

able to M. A. C. Hinton.

SoREX MiNUTUS MiNUTUS LinuEeus.

Material examined and Dimensions. One adult ( $ )
collected

by Montagu in June 1922 in Jura.

HB. T. HF.

17. Adult ?, 23.6.22 59 38* 11

Avevageof sixteen adults from the Inner Hebrides (1) 55'5 3o'4 lO'l

* Tail damaged in trap.

Desc7'iption. This shrew has now been reported in the Hebrides

from Lewis, N . TJist, Benbecula, S. Uist, Barra ; Skye, Sanday

,

Eigg ; Coll, Tiree ; Islay, Jura, Gigha ; Great Cumbrae, Arran,

Bute. It had not hitherto been reported from Jura. The
present specimen, it shovild be noted, is noticeably large in all

dimensions.

pRoc. ZooL. Soc.~1922, No. LXIII. 63
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Sorex skull dimensions.

Sore.v araneus araneus.

Jura. Cbl. Mb.

Average of three specimens 18"50 5'15

(2)

GiGHA.
5. Adult S 18-39 5-64

15. „ ? 18-62 5-38

7. „ Young adult (? 18-44 5-36

Average of eight specimens 18-55 5-39

(4)

Sorex araneus grantii.

ISLAT.
8. Adult (? 18-71 5-30

11. „ $ 18-81 5-42

3. „ ? 19-06 5-65

7. „ ? 19-22 5-38

12. Aged <? 18-98 5-50

Average of nineteen specimens . . . 18'85 5-32

(18)

Sorex minutus minuttis.

Jtjka.

17. Adult $ 15-94 4-33

Bbc. Dbc. M.
9-10 4-85 9-34

(2) (2)

9-66 5-23 9-68

6-60 5-35 9-62

9-50 5-33 9-73

9-56 5-30 9-74

(4) (3)

9-27 5-23 9-65

9-24 5-40 9-57
9-50 5-33 9-82

9-22 5-16 9-70

9-77 5-00 9-76

9-26 5-15 9-65

(16) (18)

7-45 4-35

Notes on Apodemus.

Hinton remarks, on p. 119 of (4), that "in practically every

island of the Hebrides, difierentiation from the parent stock has

proceeded so far that the most logical course would be to describe

the mice of each island as a distinct subspecies." In his paper,

however, lack of abundant material compelled him temporarily

to group the mice of Ghia and Tiree with those of Grreat Cumbrae
as ^. h. Gumbrce, and the mice of Jura and Islay with those of

Mull as J.. A. inaclean. The distinguishing characters he observed

in them are well confirmed by the extended series now available,

and others are made apparent; there is left no doubt of the
distinct nature of each, which is accordingly here separated.

Apodemus hbbridensis tir^, subsp. n.

Apodemus hebridensis cumbrce Hinton, A. M. N". H. 1914,

p. 128 (4).

Habitat. Tiree.

Material examined and Dimensions. Four adults (3 J, 1 $)
collected by Sheppard in July 1912.

Type 150. Adult ?, 13.7.12

Average of all adults (4)

Description. In general dorsal colour this form nearly resembles
A. h. cumbrcB ; the flanks are slightly less bright than those of

A. h. ciwibrce, and are little lighter than the back. The con-
trast between flanks and belly is not striking ; the latter is

silvery, with slight trace of the pectoral spot.

HB. T. HF. E.

100 88 22 13-5

102-5 84-25 23-1 13-5
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The size of this form is greater than that of the other rnfous

mice, A. h. cumbrcie and A. h. ghia, with which it was formerly asso-

ciated. The tails are short, and the ears are considerably

shorter than those of other forms of A . hehridensis.

The only complete skull available, though that of an old

specimen, is noticeably small. The dimensions indicate a broad

rostrum like that of the Sodor (Grigha, Jura, Islay) forms, and a

peculiar long, narrow nasal ; in other proportions the skull seems
fairly to resemble that of the Cumbrae form.

ApODEMUS HEBPaDENSIS GHIA, Subsp. n.

Apodemus hehridensis cumbrce Hinton, A. M. JST. H. 1914,

p. 128 (4).

Habitat. Gigha.

Material exaTnined and Dimensions. One adult
( $ ) collected

by Sheppard in May 1912. Three adults ( c? ) collected by Han-
cock and Hutchinson in July 1922.

HB. T. HP. E.

8. Adult, 1.7.22 94 89 23 M'S

Type4<. „ 2.7.22 92 95 23 15-5

7. „ 3.7.22 97 88* 25 15

Average of all adults 9575 897 23-4 15

* Tail damaged in trap.

Description. The black dorsal hairs are distributed, not so as

to dull the general colour from rufous to brown as in the Mull,

Islay, Jura, and typical A. h. hehridensis forms, but in more
definite splashes ; thus the back remains rufous with black

spangled more abundantly in a median position than on the

flanks. There is bright contrast between the flanks and the

silvery belly, the line of demarcation being distinct. The pectoral

spot is slight, though more distinct than in A. h. cimibrce and

A. h. tirce.

The appendage measurements correspond to those of A. h.

cumbrce and the typical form.

The skull measurements, when compared with those of ^1. h.

cumbrce, indicate a relatively small zygomatic breadth, crania]

width, and coronal cheek-teeth length. In these measurements

the skull of A. h. ghia more closely resembles that of the Islay

than that of the Cumbrae form.

Apodemus hebridensis tural, subsp. n.

Apodemus hehridensis maclean Hinton, A. M. N". H. 1914,

p. 130 (4).

Habitat. Islay.

Mctteinal examined and Dimensions. Seven adults (2 (^ , 5 $ )

collected by Sheppard in May and August 1912, two adults (?)

63*
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in the Royal Scottish Museum, and four adults (3 c? , 1 $ ) and

one young specimen ( cT ) collected by Montagu in June 1922.

HB. T. HF. E.

2Vjje2. Adult (?, 17. 6.22 91 91

4. „ (?, 18.6.22 97 98

14. „ c?, 20.6.22 98 89

5. „ ?, 18.6.22 91 88

1. Immature <?, 16. 6. 22 62 62

Average of 1922 adults (4) 94-25 91-5 24-5 15-25

„ „ all adults (13) 93-6 84-6 23-1 14-4

Description. This form well resembles A. h. maclean in general

colour ; there is, however, less contrast between the back and

flanks, the latter being distinctly more rufous than the lighter

flanks of A. h. maclean. The ventral surface is silvery and the

pectoral spot even less distinct than in A. h. maclean.

The appendage measurements of Sheppard have often been

found to require revision, and the fact that in this case

they do not agree vs^ith those of Montagu indicates that too

much reliance should not be placed on them. There can,

accordingly, be little doubt that the ears of Islay mice are longer

than those of the Mull form, with which they were formerly

associated. The.tail, also, like that of the Cumbrae, Grigha, and

Jura mice, is noticeably longer than that of the Mull and
typical A. h. hehridensis forms. The hind feet, far from being

small as suggested on p. 130 of (4), ai-e extremely large; it may
be noted that in the young specimen the hind foot is equal to

40 per cent, of the head and body length.

The measurements of the recently collected skulls largely con-

firm the differences noted by Hinton in comparing this form

with A. h. maclean. The skull of A. h. tural is to be distin-

guished from the latter by its greater zygomatic and interorbital

breadths, broader and deeper brain-case, rather larger bullae, and
broader rostrum and masseteric plate.

Apodemus hebridensis larus, subsp. n.

Apodemus hehridensis macleaii Hinton, A. M. IST. H. 1914,

p. 130 (4).

Habitat. Jura,

Material examined and Dimensions. Three adults (2 d , I 2)
collected by Sheppard in May 1912, and two adults ( § ) collected

by Montagu in June 1922.

HB.

2>^e 123. Adult (?, 18.5. 12 100

19. „ ?, 26.6.22 86

20. „ $, 26.6.22 84

Average of all adults (5) 92-6

* Tail damaged in trap.

T. HF. E.

59* 23 14-5

75 23 15-5

94 23 15-5

83-7 22-8 14-8
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Description. This form resembles A. h. Uiral in general colour,

but is dorsally darker, being the darkest form of A. hehriclensis
;

the dark hairs are distributed evenly, though more abundant
in a median position. The ventral surface is silvery and the
pectoral spot is faint.

The appendage measurements resemble those of A. h. tural,

the ears being longer than those of-^. h. maclean.
Like A. h. tural the skull measurements resemble those of

A. h. hehriclensis and differ from those of A. h. maclean in showing
larger zygomatic, interorbital, and cranial breadths, larger cranial

depth, and broader rostrumi and masseteric plate. The skull,

however, resembles that of ^. ^. maclean and differs from that of

A. h. tural in the smallness of its bullae ; further, it shows a
peculiarly large width of the incisive foramina.

Apodemus skull dimensions.

(3)

Gt. Cumbrae.
(2) .

Tiree.
(2)

Gigha.
(8)

Tslay.

(4)

Jura.
(3)

Mull.

No. A. h. A.h. A.h. AJi. A.h. A.h.
of D. cumhrcB. tircB. gliia. tural. larus. :maclean.

1. 23-16 22-70 24-36 23-53 23-84 23-73

Irt. 100 100 100 100 100 100

2. 110-75 110-00 107-90 109-36 109-40 109-83

3. 56-56 56-00 53-40 54-20 54-65 53-03

4. 16-80 17-40 17-60 17-69 17-50 17-28

5. 51-00 50-50 48-20 48-66 49-38 48-26

6. 35-60 35-50 35-72 35-13 34-99 34-06

7. 45-56 46-30 46-20 45-78 46-03 45-90

8. 26-60 26-45 26-37 26-39 25-81 25-93

9. 40-23 42-10 39-45 40-05 40-85 41-80

10. 11-91 11-70 11-90 11-97 12-08 11-93

11. 54-33 55-95 55-90 54-34 54-65 54-03

12. 28-90 28-65 29-08 29-34 29-47 29-90

13. 23-56 24-70 22-22 23-40 24-09 24-70

14. 7-46 7-73 8-66 8-13 9-09 6-86

15. 18-96 19-80 19-62 19-30 19-94 18-83

16. 10-66 10-35 11-41 10-77 11-89 10-26

17. 16-25 16-25 16-02 15-92 16-22 16-05

Number in ( ) of skulls on which averages are based.

1. Condj'lobasal length : average in 8. Condyle to front surface of bulla.

millimeti-es. 9. Nasal length.

Reductions

:

;— 10. Nasal width.

\a:. Condylobasal length equals 100. 11. Palatal length.

2. Occipitonasal length. 12. Diastema.

3. Zygomatic breadth. 13. Length of incisive foramina

4. Interorbital constriction. 14., Width of incisive foramina,

5. Cranial width. 15. Rostral breadth.

Cranial depth, in middle.

Postmolar length ; condyle to m.3.

16. Width of masseteric plate (least).

17. Cheek-teeth, coronal length.
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Mus MuscuLUS MUSCULUS Linnseus.

Material examined and Dimensions. Three (2 c? , 1 5 ) collected

by Montagu in June 1922 in May, and one ( d" ) collected by

Montagu in June 1922 in Jura.

IsiAT. KB. T. HF. E.

10. Adult <?, 18. 6.22 82 82 18 13

13. „ c?, 20.6.22 78 76* 17 13

6. „ ?, 18.6.22 75 75 17 10

Jttea.

18. Adult (?, 25.6.22 71 71 17-5 13

* Tail damaged in trap.

Description. All the specimens, which were trapped in fieldsj

are in the yellowish outdoor pelage.

Eevieiu of the Britishforms q/Microtus agrestis.

Definitions of various subspecies of M. agrestis have appeared

from time to time (1, 2, 3) describing forms from the Hebrides

and from the Scottish mainland. These definitions, however,

have been written not by the same person, and often without

facilities for surveying the whole material from all these localities
;

the existing descriptions accordingly lack comparative value in

some respects, such as character of fur ; for such characters are

largely incapable of reference to other than subjective standards.

The writer therefore gives here, in tabular form, a compai-ison

of the various types of fur recognised as peculiar in British

M. agrestis forms.

No. TXPICAL. IsiAT. GiGHA. ElGG. MuCK.

1. Intermediate. Sleek. Shaggy. Sliagg}'. Shaggy.

2. Soft. Soft. Harsh. Soft. Soft.

3. Rufous. Rufous. Rufous. Rufous. Rufous.

4. 12 10 14 14 14

5. 2 2 2 2 2

6. General. General. Abundant. General. General.

7. 16 16 16 16 16

8. Irregular yellow. Uniform dark a and h. Uniform More uniform
grey. white. yellow.

9. 6 6 6 6 6

10. Grey, 2 Grey, 2 Grey, 2 White, 2 Grey, 2

11. 8 8 8

12. Pale, 2 Bright, 2 Pale, 2

a, irregular yellow ; h, uniform dark grey.

Dorsal fur characters :

—

1. Appearance.

2. Texture.

3. General colour.

4. Coloured hair, length grey bases.

5. „ „ „ coloured tips.

6. Black hair, distribution.

7. „ „ length.
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Ventral fur characters :

—

8. General colour.

9. Short hairs, length grey hases,

10. „ „ ,, and colour tips.

11. Longer hairs, length grey bases.

12. „ „ „ and colour tips.

Muck, 3£. a. luch; Eigg, M. a. mial ; Gigha, M. a.fiona; Islay, M. a. maegil-

livraii; Typical, -M". a. exsul; N. Uist, S. Uist, .Jura, Ari'an, Mull, M. a. neglecttis;

Mainland, Bute.

An examination of the skulls fi^om all the localities visited

leads to the conclusion that the present systematic grouping,

based on the degree of reduction of the 4th inner angle of mi,

is an inaccurate one. This character is one which, seldom constant

even locally, varies very readily, and undoubtedly its variation

does not correspond with degree of differentiation in other

Text-figure 1.

DJ.

D.^.

D.2. D.S.

n n
D.5.

D.6. D.7.

Dm^raw 1. Temporal shield : Type 1. D. 2. Temporal shield : Intermediate type.

B. 3. Temporal shield : Tj^pe 3. D. 4. Posterior part of palate : Type 2.

I>. 5. Posterior part of palate: Type 1. D. 6. Anterior part of jugal of

M. a. fiona. D. 7. Anterior part of normal jugal.

respects from the primitive type. Steps are being taken to

secure specimens from most of the hitherto unvisited islands,

and M. A. C. Hinton and I. Gr. S. Montagu are undertaking a
definitive revision of the gi'oup. Accordingly, in spite of the
incongruous position of many M. agrestis forms, no attempt is
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made here to define them in conformity with the present estimate
of their position. An exception is, however, made in the case of

M. a. fiona of Gigha since the material representing it is new
and undescribed. It is farther considered advisable to indicate

the lines along which the projected new groupings will be
efiected.

Group 1.

Temporal shield type 1.

M. a. macgillivrcdi. Islay.

Far colour peculiar
;
palate type 1 ; 4th i. a. distinct.

M. a. e.vsul. Jura.

Fur colour typical
;
palate type 1 ; 4th i. a. distinct

or vestigial.

Intermediate Grou]).

Temporal shield intermediate type.

M. a. fiona. Gigha.

Fur colour peculiar
;
palate type 2 ; 4tli i. a. vestigial

;

jugal peculiar.

Group 3.

Temporal shield type 3.

Division 1 . Palate type 1

.

M. a. mial. Eigg.

Fur colour peculiar : 4th i. a. distinct.

M. a. exsul. IST. Uist, S. Uist.

Fur colour typical ; 4th i. a. distinct.

M. a. exsul. Mull.

Fur colour typical ; 4th i. a. distinct or vestigial.

Mixed Division. Palates of both types.

M. a. neglectus. Mainland.
Fur colour typical ; 4th i. a. distinct, vestigia], or absent.

Division 3. Palate type 2.

M. a. neglecttis. Bute.
Fur colour typical ; 4th i. a. distinct, vestigial, or absent.

M. a. exsul. Arran.
Fur colour typical; 4th i. a. distinct or vestigial.

M. a. luch. Muck.
Fur colour peculiar; 4th i. a. distinct, vestigial, or absent.

MiCROTUS AGRESTIS FIONA, Subsp. n.

Microtus agrestis exsul Barrett-Hamilton & Hinton, P. Z. S.

1913, p. 830 (1).

Habitat. Gigha.

Material examined and Dimensions. One adult
( J ) collected by

Sheppard in May 1912, sis adults (3 J" , 3 $ ) and two immature
specimens (1 J , 1 $ ) collected by Hancock and Hutchinson in
June and July 1922.
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HB. T. HF. E.

3. Adult c?, 1.7.22 119 39 18 12

Type 5. „ $, 2.7.22 121 35 20 irS

9. „ $, 2.7.22 129 38 19 irS

1. „ ?, 30.6.22. 107- 35 19 11

6. „ ?, 2.7.22 118 36 18 12-5

12. „ $, 2.7.22 117 34 19 12

13. Immature d' , 2.7.12 97 31 19 9

2. ,, $,30.6.22 97 32 18 9-5

Average of all adults (7) 1187 35-7 18-7 irS

Description. This form is, externally, of peculiar appearance.

The long dorsal far is darkened, and rendered harsh by the

profuse abundance in it of long black hairs. There appear to

be present in the subspecies two types of ventral surface ; this

diversity may prove to be a secondary sexual character. Females

1, 12, 2 (imm.) have ventrally only short grey hairs, and exactly

resemble in this respect M. a. macgillivraii. Males 3, 5, 9,

13 (imm.), 127 and femsle 6 have, besides the short grey hairs,

longer hairs with tips pigmented brighter yellow than those of

the typical form, and distributed in similar irregular patches.

The character of K^o. 6 prevents one from formulnting a definite

opinion of the nature of this diversity until fvn^ther material is

available.

In general body size and dimensions of appendages this form
resembles M. a. exsul.

The skull shows a temporal shield like that of M. a. exsul in

its main characters, but resembling that of 31. a. macgillivraii

in certain minor respects. The shield is, further, unique in

showing angle a* greater than 90°; in all other forms examined
this angle is less than 90°. The posterior part of the palate is

grooved. The jugal is peculiar in showing in dorsal view an
abrupt anterior curve about 3 mm. from its junction with the
rostrum. The 4th inner angle of mi is distinguishable in all

specimens but is never more than vestigial.

* See Diagram 2.
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(1) Introduction and Previous Work on the Genus.

The material which forms the subject of this paper was
obtained from the mud at the bottom of a big pond known as

Hewari-talab in Benares. This pond has its source of supply in

the waste water from the city waterworks, in which the water
from the Ganges is mainly used for the supply of the town.

In the same mud were also found many specimens of Limno-
clrihis sociaUs Stephenson and Branchiura soiverhyi Beddard,
common Indian Tubificids ; BrancJiiodrilus hortensis Stephenson,

Dero limosa Leidy, and Atdophorus furcatus Oken, gilled Naido-
morphs. Till recently the only Tubificidpe known from India

were represented by four species, each belonging to a different

genus. Besides Limnodo-ilus socicdis and Branchiura sowerhyi

there were only two other rather rare species, Bothrioneuron iris

Beddard and Monopylephorics parvus Ditlevsen. In a paper
just published (15) Stephenson has announced the discovery of

Tidiifex tubifex and Aidodi'ilus remex in that country. It appears
that Tubifex, which is a common European Tubificid, is rai'e in

India and probably in the East. The species described in the

present paper belong to the genus Aulodrilus, which is at present

the least known genus of the Tubificidse. This genus was estab-

lished by Bretscher (4) in 1899 for A. limnohius in Switzerland,

* Communicated by Dr. J. Stephenson, F.Z.S,

t For explanation of the Plates, see p. 969.
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He places it as an appendix to the Tubificidae, thoitgh he thinks
that it fits neither with that family nor with the Lumbrieulidse,

and suspects that it may be necessary to found a new family for

it. Piguet (11) described a second species in 1906 and placed it

among the Naididae as jVaidmm pleuriseta ; but later transferred

it to Auloch'ihcs, which he considers to belong neither to the
Tubificidse nor to the Naididse, as he saw retractile penes in front

of the ventral setge of segment 7. He did not complete the study
of the worm, and so could not be sure about its position.

Stephenson in a paper (16) published in 1921 describes another
species, A. reinex, from India as above-mentioned.

The genus, which hitherto has been characterized mainly by
the character of the needle setse (crotchets), is now well estab-

lished, as will be seen from the following description. The
genital organs^ unknown to all the previous authors, are described

at full length in the present paper and decide the position of the

genus in the family Tubificidae. The fact that the needle setse

possess a small outer prong (the one on the outer side of the
curve of the shaft), which is not the usual condition in the
Microdrili, is not of very great generic importance, because in

some TubiHcids, e. g. in Tubifex velutinus Grube, some crotchets of

a similar kind are present ; and moreover in A. stephensoni the
outer small prong is missing altogether, the needle setse being
thus singly pointed and not forked.

The hinder end of the body is narrower and thinner, and does

not show any signs of segmentation. Sometimes a faint indica-

tion of external segmentation may be visible, but the zone of

budding lies some distance in front of the anus, where a large

number of new segments are being formed. One can easily

recognize the worm by its peculiar hinder end. This feature was
previously described by Piguet in A. pleuriseta, und Stephenson
has recently confirmed it in A. remex, and remarks "the most
posterior region shows no proliferation, nor even any segmenta-
tion, but there is a zone of proliferation and formation of

numerous new segments some little distance in front of the anus."

Later on, he adds " such a budding zone as that of the present

genus is so far as I know unique."

Aidodrilus connects the genera Branchiura, KaioaTiiuria,

Fsammorcytes, and Tubifex ; it also shows some resemblance to

MonopylephorujS ajricanus Michaelsen in the points that it

possesses a spermiducal chamber, penial setae and spermathecae in

the 9th segment. In certain points it also bears some similarity

to the Naididae. One point of similarity, namely the anterior

position of the genital organs, is however merely a case of extreme
variation within the genus Aidodrilus and hence not of any
generic importance. This follows from the description here given
of a second species, undoiibtedly belonging to this genus, in which
the reproductive organs lie in the usual position for the Tubificidae,

That it is a Tubificid is beyond any doubt, but it shows a greater

simplicity of structure than any other genus of the family.
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It is remarkable that the atrium here is situated far forwards,

and is followed by a convoluted tube of great length which is

enclosed in a thick covering of muscle fibres forming a structure

somewhat similar to that of the coelomic sac in Brancliiura and
Kaivmnuria. I have called the tube following the atrium and
enclosed in the coelomic sac the " atrial duct " and restricted the

term atrium to the anterior rounded portion into which the

prostate opens. The use of the muscle fibres forming the coelomic

sac, or better the muscular sac, is to evert the terminal part of

the atrial duct, which thus projects out of the " spermiducal

chamber " as a fairly long pseudo-penis.

The term " spermiducal chamber " used by Goodrich in the

case of Vermiculus is retained here too, for a similar structure,

i. e. the ventral depression of the body-wall, into which the atrial

ducts open and the penial setse lie.

The prostate gland as usual in the family is voluminous and
composed of cells, which when full of secretion become disorganized

and lose their cellular structure, the secx'etion being thus massed
together flows directly into the atrium. The prostate appears to

arise as a part of the atrial epithelium, which bursts out of the

atrium as a sort of hei-nia or outgrowth.

The penial setal sacs are provided with masses of large pear-

shaped gland cells, which lie in the body-cavity outside the setal

sacs themselves though connected with their walls.

I wish to express my wai-mest thanks to Mr. F. A. Potts

and Dr. J. Stephenson of Edinburgh for valuable suggestions in

connection with this work.

(2) Diagnosis of the Genus and Species.

The chief characters of ^wZoc^nZits are the following :—Dorsal

setse capilliform, uncinate or oar-shaped (with thin flattened

distal extremity) ; ventral setae uncinate. The uncinate setse

(crotchets) have the outer prong (the one on the outer side of the

cui-ve of the shaft) much smaller than the inner, or the outer

prong may be absent. The penial setae, of very difiei'ent form,

are the modified ventral setas of the 7th or 10th segment. The
atrium is small and subspherical ; it is followed by a long con-

voluted atrial duct, which is enclosed by a thick covering of

muscle fibres to form the "muscular" or "coelomic sac." The
terminal part of the atrial duct is capable of being evaginated to

form a long soft pseudo-penis. The sperm-sac is formed by the

backward extension of septum 6/7 or 9/10, and the ovisac by that of

septum 7/8 or 10/11. The clitellum occupies segments 7 and 8, or

10 and 11. The spermathecae lie in segment 6 or 9. The hearts

are in segment 6 or 8. Supra-intestinal, sub- intestinal, and
integumental capillar^'- networks are absent. The formation

of new segments takes place some distance in front of the anus.

Asexual reproduction by fission as in the ISTaididsg does not take

place.
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Aidodrilus kashi resembles A. remex iu possessing somewhat
similar oar-shaped setae in addition to the ordinary needles ; but

its hair setae are longer than the needles. The first nephridium

lies in the 11th or 12th segment. It is twice as long as A. remex.

The genital organs are in segments 6 and 7, the .clitellum is on
segments 7 and 8, and spermathecse are in the 6th segment ; the

spermiducal chamber occupies segment 7.

In A. stephensoni there are no oar-shaped needles, in which
point it markedly differs from the above species. The needles

are here singly pointed and not forked—a point in which

it differs from all the other species. The genital organs here lie

in segments 9 and 10, the clitellum extends over segments 10

and 11 and the spermathecae are in segment 9. The penial setae

are the modified ventral setae of the 10th segment.

(3) AULODRILUS KASHI, Sp. n.

(a) Habits and External Characters.

The worms live invariably in tubes formed of small foreign

particles of sand and debris cemented together with mucus
secreted by the glands in the skin ; in the undisturbed condition

the posterior portion generally remains outside the tube in the

water, and is waved gently to and fro somewhat like the tail of

Tthhifex, Lininodrilus, and other Tubificids, while the anterior end

and greater portion of the body remains buried in the tubes inside

the mud. On being disturbed, however, the worms withdraw

their freely moving tails with fair rapidity. When placed isolated

in water, they do not come out of the tubes very readily, but

when after a few minutes they do come out, they move like other

Tubificids.

About 40 specimens of this form were obtained between

February and April, of which 27 were sexually mature. They
vary from 20-28 mm. in length and hence are much larger than

A. remex. The hinder end of the worm is much thinner, the

diameter being 'IS mm. The diameter near the anterior end is

•26 mm. The colour is yellowish-red due to the blood seen

through the transparent body-wall.

The prostomium is bluntly conical, about 90 /x in length. The
number of segments varies from 31-70, plus a considerable

number of undifferentiated new segments, followed by a narrow
terminal region of about '78 mm. in length, which does not show
any sign of segmentation (PI. III. fig. 11). The number of new
segments forming in the region of budding varies considerably,

but it usually is large. The small narrow region behind the zone

of proliferation and in front of the wide terminal anus Piguet

regards as physiologically a gill. According to him it possesses a

rich cutaneous vascular plexus, but this I have not been able to

observe in my specimens. The anus can dilate during life,

forming what Piguet calls a " branchial fossa." The anus is wide
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and terminal. The worms do not reproduce asexually by

budding.
Setce.—The setse of both the dorsal and ventral bundles begin

in the second segment, and are absent in a number of developing

segments in front of the hinder end of the body.

There are three kinds of setae in the dorsal bundles : capilliform,

slightly hooked and doubly forked needles of the sigmoid type, and

oar-shaped setse with somewhat flattened or fan-shaped distal

extremity, which sometimes may end in a fine point. The
number of setse in a dorsal bundle varies from 8-10 of which

2-4 may be capilliform ; these are generally absent in the first

two or three setigerous segments, and hence begin in the 4th or

5th segment.

A hair seta (text-fig. 1, A) is 99-1 04 /x in length, always

Text-fiffure 1.

Hair set.a ; B. Uncinate seta of a dorsal bundle; C and D. Dorsal setae flattened

near the distal end (oar shaped) ; E. Uncinate seta of posterior ventral bundle

;

F. Penial seta. X 540.

longer but more slender than the needle. It is nearly straight

with a slight sickle-shaped curve and tapers to a fine point.

The needles of the orditiary kind (text-fig. 1, B) are, as usual,

doubly curved and slightly hooked at the distal extremity,

which is forked. In length this seta varies from 75-92
fj.

; it

bears a swelling or nodulus, which is situated much nearer

the distal extremity, the proportions of the distances from it

to the proximal and distal ends being about 2:1. The
prong on the outer side of the curve of the shaft is smaller

and much narrower than the one on the inner side, appear-
ing as fine as a line or a denticle ; in some preparations it

may be broken ofi", and then the seta appears as a single pointed

needle. The dorsal setae of the third kind (text-fig. 1, and D)
are flattened at the distal extremity and appear oar-like. They
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resemble the webbed setse described by Lankester in Tuhifex, but

for the prongs at the sides of the web. The distal end may be

either rounded or bluntly pointed. Their length as measured in

two specimens is 66-69 /x in one and 78-80 /z in the other ; the

nodulus here also is situated near the distal extremity, the

proportions of the distances proximal and distal to it being 2 : 1

as in the ordinary needles. The oar-shaped needles are less

numerous and are often found in the segments in front of the

middle of the body (in A, reniex these setse begin in segment 13

in one specimen and 7 in another, but they continue to the hinder

end of the body). The thin flattened distal end shows com-
paratively faintly, is marked by one or two vertical lines and has

not the distinct outline of the rest of the shaft.

The ventral sette (text-fig. 1, E) are, generally speaking, similar

to the forked needles of the dorsal bundles. The iinier prong is

much broader, about four times as thick or even more than the

outer one, which looks like a fine process and in length may be as

long as or slightly shorter than the inner one. The shaft of the

seta in the posterior part of the body is shorter and more strongly

curved than in the anterior part. In the anterior part of the

body their length is 90-100 /x, in the posterior 60-70 /x. The
nodulus is situated here also much nearer the distal end, the

proportions being—the distance proximal to nodulus : distance

distal to nodulus : 3:2 in the setee in the anterior part, and
about 2 : 1 in those of the posterior part of the body.

The penial setee are always present during the sexual phase,

and in this species are the modified venti-al setsie of the 7th

segment. They lie (PI. I. fig. 1) inside the spermiducal chamber
and posterior to the openings of the atrial (ejaculatory) ducts. In
one specimen tlie penial setae occupied a position anterior to these

openings. Their number is 1-3, generally 2 per bundle. Their

length is about "25 mm. The form of the seta (text-fig. 1,F) is

very different from that of any of the dorsal or ventral setae. The
shaft is slightly curved and is somewhat broadened in its distal

portion ; its tip comes to a fine point and looks somewhat like

the end of a spear. The distal portion has a blade-like inner

edge and an outer narrow thick border, which is continuous with

the thick proximal part. There is a narrow longitudinal de-

pression on one face of the blade, which gives it to some extent

the appearance of a spoon. The bi'eadth at the base of the

shaft is about 7 /i, while at the distal expanded portion near the

tip it is about 12 /x.

(b) Internal Anatomy.

The cuticle lines the spermiducal chamber, which is therefore

to be considered as a depression of the ventral body-wall. Large

mucous cells are a prominent feature of the surface epithelium
;

these no doubt secrete the mucus, which with the addition of

foreign particles forms the tube of the worm. The cells of the
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lateral line are small, about 15 by 6-9 /x in size, have an irregular

form and contain a corispicuous rounded nucleus of 4 ju diameter

;

they are only 4-5 in number in each transverse section.

The clitellum extends over segments 7 and 8, which contain the

principal geuital organs; it leaves free the area on the ventral

surface occupied by the spermiducal chamber (PI. I. fig. 4). It

is opaque white in appearance and merges gradually into^ the

epidermis in front and behind. Its cells are about 70 /^ in height,

^. e., about four times as high as the ordinary epidermal cells. In

the clitellar cells the cell outlines are lost, and the nuclei dis-

appear, though these may be visible in the early condition lying

here and there near the inner border. The cells have a coarse

granular appearance; the mucous gland cells are present in the

clitellum also.

Text-fig. 2 B.

al.pe.s.s. /.t-\

Vertical sections through the penial setal sac and the glandular masses in con-

nection with it in two diflerent specimens. The penial seta is rooted in the

wall of the setal sac. X 390.

[For explanation of letters used in the figures, see p. 969.]

Setal Sacs.—In the sexual phase the ventral setal sac of

segment 7, which contains the penial setse, is nearly circular in

outline as seen in a transverse section of the body (PL I.

fig. 2). Its wall consists of tall columnar epithelial cells of

about 18 by 2"5 /x size, containing a few nuclei near the outer

periphery ; outside the epithelium there is a thin layer of muscle
fibres. Cell outlines are not recognizable in the greater portion

of the penial setal sac, except for a small portion on its A'entral

surface, on account of the secretion, with which the cells seem
to be filled ; the nuclei are also mostly lost in this region

(text-fig. 3), though they are easily recognized in the ventral

portion of the wall, where the secretion is not present. The

Proc. ZooL. See—1922, No. LXIY. 64
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setal sac is continued below as a tube to open externally, and

is tbere lined by cells which have the same structure as those of

the epidermis at the opening, out of which thepenial setae project.

A very obvious feature in the constitution of the penial setal

sac is the presence of several conspicuous lobules of a glandular

mass, which lie outside it in the body-cavity though connected

with its wall (text-figs. 2 A & B and text-fig.- 3 & PI. I.

fig. 2). The lobules vary in diameter genei-ally, and each is

continued at its narrow inner end into the wall of the setal

sac. The various lobules are separated from one another by a

few narrow bands of muscle fibres. The epithelial wall of the

Text-fis'ure 3.

Vertical section through tlie penial setal sac of a specimen in a more advanced

stage of maturity. The glandular masses here are much bigger and lobed.

The secretion of the gland cells is seen passing into the epithelial wall of the

setal sac. X 220.

setal sac, as has been pointed out, does not show any cell out-

lines for the greater part (text-fig- 3), and this is specially the

case where the lobules pass into it, but is filled with a coagulura,

which is as a matter of fact the secretion. It seems to me that

the secretion of the gland cells which constitute the various

lobular masses passes into the epithelial cells and is thus stored

up there ; it is also likely that the epithelial cells are capable of

secreting too. Each penial seta is rooted only in the innermost

portion of the wall of the sac. The whole structure and appear-

ance of the glandular masses and their connection with the

epithelium of the setal sac resembles a somewhat similar condition
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sliown by the prostate and the atrium in these worms, as we shall

see later. That the epitlielial cells of the setal sac, filled with

secretion generally lose their cellular structure, except in the

small ventral portion, which is continuous externally with the

outer tubular part of the sac and not being connected with the

glandular cells is hence devoid of secretion, can be easily followed

in sections.

Each glandular mass consists of a number of somewhat elon-

gated pear-shaped cells closely pressed together. The cells have
a frothy appearance on account of the secretion they are filled

with, have mostly lost their cellular outlines, are deeply stained

with hsematoxylin or similar stains, and are similar to those of

the prostate ; only a few nuclei are present and all this tends

to show that after secreting they lose their structure.

The septa are thin throughout the body. The first septum
lies between the third and fourth segments.

Alimentary canal.—The buccal cavity is capable of extrusion
;

the epithelial cells lining it are devoid of cilia. The pharynx
occupies segments 2 and 3, and is covered over by a small amount
of chlorogogen pigment ; its wall is folded so that about 3-4

diverticula which may be again divided into two arise from it

;

in one case a fairly long diverticulum arising from the anterior

part ran independently for some distance and then opened into

its posterior part. The pharyngeal epithelium is composed of

high columnar cells with nuclei about the middle of their length,

and provided with cilia of large size, Avhich arising from the

opposite walls meet in the somewhat narrow lumen of some of

the diverticula. In a few specimens having a more slender body
the pharynx was not folded, but here the cells of the dorsal wall,

about 45-70 /a in height formed a sort of disc-like structure pro-

jecting into the phaiyngeal cavity, which consequently appeared

of a somewhat crescentic form. The cells lining the ventral

portion of the wall here were only 27-36 fx in height and 4'5 fx in

breadth. Outside the pharyngeal epithelium lies a fine layer of

cii-cular muscle fibres, from which fine strands of muscles arise

here and there, specially on the dorsal and lateral sides and
connect it with the body-wall.

The pharyngeal gland cells lie in groups separated by the
muscle strands, which form a sort of loose network around them
and largely fill up the body-cavity of the pharyngeal region. Each
gland cell takes a deeper hasmatoxylin stain than the rest of the

tissues ; it consists of a broad outer expanded portion in which
lies the nucleus with the nucleolus and a long inner narrow
portion, which can be easily mistaken for a connective tissue or a
fine muscle fibre. The cell groups surround each of the pharyn-
geal diverticula referred to before. In sections most of the gland
cells are cut in such a way that their long inner stalks become
completely separated off from their outer expanded portions and
look like fibres. Hence arises a difficulty in tracing the cells to

their inner ends. That the fine stalks of the gland cells reach
64*
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the fine basal membrane surrounding the pharyngeal epithelium

is beyond doubt, and whether they penetrate the epithelium lying

in between the cells to open into the lumen I have not been able

to see. The pharyngeal gland cells extend also behind the

pharynx and lie in masses of a somewhat irregular kind in the

body-cavity near the first septum ; I believe that these also send

processes to the alimentary canal. The oesophagus occupies

segments 4-8 and differs from the intestine in its lesser diameter.

The epithelium is separated from the surrounding layer of muscle

fibres by a fairly continuous sinus, which is interru]3ted at a few

places by the epithelial cells meeting the muscular layer. The
oesophagus suddenly dilates about the middle of the 8th or the

beginning of the 9th segment to form the intestine, which in

structure corresponds to the oesophagus ; it occupies most of the

available space in the segment and is attached to the body-wall

by muscular strands.

A large number of parasites belonging to the grovip Oiliata

Astomata (PI. III. fig. 12) were found in the intestine of the

majority of the specimens.

Blood vascular system.—The blood is yellowish-red in colour

and devoid of corpuscles. The dorsal and ventral blood-vessels

are the only longitudinal trunks present, and they are connected

with each other by a pair of commissural vessels in every segment.

The dorsal vessel is contractile and extends throughout the length

of the body ; it occupies a dorsal position only in the first six

segments, after which it turns to lie ventrally on the left side

near the ventral blood-vessel. The ventral vessel divides in the

first segment to form a pair of slightly coiled vessels which unite

above to form the dorsal vessel. The peri-visceral vessels are large

and undulating ; they lie in the posterior part of the segment in

front of the septum. In the region of the pharjmx they form a

series of loops around it ; in the posterior portion of the body
they lie very close to the body-wall and make it appear vascular,

but they do not branch to form such a cutaneous plexus as is

present in some of the Tubificids. In the 6th segment the dorsal

vessel communicates with the ventral vessel by a pair of short

lateral hearts. The intestine also is surrounded by a sinus, which

lies outside the gut epithelium and is interrupted at a few places

by the epithelial cells touching the muscular layer outside ; it is

directly connected with the dorsal vessel by means of a short

vessel once in each segment. The dorsal vessel is usually en-

larged in the 7th segment, where it turns on the left side ; the

peri- visceral vessels in the region of the sperm and ovisacs become
enlarged in the sexual phase and lie coiled round them. The
absence of supra-intestinal and sub-intestinal vessels as well as

the parietal network indicates the simple condition of the vascular

system, which is emphasized by the presence of a fairly continuous

peri-intestinal sinus as in the ISTaididse. The vascular system

therefore is much simpler than that of Ttihifex, Ilyodritus, and
BrancMura.
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N'ephridia.—The nephriclia are constructed on the same plan

as in Tuhifex. They are unpaired and lie on one side of the

body near the venti-al surface close to the ventral blood-vessel.

The nephrostome is followed by a short uncoiled tubular portion

with thin walls, which after piercing the intervening septum
undergoes several windings, before it becomes continuous with

the convoluted tube of the glandular mass. A small pear-shaped

enlargement of the tube before it passes into the glandular mass
is seen only in sections with some difficulty. The tube in the

glandular mass is coiled two or three times to form well-marked

loops ; it then emerges as a somewhat wider tube with thin walls,

on ventral side nearer the anterior end of the nephridium, and.

not at the posterior end as in Tuhifex. The terminal free

portion of the tube is short and expands near the distal end to

form a small vesicle, which opens to the exterior at the nephri-

diopore, a short distance in front of the ventral setce. The
first nephridium lies in the 11th or 12th segment, after which it

is present regularly in every segment, except in the terminal

portion of the body.

Nervous system.—The cerebral ganglion is deeply cleft in front,

slightly so behind. The median lobe, which characterizes the

brain of Tibhifex and other Tubificids is here absent, but a median
nerve is given off anteriorly to the prostomium. The peri-pharyn-

geal cords unite in the 2nd segment to form the fii'st ganglion

of the ventral nerve cord. The giant nerve fibres so charac-

teristic of the nerve-cord in the Tubificidas are absent here.

Genital organs.—I collected on several occasions between the

middle of February and the end of April a few specimens having

these organs at various stages of maturity. The genital organs

are placed far more anteriorly than in any other Tubificid, i. e. in

segments 6 and 7 ; in other Tubificidae they are never present in

front of the 9th segment except in Tuhifex [Ilyodrilus) hedoti,

where they lie in segments 8 and 9. In this respect Aidodrilus

kashi comes near the family Naididte, in which the sexual organs

lie in segments 5 and 6. The gonads are the first organs to appear

whan the period of sexual maturity sets in. In one specimen

only testes were present ; on the other hand where the sexual

organs were fairly advanced, the testes had entirely disappeared,

having given rise to an enormous ma.ss of developing sperms,

which filled the 6th segment and the sperm-sac. The ovaries

are always present till the latest stage of maturity and are quite

large, as in other Tubificids.

The testes are ovoid masses, one on each side, attached by a

narrow base to the posterior face of septum 5/6 near the ventral

body-wall.

The ovaries in a stage of advanced maturity are a pair of large

massive organs of a somewhat ovoid or irregular form with a

small basal stalk, by which they are attached to the postei'ior face

of septum 6/7 near the ventral pai-ietes. They remain throughout

the sexual phase, even when the ovisac is filled with ov;i and
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yolky subsbance—a feature which distinguishes the Tubificidae

from the Naididse, in which the ovaries disappear early like the

testes. Each well-developed ovary measures about -088 mm. in

height and '095 mm. in breadth : it extends as far back as the

coelomic sac which lies in the hinder part of the segment. It is

composed of ova at various stages of maturity, somewhat loosely

arranged and not consolidated as in the Megadrili, and a large

mass of yolk. The yolk generally iills up a large space in the

centre of the ovary, while the ova lie all around it forming the

periphery ; in two cases, however, the yolk extended on the upper

border, and the ova were lying then on the anterior, ventral and
posterior margins. It seems probable that only the cells around
the periphery of the ovary develop into ova, and that the central

cells break up, lose their individuality and form the large amount
of yolk-matter. The developing oocytes, when of sufficiently

large size get discharged with a part of the yolk and find their

way into the ovisac, where they complete their further growth.

There are no special blood-vessels for the ovary, or any part of

the genital apparatus ; the pei-i-visceral blood-vessels and the

dorsal vessel become much enlarged in the region of the body
containing them.

The vas deferens lies in the 7th segment, and opens internally

by a large seminal funnel in the segment in front, piercing-

septum 6/7 ; it opens externally in a large ventral depression of

the body-wall—the spermiducal chamber. Each duct lies in two
segments and consists of the following parts : the seminal

funnel, the vas deferens proper, the atrium with the prostate

and the atrial duct, which is very long, much coiled and enclosed

in a thick coat of muscle fibres to form a spherical or ovoid

muscular or coelomic sac.

The seminal funnels are situated in the 6th segment

—

i. e. the

segment in front of that in which the tube itself lies, near the

ventral parietes, projecting freely and lying in front of the lower

part of septum 6/7, below the opening of the sperm-sac (text-

fig. 4). Each funnel about 75 ft in height is cup-shaped with

everted lips ; in an advanced stage it is wide and shallow reaching

about 75 jji in breadth. It is lined by a single layer of columnar
ciliated cells of 20-28 ft height except near the margin of the

upper lip, where the height is somewhat less ; the cells are about

3-6 /x broad, are wider on their inner ciliated border and narrower,

appearing somewhat fibre-like at their outer end. The epithelial

cells contain large oval nuclei, 5-6 /.i in greatest diameter placed

about middle of their length ; the nuclei are somewhat smaller in

the lower marginal cells of the funnel. The cilia are fairly con-

spicuous. The peritoneal layer does not appear to be present

outside the funnel epithelium. The elongated sperm-heads of

ll-12"6fi length with the tails about four times in length lying

behind form a regularly arranged dense mass near the funnel

opening (text-fig. 4). The lower lip of the funnel lies near the

ventral parietes, about 32 fi distance from it.
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The vas deferens is a short slightly curved tube leading back
from the seminal funnel and opening behind into the anterior

end near the ventral margin of a somewhat swollen chamber, the

atrium. The duct is circular in transvei'se section, and of nearly

the same breadth throughout, i. e. about 25 jj.. The lumen is only

4 fx in diameter. It is lined by cubical epithelial cells of 7*5 /x

height and without definite cell-outlines ; the oval nuclei of 7"5
fj.

greatest diameter lie at right angles to tlie height of the cells.

Outside the epithelium there is present a thin layer of circular

muscle fibres, which as the seixjinal duct joins the atrium becomes
much thicker and is continued into the thick muscular coat of

the ati-ium. A few nuclei seen in sections here and there outside

the muscular layer indicate the presence of the peritoneal layer.

Text-fisfure 4.

p.str.d.

d.atr.d.

Semi-diagrammatic vertical section of the vas deferens apparatus as

compiled from several successive sections. X ca. 540.

In the earl}^ stage the vas deferens is shorter and runs nearly

shraight to open at the anterior end of the atrium ; it is also

narrower, the breadth then being only about 14^ including a

lumen of 2*5 /a. The epithelial cells are cubical, the muscular
coat around the epithelium is feebly developed or even in a still

earlier stage absent. The epithelial cells of the vas deferens are

altogether devoid of cilia, while in the case of Tuhifex tuhifex and
Limnodrilus daparedeianus the cilia are quite conspicuous. In
the latter genus I had the opportunity of examining the A^as

deferens on several occasions and found the epithelium provided

with long cilia ai'ising from the basal granules, which are visible

in the living worm under a high power. It is also intei-esting to

note here, that the vas deferens throughout the sexual phase is

short.
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What oorresponds to the a.trium in other forms is a long

tubular structure consisting of three parts. The first part, that

into which the vas deferens opens, is a dilated chamber, ovoid in

form, to which I restrict the term atrium ; and the i"est of the

tube I call the atrial duct. This is much convoluted and enclosed

in a thick sheath of muscle fibres which form a chamber

—

the coelomic or muscular sac. The atrium has its long axis

parallel to that of the body (PI. I. fig. 3, text-fig. 4 ; and
PI. II. figs. 5, 6, & 7) ; in a fully mature form it is about

143 fi in height, 92-114 /.t in breadth and 192 jj. or about
i- mm. in length ; in the posterior portion however, its height

is only about 74 ju. Its wall consists of a muscular sheath of

5-7 yit thickness, which is surrounded externally by a thin layer

of peritoneum ; and of the inner epithelium, which in many of

the specimens approaching advanced sexual maturity loses its

cellular character, appears simply frothy and stains like the

coagulum with which the atrial cavity is filled. Though the cells

have lost their structural features and nuclei, it can be recognized

that they have increased in size. The cells lining the hindermost

part of the atrium retain, however, their columnar outlines and
their nuclei. The secretion of the larger, anterior portion of the

atrium appears to be similar to that of the prostate cells.

Prostate.—The prostate gland is characteristic of the Tubificidae

among the Microdrili.

Connected with the atrium on its ventral side nearer its

rounded anterior end there lies a voluminous mass of gland cells,

which surrounds it, and a greater portion of the vas deferens in

front; it has the form of an irregularly shaped lobate mass, some-

times reaching as far back as the coelomic sac. The mass lies

dorsally to the ovary, which occupies a ventral position in this

region of the body (PI. I. fig. 3). The cells are large and
pear-shaped with the nuclei contained in the outer swollen

portion ; their narrow inner portions or fine ductules lie near

the centre of the gland (PI. II. fig. 5) snd converge towards

the point where the prostate is in communication with the

atrium, while the broad outer portions of the cells lie towards

the periphery. When the prostate is fairly well developed,

which was the case in most of the specimens under examination,

the ductules or the inner portions of the cells lose their entity

and become more or less disorganized ; and in the period of more
advanced maturity, the outer portions of the cells become more or

less dissolved, and the cellular structure disappears, only a few
nuclei being left here and there. As the cells lose more and
more in structure, the secretion becomes collected in a mass
and passes straight into the atrium, where the prostate is

connected with it (PI. II. figs. 6 & 7). The prostate com-
municates with the atrium by an opening 42 /a wide ; here

both the muscular and epithelial layers of the atrial wall are

absent, so that the prostate appears to arise as an outgrowth
of the atrial epithelium. In the mature worm the atrial
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epithelium is thus replaced by a mass of secretion, which has

apparently originated in the prostate, Vejdov'sky (16), who
studied the development of the atrium and the prostate has

stated that the latter is formed by the proliferation of the cells of

the lining epithelium of the atrium at a point, where the

muscular and peritoneal layers are interrupted, so that the

prostate cells and those of the atrial epithelium are intimately

connected with one another ; this agrees very well with what
I find in sexually mature specimens. Though I am not in a

position to say anything at present as to the origin of the

prostate, its connection with the atrium certainly suggests its

origin from the latter. It is, however, clear beyond doubt that

the prostate cells become disorganized when full of secretion,

especially in their long inner ductule-like portions, and the

secretion is discharged mechanically as a stream of inwardly
moving fluid running through the centre of the glandular mass
into the atrial cavity at the point of communication.

Muscular or ccelomic sac.—The atrium is followed by a narrow
duct of about the same diameter as the vas deferens, which after

a short length of about 2

2

/a undergoes a few irregular windings
and may be called the proximal portion of the atrial duct (or the
middle portion of the atrium, if it is regarded as a part of the

atrium itself). It is continued into a longer and much wider
terminal part, which also undergoes several windings, fairly

regularly arranged one below the other, till it passes vertically

downwards to open into the spermiducal chamber. The convo-

luted middle and distal regions of the atrium which constitute the

atrial duct are bound up together and enclosed by a thick coat of

muscle fibres so to form an ovoid structure, somewhat similar to

the ccelomic sac of Branchiura and Kaivamuria ; the muscle fibres

forming its walls are I'lot compactly arranged, but somewhat
loosely connected, so that there are left some narrow spaces here

and there in between the strands of fibres, which have a few
nuclei at certain places. The muscular sac extends ventrally as

far as the spermiducal chamber ; the muscle fibres forming the

wall are continued in places as strands above and below into the
musculature of the adjacent body-wall, where they pass through
the layer of longitudinal muscle fibres to reach the layer of

circular muscle fibres, and thus attach the sac to the body-wall.

The height of the sac vai'ies ordinarily from 182ju to 240 yu; in a
specimen of smaller size it was 125"5/x ; its breadth varies from
115-182/2. The narrow proximal portion of the atrial duct is

14-17 /x, in diameter, having a lumen circular in transverse section

with a diameter of about 5 /z ; it occupies the topmost portion of

the muscular sac, in front of which it leads out from the atrium.

It is lined by cubical cells of size 1 by 3 //, with conspicuous nuclei,

but no definite outlines ; outside it there is a thin layer of

circular muscle fibres, which is continuous in front with the thick

muscular wail of the atrium.

The epithelial cells of the wider distal portion of the atrial
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duct are of a different appearance altogether. They are not of

the same uniform height throughout, being tallest about the

middle, where they are 8*5 /.i high ; they are 14"3
fx broad at the

base; the inner portion of the cell projects into the lumen and

contains the prominent rounded nucleus of 3*5 /j. diameter (text-

fig. 4 ; PI. II. figs. 6 & 7). The atrial duct in this region is

much thicker than in the proximal part, being about 28-4:0 fx

in diameter as it gradually descends towaixls its termination :

its lumen is 16-22 /x wide. Outside the epithelium there is a

covering of muscle fibres, which is slightly thicker than that

of the proximal part of the duct owing to the presence of

an additional layer of longitudinal muscle fibres external to the

circular layer.

The paratrium, a blind tubular outgrowth of the atrium
characteristic of Branchiura, Kawamuria, and Bothrioneuron is

here absent.

The spermiducal chamber is the median quadrangular depres-

sion on the ventral surface in the 7th segment formed as

an invagination of the body-wall. The term has been used by
Goodrich for a similar structure in Vermiculns. The chamber is

large, about 11

5

/a deep, 200-250 /^ long and about 360 /x broad;
the margin of its external opening is generally puckered. The
openings of the atrial ducts lie inside at its anterior angles, one
on each side, and in several specimens during life one or two
penes were seen projecting out of it ; sometimes, though rarely,

the chamber is everted to form a papilla-like structure bearing

the openings of the atrial ducts on its surface. The diameter of

the terminal portion of the atrial duct near its opening is about
32 fi, and the epithelial cells lining it gradually become of a

uniform size, till they have the same form as those lining the

inner wall of the chamber, which is the inturned epidermis. The
cuticle of the epithelial lining of the chamber is continuous with
that of the body-wall outside. The spermiducal chamber acts

probably as a sort of sucker during copulation. Although there

is no direct muscular mechanism for deepening the chamber, the
radiating muscle fibres attaching the muscular sacs to the body-
wall by contraction can indirectly pull it to a certain extent and
thus deepen it to produce a sucker mechanism. The chamber
was more deepened in the specimen in which the penis was pro-

truded ; and it appears that the contraction of the muscle fibres

of the muscular sacs, which lie on its top, helps in deepening the
chamber also.

Penis.—While examining several specimens in the living con-

dition I saw in some cases one or two long cylindrical soft penes
projecting out of the spermiducal chamber for a long or short

distance. After proper fixation, sections were cut of two such
specimens and the structure of the penis was investigated. This
organ is covered externally by epithelium w^hich is really the
inner wall of the wide terminal portion of the atrial duct, and can
be distinguished as such by the peculiar character of its cells, which
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are high and low at regular intervals, and swollen at their inner

projecting borders, which here lie outwards ; the layer of muscle
fibres outside the epithelium in the atrial duct forms here the

inner wall (text-fig. 5). In the centre of the penis is a tube—

a

part of the a.trial duct, the wall of which is continuous with that of

the outer tube at the terminal opening. It is obvious therefore,

that the penis is here formed by the eversion of the terminal

portion of the atrial duct carrying with it the more proximal
part as the central, tube. The naiTOW proximal poi-tion of the

atrial duct does not seem to be draAvn into the penis. The

Text-figure 5.

Part of transverse section of the body tlirougli the penis, coelomic sac,

and a part of the atrium and prostate. X 390.

eversion of the atrial duct is in all probability brought about by
the contraction of the muscle fibres forming the muscular sac,

which in turn are connected with the muscular layer of the body-
Avall. The penis in these worms is not a permanent structure and
hence is very different from that in many Tubificids ; it should be
regarded as a pseudo-penis.

The sperm-sac is a median pouch formed by the extension
backwards of septum 6/7 ; it opens anteriorly by a wide mouth in

the 6th segment, and lies generally dorsal to the oesophagus in

the 7th and a part of the 8th segments. Its walls are as thin as
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the septum from which it is formed and consist of a thin layer of

muscle fibres covered both on the inner and outer sides by a

peritoneal layer of thin flattened cells. It is filled with sperms
in various stages of development, and is in appearance and struc-

ture similar to the sperm-sac in the Naididse.

A large portion of the body-cavity in the 6th segment is

separated off laterally and ventrally from the smaller peripheral

portion, contains all the organs belonging to the segment, and is

tilled with a huge mass of developing sperms. This pai-t is sur-

rounded by a wall, which is continued dorsally into the body-wall,

its side walls become continuous ventrally to form the ventral

portion of the wall, except at the ventro -lateral corners where
the spermathecal ducts interrupt it as they pass out to their

openings, and in the transverse sections of the worm here the

peripheral chamber is thus divided up into a median ventral

and two lateral parts (PI. II. figs. 8 & 9). The wall which so

separates the two portions of the body-cavity in the segment
is composed of modified peritoneal layers, with a layer of

circular muscle fibres in between. The outer peritoneal layer

consists of branched cells of an irregular outline, the fibrillar

branches given off from the various cells anastomose forming
a sort of loose network, which with fairly big spaces enclosed

in between gives the whole layer the appearance of paren-

chyma and is about five times as thick as the rest of the wall

(PI. III. fig. 10). The middle layer, consisting of circular

muscle fibres, becomes continuous with the same layer of the

ventral body-wall at the openings of the spermathecal ducts.

The inner layer consists of cells fairly regularly arranged and not

of the same breadth throughovit, less regular on the lateral

portions of the wall. This layer is continued dorsally into the

peritoneal layer of the body-wall, which also in this segment may
be parencliymatoas in character, hence sometimes the whole
peritoneal cavity, i. e. the space outside the wall of the central

chamber, is tilled with parenchymatous tissue formed by these

peritoneal layers. The wall of the central chamber in the front and
hinder parts of the segment gradually comes near the body-wall,
and consequently the peripheral cavity becomes much more
reduced ;

posteriorly it completely joins the body-wall about the

level of the ventral setae, in front of the seminal funnel

;

anteriorly it unites with the body-wall near septum 5/6, of which
it appears to be a backward continuation, for in structure like

the septum it is composed of three layers, the outer and inner
peritoneal ones of more or less parenchymatous character with
the middle one of muscle fibres. It seems clear that a good deal

of support is afforded to the spermathecal ducts and proper
protection to the developing sperms by this arrangement.
The anterior sperm-sac described in many Tubificids is here

absent. The ovisac is formed as a pouch by the extension back-
wards of septum 7/8 and lies in segment 8, extending behind nearly

to septum 8/9. It surrounds a part of the sperm-sac and extends



SPECIES OF THE GENUS AULODRILUS. 961

about ^ mm. distance behind it. It is filled with a large mass of

yolk granules, and also contains a number of ova at various stages

of maturity.

The female funnel is very small. Its posterior wall (the one
nearer the septum behind) is represented by a patch of columnar
epithelial cells of about 25 //. by 5 /i size lying on the anterior face

of septum 7/8 near the ventral parietes, below the point where this

septum is bulged backwards to form the ovisac. The anterior

wall is, however, smaller and somewhat less conspicuous in sections.

The epithelial cells of the funnel contain oval nuclei of 2*5 m
diameter.

The oviduct is extremely short, about 40 ju in length ; it runs
backwards and downwards somewhat obliquely to pass through
the body-wall, through which it runs as a narrow irregular

channel of about 25 p. length and 4/i breadth. The female
opening is wider at the inner margin of the epidermis and
narrower at the outer.

The spermathecse occupy segment 6 ; they lie freely for the

greater part of their length in the central chamber of the body-
cavity and are attached to the partition wall at the ventro-lateral

corners as they pass downwards to their openings, which lie about
the middle of the segment, much in front of the ventral seta3.

They are of considerable length and bent, so that each consists of

two parts, a vertically elongated terminal portion—the duct, and
an inner sac-like portion—the ampulla. The duct is not sharply
marked off from the ampulla, but gradually passes into it. The
ampulla is simple, and in the later stages of maturity quite large.

The length of the spermatheca is 234-305 fi. The duct is circular

in transverse section, about 88-133 /x in length and 48"5 /a in

diameter; in one case it measured 175 /x in length. Its wall is

17-20 /x thick, and is composed of an inner lining of columnar
epithelial cells, surrounded by a coat of muscle fibres, with a thin
layer of peritoneum outside. The epithelium is composed of a

single layer of tall columnar cells of 10-14 yu height and 3 /x

diameter, containing oval or somewhat elongated nuclei near the
periphery, which lie with their long axis parallel to the height of

the cells. The muscular sheath of 2 ^ thickness consists of an
inner thin layer of circular muscle fibres and an outer thicker one
of longitudinal muscle fibres. The peritoneum as usual consists

of a layer of thin flattened cells with prominent nuclei. Near
the opening the wall of the duct is less thick than in the upper
part ; the epithelial cells here are less tall, being neai-ly of the
same height and form as those of the epidermal cells with which
they are continuous ; here the muscular coat is also thinner and
is continued into that of the body-wall. The nuclei of the epithelial

cells in the terminal part are not elongated, but somewhat
rounded, and lie about the middle of the cell. The ampulla is

much larger than the duct; its length varies considerably—in

three specimens it was 145, 185, and 295 fx ; the maximum breadth
was about 120/x. Its wall is much thinner than that of the duct.
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but the three layers are recognizable. The epithelium consists of

cubical cells of not more than 6'5 ^ height ; in the advanced stages

of sexual maturity the cells lining the inner blind portion are

still lower, while those near the duct are somewhat square in

outline. The muscular portion of tlie wall is much thinner, and

consists of the same layers as in the duct. The thin peritoneum

continuous with that of the duct forms the outermost layer.

The greater thickness of the wall of the duct is due to the

greater height of its epithelial cells and thickness of the muscle

layers.

In one specimen the spermathecse were foimd to be in an early

stage of development (text-fig. 6). Here it has the form of a small

rounded chamber with an external opening and is not diflerentiated

into duct and an ampulla. In size it measures 120/x, by 90^.

Its epithelium is composed of tall cells with oval nuclei lying

about the middle and is surrounded on each side by a mass of

small peritoneal cells with prominent nuclei, a few of which are

p.c-

c.m.f. l.ih.f.

Stages in the formation of a spennatheca. X 840.

continued to form a thin layer above. There is no layer of
muscle fibres present outside the epithelium, the cells of which
have the same form and structure as those of the epidermis, with
which they are continuous. In another specimen th e spermathecte
are better developed, and one of them was about IGOyu, by 68/x, in
size; here they have the form of an upright tube with an external
opening. It is composed of columnar cells with conspicuous
nuclei lying faiidy near the periphery. Outside the epithelium a
thin layer of circular muscle fibres surrounded by a few peritoneal
cells is present, but the layer of longitudinal muscle fibres is not
yet formed. The wall is 22^ thick and the lumen 13/x wide.
Here also there is as yet no indication of the ampulla (text-fig. 7).

The spermathecas thus arise as small rounded sacs by an
invagination of the epidermis, then they assume a tubular form,
but the differentiation into the duct and ampulla takes place
much later. In both these cases there were no spermatozoa in
the spermathecse.
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(4) AULODRTLUS STEPHENSON I, Sp. n.

All the worms I obtained conform to the above description

with the exception of one. This was first examined in the living

condition and then studied from longitudinal sections. The
description, though far from complete, gives the main features of

the anatomy.

(a) External Characters.

The length is about 17"5 mm. The prostomium is bluntly

conical. The number of segments is 56. The spermathecal

openings lie on the ventral surface in the 9th segment much in

front of the ventral setse. The spermiducal chamber lies on the

ventral surface of the 10th segment : as it is very shallow, the

opening of the atrial duct is clearly seen in each of its antero-

lateral corners. During the examination of the living worm this

chamber was not made out and the openings of the atrial ducts

were supposed to be paired male openings ; but the closer

examination of the entire mount and subsequently the sections

revealed the presence of the shallow chamber.
Setoi.—Dorsal and ventral setae are present in all the segments

from the 2nd segment backwards. The dorsal setee are about
3-9 per bundle, each bundle being composed of 2-3 hair setse,

and 1-6 sigmoid needles. The uncinate seta (text-fig. 8) is about

Text-figure 8.

Uncinate seta of A. stejohensoni as seen in balsam preparation of the

entire specimen. X 540.

half the size of the hair seta and ends in a fine point at the distal

extremity. The small narrow outer process, or the distal prong
which is present in the setse of A. kashi, is not seen. It may be
that its absence is due to breakage while making preparations.

The nodulus is situated at about one-third of the distance from
the distal end, and the distal portion of the shaft beyond it

projects outside the body-wall.

The ventral setse are similar to the dorsal needles and are 7-10
in a bundle. The penial setae are the modified setse of the 10th
segment and are 1-2 in a bundle ; they lie in the spermiducal
chamber slightly outside the opening of the atrial duct. In shape
and length they appear like those of A. kashi; the breadth near
the base is about 5-7 /*.
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(b) Internal Anatomy.

The clitelluin is twice as thick as the general epidermis and
occupies segments 10 and 11.

The penial setal sac is large, rounded, about 102 |u in diameter.
Its wall is about 30 /z thick and the lumen 42 fx in diameter. In
connection with the sac there is a large glandular mass similar in

structure to that in A. hashi. The first septum lies between
segments 3 and 4.

The pharynx extends up to the 4th segment, in which the
oesophagus begins. The intestine commences in the 9th segment;
it is larger till the 20th segment, after which it gradually narrows
towards the posterior end, where again it slightly broadens, being
stretched by a few muscle fibres, which attach it to the body-wall.
The dorsal and ventral blood-vessels are connected by. an

undulating commissural vessel in every segment. From the
sections I have been able to find the position of heai'ts in

segment 8.

The testes had disappeared, but a large mass of developing
sperms fills up the central chamber of the- 9th segment and the
sperm-sac as in A. Jcashi. The structure and position of the
seminal duct, prostate, atrium and muscular sac agree in essential

respects with the desciiption of these organs in A. hasJd.

The seminal funnel is cup-shaped with everted lips appearing
somewhat like a thistle funnel ; it is attached near the ventral
parietes to the anterior face of septum 9/10 and lies in the 9th
segment. The columnar epithelial cells lining it are 14-20 /a in

height. The yas deferens (text-fig. 9) is short and ITju in

diameter, its wall being 6 {^ thick ; its lumen is 5-6 jj in diameter ;

it is lined by cubical epithelial cells, which are covered by a thin
layer of circular muscle fibres. The atrium is very much like that
of the other species, but it is smaller, being 80 ;u by 45"6 ju, in size

and lies here in the 10th segment. The cells lining the cavity
have lost their cellular appearance owing to the secretion with
which they are filled, and are surrounded by a thick muscular
sheath.

The prostate is large and massive ; it extends behind as

far as the muscular sac. It is similar in structure to that in

A. Jcashi, and opens here also into the antero-ventral border
of the atrium.

The atrial duct (text-fig. 9) is much convoluted ; it consists of

proximal and distal portions, and is enclosed by a thick covering
of muscle fibres which forms the muscular (coelomic) sac. The
atrial duct as it leaves the atrium and before it enters the
muscular sac is 23 /x, in diameter. Its lining epithelium consists

of cubical cells, outside which there is a thin layer of circular

muscle fibres. The proximal portion of the atrial duct is larger

and has a wider lumen—about llju,—than in A. hashi. The
distal portion of the atrial duct is 31 /x in diameter and is lined

by an epithelium, which as in the other species is alternately
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high and low. In the taller portions near the inner margin are
the nuclei. The muscular sac is smaller in this species; it is

about 140 ju in length and 114/x in height.
The sperm and ovisacs are formed here by extension backwards

of septa 9/10 and 10/11 respectively.

The peripheral portion of the body-cavity in the 9th segment
is separated here also by a partition as in A . kashi.

The ovaries are large and attached to the posterior face of
septum 9/10 near the ventral parietes lying in the 10th segment.
The spermathecse lie in the 9th segment ; in structure they are

similar to those in the other species, except that the duct here is

somewhat smaller.

Text-figure 9.

coe/n. s.

i^as. d.

gl-pe.s.s.

Longitudinal section through vas deferens apparatus of

Aulodrilus stephensoni. X 220.

The present species is principally distinguished from the former
by the position of the genital organs, which here lie in segments
9 and 10. The seminal funnel lies in the 9th segment, while the
restof the efferent apparatus occupies the 10th segment. The sperm-
sac and ovisac are formed by septa 9/10 and 10/11. The spermi-
ducal chamber is very shallow and lies in segment 10. The
uncinate setae are somewhat different from those of the other
species, and the penial setae are the modified setse of the 10th
segment.

(5) Kemarks on the Systematic Position of these Worms.

It will be apparent from the above description that Aulodrilus
must be referred to the family Tubificidse, although in A. kashi
the anterior position of the genital organs, which lie here in
segments 6 and 7, suggests a position closer to the Naidid^e, in
which family these organs lie in segments 5 and 6. In A. stephen-
soni however, the sexual organs are present in segments 9 and
10, though in other structural details there does not seem to be
any marked difference between the two species. This clearly

decides the position of this genus in the Tubificidse. Another
point, in which these worms resemble theNaididae, is the presence

Proc. Zool. Soc— 1922, No. LXV. 65
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of only one sperm-sac, which in appearance and structure is quite

similar to that in the ISTaididae ; the anterior sperm-sac, which is

present in many Tubilicids is not present here. The main
portion of the body-cavity in segment 6 or 9 is cut off from a
peripheral portion, and forms the central chamber, which contains

all the organs and is filled with the developing sperms—a peculiar

feature of this genus. That the worms do not reproduce
asexually by budding, which is a common occurrence in the
Naididas, separates them sharply from that family. There ai-e,

however, some features in which Aulodrilus shows a simplicity of

structure comparable to that met with in the Naididse, e. g. in the

vascular system, where the presence of hearts in the 6th segment
in A. kashi^ and the absence of supra- and sub-intestinal vessels

and integumental network is noteworthy ; the brain also is with-

out a median lobe, and there are no giant nerve fibres in the
ventral nerve-cord.

The distinct Tubificid characters are as follows :—

•

(1) Structure of efferent apparatus with an atrium and massive
prostate followed b}^ a long convoluted atrial duct enclosed in the
muscular or ccelomic sac,

(2) Constant presence of a large ovary throughout the sexual

phase.

(3

)

The large massive prostate is connected with the atrium as

in Tuhifex and some other Tubiflcids. It appears to be developed
as an outgrowth of the atrial epithelium.

(4) Presence of a spermiducal chamber.

(5) Position of genital organs in A. stepJiensoni in segments
9 and 10.

(6) Penial setal sacs provided with large massive glands as in

Tuhifex (Peloscolex) velutinus. The penial setge are also very long
like those of the above species, and very different from the ventral

setae.

The antei-ior position of the genital organs in A. hasM, I think,

is a character only of specific rank not showing in any direct way a
closer relationship to the Naididee, for in some genera sucli as

Megascolex and Buchholzia f there are a few species in which the
genital organs are placed one or more segments in front of those,

which they generally occupy in the genus. In Tuhifex {Ilyo-

drilus) hecloti the genital organs lie in the 8th and 9th segments
and hence more anteriorly placed than in other members of the
family^ Among the Tubificidse Aulodr-ilus seems to have relations

on the one hand to genera Tuhifex, Ilyodrilus, and Psammorcytes,
and on the other to Branclihira and Kaioamuria. In possessing

hair setse, the long penial setse and the massive glands in

* In A. limnobius, J. pleuriseta, and A. remex also the liearts lie in the 6th
segment.

t In SuoJiholzia appendiculata Bucliholz, these organs lie in the 7th and 8th
segments, while in B. fallax Michaelsen , they occupy the usual position in the
familjf, i. e., in segments 11 and 12.
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connection with the setal sacs, and in the absence of the paratrium

this genus resembles Tuhifex and Psammorcytes. But it differs

from these genera in the following important points :

—

(1) Position of the zone of formation of new segments some

distance in front of the anus.

(2) Presence of a spermiducal chamber.

(3) Presence of a muscular or coelomic sac.

(4) Variable position of genital organs.

(5) Absence of spermatophores and a true penis.

(6) Absence of sapra-intestinal and parietal vessels.

In possessing hair setfe, an anterior atrium and a coelomic sac,

and in having no spermatophores, it bears a remarkable resem-

blance to Branchiura and Kaioamuria, the chief differences being

the absence of a pai-atrium, the presence of penial setse and a

spermiducal chamber, and the absence of a true penis, which is

said to be present in Katoaumtria.

Aulodrilus resembles Monopylepliorus africanus Michaelsen,

in possessing a spermiducal chamber, penial settB, and sperma-

thecse in the 9th segment, and in the absence of spermatophores

and a paratrium.

The spermiducal chamber perhaps acts as a sucker during

copulation. As this structure is present in Monopylephorus,

which is however, in other respects very different from the present

genus, I think this organ is correlated with the absence of a true

penis and therefore probably is due to convergence in these

genera.

(6) Summary.

(1) The diagnostic characters of the genus and the species are

given

.

(2) The reproductive organs hitherto unknown are described

in detail.

(3) The prostate is large and massive ; it opens into the atrium

near the antero-ventral margin. The prostate cells soon after

they are functional and filled with secretion lose their structure

and become disorganized, while the secretion passes as an inwaixlly

moviug mass into the atrium at the point where the gland is

connected with it. The atrial epithelium also at this time under-

goes a great change on account of the secretion by which its cells

become replaced having lost their entity. The manner of con-

nection of the prostate with the atrium suggests its origin as an
outgrowth of the atrial epithelium.

(4) The coelomic cavity in the segment which contains the

spermathecge is separated off from the peripheral portion by the

formation of a ventro-lateral wall, which is composed of a central

muscular layer surrounded on either side by a peculiar parenchy-

matous tissue of peritoneal origin. The central chamber thus

formed contains all the organs of the segment and is also filled

with the developing spenns; the spermathecal ducts pass through

the ventro-lateral corners of the wall on their way to the exterior.

65*
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(5) The sperinatliecse are ectodermal in origin, and arise as an
invagination from the epidermis.

(6) As regards its systematic position Aulodrilus belongs to the

Tubificidse, although it resembles the Naididee in some of its

features. Among the Tubificidse it is related to Tithifex and
Psmnmorcytes on the one hand, and Branchiura and Kawamuria
on the other. The spermiducal chamber, Avhich is pi-esent in

Monopylephorus, also seems to be independently derived in these

genera, and perhaps acts as a sucker during copulation.
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EXPLANATION OF THE PLATES.

JExplanation of Letters used in Figures.

a. amis ; atr. atrium ; ap.at.d. aperture of atrial duct ; atr.d. atrial duct

;

h.v. blood-vessel; h.w. bodj'-wall ; c. cuticle; c.c. central chamber ; cl. clitellum;

coem.s. ccelomic (muscular) sac ; c.m.f. layer of circular muscle fibres ; c.s.s. cavity

ofsetalsac; d.h.v. dorsal blood-vessel ; d.atr.d. distal portion of atrial duct ; e.gl.c.

epidermal gland cell
; fem.f. female funnel

;
gl.c. sland cell

;
gl.pe.ss. glands in

connection with penial setal sac ; int. intestine ; l.^yi.f. layer of longitudinal muscle
fibres ; l.p.-w. lateral portion of partition wall ; m. muscles ; nieg.n. meganucleus ;

n. nodulus of seta ; o. opening of vas deferens into atrium ; oes. oesophagus

:

ov. ovary; ovis. ovisac; p.atr.d. proximal portion of atrial duct; p.c. peritoneal

cells; pe.s. penial seta; pe.s.s. penial setal sac; per.c. peripheral chamber;
ph. pharjaix; pr. prostate; pro. prostomium ; pr.s. prostate secretion; prolif.

proliferating cells
;
p.w. partition wall ; s. seta ; se. secretion ; sep. septum 6/7

;

s.f. seminal funnel; sp. sperms; sp.ch. spermiducal chamber; sp.s. sperm-sac;
spth. spermatheca; spth.op. spermathecal opening; v.n.c. ventral nerve cord;

vas.d. vas deferens : v.b.v. ventral blood-vessel : v.p.iu. ventral portion of partition

wall.

[Pigs. 1-12 illustrate Aulodrilus kaslii and fig. 13 Aulodrilus stepJiensoni.

All the figures except 1, 3, and 13 are drawn with camera lucida.]

Pig. 1. Ventral view of anterior portion of the worm showing spermathecal
openings in the 6th and spermiducal chamber in the 7th segment.
Penial set^ and apertures of the atrial ducts lie in the spermiducal
chamber. X ca. 95.

Pig. 2. Transverse section through the penial setal sac. X 220.

Pig. 3. Semi-diagrammatic, compiled from several successive longitudinal sections

showing the genital organs. X ca. 120.

Fig. 4. Transverse section of the body through the spermiducal chamber and its

opening. X 120.

Pig. 5. Transverse section showing the prostate opening into the atrium. The
prostate and atrial epithelial cells have mostly lost cellular structure and
are converted into the secretion. X 390.

Pigs. 6 & 7. Longitudinal sections through the prostate, atrium, and ccelomic sac.

The prostate cells are disorganized, having lost their structure, and the
secretion passes in a mass into the atrium. The atrial cells have also

lost their entitj% being replaced by the secretion. X 390.

Pigs. 8 «& 9. Transverse sections in the spermathecal region. The coalomic cavitj''

in the 6th segment is divided 1)3^ a partition wall into a central chamber
and a peripheral portion. In fig. 8 one spermatheca is opening to the
exterior. X 95.

Pig. 10. A part of section in fig. 8 highlj' magnified. The partition wall consists

of a circular la3er of muscles in the middle with a laj'er of parenchy-
matous cells on either side. X 540.

Fig. 11. Terminal portion of the body. The part just in front of the anus shows
no signs of formation of new segments. X 97.

Pig. 12. Ciliate astoma parasites.

Fig. ]3. Ventral view of a part of the bodj' in A. stephensoni showing spermathecal
openings in the 9th and shallow spermiducal chamber with penial setoe

and openings of atrial ducts in the 10th segment. X ca. 95.
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(Text-figures 1-7.)

The specimen on which this paper is based was given to us by
Professor W. N. Parker, of University College, Cardiff, to whom
our best thanks are due for his generosity. The specimen was
sent to him some years ago by the late J. J. Neale, Esq., a local

trawler owner, but unfortunately the fishermen had eviscerated

it immediately after it was caught.

Text-figures 1 & 1 a.

a.c.

Head in Ventral Vie'w.

a.c. ampuUary canals. 11.g. nasal groove.

g.s. gill slits. n.m. nictitating membrane.
n. nostril.

1 a. Dermal Denticle.

In this short paper we intend to include notes on the structure

of the skull, brain, cranial nerves, and membranous labyrinth.

Owing to the long immersion in spirit to which the specimen had
been subjected the preparation of the skeleton proved to be a
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matter of some difficulty, as the connective tissue had hardened

to an extraordinary extent and the cartilage had become exceed-

ingly brittle. We hope later to publish an account of the

structure of the visceral arches, limb-girdles, vertebral column,

and fins.

A description of this fish appears to be desirable as, with the

exception of the external characters, we have not been able to

find any consecutive account of its anatomy.
Both Garman (4) and Day (3) have given a species definition

and figured the entii-e animal, the former including it in the

genus CestraGion under the name of Cestracion zygcena Linn.

Gegenbaur (5) gives two figures of the head and briefly mentions

the species in his text, but our observations do not agree with his

in all respects. The macroscopic structure of the brain has been

briefly described and figured by Busch (3) and Miklucho-Maclay

(12).

Skull.

The cranium bears at its anterior end a stout rostrum which
consists of three bars. Two of these {d.r.) arise from the dorsal

surface and run forward and downwards to unite with a median
ventral bar (v.r.). The latter is expanded anteriorly to form a

small flattened plate, which is perforated by a single small

foramen. We were unable to find any trace in our specimen of

the rostral appendages (' Anhang der Rostrum') figured by
Gegenbaur (5).

At the anterior end of the cranium is a large fontanelle (a.f.)

extending from between the two dorsal bars of the lostrum to

the ventral bar of the rostrum. This fontanelle, which therefore

occupies the whole of the anterior end of the cranium, is completely

covered by a strong sheet of fibrous connective tissue.

When seen from the dorsal surface (text-fig. 2) the most
prominent features of the skull are the large, lateral, wing-like

expansions of the olfactory regions (o.c). These expansions are

dorso-ventrally compressed, and their distal extremities taper

almost to a point. The orbits (o.) are situated immediately
posterior to the distal portion of the capsules.

The depression into which the 2nd to 7th cranial nerves emerge
in a normal skull also bears the eye, and is therefore the orbit.

In Zygcena malleus the orbit is a separate structure, and we have
therefore decided to call the depression into which the above
mentioned cranial nerves emerge the pre-a,uclitory depression

{p.a.d.). This has resulted in a few other changes in the nomen-
clature of related parts, but it appears preferable to us to do this

rather than to retain terms which give incorrect impressions of

the relationships of the regions to one another.

The orbit is composed of a post-olfactory process (p-o.) which
runs backwards and outwards from the olfactory capsule to form
the anterior three-quarters of the circumference of the orbit on
the dorsal surface. The orbit is completed dorsally by a bar of
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Cartilage, the auditory process {ct.p.\ which arises from theantero-
dorsal corner of the auditory capsule. The auditory process

broadens out distally, and the broad distal portion forms the

posterior fourth of the orbit. The process throughout its length

acts as a support to the posterior border of the hammer. The
relations of this bar and the shape of the orbit are incorrectly

figiu-ed by Gegenbaur (5).

The olfactory capsules are dorso-ventrally flattened and project

laterally from the front of the cranium. They do not come
into apposition with one another in the median longitudinal line.

Each cartilaginous capsule is completely closed except for the

small nostril, which is situated a ntero-ventral ly and a short

distance from the distal end.

Text-figure 2.

Dorsal View of Skull.

a.f. anterior foiitanelle.

a:p. auditor}' process.

d.r. dorsal bars of rostrum.

n.f. nerve foramen.
o. orbit.

o.c. olfactory capsule.

p.a.d. pre-auditory depression.

p.f. posterior fontanelle.

p.o. post-olfactory process.

v.r. ventral bar of rostrum.

The cranium is slightly dome-shaped dorsally, and the auditory
capsviles are attached to it postero-laterally. Between the two
auditory capsules, and on the dorsal surface of the cranium is a

shallow median depression, the jyosterior fontanelle (pf). This
fontanelle contains four apertures, two on each side, which will

be referred to later in the description of the membranous
labyrinth.

Each auditory capsule exhibits on its dorsal surface a supra-

auditory process {sa.p.) which extends upwards from the socket,

which is found on the side of the capsule, for the articulation of

the hyomandibular. About half an inch mesial to each supra-
auditory process is a small foramen for the passage of a nerve.
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The ventral view of the skull shows that a groove, about one

inch in length, runs from the distal end of the olfactory capsule

to the nostril. The end of the capsule also serves as a fui-tlier

support to the anterior of the orbit. Gegenbaur (5) has incor-

rectly figured the extent of the cavity of the olfactory capsule

and the position of the nostril.

A very slender bar (s.c.) of fibrous tissue, which is perforated

by a fine canal, runs from the auditory process to the olfactory

capsule, and then runs along the posterior edge of the capsule.

The structure of this bar suggests that it is a sensory canal. It

is figured as far as it could be traced in our specimen, but we do

not believe that it is complete. It has been figured, for about a

Text-figure 3.

?/7.y.

pa.d
s.o.

Ventral View of Skull.

ep.cf. ethmo-palatine groove.

f. foramina.

n. nostril.

n.g. nasal groove.

s.c. sensory canal.

s.o. 1st spino-occipital foramen.

p. process on cranium for articulation

of ethmopalatine process.

I, olfactory nerve. The dotted area

anterior to the nerve indicates the
extent of the olfactory sac.

third of the length shown in our drawing, by Gegenbaur (6), and
he has lettered it (x), but does not explain it in any way. .

The ventral side of the cranium (text-fig. 3) is marked by a

deep ethmopalatine groove (ep.g.) into which fits the narrowed
middle poi-tion of the upper jaw. On each side of this nari-owed

portion of the jaw is 8.n ethmopalatine process. Each of these fits

against a corresponding process (p.) on the cranium, one being

situated immediately anterior to each of the two outer edges of

the ethinopalatine groove. The processes on the cranium are

perforated on the mesial side by a single lai-ge foramen, which
opens dorsally into the pre-auditory depression In addition in

this regior there are four smaller foramina on each side.
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Another pair of large foramina, one on each side, is seen

perforating tlie inferior pre-auditory ridge [i.jj.r.), which runs

anteriorly from the auditory capsule.

Two small apertures (s.o.) ventral to the foramen magnum
serve for the passage of the first spino-occipital nerve.

The posterior view of the skull shows the apertures for the

ninth and tenth cranial nerves in the normal position ; the

fairly large foramen of the vagus nerve (x) at the sides of

the occipital processes, and the small foramen for the glosso-

pharyngeal nerve (ix) at the postero -lateral corner of the auditory

capsule.

The posterior portion of the skull seen in lateral view (text-

fig. 4) shows a number of foramina. The most posterior of these

is that of the vagus nerve (x), and slightly anterior to this is the

foi'amen of the glossopharyngeal nerve (ix).

Text-figure 4.

KMop. sp-r. p.f. YMm.
^ sa.p.

b.y.--:-h

P- h.a

Lateral View of Posterior portion of Cranium.

a.s, articular facet for lij^omandibular

cartila£;e.

h.ti. passage for blood-vessel.

Ti.a. passage for hj'oidean artery.

i.e. interorbital canal.

i.^.r. inferior pre-auditory ridge.

p. articulating process on ventral side

of cranium. Seeker inserted to

show large foramen.
sa.p. supra-auditorj' process.

s.f.r. superior pre-auditorj- ridge.

The posterior seeker marks the
foramen perforating the inferior

pre-auditory ridge.

II-X. Cranial nerves.

The pre-auditory depression exhibits the following apertures :

—

the largest, which is situated near the posterior of the depression,

is the foramen of the fifth, sixth, and seventh cranial nerves

(v, VI, Yii), excepting the ophthalmic branches of the fifth and

seventh nerves. Ventral to this are three small apertures, the

anterior of which serves for the passage of the hyoidean artery

{h.a.). The posterior of the three is the interorbital canal

(i.e.). The third aperture, which is situated between and slightly

dorsal to the others, is the foramen of the third cranial nerve (lii).

The large optic foramen (ii) is situated immediately anterior to

the foramen of the chief branches of the fifth and seventh and
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the sixth nerves, and the single foramen of the ophthalmic
branches of the fifth and seventh nerves (v & vii, 02).) is immediately
dorsal to it.

In front of the ophthalmic foramen is a small aperture
which serves for the exit of the pathetic nerve (iv), and ventral

and slightly anterior to this is a small opening for the passage of

a blood-vessel (b.v.).

The pre-auditory depression is bounded on its dorsal and ventral

edges by well-marked sitperior and inferior 'pre-cmdilary ridges.

The inferior ridge (i.p.r.) is the better developed and runs forward
from the auditory capsule to the olfactory capsule. The superior

ridge (s.jo.r.) becomes less marked anteriorly and disappears before

reaching the olfactory capsule.

Membranous Labyrinth.

As has been stated above, the posterior fontanelle of the cranium
contains four apertures, two on each side of the median longi-

tudinal line. The anterior and smaller member of each pair

serves to transmit the duettos endol'i/mphatictis, whilst the larger

posterior aperture leads into the perilymph cavity surrounding
the posterior vertical canal. The posterior aperture apparently
corresponds to the tympanic aperture described by Howes (11) in

Raid, and also mentioned by Goodey (6) as occurring in Ghlamy-
doselachus anguineus.

Unfortunately the superficial portion of the ductus endolym-
phaticus was destroyed during the preparation of the skull, and
we are therefore unable to give any account of its course outside the
cranium. Judging, however, from the shallowness of the posterior

fontanelle, and the fact that the skin was closely attached to the
cranium in this region, it most probably runs straight to the
dorsal surfa,ce of the head.

The meinhranous lahyrinth (text-figs. 5 & 6) of the right side

of the head has been dissected out, by removing the surrounding
cartilage, and serves as the basis of the following description.

In this account we have adopted the nomenclature used by
Stewart (15) in preference to that used by Eetzius (14).
The ductus endolymphaticus {d.e.) runs downwards and bifur-

cates at its lower end ; a, main branch going to the sacculus (s.)

and a smaller branch opening into the recessiis titriculi (r.u.).

Our observations on this point do not agree with those of Ayers
(1), who states :

— " I have not seen the bifurcate endolymphatic
duct, described by Hasse for the species which he studied, but the
two endolymphatic tubes observed by E. H. Weber I have found
beautifully developed in Sphyrna zygcena, and there is not the
slightest doubt as to their occurrence."

We have been unable to trace Hasse's statement in his paper (8)
or to ascertain what species he studied. There is, however, no
doubt whatever that the endolymphatic duct does bifurcate at its

lower end. The second duct present is not an endolymphatic
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duct but leads into the posterior perilymph cavity. This obser-

vation agrees with that of Goodey (6) on the postei'ior duct in

Ghlmnydoselachus anguineus.

The Utricidus, as in nearly all Elasmobranchs, is divided into

two portions, anterior and posterior, which do not communicate
directly Avith one another, but indirectly through the sacculus.

The anterior utricle (u.a.) is circular in transverse section and
gives off the anterio?' canal (c.a.) at its dorsal end. The canal

runs forward and slightly outward, and expands at its lower end
into the antei'ior ampulla (a.a.). The anterior utricle and the

anterior canal together form an oval.

The anterior utricle also gives off posteriorly, at about the
middle of its length, the external canal (c.e.), which runs at first

downward and outward, and secondly horizontally. At its

anterior end it expands into the external ampulla (a.e.), which
communicates again with the anterior utricle through a short

canal running dorsal to the recessus utriculi, but having no direct

connection with it.

On the ventral side of the anterior utricle is a fac, the recessus

uti'iculi (r.u.), which is somewhat flattened from side to side, and
almost triangular in lateral view. It communicates with the
anterior utricle through a small aperture, whilst another small

aperture, situated near the opening into the utricle, opens into the
sacculus.

The posterior utricle {u.p.) is the portion of the labyrinth

situated nearest to the median longitudinal line of the cranium.
It has direct communication Vv'ith the sacculus through a short

duct, the ductus idriculo saccularis posterior (d.u.s.p.). The dorsal

end of the posterior utricle gives off' the j^osterior canal (c.p.),

which runs downward and outward and after expanding into the
posterior ampulla (a.p.) opens into the ventral end of the utricle.

The sacculus (s.) and lagena (l.) are laterally compressed ; the
latter being given off as a simple pouch at the infero-posterior

end of the sacculus. The outer face of the sacculus and lagena is

directed outward at an angle to the median plane.

Nerve Supply.

The membranous labyrinth is supplied by branches of the
eighth cranial nerve.

The main nerve gives off a branch which runs beneath the
recessus utriculi and then bends upward. It then bifurcates to

form the ramulus avijndla anterior (r.a.a.) and the ramulus
ampidla externus (r.a.e.). A longer and finer branch, the ramidtis
ampidla posterior (^r.a.p.'), comes off from the main nerve and runs
on the inner side of the sacculus to the posterior ampulla., giving
off tiny ramuli to the sacculus and lagena en route. We were
unable to trace the ramidus ittrictdi in our specimen, and it is

probably very small.

The membranous labyrinth resembles in many respects that of

Cestracion philippi.
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Text-figures 5 & 6,

Right Membranous Labyrinth. (Outer view.)

Right Membrano^^s Labj'rinth. (Inner view.)

a.a. ampulla anterior.

a.e. ampulla exteriius.

a.p. ampulla posterior.

CM. caualis anterior,

c.e. canalis externus.

c.p. canalis posterior.

d.e. ductus endolymphaticus.
d,u.s.p. ductus utriculo saccularis

posterior.

I. lagena.

p.d. perilymph duct.

r.a.a. ramulus ampulla anterior.

r.a.e. ramulus ampulla externus.

r.a.p. ramulus ampulla posterior.

r.u. recessus utriculi.

u.a. utriculus anterior.

M.p. utriculus posterior.

Vlll. 8th cranial nerve.
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Brain and Cranial Nerves.

Busch (2) and Miklucho-Maclay (12) have briefly, and on the
whole accurately, described and figured the macroscopic structure

of the brain. Owing to the poor condition of our specimen we
are not able to add much to their account, but there are a few
points on which our observations do not agree with theirs.

The brain is antero-posteriorly shortened and, in dorsal view,

only a portion of the olfactory lobes (o.l.), the p7~osencephcdon
(
f.b.),

the much convoluted cerebellum {c), the restiform bodies (r.b.), and
the short medulla oblongata (m.) are visible (text-fig. 7). The
diencephalon and optic lobes are completely covered by the
cerebellum.

The prosencephalon is single and shows no trace of a median
fissure.

The large paired olfactory lobes are situated ventral to the

prosencephalon ; only their anterior ends being visible in dorsal

view.

Owing to the intimate relation of the olfactory lobes and the
prosencephalon Busch (3) has named them the " lobes communes,"
and a section through the forebrain appears to jvistify this name.
On the other hand, in his diagram he shows the prosencephalon
as a paired structure and the olfactory lobes as unpaired. This
is opposed to our observations.

The cerebellum is roughly triangular in shape, the base of the
triangle being closely apposed to the posterior of the prosen-
cephalon, and its apex posterior. It is primarily divided into

three segments ; two of these being anterior, right and left, and
the third running obliquely backward from the right. The left

anterior segment is approximately equal in size to the posterior

segment, but the right anterior segment is considerably smaller.

All three segments are further divided into smaller segments,
which in turn are sulcated.

Ventral to the posterior end of the cerebellum are two small
oval lobes called by Miklucho-Maclay (12) the lobi tingemini (It.).

The restiform bodies (r.b.) are well developed and occupj^ their

normal position. The Jiiedulla oblongata (m.) is very short, and
the fourth ventricle is correspondingly reduced.

In venti-al view the olfactory lobes completely cover the
prosencephalon. The optic chiasma lies immediately posterior to

the olfactory lobes.

The infundibulum is well developed, and the saccus vasculosus
shows on each side. Portions of the optic lobes are also visible in

this view.

An examination of a median longitudinal section confirms
Miklucho-Maclay's observation that a wedge-shaped portion of the
cerebellum projects into the ventr"icle of the " Zwischenhirn."

The following Notes on the cranial nerves were made chiefly

during the preparation of the skull, and are consequently far from
complete.

The olfactory nerve is large and is given off laterally from the
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olfactory lobe. It runs attached to tlie posterior border of the

laterally elongated olfactory sac, which is placed in the laterally

expanded olfactory capsule. The portion of the nerve adherent

to the sac is called the olfactory bulb by Busch (2), whose figure

shows it expanded rather more than is the case in our specimen.

To verify Busch's statement we have sectioned a portion of the

nerve taken from the region of the sac, but we have failed to find

any trace of nerve cells. This, however, may be accounted for

by the fact that our material wa.s not in the best state of pre-

servation.

Text-figure 7.

o.l.

J3-/.

c. cerebellum.

f.h. prosencephalon.

l.t. lobi trigemini.

m. medulla oblongata.

Dorsal View of Brain.

I o.l. olfactory lobes.

I
r.h. restiform bodies,

V. 4th ventricle.

1 I, III, V. cranial nerves.

The optic nerve, runs on the ventral side of the hammer just

anterior to the auditory process.

The Oculoonotor nerve runs for the greater portion of its length

posterior to the optic, but crosses it ventrally about an inch from
the orbit and is distributed to the inferior oblique, anterior

rectus, and inferior rectus muscles. A distinct branch of the

nerve runs parallel to the main branch and supplies the superior

rectus muscle.

The jsa^Ae^zc 7? e?"ve runs antero- dorsal to the optic and supplies

the superior oblique muscle.

The ophthalmic branches of the fifth and seventh nerves run
directly to the anterior end of the dorsal surface of the snout.

The fifth, in addition, sends off a lateral branch to a patch of

ampullary cinals just mesial of the orbit.

The mandibular and tnaxillary branches of the trigeminal have

the normal distribution.

The abducens runs ventral to the auditory process and supplies

the posterior rectus muscle.
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The liyomandihular branch of the seventh nerve runs posterior

to the mandibular branch of the fifth and gives off an external

mandibular.

The auditory nerve has already been described in relation to

the membranous labyrinth.

Summary.

The following are the important points dealt with in the

paper :

—

1. The skull, except the jaws, has been described in detail.

2. The membranous labyrinth has been described and figured

for the first time.

3. The existing accounts of the macroscopic structure of the

brain have been revised, and notes have been included on the

relationships of most of the cranial nerves.
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46. On an Instance of Commensalism between a Hermit

Crab and a Folyzoon. By R. Kiekpateick, F.Z.S.,

and Dr. J. Mbtzelaae.

[Received August 4, 1922 : Read October 24, 1922.]

(Plates I., II.*)

General.—In the year 1906, Mr. F. P. Vermeulen, Ymuiden,
Holland, started with a fishery expedition to the West African
shores with the object of seeing if the "langusts" of Cape Blanco
and its neighbourhood would be worth exploitation. The rich

material collected by him was given to the Zoological Society,
" ISTatura Artis Magistra," at Amsterdam. It contains many
Hermit Crabs, the commonest of which is Petrochirxis granuli-

manus Miers.

The younger specimens of this Crustacean live in small shells

of Turritella hrevialis, Natica fuhninea, Nassa miga, Terehra
senegalensis, Aporrhais pes pelecani^ and Dorsanum politum. These
samples come from Cape Blanco and the large Greyhound Bay
(" Bale du Levrier ") close by, from depths not exceeding
•iO metres. A few specimens were also met with on the Senegal
coast.

Kow, some of these "youngster" home-shells show a thin
incrustation of a Polyzoon, a few layers thick near the orifice

and only one or two layers over the rest of the surface (PI, I. fig. 3),

If we compare the older young and adult pagurids with the
former, we notice the said colony has inci-eased very much,
resulting in a heavy turnip- or potato-like spheroidal mass,
about 6 cm. in diameter (fig. 1), completely involving the original

contour of the shell. At one side there is a funnel, about 2 cm.
wide externally and filled in by the heavy claw of the Petro-
chirus. A section (fig. 2) shows the gasteropod shell covered
entirely by a dense, stony crust of the Polyzoon in. numerous
layers, amounting to 56. The shell-substance does not appear
to have been eaten away as in shells encrusted by Lepralia edax.
The free margin of the orifice of the larger specimens is made
up wholly of Polyzoan layers folded on themselves (fig. 2). On
dissection, the calcareous Polyzoan mass appears to be homo-
geneous, excepting that a few barnacles have been overwhelmed
and sufi'ocated. The most sound colonies have a perfectly smooth
surface of a deep violet-brown colour in spirit, and they form a
typical feature of the fauna of the Cape Blanco coast. But for
reasons not yet explained the colony may lose its power of
resistance against destructive forces of the environment. Every-
one knows the difi"erence between "living" mollusc-shells so
eagerlj^ wished for by conchologists, and the porous, brittle shells

the legal inhabitants of which have been replaced by boring

* For explanation of tlie Plates, see p. 990.

66*
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animals. Exactly the same is the case with our Polyzoon. The

simple colonies from one station have all changed into m^icrocosms

of sessile invertebrate life. Large specimens of Lithodomus

easily lodge in the thick, limestone-like wall without touching

their motor-pagurid. There are the big colonies of a compound

ascidian {Distomus sp.), purple barnacles, bushy hydroids upon the

Polyzoan wall (PI. II., hg. 14). Although very interesting from

an oecological point of view, we shall not describe these compound
colonies as they do not show constant features, the original

Paguro-Polyzoan association having lost its exclusive character.

Meanwhile it illustrates the fact that mobility of substratum is

favourable to diverse forms of sessile animal life.

By the way, we may notice one rather striking fact. Although

the weight of its limestone house with weeded roof must become

a nuisance to the Hermit, however powerful it may be, let us

mention one point in favour of its security. In one of the

hydroid tufts a spawning Sepia has glued several eggs. Sp

this professional crab-eater remained unconscious of the close

proximity of its prey, and the most critical sceptic must admit

that this argument, taken from nature itself, is stronger than any

aquarium experiment as to the efficiency of this pagurine mode
of life.

As a counterpart to this, we may add that remains of Eupa-

gurus hernhardus are often found in the stomachs of Cod from

moderate depths in the North Sea.

DescrijMon of the Folyzoon, based upon 4| adult and 3 young

samples sent to the Natural History Museum, London.

A glance with a good lens at once shows the Polyzoon to be a

member of the great Membraniporidan group. The surface of

the zoarium is covered with a membrane, which can be peeled

off. The zooecia are arranged in straight, longitudinal rows, the

latter every now and then bifurcating. The zooecia are not

abreast transversely, but in qiiincunx. A five of diamonds in

cards, with the pips uniformly enlarged till they nearly meet,

would illustrate the plan.

The zooecia (PI. I. figs. 4, 5, 6) are oval, and on an avei-age

0-6 mm. long and 0-3 mm. wide in the middle. The margins of the

zooecia in well-preserved material are mapped out by dark brown
membranous or chitinous lines. Busk calls attention to similar

" brown lines " in his description of Alemhranipora denticidata

Busk.
The calcareous margin is strongly granulated, and slopes

inwards and downwards to a finely serrated edge bordering the

oval opesia.

At the proximal or basal end of each zooecium and immediately

below the opesia there are two triangular, flattened, hollow

tubercles, separate in the young stage, but joined into a single

rectangular block in older zooecia (figs. 4, 5, 6). The brown line

separately surrounds each triangular tubercle and also each

rectangular block.
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The ectocyst in the surface laj'er of zooecia is membranous.
The operculum is 0"06 mm. long and 0"08 mm. wide, and with
the rim thickened, especially laterally. In che older layers of

zooecia the opesia is filled in, not by membrane, but by a thick

punctate, calcareous plate, convex on its lower surface, and
further, the zoojcial walls become thickened, so that the zoarium
becomes hard and stony. Rosette-plates multiporal ; usually

four in each lateral wall ; two, occasionally several, in the

distal wall.

There are no avicularia and no ooecia.

There need be no hesitation in assigning the Polyzoon to the

genus Conopeum Gray * (genotype : lacroixii Audouin f) as

amended by Norman J and Canu & Bassler§.

But the determination of the species has been a more difficult

problem. One high authority, to whom the material had been
sent, identified the species as Membrunipora tehuelcha d'Orbigny.

We were at first inclined to regard the species as a variety of

Conopeum lacroixii Audouin, but finally we have come to the

conclusion that the species is new to science. We propose to

call it Conopeum commensale, sp. n.

The distinguishing characters of the new species are : the thick

zooecial walls, the thick calcareous opesial plate, and the dense

stony multilaminate zoarium. Neither the well-known British

Con. lacroixii, as described by Busk and Hincks, nor the

Mediterranean form, as described and figured by Audouin and
Savigny, have any of these characters. If in the British form
of G. lacroixii occasionally one layer grows over another, there

are no calcareous opesial in-fillings ; and, moreover, " the tri-

angular hollows on each side above the aperture " (Hincks, Brit.

Mar. Pol. p. 130) have each an opening, covered by membrane,
and do not fuse into a single rectangular block. This fusion

does, however, take place occasionally in the typical form, figui'ed

in the 'Description de I'Egypte,' pi. x. fig. 9. The new species

differs widely from M. tehuelcha d'Orbigny. We had the good

fortune to find numerous specimens encrusting the alga Macro-
cystis pyrifera from the Straits of Magellan and from Valparaiso

and the coasts of the Tehuelchan region (the T. being a great

tribe of Patagonian Indians). The zooecia (fig. 12) are very

different in shape and character, being thin-walled, elongated,

rectangular boxes with sharp edges; and the triangular knob
and fused rectangular structures of C. commensale Kirkpatrick

& Metzelaar are replaced by a pair of rather long, blunt

calcareo-chitinous " spines." M. tehtoelcha, in our opinion, is little

* Gray, List of British Animals.—Part I. Eadiated Animals, pp. 108, 146 (1848).

t It is held by several authorities that Audouin's " Lao'oixii" is a sjaionym of

MXllepora reticulum Linne.

X Norman, Nat. Hist. East Finmark. Ann. & Mag. Nat. Hist. (7) xi. p. 586

(1903).

§ Canu & Bassler, North American Early Tertiary Bryozoa. U.S. Nat. Mus
Bull. 106, text pp. 84, 86 (1920).
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other than a South American representative of Membranipora
membrmiacea L.

The study of the triang-ular objects in C. lacroixii Audouin
and in the early stages of C. commensale Kirkpatrick &
Metzelaar has, we think, thrown an interesting light on certain

structures found in widely sepai-ate families and genera. The
precise nature of the " triangular hollows"' * in C. lacroixii is not
definitely known, but the view that they are diminutive zocecia,

aborted owing to exigencies of space, appears to us a reasonable
one. Cramped zooecia are often found among the rows and layers

of ordinary zooecia. The openings of the inter-zooecial triangular
hollows of 0. lacroixii have granulated margins, precisely com-
parable with the edges of ordinary zocecia, and under a high
power the whole structure is fairly similar in aspect to an
ordinary zooecial box somewhat distorted.

In C. commensale the triangles have a calcareous roof, and are

bounded each by a separate brown line. Where the triangles

are fused into one rectangular block, there is only one line round
the block. A fundamental and—^with the exception of Loxo-
soma—universal character of the Polyzoa is that of budding
so as to form colonies. Limitation of space must lead to a
struggle among the buds, with partial or complete suppression of

some.

It would appear that in C. lacroixii each zooecium gives off

three distal buds, the lateral ones being almost, but not wholly,

suppressed.

A careful examination of many species of Cheilostomes has

convinced us that the paired spaces, knobs, tubercles, and spines

so commonly present are all comparable with the " triangular

hollows " of G. lacroixii, and that they are modified zocecial

buds t taking on strange shapes and functions. In Mer)ihranipora

Tuemhranacea L., for instance, triangular spaces will be found at

or near the growing edges of the zoarium ; in older cells the
" hollows " (really inter-zooecial boxes) grow up into long spines

or tubercles, as if, owing to the limited basal area, they took to

building skyscrapers.

In M. teli%ielcha d'Orbigny (fig. 12) the same event has

happened. Here the tops of the spines are often membranous,
recalling the membranes over the openings of the triangles in

C. lacroixii. That this interpretation is not a mere fancy, is

shown by the resemblance of the early stages of the spines

near the growing edges of colonies to the triangular areas in

(7. lacroixii.

In M. tuhercuXata Eosc, so abundant on Gulf weed, the

* Hincks, 'British Marine Polyzoa,' p. 130.

f Cf. the " origellse " of Jullien, " des bourgeons charmis, developpes sur I'endo-

cyste,' 'which can reproduce zooecia, avicularia, etc. (Bull. Soc. Zool. France, xi. p. 607,

1886). Later, " joncturies," which produce zooecia, are distinguished from " origelles

evolutives," which form avicularia, spines, etc. (Jullien & Calvet, Bryozoaires
' Hirondelle,' 1903, p. 18).
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tubercles, at first separate, ma,y join together to form single

blocks as in G, commensale ; a remarkable example of the former
species is shown in fig. 11, where the blocks have developed so

enomnously as almost to obliterate the opesia.

In descriptions, the triangular hollows, spines, tubercles, etc.

are usually associated with the distal or oral end of the zooecium^

but they should perhaps rather be associated with the proximal
or basal part of a zooecium. On the triple-bud hypothesis it is

certainly more I'ational to associate the three buds, no matter
what their subsequent history and disguise might be ; and further,

the knobs, spines, etc. are often clearly seated on the front of

the basal end of a zocecium. Take, for example, the little knobs
on the zooecia of Menibranipora savartii Audouin, shown on the

base of each cell in Savigny's figure (' Description de I'Egypte,'

Atlas, pi. X. fig. 10) *.

In Thairopora armata MacGillivray (fig. 13) the two club-

shaped tubercles are situated one on each side of the oral orifice

of a zooBcium, and, it must be admitted, a little imagination is

required to idealize that even here the tubercles should perhaps

be associated with the proximal end of the following zoo3cium.

One might assume that the two lateral buds had been given oK
at right angles to the central one, instead of at a forward-opening
acute angle.

The avicularian cell in this species appears beautifully to

confirm the theoiy of homology of tubercles and triangular

boxes ; for here, in place of tubercles, and on each side of and
above the avicularian opening, there is a triangular box with a

clear space in the roof (fig. 13).

Possibly the quincuncial plan of growth so common in Cheilo-

stome Polyzoa may be due to adaptation to limited space.

Zooecia giving ofl;" three buds at the distal end would not be well

able to grow abreast ; accordingly the buds (and their adult

equivalents) often alternate transversely.

The fusion of two lateral hollow knobs into one rectangular

hollow box in G. commensale may be connected in some way with

reproduction, for in decalcified specimens there can usually be

seen a brown body or developing new polypide in the zocecial

cavities adjacent to these boxes.

Discussion.—On two points our description of the new species

is open to adverse criticism. Firstly, we attribute specific value

to zoarial characters. During an early period of the study of

Polyzoa, zoarial characters alone were considered, most of the

encrusting and branching calcareous Cheilostomes being relegated

to Lepralia and Eschara respectively. Later, zooecial characters

became all-important, the zoarial ones being entirely put aside.

At the present time the tendency is to take all characters into

* Tliere is rarely any trace of the knobs in the specimens of this species from
tropical seas or from Japan.
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consideration, judging each case on its own merits. A good
example of the specific value of zoarial characters is aiTorded by
Lepralia hifurcata Waters, found in deep water oft" Capri. Here
we have a typical Lepralia^ but one that alwaj'S grows in a very
definite, peculiar, and characteristic Avay, viz. as a bifurcating
colony with two little wings. No matter how closely the
characters of the individual zooscia resemble those of some par-

ticular encrusting Lejircdia, it would be difficult to regard the
bifurcating colony as a mere variety or variation of the en-

crusting one. Similarly, we regard the dense, stony, multi-

laminate Polyzoon from Cape Blanco as specifically distinct from
the slender, thinly encrusting C. lacroixii, the modified character—
if we may adopt the neo-Lamarckian line of thought

—

having
perhaps restdted from epcecal, e. g. well-fed life.

Biology.—Again, the adoption of the name " comrtiensale

"

might be considered a doubtful proceeding. We think the name,
however, to be convenient, not only from the point of view of

easy identification, but justifiable as indicating the real relation-

ship existing between the Polyzoon and the Crustacean. There
is evidently no question of true symbiosis or mutualism sensu

strictiore, if we define that as " legal relation betweeia two
difierent organisms," principally, because Petrochirus granidi-

mamis can live and thrive without C commensale. Leaving the

young Crustacea aside, we find the adults associated with the
sponge Suherites domtmcula, the compound zoantharian Corticifera

lutea, and the Polyzoon Lejyralia edax.

But the reverse does not seem to be the case. Polyzoa growing
on the hydroids and corals of the Vermeulen-expedition did not
include C. commensale among them. Nor did we notice it upon
living molluscs from the same localities. Possibly the Polyzoon
could survive for a time on an untenanted shell with much
diminished vitality, but so far there is no evidence on this point,

although we must take into consideration that the West African
material has been collected by one who was not a zoologist.

According to Prof. Calvet, any smooth surface is suitable to the

Membraniporee, and " associations of hermit-crabs and Polyzoa
are common enough." Even so, we never saw them before in

such a definite non-accidental mode and shape. The Pagui^o-

Polyzoan association described here appears to be a definite and
not an accidental one, the Ci'ustacean and Polyzoon being more to

each other than casual messmates ; for it is certain they derive

special advantages from each other's presence.

Hermit Crabs are widely distributed all over the world, and
are notorious for their militant and aggressive nature. Ensconced
in their shells they are veritable tankers, spreading dismay
among their helpless victims. Every now and again, when the

soldier has to leave his fortress, his softened body is exposed to

danger. But frequently some other organism (Sponge, Coelente-

rate or, more rarely, Polyzoon) adapts itself to the shell, and
gradually acqiiires certain special characters. The enci'usting
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animal forms an extra panoply, not merely thicker, but more
extended, especially around the shell orifice, thereby generally

ensuring a longer tenancy to the Crustacean. This feature of

extended growth is illustrated in fig. 2, where the opening of the

fortress is seen to be formed, not of shell, but of infolded layers

of the Polyzoon. Again, the Polyzoon obviously benefits; for

it is in alliance with a A^gorous and successful marauder, and
although sedentary by nature, is continually being carried to new
and rich pastures.

Accordingly, the large size of the new species is not surprising.

We return now, after this economic excursion, to the pecu-

liarity of the association described. Against critics who deny
the non-accidental nature of it, we draw attention to one njain

point. Setting apart those favourite Pagurine mates : Suberites

and the epoecal Zoantharians, there remains the fact that a
" special seat " is reserved to Conopeum cominenscde among the

hosts of sessile epoecal animals, ready to jjoptdate every available

spot in the tepid tropical coast- waters. In a very short lapse of

time a typical complex is formed. This follows from the fact

that among the many home-shells of adult Petr. gramdiinanus
only one was found naked, obviously inhabited only a short time
before it was caught ; intermediate gradations to full-grown

adult colonies are wanting. Now, what is the reason that

among so many rivals the tiny Polyzoon regularly wins the

battle ? We have seen that the other candidates may win the

second round if the Hermit migrates to a spot unfit for its

Pol3'^zoan comrade to live in. In the struggle for life the

champion is slain at last, A^ow at last a fair chance is given to

everybody ; here you have Accident playing its part, and the

result .... a chaotic conglomerate of sessile marine life (fig. 14).

Since the time of Darwin, Law has taken the place of Acci-

dent in biological science.

Our case is in some i^espects comparable to the well-known
association of Eupagurus hernhardus and Hydractinia echinata.

Tn this case the Pagurid inhabits the whole " littoral " region

up to a depth of 270 metres, but Hydractinia echinata is a

coastal form which does not follow the adolescent Eupagurus
to depths exceeding those of the centime of the North Sea.

At the lower limit of its occurrence the Hydractinia is often

replaced by Alcyonidium gelatinosum. Now, although Hydrac-
tinia echinata has been found in a few instances without its

mate Eupagurus hernhardus^ is there anybody who will seriously

contest the particular relation between these two organisms ?

Of. Eupag. puhescens, which occur in the North Sea as a

rule, associated with Sid^erites ficus, but exceptionally with

Zoanthus sp.

So far as we know, the present case has not yet been described.

It is a remarkable fact that Ohevreux and Bouvier, among the

rich material of the ' Melita,' described 17 species of Pagurids

(Mem. Soc. Zool. France, v. 1892), but only noticed " coquille
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recouverte cle bryozoaires " in the case of Petrochirus granuli-

mamis. The " bryozoaires " have probably been Con. commen-
sale, but they were not examined.

In the volume dealing with the results of the inquiries of the
' Travailleur ' and ' Talisman ' immense numbers of Polyzoa are

mentioned, but no reference to the present case.

Summary and Conclusion.—The present Polyzoon from the

Cape Blanco region is a new species, viz. Gonopeuin coinmensale

Kirkpatrick & Metzelaar. It is most nearly related to G. lacroixii

Audouin

.

The paired " triangular spaces," paired knobs, tubercles, or

spines so commonly present in many species of Cheilostome

Polyzoa are probably aborted zocecial buds, more or less sup-

pressed or modified owing to lack of space for free growth.

The association with the Crustacean Petrochirus gramdimanus
is a definite, not an accidental one, being a case of commensalism
in the sense of Yan Beneden.

EXPLANATION OF THE PLATES.

(The figures to be examined through a hand-lens.)

Plate I.

Fig. 1. Gasteropod shell inhabited by FetrocJiirus granuUmamis Miers, completely

encrusted bj' the Polyzoon Conopeum commensale Kirkpatrick & Metze-
laar from Cape Blanco. Nat. size.

2. A shell and Polyzoan crust cut in half. Nat. size.

3. Turritella shells inhabited by Hermit Crab, and each encrusted bj' young
colonj' of Conopeum commensale : from Senegal. Nat. size.

4. Conopeum. commensale. X 20.

5 & 6. The same from another specimen, showing at the first separate triangular

tubercles and the single rectangular blocks. X 20.

7. An older layer of zooecia broken into and viewed from the inferior or dorsal

aspect, showing calcareous infillings of the opesias. X 20.

8. Conopeum lacroixii, showing the two separate triangular " spaces

"

(boxes) at the base of each zocccium. X 20.

9. Conopeum commensale. Transparent vertical section, showing laj'ers. X 3|-.

(C/. fig. 2.)

10. Conopeum lacroixii Audouin, showing separate triangular hollows : speci-

men from Dovercourt, England. X 20.

11. Memhranipora Uiherculata Bosc, encrusting two sides of alga from Algoa
Bay ; showing remarkable blocks at the margin of colony, also ordinary

paired tubercles. X 20.

12. Memhranipora tehuelcha d'Orbigny on Macrocystis pyrifera from South
America ; showing tbe two spine-like tubercles to each zocccium.

13. Thairopora armata MacGillivray, showing zocecia with paired boss-like

tubercles and an avicularian cell with triangular hollow boxes above

mandible. X 20.

N.B.—There is an avicularium with sharply-defined triangular

mandible about 8 mm. above the middle of the lower border of the

picture. The mandible and the triangular boxes above it have a frog's-

face-like aspect. In the ordinary zocecia the pairs of white boss-like

tubercles replace the triangular " hollows " or boxes. A lens is necessary.

Plate II.

Fig. 14. Bulbous specimen secondarily overgrown with hydroid, etc.





P.Z.S. 1922. KAYE. PI, I.

NEW SPECIES OF TRINIDAD MOTHS

VITTY & SEABORNE, LTD.,

LONDON.



ON NEW SPECIES OF TRINIDAD MOTHS, 99

1

47. New Species o£ Trinidad Moths. By W. J. Kaye, F.E.S.*

[Received July 30, 1922 : Read November 7, 1922.]

(Plate I.t)

The moths here described and figured were all (except one,

Ce7it7'0)iia plorator, csLUght by myself) taken by Sir Norman Lament
in the south of the island of Trinidad. Most likely, all the species

will some day also be found on the mainland in either Venezuela

or Guiana, as, except for numerous local races, one would not

expect distinct island species such as are found in Oceanic

islands, Trinidad being essentially a recently detached portion of

Venezuela. Doubtless, there are numbers of species still unknown
and undescribed, and very much work I'emains to be done before

we can even approximately guess the number of genera and

species that exist.

Family H Y p s i D JS.

Centeonia plorator, sp. n. (PI. I. fig. 3.)

$ . Base of eyes and base of palpi orange. Antennae filiform.

Abdomen black with the segments below ringed with white.

For-e wing black with a, postmedian cuived white band com-
mencing very narrow on the costa but rapidly widening to about

3 mm. wide as far as vein 4, where it rapidly contracts and
becomes suffused with black to extreme angle of wings. Veins
showing grey on inner side of white band. Hind wing dark
bluish black with a narrow whitish marginal band, suffused with
black as far as vein 5, where it suddenly ceases. Below, the

white band of both fore and hind wing completely white without
any suffusion. Exp. 44 mm.

Habitat. Trinidad, Siparia, 18. xi. 20 (IF. J. Kaye). In Coll.

B.M.

Family Notodontid^.
Dicentria nondescripta, sp. n. (PI. I. fig. 9.)

Head brown with a fan-shaped tuft of raised hair behind
antennae. Fore wing dark chocolate-brown with greenish-yellow

shades, especially on costa beyond middle. Discoidal spot not

conspicuous, of the same ground-colour as wing and edged on
both inner and outer edges with greenish yellow. An indistinct

slender pale line consisting of lunules beyond middle. Sub-
terminal line also of pale lunules. A very ill-defined double

submedian line, becoming lost in the ground-colour soon after

leaving the cell. Hind wing pearly transparent with the apex

* Communicated by Gut A. K. Maeshall, C.M.G., D.Sc, P.Z.S,

t For explanation of tlie Plate, see p. 998.

\
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darker. Inner margin also dark and a pale but distinct mark
just below anal angle. Fore wing below shining blackish. Hind
wing below shining whitish with a small dark mark in the
middle of costa. Exp. 54 mm.

Habitat. Trinidad, Palmiste, 25. xii. 20 {JSf. Lamont).

BORIZA KALODONTA. Sp. n. (PI. I. fig. 13.)

Fore wing greenish grey mixed with slaty purplish. A con-

spicuous, elliptical, pale tawny spot between veins 2 and 4 near
margin. Basal area to end or beyond cell slaty grey with three
parallel wavy lines. A short, slender, black dash. Inner margin
pale greenish. Outer margin broadly paler than rest of wing,
with the veins showing thi-ough conspicuously. A small black
dot between veins 3, 4, and another between veins 6, 7. Hind
wing white with the costa narrowly dark brown, divided at

middle with white. Thorax olive-brown. Fore wing below
white with the veins 5, 6, and 7 heavily smoky. Costa imme-
diately above pale tawny. Hind wing below pure white. Exp.
40 mm.

Habitat. Trinidad, Palmiste, 30. x. 1 1 {N. Lamont).

. Phastia maricolor, sp. n. (PI. I. fig. 12.)

Fore wing pale sea-green. Discoidal spot purplish white.

Subterminal series of huge irregular spots, purple on the inside

and white exteriorly. A short purplish basal streak. Beyond
this is a faint ill-defined band, becoming very broad on inner
margin, of a darker shade of green to the ground-colour. Beyond
discoidal spot is also a poorly-defined narroAV band. Thorax of

same ground-colour as fore wing, Hind wing very pale grey,

darker towards the outer margin. Under surface of both fore

and hind wing yellowish white, the whole of the fore wing except

the narrow inner margin dusted with blackish. Foi-e legs with
the first joint of the tarsus clothed with yellowish-green hair.

Exp. 42 mm.
Habitat. Trinidad [N. Lamont).

RiFAKGIA BRUNNIPENNIS. (PI. I. fig. 11.)

Fore wing dark burnt- umber with a purplish shade, with the

basal half the darkest. A. short dark basal streak. Costa near

apex and inner margin except at base tawny. A conspicuous,

little, white, wedge-shaped mark between veins 2, 3 close to

margin. Veins 4, 5, and 6 edged with tawny. Hind wing
brownish grey, darker towards outer margin and darkest at anal

angle. A very inconspicuous postdiscal line, becoming duplicated

on vein 3 to inner margin. Fore wing below dull blackish.

Hind wing below as above. Cilia black at termination of veins.

Thorax tawny. Abdomen rather darker. Exp. 46 mm.
Habitat. Trinidad, Palmiste, 25. xii. 20 (JV. Lamont).
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Family IST o c x u i D ^.

Subfamily Erastrian^.

Beyolimnia bionodonta, sp. n, (PI. I. fig. 20.)

Third joint of palpi, frons, and base of antennse white. Thorax
light brown with a pair of white tufts behini. Fore wing with

the base chocolate-coloured, followed by a broad pure white band
deeply toothed on outer edge and with a small chocolate spot on
costa. Postdiscal area chocolate, lighter towards inner margin
and darkening towards costa. Cilia white, with a square dark
spot about middle and with the tornus chocolate. Hind wing
smoky greyish black, the apical area much the darkest. Dis-

coidal spot indistinct, blackish. Abdomen greyish black. Exp.
26 mm.

Habitat. Trinidad, Siparia, 16. vi. 18 (iY. Lament).

Bryocodia cryptogramma, sp. n. (PI. I. fig. 19.)

Palpi with the first joint brown, the second and third whitish

with dark brown marks. Fore wing dull olive greenish with
pink and brown markings. A dark mark at base and a heavy
brown basal line. A median fascia most prominent at costa and
much broken at and beyond middle. A postmedian, thin, much-
curved line, most prominent on veins 1, 2 and 4, 5. A dark
curved apical fascia and a dark brown spot at tornus. Hind
wing coloured as fore wing, with double submedian brown lines

and a deeply curved postmedian single line. Underside of fore

wing below cream-coloured with dark median and postmedian
lines ; a broad outer marginal fascia dark brown. Hind wing
below coloured as fore wing, except that in the region of the

anal angle the dark brown fascia is broken up with the pale

ground-colour. Exp. 28 mm.
Habitat. Trinidad : Oaparo, Oct, 1904 (Birch) ; Palmiste,

27. xi. 15 (JV. Lamont).

Parangitia nigrofulgens, sp. n. (PI. I. fig, 5.)

Palpi, collar, and patagia yellowish brown. Abdomen fawn-
coloured. Fore wing dark shining coppery black. A double
indistinct waved black line close to base. Apex lighter than
rest of wing and followed by indistinct double black lines.

A curiously placed black angular mark on vein 2 close to

edge of cell. Hind wing black with the whole of the large inner
area dark cupreous grey. Fore wing below dull black with the
inner mai'ginal area paler. Underside of hind wing rather dark
slaty grey with a darker marginal band. Exp. 24 mm,

Habitat. Trinidad {N. Lamont),
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Parangitia micapbnnis, sp. n. (PI. I. fig. 2.)

Fore wing shining brownish olive. A large apical area, ex-

tending along costa to above end of cell and to tornus, paler with

several short dark dashes. Discal spot uniform pale with a short

black dash at its lower extremity extei^nally. Opposite and close

to outer margin a small black spot. Above these marks in

certain lights are to be seen three short, parallel, brown dashes.

Two short wavy lines above one another emanating from the

outer margin. Hind wing blackish brown with a broad dark

marginal band and a small yellow elongated mark at anal angle.

Thorax with long raised scales. Abdomen with a raised tuft on
third segment. Exp. 30 mm.

Hahitat. Trinidad (N. Lcimoni).

Subfamily ISTocTUiNiE.

Sanys implacata, sp. n. (PL I, fig. 17.)

Head, thorax, and abdomen pale brownish white. Fore wing
narrow with the apex and inner margin i^ounded, pale brownish,

darkest on the costa. A small blackish dot at origin of vein 2.

A straight brown line across basal ai'ea and a slightly oblique

postmedian line. A wavy double submarginal line greatly angled

near tornus and a series of dark dots on margin. Hind wing
similarly coloured to fore wing. A well-marked straight line

across centre of wing, stopping at vein 6. A wavy, partly

double, subterminal line much broken from vein 5 to apex.

Exp. 30 mm.
Hahitat. Trinidad {N. Lamont).

Plusiodonta cupristria, sp. n. (PI. I. fig. 16.)

Fore wing dark purplish. A large burnished-copper patch at

tornus and a central stria of same colour from the cell to the
" tooth " of the inner margin. A pale oblique streak from apex

to vein 2. At apex the streak is reflexed to costa. Thorax
purplish. Two short subcostal streaks before apical streak. A
small shade of copper-colour in middle of outer margin. Hind
wing white with a broad dark margin, shading ofi" internally with

the white ground-colour. Underside of fore wing dark brown
with the costa narrowly pinkish ochreous. Hind wing below
white with only a small dark area at apex. Exp. 40 mm.

Habitat. Trinidad, Palmiste, 8.i. 21 (iV. Lamont).

Subfamily Deltoidin^.

Epttomiptbra purpurascens, sp. n. (PL I. figs. 4, 23.)

Fore wing purplish with a broad, somewhat darker, central

fascia, greenish on inner side from inner margin for half the

length of wing. A slender wavy pencil -line within the fascia a

little beyond middle. Outer edge of fascia very sinuous and
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a slight greenish flush near tornus. Extreme apex with a short
dark mark followed by a dark greenish-purple patch. Close to

base a small dark dot. Hind wing purplish brown with a central

dot followed by a dark indistinct line. Hind wing beneath much
paler, and, in addition to the dot and dark line, there is a broad
marginal fascia enclosing a pale wing-line. Exp. 28 mm.

Habitat. Trinidad.

Epitomiptera marmorata, sp. n. (PI. I. fig. 6.)

Fore wing vai'ious shades of pale brown with white lines.

Extreme base pale followed by light brown fascia edged exteriorly

with a sharply-defined white line sharply angled near inner
margin. Central broad fascia darker than basal band, but also

edged with a white line which is broken and very incomplete
in central area but well-defined near costa and inner margin.
Apex much mottled with white and brown followed by a wavy
short white line. Hind wing pale light brown with a dark
central oblique shade, followed by a short much-angled white
mark, followed again by a slender white wavy line. Exp. 25 mm.

Habitat. Trinidad, Guaico, 18. iv. 15 (i\^. Lamont).

Hypena brodescens, sp. n. (PI. I. fig. 8.)

Head, thorax, patagia, and metathorax very dark brown.
Abdomen blackish brown with darker dorsal tufts of hair on the
first four segments. Fore wing olivaceous dark brown with an
oblique basal whitish line ; a median broader straight white line.

A postmedian series of yellowish spots on the veins and a very
fine subterminal pale dotted line. Hind wing dull blackish with
a pale bluish submarginal line most distinct between veins 1 and 3.

Exp. 36 mm.
Habitat. Trinidad : Caparo, Nov. 1904 {F. Birch) ; Palmiste,

14. V. 21 {N'. Lamont) (type), 20. xii. 21 {N. Lamont).

Family LiMACODiDiE.

SiSYROSEA GUAICA, Sp. n. (PI. 1. fig. 15.)

Head and collar light brick-red. Thorax fawn-coloured •

abdomen fawn-coloured with a reddish dorsal shade. Fore wing-
pale pinkish bufi". A small black spot at the base of the cell and
another black spot close to outer margin lying on vein 4. Cilia

shining buff-colour. Hind wing buff, the cilia of the same
colour. Underside of fore wing buff, with some darker shading
towards costa. Underside of hind wing buff. Exp. 34 mm.

Habitat. Tiinidad, Guaico, 18. ix. 15 {N. Lamont).

Family Lasiocampid^.

Hydrias albiochrea, sp. n. (PI. I. fig. 14.)

Head and thorax grey with some ochreous haix^s. Fore wing
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rather pale brown with scattered grey scaling. At base a short

black streak above which is an irregvilarly-shaped greyish patch.

This on costa is followed by two short curved lines. Some very

indistinct, slender, wavy lines across the discal area, with the

veins showing darker. Hind wing with the costal third greyish

white with two or three indications of transverse lines. Basal

two-thirds of wing tawny, pale at outer margin. Abdomen
tawny, with some black scaling on the three basal segments.

Exp. 42 mm.
Habitat. Trinidad, Port of Spain, 27.i. 21 [N. Lamont).

Family U R A N i A D ^.

Syngria delicata, sp. n. (PI. I. fig. 7.)

Collar whitish. Tliorax and abdomen pinkish fawn-colour,

iri-orated with minute black dots. Fore wing pinkish fawn-
colour. Discoidal spot small, black, lunar-shaped, externally

edged with pale cream-colour. A submedian, very indistinct,

orange line running very obliquely. A very distinct postmedian
ochreous line, palish-edged internally, also very oblique and
sharply angled just below vein 6. Margin sharply defined

ochreous, edged with pale colour internally. Hind wing pinkish

fawn with fine irroration of black dots. Very indistinct sub-

and post-median ochreous lines. Margins as in fore wing. Fore

and hind wing below without markings, except the fine black

dusting, which is less than on upper side. Exp. 36 mm.
Habitat. Trinidad, Palmiste, June 1915 [N. Lamont).

Family PYRALiDiE.

Subfamily PococERiNiE (=: Epipaschiance).

POCOCERA BRUNJSTAPEX, Sp. n. (PI. I. fig. 1.)

Head and thorax reddish brown. Abdomen pale brown.
Fore wing with basal third pinkish brown with some short

darker longitudinal lines terminated by a somewhat sinuous
silvery-grey line. Discal area of wing silvery grey, containing a
much waved slender line in middle, A darker shade before

outer margin and a dark reddish-brown apex with the veins

showing through, heavily scaled with blackish brown. Hind
wing pearly transparent with the apex blackish. Fore wing
below with a dark red costa, and the remainder of the wing
blackish. Hind wing below also with costa dark red, but other-

wise as above. Exp. 38 mm.
Habitat. Ti-inidad, Guaico, 18. ix. 15 (A. Lamont).

Subfamily Agroterin^ (::= Pyraustinm),

Samea delicata, sp. n, (PI. I. fig. 22.)

Head pale straw-coloured. Patagia with dark brown spots on
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frontal edge. Foi-e wing pale straw-coloured with two dark
spots on costa close to base and some further minute points as
far as end of cell. A submedian, a median, and a postmedian
slender line. Beyond the last is a dark marginal band. Dis-
coidal spot formed of a double ling, the one above the other.

Hind wing pale straw-colour with three transverse lines, the
inner one straight but oblique. The middle line greatly angu-
lated in middle, and the last line greatly angulated beyond,
middle. A very fine dark subterminal line. Exp. 16 mm.

Habitat. Trinidad (iV^. Lamont).

Phostkia duplicata, sp. n. (PI. I. fig. 21.)

Head and thorax dull ochreous brown. Fore wing ochreous
brown. Basal line curved dark brown. Discoidal spot linear

dark brown. Postmedian line heavy dark brown, greatly set-

back between veins 2 and 3. Fine dark points at extremities of
veins, and colour of wing beyond postmedian line darker some-
what than remainder. Hind wing daiker than fore wing and
blacker. A small dark spot within the cell and a curved median
dark line, broken and waved between veins 2 and 3. Abdomen
with the segments edged with white. Fore wing below buif with
black discoidal spot and dotted postmedian line. Hind wing-

below buflf with point in cell and faint indication of median line.

Exp. 26 mm.
Habitat. Trinidad (i\r. Lamont).

Family Z r G iE n i D ^,

Genus Lamontia,

Head small ; antei:in8e long, slender, bipectinated. Abdomen
small and rather slender. Fore wing long and narrow ; veins

4, 5 very close together at origin ; veins 8 and 9 stalked with 10,

vein IJ weak, 12 strong. Hind wing with veins 4, 5 from same
origin ; vein 7 from a long way from 6. Outer margin of wing
rounded. Yein 8 approaching very close to 7 and. connected with
the usual short bar.

Lamontia calibana, sp. n. (PI. I. fig. 18.)

Head, coxee, pectus, and abdomen metallic greenish. An-
tennae black, bipectinated to the tip. Collar and patagia with
some pale mauve scales. Fore vving long and narrow, black
at base and along the veins and costa, gradually becoming
transparent (fugitive scaling) outwardly. Hind wing black
completely scaled, short, and much rounded. Exp. 30 mm.

Habitat. Trinidad, Rock, 1. i. 18 {N. Lamont). In Coll.

Lamont.

Proc. Zool. Soc—1922, No. LXA^I. 67
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EXPLANATION OP THE PLATE.

Fig. 1. Pococera hrunnapex, sp. n. . P^Talidse.

2. Farangitia micapennis, sp. n. Noctuidse.
3. Centronia plorator, sp. ii. Hypsid^.
4. Spitomiptera purpurascetis, var. Noctuidaa.
5. Parangitia nigrofulgens, sp. n. Noctuidge.
6. JSpitomiptera marmorata, sp. n. Noctuidse.
7. Syngria delicata, sp. n. Uraniadse.
8. Sypena brodescens, sp. n. Noctuidas.
9. Dioentria nondescripta, sp. n. Notodontidfe.

10. Dicentria Jclagesi Druce. Notodontidse.
11. Mifargia brmmipennis, sp. n. Notodontidse.
12. Phastia maricolor, STp. n. Notodontidae.
13. Boriea Jcalodonta, sp. n. Notodontidse.
14. Ilyd7~ias albiochrea, s]).n. Lasiocampidse
15. Sisyrosea guaica, sp. n. Limacodidse.
16. Plusiodonta cupristria, sp. n. NoctuidsB.
17. Sanys impUcata, sp. n. Noctuidse.
18. Laviontia calibana, sp. n. Zygajnidse.
19. Bryocodia cryptogramma, sp. n. Noctuidas.
20. Sryolwmia monodonta, sp. n. Noctuidas.
21. Pliostria duplicata, sp. n. Pyralidaj.
22. Samea delicata, sp. n. Pyralidai.
23. P]pitomiptera purpurascens, sp. n. Noctuidse.
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Introduction.

Rudolplii (1819), when establisliing the genus Phijscdoptera

expressed some doubt as to its validity. He gives the following

as its generic diagnosis:—'•Corpus teres elasticum utrinque
attentuatum. Os orbiculare. Cauda maris deflexa utrinque alata,

vesicam inferam sistens. Penis tuberculo emissus." Dajardin
(1845), after quoting Rudolphi's doubt, suppressed the genus and
transferred the species to the genus Spiroptera. Diesing (1851)
re-eskabhshed the genus, and defined it in such a way that it

could not be confused with any other genus of Nematodes. He
added two more species, one of which

—

Ph. inucronata—was
found to be an Ascarid by Molin.

Leidy (1856) gave a short and incomplete description of four
more species, two of which

—

Ph. constricta and Ph. contorta—
can be definitely ruled out from the genus, as they probably
belong to the family Gnathostomidce as redefined by Baylis and
Lane (1920).

Up to the iippearance of Molin's monograph on the genus in

1860, 18 species had been described as belonging to it, namely
9 by Rudolphi, 2 by Creplin, 4 by Leidy, 2 by Diesing, and 1 by
Hemprich and Ehrenberg. Of these, 5 are not members of tlie

genus and 1 is doubtful.

* Communicated by Prof. E. T. Leipee, F.Z.S.

67*
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Molin's monograph contains the descriptions of 22 species, of

which 9 are new and 4

—

Ph. colubri (Rud., 1918), Dies., 1851,

Ph. Iwibata Leidy, 1856, Ph. abjecta Leidy, 1856, and Ph. spirula

Henipr. & Ehren., 1828—are listed under Species Inquirendse.

In his introduction to this work he eliminates the four species

Ph. strongylina Rud., Ph. mucronata Dies., Ph. saginata Rud.,

and Ph. tenuicolUs Rud. from the genus, stating that Ph. mu-
cronata and Ph. tenuicolUs are Ascarids, Ph. saginata a

Spiroptera, and that Ph. strongylina belongs to a new genus. He
places Ph. megalostoma Crep., 1829, as a synonym of Ph. alata

Rud.
Schneider, in his ' Monographic der Nematoden' (1866), de-

scribes 9 species of Physaloptera, of which 4 are new, namely

Ph. digitata, Ph. subalata, Ph. trancata, and Ph. spiralis. Prior

to his publication, a,iK! after the appearance of Molin's monograpli,

the only other new Physaloptera described is Ph. imcris-brasili-

ensis Diesing, 1861, from Mtcs brasiliensis.

In 1883, von Drasche amplified Molin's monograph by pub-

lishing a revision of the Molin and Diesing types deposited in

the Yienna Museum ; his work is of considerable value, as he

paid special attention to the structure of the lips and caudal

extremity of the males, and also gave figures of them all. He
confirmed Molin's diagnosis that Ph. mtLcronata Dies., 1851, is

an Ascarid.

Yon Linstow, in his 'Compendium der Helminthologie'

(1878) and in his " Nachtrag " (1889) to this work, records 40

species—^31 in the first work and 9 additional ones in the latter.

The next landmark was the appearance of Stossich's monograph
on the genus in 1889. He here gave the description of 37 species,

26 of which he considered valid, and the rest he listed under

Species Inquirendse. Those species referred to in this work and

not in Molin's are as follows:— 1 species

—

Ph. torquata, of

Leidy, 1886; 5 species of von Linstow

—

Ph. crassa, 1879, Ph.

dentata, 1883, Ph. malleus, 1883, Ph. st?'iata, 1883, and P/i. pyra-

Tiiidalis, 1879 ; 4 species

—

Ph. digitata, Ph. sjnralis, Ph. subalata,

and Ph. truncata, described by Schneider in 1886 ; and 1 species

of Diesing

—

Ph. mtiris-brasiliensis, 1861 , Of Stossich's 37 species,

11 are recorded from reptiles, 11 from birds, and 15 from
mammals.

In 1911, Gedoelst published his 'Synopsis de Parasitologic,' in

which he listed 5 species, viz, 2 from man, 1 from carnivores,

and 2 from birds.

Hall (1916) gives the descriptions of 7 species, viz. 1 from
Hyracoidea, 5 from rodents, and 1, Ph abbreviata, which is a

reptilian parasite, but had been recorded from Graphiurus murinus
by Pa,rona (1909). Hall doubts Parona's diagnosis, and I agree

with him that the presence of this parasite in a rodent is vejy

suggestive of an error in its identification.

Up to the present day the number of species has been con-

siderably increased, thanks principallj to von Linstow and
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Seurat. Yon Linstow added 19 species to those of his mentioned
above, one

—

Ph. cvrnphihia—being the only record of the occur-

rence of a member of this genus in amphibians, and another—

-

Ph. caucasica—being the first species described from man.
Seurat has added 8 new species and two varieties of Ph. cdata,

Rud., 1819.

The latest addition to the literature of this group is two papers

by Irwin-Smith reviewing the parasites found in reptiles. In
her firs b paper (1921) she gives a host list of all tlie reptilian

Physaloptera, as well as a bibliographical catalogue in connection
with them. In her second paper (1922) she brings together the
description of 13 species, all from lizards, and states that of the
15 species recorded from this group of reptiles, only 9, perhaps 10,

are valid, the others being either synonj-ms or not members
of this genus.

In Stiles and HassaH's 'Index Catalogue of Round-worms '(1920)

80 species and 2 varieties of Physaloptera are listed, many of

which, however, are either synonyms or do not belong to this

genus. The addition of 3 species by Gedoelst (1916), 1 by
Hall and Wigdor (1918), and 1 by Travassos (1920) not listed

in the catalogue, and 7 new species described in this paper
brings the number recorded up to 92. These are distributed

among the principal host groups as follows :—43 species from
mammals, 20 species and 2 varieties from birds, 28 species fi'om

reptiles, 1 species from amphibians, and 1 species, Ph. honnei,

sp. n., from a host in Dutch Guiana of which its native na.me

is " Sapalcara," but of which I have been unable to obtain the
scientific name.
The following list comprises all the species recorded from each

of these host groups :
—

AMPHIBIA.

Fh. anipliihia v. Linst., 1899.

Fh. ahhreviata RiuL, 1819.

Fh. ahjecta Leid3', 1856.

Fh. affinis Gedoel., 1916.

Fh. alba Stoss., 1902.

Fh. aloisii-sabaudice Par., 1907.

Fh. antarctica v. Linst., 1899.

Fh. hritaiiica Skrjabin, 1916.

Fh. chamceleontis Gedoel., 1916.

Fh. colubri (Rud., 1819), Dies., 1851.

Fh. constricta Leidy, 1856.

Fh. contorta Leidy, 1856.

Fh. dentata v. Linst., 1883.

Fh. gracilis, sp. n. [1917,
Fh. leptosoma (Gerv., 1848), Seurat,

EEPTILIA.

!
FJi.

Fh.

Fh.

Fh.

Fh.

Fh.

Fh.

Fh.

Fh.

Fh.

Fh.

Fh.

Fh.

Fh.

longissima, sp. n.

monodens Mol., 1860.

muoronata Dies., 1851.

obtiisissima Mol., 1860.

pallaryi Seurat, 1917.

paradoxa v. Linst., 1908.

'phrynosoma, sp. ii.

quadrovaria Leiper, 1908.

retusa Rud., 1819.

simplicidens, sp, n.

sonsinoi v. Linst., 1895.

spiralis Sclm., 1866.

striata v. Linst., 1883.

varani, Parona, 1839.
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i.VES.

.P7^ actiticauda Mol., 1860.

Fh. alata Rud., 1819.

„ „ V. clievreuxi Seurat, 1914.

,, „ V. nouveli Seurat, 1915.

P/i. Ulabiata Crep., 1829.

Ph. hrevicauda v. Liiist., 1909.

Fh. bulbosa v. Linst., 1906.

Fh. crassa v. Linst., 1879.

Fh. crosi Seurat, 1914.

Fh.fusiformisv. Linst., 1902.

Fh. galinieri Seurat, 1914.

Ph. inflata (Mol., 1860), Stoss.^

Ph. malleus v. Linst., 1883.

Ph. megalostoma Crep., 1829.

Ph. ovata v. Linst., 1907.

Ph. rotundata v. Linst., 1906.

Fh. saginata Rud., 1819.

Ph. striata v. Linst., 1883.

Ph. strongylina Rud., 1819.

Ph. suhalata Solm., 1866.

Ph. tentiicollis Rud., 1819.

Ph. triincata Sclin., 1866.

1889.

MAMMALIA
Ph. anomala Mol., 1860. Ph.
Ph. brevispiculum v, Linst., 1906. Ph.

Fh. brevivaginata Seurat, 1917, Fh.

Ph. capensis, sp. n. Ph.

Ph. cauoasica v. Linst., 1902. Ph.

Fh. cesticillata, Sons., 1889. Ph.

Ph. circulay'is v. Linst., ]897. Fh.

Ph. citiUi (Rnd., 1819), Hall, 1916. Ph.

Ph. clausa Rud., 1819. Ph.

Ph. coelebs v. Linst., 1897. Ph.

Ph. digitata Schn., 1866 Ph.

Fh. dilatata Rud., 1819. Ph.

Fh. dispar v. Linst., 1904. Ph.

Ph. elegantisshna Stoss., 1902. Ph.

Fh geniina v. Linst., 1899. Ph.

Fh getula Seurat, 1917. Ph.

Ph. guiarti Garin, 1913. Ph.

Ph. incurva v. Linst., 1908. Ph.

Fh. inermis v. Linst., 1906. Ph.

Fh limbata Leidy. 1856. Ph.

Ph. magnipapilla Mol., 1860. Fh.

Fh malayensis, sp. n.

ma.viUaris Mol., 1860.

mephites Solanet, 1909.

mordens Leiper, 1908.

muris-brasiliensis Dies., 1861.

nasiliotiis Gedoel., 1916.

mimidica Seurat, 1917.

papilloradiata v. Linst., 1899.

. papillotriincata Mol., 1860.

. prcep)utialis v. Linst., 1889.

. pyramidalis v. Linst., 1879.

vara Hall & Wigdor, 1918.

rmvenzorii Paroua, 1907.

semilanceolata , Mol., 1860.

sciuri Parona, 1898.

spirilla Hempr. & Eliren., 1828.

tacapeyisis Seurat, 1917.

terdentata Mol., 1860.

torquata Leidj', 1886.

torresi (Trav., 1920).

iumefaciens Henrj^ &
turgida Kud., 1819.

[1912.

Blanc,

Doubtful Host.

Ph. bonnei, sp. n.

Material and Acknowleegments.

The present work originated in the examination and deter-

mination of a number of species of this genus collected by the
author at the Prosectorium of the Zoological Society of London,
while holding the post of Parasitologist to the Society. Prof.

Leiper suggested that the work should be extended, so as to

include a I'edescription of as many as possible of the recorded
species of tliis genus, together with a survey of the whole group.
With this aim in view he handed over to me, for study and
identification, his valuable collection of Physaloptera, most of

which had been pei'sonally collected by him during his expedition
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to Uganda in 1906. I wish here to express my indebtedness and
thanks to the Zoological Society of London for the honour and
privilege of collecting these parasites in their Gardens, and to

Professor Leiper my sincere thanks and gratitude for having

entrusted me with his material, for his valuable advice and
criticisms, without which the work could not have been under-

taken, and for the use of his valuable library.

In addition to the above material, the writer was able to

examine representative material of all of Molin's species, the

types of two of Diesing's species, and examples of six of Rudolphi's,

including his types of Ph. clausa deposited in the Helminthological

collection of the Zoologische Abteilung der Naturhistorischen

Staatsmuseum, Vienna. I wish to express my indebtedness and
thanks to Hofrat Dr. Ludwig von Lorenz-Liburnau, Director of

the Zoological Department, for the privilege afforded me to

examine this material, and especially also to Dr. Carl Graf

Attems, custodian of the Helminthological collection in the

Museum, for the excellent facilities so generously placed at my
disposal.

Molin did not set apart any material of his species as types,

neither did von Drasche when re-examining Molin's material. In

consequence of this, I have taken the bottle with the lowest

number to represent the type, except in the case of Pli. obttisis-

sima and Ph. terdentata. In the former case a paratype of the

species was examined ; in the second case the bottle with the

lowest number did not contain Molin's species, but a repre-

sentative of a later-described species of von Linstow's, namely

Ph. prceputialis ; consequently a bottle without any regular

number upon it, but with the legend Y1074 on the stopper, was
taken as the type; this material had been determined by Molin

and also redetermined by von Drasche. The number of the

bottles containing what I have taken as the type materials of

Rudolphi's, Diesing's, and Molin's species are recorded under the

description of the individual species concerned.

The types of the two new species, Ph. phrynosoma and

Ph. capensis, described in this paper will be deposited in the

British Museum of Natural History. The types of the live other

new species, Ph. gracilis, Ph. longissiina, Ph. simplicidens,

Ph. malayensis, and Ph. honnei, are in the Helminthological

Department of the London School of Tropical Medicine.

Methods of Study.

The fresh material obtained from the Prosectorium of the

London Zoological Society was collected and w^ashed in normal

saline, and as much as possible of the structure of the worms
determined while they were still in the living state. They were

then killed in hot 70 per cent, alcohol, according to the method

recommended by Looss, after which they were pi-eserved in a

70 per cent, alcohol -f 5 per cent, glycerine solution. For
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further study of this, and the rest of the material it was necessary

to render them transparent by some clearing medium. Langeron's

lactophenol was at first used, but, although this medium is

excellent for small nematodes, it did not give satisfactory results:

with the larger members of this group, as it did not render the

specimen clear enough to make out the details of the spicules.

Consequently beechwood creosote was used in its stead. In using

this latter medium, the parasites were transferred into strong-

alcohol, about 95 per cent., and left therein for a longer or

shorter period according to the size of the worms ; after a

sufficient interval to allow for the thorough penetration of this

alcohol, they were placed in the creosote and examined, when
clear, under tlie microscope by placing them on a larger slide

and rolling them under a coverslip when necessary. After exami-

nation it is essential to remove the creosote from the worms, as

they tend to become very dark in colour if returned into the

preserving fluid v/ithout removal of the creosote. To obviate

this, the parasites were first immersed for at least two hours in a

1-2 per cent, acid alcohol solution (70 per cent.), after which
they could be transferred into the preserving fluid with apparent

safety.

All the measurements, except that of the length of the worms,

were taken by means of an ocular micrometer, the value of each

of whose divisions had been previously determined.

The details of the female genitalia were made out in most
species by simple clearing and rolling of the parasites ; in the

remaining species it was necessaiy to dissect out these uteri

under a dissecting microscope, and to examine them separately

when mounted on a slide : where, however, there was ample
material of the former, the genitalia were also dissected out.

Where there was sufficient material a.vailable, the details of

the lips were determined by first cutting the lips off from the

body and then examining each lip from the inner and outer

surface when cleared and mounted on a slide.

All the figures except one—caudal bursa of Ph. coluhri—are

original. All those accompanied by a scale were drawn by means
of a camera lucida ; the others are free-hand drawings made
from the specimens.

General Characters of Physaloptera.

These worms are rounded elongate and taper gradually in their

anterior half and posterior third ; they vary considerably in size,

the largest specimens known being 10 em. long and nearly 3 mm.
thick. The cuticle is loosely attached to the body, and in nearly

all cases is extended over the lips to form a prepuce-like collar

;

in a few species a similar reduplication is present over the caudal

extremities of both sexes. The cuticle always shows a veiy fine

transverse striation, which often requires high magnification for

its detection.
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Two cervical papillte ai^e present. These are situated laterally

a short distance behind the cephalic extremity. They are small

and spike-like, and stand out at right angles to the body.

The excretory pore is ventral in position, and is situated a

very short distance posterior to the cervical papillae. It gives

exit to a thin duct, which at first passes obliquely inwards and
forwards and then bends backvv^ards to join an oval, elongate,

and unicellular gland pressed against the ventral surface of the

oesophagus.

Two lips are present. These are lateral in position, and have
their inner faces flattened and their outer somewhat convex ; in

lateral view they may be semicircular, dome-shaped, or more or

less triangular in outline. They are always simple and their

pulp is never subdivided. Each lip carries a variable number of

teeth on its anterior and inner border ; these consist typically of :

(1) an outer median tooth, generally triangular in shape and of

variable size
; (2) an inner median tooth immediately intei"nal to

the outer median : it may be larger, smaller, or of the same size

as the outer tooth, and its tip ma}' be either simple and pointed

or broadened out and tripartite; (3) two inner lateral teeth,

one situated in each, of the submedian fields of each lip on its

inner surface : they are smaller than the outer tooth and are

always split
; (4) a series of small denticles a,rranged in a linear

series on the inner surface of the lip, dorsad and ventrad of the

median teeth. The external median tooth is ahvays present, but
any or all of the other teeth can be absent. Two papillse axe

present on the external surface of each lip ; these are situated

one in each submedian field towards the angles of the lips ; they

are generally dome-shaped. A number of observers mention the

presence of an additional external papilla in the mid-line of the

lip. I have not detected any such papillse in anj^ of the specimens
studied, and I am consequently led to the conclusion that a small

shoulder-like bulging, somtimes present on the outer surface of

the lip, has been mistaken for a papilla.

The oesophagus is a straight and cylindrical organ, increasing

slightly in thickness towards its posterior extremity. It is

always divisible into two parts, namely, a short, transparent, and
slightly thinner anterior muscular portion showing transverse

rauscular striations, and a posterior glandular portion which is

thicker, oqaque, and granular. Its lumen is lined with chitin

and is triradiate. Seurat mentions the presence of a buccal

cavity between the lips and oesophagus. I was not able to detect

any such space in my material except in one. Ph. gracilis, sp. n.,

where I think the space was due to contraction ; in all my other

specimens the oesophagus immediately followed the lips.

The nerve ring is large, and encircles the muscular oesophageal

portion in its posterior half.

The intestine is straight, and its connection with the oeso-

phagus is slightly thicker than the rest of the organ, which has

a uniform thickness throughout. It opens to the exterior by a
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short and oblique rectum, lined internally with chitin a,nd

accompanied on its outer surface by a number of rectal glands.

The tail of the female is generally short and conical ; it is

supplied with a unicellular gland ; two lateral caudal pores are

present, situated generally behind its middle.

The male caudal extremity is incurved ventralwards, and
carries on either side a cuticular expansion, ^vhich passes across

the ventral surface, some short distance in front of the anus,

to join its fellow of the other side. It is always supported by at

least four pairs of long pedunculated papillae, generally arranged
circumcloacally. Its ventral surface is nearly always ornamented
either by longitudinal ridges, or with longitudinal rows of

tubercles, or spikes or rounded prominences. In addition, there is

present a variable number of ventral papillse (? absent in PA. guiarti

Garin) which ai'e generally sessile ; typically these consist of three

pre-anal and five pairs of post-anal papillse, but this number may
vary in some species.

In the female the vulva is always situated in the anterior half

of the body. It is a circular aperture, generally situated on a

slight elevation. It leads into an unpaired ovijectoral portion,

which in its turn is followed by a double or multiple portion of

the female genitalia. The ovijectoral part consists typically

of three subdivisions, viz. : (1) a thick-walled cylindrical and
muscular vaginal part, lined internally with chitin

; (2) a

middle swollen portion, generally having its lumen filled with
eggs : this part I have interpreted as " egg-chamber "

; and (.3) a

posterior cylindrical portion of about the sa,me thickness as the

vagina, but generally shorter : this part I have designated in the

desoiptions by the term " common trunk ", as it probably
represents a fused portion of the uteri. The first two parts are

always present, but the last is often absent. The double or

multiple parts consist of two or more tabules connected by a
thinner part to the common trunk or egg-chamber, and com-
prising a uterus, a receptaculum seminis, an oviduct, and an
ovary. The uteri are large, and are filled with numerous eggs

;

they fill practically the whole body-cavity, and pass backwards
more or less parallel to each other to within a few" millimetres

from the posterior extrem.ity ; they then pass forw^ards, become
thinner, a,nd join on to the receptaeula seminis. The receptacula

seminis are small, oval, rounded, or pyriform, with their greatest

diameter further av/ay from the uteri. The oviducts are fine

ducts, connecting the oviducts to the receptacula seminis ; their

transition into the ovaries is generally gradual, but into the

receptacula it is abrupt. The ovaries are long and taper gradually

to their ti^) : they at first pass irregulary for\va,rds', but recurve to

end generally in the anterior body half.

The eggs are relatively small, oval, smooth, and very thick-

shelled, and are embryonated before being laid.

The male genital tubule is unpaired, and is situated ventrad
to the digestive tract. It consists of three well-defined portions,



NEMATODE GENUS PHYSALOPTERA. 1007

viz. : (1) a posterior and short but elongately pyriform ejacu-

latory duct, with its thickest part away from the genital orifice :

(2) a long vesicula seminalis, of the same dimensions throughout
and slightly thicker than the ejaculatory duct ; and (3) a much
thinner and tapering testis, which passes forwards into the

anterior third of the body, after which it recurves, and passes

backwards to end at about the middle of the body. The ejacu-

latory duct and vesicula seminalis are straight, but the testis

performs irregular longitudinal loops in its forward course. The
accessory male genital appai-atus consists of two spicules, of which
the left is generally long and slender, and the right shorter and
stouter; they may, however, be of the same length, or the right

may be slightly larger than the left.

Characters of Systematic Importance.

Seurat (1914) was the first to draw attention to the systematic

value of the number of the uteri, and in his writings on the

Physaloptera invariably groups his species according to whether
they have two or four uteri. In my investigations on this genus

I have found also forms possessing as many as 15 uteri, and con-

sequently have classified them into the three groups—Didelphys,

Tetradelphys, and Polydelphys.

The number of the uteri and their mode of origin from the

ovijector appear to me to be characters of primary systematic

value, and the question arises whether the}^ are not of generic

significance.

Irwin-Smith (1922) considers it " undesirable to establish a

new genus entirely on a character which can be determined only

by dissection." I agree with her that it does not appear legitimate

to create a genus on only one character ; and consequently I have
looked for some other characters common to each of these groups,

but have not been able to find any. The whole genus is so

compact, and its individual species have so many characters in

common, that at the present state of our knowledge of the

Physaloptera, I am compelled to retain them all in the same
genus, however much I have felt inclined to split them up for the

sake of convenience.

Travassos (1920) separates from the genus Physaloptera four

new genera, limiting the genus Physaloptera to those forms
possessing similar and subequal spicules, two uteri, four pairs of

pedunculated papillae, and having no reduplication of the cuticle

over the caudal extreaiity. He gives the following key to these

five and three other nearly related genera :

—

1. Spicules similar and subequal.

A. Two uteri.

a. Four pairs of pedunculated papillae ; no prepuce-like sheath
at tiie posterior extremity Physaloptera

.

h. A prepuce-like collar present at the posterior extremity ... Gldamydonema.

c. Eight pairs of pedunculated papillsa Thuhuncea.

B. Ten uteri ... Turgida.
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2. Spicules dissimilar, and their sizes very different.

AA. Two uteri.

aa. Four pairs of pedunculated papillaj Ahreviata.

hh. Nine to ten pairs of pedunculated papilla?.

cc. Vulva in anterior half ; ovijector verj^ long Seliconema.

dd. Vulva near to the anus Froleptus.

BB. Pour uteri Leptosoma.

Except for the genus Ttirgida, Travassos gives no generic

diagnoses for his new gsnera, so that in order to form a conception

of the three genera Chlamydonema, Ahreviata, savd Leptosoma, we
are limited to the skeletal framework of his key. He also does
not indicate which species he regards as the type of each of these

three genera, but as he has used the term Turgida in raising the
species Ph. turgida to generic rank, I take it that Ghlamydonema
will have as its type-species Ph. prcejjutialis von Linstow, 1899,

because Chlamydonema felineus is the name used by Hegt (1910)
in describing a nematode parasite from the Domestic Cat, being
apparently unaware of its physalopteran characters or its identity

with Ph. prasputialis. Ahreviata is presumably Rudolphi's
species Ph. abbreviata raised to genei-ic rank, and Leptosoma is

presumably Ph. lejAosoma (Gervais) fSeurat, 1917, raised to a new
genus.

In view of Seurat's investigations and my own observations on
the genus Physaloptera, all Travassos' genera appear to me to

be untenable. Ghlamydonema, besides the characters it has in

common with Travassos' restricted genus Physaloptera, has in

addition the prepuce-like collar over the posterior extremity
;

now, Ph. tumefaciens Henry & Blanc, 1912, also shows this

characteristic, although not to such a, marked extent as

in Ph. prcepiitialis, but as it has four uteri, it cannot be
included in the genus Chlamydonema, so that this genus is not
valid.

The genus Turgida has all the characters of the genus Physa-
loptera as restricted by Travassos, except that it is polydelphoid,

so that its validity is based on this single characteristic. As
shown above, I do not regard the multiplication of the uteri by
itself as of more than specific value. Ph. capensis, sp. n,, is also

polydelphoid, but the mode of origin of its uteri is quite difFei'ent

from that in Ph. turgida, so that if the genus Turgida is accepted,

then a special genus would have to be created for Ph. capensis, a
procedure which I consider quite unjustifiable.

Ph. ahhreviata, as redescribed by Seurat (1914 b), has four uteri,

so that on this ground alone the genus Ahreviata must be

suppi-essed, as Travassos creates it for those forms possessing two
utei'i and having very equal and dissimilar spicules ; besides, the
tetradelphoid species Ph. tttmefaciens and Ph. maguipajnlla have
only slightly unequal spicules, which character also does not
tally with Travassos' conception of his new genus.

The genus Leptosoma, according to Travassos' key, is char-

acterised by having four uteri and very unequal and dissimilar
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spicules. According to Seurat (1917 «), who has studied Ph.

leptosoma, this species has only two uteri, so that again it

appears that Travassos has made a new genus on wrong data.

At any rate the name Leptosoma is not available, as according to

Scudder (1882) it has already been used by Leach (1819) for a

beetle, by Risso (1826) for a crustacean, by Nardo (1827) for a

fish, and by Boisd. (1833) for a lepidopteran, while the form
Leptosomibs was used by Vieill. (1816) for a bird, and by Schonh.

(1826) for a coleopteran.

With regards to the genera Thubttncecfj Seurat, 1914, Heli-

conema Trav., 1919, and Proleptus Duj., 1845, it does not

appear necessary to discuss them here, as they do not affect the

status of the genus Fhysaloptera.

Seurat (1915-16) has also proposed dividing the genus into

four groups according to the teeth. These groups he characterises

briefly as follows :—

•

1st group of PTi. galinieri Seurat.

The internal median tooth tripartite and very lai'ge, passing

over the small external tooth.

2nd group of Ph. clansa Rud.

The external and median teeth are of the same height.

3rd group of Ph. alata Rud.

The external tooth is very large and triangular ; the internal

tooth (tripartite) is small.

4th group of Ph. abhreviata Rud.

The external tooth is enormous and triangular ; the internal

tooth is very small and difficult to see.

If Ave adopt this division, we would be obliged to add a
5th group of Ph. coluh-i (Rud.), Dies., characterised by the
presence of a large and triangular external tooth and the entire

absence of the internal median tooth.

In subdividing any group of animals, our first aim is to bring-

together those forms which possess close affinities to each othei-,

and not those forms Avhich, when grouped together, render it

easier or more convenient to us to determine them. Seraut"s

divisions, when submitted to this test, are consequently not
tenable, as it would imply that all the polydelplioid foi-ms are
closely related to such didelphoid forms as Ph. prceptotialis and
Ph. maxillaris.

Assuming that the line of evolution has proceeded from the
didelphic to the polydelphic forms, then, I think, we have to

recognise two vvays, both starting from a form with genitalia of

the Ph. clcmsa (text-fig. 1 A) type. The one group would evolve
from this type thi-ough stages like Ph. prceputialis (text-fig. 1 B),

Ph. tumefaciens (text-fig. 1 C) to Ph. titrgida (text-fig. 1 I)), and
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the other along such stages as Ph. ohtusissima (text-fig. 1 h),

Ph. abbreviata (text-fig. 1 c), Ph. paradoxa (text-fig. 1 d) to

Ph. cape7isis (text-fig. 1 e).

Text-figure 1.

/A

' 'Am

i Is

Scliematic representation of the probable methods of Uterine evolution from the

didelphoid to the polydelphoid conditions.

A = P/i. cl.mi.sa type; B = P/z. 'prtsputialis type ; C = Fh. tumefaciens type

;

D = Fh. turgida type; h = I'll, ohtusissima type; c = Fh. abbreviata type
;

cl = FJi. paradoxa type; e = Fh. capensis type.

For the specific determination of the material examined, the
following characters were especially noted :

—

1. Number of uteri and their mode of origin.

2. Number and arrangement of the male caudal papillse.

3. Relative lengths and shape of the spicules.

4. Number, shape, and size of the labial teeth.

5. Outicular markings on the ventral surface of the male
bursa.

6. Position of the vulva.
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7. Presence or absence of a cuticular sheath at the posterior

extremity.

8. Size of tJie eggs.

9. Relative length of the oesophagus.

10. Positions of the excretory pore and cervical papillae.

The value attaching to each of these characters is indicated by
its position in the above list.

Systematic Section.

The remainder of the paper is divided into two parts. Part I.

contains the descriptions and diagrams of all the species

personally studied. Part II. gives an extract of the principal

characteristics of all the species not personally examined. In
most cases these extracts are based on the original descriptions

and drawings ; where this is not the case, the source is recorded
under the species concerned. In each part the parasites are

classified into three groups according to whether they were
di-, tetra-, or polydelphoid, the arrangement proceeding from
Mammals to Birds and to Reptiles.

Ph. acidicauda, however, has been placed together with
Ph. prceputicdis and Ph. malayensis after the reptilian didelphoid

forms, because of the similarity of their female genitalia. Species

Inquirendse, and species which were described as belonging to

the genus Physaloptera but which have since been found to

have been misplaced, are listed at the end of Part II.

The hosts cited after the species in Part I. are the hosts from
wdiich the material examined was collected ; the hosts in Part II.

are those from which tlie material collected formed the basis of

the descriptions. A moie detailed list of hosts from w]}ich the
separate species have been recorded is furnished by Stiles and
Hassall's 'Index Catalogue of Eound-worms ' (1920).

PART I.

Generic Diagnosis (emended).

Superfamily Spiruroidea.

Family PHYSALOPTERID2E.

Subfamily PnYSALOPTERiNiE.

Mouth with two large simple and lateral lips, each armed with
a variable number of teeth and carrying two external papillte.

CEsophagus consists of an anterior muscular and a posterior
glandular part. Cuticle generally reflected over the lips. Caudal
extremity of male with lateral alte joining each other across the
ventral surface in front of the anus. At least four pairs of
pedunculated papillae supporting the alfe; these generally ai-ranged
circumcloacally. A variable number of ventral caudal papillae,
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generally three pre-anal and five pairs post-anal. Spicules un-

equal, subequal, or equal. Yulva in anterior half of body. Two,

four, or many uteri. Eggs oval, smooth, thick-shelled, and
embryonated when laid.

Parasitic normally in the digestive tract, generally the stomach,

of mammals, birds, and reptiles, but very rarely in amphibians.

Type-species, Ph. clausa Rud., 1819.

Group Didelphys.

(1) Physaloptera clausa Rudolphi, 1819. (Text-figs. 2-4.)

Syn. Spiroptera clausa (Rud.), Duj., 1845.

The material examined consisted of many specimens from
Urinaceus europceus in the Yienna Museum (bottles 4447 & 4450),

also some specimens from the same host in the collection of

Prof. R. T. Leiper. The three lots of material were in all

respects identical.

The cuticle appears smooth, but under high magnification a

very delicate transverse striation is s 3en ; it is only very slightly

reflected over the base of the lips.

The cervical papillae are lodged in small depressions of the

cuticle, and are situated from 115 to 165/^ behind the level of

the hind end of the muscular oesophagus ; the excretory duct

opens in the ventral mid-line at the same level as the cervical

papillae or just behind them.

The lips are almost semicircular in lateral view, but appear

square in dorsal or ventral view. Each bears a medium-sized

conical outer tooth with obtuse tip, and just internal to it a

median tooth of equal height with three tips to its free end.

No lateral teeth are present. The subdorsal and subventral

external papillae are small and dome-like.

The oesophagus immediately follows the lips ; it is straight,

and forms in the female 1/7-8 to l/9th, and in the males 1/5-4 to

1/5-6 of the total body-length. Its muscular part is distinctly

set oif from the glandular, and is also slightly thinner; in the

females it forms about 1/8-5, and in the males l/7th of the whole

organ. The nerve ring encircles it in its posterior quarter.

Female.
Mature females vary in length from 30 to 50 mm., with a

maximum thickness of 1-3 to 1*6 mm. The body is attenuated

in its anterior l/3rd and posterior l/5th ; it is terminated by a

bluntly conical tail l/45th to l/55th of the total body-length,

with caudal pores in its posteiior lialf.

The position of the vulva divides the body in the ratio of

1:1-7 to 1:2; it is situated on a slight elevation, and leads

into a bent vagina 1-6 mm. long by 95 yu broad ; the egg-chamber

is slightly shorter but thicker, measuring 1-3 mm. long by 325 fx

broad. From its posterior end the uteri, of which there are two,
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directly take their origin, so that a common trunk portion is

absent.

The eggs are oval and thick-shelled, measuring 52 yn long by
38 /x. broad.

Male.

The males varied in length from 15 to 28 mm., Avith a breadth
of 825 to 875 /x. The body is attenuated only on its anterior

half.

The caudal bursa is large, forming about 1/1 1th of the total

length ; it is bluntly rounded posteriorly, and is closely coiled

ventralwards. The lateral expansions are well developed, and

Text-fis'iu-o 2.

^ (

Fhysaloptera clausa Rud.

A = Anterior extremity of bodj'.

B = Externo-lateral view of ip.

C = Ventral view of lip.

the four pairs of pedunculated papillae supporting them are equi-

distant, two pairs being pre-anal and two pairs post-anal. There
are 13 ventral papillas, of which three are pre-anal and the rest

post-anal. The pre-anal papillss are situated in a row imme-
diately anterior to the anus, the middle papilla being larger than
the other two. The first two pairs of post-anal ventral papillse

are small and situated in a row just behind the anus ; the remain-
ing papillae ai-e equidistant and large, and they divide the tail

into quarters ; in some cases the last two pairs may be slightly

approximated to each other.

The left spicule is nearly half as long again as the right,

and is also much slenderer ; it is 740 ju long by 33 /x broad at

Proc. Zool. Soc—1922. Fo. LXVITI. 68
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its base and tapers to a fine point; the right spicule is stout,

495 n long and 50 fi broad at its base, and also terminates in a

fine point.

Host: Erinaceus eurojjceus. Stomach. Europe.

Types in bottle 4447 in the Vienna Museum.
My observations on this species differ in many respects from

those of Seurat (1917 6) made on worms obtained from Erinaceus

algirus and Erinaceus deserti. These difi'erences apply more
especially to the male. Seurat finds that of the three pre-anal

ventral caudal pa.pillfe the two lateral ones are far removed from

Text-figure 3.

Fhysaloptera clausa Rud.

A = Caudal extremity of female.

B = Terminal parts of female genitalia.

C = Egff-shell.

the median papilla and are also stalked ; in my material these

three papillae are situated close together in a line immediately in

front of the anus, and the lateral papillae are non-pedunculate
;

also the median papilla is large and nearly twice the size of

the other two, whereas Seurat finds this papilla to be veiy

small.

With regard to the post-anal ventral papillae, the third pair is

stalked in Seurat's material and sessile in mine.

Further, the spicules of his specimens difter from those of

mine both in length and in shape ; in his material the right and
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left spicules are respectively^ 300 and 360 n long, and only the

left has a pointed tip. In my material the spicular lengths are

as follows : right 495 jj., left 740 /m, i. e. the right is more
than half as long again and the left twice as long. Both of

them terminate in sharp points.

These, besides other minor differences, e. g. size of egg, length

of ovijector, position of the vulva, etc., seem to indicate that the

specimens studied by me belong to different species ; and as I

examined what I take to be the type-material, I think Seurat's

specimens must be regarded as a new species, which, however, is

very closely allied to Ph. clausa, as shown by the nature of the

teeth and mode of origin of the two uteri.

Text-figure 4.

PJii/saloptera clausa Rud.

A = Caudal extremity of male. B = Spicules.

Schneider (1866) states that the inner teeth are smaller than
the outer, and figures a male bursa having the papillae arranged
very similarly to those figured by Seurat ; he does not definitely

state that he has examined the Vienna material, although he
quotes the same host from both Vienna and Berlin ; it is probable
that he examined material only from the latter locality, and that
would partly account for the difi"erences between his and my
observations ; it is therefore probable that he also is not dealing
with Ph. clausa, but with a species identical with or very closely

allied to that described by Seurat. Unfortuna,tely Schneider's
description is very brief, so that I am not able to make a closer

comparison between his and Seurat's accounts.
fiS*
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(2) Physaloptera papillotruncata Molin, 1860. (Text-fig. 5.)

The material examined consisted of the types of the species

deposited in the Vienna Museum ; this material had also been

examined by von Drasche.

The cuticle is very finely striated transversely, and in the

specimens examined it was not reflected over the lips ; a coarse

ringing is present in some specimens, probably due to some
shrinkage.

The cervical papillae are situated from 150 to 250 yu behind the

level of the posterior margin of the muscular oesophagus, and the

excretory duct opens to the exterior either at the same level or

about 75 ^ further back.

The lips are hemispherical in lateral view, and each has only

two teeth, namely a large and blunt outer tooth recurved out-

wards, and a smaller tripartite itnier tooth. Each lip bears on
its subdorsal and subventral outer surface a dome-like papilla.

The CBSophagus is straight, and forms in the females from

l/5"6 to l/7th, and in the males l/5th of the total body-length.

Its muscular part is slightly thinner than the following glandular

part, and forms from 1/8 "G to 1/1 0th of the whole organ ; it is

encircled by the nerve ring at the junction of its fourth and last

fifths.

Femcde.

The females examined vai'ied in length fi^om 32 to 68 mm.,
with a maximum breadth of from 1 to 2'1 mm. The body is

much attenuated in its anterior half, and slightly less so in its

posterior quarter, where the body is terminated by a short and
truncated tail l/66th to l/80th of the total body-length; its

caudal pores are situated just behind its middle.

The vulva opens on a slight elevation, and is situated rela-

tively far back ; it divides the body in the ratio of 1 : 1 -8 to 1 : 1 '2
;

it leads into a slightly curved and muscular vagina 1"5 mm.
long by 96 [x broad ; this passes into the egg-chamber, which is

r3 mm. long by 210 /x broad. The trunk which follows is of the

same length and breadth as the vagina ; from its posterior end
there arise the two uteri which at first pass forwards, but soon
recurve and pass down the length of the body.

The eggs are oval and thick-shelled, measuring on the average

52 p. long by 30 /u broad.

Male.

The males are mucli smaller than the females, and are

attenuated in their anterior third, the rest of the body being
of about the same thickness ; they vary in length from 20 to

25 mm. with a breadth of 750 to 800 /u.

The bursa is large, and forms about 1/lOth of the body-length
;

it has well-developed cuticular expansions, and is rounded at its

tip. The ventral surface is traversed by longitudinal rows of

protuberances. The foui pairs of stalked papillpe are equidistant
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from each other, the first, however, being more ventral in origin
;

two pairs are pre-anal, and the other two pairs are post-anal in

position. The three pre-anal ventral papillse are situated in a

row immediately in front of the anus. There are five pairs of

post-anal jjapillse, of which pairs 1 and 2 are small and situated

close together immediately behind the anus, one pair being

slightly more posterior than the other
;
pairs 3, 4, and 5 are

equidistant from each other ; the distance between the 2nd and
3rd pairs is about half that between the 3rd and 4th pairs, and
the distance between the 5th pair and the tip of the tail is about

twice that between the 4th and 5th pairs.

Text-figure 5.

Physaloptera papiUotruncata Mol.

A = Cephalic extremity of body.

B = Inner view of median labial teeth.

C = Caudal extremity of male.

The spicules are equal and straight ; the right spicule is slightly

slenderer than the left, and ends in a sharp point; the end of

the left spicule is slightly flattened out to form a small spear-

head ; they are 360 ^ long by 35 and 38 ^ thick at their base

respectively.

Host: Myo'-ynecophaga juhata. Stomach. Brazil.

Types in bottle 4477 in the Yienna Museum.
Discussion.— See Ph. maxillaris.

(3) Physaloptera semilanceolata Molin, 1860. (Text-fig. 6.)

The material examined was somewhat shrunken, but in

excellent preservation.

The cuticle is finely striated, and shows, in addition, an
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irreg-ular course ringing, probably due to contraction ; in some

cases it is completely reflected over the lips, and in others only

the base of the lips are covered.

The cervical papillse are situated about 300 /x, behind the level

of the hind end of the muscular oesophagus, and the excretory

duct opens about 90 fx further back.

In the specimens examined the oesophagus was thrown into

loops, po that a correct estimation of its length could not be

determined ; roughly, it forms in the male about l/5th, and in

the female about l/6th of the total length.

The lips are flatly rounded, and each bears two large terminal

teeth of the same height ; the outer tooth is markedly truncated,

whereas the inner is foliaceous and tripartite. Each lip has on

its outer surface a prominent subdorsal and subventral papilla.

Female.

The females are coiled, and mature specimens average in length

from 21 to 37 mm. long by -9 to 1*5 mm. thick. The body is of

Text-fieure 6.

Fhysaloptera semilanceolata Mol.

A = Evterno-lateral view of liead.

B = Caudal extremity of male.

a more or less uniform thickness thi'oughout, except for the

anterior i/lOth and posterior few millimetres. The tail in all

specimens examined was bent dorsalwards. It tapers only

slightly towards its tip, which is very bluntly roxinded ; the

caudal pores open in its posterior l/5th.

The vulva opens very far forwards, in some specimens its

position being just anterior to the hind end of the oesophagus

and in others just behind it. It leads into a long and coiled

vagina about 3 mm. long by 110 /x broad; its posterior end
gradually widens to join the swollen egg-chamber, which, when
distended with eggs, measured 2*75 mm. long by 440 jj. broad.

The common trunk is relatively short and slightly thinner than

the vagina; it measured about 475 /x long by 95 /x thick. The
two uteri which arise from it may first pass forwards, and then

recurve to pass down the length of the body.
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The eggs are oval and thick-shelled, and are already embryo-^

nated m utero ; they are 50 ju long by 32 /a bi'oad.

Male.

The males are also coiled, and the body is attenuated in its

anterior third. The specimens examined measured from 25 to

32 mm. long by 750 to 875 /* thick. The bursa is relatively

narrow and pointed, and three of the four pairs of pedunculated

papillae are pre-anal in position. The three pi'e-anal ventral papillas

are equidistant from the cloaca, and the central papilla is slightly

larger. There are five pairs of post-anal ventral papillas, of which
the first two pairs are small and situated in a row immediately

behind the a,nus ; the third pair is at the junction of the 1st and
2nd sixths of the tail, the fourth at about the middle, and the

last at the junction of the 3rd and last quarters of the tail. The
ventral surface is covered with longitudinal rows of irregular

tubercles.

The spicules are slightly unequal, of the same thickness, and
slightly curved ; both taper to fine points ; the right is 574/* long

by 38/A thick at its base, the left is 730/x long by 38'/>i, at its base.

Host : JVasua narica. Stomach. Brazil.

Discussion.—The small pair of papillae between the 4th and
5th pairs of ventral post-anal papillse described by von Drasche

are the openings of the caudal pores.

Acuities.—See Ph. maxillai'is.

(4) Physaloptera maxillaris Molin, 1860. (Text-fig. 7.)

The material examined consisted of the types of this species

deposited in bottle 4458 in the Vienna Museum ; the material

was in an excellent state of preservation.

The cuticle is finely striated transversely, and is partly or

wholly i"eflected over the lips. The cei^vical papilla? are situated

half a millimetre behind the junction of the two oesophageal

parts, and the excretory pore about 50 yu further back.

The lips are rounded or slightl}^ conical; each has two terminal

teeth—namely, a large triangular outer tooth with obtuse tip

slightly bent outwards, and an inner semi-membranous tooth,

tripartite at its free end, and of the same size as the outer tooth.

Two large conical papillae are present on the outer surface of

each lip.

The oesophagus is sti^'aight, and thickens gradually towards its

posterior end ; in the female it forms ]/5"2 to l/5'4, and in the

male l/6th to l/6"4 of the body-length ; its anterior tenth forms
the muscular part, which is slightly thinner than the glandular,

and is encircled by the nerve cord in its posterior third.

Female.

The females are stout, and are attenuated only in their anterior

third and tail region ; this latter part tapers abruptly to form
a short and pointed tail l/73rd of the body-length, and having
its caudal pores situated in its middle. Mature forms vary in
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length from 20 to 36 mm., with a maximum breadth of 800 /x

to 1*24 mm.
The vulva is slightly protuberant, and its position divides the

body into the ratio of i : 1*6. The vagina is long, and varies in

length from 2i to 3^ mm. with a thickness of 95 /x. The
egg-chamber is elongately oval, and is 1'7 mm. long by 435 ^u

in diameter. The common trunk is short, and varies in length

from 290 to 320 ^ ; it is slightly thicker than the vagina; from
its posterior end the two uteri take their origin, and may
either pass forwards and then bend backwards, or else pass

posteriorly directly.

The eggs are oval and thick-shelled, and measure 43 fx long by
31 ^ broad.

Text-fiefure 7.

Phi/saloptera maxillaris Mol.

Caudal extremity of male.

Male.

The males are much attenuated from behind forwards, having
their maximum thickness just above the bursa; the}^ vaiy in

length from 23 to 32 mm., with a thickness of 550 to 800 /i.

The bursa is elongated and somewhat pointed, and has its

caudal expansions well developed in its middle portion. Its

ventral surface is ornamented by two types of cuticular bosses,

those in the central area, above and below the anus, being
rounded, simulating those found in Ph. prceputialis, while those

on the lateral areas are in the form of much-broken ridges ; the
transition from the one type to the other is gradual.
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The four circumcloacal lateral papillae are pi'ovided with very

long stalks, especially the i^nd and 3rd pairs. The ventral

papillae in the immediate vicinity of the anus are small, and
consist of three pre-anal papillae in a row, and two pairs post-anal,

also in a row. Further down the tail there are three additional

pairs ; these are equidistant from each other, the most anterior

being situated just behind the level of the last pair of stalked

papillae.

The spicules are slightly bent, unequal, and the right is

stouter than the left ; both taper to sharp points. The left is

1*2 mm. long by 40 yu thick at its base, and the right is 560^
long by 57 /x thick at its base.

Host: Mephites chinche. Stomach. Brazil.

Types in bottle 4458 in the Vienna Museum.
Some specimens of this species, collected from Mephites

7nep)hitica, were handed over to me for identification by Mr. R. I.

Pocock, F.R.S. ; he obtained them from animals introduced into

Northumberland (England) from Canada, but how long they had
been in England before the parasites were collected it was not

possible to definitely find out. I wish to express my thanks to

Mr. Pocock for this material.

This material differs from the types studied in that they are

slightly larger, and the bursa of the male appears rounded and
lobulated ; however, I believe these characters of the bursa to be
due to shrinkage, as the worms had been killed in formalin.

Solanet in 1909 described another species

—

Ph. mephites—
from Mephites suffocans, Buenos Aires. Unfortunately I have
not been able to consult his description, and consequently cannot
discuss the relation of this species to Ph. inaoaillaris.

The arrangement of the ventral bursal papillae, the presence of

two uteri, general characters of the teeth, ally this species to

Ph. semilanceolata, Ph. clausa, and Ph. papillotrimcata. Ph.seini-

lanceolata difiei^s from it by its truncated outer tooth, more
anterior position of the vulva, shorter left spicule, and type of

ornamentation on the bursa. It differs from Ph. papillotruncata

by its longer and pointed spicules, ornamentation on the bursa,

and smaller size of the adult females. Ph. clausa is distin-

guished from it by the size of the spicules, markings on the
bursa, and absence of a common trunk to the unpaired female
genitalia.

(5) Physaloptera anomala Molin, 1860. (Text-fig. 8.)

The material examined consisted of three males and one
female ; type-material in bottle 4446 in the Vienna Museum.
The material was in excellent preservation.

The cuticle is finely striated transversely, and is partly reflected

over the base of the lips ; the cervical papillae pierce it on either
side from 320 to 400 /x behind the level of the posterior end of the
muscular oesophagus; the excretory pore is found about 100 /i

further back.
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The lips are large and conica], and each carries a large conical

but blunt tooth; the inner tooth is large and of equal height,

with its free end divided into three points, of which the middle
one is sliglitly shorter than the other two. No lateral teeth are

present. Externally each lip carries a subdorsal and subventral

conical papilla.

The cesophagus has its anterior nuiscular part thinner than
the rest, and the nerve ring encircles this part in its posterior

quarter. The oesophagus forms in the male about 1/5 '4, and in

the female 1/5-6 of the total body-length.

Fetnale.

The solitary female Mas 36 mm. long and just under 2 mm.

Text-figure 8.

Tliysaloptera anomala Mol.

A = Outer view of median teeth.

B = Caudal extremity of male.

broad in its middle ; the body is much attenuated in the anterior

half, but only slightly so posteriorly; it is terminated by a

bluntly-pointed tail, l/60th of the body-length, and having the

caudal pores in its posterior half.

The vulva is situated just behind the end of the cesophagus,

and divides the body in the ratio of 1 : 4*2 ; it leads into a coiled

Vagina 1'9 mm. long by 95 /x thick; this joins with a large and
spacious egg-chamber 2 mm. long by 560 jx broad, which pos-

teriorly narrows suddenly to join the 400 }x long common trunk,

which is of the same thickness as the vagina. The posterior end
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of the trunk divides into two branches, each of which connects

up with one of the two uteri.

The eggs are thick-shelled and oval, measuring 38^ long by

26 /z broad.

Male,

The males are from 30 to 32 mm. long by 1 to .[•2 mm. broad;

they are attenuated towards both extremities and the bursa is

slightly incurved.

The caudal bursa is large, and is covered ventrally by
longitudinal rows of cuticular elevations. The four pairs of

pedunculated papillae are situated three pairs pre-anal and a pair

post-anal. Of the three pre-anal ventral papillae the middle one
is nearer the anus. There are five pairs of post-anal papillae, of

which the pairs 1 and 2 are small, and situated in a row imme-
diately behind the anus. Pairs 4 and 5 are large, and are

situated in the middle area of the tail. The distance between
the 3rd and 4th pairs is about four times the distance between
the 2nd and 3rd pairs, and twice that between the 4th and 5th

pairs.

The spicules are short and equal, each measuring 495 jx long

by 32 ^ broad at their base ; they are straight, tubular, and
pointed.

Host: Fells onca. Stomach. Brazil.

Types in bottle 4446 in the Vienna Museum.

(6) Physaloptera mubis-beasiliensis Diesing, 1861. (Text-

fig. 9.)

Syii. Spiroptera bilabiata Mol., 1860 (not Spiroptera hilahiata

(Orep., 1829), Duj., 1845).

The material studied consisted of ten females in bottle 4525
and two males in bottle 4524 in the Vienna Museum. This
material constituted the types of this species.

The cuticle forms a ring round the base of the head, but leaves

the lips naked ; it is very finely striated transversely. The
cervical papillae are situated about 250 jx behind the level of the
hind end of the muscular oesophagus, and the excretory pore is

situated about 100^ further back.

The lips are large, and each bears two large outer papillae.

The external tooth is small, and the inner is of the same size,

foliaceous, and tripartite ; no additional teeth were observed.

The muscular oesophagus is markedly thinner than the rest of

the organ, and forms a, little less than 1/lOth of its whole length.

The nerve ring encircles it in its posterior l/4th. The oesophagus
forms in the female about l/8th and in the male about l/6th of

the total body-length.

Female.

The length of the female varies from 35 to 43 mm., with a
maximum breadth of 1"1 to 1*75 mm.
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The body is attenuated in its anterior third, but posteriorly hns
a more or less uniform thickness ; it is terminated by a short

and obtusely roimded tail, forming about 1/1 00th of the total

body-length.

The vulva is slightly protuberant, and is situated at about the

junction of the first and second quarters of the body. It leads

into a coiled vagina 2 mm. long by 80 jx thick ; the egg-chamber
is about 800 ju long by 300 ju thick and the common trunk about
640^11 long by 112/^ broad ; its posterior end divides into two to

give rise to the two uteri.

The eggs are oval and thick-shelled, measuring 45 ju by 26 ju

broad, and are fully embryonated in utero.

Male.

The two males were respectively 22 and 28 mm. long, with a

thickness of 870 and 950^. They are attenuated in their

anterior half and the posterior end is curved ventralwards.

Text-figure 9.

200fj.

Pliysalo'ptera muris-hrasiliensis Dies.

A = Anterior extremity of male.

B = Caudal extremity of male.

The bursa is somewhat heart-shaped with a drawn-out tip, the

lateral expansions being much better developed in their anterior

half. Of the four pairs of pedunculated papillse three pairs are

pre-anal. There are six pairs of ventral paired papillge and two
unpaired papillse ; of these one pair and an unpaired papilla are

pre-anal, the latter being nearer the anus. The first and second

pairs of post-anal papillas are small and are situated in a row
immediately behind the anus; pairs 3, 4, and 5 are equidistant

from each other, and are situated respectively at the 2nd,

3rd, and 4th sixths of the tail; they are all larger than the

first two pairs. The unpaired post-anal papilla is about midway
between the 2nd and 3rd pairs, and is about twice as large as the

latter.
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The spicules are equal, straight, and pointed, each measuring
400 fx long by 32 /i broad.

Host : Mus hrasiliensis. Stomach and small intestine. Brazil.

Type males in bottle 4524, type females in bottle 4525, both

in the Vienna Museum.
Von Drasche, in his account of this species, considers that the

number and arrangement of the bursal papillaj may be somewhat
different, as the material he worked with was too opaque. By
clearing the specimens in beechwood creosote, I was able to make
out two additional pairs of ventral post-anal papillse, viz. pairs

2 and 4, as well as the nature and lengths of the spicules.

(7) PHYSALOPTERA ALATA Rudolphi, 1819. (Text-fig. 10.)

Syn. Spi7'optera physalura Duj., 1845.

The material examined consisted of some males and females
from Falco galUcus and some females from Falco pennattis ; both
lots from the Vienna Museum.

These parasites have a somewhat slender body, whose cuticle

is very finely striated transversely ; the cuticle is either com-
pletely reflected over the lips or else leaves them quite naked.
The cervical papillae are found from 75 to 100 jj, behind the

level of the hind end of the muscular oesophagus. The position

of the excretory pore appears to vary in that it was found in

some specimens to be very slightly posterior to the cervical

papillae, whereas in others it was as much as 200 yu further back.
The lips are somewhat spherical in lateral view, and each

carries two terminal teeth ; the inner median tooth consists of

three large denticles, and is larger than the outer tooth ; the
outer tooth varies in size : in some specimens it is very small,

whereas in others it is almost as large as the inner tooth ; a
series of sizes can, however, be traced in different specimens,
showing the transitions of the smaller to the larger sized outer
teeth. Two somewhat slender external papillae are present on
eacli lip.

The oesophagus is straight, and forms in the males about l/6th
and in the female 1/5-3 to 1/6-6 of the body-length. Its muscular
part is thinner than the glandular, and is encircled by the nerve
ring in its posterior quarter; it forms about l/9th of the whole
organ

.

Fetnale.

The females from F. gallicus were all immature except one,
and this specimen was 21 mm. long and 540 ju thick; those from
F. pennatus were about 30 mm. long and 700 ju thick, and were
all mature ; the body is attenuated in its anterior half and also

slightly in its posterior third ; in the immature forms the tail

forms about l/45th of the body-length, but in the mature forms
it is slightly longer.

The vulva opens practically level with the general surface,

and is situated relatively far back ; its position vai-ies slightly,
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dividing the body into the ratio of 1 : 1-07 to 1 : 1-4. The vagina

is straight, and may eitlier pass forwards or backwards ; it is

muscular, about 1| mm. long and 60 /t thick. The egg-chamber
may pass forwards with the vagina or be bent backwards ; it is

about half the length of the vagina, and its breadth varies

according to whether it is distended with eggs or not. The
common trunk is short, and is nearly 300 ^u long; its posterior

end divides into two to give rise to the two uteri.

The eggs are thick-shelled and oval, measuring on the average

41 /i long and 23yu in diameter.

Male.

The two males are respectively 17 and 18 mm. long, and

are '5 mm, thick in their posterior third. The body is much
attenuated in its anterior half.

Text-fiOTire IC.

A

Fhysalojatera alata Rud.

J^ & "B = Ventral view of lips, showing variations in size of the external tooth.

C = Caudal extremitj' of male.

The bursa is relatively narrow and lanceolate in shape. There

are five pairs of pedunculated lateral papillse, of which two pairs

are pre-anal and the rest post-anal in position ; the anterior four

pairs are equidistant from each other, whereas the distance

separating tlie 4th and 5th pairs is about three times that

separating the other pairs ; this last pair is also more ventral in

origin than the others. There are five pairs and an unpaired

ventral papillse ; one pair and the unpaired papilla are situated

in a triangle in front of the anus, the remaining four pairs being

post-anal. The 1st and 2nd post-anal pairs are small, and are

found on the posterior margin of the anus ; the 3rd pair is

situated just behind the level of the 4th pair of stalked papillse

;



NEMATODE GENUS PHYSALOPTERA. 1027

the 4th pair is at the middle of the tail, and it divides the

distance from the last pair of pedunculated papilla? to the tip of

the tail in about the ratio of 1 : 2.

The ventral surface of the bursa is ornamented with longi-

tudinal rows of tubei'cles extending slightly posterior to the last

pair of stalked papillse.

The spicules are short, equal, and pointed ; the right, however,
has a slightly stouter base ;

they are 275 /><, long, the left spicule

being 25 and the right 30 ju thick at its base.

Hosts: Falco galUcus. Intestine. Museum, Vienna ; bottle

4439.

Falco penncdus. Stomach. Museum, Vienna ; bottle

4442.

Discussion.—This material differs from Schneider's (1866),
von Linstow's (1877), and Seurat's (1914 c) descriptions of this

species in the nature of the teeth and in the arrangement of the
male bursal papillae ; these two characters are in keeping with
Ph. suhcdata Schn., 1866, and Fh. galinieri Seurat, 1914. As
the specimens examined consisted of the paratypes of Ph. alata,

it appears to me that the conception of the species has been
erroneous. Further, it would appear that Seurat's species Ph.
galinieri is either a synonym or a vai-iety of Ph. alata^ because
it agrees with Rudolphi's species in the nature of the teeth, the
arrangement of the male bursal papillae, the very posterior

position of the vulva, and the anterior direction of the vagiaa ; it

differs from Ph. alata in its relatively shorter oesophagus and in

its slightly longer and subequal spicules.

Rudolphi described this species from three hosts in the Vienna
Museum, viz. Falco nisus, F. 2}eiin<:itus, and F. gallicus. I take
his specimens from the first-named host to be the types of this

species, and the material from the other two hosts to be the para-

types.

An extracted description of Ph. galinieri Seurat is incluiled in

Part II.

(8) Physalopteea betusa Rudolphi, 1819. (Text-figs. 11 & 12.)

Syn. 8piroj)tera retusa (Rud., 1819), Duj., 1845.

I have been able to examine two lots of material of this species,

both having been collected from the Teguexin. The first lot

consisted of specimens deposited in the Vienna Museum (bottle

4497), and the second I collected from a Teguexin which died in

the Gardens of the London Zoological Society. Both sets of

material were in all respects identical.

The cuticle is very finely striated transversely and, in addition,

shows a coarse irregular ringing. Anteriorly it is partly or
wholly reflected over the lips.

The cervical papillae are inserted generally symmetrically on
either side, but sometimes one may be slightly more anterior to

the other; they are lodged a short distance behind the junction
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of the two oesophageal paints. The excretory pore is situated

about 50
fj,

further back.

The lips are large and somewhat triangular in side view, and
each carries on its apex a large triangular tooth. Immediately
internal to it there is a slightly larger but membranous tooth,

whose free extremity is tripartite. No lateral teeth are present.

Each lip bears on its outer surface two conspicuous papillse.

The oesophagus is long, and in the female it is about l/7th, in

the male slightly more or slightly less than l/5th of the body-
length. Its anterior region is differentiated into a short muscular
portion, about 400 //. long in fully-grown specimens and slightly

thinner than the rest of the oesophagus ; the large nerve ring

encircles it in its posterior quarter.

Text-figure 11.

Fhysalo]ptera retusa Rud.

A = Ventral view of cephalic extremity.

B = External aspect of median teeth.

Female.

The largest female measured 45 mm. long, and 1*2 mm. broad

in the middle ; fully mature females varied in size from 20 mm.
upwards. The body is rather robust, tapering only slightly

towards both ends ; the tail, however, is sharply set off from the

body, and is relatively short and slender ; it forms on an average

l/107th of the total body-length, and its caudal pores are situated

in its posterior third.

The vulva opens on a level with the general surface, and is

situated some distance behind the end of the oesophagus. Its

position varies slightly in diff"erent individuals, but in general it

is seen at the junction of the 1st and 2nd quarters of the body.

It leads in the largest females into a relatively short and thick-
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walled vagina, about 1*1 mm. long and 100 /i in diameter. The
following egg-chamber is about 3/4ths of the length of the vagina

and about twice as broad. The common trunk is very short, so

that in some cases it appears to be absent ; its posterior end

divides into two branches, each of which connects up with one of

the two utei-i.

The i-eceptacula seminis are slighth' oval, 380 /i long by 280 u

broad ; they are distinctly constricted off from the oviducts, but

their junction with the uteri is very gradual.

The eggs, which on the average are 43
f.i

long and 27 // in

diameter, contain fully-developed embryos in iitero ; they are

thick-shelled and oval.

Male.

The males are much smaller than the females, the longest

measuring 20 mm. long and 570 /.« broad. Anteriorly the body

Text-fi2-ure 12.

Fhysaloptera retusa Rud.

A = Left spicule. B = Right spicule.

C = Caudal extremity of male.

(The scale alongside B refers also to A.)

tapers vei"y gradually, but posteriorly hardly any narrowing

takes place until a very short distance in front of the bursa

;

here the thickness becomes sharply less, so that at the juncture

of the bursa it is only about 3/4ths of the thickness further

forwards.

The male bursa is large, measuring about 2-3 mm, long by
1-1 mm. broad in the largest specimens, and is sharply reflected

ventralwards. The cuticular expansions are well developed, and
the four pairs of pedunculated papillae supporting them are

situated equidistant from each other, two pairs being pre-anal

and two pairs post-anal. The ventral surface of the bursa is

covered by numerous longitudinal rows of small pi-otuberances.

Proc. Zool. Soc— 1922, No. LXIX. 69
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Thei'e is one pair and an unpaired median ventral papillse in

front of ttie anus. These are so placed as to form a triangle with

its apex directed towards the anus. Behind the anus there are

five pairs of ventral papillas, of which the first two pairs are

situated immediately behind the anus. The third pair is placed

at the junction of the 1st and 2nd quarters of the tail, whilst the

4th and 5th pairs are sitixated further back, and are slightly

approximated. Equidistant from these last two pairs there is

seen what appears to be a very small papilla, but which probably

is the opening of the caudal glands.

The spicules are only very slightly unequal, the right spicule

being the longer and more slender. Some difficulty was en-

covmtered in making out their lengths in cleared specimens

because of their paleness, and consequently the}^ were dissected

out by means of a dissecting microscepe. The left spicule

broadens posteriorly to about 90 /x and then gradually tapers to a

point ; it is 455 ^ long, and 32 yu broad at its base. The right

spicule, which is 475/1, long, and 45 /x broad at its base, tapers

gradually to a point, and in all the males examined its posterior

extremity was recurved.

Host : Tiqnncmibis teguexin. Stomach. Bi-azil.

In addition to the material described above, I have also

examined a few specimens from the mouth of a Hog-nosed Snake
{Heterodoob platyrhinus, S. America) which I have referred to the

above species. They agree with Ph. retusa in practically all

respects except in the size of the spicules, which in this material

are equal in length and 300 /x, long. Their shapes, however,

are identical with those described above.

(9) Physaloptera MONODENs Molin, 1860. (Text-figs. 13 & 14.)

The material on which the study of this species is based was
collected from Boa constrictor and deposited in bottle 4459 in

the Vienna Museum.
The cuticle is finely striated and completely reflected over

the lips. The cervical papillae vary in their position, in some
cases being at the level of the hind end of the muscular eso-

phagus, and in others as much as 300 /x further back. The
execretory pore is situated about 400 /^ behind the muscular

oesophagus.

The lips are dome-shaped, and each bears a small subdoi'sal

and subventval external papilla. The two median teeth are of

unequal size, the inner one being much smaller ; the outer tooth

is sharply conical, the inner foliaceous and tripartite ; they are

rather small.

The muscular oesophagus forms about 1/1 0th of the whole organ,

which is about l/5'3 of the body-length in the male and l/8th in

the female. The nerve ring encircles its muscular portion in its

posterior quarter.
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Female

.

Mature females vary in length from 25 to 40 mm., Avith a

maximum thickness of 850 to 960 yu, ; its greater portion is of

more or less uniform thickness, tapering being confined only to

the last few millimetres of the two extremities. The tail is

obtuse, and forms about l/75th of the body-length.

The vulva is protuberant, and its position divides the body into

the ratio of 1:5. It leads into a slio-htlv coiled vagina 1"6 mm.
long by 65 /.i thick. The following egg-chamber is relatively

short and thin, being 640 ,«, long and 130 p. in diameter. The
common trunk is very short, being only 160/.t long and as thick

as the vagina ; its posterior end divides once to give rise to the

connections of the two uteri.

The receptacula seminis are oblong, 240 /.t long and 175 /.t in

diameter.

The eggs are thick-shelled, oval, and embryonated in utero
;

they measure 45 by 26 ju.

Mcde.

In the males the body is attenuated only in its anterior third
;

the longer specimens varied from 18 to 23 mm. long by 710 to

770;/ thick.

Text-fio-ure 13.

Fhysaloptera monodens Mol.

A = Cephalic extremit}', lateral view.

B = Cephalic extreuiitj', ventral view.

The bursa is ovoid, has well-developed alee, and its ventral

surface shows longitudinal rows of small irregularly rounded
tubercles. The three anterior pairs of stalked papillas are pre-anal

in position. Of the three pre-anal ventral papillae the central

one is the largest, and is situated closer to anus tha.n the other

two. There are five paii's of post-anal ventral papilla?, of Avhich

the first two pairs are small and situated in a row immediatelv
behind the anus ; the 3rd pair is slightly obliquely placed at

about the junction of the 1st and 2nd sixths of the tail; the
4th pair is just in front of the middle of the tail. The
distance separating the 4th from the 5th pair is slightly less

than that between the 3rd and 4th pairs. The caudal pores

69*
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are conspicuous, and are found between the last two pairs of

ventral papillse.

The spicules are unequal, and the left has its end broadened out
to form a kind of spear-head ; it is 415 ^i long and 38

fj.
broad at

Text-fig-ure 14.

Phi/saloptera monodens Mol.

A = Caudal extremity of male.

B = Riglit and left sijicules.

its base. The right spicule is shorter and thinner, and tapers to

a fine point ; it is 362 /x long by 32 ji broad at its base.

Host: Boa constrictor. Stomach and intestine. South America.
Types in bottle 4459 in the Vienna Mviseum.
For affinities see Ph. ohtusissima.

(10) Physaloptera obtusissima Molin, 1860. (Text-figure 15.)

The specimens of this species which were examined were
deposited in bottles 4463 and 4470 in the Vienna Museum ; in

both cases the host was simply given as Colubri, N. 58.

The cuticle is slightly reflected over the base of the lips, and is

provided with a fine transverse striation. The cervical papillse

pierce it from 130 to 225 ^j beliind the level of the posterior end
of the muscular oesophagus, and the excretory pore is situated

about 100 /A further back.

The lips are hemispherical in lateral view and slightly flattened.

The external tooth is large and bluntly conical, and is slightly

bent oiatwai-ds ; the inner tooth is membranous, triparite, and of

the same height as the outer. The two external ]]-p papillse are

large.

The oesophagus is straight and short ; in the female it forms
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about l/9tli and in the male about l/7th of the total body-
lengtli. Its muscular part is slightly thinner, and the nerve
ring is situated in its last quarter.

Female.
Tlie females are rather slender, mature worms varying from

28 to 47 mm. long by 650 to 720 fi thick in their posterior third.

The body is much attenuated in its anterior half and in its posterior

quarter. The tail is short and bluntly conical, and forms l/80th
of the body-length ; its caudal pores are situated behind its

middle, and their position divide the tail in the ratio of 3 : 2.

The vulva is situated on a slight elevation at the junction of

the 1st and 2nd quarters of the body. It leads into a straight

vagina 1*5 mm. long by 65 /x thick; the following egg-chamber
is oblong and 640^ long by 175/^ broad; the common trunk is

Text-fisfure 15.

Fhi/saloptera ohtusissima Mol.

Caudal extremity o£ male.

short, and half again as thick as the vagina ; it is 320 /x long, and
its posterior end divides to give rise to two branches, each of

which joins up with a uterus. The proximal parts of the uteri

may be much convoluted in some individuals
;
posteriorly each

terminates in a receptaculum seminis, which is long and oval,

measuring 400 ji long by 160 /.i broad.

The eggs are fully embryonated in uiero ; they are oval and
thick-shelled, and measure 45 by 26 /.i.

Male.

The males are comparatively stouter than the females ; they

vary in length from 20 to 32 mm., with a maximum thickness of

700 to 720 jn. The body is attenuated only in its anterior third.

The caudal bursa is elongate and somewhat lanceolate in

shape; its alae are well developed and its ventral papillae are
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lai'ge. The stalked papillas are equidistant, two pairs being pre-

anal and two pairs post-anal. Of the three pre-anal ventral
papillfe, the central one is large, and is situated nearer the rim
of the anus than the other two. There are four post-anal sessile

papillfe, of which the iirst two pairs are small and arranged in

a row immediately behind the anus ; the 3rd pair is slightl}^

obliquely placed just behind the level of the last pair of stalked

papilhp ; the 4th pair is at about the middle, and the last pair at

the junction of the 2nd and last thirds of the tail.

The spicules are short and slightly unequal; the right is 385 ^
long by 38 ju, broad at its base, and tapers to a fine point ; the.

left is 430 /.{ long bj'' 38 n broad at its base ; its posterior half

broadens out to about 74 jx to form a comparatively large spear-

head.

The ventral surface of the tail is traversed by longitudinal

rows of irregular tubercles of the same size and shape as those
found in P. monodens.
Host : Colubri, N. 58. Brazil.

This species appears to be closely allied to Ph. mo7iodens, with
which species it agrees in the arrangemeut of the caudal papillae

of the male, the general shape of the spicules, markings on the
bursa, and size of the eggs, It differs from this species, however,
in its larger teeth, more posterior position of the vulval aperture,

shorter oesopliagus and larger receptacula seminis.

Von Drasche (1883) states that the inner teeth are very small

;

my observations showed that they were in nearly all cases of the
same size as the outer teeth, and could be easily seen from either

lateral ar ventral (dorsal) views of the lips,

(11) Physaloptera bon]^ei, sp. n. (Text-figs. 16 & 17.)

The material consisted of four females and two males, collected

from a " Sapakara," Dutch Guiana ; the females varied in length
from 41 to 50 mm., and the males are respectively 26 and 33 mm.
long.

The cuticle is transversely striated, the .striae being about

/.1 4 apart. In addition there is a very distinct and coa,rse

ringing.. It is only very slightly reflected over the base of the
lips.

The cervical papillse are situated some distance behind the
junction of the two oesophageal parts, this distance being about
half the length of the ml^scu]a.r oesophagus. The excretory duct
opens to the exterior about 150 /i further back.

The lips are somewhat flattened, and each has two outer
j)apill£B. Only two teeth are present on each lip, an outer and
an inner median tooth. They are of the same size, the outer

being conical and obtuse, whereas the inner is membranous and
tripartite.

The muscular oesophagus is only slightly thinner than the

glandular, and the nerve ring is situated at the junction of its
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3rcl and last quai'fcers. The whole organ forms in the male
l/5"6, in the female l/7"6 of the body-length.

Female.
The female is slightly attenuated towards both extremities,

and is terminated posteriorly by a slender tail, forming l/56th part

of the body. Its caudal pores are situated at the junction of its

2nd and last thirds. The maximum breadth of the largest

female is 1'3 mm. just behind its middle.

The vulva is situated in a depression partly overhung by an
anterior cushion-like thickening of the body ; it divides the body
in the ratio 1 : 2*5. The vagina is coiled, and is 1*2 mm. long by
95 // thick ; the following egg-chamber is about 1 mm. long and
twice as broad as the vagina ; its posterior end divides into two,

and each branch joins Lip with a uterus, a common trunk being

absent. The anterior half of the vagina, the egg-chamber, and
the terminal portions of the uteri are directed forwards, the

Text-figure 16.

Fhysaloptera honnei, sp. n.

A = Outer view of median teetli.

B = Terminal portion of female genitalia.

C = Receptaculum seminis.

uteri extending as far as the base of the oesophagus, when they
bend sharply backwards and pass almost to the posterior end of

the body. The receptacula seminis are pear-shaped, and are

480 fx long by 265 jj. broad at their junction with the oviducts.

The eggs are elongate, oval, and thick-shelled, and contain fully-

developed embryos ; on the average they are 42 fx long by
25 jit broad.

Male.
The males are much thinner than the females, the diameters

of the larger and smaller worms being respectively 950 and 850 jx.

The bursa is large, forming about l/14th of the body-length, and
is nearly twice as long as broad. Ventrally it is ornamented
with longitudinal rows of cuticular elevations. The four pairs of

pedunculated lateral papillas are equidistant, two pairs being pre-

anal and two pairs post-anal. The three pre-anal papillae are

situated in a row just above the anus. Behind the anus there
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are five pairs of sessile papillse, of which the first two pairs are

small and inserted in a line just behind the anus ; the 3rd pair

is found at the level of the last part of pedunculated papillae, the

4th }iair in the middle of the tail, and the last just anteiior to

the front limit of the posterior third of the tail.

The spicules are of equal length, but the base of the right is

very slightly thicker than that of the left. They are 455 jj, long,

the right being 29 ju broad at its base and tapering gradually to

a fine point, the left being 32 ^ thick as its base and having its

posterior end widened out to form a spear-head 1 60 ,u long by
95 ^ broad.

Host: " Sapakara." Stomach. Dutch Guiana.

Types in the Helminthological Department of the London
School of Tropical Medicine.

Text-figure 17.

Fhysalojptera honnei, sp. ii.

A = Caudal extremity of male. B = Spicules.

This species has many characters in common with Ph. ohticsis-

sima, as shown by the general shape, ornamentation and arrange-

ment of the papillae of the male bursa, the nature and size of the

teeth, and the general shape of the spicules. It is, however,

distinguished from it by its longer cesophagus, slightly more
posterior position of the vulva, the presence of a cushion-like

swelling anterior to the vulva, the absence of a trunk portion

behind the egg-chamber, and in that the spear-head of the left

spicule is better set off.

I have named this species after Dr. Bonne, of Surinam, who
collected and presented this material to Professor Leiper.
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(12) Physaloptera phrynosoma, sp. n. (Text-figure 18.)

Numerous specimens were collected from several lizards which
had died in the Gardens of the London Zoological Society

;

unfortunately only a few of the females are mature.
The parasites are slender and much attenuated anteriorly;

their greatest diameter is in their posterior third.

The cuticle is smooth (?), and is not reflected over the lips.

The cervical papillte are situated just in front of the level of

the junction of the two oesophageal parts, and tlie excretory pore
from 50 to 100 /.i behind them on the ventral sui-face.

The two lips are somewhat conical, and each is surmounted by
a large conical tooth, which is inclined slightly outwards ; no
other, teeth are present. Each lip has two paj)ill3e on its outer
surface.

The oesophagus is straight, and varies in the females from l/6th

to l/7th, and in the male it is slightly less than l/5th of the
total body-length ; its anterior muscular part passes gradually

into the following glandular part, there being little difference in

the diameters of the two. The nerve ring encircles its anterior

part just in front of the junction of its third and last quarters.

Female.

Fully mature females vary in length from 18 to 23 mm., with
breadth from 610 to 760 /jl in their posterior third. The genital

aperture is non_protuberant, and is situated more or less at the
junction of the first and second body thirds ; its position varies

slightly in difi"erent individuals, being sometimes slightly in front of

or slightly behind this level. It leads into a short and thick-walled

vagina, 380 /x, long by 38 /i in diameter ; this in turn leads into a
well-developed egg-chamber measuring 950 /.i long by 152 fx

broad ; the posterior end of this chamber narrows suddenly and
passes into a short common trunk, which after a very short

traject divides into the two uteri ; the uteri pass parallel to each
other into the posterior sixth of the body.

The eggs are oval and thick-shelled ; they measure 50 /j. long

by 36 /i in diameter.

The receptacula seminis are small and oval, measuring 133 u

by 86 jLt.

The tail is relatively long and slender, forming l/36th of the

total length ; its caudal pores are situated just behind its middle.

Male.

The males are much slenderer than the females, their average
length being 11 mm. by 470 fjL broad. The caudal bursa has well-

developed alse, and its ventral surface is covered with longitudinal

rows of small tubercles. Two pairs of the stalked papillee are

pre-anal, and two pairs are post-anal in position ; they are more
or less equidistant from each other, but the pre-anal pair nearest

the anus is slightly more dorsal in origin than the others. There
are three ventral pre-anal papillae, the median unpaired one being

situated nearer the anus than the other two. Immediately
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posterioi' to the anus there are two pairs of small papillae close

together, the one pair being slightly behind the other pair
;

a small distance behind these there is another pair somewhat
obliquely placed and also lai^ger

;
posterior to the middle of the

tail there are two further pairs dividing this part of the tail

into thirds.

The spicules are unequal, the right being slightly stou^ter than
the left; both taper to fine points. The right spicule is 180/^

long and 10 /.t broad at its base, while the left spicule is 530 /a

long and 9 i.l broad at its base.

Hosts : Phrynosoma cornutum, P. regale. Stomach. Brazil.

Types to be deposited in British Museum of Natural History,

London.

Text-figure 18.

2.00/J.

Fhysaloptera phrynosoma, sp. ii.

A = A^entral view of cephalic extremity. B = Caudal extremity of male.

Affinities.—Ph. abhreviata has been recorded from this host,

but it seems doubtful whether the determination was correct

;

this species was present in nearly every one of the specimens of

Phrynosomae examined by me, which numbered about a, dozen,

and was the only species present ; it is therefore possible that

it was this species which was mistaken for Ph. abhreviata. As
redescribed by Seurat (1914& and 1917«), Ph. abhreviata is readily

distinguished from Ph. phrynosoma by the fact that it has four

uteri, whereas the latter has only two.

The presence of two uteri and a single tooth to each lip allies

this species to Ph. gracilis, sp. n., and to Ph. longissima, sp. n.

;

it is, however, easily separated from these two species by its

much shoi'ter and relatively stouter body.
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(13) Physaloptera gracilis, sp. n. (Text-fig. 19.)

The material consisted of about half-a-dozen specimens, all of

which were coiled up watch-spring like ; as no mature eggs were
observed, it is probable that the worms, although fully developed,

had not yet reached the reproductive stage.

The cuticle shows a very fine transverse cuticular striation,

and it may be partly or wholly reflected over the lips.

The cervical papillae are situated at the level of the junction of

the two oesophageal parts or just posterior to this ; the excretory

pore is situated on the ventral surface about 40 //, further back.

The lips are simple and triangular in side view, and each is

surmounted by a large external tooth, ti-iangular in shape, and
having a spike-like internal tooth attached to its inner surface

;

a row of small denticles is present on either side of it, each row
being terminated laterally by two larger denticles. External
lip papiihe were not observed.

The cesophagus is slender, and retracted from the lips, so that

an elongate chamber is formed between it and the lips. The
muscular part is slightly thinner than the following glandular

part, and forms in the male l/12th and in the female l/14th

of the whole organ. The whole oesophagus forms in the male
about l/7th and in the female 1/6*2 of the total length of the

body. The nerve ring divides the muscular oesophagus in the

ratio of 3 : 2,

Feinale.

The females vary in length from 20 to 24 mm., au'l in breadth
from 240 to 250 /x; the body is attenuated towards both

extremities, but this is only slightly evident posteriorly. The
tail is short and pointed, and forms l/97th part of the total

length

.

Tile vulva is non-protuberant, and leads into a straight vagina

410 yu, long by 45 /a broad; the egg-chamber which follows is

about as wide again as the A'agina, and is 730 /.< long ; the common
trunk has more or less the same dimensions as the vagina ; from
its posterior end the two uteri take their origin, and these pass

down the body more or less parallel to each other. The position

of the vulva divides the body into the ratio of 1 : 2.

No mature eggs were observed.

Male.

The males a,verage about 19 mm. in length by 230 /x broad;
they are more slender than the females, and do not become atten-

uated towards the posterior end.

The bursa is small, forming l/36th of the body-length ; it is

nearly 2| times as long as it is broad, and its width is only very
slightly greater than the maximum body-breadth. Its ventral

surface is free from cuticular protuberances, except for a small

area surrounding the anus.

The lateral stalked papillse are arranged three pairs pi-e-anal
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and one pair post-anal ; the 1st pair is more ventral in origin
than the others, and is also closely approximated to the 2nd
pair ; the remaining pairs are equidistant from each other.
There are three pre-anal and four pairs of post-anal ventral
papilla

; the 1st pair of post-anal papillje are situated immediately
behind the anus, the 2nd and 3rd pairs are near together just
behind the middle of the tail, and the last pair midway between
the 3rd pair and the tip of the tail.

The spicules are unequal, the right being short and stout,

measuring 105 /x long by 23 ^u broad, the left being slender,
measuring 273 u long by 7 /x broad at its base ; the right spicule
tapers to an obtuse point, whereas that of the left side forms a
very fine point.

Host: "Lizard.''" Uganda.
Types in the Helminthological Department of the London

School of Tropical Medicine.

Text-fig-ure 19.

Fhysaloptera gracilis, sp. n.

A = Cephalic extremity, lateral view. B = Ventral view of lips.

C = Inner view of lip. D = Caudal extremity of male.

Bisctcssion.—The arrangement of the bursal papillae in the

male, the absence of cuticular markings on the greater part of

ventral surface of the caudal extremity of the male, and the

character of the lips and its teeth—each of these distingxiish this

species from all the other reptilian didelphoid forms.

There is some similarity in the arrangement of the bursal

papillas of this species to that found in F/i. leptosoma (Gervais),

Seurat, 1917, except that just behind the anus there are two
pairs in this latter species instead of one. Ph. gracilis, however,

is easily distinguished from this species by the additional

characters of a more elongate body and of much shoi'ter spicules.
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(14) Physaloptera longissima, sp. n. (Text-fig. 20.)

The material consisted of about two dozen specimens, some of

which were still immature. The specimens are remarkable for

their slenderness, the largest females having a thickness of less

than 500 p.. The body shows very little attenuation towards the

extremities.

The cuticle is finely striated transversely, and in some cases it

forms a small swelling round the head, whereas in others it is

reflected over the lips.

The cervical papillae and excretory pore occupy a very anterior

position, the former being found at the level of the nerve ring,

and the latter half-way between the nerve ling and the level of

the base of the muscular oesophagus.

Text-fip-ure 20.

IBhysalo-ptera longissima, sp. n.

A = Ventral view of cephalic extremity.

B = Caudal extremitj' of male.

The lips are rounded, and each carries only a single tooth,

namely the external median ; this tooth is triaiigular in shape,

and has its tip slightly recurved outwards. Each lip carries two
outer papillge.

There is no difference in diameter in the two oesophageal

parts, the tv/o merging gradually into each other ; the whole

organ attains l/7'6 in the female and l/6"6 in the male of

the body-length : the muscular part, which is encircled in its

middle by the nerve ring, forms nearly l/8th of the whole

organ.

Female.

The largest females are 30 mm. long by 438 /.< broad, and
possess a vulva which is situated just in front of the middle of
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the body, dividing it in the ratio of 7 : 8 ; it leads into a straight

vagina 1-3 mm. long, which is directed posteriorly ; it then turns

forwards to join the trunk, which in its middle bends back again
;

it is 3'5 mm., long and its anterior half is only slightly difiei-

entiated into an egg-chamber ; the posterior end of the common
trunk divides to give rise to the two uteri. The uteri pass

posteriorly almost to the hind end of the body, then pass

forwards before joining the oviducts and ovaries, which in their

turn pass backwards again.

The body is terminated by a short and rounded tail forming

nearly 1/1 90th part of the body-length.

The eggs are long, oval, and thick-shelled, measuring 59 /a long,

32 ju broad, the thickness of the shell being 5 fx.

Male.

The males average about 22 mm. long by 325
fj.

broad in their

middle.

The bursa is not sharply set off from the body, and is only

slightly broader than it ; it forms about l/28th of the body-

length ; it is little more than twice as long as it is broad, and its

ventral surface is devoid of cuticular markings.

The four pairs of stalked papillse are all pre-anal in position,

and arranged in two widely-separated groups of two pairs each.

No ventral pre-anal papillfe were seen. Behind the anus there

are four pairs of shortly stalked papillse, which are equidistant

from each other and from the anus. They are sitiuated somewhat
laterally.

The spicules are unequal, the left being neai-ly twice as long as

the right ; the left spicule is slender, and tapers to a fine point

;

it is 546 ju long by 22^ broad at its base; the right spicule is

from 228 to 300 jx long by 32 /m broad at its base ; near its base it

has a distinct neck, after Vv^hich it widens out and then tapers to

an obtuse point.

Host: "Snakes." Australia.

Types in the Helminthological Department of the London
School of Tropical Medicine.

Discussion.—This species is easily separated fiom all the

didelphoid Physaloptera '1) by the arrangement of the stalked

bursal papillse, these being entirely pre-anal and arranged in two
widely-separated groups in this species; (2) by the aiTangement

and number of the post-anal ventral papillse ; and (3) by the

entire absence of cuticular maikings on the ventral sui-face of

the tail of the male.

The elongate and slender body shows some similarity to

P7i. yracilis, sp. n., from which species it is, however, quite

distinct, as shown by the above-named three characters ; it

also differs from this species by the diffei-ence in shape of its lips

and teeth, by the more posterior position of its vulva, and by
its larger spicules.
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(15) Physaloptera pr^eputialis von Linstow, 1889. (Text-

figs. 21 & 22.)

Syn. Chlamydonenia felineus Hegt, 1910.

Several lots of material were examined, mostly from cats.

The body is slightly attenuated anteriorly, and is surrounded

posteriorly by a very loose cuticle, which is partly or wholly

reflected over the tail region. The cuticle shows a very fine

transverse cuticular str-iation, and is only slightly reflected over

the lips.

The excretory pore and cervical papillae are situated relatively

far back, the former being more posterior in position than the

latter. The distance from the anterior end to the cervical

Text-figure 21.

JPhysaloptera prisputialis v. Linst.

A = Lateral view of cephalic extremity.

B = Caudal extremity of male.

Dapillse in a male 15 mm. long is 875 jj. and the excretory pore

990 fx ; in a female 17 mm. long these distances were 952^ and
1123 ^ respectively.

The lips are lai-ge and conical, and each carries a subdorsal

and subventral external papilla. The external median tooth is

large and bluntly triangular ; the inner median tooth is of the

same height as the outer, and is flattened and tripartite.

The oesophagus is long, and varies in the female from 1/4*8 to

l/5'4 of the body-length ; in the male it forms about 1/4*5 of the

body-length. The muscular portion of the oesophagus is slightly

thinner than the glandular, and is encircled by the nerve ring at

the junction of its second and last thirds. It forms about l/8th

of the whole oesophagus.
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Feviale.

The females are generally large, and vary in length from 15 to

48 mm. with a maximum thickness of 1 to 1"7 mm. in their

posterior half.

The vulva opens a short distance in front of the middle of the

body. It is non-protuberant, and its position divides the body
into the ratio of 1 : 1'4 to 1 : 1"1. It leads into a thick-walled,

straight or bent vagina 1'6 mm. long by 114 /x thick in a female

20 mm. long ; its posterior part gradually passes into the egg-

chamber, which broadens out posteriorly so as to assume a more
or less pyriform shape : in the same female it was 820 [j, long by
228 IX thick at its posterior end. Two uteri take their origin

from the posterior margin of the egg-chamber, a trunk portion

being entirely unrepresented. The mode of origin of the uteri is

very characteristic, and differs from all those already described
;

they arise from the posterior lateral margins of the egg-chamber,

and not from its base. It thus happens that the uteri,

although arising at the same level, are yet far removed from
each other.

In most individuals a dark and detachable chitinous ring

surrounds the body in the region of the vulva.

The tail is conical and rounded at its tip, and forms from
l/53rd to l/66th part of the bodjr-length. Its caudal pores open
in its posterior half, and their position divides the tail into the

ratio of 3 : 1.

The eggs are oval and thick-shelleci, and contain a fully-

developed embryo ; they average 49 /x, long by 35 [x in diameter.

Male.

The length of the males varies from 13 to 40 mm. by '7 to

1*3 mm. thick in their posterior third.

The tail is elongate, and is often closely reflexed on to the

ventral surface. Its median ventral surface is ornamented with

conspicuous and rounded tubercles arranged longitudinally

;

toward the lateral margins of the tail and on to the alse

these tubercles become gradually i-eplaced by loiigitudina! ridges,

each having a few relatively far removed brea.ks along its

course.

The caudal region, within the cuticular reduplication, appears

pointed; this is due to the fact that the caudal alse, although

present, do not open out laterally, but remain irregulai'ly folded

towards the ventral surface of the tail. The fours pairs of

stalked papillse are thick and equidistant from each other, two
pairs being pre-anal and two pairs post-anal. The three pre-

anal ventral papilla are in a transverse row, and the median one

is much larger than the other two. Just behind the anus, one

pair immediately following the other, there are three pairs of

ventral papillae. Two additional pairs of ventral papillae are

found further down the tail, and their positions divide the tail

roughly into thirds.
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The spicules are unequal, pointed, and general!}^ curved. The
left spicule appears to vary in length from 1 to 1"2 mm., with a

thickness of 32 jj, at its base. The right spicule is slightly

stouter than the left ; its length also appears to vary from 840 to

900 ^ with a thickness of 38 /x at its base.

Hosts : I/'elis catus clomesticus. Stomach. Federated Malay
States, British and Dutch Guiana, China and
Ceylon.

Felis nebulosa. India.

Felis 23(('i"dus. Stomach. Nigeria.

Although my observations as regards the arrangement of the
caudal papillae in the male, the position of the vulva in the

female, and the size of the eggs diiler considerably from tliose of

von Listow, yet I am quite satisfied that my material belongs to

the same species.

Text-figure 22.

Physalopfera prceputialis v. Linst.

Terminal portions of female genitalia.

The prepuce-like fold of the cuticle over the tail, the rounded
wart-like tubercles on the ventral surface of the tail of the male,
the nature of the teeth, the presence of a ring round the body in

the vulval region of the female, and the fact that his material is

described from Felis catus, easily counterbalances the differences

in the arrangment of the bursal papillae. Yon Linstow states

that this arrangement may be found to be dijQTerent, as he had
only one male for examination, and this specimen he found
difficult to study. The ventral papillae, according to von Linstow,
are three pre-anal, one pair immediately behind the anus, three
papillae towards the tail end, and an additional pair slightly in

front of these thi'ee. He gives the average length of the female
as 30 mm., with the vulva 8 mm. from the cephalic extremity
and the eggs as 55 by 33 j.i.

Pace. ZooL. See— 1922, No. LXX. 70
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(16) Physaloptera malayensis, sp. n. (Text-fig. 23.)

In external appearance this species appears to be identical

with Ph. j)'>'c&l^utialis v. L., with which species it was at first

confused. This applies especially to the female, where there is a

corresponding similarity in the genitalia.

The cviticle is ve3'y slightly reflected over the base of the lips,

and in most cases the lips are quite naked. The cervical papillae

are situated about 130 /i behind the level of the hind end of the

muscular CBSophagus, and the excretory pore is found abovit 100 /n

further back.

The lips are rounded, and each bears a large triangular and
slightly recurved outer tooth, internal to which is the foliaceous

and tripartite inner tooth of equal height.

The oesophagus forms l/5th in the male and l/6th in the

female of the total length ; its anterior muscular part, which is

encircled in its posterior third by the nerve ring, is slightly

thinner than the following part, and forms nearly 1/lOth in the

female and l/7th in the male of the total organ.

Female.
Mature females vary in length from 29 to 38 mm., with

breadth of from 1"6 to 2-1 m_m. The body is attenuated in its

anterior third, but posteriorly, because of the looseness of the

cuticle and its reflection over the tail, there appears to be only a

very slight thinning.

The vulva opens on a slight bulging, and is situated far back,

just in front of the middle of the body ; its position divides the

body in the ratio of 1 : 1"2 to 1 : 1*5. Externally the position

of the vulva is indicated by a dark chitinous and detachable band
encircling the body. The vulva leads into a vagina, which pro-

gressively thickens posteriorly to join a progressively thickening

egg-chamber; at its vulvular end the vagina is 100 ju thick, at

its posterior end it is 200 /x thick, and the hind end of the egg-

chamber is 330 jLt in diameter ; the whole organ is straight, and
measures a,bout 3'3 mm. long. From the basal end of this organ,

the two uteri take their origin like two horns in the same
mariner as in Ph. prceputialis.

The eggs are small, thick-shelled, and only slightly ovoid
;

they are 35 /x long by 28 to 32 /x broad.

Mccle.

The males are attenuated in their anterior half, and have in

most cases the cuticle completely reflected over the tail end
;

they average in length from 18 to 21 mm., with a maximum
breadth of 0'9 to 1-2 mm.

In consequence of the cuticle being reflected over the tail, the

b)ursal expansions are irregularly folded over the ventral surface;

they a.re supported by the usual four pairs of circumcloacal

stalked papillas. The whole of the ventral surface is tra,versed

by Avell-marked and unbroken longitudinal ridges running more
or less parallel to each other. The three pre-anal ventral papillae
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are arranged in a row, and the central one is the largest. There
are five pairs of ventral post-anal papillee

;
pairs 1 and 2 are

small, and arranged in a line immediately behind the anus. The
3rd and 4th pairs are approximated to each other just behind

the middle of the tail, and the last pair is at about the junction

of the second and last thirds of the tail.

The spicules are unequal, that of the left side being about

2| times as long as that of the right side ; their lengths appear

to vary in different individuals, but this may probably be due to

the fact that the spicules do not lie straight in the body, but
often have a wavy course ; it is thus difficult to measure them
accurately ; in this way the left spicule was found to vary from
1'4 to 2*5 mm. in length, with a thickness of 32 y at its base;

Text-figure 23.

Fhi/saloptera malayensis, sp. n.

Lateral view of cephalic extremity. B = Outer view of median teeth.

C = Caudal extrert>ity of male.

the right spicule is slightl}^ stouter, and varies in length from
580 to 957 |U, with a breadth of 36 /i at its base. Although
there is this m^arked variation in the sizes, yet it is worthy of

note that the ratio of the two spicules was nearly the same in all

cases. Unfortunately there was not sufficient material to allow

for the dissecting out of the spicules in a series, in order to

determine whether this variation Avas only apparent or real.

Hosts : Felis chaus. Intestine. Federated Malay States.,

Felis tigris. (Stomach. Federated Malay States.

" Tiger cat." ,,
Federated Malay States.

"Bush cat." „ Nigeria.
" Hysena." Prob. li. striata. Stomach. Nigeria.

70*
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Types in the Helmintliological Department of the London
School of Tropical Medicine.

Affinities.—This species, because of its labial armature and

female genitalia, forms a distinct group with Ph. prcepuiialis and

Ph. acuticauda ; to the former it is very closely related, as shown
by the similarity of the females and the characteristic reflection

of the cuticle over the caudal end in both species ; it differs from

it, however, by the arrangement of its post-anal ventral papillae,

its larger spicules, and by the presence of unbroken ridges on the

ventral surface of the bursa.

The arrangement of the papillae on the caudal extremity of the

male is very similar to that found in Ph. terdentata. Apart from

this characteristic, and that these two species are both parasitic

in carnivores, there appears to be no close affinity between them.

Ph. malayensis differs from Ph. terdentata by the shape and size

of its teeth, length of its spicules, presence of unbroken ridges on

the male bursa, and in that the cuticle is reflected over the caudal

extremit3^

(17) Physaloptera terdentata Molin, 1860. (Text-figs. 24

& 25.)

Three bottles of material, Y 1074 from Felis concolor, 4511

from I'elis tigrina, and 4513 from P'elis sp., labelled Ph. ter-

dentata and deposited in the Vienna Museum, were examined.

Bottle Y 1074 contained two males, one of which had its head

riiissing. Bottle 4511 contained one female, and bottle 4513

contained one male. The male in the last-named bottle proved

to be not Ph. terdentata but Ph. prceputialis v. Linst. The

Text-figure 24.

Fhysaloptera terdentata Mol.

Outer view of lip.

female from bottle 4511 had all the characters of the female of

Ph. prceputialis, except that the cuticle was not reflected over the
caudal end, and consequently I am inclined to think that it also

is Ph. prceputialis. The material from Felis concolor proved to

be Ph. terdentata, and the following description of the male is

based on these two specimens.

The complete male is 14 mm. long, and 400 /^ thick in its

jDOsterior third. The body is attenuated anteriorly, and the

cuticle is slightly reflected ov^er the lips; externally it shows a

coarse annulation, between which a fine transverse striation is
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visible under high magnification. The cervical papillre are

lodged about 100/z behind the posterior limit of the muscular
oesophagus, and the excretory pore is situated slightly posterior

to them.
The lips are large and flatly rounded, and each carries two

large and spherical outer papilla;—one in the subdorsal and one
in the subventral line. The two terminal teeth are well-defined,

the outer being short and stumpy, the inner large and tripartite.

The oesophagus is straight, and consists of the usual two parts
;

it is 2-3 mm. long or about l/6th of the total body-length. Its

anterior glandular part is slightly thinner than the part following,

is 240 /u long, and has the nerve ring situated in its posterior

quarter.

The bursa is elongate with rounded tip, and forms nearly

Text-figure 25.

Fhysaloptera terdentata Mol.

Caudal extremity of male.

l/15th of the body-length. Its lateral alse are supported by four

pairs of equidistant and somewhat slender stalked papilla?, and are

arranged two pairs pre-anal and two pairs post-anal in position.

Its ventral surface has longitudinal rows of irregular cuticular

bosses. The pre-anal ventral papillae are situated close together

in a row just above the anus, and the middle one is slightly

larger than the other two. The post-anal ventral papillae consist

of five pairs, of which pairs 1 and 2 ai-e small and arranged

in a row just posterior to the anus, pairs 3 and 4 are situated

close behind each other in about the middle of the tail, and
pair 5 is found at the junction of third and last quarters

of the tail.

The spicules are only slightly subequal, the left being 320 p.
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and the right 305 /.t long; they are of equal thickness, 32^, and
they possess a more or less uniform thickness in their anterior

four-tifth, the last fifth tapering to a sharp point.

Female.
The female from Felis tigrina is 47 mm. long ; teeth both large

and of equal size, the outer triangular ; oesophagus 1/7*3 of body-

length, vulva situated 18'5 mm. from anterior end, the female

genitalia as for Ph. prce2niiialis, and the cuticle is not reflected

over the tail.

Host : Felis concolor. Stomach, Brazil.

Type males in bottle 1074 (number on stopper) in the Vienna
Museum.
With regard to the name of the host, the legend on the bottle

was somewhat indistinct and appeared somewhat like Felis

casiolaris, but as no feline of this name is known, 1 take it to

mean Felis concoloris.

I have placed this species among the didelphoid forms, because

the female described may belong to this species, in which case

it would come into the group characterised by Ph. prce2nitialis

V. Linst.

(18) Physaloptera acuticauda Molin, 1860. (Text-fig. 26.)

The material on which the study of this species is based is the

type material deposited in the Vienna Museum. This material

has also been studied by von Drasche. All the specimens were
in an excellent state of preservation.

The cuticle is very finely striated transversely, and anteriorly

is partl}^ reflected over the lips. In each lateral line, just behind
the level of the posterior end of the muscular tesophagus, a small

and spike-like cervical papilla is situated, and on the ventral

surface about 100 /a further back is the opening of the excretory

organ.

The lips are somewhat rounded in lateral view, and each

carries only two teeth, a large and triangular outer tooth, and
immediately internal to it a smaller membranous tooth having
its free end tripartite. In the subdoi-sal and subventi'al lines of

each lip there is a conical papilla.

The oesophagus, which immediately follows the lips, has its

anterior muscular part slightly thinner than the following-

glandular portion : in the male it forms about l/5'l of the total

bodj^-length and in the female about l/7th. The glandular part

forms about l/7th of the oesophagus, and is surrounded by the

nerve ring at the level of its posterior quarter.

Femcde.

The females have a length of about 30 mm., with a maximum
breadth of just over 1 mm. The body tapers in its anterior half,

but posteriorly it narrows only in the vicinity of the tail, which
is a conical structure about l/56th of the total body-length, and
has its caudal pores situated in its posterior third.
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The vulva is situated very far forwards, opening to the exterior

on a slight elevation in front of the hind end of the oesophagus.

The muscular vagina is very short, measuring only about 480 /^

long by 50 fx broad; its hind end is very slightly enlarged, and
from its outer sides the two uteri take their origin in the same
manner as in Ph. prceptotialis v. Linst. ; the thin initial portions

of the uteri are swollen in their middles, after which they again

become thin and also much convoluted, after which they join up
with the much thicker and egg-containing part of the uteri.

The eggs are large, oval, and thick-shelled, measuring 51 fx,

long by 42 fi broad ; they are fully embryonated m utero.

Male.

The males are much smaller and slenderer than the females,

measuring only 18 to 23 mm. long by 620 to 740 /^ thick in

Text-figure 26.

Fliysaloptera aoutieauda Mol.

A = Terminal portions of female genitalia.

B = Caudal extremity of male.

their posterior third. From about the posterior third the body
tapers gradually towards the anterior end.

The caudal bursa has well- developed lateral wings supported by

four equidistant, pedunculated and paired papillae, two pre- and

two post-anal. Of the three pi'e-anal ventral papillse the median
one is lodged nearer the anus than the other two, and is also

larger. There are five pairs of ventral post-anal papillae, of

which the 1st and 2nd pairs ai'e situated in a row imme-
diately behind the anus. The distance between the 4th and

last pairs is about twice the distance between the 2nd and

3rd pairs.
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The spicules are unequal, tvibular, and end in sharp points
;

that of the left side measures 1-89 to 2*17 mm. long by 45 /x broad

at its base, that of the right 420 to 490 /x long by 50 fx broad.

Host : Falco cacMnnans. (Esophagus and stomach. Brazil.

Type material in bottle 4431 in the Vienna Museum.
This species occupies an isolated position among the Physa-

loptera recorded from birds ; none of these in which the nature

of female genitalia is known have the uteri arising from the

margin of the egg-chamber in a way similar to that seen in

Ph. acuticauda. This peculiarity of the female genitalia allies

Ph. acihticauda to Ph. prceputialis v. Linst. and to Ph. ^nalayensis,

sp. n., from which species it is, however, very easily distinguished

by the very anterior position of its vulva, different arrangement
of the male caudal papillee, and difference of the ornamentations
on the ventral svirface of the male tail.

Group Tetradelphys.

(19) Physaloptera MORDENsLeiper, 1908. (Text-figs. 27 & 28.)

For the study of this species, Prof. Leiper kindly placed at my
disposal the type males (three specimens) and also two lots of

worms collected by Drs. Turner from man in Africa. In addition,

six tubes of worms collected by Dr. Davy from African monkeys
were also placed at my disposal for comparison and identification

;

all these proved to be the same species as that collected from man.
The cuticle shows a very delicate transverse striation ; in some

specimens an additional coarse and irregular ringing, probably
due to a certain amount of shrinkage, is present. It is partly

reflexed over the lips in some, whereas in others it stops short at

the base of the lips. It is somewhat inflated, so that the cervical

papillae appear to be lodged in shallow cuticular pits. The
cervical yjapillse are situated slightly less than three-quarters of

the length of the muscular oesophagus behind the posterior limit

of this cesophageal part. The excretory pore opens ventrally

from 50 to 100 yu, further back.

The two lateral lips are large ai:id rounded in lateral view, and
are sharply set oW from the body in those worms where the
cuticle is not reflected over their bases. Each lip carries a large

dome-shaped external papilla on each submediiin line. Four
teeth are present on each lip, one outer and three inner ; the
outer tooth is large a,nd triangular, and has its tip slightly

rounded and recurved outwards. The median inner tooth is

very small, and is attached to the base of the outer tooth; it is in

the form of a small spike. Leiper states that its inner surface

is modified to form a cutting-edge ; to me this surface appeared
quite flat, or at most slightly convex inwardly. The two inner
lateral teeth are situated in the submedian lines, and are directed

inwards ; each is split longitudinally to its base, and is lodged in

a slight elevation of the lip.
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The cesophagus is straight and immediately follows the lips; it

thickens very slightly towai-ds the posterior end. Its anterior

1/1 0th, which is slightly thinner than the rest, forms its glandular

part, and the nerve ring encircles it in its posterior third. The
entire organ forms l/6'4 in the male, and 1/6-2 in the female,

of the total body-length.

Female.

The females are large and stout ; they vary in length from 41

to 100 mm., with a thickness of 1-8 to 2'8 mm. in their posterior

third. The anterior two-thii'ds taper gradually towards the

cephalic extremity ; tlie postei'ior l/8th tapers to end in a short

and conical tail l/70th to l/90th of the body-length ; the caudal

pores are situated in its posterior half.

The vulva is situated on a slight elevation behind the hind
end of the oesophagus : its position divides the body into the

ratio of 1:5. The general characters of the female genitalia are

exactly similar to those described for Ph. varani, except that

the common trunk poi-tion behind the egg-chamber is relatively

Text-figure 27.

Fhysaloptera mordens Leiper.

A = Ventral view of lips. B = Inner view of lip.

larger. The four uteri are twisted about each other in a com-
plicated way, or fill practically the whole of the body as far as its

posterior eighth.

The eggs are ova,l and thick-shelled, and vary from 45 to 49 /x

long by 32 to 34 /x, broad. They are fully embryonated when laid.

Male.

The males vary in length from 29 to 34 mm., with a thickness

of '9 to 1 mm. in their posterior quarter; the body is slightly

attenuated anteriorly.

The bursa is long and pointed, and is reflexed ventralwards.

Its under surface is ornamented with small triangular spike-like

processes arranged longitudinall}^, and extending as far as the

4th pair of post-anal ventral papillte. The four pairs of stalked

papillse are arranged in two groups, the anterior two pairs being
pre-anal and the posterior two pairs post-anal in position ; the

1st and last pairs are shorter than the other two, and their origins

are slightly more ventral.

The three pre-anal ventral papillfe are of equal size, and are
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slightly separated from each other, the middle one being nearer
the anus. The first two pairs of post-anal ventral papillfe are

small, and are situated close together, one pair behind the other,

in the immediate vicinity of the anus ; pairs 3 and 4 are

approximated to each other, a.nd are situated at the junction of

the 1st and 2nd tail thirds ; the 4th pair is situated nearer the
ventral mid-line than the 3rd pair. The last pair is found at

the junction of the posterior tail thirds.

Fhysaloptera mordens Leiper.

Caudal extremity of male.

The spicules are very unequal, the left being long and slender

and about eleven times as long as the right ; it is filiform, tapers

to an acute point, and appears to vary in length from 4*6 to

5-5 mm., Avith a breadth of 35 /j,. The right spicule is shoi't and
stout, with its apex tapering to form a long and thin point ; it is

470 to 500 /A long by 50 to 55 /x. broad at its base.

Hosts : Somo sa2yiens. Stomach and intestine. Africa.

"Monkeys." Stomach. Nyasaland.

My observations difier from Leiper's description, firstly, in the

number of uteri, of Avhich he records only two ; I was able to
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determine their Bumber by dissection, as it is almost impossible

to see them by simply clearing and rolling the worms. Secondly,

in the size of the females; his longest specimens were 55mm.
long, whereas mine reached 100 mm. And, thirdly, in the size

of the spicules ; the left spicule, according to my observations,

appears to be longer than in his.

The only other Physaloptera from man is Ph. caucasica

V. Linst., 1902. The arrangement of its male bursal papillae is

very similar to tliat of Ph. mordens, except, as Leiper has pointed

out, that the 3rd pair of post-anal ventral papillfe is nearer to

the mid-line than in Ph. inordens. These two species, however,
appear to be distinct, as shown by the presence of only one tooth,

smaller spicules, and larger eggs, in conjunction with the much
smaller body in Ph. caucasica.

The nature of the labial armatuie, mode of origin and number
of the uteri, general shape and size of the male bursa, distribu-

tion of the bursal papillae, and the great inequality in the length

of the spicules, allies this species to the reptilian species

Ph. abhreviata, Ph. varani, and Ph. antarctica. To the mam-
malian species Ph. numidica it is also related, as shown by the

number and shape of its teeth and the character of its female

genitalia. Ph. mordens is, however, easily distinguished from all

these by its much larger size, relatively longer tiamk portion in

the female genitalia, and by its much larger spicules.

The occurrence of this sj^ecies in monkeys from Nyasaland is

very interesting, and leads one to think that these Primates are its

normal hosts, man being only an accidental one ; this view is

further sujDported by the fact that its onl}^ occurrence in man
is in the natives of East and Central Africa.

A parallel case in West Africa is the occurrence in monkeys
and man of G^so2:>hagosto7num apiosiomum (Willach, 1891), Raill.

& Henrv, 1905.

(20) Physaloptera tumefaciens Henry & Blanc, 1912.

(Text-figs. 29 & 30.)

The material examined consisted of three males and three

females, kindly placed at my disposal by Prof. Leiper. This

material was part of the collection of worms from which Heniy
and Blanc described the species, and was presented to Prof. Leiper

prior to the publication of their description. In addition, two
males, obtained from a Macactcs fascicularis which had died in

the Gardens of the Zoological Society of London, were also

studied.

The cuticle is A^ery finely striated transversely, and also shows

a coarse cuticular ringing. Anteriorly it is reflected over the

lips, and this may also be the case over the tail region in both

sexes.; this posterior reduplication of the cuticle may pass over

as much as the anteilor third of the bursa in the male ; in the

females it only forms a narrow collar in front of the anus. The
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cervical papilla) vary in position ; in one they are placed at the

junction of the two oesophageal parts, in the others up to 150 ju,

further back ; they may be symmetrical or asymmetrical in

position. The excretory pore is found about 70 fi behind the

cervical papillae.

The two lateral lips are large and conical in side view, and
each carries two lai'ge sabmedian papillae on their outer convex
surface. Only two teeth are present—a large and conical outer

tooth with obtuse tip and slightly bent outwards, and a flattened

and broad inner tooth, of the same size as the outer, and having
its free end divided into three cusps of the same size.

The oesophagus is straight, and forms in the female 1/5-2 to

1/5-4, in the male l/4'6 to 1/5-2 of the total body-length; its

anterior 1/1 1th or l/12th forms its muscular part, which is

slightly thinner than its posterior glandular portion. The nerve
ring encircles it in its posterior third.

Text-fio-ure 29.

200//.

Fhfjsaloptera tumefaciens Henry & Blanc.

A = Lateral view of lips. B = Terminal portions of female genitalia.

C = Receptaculum seminis.
*

Fevnale.

The three females are 50, 38, and 36 mm. long, with a thick-

ness of respectively 1-9, 1-5, and 1-2 vavn. The anterior half

tapers considerably, but posteriorly this tapering is limited to

the last 4 or 5 mm. The tail is conical, and forms from 1/5 7th

to l/65th part of the body. Its caudal poi'es are situated in

slight pits in the posterior half of the tail ; their position divides

the tail into the ratio of 5:2.

The vulva opens on a slight elevation, which divides the body
into the ratio of 1 : 2-9 ; in one of the females it is situated in

front of the end of the oesophagus ; this position is probably due
to shrinkage of the anterior part of the worm, as shown by the

facts that the cuticle in this region is much corrugated and that

the intestine immediately behind the oesophagus is thrown into

a loop.

The genitalia pass straight back, and are specially characterized

by the absence of a common trunk portion behind the egg-

chamber, and by the presence of four uteri arising all together

from the hind end of the egg-chamber. The vagina, in the
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largest female, is 1*7 mm. long by 100 /x thick, and the egg-
chamber 800 /x long by 270 yn, broad at the origin of the uteri.

The receptacula seminis are pear-shaped, and are sharply
constricted off from the oviducts, their union with the uteri

being gradual ; they are 380 /x long by 200 /x broad at their

oviducal end.

The eggs are oval and thick-shelled, and average 43 /x long by
27 jx thick. They contain a fully-developed embryo when ia,id.

Male.

The males vary in length from 26 to 31 mm., and are

attenuated in their anterior two-thirds ; they vary in thickness
from 1 to 1'2 mm.
The bursa is narrow and elongate and rounded at its tip ; its

anterior part may or may not be covered over by a posterior

Text-fioure 30.

Fltysaloptera tumefaciens Henry & Blanc.

Caudal extremity of male.

reflection of the cuticle. Its central ventral area is ornamented
with irregular tubercles arranged longitudinally ; laterally in the
cloacal region these tubercles are replaced by longitudinal ridges.

The four stalked papillse are short and arranged equidistant

from each other round the cloaca. The three pre-anal ventrai
papillas are situated in a row just antei'ior to the anus ; the central

papilla is large. There are five pairs of post-anal ventral papillae,

of which the first two pairs are small and situated close together,

one behind the other, immediately posterior to the anus.

Papilla 3 are situated at the anterior quarter of the tail, and
papillae 4 half-way between them and the middle of the tail.

Papillse 5 are slightly approximated to the mid-line, and are

situated slightly behind the middle of the tail.

The spicules are bent, thick, short, and slightly unequal.
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They are of equal thickness, and both taper to tine points. The
right varies from 475 to 520 //. long by 55 /x thick, and the left

from 740 to 870 fi long, with the same thickness as the right.

Hosts: Macacus ciinomolqus.\ r^, , t t
^r /• • 7 • r btomach. India.
iMacacus jascicidaris.

J

My observations on this species are practically identical with

those of Henry and Blanc; the only differences are in the size

of the egg, which appears slightly smaller in my material, and in

the size of the spicules, mine being slightly larger.

Ph. tumefaciens, Fh. morclens. Ph. mi^nidica, and Ph. magni-

papilla are the only 4-uterine forms described from mammals.
Ph. 'inordens and Ph. numidica have teeth as in Ph. paradoxa,

whereas Ph. magnipa'pilla and Ph. tumefaciens have each only

two teeth to each lip. Ph. tumefaciens is distinguished from the

other three species by the mode of origin of its uteri, by the

absence of a common trunk portion in the female genitalia, and

by the reduplication of the cuticle over the caudal extremity in

most individuals of both sexes.

(21) PHYSALOPXERAMAGNIPAPILLAMolin, 1860. (Text-fig. 31.)

Some of the excellently preserved type material in the collec-

tion of the Vienna Museum was examined.
The body appears smooth, but under high magnification the

cuticle is seen to be provided with very delicate transverse

sfcriations. It is slightly reflected over the base of the lips, and
in some females it was I'etlected over the whole of the tail in a

manner similar to that seen in Ph. prceputialis.

The cervical papillae are small and spike-like, and pierce the

cuticle about 150 jti behind the level of the hind end of the mus-
cular oesophagus ; from 75 to 100 /a further back on the ventral

surface the opening of the excretory duct is found.

The lips are somewhat quadrangular, with large subdorsal and
subventral external papillae, and each is provided with two teeth

of the same height; the outer tooth has a widened tip, whereas
the median inner tooth- is tripartite.

The oesophagus immediately follows the lips. It is straight,

and forms in the female l/5'5 and in the male l/6'6 of the

total body-length. Its anterior muscular part is nearly 1/lOth of

the whole organ, is slightly thinner, and is encircled in its

posterior third by the nerve ring.

Female.
The females vary from 30 to 38 mm. long by '9 to I'l mm.

broad ; they are attenuated in their anterior fourth and posterior

fifth, and the body is terminated by a, bluntly conical tail

l/52nd of the body-length and having its caudal pores in its

posterior half.

The vulva opens level with the surface, and its position divides

the body in the ratio of 1 : 2'3 ; it leads into a straight muscular
vagina nearly 2 mm. long by 80 /u. thick. The egg-chamber is
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slightly shorter, and about three times as broad as the vagina.

The common trunk is aboiit 1"1 mm, long and 75 /* thick ; its

posterior end divides twice, in the same way as seen in Ph.

ahbreviata, to give rise to the four uteri.

The eggs are small, oval, and thick-shelled, measuring on an
average 40 /a long by 26 /a broad ; when laid they are already

fiilly embryonated.

Male.

The males are much smaller than the females, and measure
from 20 to 25 mm. long, with a maximum breadth of "7 to "85 mm.
The body is attenuated in its anterior half, the jposterior half

being of uniform thickness.

The bursa is pointed and recurved ventralwards. The four pairs

of pedunculated papillse are equidistant, three pairs being j)re-

anal. The three pre-anal ventral papillfe are small, and are

Text-figure 31.

Fhysaloptera magnipapilla Mol.

A = Lateral view of lip. B = Caudal extremity of male.

situated immediately in front of the anus. The first two pairs of

post-anal ventral papillae are also small and situated in a row in

close proximity to the anus. The 3rd pair is larger and slightly

obliquely placed ; they divide the tail roughly into the ratio of

1:3. The 4th and 5th pairs are small and approximated
to each other, and are situated just behind the middle of the
tail. The ventral surface of the bursa is ornamented with
longitudinal rows of tubercles.

The spicules are straight, tubular, pointed, and slightly un-
equal ; the left is 450 [x long by 26 ya broad at its base, aiid the
right is 41 5 /x long by 20 /x, broad at its base.

Host: Myrmecopliaga hivittata. Stomach. Brazil.

Types in bottle 4457 in the Vienna Museum.
My observations difi"er from those of von Drasche only in respect

to the teeth ; he states that the outer tooth is small, and in
his figure shows it smaller than the inner tooth. In the worms
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examined by me the two teeth were of the same size and fairly-

large.

The number of uteri and their mode of origin brings the

species into the group characterised hj P. abbi'eviata. It differs,

however, from all the reptilian tetradelphoid forms by the

shape of its outer tooth and by the presence of a large and
tripartite inner tooth ; this latter tooth is either absent

—

Ph. colubri—or represented only by a small spike-like tooth

at the base of the outer tooth

—

P. paradooca—in the reptilian

forms.

The natvire of the teeth and the presence of four uteri ally this

species to Ph. tumiefaciens Henry & Blanc, 1912, from which

species it differs, however, by the difi'erent arrangement of its

bursal papillse, no reduplication of the cuticle over its tail, mode
of origin of its uteri, and the presence of a common trunk
portion in its unpaired female genitalia.

(22) Physaloptera quadrovaria Leiper, 1908. (Text-fig. 32.)

The types of this species, which were kindly placed at my
disposal for study by Professor Leiper, consisted of six mature
fem.ales and one male ; the latter unfortunately had most of its

bursal region broken off.

The parasites are stout, being thickest just behind their

middle and attenuated towards both extremities. The cuticle

shows a fine transverse striation, and is partly reflected over

the lips.

The two cervical papillae are situated laterally some distance

behind the junction of the two oesophageal parts. In the male
they are 550 ^ from the anterior end, and in the females

slightly more than 600 /x,. The excretory duct opens ventrally

at the same level or just behind the level of the cervical

papillfe.

The lips are large and somewhat flattened in lateral view
;

each carries a large wedge-shaped external tooth with its tip

slightly bent outwards, and two much smaller lateral teeth

slightly split. Between the median and lateral teeth, on the

inner face of the lip, there is a row of very small denticles.

Internal to and attached to the base of the external tooth there

is a small and spike-like internal tooth.

The oesophagus is relatively short, forming in the male l/7tli

and in the female about l/9th of the total body-length ; it is

straight, slightly thickening posteriorly, and its anterior end is

differentiated into a short and narrow muscular part, about 350/a

long in both sexes, and having the nerve ring in its posterior

quarter.

Female.

The specimens vary in length from 28 to 32 mm., with a

breadth of "95 to I'l mm. The tail is relatively long and
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pointed, forming l/45th of the total body-length, and has its

caudal pores situated in its posterior third.

The vulva is situated on a slight elevation at the junction of
the 1st and 2nd body fifths; it leads into a long and thick-
shelled vagina 2*2 mm. long by 95 /x broad. This vagina passes
straight backwards to join the egg-chamber, which is also large
and straight, measuring 1-8 mm. long by 380 /jl broad. The hind
end of this chamber narrows sharply to join the common trunk,
which is 760 /* long and 90 /x in diameter; its posterior end divides
into two, each of which in their turn subdivide to give rise to
the four uteri. These two primary branches are so short as-

to almost give the appearance that the uteri all arise at the same
level.

Text-figure 32.

Physalo'ptera quadrovaria Leiper.

A = Anterior extremity of body. B = Inner view of lip.

C = Mode of origin of uteri.

The eggs are thick-shelled and oval, measuring 51 yu, long by
36 ju, broad ; they embryonate in iijtero.

Male.

The solitary and incomplete male is 19*5 mm. long and 750 /a

thick. Part of the left spicule—the bursa is broken oW just in

front of the anxis—is seen inside the body, but nothing remains
of that of the right side. The remaining portion of the left

spicule is long and filiform, measuring I -3 mm. long. The spicules

are probably vei-y unequal.

Host: Varanus niloticus. Intestine. Sudan.
Discussion.—See Ph. varani.

Proc. Zool. See—1922, No. LXXI. 71
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(23) Physaloptera paradoxa von Linstow, 1908. (Text-figs.

33 & 34.)

Syn. Ph. affims Gedoelst, 1916.

The pinmaiy study of this species is based on materials

collected in the Zoological Society's Gardens frOm Varanus
alhigtdaris. All the specimens from the other hosts were kindly

handed over to me by Professor Leiper for study and comparison.

The material from Va7^anus albigtdaris consisted of about a. dozen

males and females, which had unfortunately been killed in

formalin, so that the specimens were somewhat shrunken and
coiled.

The shape of the body is very similar to that of P. quadro'^aria^

but is much smaller in size, mature females varying from 18 to

Physaloptera paradoxa v. Linst.

A = Inner view of lip. B = origin of uteri.

C = Eeceptaculum seminis. D= Egg-shell.

24 mm. in length with a thickness of 750 to 870 ^t in their

posterior third, and the males from 14 to 18 mm. long by
450 to 500 /i. broad in their posterior fifth.

The cuticle is coarsely annulated and, in addition, shows a very

fine transverse striation ; it is only very slightly reflected over

the base of the lips. The cervical papillse and excretory pore

are situated in the same level behind the junction of the mus-
cular and glandular oesophageal parts; in the male they are

about 550 jLt from the anterior end and in the female about

750ju.

The lips are similar to those described for Ph. quadrovaria,

except that lateral to each of the outer teeth there is another
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row of small denticles on the inner surface parallel to the edge

of the lip.

The muscular part of the oesophagus is thinner than the

glandular part, and is encircled by the nerve ring at its base.

The whole organ is short, and forms in the females l/7th and in

the males nearly l/8th of the total body-length.

Fevude.

The vulva opens practically flush with the surface, there

being only a slight trace of an elevation. Its position is

post-oesophageal, and divides the body in the ratio of 1 : 2*4 ; it

leads into a long and thick-walled vagina about 2 mm. long

by 100 /x broad ; its most anterior portion is slightly twisted.

The following egg-chamber is straight, and lies parallel to the

intestine ; it is slightly thicker than the vagina but shorter,

measuring 1*2 mm. long by 133 /x broad. The following common
trunk is relatively short, and is thinner than the vagina ; it is

570 jx long and 57 /x thick. From its posterior end the four uteri

take their origin at the same level, but their cavities arise by a

double subdivision of the unpaired duct. The uteri at first pass

forwards to beyond the posterior end of the oesophagus, after

which they bend backwards and fill the body almost to the

posterior end.

The eggs are thick-walled, oval, and fully embryonated in utero :

they measure 50 /x long by 35 /x, broad'.

The body is terminated by a relatively long and pointed tail,

forming l/47th of the total length; its caudal pores are situated

just behind its middle.

Male.

The caudal bursa is large and provided with well-developed

al?e ; its ventral surface is traversed by coarse cuticular eleva-

tions arranged in longitudinal rows. The anus is a large and
transversely oval aperture, with a thickened rim, very prominent
when viewed from the ventral surface ; it is situated about 850 /x

from the tip of the tail.

The four pairs of pedunculated papillee are equidistant from
each other ; two pairs are pre-anal and two pairs are post-anal

in position ; of the three pre-anal ventral papillfe the median one

is situated slightly closer to the anus tha,n the other two. Behind
the anus there ai-e five pairs of sessile papillae; the 1st and
2i.id pairs of these are small, and situated close together just

behind the anus, one pair behind the other ; the 3rd and 4th

pairs are closely approximated, and found just in front of the

middle of the tail ; while the last pair is situated just postei'ior to

the front margin of the posterior quarter of the tail.

The spicules are very unequal, and appear to vary in size; but

these variations may be due to the difiiculty found in measuring
them. The right spicule is short, and varies from 185 to 240 /i

71*
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long, with a thickness of 50 /a at its base ; the left spicule

is long and filiform, varying from 1'8 to 2'8 mm. long; it is

about 1 5 /i, thick at its base ; both spicules terminate in sharp tips.

Hosts: Varanus alhigidaris. Stomach. South Africa.

Psani')no2)his sihilans. ,,

"Snake."
" Colubrine snake."

,,

" Snake."
,,

Discussion.—My observations differ

Seurat(1914 h) made on parasites obtained from Varanus g^'iseus

and Cerastes cornittus. Tliese differences apply to the spicules,

which are 100 fi and l'92mm. long for the right and left

spicule respectively in Seurat's material, whereas in my material

Text-fiffure 34.

Sudan.
ISTigeria.

Sudan.
JSTigeria.

slightly from those of

Phi/salojptera paradoxa v. Linsfc.

A = Caudal extremity of male.

B = Spicules (oulj' part of left indicated).

the right spicule varied in length from 185 to 240 /x and the
left from 1'8 to 2'8 mm. Also the eggs in his specimens are 10/*
broader than in mine. Despite these differences I believe the
parasite to be the same, and the diffei'ence in size of the spicules

can be accounted for in that it is not always possible to measure
them coi-rectly, as they generally take up a twisted course inside

the body.

Yon Linstow (1908), in his description of this species, draws
attention to the absence of caudal alee on the tail of the male,
and for this reason gave it the name '^ paradoxa." Seurat (1914)
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explains this absence by supposing that von Linstow was exam-
ining immature material, as he (Seurat) had in his possession

immature specimens of Ph. alata in which the caudal alse were
also absent. Unfortunately, I have not in my collection any
Physaloptera in this condition, and consequently I accept Seurat's

interpretation.

There is, however, another difference between von Linstow's

observations and mine; this concerns the number of the post-anal

ventral papillfe. Von Linstow finds an extra pair present behind

the second, whereas in my material there is no indication of

these papillse, neither were they present in Seurat's (1914)
material. It is therefore probable that von Linstow was mis-

taken in his observations, especially as my material and his are

from the same host, both from South Africa, and there further

appears no reason to doubt the identity of the two materials.

(24) Physaloptera varani Parona, 1889. (Text-fig. 35.)

The material on which the study of this species is based
consists of three males collected from Faranus hengalensis and
two females collected from V. indicus. I wish to express my
indebtedness to Professor Leiper for placing this material at my
disposal.

The body is attenuated towards both extremities, and shows a

coarse transverse ringing in addition to a very line transverse

cuticular striation. The cuticle is partly reflected over the lips.

The cervical papillae are situated laterally a short distance

behind the junction of the two oesophageal parts ; on the same
level or just posterior to it is the opening of the excretory

gland.

The two lateral lips are large and tall. Each is provided with

a large external tooth whose tip is slightly recurved ; attached

to it on its inner surface there is a small and membranous spike-

like tooth, and on each side of it, towards the angles of the lips,

there is a small bifid tooth. Externally each lip carries a large

subdorsal and subventral papilla.

The oesophagus is long, and forms in the male l/6th and in

the female l/5'5 of the total body-length. Its anterior muscular
part is slightly thinner than the following glandular part, and
the nerve ring encircles it about 80 jx from its base.

Female.
The two females are respectively 35 and 17 mm. long by 1 mm.

and 530 ju, broad ; the body is terminated by a pointed tail l/80th

of the total length, with its caudal pores just behind its middle.

The vulva is non-protuberant, and is situated at the junction

of the 1st and 2nd quarters of the body ; it leads, in the

smaller female, into a thick-walled vagina 950 /a long by 85 /a in

diameter ; this passes gradually into the egg-chamber, which is

1*8 mm. long and 170 /a thick. The common trunk which follows

it is 1*14 mm. long and 50 fx in diameter. The first two parts pass
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straight down the body, whereas the common tiunk is recurved
and passes forwards parallel to the other parts. The posterior

end of the common tiunk divides into two branches, each of

which in their turn, after a distance of 120^, subdivide to give

rise to the connections of the four uteri.

The eggs are oval and thick-shelled, and contain fully

embryonated embryos before being laid. They are 53 /a long by
32//, in diameter.

Male.

The males are respectively 12, 21, and 24 mm. long, the largest

being 800 //, thick in its posterior quarter.

The caudal bursa is large, aud nearly tv»^ice as long as it is

broad. The papillae are arranged in identically the same way as

those described for Fh. paradoxa., as also are the tubercular

Text -figure 35.

Fliysaloptera varani Parona.

A = Ventral view of cephalic extremitj'.

B = Caudal extremitj- of male.

elevations. The outline of the bursa, however, is slightly

different, its length and breadth being respectively relatively

shorter and broader than in Fh. paradoxa.
The spicules are very unequal and bent, and both end in sharp

points. The right is broad, with almost parallel edges except
for its posterior tenth ; it is 842 fju long by 25 /x, broad at its

base. The left spicule is long and filiform, 2-1 mm. long by
14 /A broad at its base.

Hosts : Varanus hengalensis. Stomach. Ceylon.

Varanus indicus. ,,
India.

Discussion.—Seurat (1917 a) considers this species to be iden-

tical with Fh. paradoxa v. Linst. and Fh. quadrovaria Leiper.
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After a study and comparison of these three species, I hold that,

although they are nearly related, they must be regarded as distinct

species. Ph. varani differs from Ph. paradoxa by its longer

oesophagus, longer trunlf, mode of origin of the four uteri, and
the absence of a denticular ridge on the inner side of each lip.

It differs from Ph. quadrovavia by its longer oesophagus, shorter

tail of the female, less evolved type of origin of the uteri, and
also by the absence of denticles on the inner surface of the

lips.

Ph. varani appears to be very closely related to Ph. abbreviata,

as redescribed by Seurat (1914 Z) and 1917 a), with which species

it agrees in the female genitalia. It appeal's, however, to differ

from Ph. ahbi-evicijta in its larger size, absence of denticles on the

inner surface of the lips, relatively shorter bursa, and larger

spicules. I have unfortunately not been able to examine and
compare any examples of Ph. abbreviata.

Ph. 2^'^Mariii Seurat, 1917, seems to be a near relative of

Ph. varani, from which species it can, however, be very easily

distinguished by its much shorter left spicule, the conformation
of the circumcloacal area, and by the position of the vulva in

front of the posterior limit of the oesophagus.

Parona's (1889) description differs from my findings in that

he mentions and figures the presence of four pairs of post-anal

ventral papillse, the last three pairs of which are equidistant

from each other, the 1st pair being situated immediately behind
the anus. I think an error has crept in his observations : namely,
that he has missed one pair of small papillae just behind the 1st,

and has misjudged the distance separating the 2nd and 3rd

pairs in his figure. I am led to this view because I think his

specimens could not have been well preserved, as he shows the

caudal alse having a lobulated border, a state of affairs which
I have noticed to take place in contracted specimens. I do not

think there can be any doubt as to the identity of the materials,

although Parona's description is so incomplete that it can apply

to quite a number of Physaloptera.

(25) Physaloptera Antarctica v. Linstow, 1899. (Text-figs.

36 & 37.)

Syn. Ph. alba Stoss., 1902.

Fer)%ale.

Mature and fully-grown females are abovit 45 mm. long and
950 [x broad. The body is of more or less uniform thickness,

only tapering slightly towards the anterior end. The body is

terminated by a short tail about 440 /x long. The cuticle is

roughly ringed, and between these rings a very fine cuticular

striati©n is observed under high-power magnification ; the cuticle

anteriorly is partly drawn over the lips. The cervical papillae are

lodged in shallow pits in the cuticle, and are situated about 650 ju,
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from the anterior end ; the excretory pore is seen on the ventral
surface about 95 /x, further back ; it leads into the excretory duct,
which pa«ses into a gland lying against the ventral surface of the
CESophagus. The two lateral lips are each surmounted by a large
triangular tooth, slightly recurved at its tip; applied to the inner
surface of each is a small spike-like tooth. On either side of the
median tooth, in the lateral angles of each lip, there is seen
another tooth, much smaller than the terminal tooth and split

almost to its base; just below these and on the outer surface of
the lip there is a conspicuous papilla. The lips are immediately
followed by the oesophagus, which is straight and thickens slightly

towards its posterior end. It is about 4*7 mm. long or 1/9-5 of

the body-length, and is divided into a short and narrower

Text-figure 36.

Fhysaloptera antarctica v. Linst.

Latero-ventral view of cephalic extremity.

anterior part about 475 /^ long and a longer posterior glandular
part. The first part is surrounded near its base by the large

nerve ring.

The chief characteristics of the female genitalia is the presence
of four uteri. The vulva is a circular aperture, flush with the
surface and situated at about the junction of the 1st and 2nd
quarters of the body. It leads into a short and slightly coiled

vagina, very muscular and about 90 /x in diameter. It is followed

by the egg-chamber, about 259 /x in diameter ; the hind end of

this chamber constricts suddenly, so that the common tiunk has
about the same diameter as the vagina. The common trunk
divides posteriorly into two branches, and these after a short

distance subdivide again. The four uteri thus formed may first
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pass forwards to beyond the junction of the cesophagus and
intestine and then pass backwards, or they may pass backwards
directly. The uteri are more or less parallel, and their hinder

ends pass gradually into the receptacula seminis, about 380 jx

long by 150 /A broad. The receptacula seminis pass abruptly

into the oviducts, 38 [l in diameter, which soon join the ovaries
;

the latter pass forwards, taking more or less a convoluted course.

Male.

The males are slenderer than the females, fully-grown forms
being about 32 mm. long and 750 /x broad. The body is only

Text-figure 37.

Fhysaloptera antarctica v. Linst.

A = Caudal extremity of male. B = Tip of left spicule.

C = Right spicule.

slightly attenuated anteriorly. The cuticle is of the same char-

acter as the female, and the cervical pa,pill£e occupy relatively the

.same position, being situated a short distance beyond the junction

of the muscular and glandular portions of the cesophagus. The
excretory pore is situated ventrally abqut 130 /* further back
than the cervical papillae. The lips are as described for the

'female.

The first part of the cesophagus is thinner than that following,

measures about 500 jjl long, and is surrounded at its base by the

nerve ring. The total length of the cesophagus is 3"55 mm, or

l/9th of the body-length.
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The bursa is hxrge, being about 2j mm. long by 1| mm. broad
across the cloaca. The lateral expansions are well developed,

and the central portion of the ventral surface is covered by
longitudinal rows of spike-like tubercles. The anus is atriradiate

aperture, situated in the centre of a more or less circular cushion

like a swelling, about 420 jx in diameter, and itself covered with
small tubercles. On either side of it there are four elongate

papillas, implanted equidistant from each other. Anterior to the

cushion there are three ventral papillee of equal size and situated

in a row; immediately posterior to the cushion there are two small

pairs of ventral papillfe. There are three other pairs of ventral

papillje further down the tail, of which the middle pair is nearer

to the anterior than to the posterior pair. These last three pairs

of papilliTe are each provided with a short stalk.

The spicules are unequal, that of the left side being longer

than that of the I'ight side. The left spicule measures 1504 /a long

by 19 /x broad at its base ; at its tip it widens out to form a kind
of spear-head 64 jx long by 18 /x broad The right spicule is stout,

and measures 410 /a long by 33 /a broad at its base. In its pos-

terior two-fifths it becomes slightly widened out, after which it

gradually tapers to a point.

Hosts : Varanus varius.

Python spilotes.

My material has been identified as Ph. antarctica v. Linst.

because of the general agreement of the measurements of my
material with those of von Linstow's ; the only important differ-

ence is the relative length of the tail of the female ; von Linstow
gives it as l/54th of the body-length, whereas in my material

it forms only about half this length.

Only two species have so far been described from Australian

lizards— namely, the species described by A^on Linstow and Ph.

alba described by Stossich (1902). Irwin-Smith (1922) considers

these species to be the same, and I am inclined to agree with her.

Unfortunately, I have not been able to examine material from
any of the hosts from which these two species were obtained, but
from the brief descriptions and figures given by von Linstow and
Stossich it appears probable that they are identical.

Ph. antarctica, because of the nature of its labial teeth and
mode of origin of the four uteri, is closely related to Ph. abbre-

viata, Ph. varani, and Ph. pallaryi ; it is, however, very easily

distinguished from all these by the configuration of its male
bursa and by the difference in size and shape of the spicules.

I have given aii extract of both von Linstow's and Stossich'

s

descriptions in Part II.

(26) Physaloptera colubri (Rud., 1819), Diesing, 1851.

(Text-fig. 38.)

The tj^pes of this species, deposited in the Vienna Museum,
consisted of two immature females and the fragments of another
worm ; the specimens were slightly shrunken.
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Tlie cuticle is finely striated transversely, and is partly reflected

over the lips; the cervical papillfe are situated about 100 /^ behind
the level of the hind end of the muscular cesophagus, and the

excretory pore about 75 /a further back.

The lips are rounded, and each is surmounted by a single large

terminal tooth, no other teeth being present. Externally each

lip carries a small subdorsal and subventral papilla.

The oesophagus forms nearly l/4'6 of the body-length ; its

anterior muscular part is thinner than the rest, and it is encircled

by the nerve ring in its posterior third ; it forms just less than
1/lOth of the whole organ.

Fe'niale.

The two specimens measure respectively 7 and 8 mm. long by
350 and 860//, broad ; the body is attenuated in its anterior half,

and it is terminated behind by a relatively long and bluntly

rounded tail, which is turned up dorsally in both specimens ; it

Text-fio-ure 38.

JPhysaloptera coluhri (Rud.), Dies.

. A = Lateral view of lip.

B = Caudal extremitj- of male. (After v. Drasclie.)

is about l/30th of the body-length, and its caudal pores are

situated in its posterior third. The vulva is only very slightly

protuberant, and its position divides the body into the ratio of

1 : 2'5 ; it leads into a vagina bent on itself and measuring 1^ mm.
long by 55 /A thick; the egg-chamber is 320 /a long by 145 /x, in

diameter, and is also bent on itself; the following common trunk
is of about the same length as the egg-chamber, and is about

50 /x broad ; its posterior end divides into two, each of which,

after a distance of 240 /x, again divides into two to give rise to

the four uteri.

ISTo eggs were observed, the specimens being immature.

Male.
The following description of the male bursa is based on von

Drasche's description and dravv^ing, no males being available for

personal study.
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The caudal expansions are well developed, and the four pairs of

stalked papilte are situated in two groups, two pairs being pre-

anal and two pairs post-anal. The three pre-anal ventral

papillae are of the same size, the middle one being nearer the
anus than the other two.

There are four pairs of post-anal ventral papillsB, of which the

1st is small and situated immediately behind the anus ; the 2nd,

3rd, and 4th pairs are equidistant, the 2nd being situated at

the level of the last pair of stalked papillae, and the last near the
tip of the tail.

Host : Coronella austriaca. Intestine. Australia.

Types in bottle 4451 in the Vienna Mviseum.
It is probable that when the male of this species is re-examined,

it will be found that there are five pairs of post-anal ventral

papillae, and that the extra papilla will be situated near the
1st pair just behind the anus.

(27) PfiYSALOPTERA siMPLiciDENS, sp. n. (Text-fig. 39.)

The material examined consisted of three females, two of which
were immature, one small male, and one larger male which had its

bursa broken oil'.

The cuticle is finely striated, and is slightly i-eflexed over the

lips ; the cervical papillae are situated in small concavities just

behind the junction of the muscular and glandular parts of the

oesophagus. The excretoi-y pore is situated on the ventral

surface about 60 /x further back.

The lips are somewhat flatly conical in side view, and each

bears a large triangular tooth, slightly recurved outwards : no
other teeth were observed. Each lip carries two papillae, one
subdorsal and one subventral, on its outbi surface.

The oesophagus is short, and in the female forms 1/1 3th and in

the male l/8th uf the body-length ; its anterior muscular part

forms about l/9th of its length, and is distinctly sepai'a^ed from
the following glandular part ; it is encircled by the nerve ring in

its posterior quarter.

Female
The females are about 44 mm. long and 950 ft broad, and are

attenuated towards both extremities ; this is only slightly

evident posteriorly where the body is terminated by a short and
conical tail, forming l/105th of the body-length. The vulva
divides the body into the ratio 1 : 3*3 ; it leads into a muscular
vagina 1'3 mm. long by 95^ in diameter; this in turn passes

gradually into the egg-chamber, which is 1*7 mm. long by 325/1,

broad ; the following common trunk is short, and divides into two
branches, each of which after a distance of 200 /x, divides again

to give rise to the four uteri.

The eggs are oval and very thick-shelled, measuring on an
average 55 jj. long by 41 jx broad, with a shell 9 /x thick ; they are

fully embryonated in utero.
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Male.
The males are respectively 14 mm. and 21 mm. long ; they are

attenuated only towards the anterior end ; the maximum breadth

of the larger male is just in front of the bursa, where it is 725 ju,

broad.

The bursa is Iai*ge, and is nearly twice as long as it is broad ; it

forms about 1/1 0*7 of the body-length. The arrangement of

the papillse is similar to that found in Pli. antarctica v. Linst.,

except that the lateral stalked papillse are arranged in two groups,

the 1st and 2nd pairs forming a pre-anal group, and the 3rd and
4th pairs forming a post-anal group.

Text-figure 39.

Fliysaloptera simplicidens, sp. n.

A = Ventral view of anterior extremity of body.

B = Caudal extremity of male.

The spicules are slightly unequal, the left being slightly longer
and slenderer than the right ; their lengths and breadths are
respectively 510 ju by 38 ^a and 410 /x by 50// ; both end in fine

points, the right, however, being slightly swollen just behind its

middle.

Host :
" Sleeping Lizard." Australia,

Types in the Helminthological Department of the London
School of Tropical Medicine.

Affinities.—The presence of four uteri and a single tooth allies

this species to Ph. coluhri (Rud.), from which species it is, how-
ever, distinguished by its much larger size, its relatively much
shorter oesophagus, and by the difierence in number and arrange-
ment of the post-anal ventral papillse.
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Group Polydelphys.

(28) PnysALOPTERA TURGiDA Rudolphi, 1819. (Text-fig. 40.)

Syn. Turgida tiorgida (Rud., 1819), Travassos, 1920.

Sjyiro-ptera turgida (Rud., 1819), Duj., 1845.

The material studied consisted of some excellently preserved

specimens in the collection of the Vienna Museum, and of three

tubes of material in the collection of Prof. Leiper.

The cuticle is slightly inflated, and is partly reflected over the

lips ; it is transversely striated by very fine strise ; the cervical

papillae pierce the cuticle just behind the level of the muscular
oesophagus, a,nd from 200 to 300 //, further back is the opening of

the excretory gland.

The two lateral lips are semi-conical in lateral view ; each is

surmounted by a large triangular outer tooth having its tip

slightly bent outwards; immediately internal to it is a large

membranous tooth of equal height and tripartite; no lateral teeth

are present. Each lip carries two external papillae, one subdorsal

and one subventral.

The oesophagus is long and straight, widening gradually

posteriorly ; in the females it varies from l/4"8 to l/5"5 of the

total length, and in the male from l/3'9 to l/5'9 ; its muscular
portion is thinner than the rest, and forms in the female 1/lOth

and in the male l/8th of the vvliole organ. The nerve ring

encircles it in its posterior third.

Female.

Adult and fully mature females are large and stout, measuring
as much as 55 mm. long by 3 mm. broad in their posterior half.

The body is attenuated in its anterior half, but posteriorly the

thickness is more or less uniform until the vicinity of the anus,

where the body tapers suddenly to form a pointed tail l/45th
to l/56th of the total body-length, and whose caudal pores are

situated in its posterior third.

The position of the vulva varies considerably, but in all cases

it was situated behind the end of the oesophagus ; it divides the

body in the ratio of 1 : 2 to 1 : 4'4. The vagina is thick-walled,

short, and passes straight back ; it is just less than 1 mixi. long by
95 ju. thick. It passes directly into a larger egg-chamber of about
the same length and about 230 /x broad; from the posterior end
of this chamber a number of uteri take their origin ; because of

the complicated manner in which they were' entwined, it was not
always possible to determine the exact number, but in two speci-

mens it was definitely seen that the one had 11 and the other
had 14 uteri. The uteri pass down the body, coiled round each
other, almost to the posterior end, when they i^ecurveand join up
with the receptacula seminis, which in their turn are united to

the ovaries by means of short and thin oviducts. The oviducts
pass forwards again to about the middle of the body.
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The eggs are oval and tliick-shellecl and relatively narrow,

measuring 48 /x by 29"5 /a.

Alale.

The males are smaller than the females, apparently mature
specimens measuring from 21 to 32 mm. long by '950 to 1*25 mm.
thick ; the body is much more attenuated anteriorly than in the

females, this thinning beginning from aboxit the posterior third.

The bursa is large, and has well-developed lateral expansions
;

the four pairs of pedunculated papillae are equidistant from each

other, two pairs being pre- and two pairs being post-anal in

position. Of the three pre-anal ventral papillae, the middle one
is situated nearer the anus than the other two. Behind the anas
there are five pairs of ventral papillas ; of these the 1st and

'Text-figure 40.

Pliysaloptera turgida Rud.

A = Lateral view of cephalic extremity.

B = Caudal extremitj' of male.

2nd pairs are situated immediately behind the anus in a
row, the 3rd pair is slightly oblique in position, and the 4th
and 5th are situated close together. The ratio of the distances
separating pairs 2 and 3, 3 and 4 to 5, and 5 to the tip of the tail

is as 1 : 2 : 1

.

The spicules are of equal length, short, straight, and tubular

;

each is about 410 /a long by 32 //, broad at its base.

The ventral surface of the bursa is covered with longitudinal
protuberances.

Hosts : Didelphys cancrivora.
" Manicon."
Didelphys virginiana.

Affinities.—See Ph. dilatdta.

Stomach. Brazil

.

West Indies.

Michigan,
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(29) Physaloptera dilatata Eudolpbi, 1819. (Text-fig. 41.)

Syn. Spio'optera dilatata (Rud., 1819), Duj., 1845.

Two males and two females were examined from bottle 4454 in

the Vienna Museum. The females were somewhat shrunken, but
otherwise the material was in an excellent condition.

The cuticle is finely striated transversely, and is loosely attached

to the body ; it is reflected over the base of the lips.

The cervical papillae are situated about 290 fx behind the level

of the posterior limit of the muscular oesophagus, and the excre-

tory pore about another 200 /x further back. ?3=|^

The two lips are large and semi-rectangular, with projecting

dorsal and ventral corners. Each is surmounted by a large

conical external tooth, and a tripartite inner tooth of the same

Jext-figure 41.

Fhysaloptera dilatata Rud.

A = Terminal portions of female genitalia.

B = Caudal extremity of male.

height but semi-membranous. No additional teeth are present.

Externally each lip has a subdorsal and a subventral dome-like

papilla.

The oesophagus is remarkable for its difference in relative

length in the two sexes; in the two male specimens examined it

formed respectively 1/4-.S and l/4'8 of the total body-length ; in

the females it is relatively only half this length, forming in

the one l/8'6 and in the other 1/7*5 of the total length. Its

muscular part is thinner than the following glandular, and
forms about 1/lOth of the whole organ ; it is encircled by the

nerve ring at the junction of its third and last quarters.

Female.
The females are large and stout, the two specimens measuring
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respectively 55 and 90 mm. long, with a maximum breadth of 1"9

and 2'9 mm. respectively ; the body is attenuated only in its

anterior half, the posterior half being of the same thickness,

•except for the tail region, where the body tapers abruptly to form
a conical tail l/85th of the total length.

The vulva opens very far forwards, being situated in front of

the middle of the oesophagus ; its position in one specimen

divided the body in the ratio of 1 : 22. It leads into a com-
paratively straight vagina 2| mm. long by 115 /x broad. The
following egg-chamber is club-shaped, 2 mm. long by about 840 /x

broad at its widest part ; many uteri take their origin from the

outer edge of the club ; 15 were present in the one specimen, and
in the other at least 12 could be made out.

The eggs are oval and thick-shelled, averaging 39 yu, long and
27 /A broad.

Male.

The males are smaller than the females, measuring respec-

tively 47 and 55 mm. long by 1*45 and 1*6 mm. broad. The
body has its maximum breadth just in front of the bursa, and
from here the body attenuates gradually towards the anterior

end.

The bursa is broad and sharply recurved ventralwards ; it forms
about 1/1 6th of the body-length, and its ventral surface is

covered with longitudinal rows of tubercles. The four pairs of

pedunculated papillce are equidistant, three paii's being pre -anal

and the 2nd and 3rd pairs are much longer than the other pairs
;

of the pre-anal ventral papillas, the middle one is slightly larger

and' is situated nearer the anus. There are five pairs of post-anal

ventral papillae, of which the 1st and 2nd pairs are small and
situated in a row immediately behind the anus ; the 2nd, 3rd,

and 4th pairs are equidistant from each other, while the distance

between the 4th and last pair is only about a third the distance

separating the two preceding pairs.

The spicules appear to be short and equal, but unfortunately

the tip of the right spicule was broken off in both specimens, so

that it was not possible to determine its correct length ; the left

spicule was straight and pointed, and measured 655 jx long by
57 /A broad at its base : the base of the right spicule had the same
thickness as that of the left side.

Host : Lagothrix humholdtii. Stomach. Brazil.

Affinities.—This species appears to be closely i-elated to

Ph. turgida, v/ith which species it agrees in the form of the lips

and teeth, general size, and in the anatomy of the female
genitalia. It is, however, readily distinguished from this species

by the position of the vulva, the difference in the relative length

of the cesophagus in the two sexes, and by the position of the 4th
and 5th post-anal ventral papilise on the male bursa.

Pjioc. Zool. See—1922, No. LXXII. 72
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(30) Physaloptera capensis, sp. 11. (Text-figs. 42 &. 43.)

The material on which this study is based consisted of one
female, two males, and portions of two males.

The cuticle is very finely striated transversely, and is only very
slightly reflected over the base of the lips.

The lips are large, and each has on its outer lateral border two
dome-like papillae. The median external tooth is large and is

situated on the summit of the lip ; its tip is bluntly rounded
;

immediately internal to it there is another tooth of the same
height, but having its tip slightly notched ; towards the angles

of each lip there is an additional tooth, fairly large, Avliich is

generally bifid and may sometimes be irregularly ti'ifid. On

Text-figure 42.

PJii/saloptera capensis, sp. n.

A = Ventral view of anterior extremity of body.

B = Outer lateral view of lip.

C = Terminal portions of female genitalia.

either side of the median tooth there is another bifid tooth, very

small and somewhat diificult to make out ; it is situated about
midway between the median and lateral teeth.

The cervical papillse and excretory pore axe situated at the

same level, about 120 /x behind the junction of the two oesopha-

geal parts.

The muscular part of the oesophagus forms about 1/1 1th of the

total length of the oesophagus ; it is slightly narrower than the

following part, and is surrounded in its middle by the nerve ring.

The whole cesophagus forms just less than l/5th of the total body-
length in the male and 1/1 0th in the female.
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Female.

The solitary female is robust, having somewhat the appearance
of a short ascaricl. It is 56 mm. long, and 1-7 broad in its middle

;

it is attenuated only very slightly anteriorly.

The vulva is situated jflush with the surface and 15-85 mm.
from the anterior end ; it leads into a long vagina 3-62 mm. long
and 152 /A broad; this vagina, except for a loop at its end, passes
straight down the body to join the egg-chamber ; this is also very
long but not very broad, measuring 4-86 mm. long by 343 ^ in

diameter. The end of the chamber joins the common trunk,
Avhich is 2-19 mm. long and about as thick as the vagina. The
rest of the genitalia are remarkable for the number and mode of

origin of the uteri ; there are 14 uteri arising from six branches,
which unite to form the common trunk ; four of these branches

Text-figure 43.

Fhl/saloptera capensis, sp. n.

Caudiil extremity of male.

give rise each to two uteri, whereas each of the remaining two
branches give rise to three uteri.

The tail is pointed and 950 /^ long ; the caudal pores open 380 p.

from its tip.

The eggs are oval and thick-shelled, measuring 55 ^a long by
32 jLc broad, and shell 4 jx thick.

Male.

The males are much slenderer than the females, measuring
24 mm. long by 900 /a broad just behind their middle; they are
slightly attenuated anteriorly.

The caudal bursa is large, and twice as long as it is broad ; it

forms about 1/1 1th of the body-length ; the caudal alae are well
developed, and are supported by the four pairs of pedunculated
papillce, of which two pairs are pre-anal and two paii-s post-anal

72*
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in position. On the ventral surface there are three pre-anal

papillae immediately in front of the anus, and five pairs of post-

anal papillae. The 1st and 2nd of these last are found close

together near the anus ; the 3rd and 4th are closely approximated

to each other, and are inserted in the middle of the tail ; the last

pair is situated midway between them and the caudal extremity

;

the whole ventral surface of the bursa is covered by longitudinal

rows of tubercles.

The spicules are unequal, that of the left side being over six

times as long as that of the right. The right spicule is fairly

stout, measuring 57 /x at its base and gi-adually tapering to a

point ; it is 420 /a long. The left spicule is also pointed, but much
slenderer ; it is 2*7 mm. long by 27 /x broad at its base.

Host : Xei'us setostos. Stomach. South Africa.

The types to be deposited in the British Museum of Natural

History, London.
The mode of origin of the uteri, in conjunction with their

number, give this species a unique position in the genus.

The general character of the vagina, egg-chamber, common
trunk, and eggs are typical for the genus, so that the presence

of numerous uteri is not a sign of very close affinity to the

polydelpboid species Ph. turgida and Ph. dilatata.

(31) Physaloptera sp. (Text-fig. 44.)

The study of this species is based on a single male 15 mm, long

and '65 mm. broad. It was collected from the stomach of a

Bandicoot which had died in the Gardens of the Zoological

Society of London.

From the middle forwards the body becomes attenuated, but

behind the middle the body is of a uniform thickness. The
cuticle is finely striated transversely, and is reflexed over the lips

so as to completely enclose them. The cervical papillag axe found

457
ij.
from the head end, i. e. at the junction of the two oesophageal

parts. The excretory pore is situated just behind them.

The mouth is bounded by two large and somewhat conical lips,

each surmounted at its apex by a large and triangular outer tooth

and immediately internal to it by a median tiipartite tooth, of

the same height as the outer tooth, but less chitinised. Two
external papillae are present on each lijj.

The oesophagus is 3'77 mm. long; its muscular pai-t is thinner

and 400 p. long, and the nerve ring encircles it just behind its

middle.

The caudal bursa is twice as long as it is broad, and it forms

l/9thof the body-length. Its chief characteristic is the irregular

arrangement of its papillse. Of these thei'e are four stalked

papillpe on the right side and six on the left. Those of the right

side are arranged in a pre-anal group of three, far removed from

the anus, and a post-anal papilla ; those of the left side are

arranged in a pre-anal group of five and a single post-anal papilla.

The three pre-anal ventral papillae are far removed from each
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other, the centre one being large and situated nearest to the
anus. There are five pairs of post-anal ventral papillae, situated
more or less equidistant from each other ; the 2nd, 3rd, and 4th
pairs of these are obliquely situated across the tail, whereas the
1st and last pairs are arranged transversely.
The spicules are unequal, the left being longer and slenderer

than the right. The right spicule is 370 by 50 /x thick at its

base
;

it tapers to a rounded tip. The left spicule is 523 jx long
by 20 ,u broad at its base, and tapers to a fine point.

Text-figure 44.

Fhyscdopte^'a sp.

A = Latero-veiitral view of cephalic extremity.

B = Caudal extremity of male.

The ventral surface of the bursa is ornamented with longi-
tudinal rows of somewhat rounded tubercles.

Host : Perameles nasuta. Stomach. Australia.

I have not attempted to classify this species, because only a
single specimen was available for study, and the arrangement of
its bursal papillse difi"ered so much from the typical that I
consider the specimen to be abnormal.

PART II.

Group Dideiphys.

(32) Physaloptera rara Hall & Wigdor, 1918.

Male unknown ; length of female 24 mm., maximum thickness
1*34 mm.

Anterior extremity somewhat attenuated. Cuticle strongly

annulated, and first annulation behind the head forms a sort of

collar, into which the head is partly sunk.
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Two lateral lips large, eacli carrying three prominent inner
median teeth and a somewhat smaller external tooth. Each lip

with three external papilla?.

Length of oesophagus 1*16 mm. ; its muscular part 526 fx long.

Nerve I'ing near base of muscular oesophagus.

Yulva 3*63 mm. from anterior end. Vagina 880 /j, long.

Egg-chamber and common trunk together 2* 16 mm. long.

Two uteri. Tail blunt and 420 yu, long.

Host: Ganis familiaris. Duodenum. Michigan.
Hall and Wigdor suggest that this may be an accidental

pai-asite of the Dog. From the remarkable shortness of the

oesophagus and tlie relative length of its muscular part, I suggest

tliat this Vv'orm is abnormal, which could easily be accounted for

if it vvas parasitic in a wrong host.

(33) Physaloptera tacapensis Seurat, 1917.

Length of male 15*6 mm., female 22-3 mm.
Cervical papillse subsymmetrical, at same level as excretory

pore immediately behind the muscular oesophagus. External
tooth strongly chitinised and truncated ; internal tooth of same
height. CEsophagus 1/4 in the male and l/4"6 in female of body-
length. Female tail short and conical; male tail conical.

Vulva immediately in front of end of oesophagus. Yagina
2'3 mm. long, egg-chamber 1*02 mm. long ; common trunk absent.

Two uteri. Receptaculum seminis yqvj long. Eggs with very
thick shell (7 /x) ; 56 ;u. x 30 /x.

Male caudal bursa with longtitudinal cuticular ornamentations.
Character and arrangement of bursal papillae exactly as those in

the species described by Seurat (1917 &) as Ph. clausa.

Right spicule 240 « long, thick, and thimble- shaped ; left

spicule 360 /x, long, slenderer, with conical tip.

Host : Ctenodactyhhs gundi. Stomach. Sud-Tunisien.
From Seurat's description this species appears to be so closely

related to his Ph. clausa that it appears hardly warrantable to

separate the two. The similarity of the teeth, shape of spicules,

and arrangement of male caudal papilla appear to me to be of

far greater weight than the slight differences of the relative

positions of the vulva, relative lengths of the oesophagus, lengths
of the spicules, positions of the cervical papillae and excretory
pore, and the larger egg, all of which difi'erences may verj^ well

be due to the fact that the one parasite is about twice the size of

the other. In a given species of Physaloptera taken from the
same host, the differences in size between one adult and anothei?

is often very marked, and consequently there is always a certain

amount of difference between the individual specimens.

(34) Physaloptbka getula Seurat, 1917.

Length of male 16-3 mm., female 18-5 mm. x 970 /x thick.

Body stout, attenuated anteriorly ; cervical papillce sub-
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symmetrical, far posterior to end of muscular oesophagus and
just in front of excretory pore. External tooth conical, slightly

shorter than the internal tooth.

Yulva may be found behind oesophagus, but generally it opens
in front of its posterior termination, even so far forwards as its

middle. Two uteri arise directly from base of egg-chamber.
Receptaculum seminis shoi't and ovoid, not constricted off from
the uterus.

Egg ? Tail short, digitiform, with rounded tip.

Body of male smaller and slenderer than that of female. Bursa
ornamented with spines. Three large papillae just in front of

anus ; 3rd pair of post-anal papilloe at the level of the 5th pair of

external papillse.

Spicules unequal, right larger and shorter with bent tip, left

slenderer and straight. 350 and 480 [x long respectively.

Host : Mus rccttus. Stomach. Moi-occo.

(35) Physaloptera brevivaginata Seurat, 1917.

Only immature female known ;
9*8 mm. long x 444 /x thick.

External tooth strongly chitinised with broad base (surbaissee)

and bent outwards. Internal tooth tripartite, and higher than
the external tooth ; its middle part is bicuspid. Two papilla; to

each lip. (Esophagus l/4th, tail l/35th of body-length ; tail has
a rounded tip, and the caudal pores are in its posterior third.

Vulva immediately in front of middle of body, 2*3 mm. from
anterior extremity. Vagina very short, 300 yu, long ; egg-chamber
600 /x long, and its posterior end passes directly into the two
uteri.

Host : Vespertilio kuhlii. Stomach. Bou-Saada.

(36) Physaloptera alata, var. chevreuxi Seurat, 1914

Has same character as Ph. cdata ; differs by its smaller size and
very posterior position of the cervical papillae and excretory pore.

Mcde 7 mm. longx515/x, thick. Muscular oesophagus 260 //,.

(Esophagus l/4th of body-length. Cervical papilla 370 and 360 /x

from anterior end ; excretory pore 384 ya.

Female (immature). Length 8 mm.; tail long (310 /x) and
conical. Vulva a short distance behind end of oesophagus.

Host : Hawk, Bone.

(37) Physaloptera alata, var. nouveli Seurat, 1915.

Large nematodes with robust body and regularly attenuated
anteriorly. Cervical papillae subsymmetrical, situated more or

less at the level of the hind end of the muscular oesophagus. Two
lateral lips, each with a large triangular external and pointed

tooth, and a very small internal tooth with three tips. (Eso-

phagus short, l/6th of body-length.

Male. Length 22-28*5 mm. x 900 /a thick. Tail conical and
slender, 1-165 mm. long. Circumcloacal area covered with small
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cuticular tubercles. (Arrangement of the papillse as in Ph. alata.)

Thi-ee pre-a.nal sessile papillas arranged in a triangle. Four pairs

of post-anal ventral papillae ; the 1st and 2nd pairs of these are

slightly stalked, and are found on the posterior lip of the cloaca
;

the last pair is situated just behind the middle of the tail. Five
pairs of lateral stalked papillse grouped about the cloaca, the last

inserted at the level of the 3rd pair of post-anal ventral papillse.

Right spicule robust and large, 550 /a long ; left spicule slenderer,

feebly chitinised, and longer.

Female 33 mm. longx 1 "055 mm. thick. Tail long, conical, and
pointed. Caudal pores in its anterior third. CEsophagus 5-61 mm.
long. Vulva in front of termination of cesophagus, 3"8 mm. from
anterior end. Unpaired female genitalia very long ; vagina
2"15 mm, long and directed backwards ; egg-chamber 3'125 mm.
long ; trunk 500 yw, long, and divides posteriorly to give rise to

two uteri. Receptacula seminis pyriform, 600 X 325 /j,. Egg
elliptical, thick-shelled, and embryonated ; they measure 50 x 25 jx.

Hosts: Aquila chriisaetos.\ /-rr i -n o a i

A . • y Uiisophagus. l30u-!Saada.
Accipiter msus.

J

^ °

(38) Physaloptera subalata Schneider, 1866.

Length of male 32 mm.
Tips of lips very prominent. Outer tooth longer than inner

tooth ; edges of smaller teeth quite parallel, and pointed at the
tip. Four pairs of stalked circumcloacal papillse. Three sessile

pre-anal papillse, the middle one nearer the anus ; three pairs

behind the anus, of which the last two pairs are close together,

one pair behind the other, and the last pair nearer the mid-line ;

the other pair is situated at about the junction of the 1st and 2nd
tail thirds.

Host : Falco sp. Stomach. Brazil.

With regard to the nature of the teeth, Schneider's description

differs from his figure ; he states that the outer tooth is larger

than the inner, and in his figui-e shows the outer tooth very much
smaller. I take his figure to represent the correct nature of the
teeth.

Seurat (1914 c) tentatively referred to this species some Phj'sa-

loptera which he obtained from the stomach of a Buzzard, San
Martino, Corsica. Briefly he describes this material as follows :

—

Large and robust body. Two lips, each with a small and cuneiform
outer tooth and a large tripartite inner tooth. OEsophagus
1/4" 5 in male, l/6th in female of body-length. Vulva in anterior

third of body, 3 mm. behind oesophagus. Vagina 1 mm., egg-

chamber 750 yu, long ; trunk divides to give origin to two uteri.

Bursa with four stalked circumcloacal papillse. Three pre-anal

ventral papillse form a triangle ; two pairs immediately behind
anus, 3rd pair in middle of tail.

Spicules unequal ; left 840 /x long, slender, and pointed ; right

less than 400 /x long, and thicker.
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(39) Physalopteea crosi Seurat, 1914.

Male 22 mm. long by 660 /x thick, female 12-22 mm. long.

Two lips, large, each with two external papillte. External tooth

large and triangular ; inner median tooth very small and tri-

partite. Cervical papillae situated immediately behind level of

nerve ring.

CEsophagus l/6th in male, l/4th in female of body-length.

Male bursa plus well-developed alte, and ornamented with,

tubercles. Arrangement of its papillse as in Ph. galinieri and
Ph. subalata, except that an unpaired sessile papilla is present

between the last pair of ventral papillae. Spicules equal, 300 /j,

long.

Tail of female short, with caudal glands opening in front of its

middle. Vulva in anterior third, 1 mm. behind oesophagus,

Yagina shorter than egg-chamber, which is 1 200 /x long x 300 fi

broad; trunk 400 /x long, and divides to give rise to the con-

nections of the two uteri. Eggs 55 x 25 fx, embryonated.
Host : Accipiter nisus. Stomach. Mascara.

(40) Physaloptera galinieri Seurat, 1914.

Length, male 21 mm., breadth 780 /x ; length, female 17-34 mm.
by 1"05 mm. thick.

Two lateral lips, each with a large and very conspicuous

tripartite inner tooth.

(Esophagus l/6th in male and l/7th in female of bod3^-length.

Cloaca 925 /x. from end of tail in male. Five pairs of stalked papillae,

of which the anterior 4 pairs are arranged circumcloacally, and
the last some distance further back. Eleven ventral papillae, with

short stalks and approaching mid-ventral line ; of these, 3 are

pre-anal, 4 immediately behind the anus in a transverse row, 2 at

the level of the posterior pair of circumcloacal stalked papillae, and

2 midway between the posterior stalked papillae and tip of tail.

Spicules short, 360 and 380 /x long.

Vulva a short distance in front of middle of body, far removed
from hind end of cesophagus. Ovijector passes forwards ; vagina

2 mm. long; egg-chamber oval, 600 /x long; trunk 200 /x long.

Two uteri, one of which passes forwards and then recurves

backwards, whereas the other passes straight back. Recep-

taculum seminis sharpl}^ constricted off from oviduct and uterus,

rounded ; diameter 240 /x. Eggs 65 x 35 /x.

Host : Aigle. OEsophagus and stomach. Ain-Oussera.

(41) Physaloptera leptosoma (Gervais, 1848), Seurat, 1917.

Syn. Strongylus leptosomus Gervais, 1848.

Ph. chamceleontis Gedoelst, 1916.

Length of male 7-8-20 mm., of female 12*5-45 mm.
Two lips ; external tooth cuneiform, slightly knobbed at its tip

;

internal tooth spike-like ; lateral teeth bicuspid (these teeth more
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or less as in Fh. paradoxa, except that inner median tootli is

larger) ; inner denticulate border reduced and interrupted in

places.

Muscular oesophagus very short. (Esophagus l/6th in male,

1/lOth in female. Cervical papillse asymmetrical, just behind
muscular oesophagus.

Vulva at level of end of oesophagus or just posterior : vagina
2*2 mm. long, egg-chamber 925 /x long, trunk 500 /x long. Two
uteri. Receptaculum seminis 400 /.i long. Eggs 52 X 35 ^.

Tail of female elongate and digitiform, with its caudal pores in

its posterior third.

Ciicumcloacal area of male with small tubercles arranged
longitudinally ; in adult males these are spined.

Male bursa lanceolate ; 4 pairs circumcloacal stalked papillae.

Thirteen ventral papillae ; of these, 3 in front of anus, the lateral 2

being shortly stalked ; 2 pairs immediately behind anus ; 2 pairs

just in front of middle of tail, the anterior pair being stalked
;

2 papillae at posterior third of tail. Spicules veiy unequal ; right

3hort and thick, 15G x 35/x ; left slender and twelve times as long

as the right, 1'92 mm.
Hosts : Uromastix acanthinurus a,nd U. a. var. nigriventris.

Stomach and oesophagus. Algeria.

Varanus grisetbs. Stomach and intestine. Algeria.

(42) Physaloptera cham^leontis Gedoelst, 1916.

Syn. P/i. leplosoma (Gervais), Seurat, 1917.

Length of male 13-4 mm., of female 22 mm. x 815 /^ thick.

Two hemispherical lips, each with a triangular external tooth.

No internal teeth.

(Esophagus of male 1"9 mm., of female 3"7 mm. long; bui'sa

1*44 mm. long; spicules unequal, right 370 /x, left 2'1 mm. long.

Arrangement of bursal papillae as in Ph. affinis. Vulva divides

body into ratio of 1 : 4. Two uteri. Eggs 56-63 x 40-44 /x.

Host : Chamceleon gracilis. Stomach. Belgian Congo.

I agree with Irwin-Smith (1922) that this species is the

same as Ph. lejAoso'ina (Gervais), Seurat, 1917. The close similarity

between Gedoelst's and Seurat's descriptions is very striking.

The slight differences in the lengths of the spicules, length of

oesophagus, and position of the vulva can verj^ well be accounted
for as individual varia,tions.

Group Tetiadelphys.

(43) Physaloptera ntimidica Seurat, 1917.

Male unknown. Length of female 31-9 mm., thickness 950 /x.

Two lips, each with a very large external tooth, a very small
inner median tooth, and two bicuspid lateral teeth. Cervical

papilla subsymmetrical and situated far behind the muscular
oesophagus, at the level of the excretory pore. Tail short and



NEMATODE GENUS PHYSALOPTERA. 1087

conical ; caudal pores in its posterior third. Muscular cesophagus

short ; oesophagus l/8th of body.

Vulva in anterior quarter of body, 3"8 mm. behind oesophagus.

Vagina 2*16 mm. long, straight; egg-chamber long ; trunk long,

and divides dichotomously to give rise to four uteri. Recepta-

culum seminis oval.

Host: Dipodillics campestris. Stomach. Bou-Saada.

(44) Physalopxera abbeeviata Rudolphi, 1819.

Syn. Spiroj)tera abbreviata (Rudolphi), Duj., 1845.

Body robust. Two lateral lips large. External tooth large,

wedge-shaped, and truncated at its tip. Three inner teeth as in

Ph. paradoxa. Muscular oesophagus thick ; nerve ring at its

posterior end. Q]]sophagus long, l/3"6-l/5'4 in female, l/4-l/5"5

in male of body-length.

Female. Length 7'8-20 mm., attenuated towards both ex-

tremities. Tail conical, with caudal pores just behind its middle.

Position of vulva variable, opening either in front of or behind end

of oesophagus ; divides body into ratio of 1 : 2-1 : 6. Unpaired
female genitalia, very long (3-5 mm.), consist of vagina, egg-

chamber, and relatively long trunk. Four uteri arise by dicho-

tomous division of trunk. Receptaculum seminis 150x120 /a,

sharply constricted o£t" from both uterus and oviduct. Eggs
50-60 X 37 /x.

Male 7-5-11 mm. long. Tail elonga.te. Caudal alee large.

Outicular projections small and arranged in rows. Gloacal lips

non-salient. Arrangement of papillfe as in Ph. p)aradoxa.

Spicules very unequal ; left long and filiform, 2 mm. long ; right

short and stout, 180 x 45 /x. Both pointed.

This description is based on Senrat's (1914 6, 1917 «) rede-

scriptions of the species from worms obtained from the stomach

of Lacerta ocellata. Bou-Saada.

(45) Physaloptera pallaryi Seurat, 1917.

Length of male 8"1-10'8 mm., length of female 12*4 (larvte) to

25 mm.
Two lips, each with its anterior border slightly trilobed. Two

external papillte very small. External tooth triangular, pointed,

and recurved. Internal denticulate border formed of twenty
sharp denticles. Cervical papilho at junction of two oesophageal

parts ; excretory pore at same level or just posterior. Tail of

female very short and rounded ; caudal pores in its posterior

fifth.

(Esophagus long, l/5th in the male, l/6th in the female of body-
length.

Vulva 260-1200 /x in front of end of oesophagus. Vagina short,

350 /x long; egg-chamber 1'2 mm. long; trunk 650 /x long, and
divides dichotomously to give rise to four uteri. Eggs 65 x 32 ^u.
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Male tail massive, with I'ounded extremity. Anus opens on a

large cushion, 100 /x in diameter and covered with large warts.

First two pairs of stalked papillae at the same level ; 3rd pair at

the level of the cloaca; 1st pair post-anal ventral papillae just

behind cloaca, last pair 85 jx from caudal extremity. Spicules

unequal : right pointed and thick, 150 /a long ; left slender, 260 /x

long.

Host : Agama hihroni. Stomach and intestine. Maroeco.

(46) Physaloptera affinis Gedoelst, 1916.

Length of male 11-13*2 mm., of female 18-7-20-7 mm. x "8 mm.
Two lateral lips. External tooth large and triaiagular ; no

median internal tooth. Esophagus of S 1/4 6, of $ l/5"6-l/6-6

of body-length. Bursa 1-4 mm. long ; 2 pre-anal and 2 post-anal

stalked papillae ; 3 pre-anal ventral papillae arranged in a triangle
;

2 pairs papillae close behind anus; 2 pairs close together in middle
of tail ; 1 pair at junction of last tail quarters.

Spicules unequal, 2-2 mm. and 270 /x, long; club-shaped plus

a conical tip.

Yulva just behind oesophagus or as much as 2 mm. further back.

Four uteri. Eggs 56 x 40 jx.

Host : Psam'inojyhis sihilans. Intestine. Belgian Congo.

From Gedoelst's description this species appears to be the same
as PJi. paradoxa v. Linst. I have examined Phjsalopteia from
the same host, and these have been found to belong to von Linstow's

species, and consequent!}' Gedoelst's species must be relegated to a

synonym of Ph. paradoxa.

Group Polydelphys,

(47) Physaloptera torresi (Travassos, 1920).

Syn. Turgida torresi Trav., 1920.

Length of male 35 to 40 mm., of female 70 to 90 mm.

;

thickness of male 1 to 1*5 mm., of female 2 to 2"5 mm.
Two subtriangular lips, each with four external papillae and

one apical and median papilla. Three teeth present on the tip

of each lip, the median being larger and more internal in position

than the other two; it is 17 /x, in length. Lips 85 /x, high.

CEsophagus clavifoi-m, 6 to 8 mm. in length, and its muscular
part is 400 to 430 /a long

Vulva situated about midway down cesophagus. Egg-chamber
gives rise directly to 9 to 11 viteri. Receptaculum seminis pyri-

form, 870 /x long and 380 /x thick. Eggs 42 to 49 /a long by 28 /x

in diameter. Anus 780 to 870 ii from the posterior extremity.

Male caudal bui-sa with well-developed ake. Four pairs of

lateral cii'cumcloacal pedunculated papillae. Three sessile papillae

in front of the anus and two pairs of sessile papillse in a row
immediately behind the anus- three further pairs equidistant

from each other in the anterior half of the tail. Spicules
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subequal and weakly chitinisecl, 430 to 520 /x long. Anns about

2 to 4 mm. from the caudal extremity.

Host: Agoitti paca. Stomach. Bahia, Brazil.

Discussion.—This species appears to be very closely related to

Ph. dilatata Rud., 1819, the only notable difference being the

position of 3rd, 4th, and 5th pairs of ventral post-anal papillaa in

the male. In PJi. ton^esi these are equidistant from each other,

and are situated in the anterior half of the tail, the distance

between the 2nd and 3rd pairs being small ; in Ph. dilatata the

distances between the 2nd and 3rd, 3rd and 4th pairs are about

equal and long, while that between the 4th and 5th pairs is only

about half this distance.

Travassos describes and figures five external papillae to each lip,

but I very much doubt whether his observation is connect, as in

all the species of this genus examined by me I have never seen

more than two ; he also mentions the presence of five similar

papillre in his description of Ph. tunjida, but, having re-examined

my specimens of this species, I still maintain that only two
external papillce are present.

There seem to be some inaccuracies or misprints in Travassos'

description of this species. He writes " ovejector com vagina

claviforme longa de cerca de 46 mm. de comprimento." I think

this should be 4"6 mm., as it is hardly likely that this organ would
be about half the length of the worm. Further, with regard to

the ventral pre-anal papillse of the male, the description reads " 3

pares situados imediatamente acima do anus." As he figures the

usual three papillce in front of the anus, I think this sentence is

intended to convey the fact that three papillse, not three pairs, are

situated in this position. Because of this error, the number of

paired papillae is given as 12 instead of 10 pairs in addition to an
unpaired papilla.

With reference to the position of the anus in the male, the

description reads that it is " a cerca de 2, a 4 mm. da estremidade

posterior."' In his French translation this sentence is rendered

"a environ 2*4 mm. de Textremite posterieure." I am accepting

the original to be what Travassos meant, although from the

construction of the two sentences it would appear that the

tratislation probably describes the true state of affairs.

It is not perhaps out of place here to draw the attention of those

consulting Travassos' original description of this species to the

fact that the French translation does not always give a correct

rendering of the Portuguese text.

Forms with imdetermined number of uteri.

(48) Physaloptep.a caucasica v. Linstow, 1902.

Male 14-22 mm. longx '71 mm. broad ; female 27 mm. long by
l'14mm. thick.

Cuticle unringed. Lips with four submedian papillas, and laroe

cone-shaped external teeth. (Esophagus l/5th of body-length.



1090 MR. E. J. ORTLEPP ON THE

Male bursa broad anteriorly and narrowed behind ; small

tubercles on its ventral face. The spicules ai'e unequal, right

short and broad, left long and filiform; measure •62mm. and
1'76 mm. long respectiv^ely. One pre-anal pair of papillae (the

median probably missed) and five post-anal pairs of ventral

papillae ; the airangement of these papillte is similar to those

found in Ph. 'mordens, except that the relation of the 3rd and 4th
pairs to the ventral mid-line is the reverse to that found in

Fh. inordens. Four pairs of lateral stalked papillae.

Female tail rounded, l/53i-d of body-length. Vulva in the

region of union of the 1st and 2nd body sixths. Egg 57 X 39 /x,.

Host : Homo sapiens. Intestine. Caucasus.

(49) Fhysaloptera digitata Schneider, 1866.

Length of male 20 mm., of female 27 mm.
Outer tooth small, inner tooth larger than outer, with its tips

i"Ounded. Vulva 4 mm. from head end. Of the inner bursal

papillae, 3, 4, and 5 are more or less in a line on the ventral

surface. Distance between 4 and 5 smaller than between 3

and 4. Distance from 5 to tip of tail more or less equal to the

distance between 3 and 5 ; 1 and 2 immediately behind anus.

Three pre-anal papillae in a triangle. Four pairs of stalked

papillse ; the distance between the most anterior two pairs

greater than that separating the others.

Host : Felis concolor. Stomach. Bi-azil.

Ph. terdentata MoL, 1860, was described from the same host,

but it appears to be different from Ph digitaia Schn.,as shown by
the difference in arrangement of its post-anal sessile papillpe.

The nature of their teeth is, however, very similar.

(50) Physaloptera brevispiculum v. Linstow, 1906.

Male 11"1 mm. long x "95 mm. thick; female ll-4mm. long

xl*06 mm. thick. Each lip with three small peaks (teeth?)

on its summit. A preputium-like thickening over the tail is

present.

Oesophagus l/6'5, tail in male l/9'4, in female 1/22-3 of body-
length. Spicules very short, feebly curved, •79--81 mm, long.

Eggs 36 X 31 /x.

Host : Felis ruhiginosa. Stomach. Ceylon.

(51) Physaloptera gemina v. Linstow, 1899.

Length, male 11-4, female 19 mm. x "53 mm. thick.

Two lai-ge conical external teeth ; small lateral teeth
; more

smaller ones internally.

Oi^sophagus 1/5-9, tail of male l/19th, of female l/35th of

body-length.

Bursa pointed ; 4 pairs lateral stalked papillae arranged in two
groups, 2 pairs pre-anal and 2 pairs post-anal. Eleven ventral

papillae, of which 3 are in a pre-anal row, 2 in a row just behind
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the anus, 4 stalked and in a transverse row just in front of middle
of tail, 2 stalked and at the junction of last tail quarters.

Eggs ,52 X 32 /x.

Host : Pelis catus domesticus . Stomach and intestine. Egypt.

(52) Physaloptera cesticillata Sonsino, 1889,

Length 1^-3 mm. and more, slightly attenuated anteriorly,

obtuse behind. Two retractile lips, with teeth on its inner front,

and with at least one well-developed latei-ai papilla. A well-

defined collar over the lips.

Male. Bursa of variable size, elongate and bent inwards.

Four pairs of lateral pedunculate papillse, and six pairs of ventral

sessile papillas plus two unpaired papillse, one of which is pre-

anal, and the other between the last pair of ventral post-anal

papillae. Except for the posterior unpaired papillae, the arrange-
ment of the papiike is similar to that found in Ph. papillotruncata.

Ventral surface of bursa with longitudinal rows of spikes.

Female immature. Tail mucronate and anus 500 jjl from its tip.

Host : Canis cerdo. Stomach. Egypt.

(53) Physaloptera torquata Leidy, 1856.

Males unknown. Females •25--5 inches long by '02 inches thick

(3-6 lines x '25 of a line).

Body cylindrical, attenuated anteriorly ; a conspicuous and
narrow collar round the head ; lips half conical, each v/ith a pair

of lateral papillae and a group of four teeth on its apex, of which
one is external to the ofchers. Tail short, conical, obtuse, recurved
from the anal aperture.

Host : Meles labirodorica. Stomach. [America.]

Stossich (1889) lists this species under Sp. Inq., but the nature
of the lips and the collar round the head, together with the
nature of the teeth, strongly suggest that this species is a true
Fhi/saloptera.

(54) Physaloptera mephites Sola^net, 190?.

Host : Mephites suffocans. Buenos Aires.

(The description of this species, published in the ' Revista del

Centro d. Estados d. Agronomia y Veterinaria,' Buenos Aires,

was not available for reference.)

(55) Physaloptera elegantissima Stossich, 1902.

Length of female 50-60 mm. Male unknown.
Body large, cylindrical, and attenuated antei-iorly. A large

more or less imbutiforni cuticular expansion embracing most of

the cephalic region except the lips. Two lateral lips, large, and
each has three large papillae—one central and two latei^al.

External tooth large and conical, supplemented by two subequal
denticles. Tail conical and rounded. Eggs smooth and elliptical

with very thick shell.

Host : Ratelus ccqjensis. Stomach. Eritrea.
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(56) Physaloptera guiarti Garin, 1913.

Length 35 mm., breadth 2 mm.
Body cylindrical, elongate, and yellowish in colour ; trans-

versely striated. Anterior extremity with chitinous expansions.

Teeth absent.

Male caudal extremity bent, with margin of alse lobulated and
corrugated ; anal aperture in middle of bursa. Four pairs of

circumcloacal papillae. No internal papillas.

Host : Leptonychotes weddelli. Stomach. S. Pole.

From Garin's brief description and crude drawing, this

parasite is a Physaloptera, but the absence of teeth and internal

papillee on the tail of the male is veiy remarkable, and suggests
the possibility of their having been overlooked.

(57) Physaloptera ccelebs v. Linstow, 1897.

Male 7 mm. long x "51 mm. thick. Female unknown.
Oesophagus 1/4-6, tail 1/15-4 of body-length.
Four pairs of lateral stalked papillte. Three pre-anal ventral

papillse arranged in a triangle. Five pairs of post-anal ventral
papillse, of which the last two pairs are stalked

;
pairs 1 and 2

ju-st behind last pair of lateral papillee
;

pairs 3, 4, and 5 in

posterior third of tail.

Host : Centetes ecaudatits. Madagascar.

(58) Physaloptera dispar v. Linstow, 1904.

Length of male 16-6 mm. by "53 mm. broad ; length of female
25 mm. by -95 mm. thick.

Two rounded lips surrounded by a cuticular collar. External
tooth rectangular, with two small papilJje on either side ; further
back there is a larger papilla on either side. CEsophagus in

male 1/4-9, in female 1/6-2 of body-length.

Tail in both sexes rounded, and forms 1/1 9th in the male and
l/26th in the female of the body-length.

Caudal bursa of male with four pairs of elongately stalked

papillfe ; five sessile papil]a3 round the anus, one being pre-anal

and four being post-anal ; four further pairs of post-anal papillfe,

of which the most anterior pair is just behind the level of the
last pair of stalked papilla?, the 2nd and 3rd pairs close together

at about the middle of the tail, and the last towards the tail tip.

Spicules very unequal ; right broad and -35 mm. long, the left

slenderer and -62 mm. long.

Yulva divides the body into ratio of 3:8; eggs thick-shelled

and embryonated, 57 x 39 /x.

Host : Erinaceus albiventris . Stomach. Nigeria.

Seui^at (1917 h) has identified this species with his specimens
of ^^ JPh. cltmsa." If von Linstow's description of the lips and
arrangement of the bursal genital papillse is correct, then this

species cannot be regarded as the same as Seurat's specimens.

Consequently, I think that until von Linstow's specimens have



NEMATODE GENUS PATSALOPTERA. 1093

been re-examined, his and Seurat's specimens must be treated as

separate species.

(59) Physaloptera incurva v. Linstow, 1908.

Length of male 20 mm. by "75 mm. broad; female 47 mm. long

by 1"58 mm. thick.

Two lips, dorsal and ventral ; each with three teeth.

(Esophagus of male 1/7-6, of female l/8th, tail of male l/22nd,

of female 1/235th of body-length.

Male bursa with four stalked papillte—an unpaired pre-anal

ventral papilla and thi'ee pairs of equidistant post-anal papillae.

Spicules unequal, right "36 mm. long and broad, left -57 mm.
long and narrow.

Yulva divides body into ratio of 34 : 59. Eggs 57 x 39 fx.

Host : Erinaceus frontalis. Stomach and intestine, Kalahari.

It is doubtful whether von Linstow's observations in connection

with the lips are correct. As all the other charactei's are

typically those of the genus, it is probable that the lips are

lateral in position and not dorsal and ventral.

(60) Physaloptera ciRCULARis v. Linstow, 1897.

Length of male 15*2 mm.; length of female 24 mm. by 1"9 mm.
thick.

Two lips, each with two rounded swellings internally, and
three external papillae.

Esophagus of male 1/4*3, tail of male 1/15*4, tail of female

1/6 1st of body-length.

Four pairs of circumcloacal stalked papillas ; one pair of sessile

papillae in front of, and an unpaired papilla just behind anus;,
three pairs of post-anal ventral papillae, of which pairs 1 and
2 are close together at about the junction of the first two.

quarters of the tail, and the 3rd at about the middle of the tail.

Eggs with very thick shells, 49 X 33 /a.

Host : Mus rattus. Stomach Madagascar.
It is quite possible that von Linstow missed an unpaired pre-

anal sessile papilla and four small sessile papillae just behind the
anus. If this should later be found to be the case, then there
would be reasonable ground for supposing this species to be
either the same as, or very closely related to Ph. mtiris-

brasiliensis Dies.

(61) Physaloptera ruwenzorii Parona, 1907.

Length of male 9-9g mm., of female 14-17 mm.
Body attenuated for a short space anteriorly. Large lips with

small papillae. Teeth large and conical. (Esophagus l/6th of
body-length.

Male caudal bursa large, with large circular expansion anteriorly
and conical terminal portion ; cuticular ornamentations absent

;

Proc. Zool. Soc—1922, E'o. LXXIII. 73
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four pairs of latei'al and circiimcloacal stalked papillae ; a large

pre-aual unpaired ventral papilla ; behind a,nus two pairs of

ventral papillae and a large unpaired papilla in front of them.

Spicules unequal, pointed and slightly bent.

Tail of female long and attenuated. Yulva divides body into

ratio of 1:2; it is slightly raised and papillate. Eggs oval,

thick-shelled, containing partially developed embryos.

Hosts: Arvicanthis abyssiniciis. Intestine. Fort Portal,

Africa.

Epimys xigandce {Miis ttgandce). Intestine. Fort
Portal, Africa.

(Compiled partly from Parona and Hall's (1916) descrip-

tions.)

(62) Physaloptera sciuri Parona, 1898.

Length of male 16 mm., of female 17-32 mm. ; breadth of

male "5 mm., of female "5-1 mm.
Two large and semicircular lips, with foliaceous external

tooth.

Caudal bursa of male large and lanceolate ; 4 pairs of lateral

stalked papillae situated circumcloa.cally; a large unpaired papilla

close behind the anus ; 2 pairs of ventral papillae situated

marginally and at about the middle of the tail ; a pair of small

ventral papillae near the tip of the tail. The bursa is ornamented

with numerous tubercles. The anus is large and ci]'cular, and

has a scalloped and raised edge.

Tail of female obtuse. Vulva non-protuberant, and divides

the body more or less into the ratio of 1 : 2. Single uterine tube.

E"-gs small and spherical, with a diameter of 16-22 /a.

Host : Sciurus melanogaster. Stomach and intestine.

Mentawei.
As Hall (1916) has pointed out, Parona's observations with

regard to the uteri is probably incorrect ; in all other Physalo-

ptera in which the number of uteri has been determined they

are never less than two.

(63) Physaloptera inermis v. Linstow, 1906.

Length of male 21-5 mm. by 1-26 mm. thick; length of

female 51 mm. by 1-62 mm. thick.

CEsophagus of male 1/3-8, of female 1/8-5, tail of male l/21st,

of female 1 /425th of body-length.

Bursa with four stalked papillae on either side and four pairs

of equidistant ventral and post anal papilla;; the most a.nterior of

these are situated at about the middle of the tail. Longitudinal

striations on alae.

Spicules 2-37 mm. long.

Vulva divides body into ratio of 11 : 17. Eggs 47 x 26 jx.

Host: Sciurus prevosti. Stomach. Koenigsbei-g.
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(64) Physalopxera citilli (Rud., 1819), Hall, 1916.

Syn. Spiroptera citilli Rud., 1819.

Male unknown ; female 7-13 mm. long by 400 /a thick.
" Body curved. Anterior extremity very slightly attenuated.

Head rounded, continuous with the body, and with the cuticle

inflated. Mouth with two large lips. Six head papilla, of

which there are two conical papillae situated on each side near
the angle of contact of the two lips, and one spherical papilla at

the base of each lip. Cuticle densely striated transversely.

Posterior extremity of female obtuse. Vulva in anterior portion
of body."

Host : Citellus citellus. Stomach.
Hall (1916) transferred this species to Physaloptera, partly on

the opinion expressed by Molin and partly because the description

could apply to a member of this genus. I follow both these
authorities, and consequently list it as a valid member of the
genus Physaloptera.

(65) Physaloptera pyramidalis v. Linstow, 1879.

Length of male 18 mm. by 1 mm. thick ; length of female
50 mm. X 1'5 mm. thick.

Two pyramid-like lips, dorsal and ventral in position. Outer
tooth pointed, inner tooth of same size and tripartite. (Eso-
phagus l/5'7, tail l/28th in male and l/55th in female of body-
length. Two pre-anal and two post-anal stalked papillae in

caudal extremity of male ; in addition 4 pairs of unstalked
papillee, of which one pair is pre-anal and 3 pairs post-anal.

Vulva at junction of 1st and 2nd body fifths. Eggs very
thick-shelled, 42 x 33 /a.

Host : Choloepus didactylus. " An den Sehnen der Zehen."
Surinam.

This species appears to differ from Ph. papillotruncata by its

pointed outer tooth and by the more anterior position of the
vulva ; nevertheless I am inclined to think that this species is

identical with or a variety of Ph. papillotrtmcata.

It is possible that von Linstow is mistaken in the position of

the lips, and that they are really lateral.

(66) Physaloptera limbata Leidy, 1856.

Length '5 inch, breadth "02 inch (6 lines x "25 of a line).

Mouth two-lipped and surrounded by an elevated linear
margin. Caudal extremity of male alated and having four pairs
of divergent and stalked papillse.

Host : Scalops canadensis. Stomach. Philadelphia.

Molin (1860) lists this species under Sp. Inq. ; however, in
view of the fact that there are two lips surrounded by what may
be interpreted as a cuticular collar, and that the male bursa is

alated and has four (pairs) of stalked papillae, I think there is

good ground for supposing that this species is a true Physaloptera,
73*
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(67) Physaloptbra nasilionis Gedoelst, 1916.

Larvae: length 6 mm. Two lateral lips. External tooth

triangular. CEsophagus 2-23-2'33 mm. long. Nerve ring in

posterior quarter of muscular oesophagus. Tail conical and

blunt, 215 ;a long.

Host ; Nasilio hrachyrhynchus. " Tissu conjonctif." Belgian

Congo.

(68) Physaloptera bilabiata (Oreplin, 1829), Dujai-din, 1845.

Two large lips, prominent and obtuse. Body much attenuated

anteriorly. Caudal extremity of male reflexed, alate, elliptical,

with four stalked papillae. Tail of female conical and obtuse.

Length, 6 0-025, 2 ultra 0-025 ; breadth 0-001.

Host : Lanius minor. Intestiue. (Extracted from Stossich's

Monograph.)

(69) Physaloptera megalostoma Creplin, 1829.

Syn. Spiroptera megalostoma Duj., 1845.

Ph. alata Stoss., 1889.

Head naked, with large and simple mouth. Caudal extremity

of male with alse up to its tip ; female straight, with rounded
extremity.

Host : Falco nisus. Proventriculus. Greifsw.

This species is considered by Molin (1860) and Stossich (1889)
to be the same as Ph. alata E,ud.

(70) Physaloptera inflata (MoL, 1860), Stossich, 1889.

Syn. Spiroptera inflata Mol., 1860.

Length of female 7 mm. ; male unknown.
Body striated and attenuated posteriorly. Cuticle of head

inflated ; no internal teeth on lips. Caudal extremity conical,

with an obtuse apex. Yulva in anterior part of body.

Host : Falco unicinctus. Stomach and oesophagus. Brazil.

(71) Physaloptera crassa v. Linstow, 1879.

Male 14 mm. long by 1-5 mm. thick ; female 23 mm. long by
2 mm. thick.

Lips pyramid-shaped, each with two outer papillfe and two
median teeth, of which the inner is tripartite. CEsophagus 1/4-7

of body-length. Cervical papilla? -6 mm. from anterior end,

situated dorsally and ventrally.

Tail of male rounded, 1/11-7 of body-length. Biu-sa with six

pairs of papillae, of which the anterior five are stalked and
arranged in a longitudinal row close to the aniis ; the 6th and
unstalked papillae are found on the inner side of the 5th pair.

Cirri unequal, -66 and -36 mm, long.

Tail of female rounded, l/22nd of body-length. Eggs 49 /x, by
26 fjL.

Host : Alauda arvgnsis. Intestine. Stuttgart.
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(72) Physalopteka TRUNCATA Schneider, 1866.

Male 25 mm. and female 33 mm. long.

Outer tooth knobbed, " mit beilartiger Schneide." Inner
teeth heart-shaped.

Four pairs of lateral and stalked papillae on male tail ; the
distance between the 2nd and 3rd somewhat greater than that

between the 1st and 2nd, and between the 3rd and 4th. Three
pre-anal papillte in a row, the central one of which is small. The
1st and 2nd pairs of post-anal ventral papillae small and just

behind anus ; three larger pairs further down. The ratio of the
distances between the 2nd and 3rd, the 3rd and 4th, the 4th and
5th, the 5th and the tip of the tail is about as 1:1:2:2.

Host: Phasianus gallus. Stomach. Brazil.

(73) Physaloptera fusiformis v. Linstow, 1902.

Male 18 mm. long by 1*38 mm. thick ; female 30 mm. long by
1'97 mm. thick.

Two rounded lips, each with three small papillae on outer

edge. (Esophagus of male 1/3 "8, of female 1/5*3 of body-length ;

tail of male l/23rd, of female l/20th of body-length. Bursa
small and heart-shaped; four pairs of lateral stalked papillae; ono
pair of sessile papillae in front of anus and separated from each

other ; a pair of sessile papillae just behind anus ; an unpaired
papilla in middle of tail, and three more pairs behind it and
equidistant from each other.

Vulva in anterior half, and divides body into ratio of 13 : 56.

Eggs 81 X 26 fji.

Host : Micropogon sp. Breslau Museum.

(74) Physaloptera dentata v. Linstow, 1883.

Male 7 mm. and female 12 mm. long and '96 mm. thick.

Two large lips, each with a large tei'minal outer tooth and
spike-like inner tooth. Cervical papillae '48 mm. from head end.

(Esophagus 1/4-2, tail of male 1/1 1th, of female l/25th of body-

length.

Bursa lanceolate, alae ornamented with conical tubercles

arranged longitudinally ; four pairs lateral stalked papilla?, all

are pre-anal ; one unpaired papilla in front of anus and three

pairs behind it
;
pairs 1 and 2 close together in middle of tail,

often fused together ;• pair 3 at junction of last two tail quarters.

Eggs 52 X 43 /x,.

Hosts : Agama sanguinolenta. Intestine. Turkestan.

Vipera herus. ? ,,

Phrynocephalus auritus. Mouth and intestine. ,,

(75) Physaloptera britanica Skrjabin, 1916.

Length of immature female 42 mm., breadth 6 mm. Male
unknown.
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(Esophagus 5"44 mm. long. Cervical papillse -6 mm. from

anterior end. Tail conically pointed, "46 mm. long. Narrow
alee on both sides of body.

Yulva 4-25 mm. from head end.

Two large lateral lips, each with large external tooth ; on

inner face a series of smaller triangular and pointed denticles on

either side of median tooth ; 10-11 of these on either side, and

the 5th and 6th of them, from the external tooth end, are large.

Host : Agama sp. Intestine. British East Africa.

(76) Physaloptera sonsinoi v. Linstow, 1895.

Length of male 6-5 mm., of female 6*7 mm. and -48 mm.
thick,

A conical tooth on top of each lip.

(Esophagus of male 1/4-6, of female 1/2-75, tail 1/9-25 in male,

and 1/1 8th in female of body-length.

Male caudal bursa elongate ; 4 pairs of circumcloacal stalked

papillae; 3 pre-anal sessile papilke in a triangle; 2 large and
oval just behind anus, and slightly further back 2 smaller and
rounded papillae ; in middle of tail 4 papillEe in a transverse row,

and further back 2 paii's, of which the anterior pair is large, and

each papilla of which contains 2 pulps.

Right spicule 1-89 mm. long; left spicule -32 mm. long and
much broader.

Vulva divides body into ratio of 5 : 31. Eggs 57 x 39 /a.

Host : Agama mutabilis. Stomach, Pisa.

Since the spicules are so unequal, it is possible that von Linstow

has mistaken the right for the left.

(77) Physaloptera ALoisii-sABAUDiiE Parona, 1907.

Male 6 mm., female 11 mm. long.

Body attenuated in anterior third. Two large lips with large

tooth, and with a series of denticles and one papilla on each lip.

(Esophagus l/4th of body-length.

Male bursa lanceolate ; without tubercles on its surface. Anus
surrounded by papillae ; four lateral papillae longly pedunculate

;

2nd and 3rd post-anal pair slightly stalked. Spicules large, long,

and unequal.

Female with short tail ; eggs oval, small, thick-shelled, and
embryonated.

Host : Agama ati'icoUis. Intestine. Africa.

(78^ Physaloptera spiralis Schneider, 1866.

Length of male 14-22 mm. ; length of female 29-67 mm.
Outer tooth pointed, inner tooth absent. Inner face of lips

provided with denticles. A pair of these behind the tooth in

the middle of the lip ; on either side of it an additional pair

towards the edge of the lips ; dorsally and ventrally a row of

about five.
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Tail of male straight. Four pairs of lateral stalked papillae ; a

pair of sessile papillse in front of anus and 3 pairs post-anal

:

of these latter the last pair is situated at about the junction of

the last tail thirds, and the other two pairs are situated close

together just in front of the middle of the tail.

In the largest females the vulva is 10 mm. from the anterior

end. Posterior part of body spirally coiled and tail slightly bent

dorsalwards.

Host : AmpMshama sp. Stomach. Brazil.

(79) Physaloptera Antarctica v. Linstow, 1899.

Length of male 27 mm. by '79 mm. thick ; female 42 mm. long

by 1"18 mm. broad.

Two lateral lips, somewhat rounded ; each beai-s a conical

outer tooth and two small inner side teeth.

(Esophagus of male l/8'3, of female l/8'6 of body-length ; tail

of male l/23rd, of female l/54th of body-length. Male cloacal

aperture large and rounded, and on either side of it four papillae

with long stalks. Thirteen ventral papillse, of which 3 are pre-

anal, 4 just behind the anus in two rows, 2 on either side behind
each other in middle of tail, and further back another one on
either side.

Tail of female conical, with rounded tip ; eggs very thick-

shelled, 54-44 X 42-31 /x.

Hosts : Acanthophis antarctica. S. Australia.

Cyclodus occipitalis. Oesophagus. S. Australia.

I have identified this species with my specimens from Varanus
varius and Python spilotes.

(80) Physaloptera alba Stossich, 1902.

Male 25-28 mm. long; female 42 mm. long.

Weakly-developed lips, each with two large submedian papillae

and with very weak teeth.

Male bursa lanceolate, with minute ornamentations on its

ventral surface. Four pairs of lateral papillae with long peduncles.

Five paiis of ventral papillae arranged in two groups, viz. three

pairs towards the end of the tail and two pairs just behind
the anus, of which the outer pair has double pulps.

Tail of female conical. Vulva at the anterior third of the

body. Eggs embryonated, elliptical, with very thick shell.

I have identified this species with Ph. antarctica v. Linst., 1899.

Host: Cyclodus hoddaertii. Proventriculus. Nuova Olanda.

(81) Physaloptera amphibia v. Linstow, 1899.

Male 12 mm., female 18 mm. long by 1"05 mm. broad.

Two half-rounded lips. External tooth large and cone-shaped,

internal tooth small and tripartite. (Esophagus l/4'4 in the
male and 1/8' 3 in the female of the body-length.
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Tail of male 1/15-5, of female l/82nd of body-length. Bursa
with four pairs of stalked lateral papillae arranged in two groups
separated from each other; 1st group of two papillae is pre-anal,

2nd group is post-anal. Four pairs of ventral sessile papillse, of

which one pair is pre-anal and the other three are in the
posterior half of the tail ; the central pair of these last three
pairs is slightly nearer the front than the hind pair.

Eggs 55 /x X 29 IX.

Host : liana inacrodon. CEsophagus and ventriculus. Luzon.

SPECIES INQUIEENDtE.

' (82) Physaloptbea ABJECTA Leidy, 1856.

Length of female 'SS inches, breadth "04 inches (10 lines x '5

of a line). Male unknown.
"Body most narrowed anteriorly, incurved. Mouth distinctly

bilabiate ; lips lateral, prominent. Caudal extremity incurved,
obtusely conical."

Host : Psammophis Jlagelliformis. Stomach. [U.S.A.]

(83) Physaloptera brevicauda v. Linstow, 1909.

Two lips widened outwardly, their pulp narrower at its base
;

a papillae in their middle, and right and left of it a cone-shaped
tooth.

Male 27 mm. long x "83 mm. thick; female 42 mm. long

X '95 mm. thick. Tail of male rounded, l/69th of body-length.
Bursa somewhat heart-shaped and alse ornamented with longi-

tudinal striae. Six pairs of stalked papillte—4 pre-anal and 2

post-anal ; the post-anal pairs are situated in a transverse

row just behind the anus. Spicules equal, 1-4 mm. long, and
rounded at their tips.

Yulva just behind middle of body ; it divides body into ratio

23:21. Eggs 39 x 26 yn.

Host : Francolinus adspersus. Intestine. S.W. Africa.

The shape of the lips, arrangement of the male caudal papillae,

length of the right spicule, position of the vulva, and small size of

the eggs, seem to indicate that this species is not a Physaloptera.

From the description I am not able to place it in any known
genus, and consequently^ list it under Sp. Inq.

(84) Physaloptera malleus v. Linstow, 1883.

Length of male 20 mm. by "76 mm. thick ; length of female
42 mm, by 1-5 mm. thick.

Two very large and rounded lips. CEsophagus l/6"5, tail of

male l/33"3, of female l/269th of body-length. Bursa oval, with

,
i-ounded prominences arranged in transverse rows. Six pairs of

stalked papillae, of which 4 pairs are pre-anal, and 2 pairs are
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post-anal in position ; these last situatGcl just in front of niiddle

of tail. Spicules unequal, the largei- having a double barb at its

tip. Eggs double-shelled, the outer being the thicker ; they are

46 X 29^.
Host: Gorvus comix. Turkestan.

This is probably not a Physaloptera, as evidenced by the

rounded lips without teeth, the arrangement of the bursal

papillse, and the presence of a hook on the spicule.

(85) Physaloptera papilloradiata v. Linstow, 1899.

Length of male 32 mm., of female 56 mm. by 790 /a thick.

Two rounded lips.

(Esophagus 1/1 2th, tail of male l/7th, of female 1/1 27th of

body-length.

Bursa with 4 pairs pre-anal and 2 pairs post-anal stalked

papillae ; 7 pairs of post-anal ventral papillae, of which 1 pair is

just posterior to the anus, and the remaining 6 pairs are aggre-

gated at the posterior end of the tail.

Eggs 26 X 12 /A. :

Host : Canis lupics. Pectoral cavity. Persia.

As figured by von Linstow, the arrangement of the caudal

pa.pillfe is very similar to that of Fh. 7'ottmdaia v. Linst., except

thai in" rotundata there are 5 papillae at the base of the tail,

whereas in papilloradiata there are 12. I have placed this

species under Sp. Inq. because of this similarity, and because

Seurat has found Ph. rotundata to be a Habronema.

(86) Physaloptera spirula Hempr. & Ehrenb., 1828.

Male 6 mm. long ; female unknown. Head continuous with
body. Mouth papillate. Caudal extremity of body provided with
closed bursal alse.

Hosts: Frocavia S7/riaca. l-p -.i.- o- iai-
„ . '^ . } Large intestine. Syria and Arabia.
Frocavia capensis.

J

(Extracted from Hall, 1916.)

SPECIES WRONGLY ATTRIBUTED TO THE GENUS.

(87) Physaloptera rotundata v. Linstow, 1906.

Length of male 15*6 mm. by I'l mm. thick ; length of female
20*3 mm. by 1'5 mm. thick. Both ends of body rounded.

Two large lips, each bearing a prominent papilla on each side.

(Esophagus l/8"6 in male, l/9th in female, tail in male l/40th,

in female l/20th of body-length.

Bursa narrow, with 6 pairs of lateral stalked papillae, of which
4 pairs are pre-anal and 2 pairs post-anal. Two pairs of ventraL

papillae at tip of tail, and just in front of them an unpaired

papilla. Spicules unequal; right 510 /x,, left 2170 /a long, both

with rounded tips. - -
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Vulva divides body into ratio of 6:15. Eggs 39 x 26 /x.

Host : Otis kouhara. Intestine. Koenigsberg.

Seurat (1914 cZ) has identified this species as a Habroneraa.

(88) Physaloptera bulbosa v. Linstow, 1906.

Host : Pavo sjncifer. Stomach

.

I have recently found specimens of this parasite in the proven-

triculus of Pavo cristatus from India. From my observations on
this material I find that this parasite is not a Physaloptera, but
belongs to the genus Cyrnea Seurat, 1914. A detailed description

of it will appear in a later publication.

(89) Physaloptera contorta Leidy, 1856.

" Body capillary, most narrowed anteriorly with the posterior

4/5tli spirally contorted ; white, with the intestine brown. Lips
prominent, constricted from the body, trilobate. Tail short

conical, acute, in the male with narrow alse each furnished with,

five funnel-shaped pores. Length of female from 6 lines to an
inch ; breadth to one quarter of a line ; male from one-half to

three-quarters of the size."

Hosts : Emys serrata, Emys reticulata, Cistudo Carolina, and
Kinosternura pennsylvanicum. Stomach. [U.S.A.]

Baylis and Lane (1920) suggest that this species is probably

identical with or closely related to Spiroxys contorta (Knd., 1819),

Schn., 1866. I have been able to examine some specimens of

Spiroxys contorta obtained from Emys orbicularis, and from my
observations Baylis and Lane's view appears justifiable. Accord-
ing to Leidy's description, these parasites must be excluded from
the genus Physaloj>tera because of their trilobed lips. Molin

(1860) has already doubted the Physalopteran afiinities of this

species.

(90) Physaloptera constricta Leidy, 1856.

Length, female 1| inches, male half as long.

Lips large, lateral, constricted from body, and trilobate. Tail

of male with long and narrow turgid alee ; that of the female

incurved, conical, and acute.

Host: Trop)idonotus sipedon. Stomach. [U.S.A.]

The nature of the lips definitely excludes this parasite from
the genus Physaloptera, no members of it having trilobed lips.

Baylis and Lane (1920) suggest that this parasite may be

a Tanqua. I agree with them in so far that it falls into the

family Gnathostomidag as redefined by them, but as to its closer

relationship to any of the genera of this family, it does not appear

justifiable to draw any conclusions ; Leidy's brief description of

the parasite is equally applicable to the genus Spiroxys as to the

genus Tanqua.
Molin (1860) also expressed doubt as to this species belonging

to the genus Physaloptera.
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(91) Physalopi;era mucronata Diesing, 1851.

Host : Alligator mississi2ypiensis. Georgia,

This parasite has been found by Molin to be an Ascarid, and

von Drasche has identified it with Ascaris lanceolata MoL, 1860.

(92) Physaloptera ovata v. Linstow, 1907.

Length of male 13'8mm. ; length of female 16-8 mm. by
1*22 mm. thick.

Mouth surrounded by 6 cones. (Esophagus of male l/4"4, of

female 1/3-5, tail of male l/i4th, of female l/53rd of body-length.

Bursa oval, with 5 pairs of equidistant and lateral stalked

papillae, the 2nd being the longest ; 2 pairs are pre- anal.

Spicules equal 290 /x, long.

The vulva divides the body into the ratio of 13:31. Eggs
narrow, 42 x 13 /x.

Host: Astur melanoleucus. Yentriculus. Cameroon (Kamerun).
The nature of the lips rules this species out of the genus

Physaloptera ; this is supported by the nature of the bursal

papillae and by the exti-emely narrow egg.

The description is too incomplete to definitely say to which

genus it should be transferred, but it appears to have some
resemblance to the geuns^Cyrnea Seurat, 1914.

(93) Physaloptera saginata Kud., 1819.

Syn. Spiroplera saginata (Rud.), Duj., 1845.

I examined examples of this species from Comes cajanus and
Cap7-imulgus guianensis while at Vienna, and am consequently

able to confirm Molin's (1860) view that this species is a Spiro-

ptera.

(94) Physaloptera striata v. Linstow, 1883.

Length of male 18 mm,, breadth •48 mm.; length of female

25 mm., breadth •66 mm.
Two dorso-ventral lips, small and rectangular, having a wavy

anterior border and divided into three parts internally ; 4 small

interlabia. Tail of male spirally rolled, 1/37-5 of body-length
;

tail of female rounded, l/83rd of body-length.

Caudal alse of male with longitudinal striations. Four pairs of

pre-anal stallied papillae ; 1 unpaired papilla in front of anus

:

2 pairs post-anal and dividing tail roughly into thirds.

Vulva divides body into ratio of 3 ; 2. Eggs 46 x 25 [x.

Hosts : Tropido7iotus liydrus. Turkestan.

Ciconia alba. Stomach. Turkestan.

Seurat has obtained a Cyrnea from difierent species of Ciconia^

which he identifies with Fh striata. This species is undoubtedly

not a Physaloptera, and from von Linstow's figure and description

of the lips I think Seurat is correct in transferring it to his

genus.
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(95) Physaloptera strongylina Rud., 1819.

Syn. Spiroptera affinis Duj., 1845.

Length of male 7-87 mm., of female 15-25 mm. to 20*25 mm.
Body white and head appears to have papillae; tail of male

with lateral alae, so that it resembles a Strongylid tail. Spicules
fairly long and thick.

Host : Cuculus seniculus. Stomach and intestine. Brazil.

Molin ruled this species out of the genus Physcdoptera, stating
that it belonged to a new genus.
The description is too incomplete to warrant it being referred

to any now known Nematode genus.

(96) Physaloptera tenuicollis Rud., 1819.

Syn. Spiroptera tenuicollis (Rud.), Duj., 1845.

Male unknown ; length of female 41 mm., breadth 1*15 mm.
Mouth rounded ; anterior end sharply attenuated for a

distance of 2'25 mm.
Host : Falco halia'dtus. Intestine.

Molin (1860) has identified this species as an Ascaris.
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Introduction.

The 01igochg3ta obtained by the Oxford University Spitsbergen

Expedition were contained in fifteen tubes—four from Bear Island

a,nd the remainder from Spitsbergen. The specimens from Bear
Island belonged to two species

—

JEnchytrceus alhidus Ilenle and
JSfais josince Vejd.,—both well known. Of thos*^ from Spitsbergen

,

a number were sexually immature and therefore indeterminable
[Mesenchytrceus sp., two species of Henlea, Enchytrceus sp.) ; the

remainder, most of which occur in more than one of the tubes,

comprise two species of Henlea, one of Enchytrceus, and two of

Lumbricillus, all apparently new. With the exception of the

xVais from Bear Island, all the worms thus belong to the family

Enchytrasidpe.

Proc. Zool. Soc— 1922, No. LXXIV. 74
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Our previous knowledge of tlie Oligochieta of Spitsbergen and

Bear Island is due almost entirely to TJde (17), who, in addition

to collections from Bea,r Island (then examined for the first time),

had also at his disposal a small collection from Spitsbergen, sent

to him by Michaelsen and tentatively named, the names having

already been entered in the ' Tierreich ' volume on Oligochseta (11).

The following species are all that have been recorded :

—

From Spitsbergen :

—

L'ibmhricillas pagenstecheri (Ratz.) (originally determined

and entered in the Tierreich volume as L. nervosus

(Eisen)).

Fridericia leydigi (Yejd.).

Meseiichytrceus sp. indeterminable.

From Bear Island :

—

Marionincij ehudensis (Clap.).

Lumhricillusfossaru'in (Tauber).

Lumbricillus henkingi Ude.
Enchytrceus alhidus Henle.

The only one of tliese collected by the Oxford Expedition is

Enchytrceus albidus. All, as will be seen, belong to the

Enchj-trieidae.

The Enchvtrseidfe have always furnished the great majority of

Oiip'ochssta from high latitudes, and there exists a considerable

number of records of species of the family fi-om Nova Zembla,

Northern Siberia, North Russia and Norway, Gi-eenland, Arctic;

Canada, and Alaslca— especially species of the genera Henlea and

Meseiichytrceus. Welch has in recent years (20, 21, 22) drawn
attention to previous I'ecords of Bnchytraeidee found actually on

ice and snow, and has himself examined and described a number
of species from high latitudes, and from snowfields and glaciers.

Some of these worms show a resistance to cold that can only

be described as marvellous. Mesenchytrceus gelidus was found
'• abundantly on the snowfields" ; it " also occurred on the snow
on the mountain slope in a dense forest of fir and hemlock," and
" on the snow below the ice front and outside of the lateral

moraines of the Nisqually glacier; . . . when placed on hard-

packed snow during their active period, they are able to bore

down through it at will ; . . the snow on which they are found

is not pei'manent through the entire season, but melts with the

coming of summer, and it therefore appears that a part of their

life-histoi'y must be spent on or in the ground." Mesenchytrceus

.solifugus var. rainierensis was "abundant on the higher snow-
fields and glaciers of Mt. Rainier in early summer ; it was found

on snowfields which seldom thaw during the summer, and they

evidently pass the entire existence, generation after generation,

in the snow and ice." Beddard (1) mentions that an Enchytrjeid

has been found frozen in a block of ice, and recovered. Mr. Elton

writes that he has subjected the worms which I have named
Enchytrceus crymodes to an experiment in which they were frozen

solid and that they survived.
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It was tlius to be expected tliat Enchytrgeids should constitute

tlie bulk of the collection. There is no naention of snow in the
data relating to the worms ; and since they thus jDass at least a
part of their life on or in ground free from snow, the conditions
undei' which they live a,re those of Welch's Enchytrceus gelidus

i-ather than of M. solifugus var. i-ainierensis.

ZOOGEOGRAPHICAL ReLATIOKS.

The Oligochfeta may be divided, with reference to their habitat,

into limnic, littoral, and terrestrial forms; and the Oligochseta

of Bear Island and Sipitsbergen may be classified under these
lieadings as follows :—

Limnic. Littoral. Teeeesteial.

N'aisJosincB. Lumhincilhis necrojyliagus. Henlea brucei.

Henlea Jieleotrophus. Lumhricillus cegialites. JSnchytrcBus allidus.

Henlea spp. (2). Ltmihricillusfossarum. Fridericia leydigi.

JSnchytrails cri/modes. Ijiimhrioillus lienkingi. Ilesencliytrceiis sp.

EnchytrcBus sp. Ziwnhricillus pagenstecJieri.

MesencliptrcBus sp. Marionina eoudensis.

JSnchgtraus albidu.t.

JSncltgtrceus cri/modes.

There is no I'ecord of the habitat of some of the previously
recorded species : of Lumhricillus fossarimi, which, however, is

elsewhere found on the shore, and is therefore so entered here

;

of Enchytrceus albidus recorded from Bear Island by Ude, which
is also entered as littoral, since all his specimens from Bear Island
of which the habitat is recorded were littoral, and the worm is

elsewhere common on the shore ; and of Fridericia leydigi, which
is entered as terrestrial, since most of the Fridericias are so.

All the smaller Oligochseta, and therefore all the forms which
are represented in the present and former collections from Spits-

bergen and Bear Island, are easily transported, and hence are of

•only slight value for considerations of zoogeogra,phy. Limnic
forms have a great diversity of means of dispersal ; they may
spread directly throughout a river system—though this, cf course,

has no bearing on the present enquiry; their cocoons are easily

transported in the mud which adheres to the feet of wadin"'
birds ; some forms are known to encyst, and hence may be trans-
])orted by birds even in the adult state. As a consequence of

this easy distribution, the same genera—sometimes even the
same species—are found in widely distant places; the case is

similax to that of the Rotifera and Protozoa, of which the same
genera and species are found in ponds and streams all over the
woi'ld. To illustrate by means of an example, there appears to

be but one genus, Branchiodrilus, of limnic Oligochosta which is

peculiar to India, while a number of species are found both in
India and England, or India and Europe (species of ]'y'ais, Chccto-

_gast.er, Dero, Aulophortcs, F^'istina^, etc.).

74*
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Littoral forms, living on the shore and exposed at times to

immersion in salt water, have additional means of dispersal. Being,

unlike Oligochaetes in general, immune to salt water, they can be

transported in masses of seaweed ; or more commonly their

cocoons are so transported, entangled in masses of weed or other

detritus. Not only can they take possession of a whole coast, and

spread along the shore-line, but they may in this way travel over

sea for long distances. Pontodrilus, for example, which occurs

along the coasts of India, has a circummundane distribution.

Even terrestrial Oligochaeta are by no means always dependent

on their own unaided activities for enlarging their distribution;

there are a considerable number Avhich are especially liable to be

transported accidentally—by man or other agencies,— and which

show an especial capacity for establishing themselves where they

happen to be deposited. The smaller the worms the easier is

their dispersal; certain small species of earthworms of the genus

Dichoyaster^ which has its proper home in A.frica, have s[)read all

round the w\armer regions of the g-lobe.

few, however, possibly none, of the worms of Spitsbergen and
Bear Island are exclusively terrestrial. Of those given as

terrestrial in the above table, Enchytrceus cdbidus is often found

on the shore; it is perhaps the most widely distributed of all

Enchytneids, and occurs all over Europe, in North America, and
in South America as far as Patagonia and Tien a del Fuego, as

well as within the Arctic circle iu Greenland and Nova Zernbla

The species of Mesenchytrceus found at Cape Boheman among
plants in dry tundra was also obtained among mosses on the

banks of a freshw-ater pond, more or less under water, and is

therefore limnic as well as terrestrial. The Henlea found a.mong

Dryas etc. on a hill near the coast of Freshwater Bay was also

found in the Bruce City region, possibly in a limnic or littoral

hahitat (details of habitat are wanting for this tube). Fridericia

leydigi, previously obtained from Spitsbergen, is probably the

most strictly terrestrial of all the above species, occurring else-

Avhere in earth rich in humus and under moss.

There can thus be no question of anything peculiar in the

Oligochsite fauna of Spitsbergen and Bear Island. All the

geneva are ensily transported, and all (except perhaps the Naidid
genus Xais) have previously been found within the Arctic circle

—Henlea in Nova Zembla, N. Siberia, N. Bussi;t, N. Norway,
and in the Canadian Arctic; Enchytrceus in N. Russia. Green

-

la,nd, and the Canadia,n Arctic; Ztcmbricillus in Nova Zembla,
N. Siberia, the Canadian Arctic, and Greenland ; Fridericia in

Nova Zembla, N. Russia, and N. Siberia. All these genera also

occur in Alaska.

As to wdiether particular species of Spitsbergen Oligochseta

have been evolved locall}^ or imported, it is as yet impossible to

say, uiatil neighbouring lands have been more thoroughly
explored. There is some slight ground for supposing that some,

at least, mny have been evolved on the island. On the whole, no
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doubt, it is the commoner species of the neighbouring lands that

are ah'eady known to us: and on the whole, no doubt, it is the

commoner species that, from their frequency, have most chance
of being transported. If it had been throughout a case of simple

transportation, therefoi-e, we might have expected to find that

a larger number of the species of woims were known from else-

where also.

It seems hazardous to suppose that any of the present Oligo-

chsete fauna could be descended from ancestors existing in

Spitsbergen before the glacial period. It is true that we now know
species which can live their lives through, and reproduce them-
selves, on ice and snow. The food of such worms, according to

Welch, writing of the specimens from Mt. Rainier, seemed in one

case {Mesenchytrcens yelichcs) to be microscopic algfe having the

appearance of Pleurococcus. and the snow over which the worms
were crawling had a red colour due to a minute unicellular plant

;

in the case of the other Avorm [M. soUfugus var. rainierensis) the

food could not be determined.

But the food-supply of glacier and snow worms must, one would
say, be precarious : and it seems dangei-ous to assume its unfailing

presence throughout the long duration of the glacial period.

On the other hand, there are appai-ently no facts which seem
to contradict " the most reasonable hypothesis of the origin of

the present fauna—namely, an 'accidental' peopling since the

period of maximum glaciation, during which time Spitsbergen

has been as widely separated from adjacent lands as it is now."

On THE " PePIONEPHRIDIA " OF THE ENCHYTRiEID.E.

Certain structures connected with the first portion of the

alimentary canal in a number of Enchytrteids are known as
*' peptonephridia," or sometimes as " salivary glands."

(1) The best known of these structures are a pair of tubules

which arise from just behind the pharynx, and extend backwards

for some little distance free in the body-cavity. They are well

developed, for example, in EnchytrcKits alhidus, a worm which is

abundantly represented in the present collection. Here the

tubules open into a dorsal diverticidum of the alimentary canal

just behind the pharyngeal mass : they sometimes extend back-

wards into segm. v., while sometimes they do not transgress the

hinder limit of segm. iv. ; their general coui-se is sinuous or

contorted, and in addition the outline of the walls is marked by

numerous smaller sinuosities or crenations. The diameter of the

tubules varies—it may be about 50 /u, or may be less ;
that of the

lumen may be 42 fi or less ; the diameter is least near the origin

of the tube from the alimentary canal, where the whole structure

is only 16 fx thick, and the lumen is very small. The walls are

mostly thin, about 4 jx thick, but in places are much thicker

—

as much as 1.5 ju ; numerous nuclei are seen in the walls—in a

transverse section of one of the tubes there may be about six,

i. e, the lumen is intercellular.
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(2) In tlie genus Henlea there are often found other organs,
situated in the middle line, one dorsally and one ventrally on
the oesophagus, in segm, vi., sometimes extending forwards into

v., and backwards behind vi. for, it may be, several segments.
The association witli the Avail of the alimentary tube is here much
more intimate than in the case of the former structures ; these

are closely apposed to the wall of the tesophagus for the whole or

the greater part of their extent; they may even be contained for

a considerable part of their extent within the wall, between the
epithelial and muscular coats (Welch, in H. moderata (19), which
I can confirm in H. brucel and H. lieleotroplius). They frequently

give branches.

While the former structures have little about them that can
remind the observer of nephridia, these have much more the
appearance of the peculiar type of nephridium found in the
Enchytraeidse—a spongy-looking, scarcely staining tissue, with
nuclei but no visible cell-limits ; sometimes there seems to be no
lumen in the interior—nothing more than the interstices of the
spongy cell-substance, sometimes there are irregular spaces and
tubular cavities, and sometimes a single well-defined central

lumen. They have, however, no ciliated funnel or any kind of

internal opening. Cejka, in the worms which he called Hepato-
gas'ter, states (3) that there are indications of the double origin of

these apparently single and median structures ; in this I agree
(compare the transverse section of a ventral organ of U. brucei,

fig. 1 ; the description of the ventral organ in Henlea sp. (l),j}ost.,

and of the dorsal organ in H. heleotrophus, where possibly there
is no connection between the masses on the right and left sides)

;

while Welch finds that in H. oohracea (22) the organs are actually

paired, one pair dorsally and one pair ventrally. It is, perhaps,
this rype of gland which is intended by Friend in his reference
to the salivai'y glands of H. alba (7) and R. inusitata (8), and to
the "special glands" of H. bisetosa (8).

(3) There is a third type of organ, which is apparently widely
spread in the family. Descriptions of these structures are given
for all the newly described species beiow, and they also occur in
the Menenchytrceus ; I have described and illustrated similar
structures in the Iiidian worms EnchyircBus barhudensis (14, and
see also pi. vi. fig. 1 in 15) and in Fridericia carmichaeli (15).
Briefly, these orga,ns consist of a pair of rounded, or ovoid and
bulb-like, masses of ceils, solid, situated behind the pharyngeal
mass on the dorsal side of the alimentary tube, and connected
with the tube by a stalk, which is at any rate partly solid, but is

usually hollow in its proximal portion— -i.e., the cavity of the
alimentary tube may penetrate the basal portion of the stalk.

U"de probably had this type of organ before him when he described
the rudimentary salivary glands of Bryodrilus ehlersi (16), two
ijmall pear-shaped bodies, in which no lumen could be recognized
immediately behind the pharynx ; and, indeed, since I first met
with these structures some years ago, I believe I have myself
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conceived them as a rudimentary kind of organs of the first

type.^

Whether all these structures should go by the same name

—

whether they are all modifications of one original structure—

•

seems doubtful. Those of the second type are quite possibly

nephridia. It will be remembered that the Enchytrseids ha.ve, as

a rule, no nephridia in the first six segments (Bretscher (2) has

established a separate genus for a worm in which the fi.rst

nephridium occurs in segm. iii., the funnel being in ii.) ; and the
occurrence of dorsal and ventral " peptonephridia" in segm. vi.,

extending thence, it may be, forwards or backwards, or both
forwards and backwards, their obviously similar constitution, and
their fundamentally paired nature would seem to justify the

assumption that they are really the nephridia of segm. vi. whicli

have become associated with the oesophagus. If, however, we look

on both dorsal and ventral organs as fundamentally paired (as we
seem justified in doing, v. ant.), we should then have two pairs of

nephridia belonging to segm. vi. In H. hrucei, in addition to

dorsal and ventral " peptonephridia "in segm. vi., there are also in

the same segment—indeed in the same section-—a pair of ordinary
nephridia (the first nephridium being here in segm. vi. with the
funnel in v.), i. e., thi'ee pairs in the one segment.
Whether the organs discharge an excretory substance into the

oesophagus, or a digestive juice— or, indeed, whether they discharge

anything at all,-— is doubtful. Cejka says that the openings are

always hard to find in sections ; from which phraseology it would
seem doubtful whether they actually have definite mouths ; Welch
does not mention any openings, nor have I found any in my pre-

parations. On the whole, they are perhaps more likely to be
excretory, since they have an intimate relation to the blood-

spaces (in H. Jepiodera they run in the (esophageal sinus and are

directly bathed by the blood (Cejka, 4) ; in Hepatogaster also they

are bathed by the blood in the sinus, which may penetrate

between the individual cells ; I have found the same conditions,

But the nephridial nature of the first group of organs, which
have for long passed under the name of "peptonephridia"—the

sinuous or coiled tubes which extend back, from the pharynx,
free in the ccelom—seems doubtful. These do not show the

peculiar structure of the Enchytrseid nephridium ; they have no
internal opening ; indeed, the only feature thn,t is brought forward
to substantiate their nephiidial nature is the intracellular lumen.
But in Encliytroius alhidus {v. ant.) the lumen is certainly not

intracellular. And in any case there is no fundamental differ-

ence between intercellular a.nd intracellular tubes; whether the

lumen of any tube is intracellular or not depends on the size of

the lumen and the size of the cells of which the tube is composeii.

Suppose we start with a tube of fair size, in the cross-section of

which several cells are seen to bound the lumen ; if the size of the

tube is diminished, fewer cells will serve to surround the cavity.



1116 DR. J. STEPHENSON OIN THE OLIGOCH^TA OF THE

and fewer will be seen in any transverse section. Still diminishing
the width of the lumen, two cells, and finally one single cell, will

go all round the lumen

—

i. e., only one cell will be seen in any given
transverse section of the tube, and the lumen will be described as

intracellular. There is thus really no reason for assuming the
nephridial nature of these tubules of the Euchytrseidse, and in my
opinion they should not be called nephridia.

The third group of structures—the bulb- like organs—are even
more unlike nephridia; nor, except for their assumed connection
with the tubular organs first described, could it ever be supposed
that they were nephi-idial. It is possible that they are, as has
been suggested, vestigial remains of the tubules ; they are con-
nected to the same dorsal diverticulum of the alimentary canal as

these. In Enchijtrams albidics, however, I find, along with the
typical tubules, and just in front of and lying against the narrov;'

proximal part of these, rather indefinite groups of cells somewhat
similar to the bulb-like organs. To establish the homology of the
bulb-like oi^gans with the tubules it would be necessary to ascer-

tain definitely whether they do or do not occur along vrith these,

and whether or not intermediate forms exist.

The second group of organs, then—the dorsal and venti-al
" peptonephridia" of the genus Henlea,—may provisionally be
taken to be nephridia. But there is no evidence whatever of

their digestive function, and I propose for them the name
oesophageal nephridia.

The first group—the sinuous tubules—are quite possibly not
nephridia at all. Since the alternative nH,me salivari/ glands has
long been in use for them, I would reject the name peptonephridia
in favour of this.

The third group—the solid bulb-like organs—do not seem to be
nephridial, and their function, if they have one, is quite unknown.
I propose a purel}^ descriptive term, the postphavT/ngeal bulbs, as
most suitable for them.

The Genus Henlea.

Henlea is a large genus, and contains species showing a wide
varietj^ of structure. Characteristic of a number of species are
the oesophageal sacs in or about segm. viii. ; and the question
arises whether the presence or absence of these sacs should not be
made the basis of a separation into two genera, or at least sub-
genera..

This course has already been proposed by Friend (7, 8)—forms
with oesophageal diverticula to be called Henlea, those without to

receive the name Henleanella. In the second of the papers just

referred to, Friend remarks that it would be advisable to make a
third group for those species in which the alimentary tube dilates

gradually to form the intestine. In a subsequent paper (9)
Friend proposes a different criterion for the third group, viz., the'
origin of the dorsal vessel in the region of the clitellum (in most
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species the dorsal vessel arises considerably in front of the

clitellum) ; this third group to be called Ilenleana. These divisions

are apparently conceived as subgenera (cei.'tainly so in the first

two papers).

Friend's suggestion as regards the oesophageal diverticula seems

particularly useful. But it is illogical and inconvenient to have

a double or triple principle for the simultaneous division of a

group; the subgroups will not be mutually exclusive. What, for

example, would become of a form with both cesophageal diver-

ticula and a posterior origin of the dorsal vessel—at the same
time a Henlea and a Heuleana ; oi', for that matter, of one with a

posterior origin of the dorsal vessel and no diverticula—both

a Heuleana and a Henleanella%

In 1910 Cejka (3) established a genus Hepatogaster for two
species which are obviously nearly related to Henlea, tlie chief dis-

tinctive characters being the gradual dilatation of the oesophagus

to form the intestine, the presence of a mass of tubules closely

surrounding the alimentary tube in segm. viii., and of character-

istic longitudinal canals in the epithelium of the hinder end of

the digestive tract. The value of the first distinction is doubtful,

e. g. in Henlea heleotro'phxijS I am not certain whether or not the

intestine can be said to arise as a sudden dilatation of the

alimentary tube ; at first 1 thought not, but later I altered this

in my notes by adding the words " this might be called a sudden
widening, and so would agree with the diagnosis of Henlea."

Tiie second of Cajka's points of distinction occurs also in Henlea

tithulifera Welch and H. moderata Welch ; while, as Welch
remarks (23), the value of the third distinction as a generic

character remains to be demonstrated. Welch retains the genus,

though with some doubt, Delphy (5) also considers it as distinct.

The oesophageal diverticula of Henlea, when present, may have
walls which are fairly smooth and even, or which are variously

folded; and I regard the "tubuliferous" condition of H. tubu-

lifera, etc., and of HejKctogaster, as simply a higher degree of this

folding, followed by fusion between the adjacent folds and
between the two sacs above and below the alimentary tube. A.n

intermediate condition is that of H. nasuta as described by
Michaelsen (10, cf. especially pi. fig. 1), where the folding of the

walls is veiy considerable, and there is only a very small central

free space, but the two sacs are not fused above and below the

oesophagus. The difiierence between Henlea and Hepatogaster

seems, in fact, to be less than that between Henleanella without
sacs and Henlea with them.

For the present, then, 1 would retain the genus Henlea, but I

would recognize three subgenera :

—

(1) Henleanella, with no oesophageal diverticula.

( 2) Henlea, with oesophageal sacs.

(3) Hepatogaster, with a mass of tubules surrounding the

alimentary tube and taking the place of the sacs.

I would disreo-ard the sudden or g-radual widening of the tube
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in these subgeneiic distinctions ; but it is possible tliat a posterior

origin of the dorsal vessel will be a sufficient ground for removing
out of the genus altogether the forms in which it occurs.

On THE Eelations of the Genera Zumbricillus and
Enchytrceus.

I have previously (13) pointed out the close relationship

between the above two genera, and described several species with

intermediate characters ; Enchytrceus ditbius, which I then ]..ilaced

in the genus Enchytrceus, I should now assign to Luinhricilhis.

Welch also has some remarks that bear on the subject

(19, 23).

The distinguishing cliaracters of the two genera naay be said to

be (1) tlie setae—the distal portion of the shait being straight in

Enchytrceus, curved, so that the setee have the usual double

(sigmoid) curve, in Luinbricillus ; (2) the copulatory glands

—

usually absent in Enchytrceus, usually present in Limihricillus
;

(3) the testes, divided in Limihricillus, undivided in Enchytrceus
;

and (4) the penial bulb—single, compact, encapsuled, and
penetrated by the vas deferens in Lumbricillus, represented by
discrete groups of cells around the end of the duct in Enchytrceus.

In addition^ red blood would be in favour of Luonlricillus, colour-

less blood more in favour of Enchytrceus.

Of the species described in the present paper, Luonhricillus

cegicdites has the straight set?e of Enchytrceus, and so has

L. necrophagus ; while Enchytrceus crymocles has a penia,! bulb of

the lumbricilline type, copulatory glands, and htemoglobin in the

blood. These species thus bear out what I have previously written

regarding transitional forms, and render a sharp separation

between the genera impossible. Still less is there such a sharp

distinction between the two as would justify their position as the

representatives of two subfamilies, the Enchytrteinae and Lum-
bricillinje, eatablished by Eisen (6).

Pekiods of Sexual Maturity.

Some of the worms in the collection were sexually mature,

others immature. But it is not possible to draw any general

conclusions from the data regarding the season of maturity in

high latitudes. Enchytrceus cdbidas was mature on Bear Island

in June and E. crymocles in early August in Spitsbergen; but an
immature Enchytrceus was also collected on August 6th. Henlea

h&leotrophus and H. hrucei were mature in early August

—

H. heleotrophus also as early as July 10th ; but other species of

Henlea were still immature in early August. The two species of

LimibricillujS were mature towards the end of July and beginning

of August ; the Mesenchytrceus, however, was immature at any
rate up to the end of July.
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Parasitizatiok.

Finally, I may be allowed to draw atfceiition to the excessive

parasitization of most of these worms, which goes much beyond
anything that I have previously seen in members of this group.

!Not only were there numerous parasites, of more tha,n one group

of Protozoa, in the alimentaiy canal, but many of the worms had

cysts in the genital region, body-wall, or ccelom, in which spores

were forming. It seems probable tliat the frequent structural

changes in the alimentary canal, as well as other changes in the

contents of the coelom, may be due to this parasitization.

SYSTEMATIC.

Fam. Naidid^.

Genus Nais Miill. em. Yejd.

Nais josiNtE Vejd.

Bear Island ; in littoral region of a, tarn near Walrus Bay, in

the water; 15. vi. 1921. A single specimen, non-sexual.

Fam . E N C H Y T R iE I D ^.

Genus Henlea Mich.

Henlea (Henleanella) beleotrophus, sp. n.*

Spitsbergen ; among mosses on the bank of a fresh-water pond,

more or less under water, Bruce City. August lst-8th, 1921.

Spitsbergen, Bruce City region (no data regarding habitat)

;

10.viii.l921. One specimen from each of these tubes.

Length 8-10 mm. ; diameter '4 mm. Segments 40, with a few
more not yet difierentiated at the hinder end. Colour brownish
in the first tube, black in the second (fixed with Bouin). Prosto-

mium bluntly triangular, the triangle being about equilateral.

Head-pore between prostomium and first segment. No doi'sal

pores.

Clitellum on segments xii. and xiii., well marked.
Setfe enchytrfeine in form {i. e., straight in their distal portion),

the tip moderately sharply pointed. In front of the clitellum the

ventral bundles have apparently four setfe (not well seen), behind
the clitellum 4, 5, 6, and once 7 ; the lateral bundles have usually

five setfe, sometimes 4 or 6, in front of the clitellum, and behind
the clitellum 4, 5, 6, once 7, and once 8.

The " taste organ " on the floor of the phaiynx is similar to

that described for the nest species, except that its base of attach-

ment appears to be a little narrower.

* 'FAeio-pofos, bred in the marsh.
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The septal glands are bulky, the last, iii segm. vi., causing

septum 6/7 to bulge back very considerably.

Dorsal and venti'al oesophageal nephridia are present, but less

conspicuous than in the next species. The dorsal nephridium is

•double, consisting of two masses, one on each side of the middle
line, attached behind to the dorsal side of the dorsal vessel near

the angle which the vessel makes with the septum (6/7) and
laterally to this on the anterior face of the septal gland ; the

masses have perhaps a small connection with each other across

the middle line. Each is very irregular in shape, and the attach-

ment to the dorsal vessel and septal gland is relatively narrow
;

portions of the mass consist of long strings of cells extending
forwards and upwards in the segment.
The ventral neplnidium is contained wholly in the oesopliageal

wall, and is rather indistinct—indeed, in one of my two series of

longitudinal sections it is scarcely to be made out ; it is not

obviously paired, and extends behind into segm. vii.

A pair of postpharyngeal bulbs axe present—small solid groups
of cells behind the pharyngeal mass, continuous with a dorsal

upfolding of the oesophageal epithelium. These structures may be
compared with those described in the account of the next species

;

but here they are very much less definite, the knobs of cells less

distinctly limited, the lumen of the upward fold of oesophageal

epithelium much less marked, indeed hardly present, and the

whole smaller.

Ohloragogen cells begin in segm. vii. ; in this segment, however,
they are only scanty.

The oesophagus expands to form the intestine in segm. viii. In
this segment there is a slight invagination backwards of the

oesophagus into the broa^der intestine behind ; there are no
diverticula. In each of the segments behind vii. the canal is

swollen out into an ovoid shape, and this is the case in the

genital segments also. There are no chylus-cells.

The coelomic corpuscles are large, granular, and elliptical, oval,

or fusiform in shape, of an average length of 29 //, ; small nuclei,

with a centi-al nucleolar dot, are visible in some, though not dis-

tinctly discoverable in all.

The dorsal vessel originates in the anterior part of segm. ix. as

a sudden swelling just behind the septum; it contains numerous
corpuscles. The blood was probably colourless.

The nephridia have a relatively large anteseptal portion in

which the central lumen undergoes some windings; the post-

septal portion is ovoid, and not large ; in one specimen the duct

appears to be prolonged back from the hinder end of the body of

the organ, and lies on the body-wall ; in a second, the duct can be

seen in sections to come off from the under (or under and outer)

side of the postseptal portion considerably in front of its hinder
end.

The sexual organs are more completely developed in the second
specimen (taken on the 10th of August), which will therefore be
described.
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The testes are small, and not lobed. Sperm-morulfe and the

early stages of spermatozoa are free in segm. xi., but not in large

numbers.
The male funnel is small, snbspherical in shape, 108 /x in

diameter, with spermatozoa clustering ronnd its mouth. The first

portion of the vas deferens is of a diameter of 15 /x, but this is-

only for a very short distance on both sides of the septum, and
the main part of the duct forms a very narrow tube 6 /x in

diameter, packed tightly in a coil just behind the septum and
entu^ely in front of the level of the male pore. The penial body
is of the lumbricillid type, subspherical in shajDC, 120/x in diameter,

compact, with a definite outline and contained in a definite-

muscular capsule.

The ovary is small ; large ova are contained in segm. xii.

The spermathecal duct is straight for the most part, of some
length, 28 /i in diameter, directed downwards and forwards j

towards its ental end it bends inwards ; there are a few pear-

shaped lobules of cells around its ectal end, but these may be
peritoneal aggregates and not epithelial gland-cells. The ampulla
is only slightly dilated, measuring 56ft in diameter; the two
ampullcG are continuous across the middle line—there is not even
a narrowing of the lumen to demarcate one from the othei'.

There is no connection between the lumen of the oesophagus and
that of the ampullie ; the structures do not anywhere come into

conta,ct. The length of the conjoined ampullae is 160 /x (computed
— it extends through 20 longitudinal sections each of a thickness

of 8 u).

There are no copulatory (ventral) glands.

The first specimen is altogether smaller than the second, and was
collected a little earlier. The diameter of the male funnel is 75 iJ. ;

though here, too, spermatozoa ai'e clustering round the n)outh.

The penial body is also about 75 /x in diameter. The sperma-
thecal ampulla is no wider than the duct, though the epithelium

is much lower and the lumen therefore more capacious ; the inner
ends of the ampullae are not in contact either with the oesophagus
or with each other; there is an interval of about 1

6

/a between
the ampullcTB of the two sides.

HeNLEA (HexLEA) BPtUCEI, sp. n.

Spitsbergen ; dry tundra, among Lo'yas, etc., on hill near coast^

Presliwater Bay, Prince Charles Foreland; 10.vii.]92]. A single

specimen.

Spitsbergen ; Bruce City region (no data concerning habitat) ;

10.viii.l921. A single specimen.

Spitsbergen
;
among plants growing on shingle of raised^beach,

Bruce City ; ll.viii.l921. Tv/o specimens.

Length 6-8 mm.; diameter •31-"46 mm. Segments 40-4.3.

Colour brown (probably in part at least due to preservative).

Prostomium short and rounded. Head-pore on dorsal suiface of
prostomium. No dorsal pores.
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Setae encliytrseiue in form ; tliere may, however, be a hint of a

distal curve. In some bundles the inner setas are smaller and
slenderer than those at the ends of the bundle [Fridericia

ari'augement). In front of the clitellum the ventral bundles

contain 4 or 5 setae, occasionally 3 ; the lateral bundles have
3 or 4. Behind the clitellum the ventral bundles have 4 or 5,

O3casionally 3 or 6 setiB ; the lateral 4, 5, or 6, occasionally 3, or

in the last segments even two.

The clitellum roughly covers segm's. xii. and xiii. ; but in a

specimen with fully developed sexual organs one-third of xi. was
included, and a small portion of the hinder end of xiii. (about a

quarter) was free.

A taste-organ is present on the floor of the pharynx, in front

of the level of the dorsal pharyngeal mass and of furrow 2/3. It

is best seen in longitudinal sections, according to which it is a

solid transverse ridge, bent somewhat forwards, with a narrow
free edge. Its base- is slightly narrowed (antero-posteriorly, as

seen in longitudinal sections), and its total height is about five

times the antei'o-posterior thickness of its base of attachment. It

is composed of eloiigated cells, and being solid is distinguishable

from the other ridges of the ventral pharyngeal wall, which are

merely folds of the epithelium. In one specimen the pharjaix is

being everted; it is the ventral wall alone that comes forward

here, and the taste-organ is at the tip of the everted pai't, so

that it comes just onto a level with the mouth-opening, or

in one or two sections rather farther, projecting a little from
the mouth. Some deeply staining matter is apparently being

ta,ken in.

The septal glands are bulky ; the last is in relation with

septum 6/7, covering both sides of it and thus occupying part of

segm. vii.

There are dorsal and ventral oesophageal nephridia. The dorsal

organ ends behind in segm. vi., and gives a branch dorsalwards

just in front of its ending; in front it gets into segm. v. in one

series of sections, and ends some dista,nce above the cesopha,gus

a,nd not in contact with it. In another specimen, cut into longi-

tudinal sections, it is confined to vi., and appears a,s a projecting

mass dorsally on the oesophagus, spongy in texture, hardly

staining, irregular in shape, and in intimate connection with the

dorsal vessel ; indeed, a proper wall of the dorsal vessel is wanting,

or cannot be distinguished, and the blood appears to be contained

Avithin a sinus in the nephridial tissue.

The ventral nephridium ends behind by branching into two at

a level just in front of that of the end of the dorsal organ ; each

branch extends laterally for some distance, and then terminates

by turning somewhat forvv'ards. These branches form the chief

part of the organ ; the median portion, on the ventral oesophageal

wall, is soon lost, and does not seem to get forwards into segm. v.

This nephridium also is in close relation with blood-spaces—in

this case those of the alimentary wall (text-fig. 1).
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In anotlier specimen both organs appear to be confined to

segm. vi.

Besides these organs, which have, from their texture, more or
less the appearance of nepliridia, there is behind the pharynx a
narrow divei'ticulum of tlie alimentary tube, wedge-shaped or
conical as seen in longitudinal sections, pointed above, directed
dorsalwards and backwards, and at its tip connected with a pair
of solid Icnobs, the postpharyngeal bulbs. Each knob is a cellular

mass, ovoid or somewhat club-shaped, with the long diameter
continuing the direction of the diverticulum. The length of the
diverticulum is 120^, that of the bulbs 36 /x, and the thickness of

the latter 20 yii.

Text-fiirure 1.

1 oes.

chL
~v. nepi

bi.-'-

V. n. c.

Henlea {Henlea) hrucei; transverse section tlirougli cesopliagus and hinder end of

ventral OBSopliageal nepliridium. Bl., blood in sinus-like cavities of nepliridium
;

clil., clilorag-ogen cells; oes., ossopliagus; v.n.c, ventral nerve cord; v.neph.,

ventral cesopliageal nepliridium.

The oesophagus is narrow as far as segm. viii., Avhere it swells

out into the intestine. The canal is thenceforward s swollen seg-

mentallyin an ovoid manner, and is not constricted in the genital

segments. There are no chylus-cells.

Chloragogen cells begin, but only scantily, in the posterior part

of segm. vi.

In segm. viii. is a pair of oesoplmgeal diverticula. Each is sac-

like, with folded walls; each originates from the aJimentarv tube
at the hinder end of the segment, a,nd extends forwards to its

anterior limit. There appears to be some variation in the exact

manner of origin of the sacs ; in two series of sections, both lon£>-i-

tudinal, the sacs have independent openings into the cesophagus,
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one on each side ; in a third, a transverse series, the two sacs join

dorsally above tlie alimentary tube before they enter it.

The dorsal vessel originates in segm. viii. between the two
oesophageal sacs. The blood was colourless (no red staining with

eosin—absence of hsemoglobin).

The coeloniic corpuscles are few in number, large, disc-like,

oval, about r>0/x in long diameter; the body is granular, and a

nucleus is present, 3 fi in diameter, with a more deeply staining

dot-like nucleolus. In one specimen the corpuscles were distinctly

smaller than in the others— only 20 fx long.

The preseptal portion of the nephridia is often pjavamidal in

shape, narrow at the free end and broader where it joins the

septum ; in any case it is of some length (40-60 /a). The
postseptal portion is broad and ovoid or peai'-shaped, with the

wider portion behind. The duct is narrow, cylindrical, and long

— as long as or longer than the postseptal portion ; it is curved,

arched, or even bent into a loop with the convexity backwards.

The testes are small, compact, either slightly lobed or not, but

not divided (that is, not split up into a number of elongated pear-

shaped divisions attached in a cluster at their narrow ends, as is

the case in the genus Lumhricillus). A few sperm-morulse lie

loose in segm. xi.

The funnels are small, with a distinct rim of nuclea,ted cells,

and resemble what is known as a " thistle-funnel." Each is

rather longer tlian broad ; in difterent specimens they measured

92 by 56^, 100 by 72 /u, and 120 by 100 j^.

The lirst portion of the vas deferens, which lies in front of the

septum, is 16/,i in diameter; it very soon pierces the septum, and
after maintaining its former size for a short distance, contracts to

a very narrow tube, -5-8 /x in thickness, which lies in a close coil

ventr;Uly in the anterior part of segm. xii. just behind the septum
and behind tl)e position of the funnel.

The penial body is of the lumbricillid type, spherical, compact,

of definite form, enclosed in a muscular capsule, about 120 /.i in

diameter. In one specimen it appeared to be rather shorter in

vertical diameter, 120 ;z high by 160 /a long.

The ovai-ies are small, and consist of club-shaped lobes. Ova lie

in segm. xii.

The spermatbecal duct is cylindrical, about 30 /^ in diameter,

with thick walls and small lumen; there are no gland-cells either

on its course or round its ectal end. The ampulla is cylindrical

or ovoid, tliin-walled, 40 p. in cross-section. There is a direct

connection between the ampulliB of the two sides across the

middle line dorsal to the oesophagus—a fairly wide passage 24^
in diameter, with a lumen of 16yu; this connection between the

two ampulla3 is contiguous to the oesophageal wall, but there is no
communication with the cavity of the oesophagus, a double

layer of cells, the alimentaiy epithelium and the spermathecnl

epithelium, always intervening.

In another specimen, although the ampullae -were more swollen
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than in that from which the above description was taken and
contained spermatozoa, I could not make out any connection

between the two chambers : here again there was no com-
munication between the cavity of the spermathecal apparatus

and that of the oesophagus.

Tliere are no copulatory glands.

The present species is not very unlike the common //. nasuta,

which has been recorded from N. Russia and N. Siberia. It

difiers, however (I take as the standard of comparison Welch's
description, 22), in being smaller, in having a blunt prostomium,
in the shortness of the ventral oesophageal nephridium, in the

male funnel being here more nearly spherical, in having no
glands at the octal end of the spermathecal duct, in having a

broader communication between the two ampulla, and in having

no communication between spermathecae and oesophageal lumen.

It also approaches H. urhanensis Welch, found in Illinois (19).

The present species is smaller than that one, has fewer setse in

the ventral bundles, the ventral oesophageal nephridium is smaller,

the dorsal vessel originates in viii., not in ix., the male funnel

is much shorter, there are no gland-cells round the ectal end
of the spermathecal apparatus, and no communication with the

alimentary canal.

In many species of Henlea the inner ends of the two sperma-

thecse are bent downwards, meet, and join to form a common
passage which enters the dorsal surface of the oesophagus. In
both the species here described the condition is rather different

;

instead of meeting at an angle, the spermathecse of the two sides

are continued directly into each other across the middle line, and
there is no communication with the oesophagus. This absence of

communication is just possibly due to the specimens not being

completely mature—the oesophageal connection being probably

the last portion of the appai-atus to form,—though from the

condition of the other organs this hardly seems to be the case.

Henlea (Henleanella) sp.

Spitsbergen ; among mosses on the bank of a fresh-water pond,

more or less under water, Bruce City; from August 1st to 8th.

Five specimens, none fully sexual.

Unfortunately the specimens are rather too immature to

describe. They belong to that section of the genus which has no
oesophageal sacs.

The dorsal and ventral oesophageal nephridia attracted my
attention. The dorsal is seen in segm. vi. with a central lumen
and lateral branches of some size ; from this portion is continued
back a solid cellular cord, regular in form, cylindrical and well

defined in the middle line on the oesophagus as far as segm, x.

;

the cord, although it has no lumen, seems to take the place of

the dorsal vessel, which is not separately visible. The ventral

Proc. Zool. Soo.—1922, No. LXXY. 75
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oesophageal nepliridium is confined to segm. vi. ; it consists

mainly of two masses, one on each side of the middle line ; each

mass has folded walls and a considerable lumen.

Henlea (Hepatogaster) sp.

Spitsbergen; among mosses on the bank of a fresh-water pond,

more or less imder water, Bruce City ; end of July and beginning

of August 1921. A single specimen.

This specimen was taken near the last, but in a different moss-

zone. The oesophageal diverticula take the form of a number of

communicating tubules, as in the worms called Hepatogaster by
Cejka (3) and in Henlea tuhulifera and H. mocleraia as described

by Welch (18, 19). I could not discover whether there were or

were not dorsal and ventral cesophageal nephridia, as my sections

of the worm were not very successful. The dorsal vessel begins

in ses'm. ix.

Genus LuMBRiciLLus Orst.

LUMBRICILLUS ^GIALITES, Sp. n. *

Spitsbergen ; in seaweed at high-tide mark on shore, at head of

Klaas Billen Bay in Icefjord, by Bruce City ; last week in August
1921. Numerous specimens.

Length up to 17 mm.; maximum diameter '65 mm. Colour

brownish (fixed in Bouin). Segms. 52-53. Prostomium rounded,

hemispherical. Head-pore not made out Avith certainty, probably

present.

A cuticle is not usually separately discernible ; it is sometimes

seen in the anterior segments, when it is not more than 1 /^ in

thickness.

Fairly numerous deeply staining (with hfematoxylin) mucous
cells are seen in transverse rows in the surface epithelium—not,

however, causing eminences on the surface.

Clitellum |xi.-xiii. (:=2^), not very well marked.
Set^e enchytraeine (distal portion straight), blunt. In the

ventral bundles in front of the clitellum 4 or 5 setse ; behind the

clitellum 3, or at the hinder end 2. In the lateral bundles in

front of the clitellum 3 ; behind, 3 in most segments, 2 at the

hinder end.

The septal glands are in segms. iv., v., and vi. ; septum 6/7 is

bulged backwards by the last gland.

There are no salivary glands. There are, however, a pair of

postpharyngeal bulbs—club-shaped structures in connection with
the dorsal wall of the alimentary tube at the junction of pharynx
and ossopliagus. Their total length is 240 ,u ; they are constituted

by a solid mass of cells in the form of a knob, and a stalk which

* 'Aiyi«\tr?js, of tlie shore.
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is attached to a small cliverticnliim of the alimentary tube ; this

might be expressed by saying that the proximal portion of the

stalk is hollow, its cavity communicating with the alimentary

lumen.
In the cesophagus are large numbers of parasitic Oiliata. The

oesophageal epithelium is being shed en masse into the lumen of

the canal ; in some places also the cilia are being detached and
shed.

The intestine dilates gradually after passing through the

genital segments, about segm. xiii.

Chloragogen cells begin in segm. vi.

The coelomic corpuscles have a length of 16-24 ft ; in shape they

are elongated, fusiform, pear-shaped, or oval. They are not veiy

definite structures, and often seem to be disintegrating and of

irregular outline. Some, broader than most, are nucleated.

The dorsal vessel begins in segm. xiv. The blood from its

staining reactions (it stains a pinkish-brown with eosin) probably

contained haemoglobin.

Text-fio'ure 2.

Cerebral ganglion oi L^imhricUlus cegialites.

The anteseptal portion of the nephridia consists of the funnel

only. The postseptal portion is spindle-shaped. The stout duct

is the hinder end of the organ bent downwards and inwards,

sometimes forwards as well ; sections of the duct are rather

characteristic—always oval in outline and showing radial stria-

ticns in the vv'all.

The cerebral ganglion (text-fig. 2) has a slightly concave

anterior border ; the posterior border is slightly indented in the

middle line and rounded on each side of the median indentation.

The ganglion is about as long as broad, and is broader in front

than behind.

The testes have the usual constitution in the genus. Each
consists of a number of elongated lobes (" divided " testes, using

"W elclvs term), which extend into segms. x. and xi. ; each lobe is

contained in a membranous sac. which in some cases may be fairly

75*
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substantial, with a number of much elongated nuclei in its wall.

The substance of the lobes consists proximally of a mass of cells

only ; further from their attachment they dissolve into sperm-

morulre, still contained within the sacs. There is a large vacancy

in septum 10/11 ; as already said, the lobes of the testes extend

into both segments.

The funnel is short and stout—about twice, or at any rate not

more than three times, as long as wide. In a specimen in which

the funnels were isolated by dilaceration they were not more
than 1^ times as long as wide. The vas deferens is long and

much coiled, but in the dilacerated specimen not so tightl}" as

in the next species; it is confined to segm. xii. ; in diameter it

measures 10-12 /i.

The penial body is compact, subspherical in shape, in diameter

130-160 fi, of the usual lumbricilline type, with a strong muscular

capsule. It causes a slight projection on the surface.

Text-fifiure 3.

9^-

Spermatlicca of Lwmhricilhis mgialites isolated by dilaceration. Arnp., ampulla;

coag., coagulum in ampulla ; d., duct
;
gl,, mass of gland-cells.

The ovaries are in segm. xii. ; loose ova are present in xii. and
also in xiii. There is no ovisac. The female funnels are merelj^

backward bulgings of the septum. The oviducts axe not as yet

patent.

The spermathecal ampulla is smoothly ovoid, 90-100 /i in

diameter, and communicates with tlie oesophagus by a rather

narrow neck. The duct is straight and as long as the ampulla.

A large mass of gland-cells surrounds the duct, and takes up all

the space between the parietes and the ampulla—even surround-

ing the basal half of the ampulla ; the upper margin of this mass
of gland-cells is slightly lobed (text-fig. 3).

Copulatory glands (" ventral glands ") are present in segments
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xiv. and xv. Tliey are small, and the wings do not meet above
the cord, all the dorsal surface of the cord being free. The
lateral extent of the wings is not great ; each measures about
twice the transverse diameter of the cord, and does not reach

outwards more than halfv/ay towards the ventral setal bundles.

They ai-e not composed of several layers (as in L. nervosus,

according to Ude).
Besides the parasites in the oesophagus, others were found in

the testicular region. Here there are a number of sacs, each

containing what appear to be stages in the formation of spores.

It is extremely difficult to know which of the worms described

by the older writers, and designated by names tha.t are still in

use, correspond to forms met with at the present day. The
older descriptions are so very scanty, according to present-day

requirements, that they frequently fit several of the species

now recognized. In course of time, other descriptions have been
published under the older name, supposedly referring to the same
worm

;
particulars have been taken from these descriptions and

incorporated in the diagnoses. The result is a composite picture,

which may or may not represent the worm which the original

describer had under his eyes. Another woi-m may come up,

which may fit the original description equally well—and may
therefore be identical with the original species ; but it will have

to be described as new, since it is not characterized by the accre-

tions which have gathered round the original diagnosis.

Thus the original description of Liombricillus pagenstecheri

(Ratzel) is very scanty, but it has been added to by Yejdovsky
and Ude. The present worm seems to differ from the original

description (12) in having the setaa fewer in number (2-5 as

against 6-10, 7-8 being the commonest numbers in the original),

and straight (those of the original, while described as straight,

had, nevertheless, a slight curve at their sharp end—" mit leichter

Biegung an der scharfen Spitze"), with blunt instead of sharp

points. From the diagnosis in the ' Tierreich' (11), which embodies
what I have called later accretions, it differs in having small

instead of large copulatory glands, which leave the whole of the

dorsal surface of the cord uncovered ; and in having the whole of

the spermathecal duct closely covered with gland-cells, instead

of loosely ; the shape of the cerebral ganglion also differs con-

siderably.

From L. henkingi, described by Ude from Bear Island, the

present form differs in not having S- shaped setee, in the origin of

the dorsal vessel in xiv. (instead of in xiii.), in having copulatory

glands in xiv. and xv. (instead of in xiii, and xiv.), and in the fact

that these glands are here very much smaller (in L. henkingi the

wings of the glands are four times as extensive as the greatest

diameter of the cord, and they reacli outwards somewhat beyond
the setal bundles).

The present species is not very unlike L. franciscmms Eisen,

from California (varieties of the species also from Pribilov Islands
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and Alaska). It diflers apparently in the sliape of the setse, in

the place of origin of the dorsal vessel (in L. franciscanus it arises,

according to the shoi't diagnosis, in segm. xiv. or xv,, but in the

detailed description it " has already arisen in xvi. How much
further posteriorly it extends I do not know, as I did not section

further'"), in the rather greater extent of the clitellum, and in

the more restricted distribution of the copulatory glands (clitellum

O'ver segms. xii.-xiii., glands in xiv.-XA-i. in L. frcmciscanus).

LUMBRICILLUS NECKOPHAGUS, sp. n.*

Spitsbersfen ; in dead seal, at high-tide mark on shore, by Bruce
City at head of Klaas Billen Bny in Icefjord ; 25.vii!l921. A
number of specimens.

Length up to 15 mm.; maximum diameter •4-'55 mm., but
many are thinner. Colour pale yellowish. Segments 51-53.

Prostomium blunt, rounded. No mucous cells in epidermis.

The surface is covered with a moderately thick cuticle, con-

siderably thicker and more noticeable than that of the last species.

Clitellum ^xi.-xiii. (= 24) ; in sections the extent appears to be

rather diflerent—it includes a little of xi. and gets slightly on to

xiv. also.

The sette are enchytrjeiiie in form (I think I have occasionally

detected a hint of a distal curvature) and blunt, rounded, or even

squarish at their tips. The A'entral bundles contain in front of

the clitellum mostly 4 (occasionally 5 or 3) setfe and behind the

clitellum 3. The lateral bundles have usually 3 (occasionally 4 or

2) in front of, and 3 or 2 behind, the clitellum.

The septal glands are bulky, the last, in segm. vi., causing a

backward bulging of the septum.

The postphai'yngeal bulbs arise from a ti-ansversely placed

groove-like evagination of the alimentar}' tube behind the pharyn-

geal mass. Each is a slender elongated cord of cells, i-ather

swollen at its distal end, its general direction nearly vertical, and
solid except in its proximal third or less, Avhere there is a narrow
lumen.

Chloragoo'en cells beo-in in seem. v.

The oesophageal epithelium is being thrown oflP into the cavity

of the tube ; the cells lie loose in the lumen, and there is a copious

granular substance between them and the remainder of the

oesophageal Avail. Similarly, the intestinal epithelium is dis-

integrating or has disajDpeared over large areas ; the intestinal

tube is full of a fainth' staining granular substance, or of what is

apparently a disintegrating cell-mass; sometimes the epithelium

is separating in sheets, and the lumen is half empty. The
intestinal tube is much swollen out, and the ccelom is almost

obliterated in parts, the nephridia being pressed against the

'"^ 'iiieKpo(pa.yos, devouring- corpses.
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body-wall. Extreme degeneration may exist throughout the

whole of the alimentary tract behind the septal glands.

This condition might be due to the presence of parasites—there

are a num.ber of such, elongated, cylindrical, with a nucleus of

corresponding shape, in the oesophagus (probably Ciliates, though
no cilia could be made out on them), as well as a number of small

cysts in the tissues. Still, the usual Ciliate parasites of the

oesophagus of Enchytrseids do not as a rule cause such degenera-

tion. It might perhaps be due to the parasites of the tissues,

through their metabolic products, which may have a specific

action on the alimentary epithelium. Or one might attribute it

to the food (assuming that the worms Avere taking in material

from the body of the dead seal in which they were found), but for

the fact that the last species also showed degeneration of the

alimentary epithelium, though not to such an extreme degree as

these worms.

Text-figure 4.

Cerebral ganglion of Ltmihricilhis necrophagus.

A lightly staining, almost perfectly homogeneous, very slightly

granular coagulum, containing many nuclei, almost fills up the
ccelom in the anterior part of the body. There are no definite

lymph-corpuscles of the type of those found in the former species
;

but the nuclei in the coagulum just described seem to have
belonged to corpuscles which have degenerated. These changes
seem to go along with those in the intestine, and are doubtless
due to the same cause.

The dorsal vessel begins in segm. xiv. The blood contained
hsemoglobin.

The anteseptal part of the nephridia is quite small and
shortly cylindrical. The postseptal portion is elongated and is

continued behind into the duct, which has the same structure

as in the last species. The whole is fiattened against the body-
Avall.

The cerebral ganglion is rectangular in general outline (text-

fig. 4), the sides being approximately parallel and the length
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about one-third greater than the breadth. The posterior border
is very slightly indented, and the posterior angles are well

rounded.

The testis consists of numerous lobes or divisions, each contained
in a definite sac ; in each sac the distal portion of the contents
consists of morulse and developing spermatozoa. The lobes are

contained in segms. x. and xi.; they originate from the parieteson
both sides of the attachment of the septum. JSTumbers of sperma-
tozoa are free in segm. xii. at and behind the level of the penial

bodies and as far back as the hinder end of the segment.
Numerous cysts containing developmental stages of parasites

occur amongst the testis-lobes.

In two specimens from which the male deferent apparatus was
isolated by the method of dilaceration, the funnels appeared to be
only a little longer than broad—not more than half as long again
as broad. In one specimen, in which they were well seen, they
were rather triangular in shape, the posterior end (where the vas

Text-figure 5.

^ amp.

d.

coaq. oes.

Spermathecse and intervening part of oesophagus of lyuhricillus necropJmgtis,

isolated by dilaceration. Amp., ampulla ; coag., coagulum in ampulla ; d., duct

;

gl., mass of gland-cells ; oes., oesophagus.

deferens is given ofi") being narrow. In sections also the funnels
appeared short and stumpy, the proportions varying, but
apparently most often about half as long again as broad.
The vas deferens is narrow, 8 ^, and is confined to segm. xii. ; it

is tightly coiled, and is seen in sections as a number of windings
squeezed close against the body-wall. The penial body is of the
lumbricilbd type, ovoid, somewhat flattened vertically, -19 mm.
long and •14 mm. high.

The large ovary, in segm. xii., is also branched into lobes.
The spermathecal ampulla is shortly and stoutly pear-shaped,

drawn out above into its oesophageal connection ; there appears
to be a communication between the cavities of the spermatheca
and of the esophagus. The duct is well marked off, longer than
the ampulla, and surrounded by a large lobed mass of gland-cells
which fills up the space between the parietes and the base of the
ampulla (text-fig. 5).

Copulatory glands occur in segms. xiv. and sv. They are small,
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Bot covering the dorsal surface of the cord ; their shape is slightly

different from those of the last species ; the lateral expansions are

level with the dorsal surface of the cord, so that there is a straight

line all along ; in the former species the Avings rise above the

level of the cord.

I was at first extremely inclined to unite these worms with the

last species ; and I am still not quite certain that they are speci-

fically distinct. The chief difference is that there are no mucous
cells in the present specimens ; they were stained in exactly the

same way as the former, yet the mucous cells are extremely

obvious at the first glance in the former preparations, while they

are entirely absent in these. The thicker cuticle also seems to

be a distinction, as well as the shape of the cerebral ganglion and,

possibly, though doubtfully, the different shape of the copulatory

glands. The appearance of the two worms is also very different

;

L. cegiccUtes is dark brown (perhaps in part due to the fixative

—

Bouin), L. necrophagus pale and semi-transparent (fixative not

stated) ; L. cnjialites appears much stouter than L. necro'phagus,

though actual measurements hardly bear this out. But the two
are closel}^ related ; whether the differences can be put down to

the different m^anner of life in the two cases seems doubtful, since

one can hardly suppose that the occurrence of these specimens

in a dead seal was more than accidental.

Genus Enchytr^us Henle em. Mich.

Enohytr^us albidus Henle.

Bear Island ; Walrias Ba}" (S.E. of island) ; by shaking plants

of dry tandra ; 15.vi. 1921. Four specimens, some of them
(? all) mature.

Same locality; among plants on shaly slope; 22.vi. 1921.

Two specimens, both mature.
Same locality; among plants on top of hill (dry tundra);

22.vi.1921. Two specimens, both mature.

Enchytr^us crymodes, sp. n. *

Spitsbergen ; among mosses on the bank of a fresh-water pond,

more or less under water, Bruce City ; end of July and beginning
of August 1921. Several specimens.

Spitsbergen ; moss by salt marsh, probably reached by ex-

tremely high tides, near Bruce City; 8,viii.l921. Numerous
specimens.

Mr. Elton adds a note to the above data:—"These" (the

second of the two batches) " were observed to be living on live

moss leaves, and seemed to occur among these, but not in the
decaying parts of the moss. They survived being frozen solid, in

an experiment which I did."

* Kpvfiwdi]s, icy cold, frozen.
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Length 8-9 mm.; diameter -4 mm. Colour brownish. Seg-
ments 34-38. Prostomiiim bkuitly triangular, the triangle being
about equilateral. Head-pore between prostomium and first

segment ; no dorsal pores.

Clitellum not well marked (or scarcely formed), xii.-xiii. (= 2).

Setfe enchytrseine in form, tip fairly sharp. In front of the
clitellum both ventral and lateral bundles have three setse,

occasionally four ; behind the clitellum they have two only.

The hindmost septal glands are in segm. vi.

There are no salivary glands of the type of those of E. albidas,

but, as in the species of Lumbricillus, there are a pair of post-

pharyngeal bulbs. These are small, knob-like, ovoid cell-masses

immediately behind the pharynx, connected with the first part of

the oesophageal tube by solid conical cell-aggregates. The knobs
are separated from each other in the middle line by a muscular
strand. In other preparations of these same worms the struc-

tures are not so clearly seen—either there is actually some
variation or the plane of section is not so favourable.

Chloi'agogen cells begin scantily in segm. v.

The oesophagus remains narrow till past the genital segments

;

it begins to widen in xiii. and the intestine is fully established in
xiv. There are numerous sporozoan parasites in the epithelium
of the oesophagus. There are no chylus-cells in the alimentai-y

tract.

The dorsal vessel originates in segm. xiii. The blood stains

slightly with eosin
;

probably there was a small amount of

haemoglobin in it originally.

Ooslomic corpuscles are present as irregular discs, staining
little, fusiform or OA'^al in shape, 32 /x in average length (the

limits being 30-40 /a), nucleated; but they are relatively few
in number.
The nephridia (text-fig. 6) have a small narrow anteseptal

portion ; the postseptal portion is swollen out, shortly ovoid or
subspherical. The duct is long, relatively thick, and leaves the
outer side of the postseptal mass, passing backwards for some
distance and then downwards—even somewhat forwards in some
sections.

The testes are bulky in the present specimens ; they are slightly

lobed in their distal portions. Some of the sexual cells ai-e

becoming metamorphosed into sperm-morulge and spermatozoa,
and these are bound together and to one of the lobes of the testis

by an apparently incomplete sac. These sacs appear to be
rupturii:tg, and so allowing their contents to escape. In one
specimen there is a mass of genital cells in segm. ix.

The funnels are long and narrow, as much as 6-8 times as long
as broad. They ma,y push right through the septum into segm.x.,
in which the anterior half of the funnel may thus be contained

;

or the anterior end may be reversed and push back septum 11/12
so as to form a sac, in which the anterior part of the funnel is

contained. The mouth of the funnel has a distinct lip.



OXFORD UNIVERSITY SPITSBERGEN EXPEDITION. 1135

The vas deferens is narrow, 7-12 m in diameter, and forms

numerous close coils in segm. xii., to which it is confined. It

pierces and penetrates the penial body.

The penial body is of moderate size, -12 mm. in diameter, com-

pact, of the lumbriciliine type, spherical, with a definite muscular

capsule.

The ovary, in segm. xii., is bulky. Septum 12/13 is bulged back

by ova contained in segm. xii. in such a way as to form an

incipient ovisac.

The S23ermathecse have each a relatively small and thin-v^alled

ampulla, subspherical in form, 80-120/1 in diameter. The duct

is thick-walled with high epithelium, 70-80 /i in diameter,

cylindrical, longer than the ampulla and nearly as thick. There

are a number of pyriform groups of cells i-ound the ectal end of

the duct. The ampulla, probably communicates with the cavity

of the oesophagus at full sexual maturity, though such a patent

communication was not visible in my specimens ; in one, however,

Text-figure 6.

sap.

v.s.

Nephridia of JSncliytrceus crymodes.

Sep., septum ; v.s., ventral setal bundle.

the epithelium of the two organs (ampulla and oesophagus) was
continuous. The two ampullse may be separated from one another
by a part of the oesophagus ; but in. another case they were con-
tiguous—indeed, their walls were fused together. In both these

cases the cavity of the ampullae contained spermatozoa.

Copulatory glands are present, though small, in segms. xiii. to

xvi. and perhaps xvii. They do not cover the dorsal surface of

the cord at all. There is a small rounded papilla over the position

of each gland where the eiand-cells come to the surface.

Enchytr^us sp.

Spitsbergen ; among moss in marshy (fresh-water) area near

Bruce City ; S.viii. 1921. A number of specimens.

I regret that this worm is rather too immature to justify my
giving it a name. I append a few particulars, which may enable

it to be identified when next it is met with.
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Length 3-3"5 mm.; diameter -IT mm. Segments 22, or 22

with some incomplete segments behind. Colour dark. Setee

enchytrjBine in form, two per bundle throughout the body. No
salivary glands. Coelomic corpuscles fairly numerous, oval,

nucleated, 12-14 /x in length. The dorsal vessel originates in

segm. xii. The nephridia have a large anteseptal portion, nearly

as lai'ge as the postseptal ; the duct undergoes several windings

in the anteseptal portion ; the organ is somewJiat constricted at

the septum; and the postseptal portion is elongated, the duct

being continued from the hinder end.

The testes were in an early stage, of large size, taking up a

very large part of segm. xi. ; scarcely any sperm-morulfe had
formed, the testes were lobed, but not •' divided." The funnels

were very small, and twice as long as broad ; but it is more than

likely that these proportions would not be maintained throughout
the further development of the organ. There was a small, ovoid,

and well-defined penial body.

The ovaries were lobed in the same manner as the testes. The
spermathecal ampulla was short, subspherical, and the duct cylin-

drical, entirely destitute of surrounding gland-cells. There were

no copulatory glands.

The numbers of the seta? (2 per bundle throughout the body),

the large anteseptal part of the nephridia, and the presence of a

lumbricilline penial bulb constitute a group of characters which,

along with the small size of the worms, may permit of recognition

in the future; but I disapprove of the practice of giving names
to incompletely described or immature material.

Genus Mesenchytk.eus Eisen.

Mesenchytrjeus sp.

Spitsbergen ; a,mong plants of dry tundra. Cape Boheman in

Icefjord in W. Spitsbergen; 12.vii.l921. A single specimen.

Spitsbergen ; among mosses on the bank of a fresh-water pond,
more or less under water, Bruce City; end of Jul}- and beginning
of August 1921. Two specimens.

Like the last, the present specimens are too immature to

name.
Length 7-10 mm. : maximum diameter -B-'S mm. Segms. 46

-54. Colour dark brown. The worms are solid-looking, like the
young of earthworms. A large head-pore near the tip of the
proboscis. Setea lumbricine in shape, stout and relatively short,

with sigmoid curve ; in the venti'al bundles 4, 5, or 6 throughout
the body ; in the lateral 2 or 3 throughout, or sometimes behind
the clitellum 4 or 5, and occasionally, in front of the clitellum,

one only.

Coelomic corpuscles rather small, 12-20^, granular, with deeply
staining granules or network, and a small nucleus visible only
with difficulty. No salivary' glands

;
postpharyngeal bulbs
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present. Qijsophagiis dilates faii'lj suddenly in segm. vii. Yery
numerous parasitic Ciliates in ogsopbagus

;
parasites also in

oesophageal wall; a cyst outside, in the coelom. Much of the
alimentary epithelium is degenerating or has been shed. Doi-sal

vessel originates in xiv. ; the blood stains with eosin. Nepliridia

of the type found in the genus ; the duct goes backwards at first,

then forwards, ending finally a very little way behind the inter-

segmental groove, indeed almost in it.

Clitellum only slightly marked, extending over xii. a,nd xiii.

Avith tlie greater part of xi. also. Testes lobed, but not " divided."

Sperm-sac present, extending into xiii. Funnel as yet merely a
plate of cells on the septum ; vas deferens onlj^ as a solid cord

of cells, cylindrical and somewhat wavy, from funnel to male
aperture. Penial bulb as a number of loosely arranged cells

around the terminal portion of the vas deferens. Ovisac ex-
tending back to xvii. Spermathecal ampulla not distinguishable;

duct narrow, no gland-cells round its ending, cylindrical, of some
length, coming to the surface in the tract of the lateral line cells.

The distinction of species of Mesenchytrceus depends largely on
the characters of the vas deferens and spermathecal ampulla

—

just those portions of the sexual a^pparatus which are most
undeveloped in the present specimens.
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(Test-figures 1-7.)

The Lamellibranch genus ScapJmda, Benson is represented by
three species from the rivers of India and Burma. The anatomy
of all the known species is unknown to science, with the exception

of the gills of an undetermined species from Siam (Ridewood,
Philosophical Transactions, Ser. B, voh 195). The present paper
aims at describing the. characteristic soft parts of the genus,

based upon the animals of S. celox, Benson, and of a new species

from Siam. The specimens were received from the Zoological

Survey of India, through the kindness of Dr. N. Annandale.

Text-figure 1.

7

8 9

Animal of S. celox, side view (left). X 10.

The body is elongated, being two to three times as long as

it is deep, and deeper posteriorly than anteriorly. The median
dorsal margin is a third to a quarter less than the body-
length. The anterior adductor muscle is much smaller than the
posterior. Both the anterior and posterior ma.rgins slope back-

wards. The anterior adductor muscle is narrow and elongated

at its insertioia, and is placed rather close to the anterior margin.
The length of the area of insertion is parallel to the latter. The
posterior adductor muscle is large at its insertion and may be

oval or triangular in shape. It is placed a little distance from
the posterior margin. The foot is elongated and compressed
laterally; it presents a shallow fissure along the mid-ventral line.

The foot is perhaps capable of slight expansion round the fissure.

A minute byssus cavity is pi-esent in tine ventral fissiire towards
the posterior end of the foot. The byssus is not well developed,

being in the form of fine silky threads in the Siamese species- An
obtusely-pointed process is present at the postero-ventral aspect
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of the foot. The anterior retractor pedis muscle is narrow and
elongated, and consists of two heads of insertion into the valve.

The posterior retractor pedis muscle is narrow, and elongated at

its insertion into the valves just in front of the posterior adductor

muscle. It extends diagonally from the posterior end of the

foot.

The visceral mass is greatly widened out laterally into a some-

what conical hump with an oblique ridge on the surface. The
gills are elongated, tapering posteriorly, and are about half the

length of the body and thrice as long as broad. The gill-axis is

slender, rod-like, and is placed more horizontally than diagonally

and ends in a small free posterior portion. The gill-filaments are

placed obliquely to the gill-axis, and the reflected filaments are

free dorsally. The labial palps are elongated, semilunar in shape,

and are placed at a.n obtuse angle with the gill-axis. They are

one-third to one-fourth the length of the body, and twice as long

as broad. The oesophagus is curved, with the concavity directed

backwards. The stomach is greatly elongated. The caecum of

Text-figure 2.

s

Animal of S. celox, longitudinal section.

the crystalline style is small, narrow, and is fused with the
beginning of the intestine, the latter being placed on the right

side of the caecum. The intestine consists of a short anterior and
a long posterior limb, and is placed towards the right side of

the body. The rectum is placed dorsally to the heart, and ends
in a small free portion projecting downwards and backwards
from the posterior surface of the posterior adductor muscle.

The pericardium is divided into two lateral portions. The two
ventricles are widely separated from each other by a narrow
tube, which giA^es rise to anterior and posterior aortse. The
aui'icles are comparatively large ; they do not communicate with
each other. The digestive glands are extensive. The genital

organs surround the lower portion of the oesophagus and occupy
the ventral region of the visceral mass. Osphvadia and Thiele's

abdominal sense-organs are both absent.

Structure of the Gills of S. celox.—The gill-filaments are

flattened antero-posteriorly as usual. There are no interlamellar

extensions (described in Area pexata by Kellogg (Bull, U.S. Fish
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Comm. 10, 1890) and in Area americana by Ridewoocl, I. c. p. 199),
but interlamellar septa (present in both the above species) are
present, extending to about one-fourth or one-fifth the height of

the filament. The ciliary discs seem to be present only at the
free ends and at the junctions of the direct and reflected filaments.

They are much more numerous in all the other known genera and
species of the Arcidae, being arranged in many horizontal rows.
The arrangement of the cilia could not be followed distinctly.

The frontal cilia do not seem to extend much on the anterior and
posterior faces of the filaments. The lateral ciliary rows are
placed a little distance behind the frontal row. The chitinous
lining is uniformly thia.

The gills of the species of ScajjJiula from Siam could not be
studied. Ridewood notes in species from Siam (the present
species?) one horizontal row of ciliary disc to the descending
filament and one to three such rows in the ascending one.

Text-fiffure 3.

Ventral view of tlie foot and visceral mass of S. celox.

Remarks.-—The genus Scaphula Benson belongs to the family
Arcida3, It was recognized as such by Gray (Ann. &. Mag. Nat.
Hist, xix.), and by Adams and Adams (Gen. Recent Moll.).

Fischer (Man. Conch.) makes it a subgenus of Area., and places it

in the middle of his list. Dail (Trans. Wagner Free Institute of
Science, iii. pt. 4) makes it a group in the subgenus Barhatia.
Pelseneer (Lankester's Treatise on Zoology, v.) raises it to a
genus, and places it near the genus Area. Lamy (Journ,
Oonchyliol. Iv.), in his revision of the genus Area, considers it a
subgenus, and places it near the subgenera Area, Barhatia, Acar
Fossidarea, and Parallelepipedum.

The body of the animal is characterized by an antero-posterior

elongation, perhaps correlated with the inequality in the size of

the adductor muscles. The elongation of the body has also afiected

the visceral mass and the foot to a relatively less extent. But

Proc. ZooL. Soc—1922, No. LXXVI. 76
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the shape, size, and the position of the anterior adductor muscle
may have something to do with the atrophy* of the extreme
anterior region of the body. The poor development of the byssus
apparatus and the absence of sense-organs are probably examples
of degeneration due to its fluviatile life.

The a,nimal of Scaphula agrees more with the animals of

Byssarca Swainson, Barbatia Gray, and Acar Gray than those
of the other genera of the Arcidse in its great antero-posterior
elongation and in the inequality in size of the adductor muscles.
It further resembles the first two, especially in the widening of

the body from side to side, and in the great disparity of the
adductor muscles in size. But the foot and the visceral mass
are strongly affected in the present genus by the elongation of

the middle region of the body, whereas in Byssarca and Barbatia
these organs are comparatively less elongated, the elongation

Text-figure 4,

Heart (from the dorsal aspect) of S. celox.

being mainly exhibited in the posterior retractor pedis muscles.

In Acar the body seems to be equally elongated in the middle
region (the above-mentioned parts being afiected) and in the
posterior region beyond the posterior adductor, the mantle only
being affected. The elongation of the posterior region of the
body is thus greatest in Acar, least in Byssarca, and attains an
intermediate condition in Scapliula. With regard to the heart
of Scaphida, we find an intermediate condition of the ventricles

between Byssarca (with a wide separation of the ventricles)

and Barbatia (in which they are only slightly separated), but
marked difference from Acar, which has a single, but distinctly,

bilobed ventricle. The position of the heart in relation to the
rectum might have been derived from a condition seen in the
above genera. Lastly, the projecting portion of the rectum seems

* This is not referred to elsewhere.

—

Ed.
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to bring the anus directly in the line of the outward current of

water and the exhaiant aperture, aiid this is perhaps correlated

with the depth of the posterior region below and behind the

posterior adductor. Iii Acar the great depth of the mantle is

attended by a great elongation of the projecting tube of the

Text-fi<iure 5.

A gill-filament of S. celox (outer and inner deraibrancli).

rectum. In conclusion it might be noted that the present genus

might have originated amongst and be related to Byssarca and
Barhatia, although modified and perhaps degenerate owing to its

fiuviatile life.

SCAPHULA MINUTA, Sp. n.

Specimens of this species were collected by Dr. N. Annandale,

who kindly gave me the following information :—The species

occurs all over the Tale Sap or Inland Sea of Singgora on the

Text-figure 6.

Shell of S. minuta, outer surface (left valve).

east coast of peninsular Siam. It was found attached to weeds
and stones in both fresh and brackish water. The specimens I

have examined were found adhering to water-plants by several

byssus threads.

76*
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Shell.—-Minute, elongated, thin, closed and deep posteriorly.

Anteiioi" margin slightly convex, and sloping backwards from
above and continiioiis with the ventral margin. Yentral margin
slightly convex in front, straight or very slightly convex behind
and somewhat sloping downwards. Posterior mai-gin convex and
sloping downwards and backwards. Ligamentous area small,

narrow, triangular in front of and broadly club-shaped behind
the umbones. Ligament lozenge-shaped and occupying the
anterior and a small area of the posterior portion of the
ligamentous area, and half the length of the entire ligamentous
area. Hinge teeth numerous. Central teeth obsolete. Four or

five lateral teeth, oblique in direction. Three posterior lateral

teeth elongated and very oblique. Surface with a thin, light-

brown epidermis. Diagonal ridge very prominent. Surface in

Text-fio;ure 7.

8 9 10

Atiinial of S. minuta, sido view (left).

front of the ridge convex, and with fine radiating and horizontal

lines intersecting one another. Surface behind the ridge concave,

and with four stout radiating ridges in addition to minute, closely

placed similar lines all intersected by vertical ones. Length
4-5 mm., height 2 mm., trans, diam. 2 mm.
The present species diS"ers from the three other known species

of Scaphula, Benson in its minute size, in the slight tumidity of the

valves (the proportion of the vertical diameter to the transverse

diameter being 1:2), and in the compai-ative shortening of the

body in the antero-posterior diameter.

The type-specimens are kept in the Indian Museum.

Exjolanation of Text-figures 1-7.

1. Anterior adductor muscle. 2. Posterior adductor muscle. 3. Posterior

retractor pedis muscle. 4. Free end of the rectum. 5. Stomach. 6. Outline of

the liver. 7. Labial palp. 8. Foot. 9. Visceral mass. 10. Byssus threads.

11. Ventral fissure of the foot. 12. Ventricle. 13. Auricle. 14. Rectum.

15. Ciliarj' discs. 16. Filament of inner demibranch.
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-51. The Foetal Membranes and Placentation of Cldromys

viadagascariensis . By Professor J. P. Hill, F.R.S., and

R.H.Bqrne, M.A. (With an Appendix on the External

Characters of the Foetus, by R. i. PococK, F.R.S.)

[Received October 24, 1922 : Read October 24, 1922.]

(Plates I.-YI.* ; Text-figures 1-6.)

The structure of the foetal membranes and placenta of the
Lemurs was first made known during the years 1871-1877 by
the researches of A. Milne Edwards (1, 2, 3) and Sir William
Turner (5, 6). Contrary to the prevailing belief, the placenta
was shown to be of the non-decidua,te diffuse type, quite unlike
that of the Apes and Man, and more nearly resembling that of

certain Ungulates, particularly the Pigs.

The species examined at that time belonged exclusively to the
subfamilies Lemurince and Indrisince, of Madagascar, but in 1884
a brief description of the foetal membranes of the remarkable
Madagascar Lemur, Chiromys, was published by Milne Edwards
(4), and twenty-five years later Hubrecht (10) reproduced a

photograph of the surface of the chorion of a fcetal specim.en of

the same in the collection of the British Museum and now in

onr possession (our specimen B).

In 1894 our knowledge, hitherto confined to the Madagascar
species of the order, was extended to the Lemui's of the Old
World by the preliminary description by Hubrecht (8) of pregnant
uteri of Nycticehus tardigraclus and Tarsius 8])ectr%mn. He
showed that in the fi]-st-named species the placenta conformed,
with some minor though characteristic differences, to that of the
Madagascar Lemurs, but that the placenta of Tarsitis was quite

difi'ei-ent, and i-esembled that of the Apes and Man in being dis-

coidal and deciduate. In a later paper (9) Hubrecht gave a
more detailed account of the development of the placenta of

Tarsius, but no further description of that of Nycticebtis has
appeared. In 1902, however, our knowledge of the placentation

of the Lorisiformes was further extended by the publication of a
lengthy paper by Strahl (14) on the placenta of the African genus
Galago, wherein it is shown that Gcdago, in tlie details of its

placentation, agrees more closely Vv'ith Nycticehus than with the
Madagascar Lemurs, as was to be expected. Strahl in a. subse-

quent paper (15) and more recently Jenkinson (16) have added to

our knowledge more especially of the histology of the placenta of

these latter forms.

The foetal membranes and placentation have now been described

in more or less detail in representatives of all the existing

families and subfamilies of the two groups of the true Lemurs

—

* For explanation of the Plates, see p. 1169.
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the Lemuriforines and tlie Lorisiformes*, and as the outcome, we
know that all the true Lemurs are characterized by the possession

of the same non-deciduate, diffuse, epithelio-chorial type of

placenta, • which differs in the two groups and from genus to

genus only in comparatively unimportant though apparently

quite characteristic details, the general nature of which is

indicated in the following paragraphs (cf. also 17).

Development is of the central type, and the entire mucosa of

the bicornuate uterus is involved in placental formation ; for,

though development begins in one of the uterine horns, and the

foetus, invested in its membranes, later occupies both that and
the body of the uterus, the chorionic sac sends a prolongation, at

any rate during the later stages of pregnancy (Milne-Edwards,

3; Turner, 5 ; Anthony, 12), also into the unoccupied or non-
foefcal horn, forming what we shall speak of as the chorionic

appendage. The uterine epithelium, immediately below which
are richly developed maternal capillaries, persists throughout the

gestation period, and is regarded both by Turner (5) and Strahl

(14) as being actively secretory. The uterine glands also persist

in an active functional condition. They mostly open in groups

in localised bare areas in the Leinuriformes (Milne-Edwards, 3 ;

Turner, 5 ; Strahl, 15), and in Galago among the Lorisiformes

(Strahl, 14), or their openings are more evenly distributed at

the bottom of the uterine crypts, as in Nycticehus (Hubrecht, 8).

The mucosa is always more or less markedly folded, the villous

outgrowths of the chorion fitting into the depressions or crypts

between the folds.

The chorion is early established as a complete bilarninar

membrane enclosing the embryonal formation, and becomes
secondarily vascularised by the umbilical (allantoic) vessels as

the result of the early fusion of the outer wall of the allantois

with its inner surface. The chorion in this way is converted

into an allanto-chorion over the greater part of its extent. The
allantois is voluminous and multilobulate, covering the greater

part of the inner surface of the chorion ; and in later stages the

amnion is fused with its inner wall, the extra-embryonal coelom

being obliterated. The yolk-sac is early separated off as a com-
plete vesicle, appearing in later stages as a quite small flattened

sac (Milne Edwards, 3"& 4 ; Strahl, 14).

The chorion, except over certain small restricted areas and at

its vaginal extremity, is produced into villous processes, which
amongst the Lemuriformes take the form of large laminar or

leaf -like folds, secondarily branched, or amongst the Lorisiformes,

of nodular processes. They are covered by a simple layer of

trophoblast (tropho-ectoderm), below which is a i-ichly developed

plexus of allantoic capillaries. These villous outgrowths fit into

complementarj' depressions of the folded surface of the mucosa,

* See our reference list, in whicli tlie species studied have been noted under the

names of the investi era tors.
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the placental connection being constituted by the close inter-

cligitation of the vascular villous processes of the foetal chorion
with the vascular folds of the uterine mucosa or maternal decidua.

There is no oi'ganic continuity between the two, and at birth the
villous processes are sirapJy withdrawn from their mucosal pockets,

there being apparently no loss of maternal tissue

—

i. e., the
placentation is non-deciduate.

The secretion of the uterine glands is of liigh importance for

the nutrition of the foetus, and in the Lorisiformes there are

present pockets or recesses of the chorion (chorionic recesses,

Hubrecht, 8 ; chorionic vesicles, Strahl, 14) specially adapted
for its collection and absorption, their openings in Galago lying

opposite the depressed bare areas on which the uterine glands
open (Strahl, 14). Corresponding bare areas of the chorion, in

contiguity with uterine bare areas, would seem to subserve the
same function in the Lemuriformes, though chorionic vesicles

of simple structure are, we find, present in Ckiromys and seem
also to occur in Lemur mongoz (iStrahl, 16).

Notwithstanding the extent of our knowledge of the placen-

tation of the Lemurs, and the fact that in essentials the foetal

membranes and placenta of Chiroinys are similar to those of other
Madagascar forms, we offer no apology for presenting yet another
contribution to this subject, since the aberrant nature and great

rarity of the species make it desirable tha,t these structures should
be described and figured more fully than has been done in the
papers (4) and (10) referred to above.

The following account is based on the examination of two uteri

in a late and almost identical stage of pregnancy. Both foetuses

appear to be near full term, and are practically fully haired with
the eyelids open. The external characters of the foetus (Speci-

men B, PI. III. fig. 6) are described by Mr. R. I. Pocock in the
Appendix to this paper.

Specimen A* was obtained from a female purchased several

yeai-s ago by the Royal College of Surgeons from Mr. J.

Hamlyn. The hinder part of the body was removed, and the
uterus preserved in situ in alcohol.

Specimen B was originally in the collection of the British

Museum. In 1921 it was I'eceived in exchange by one of us

(H.) through the kind offices of Mr. Oldfield Thomas. According
to the label accompanying the specimen, it was purchased of

Mr. Stevens on October 1st, 1864. The uterus which accom-
panied the specimen v\^as strongly contracted, from which we
judge that it had been opened in the fresh state and, after

extraction of the foetus enclosed in its membranes, had been
with the latter at once plunged into spirit. Apart from the
partial separation and disappearance in places of the super-

ficial epithelial layers, the foetal membranes and uterus prove
to be remarkably well preserved. This specimen formed the

* R. Coll. Surg. Museum, Physiol. Series, Nos. 3582.5, 3582.51, 3582.52.
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subject of Hubrecht's brief reference and figure (10, p. 115 &,

fig. 151).

For comparison with our preparations of CJiiromys, we have

had available some sections of the placenta of JVycticebus from
the collection of the late Dr. R. Assheton, kindly placed at

the disposal of one of us by Mrs. Assheton, and also preparations

made from the imbedded material of Lepileimor, wliich formed the

subject of the contribution of the late t)r. J. W. Jenkinson (16),

for the use of which we are much indebted to Prof. E. S. Goodrich,

F.R.S.

Uterus.

The uterus (specimen A, PI. I. fig. 1) is much dilated, and forms
a pear-shaped mass about the size and figure of a small clenched

fist, continuous with the vagina posteriorly by a short narrow
cervical segment. Its convex anterior end projects forward
further on the left than on the right, and is indented to the
right of the mid -line by a shallow vertical furrow, vs^hich mai'ks

the division between the two unequally dilated horns. Internally

this division is emphasised by the projection of a semi-lunar fold

(PI. I. fig. 1, Jid.) from the line of the external furrow for some
2 or 3 cm. ii:»to the uterine cavity.

From the side of each horn, a short distance posterior to its

fundus, projects a fold of the broad ligament carrying the con-

torted Fallopian tube, and by its reflexion forming a deep
peritoneal pouch, within which lies the ovary attached by a long-

ovarian ligament to the uterus. About 1 cm. ventral to the
termination of the Fallopian tube is the commencement of the

round ligament whence the ligament passes to the groin in a fold

projecting fi'eely from the surface of the broad ligament.

In specimen B, ov/ing to strong contraction during preser-

vation, it is probable that the shape of the uterus is to some
extent unnatural. It is transversely extended, being nearly
twice as broad (at the level of the Fallopian tubes) as the dis-

tance between its cervix and fundus. The left horn is con-
siderably more dilated than the right, and forms a rounded
bulbous extension of the corpus uteri, with the entry of the
Fallopian tube placed some distance behind its anterior margin.
The right horn is much smaller with a conical apex to which is

a.ttached the Fallopian tube. The union of the two horns is not
indicated externally by a furrow as in specimen A, but upon the
antero-venti'al sui-face the position of the internal fold that
separates them is mai^ked by a slight ridge.

The uterus (specimen A) when opened along its posterior

(dorsal) aspect was found to be completely filled both as regards
cornu.a, corpus, and cervix by the foetal membranes (PI. I. fig. 1),

the well-marked chorionic appendage occupying the right cornu,
and a prolongation of the main sac extending into the cervical

canal (PI. I, fig, l,p.). "Within them lay the foetus, far advanced
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in development, occupying the left horn and corpus uteri, with

its back turned to the right and presenting with the head.

This position of the foetus is that generally found in Lemurs
towards the end of gestation, though sometimes the foetus may
be in the I'ight horn and corpus uteri (Anthony, 12, p. 247

;

Turner, 6, p. 574), and sometimes may ofier a breech j)i'esen-

tation (Turner, 5, p. 573 & 7, p. 278) or may lie diagonally

(Turner, 5, p. 574).

In specimen B, so far as we can judge, the elongate embryonal
formation lay disposed transversely in the uterus, with the head-

end of the foetus in the corpus uteri, directed to the right, its

thicker remainder occupying the more extensive left portion of

the corpus uteri as well as the left cornu, whilst the chorionic

appendage (Pis. III., IV. figs. 5 k 7) projected into the right cornu.

The mid-region of the back of the foetus would thus lie closely

apposed to the internal os uteri, in a position somewhat similar

to that occupied bv one of Turner's specimens of Lemur rufijoes

(5, p. 574).

The wall of the uterus in specimen A is comparatively thin.

Its mucous lining (except within the cervix and axound the

internal os where it is smooth) is thrown into irregular anasto-

mosing folds with intervening depressions, within which are

received the villous folds which project from the chorion. The
general correspondence between the mucosal folds and depressions

on the one hand and the laminar villous folds and the clefts

between them on the other is clearly apparent in PI. I. fig. 1, and
though both sets of folds are somewhat shrunken, there was clear

evidence of close interdigitation between the two.

In specimen A, the cervix was occupied, as mentioned above,

by a conical smooth prolongation of the chorion, but in speci-

men B the foetal membranes did not extend beyond the os

internum, and the cervix was empty and produced internally

into longitudinal folds. The os externum in B projected fi^eely

into the vagina and possessed a lobed margin. In A, it was in

addition guai'ded by two semi-lunar folds, piojecting from the

wall of the vagina., as in the unimpregnated state *. The
cervical canal in neither case showed any indication of being

closed, as in the human subject, by a plug of secretion.

In specimen B, the mucosa reaches its maximum thickness in

the right cornu, and its folds are here more markedly developed

than elsewhere in the uterus, in correspondence with the strong

development of the laminar villi on the chorionic appendage.

Eound the internal os, as in A, the mucosa is relatively smooth.

A low-power view of a section through the body of the uterus

(specimen B) is reproduced in PI. Y. fig. 12. The muscularis

{muse.) though thin relatively to the size of the uterus, is well

developed, and in sections in the appropriate plane is seen to con-

sist of an outer slightly thicker layer of longitudinal smooth muscle

* R. Coll. Sui'g. Museum, Physiol. Series, No. 2815 A.
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and an inner thinner layer of circular fibres ; between the two

layers there are situated the main branches of the uterine vessels.

In the muscularis there are present numerous endothelially lined

cleft-like lymphatic channels.

In the intervals betAveen its much subdivided folds the mucosa
appears as a relatively thin layer, well supplied with vessels.

Over much of its surface the uterine epithelium has separated

in ovir material, but in places it is quite well preserved. It

consists of a single layer of, for the most part, lelatively large

and plump cubical cells with active looking oval or spherical

nuclei (text-fig. 1 ), though here and there the cells ai'e narrow
columnar or even flattened and plate-like. It varies in thickness

from '016 to •008 mm. Whilst its free surface tends to be smooth
and regular, its deep surfa,ce, in the absence of a basement mem-
brane, is wavy and iiTegular, the basal ends of its cells being

directly applied to the walls of the subjacent capillaries which,

as Milne Edwards (3) and Turner (5) have shown, form a richly

developed subepithelial plexus. Both Turner (5) and Strahl (15)

have maintained that the uterine epithelium is actively secretory,

Text-fieure 1.

Section uterine epithelium and underlying capillaries.

but of that we have no positive evidence in our material. Lym-
phoid exudation no doubt plays a considerable role in the nutrition

of the foetus, and it is quite likely that the uterine epithelium is

concei-ned in its transference to the trophoblast cells.

The uterine glands (PI. Y. fig. 12, ut.gl.) are mainly confined

to the basal part of the mucosa, though not infrequently they are

found extending fa^r out in the folds. They show a distinct

tendency to be arranged in groups separated by regions in which
they are sparse or absent, but we have not been able to determine
if they open together, on restricted bare areas as described for

other Madagascar Lemurs by Milne Edwards (3), Turner (5), and
Strahl (16). We have not been able to distinguish such areas in

surface examination of the mucosa, and in the sections the glands

are seen to open between the bases of the folds by way of duct-

like involutions of the uterine epithelium.

The glands are most numerous in the thick mucosa of the

right horn, and are for the most part of relatively small diameter
(•048-"12 mm.), though some are much thicker (up to "35 mm.).
The glands are lined by a single layer of low columnar cells

with spherical deeply staining nuclei in their basal halves, and
are actively secretory, the secretion appearing in the gland
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lumina as small homogeneous spherules and as a deeply staining

coagulum. Where the glands are enlarged and not actively

secreting, the lining cells are cubical. In Lepilemur the glands

are very similar to those of Chiromys, but we have observed dis-

tinct evidence of branching. Jenkinson (16) states that they
" open at the base of depressions "

; we find that in this species

the localised areas on which the glands open may or may not be
depressed, and that they are characterised by the mnrked
thickening and folding of the uterine epithelium. These areas

are situated opposite specially thickened patches of the chorionic

trophoblast, to which we shall later make reference. In Nycti-

cebtts the glands are larger than in Chiromys, but are otherwise

similar. Hubrecht (8) states that they open on the bottoms of

the crypts in which the villi are situated. In Galago they open,

according to Strahl (14), partl}^ on depressed bare areas in

relation \i ith chorionic vesicles, partly (in the main horn) inde-

pendently (p. 193). Strahl is of opinion that inGalago extravasated

blood in the mucosa is taken up by the uterine gland cells, and
is utilised for the nutrition of the foetus. In none of the material

Ave have examined (Chiromys, Lejnlemur, jVycticebus) have we
seen any trace of extravasated blood in the corium of the

mucosa, though the later is richly supplied with vessels.

FtETAL Membranes.

1 . A llanto-cho7'ion.

The allanto-chorion, or chorion as we may term it for brevity

(PI. I. fig. 1), forms an exact cast of the interior of the uterus,

extending from the apex of one horn to the apex of the other,

filling the entire corpus uteri and prolonged (in specimen A) by
a blunt conical process into the cervix as far as the os externum.

Its surface is covered almost all over by characteristic villous

outgrowths in the form of more or less broad swollen pleats

marked superficially by delicate sinuous convolutions, presenting

an appearance as nearly as possible similar to the figure given

by Strahl (15, pi. 36. figs. 4 & 5) of the chorion of a 30-mm.
foetus of Propithecus. The surface of the folds thus appears to be

less elaborated tha,n in the Lemurs described by Turner (5,

p. 575 &r, 7, p. 279) or in the later stages of Propithecus

(Strahl, 16, p. 273). The primary pleats are set for the most

part transversely to the length of the chorionic sac, becoming

more regularly disposed in each horn in parallel circular wreath-

like bands.

In specimen B (Pis. III., lY. figs. 4, 5, & 7-10), the laminar

arrangement is in parts masked to some extent by the depth of the

secondary foldings which break up the primary pleats and produce

a more lobulated surface than in the specimen A (PI. lY. fig. 9).

This lobulation must not be confused with the appearance pre-

sented by tlie characteristic polygonal villi of the genus JVycticebits
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(Hubrecht, 8, p. 93), nor with that of the somewhat similai*

villi of Galago (Strahl, 14 & 15, ]3l. 38. fig. 17) ; it is simply a

slight elaboration, such as that described by Strahl in the later

stages of Propithecus, of the laminar arrangement typical of all

the Madagascar species.

In opening the uterus of specimen A, it was observed that the

folds and corrugations upon the surface of the chorion fit closely

into the corresponding depressions in the uterine mucosa. The
connection between the two is, however, relatively slight, and by
gentle traction the chorionic sac can be detached from the viterus

without rupture of tissue. The degree of cohesion between the

two diifers in different parts, depending on the size and compli-

cation of the folds and the depth to which they interdigitate

with the corresponding irregularities of the uterine mucosa,
being greatest in the non-fostal (rigiit) horn, where the chorionic

folds are most pronounced (PI. 1. fig. 1) and least towards the
cervix, where they are fewer and less prominent.

Although, as mentioned above, the folds cover most parts of

the chorion, there are areas from which they are almost or

entirely absent (PI. I. fig. 1). Such bare places are very ill-

defined, and although at first sight they suggest the bare patches
described by Milne Edwaids (3) and Turner (S), and figured by
Strahl for Propithecus (15, pi. 37. fig. 14), they can hardly bear
a strict comparison with them. In the first place, they are in

every way so much less definite arid in the second place, they
have apparently no uterine counterpart in the form of bare areas

of the mucosa.
The position of these relatively bare areas is no more definite

than their boundaries ; some can be observed towards the base of

the left (foetal) horn and in the region of the corpus uteri, more
particularly towards the cervix where the chorionic folds become
smaller and less numerous than elsewhere and ultimately vanish,
leaving the conical process of the chorion that occupies the cervix
perfectly smooth. In this complete absence of folds at the pos-
terior extremity of the chorionic sac in specimen A, the placenta
conforms to the type " placenta en cloche," as originally described
in Propithecus by Milne Edwards (1).

The chorionic sac of specimen B was figured by Hubrecht
(10, pi. GG, fig. 151). It had been opened dorsally from a point
opposite the lumbar region of the foetus to the head. In all

essential features it resembles that of specimen A. The laminar
folds are fairly evenly distributed upon the surface of the sac
opposite the right side of the foetus (PI. III. fig. 4) ; they are
closely crowded together, and are arranged for the most part trans-
versely to its long axis. Towards the hinder end they become (as

in specimen A) less continuous and less closely packed than further
forward, and show four areas apparently bare, but in reality
covered with fine ridges and grooves, giving an appearance of fine

striation (Pis. III., IV. figs. 4 & 10). Opposite the left side of the
foetus (Pis. III., IV. figs. 5 & 7) is the process or appendage, as
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we term it, of the chorionic sac that occupied the light horn of the

uterus. Upon its surface the chorionic folds reach their maximum
(as in specimen A), and display strongly marked secondary folds

and convolutions (PI. lY. figs. 7, 8, & 9). Elsewhere upon this

face of the chorion, and more particularly opposite the head of the

fcetus, the folds are relatively weak, and form low ridges separated

by wide smooth areas ; similar bare places also occur opposite

the postero-dorsal aspect of the foatus.

In comparison with the condition of the chorion in other

Madagascar Lemurs, the strong lamination of the appendage
that occupies the right (non-foetal) horn of the uterus is worthy
of notice, This prolongation of the chorionic sac may be absent
even at near full term (Anthony, 12, p. 247, Propithexus), and
apparently, as a rule, enters the non-foetal horn only as pregnancy
advances (Turner, 5, pp. 578, 587; Anthony, 12, p. 247), and
is normally less strongly laminated than other pai'ts of the sac.

2. AUaniois.

The allantois, as in other Lemurs, is a voluminous and
characteristically lobulated organ whose cavity, though extensive
in the circumferential plane, is flattened radially between the
chorion with which its outer wall is fused and the amnion which
is fused with its inner wall. Between the entodermal lining of

the allantoic sac and the trophoblast of the chorion is situated a
layer of delicate fibi^illar connective tissue, formed from the
all ante-chorionic mesenchyme and prolonged to form the axes of

the villous folds. In it run the numerous branches and factors

of the allantoic arteries and vein on their way to and from the
subtrophoblastic capillary plexus, presently to be described.

The allantois consists of a main lobe, into which the allantoic

canal opens and which accordingly represents the primitive
allantoic vesicle, and of a number of accessory lobes of irregular

shape, which have grown out from the primary sac and approach
one another across the rump and back of the foetus. In
specimen A the relations of the main sac and its various

lobes to the underlying foetus were asceitained by carefully

dissecting away the chorion. Two views of the preparation *

so made are shown in PI. II. figs. 2 and 3 (cf. also text-

figs. 2 & 3), representing the left and right sides respectively of

the fcetus.

The main lobe (partially opened in text-figs. 2 & 3 and PI. II.

figs. 2 & 3) lies upon the left side of the posterior trunk region of

the fcetus, and extends across the ventral surface some little way
beyond the mid-line on to the right side, covering the feet and
tail. It communicates with the allantoic canal, which runs
down in the umbilical cord, by a small slit-like aperture, situated

opposite the gap between the left knee and elbow.

* R. Coll. Surgeons Museum, Plij'siol. Series, No. 3582.52.
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From the dorsal margin of the main cavity three accessory lobes
stretch across t])e left aspect of the foetus (text-fig. 2 and PI. II.

fig. 2) : (a) a posterior lobe that runs caudally nearly to the mid-
line of the amniotic sac

; (b) a dorsal lobe that covers the flank
and sacral regions of the foetus and extends for a short distance
beyond the dorsal mid-line

;
(c) a cephalic lobe, of sausage-shape,

that passes directly towards the head of the foetus across the
shoulder as far as the root of the left ear. At the base of this
lobe is a small ventrally directed subsidiary pocket.

Text-figures 2 & 3.

Spec. A, from left and riglit sides respectively', of foetus, after removal of chorion,

to show the main and accessory lohes of allantois.

The cephalic margin of the main cavity gives rise to but one

lobule (d), an extensive finger-shaped sac folded back upon itself

in the form, roughly, of a Y. The sac runs at first cephalad

across the left eye of the foetus, and then is reflected round the

cephalic pole of the amniotic sac, giving off at its fui-thest point

a blunt conical process (the tail of the Y) that extends into the

similarly shaped prolongation of the chorionic sac that occupies

the cervix uteri. After thus curving round the cephalic pole of

the amnion, the lobule d passes caudad along the dorsal surface
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of the foetus, and leaving the amnion extends into and fills the

choiionic appendage that lies within the unoccupied right horn
of the uteru!<. Turner (6, p. 577) states that in L. rufijjes the
allantois does not extend into " the short diverticulum of the
chorion which occupies the non-gravid horn." In specimen B
we find a similar conditio!!. The terminal process of the lobule

extended to the mouth of the chorionic appendage and fitted

closely within its lip, but did not project further into its cavity.

From the ventro- caudal margin of the main cavity arises a
lobe (e) that curves round the ventral surface of the caudal end
of the foetus, covering the root of the tail and the right hind limb
and reaching to within a short distance of the free margins of

l©bes a and h.

Upon the right side of the foetus (PI. II. fig. 3 and text-fig. 3)

the main cavity gives off from its dorsal border two lobes (/and g)
that pass towards the dorsal mid-line across the lumbar and
thoracic regions of the foetus. The caudal of these extends rather

more than half-way towards the mid-line of the back ; the other

{g) is a larger, sausage-shaped sac, that dilates gradually from a
comparatively narrow origin to a bluntly rounded extremity and
terminates upon the back of the foetus in contact with lobe d, at

the point at which the latter leaves the amnion to enter the
appendage of the chorion.

Apart from the narrowness of the commencement of this lobe,

there is no indication in the allantois of the pedunculated sub-

sidiary lobes mentioned by Milne Edwards (3) as occurring in

Proplthecus.

The umbilical cord was exposed in specimen B (Bl. III. fig. 6).

It measured 4*3 cm. in length, and at its emergence' from the
body of the foetus was subcylindrical. At about the middle of its

length it became more flattened, appearing as a ribbon-like band,
some 6 mm. in width, bordered on each side by a thinner
selvage. It joined the inner wall of the main allantoic lobe over
the right latero-dorsal surface of the foetus, running, attached to

the wall, for a distance of about 1'5 cm. before finally dis-

appearing. In specimen A, the cord passed to the left side of

the foetus to reach the main lobe.

The cord (PL V. figs. 13, itinh.c., & 14) consists of a connective-

tissue matrix, in which are situated the allantoic canal and the
umbilical vessels. It is invested by the amnion, the epithelial

layer of which is quite thin, resembling in places a cuticular mem-
brane, and below this is a thin layer of connective tissue, rich in

cells and not everywhere clearly marked oflf from the connective
tissue of the cord. The allantoic canal {aU.caii.), situated between
the vessels, possesses a wide lumen, lined by a two-layered epithe-

lium of the transitional type. There are three umbilical vessels,

two arteries, and one vein. The two arteries (PI. V. fig 14,

wmb.art.) contain blood, and their walls are histologically similar,

each possessing a compact zone of smooth muscle just outside the
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lining endothelium. The vein (fig. 14, umh.v.) is empty, and its

wall lacks the compact zone of muscle and appears contracted
and its lining folded.

Epithelial pearls occur below the am^niotic investment of the
cord in the region of its junction with the allantoic sac, and are

probably derived from the amniotic epithelium, since they are

also occasionally found below the amnion covering the inner wall

of the allantois adjacent to the cord-junction.

From the junctional region, branches of the umbilical vessels

pass off to run in the inner wall of the main allantoic sac. Some
of these after a short coui\se i-each the allanto-chorionic con-

nective tissue directly in specimen B, by way of three septal

pillars (figs. 13 & 14, sept.) which extend obliquely across the
lumen of the main sac between its inner and outer walls, as

Strahl appears to have observed in Galar/o (14, p. 182). In
specimen A, these septa a.ppear to be absent. Other branches
after a straight or slightly branched course reach the allanto-

chorion by passing round the maigin of the main sac. They are

seen emerging in PI. II. figs. 2 & 3 a,nd text-figs. 2 & 3 in the angles

of the clefts between the main and accessory lobes. Yet other
branches run straight on from the inner wall of the main sac to

supply those regions of the chorion that are not underlain by
prolongations of the allantois. In the chorionic connective
tissue, the vessels subdivide and run in all directions to supply
the subtrophoblastic capillary plexus of the laminar villi.

Both Milne Edwards (3) and Anthony (12) state that the
allantoic walls in the Lemurs examined by them are devoid of

blood-vessels. That, of course, is an erroneous statement as

applied to the allantois as a whole, but it is partially true of the
accessory lobes, since the inner walls of these (remarkably delicate

and thin, as Milne Edwards remarks) are quite devoid of vessels.

Thus it is an unexpected and somewhat remarkable fact that

these accessory allantoic lobes in the Lemurs are not really con-

cerned with the vascularization of the chorion, and the question

arises as to their possible significance. One of the functions of

the allantois is to serve as a receptacle for the urinary fluid ex-

creted by the mesonephroi, and it is possible that the formation
of these lobes is to be correlated with the presence in the foetus

of actively functional mesonephroi. In this connection it is

interesting to note that Hubrecht (11) records that in the 6-mm.
embiyo of Nycticehus, the glomeruli of the mesonephros are

remarkably large.

Whatever may have been the inciting cause of the growth of

the allantois, there can be little doubt that its lobulated form is,

as Milne Edwards (3, p. 283) suggested, a direct result of the
position early assumed by the umbilical vessels on the walls of

the main lobe, the first formed pait of the organ. If that be
so, then the actual form assumed by the allantois is a secon-

dary matter and likely to be inconstant in its details, even in the
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individuals of the same age. From Milne Edwards's observations

we knovv^ that in younger specimens it is simpler than in older.

It should be noted that the main sac and its lobes do not com-

pletely clothe the inner surface of the chorion (text-figs. 2 & 3),

there being left between the lobes considerable areas where the

amnion is fused directly with the inner surface of that membrane.
The entodermal lining of the allantois is formed by a well-marked

cubical epithelium, quite different from that lining the allantoic

canal. Its inner surface is not everyv/here smooth, but is pro-

duced into low folds, more numerous in the main sac than in the

accessory lobes. Its mesodermal wall is relatively thin, and

consists of fibrillar connective tissue, dense just outside the ento-

dermal lining, but delicate and loose elsewhere both in the inner

and outer walls. In parts it is reticular in character. It is

rich in cells both fixed and migratory.

3. Yolk-sac.

We have not found any definite traces of the yolk-stalk and

yolk-sac in our specimens, unless an irregular epithelial strand in

process of cornification, which is situated below the amnion of the

umbilical cord in the region of junction and bounded on its inner

side by a mass of gelatinous connective tissue, represents the

degenerate remains of the stalk. Milne Edwards (3) figures

the yolk-sac in relatively late foetuses of Fropiihecus diadema

and Indris hrevicaudatus [v. especially his pi. 120, where in

a late but not yet haired foetus of the latter species it is

shown as a quite small, flattened, and stalked vesicle, situated

towards the distal extremity of the allantoic stalk

—

i. e., approxi-

mately in the position of our cornifying strand). Strahl (14)

simply mentions that in a 36-mm. foetus of Galago the yolk-sac

is " gut nachweisbar." Jenkinson (16) states that in Leinlemur
" no trace of the yolk-sac was found."

4. Amnion,

The amnion forms an oval sac fitting loosely around the foetus.

It invests the umbilical cord throughout its length, and at the

distal extremity of that spreads out to become loosely fused with

the inner wall of the allantoic sac and its lobes. In the intervals

between the latter it is fused directly with the connective tissue

of the chorion. The most extensive areas of the amnion that are

in this way in direct apposition and fusion with the chorion lie

towards the head-end of the foetus (text-figs. 2 & 3 and PL II.

figs. 2 & 3). There is an extensive area covering the whole of the

right side of the head and shoulders (text-fig. 3), and narrower

patches over the left side of the head and shoulders (text-fig. 2)

and along the back between the apices of the allantoic lobes. As
in the higher Primates, the expansion of the amniotic sac and its

adherence to the inner wall of the allantois have brought about

the complete obliteration of the extra-embryonal coelom.

PROC. ZooL. Sec— 1922, No. LXXVII. 77
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Minute Structure of the Allantoic Chorion and its Villi.

The general appearance of the chorion and its villi in section

is illustrated in Pis. Y., YI. figs. 13, 14, and 15.

The allanto-chorion consists essentially of the outer wall of the

allantois fused with the chorion pi^oper. It thus comprises the

following layers :—(1) the allantoic entoderm
; (2) the composite

allanto-chorionic connective tissue which is continued out to form

the cores of the complexly folded laminar villi, and in which are

situated the branches of the umbilical vessels; (3) the superficial

covering of trophoblast (tropho-ectoderm, chorionic ectoderm).

The trophoblast i fig. 16, tr.) throughout its extent is singularly

uniform in character, varying only in thickness, and that with

no apparent regularity, though frequently it is thinned in places

over the apices of the villous branches. It attains a maximum
thickness of "024 mm. and a minimum of "005 mm. or even slightly

less. Where it is thickest, it consists of a well-defined single

layer of cubical cells, with their outer surfaces projecting con-

vexly. The nuclei are large and deeply staining. The cytoplasm

of the outer zone of the cell-body is homogeneous or very finely

granular and strongly eosinophil ; that of the deeper zone below

the nucleus is reticular in character, and stains lightly. There is

no basement membrane, and the basal ends of the cells rest, just

like those of the uterine epithelium, directly on the endothelial

walls of the underlying capillaries (fig. 16, cap.). These are

relatively large and very abundant, forming a richly developed

subepithelial plexus, first figured by Milne Edwards from injected

specimens of Propithecus cliadema and Indris hrevicaudatus (3,

pi. 121, figs. 1, 2, & 4). In Galago also, according to Strahl (14),

the capillary network of the villi lies in direct contact with the

epithelial covei^ing.

The mesodermal core of the villi (PI. Yl. fig. 16) is formed by a

variety of fibrillar connective tissue, differentiated into two zones :

(a) a looser less deeply staining central zone {c.t.), containing

numerous leucocytes and lymphocytes and in which are situated

the smaller branches of the umbilical vessels ; and (h) a highly

characteristic peripheral zone in the form of a perfectly continuous

and more deeply staining layer of uniform thickness which lies

immediately below, and evidently forms a support for the subtro-

phoblastic capillary plexus. This peripheral zone (PI. YI. fig. 16,

c.t' .) consists of a coarse fibrous reticulum, the stronger fibres of

which run out at right angles to the surface, so that under a, low

power the zone presents a striate appearance, suggestive at first

sight of a columnar epithelium, more especially as the nuclei of

its cells of origin are mainly arra,nged in an irregular row, defining

the deep surface of the zone. Round the nuclei there is some-

times visible a small amount of cytoplasm, which appears to be

directly continuous with the fibrous network. This zone would
seem to be distinctive of the villi of Chiromys. It is not present

eitlier in Lejnlemur or Nycticehus. In both these forms the
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troplioblast is very similar to that of Chiromys, but in neitlier of

them is the subti'ophoblast capillary plexus anything like so well

developed, the capillaries being smaller and much less numerous
than in Chiromys.

We have, unfortunately, no preparations of Chiromys which
show the relation of the villi to the folds of the uterine mucosa,

and are thus unable to state definitely whether the interdigita-

tion of the two was of the same intimate nature as occurs in

Lepilemttr (Jenkinson, 16) and Propithecios coronahis (Strahl, 15),

or was of a looser character, approximating to the conditions we
find in Nycticebics. In the latter, Assheton states that " the

foetal villi appear to hang in grape-like bunches into the mouths
of much wider depressions "

(18, p. 269) ; and the sections cer-

tainly suggest that considerable areas of the lateial surfaces of

the villi do not come into contact with the uterine folds, and
that intimate apposition between the trophoblast and the uterine

epithelium is largely limited to the flattened surfaces of the ends

of the villi. In this connection it is worthy of note that gland-

secretion is present in fair abundance round the proximal
portions of the villi. In Galago, Strahl (14) states that over the

tips (except in the region of the terminal pits) a.nd lateral surfa,ces

of the villi the trophoblast and uterine epithelium are firmly

attached to each other, but in the intervillous intervals the

connection is less intimate.

In Lepilemvjr, the villi are somewhat similar in character to

those of Chiromys, but are readily distinguishable thei/efrom,

being much less coarse and more finely branched. The mucosal
folds are likewise very thin, as is the case also, according to

Strahl (15), in the 60-65-mm. foetal stage of Fropithecus, whilst

their relations to the villous folds are exceedingly^ intimate. In
our sections of Lepilemur, the uterine epithelium, practically

everywhere in the villous regions, has become separated from
the underlying connective tissue of the mucosal folds, and is seen

as a relatively thin layer in close and intimate apposition with
the thicker, more cubical trophoblast. In Fropithecus, Strahl

(15) also describes the two epithelia as being in close contact. In
Chiromys, we incline to believe that the relations between uterine

epithelium and trojjhoblast were not throughout quite so intimate

as in the two Lemurs just referred to.

Chorionic Vesicles.

When the deep surface of the allanto-chorion is examined
after reflection of the inner v^^all of the allantois, numbers of

small, flattened, ovalish bodies of a reddish-brown colour may be
seen embedded in its substance (PI. YI. fig. 11). These are the
chorionic recesses first described and figured by Hubrecht (8) in

JS^ycticehus, and later described by Strahl (14) for Galago, where
he designated them " chorionic vesicles."

These bodies were encountered in both our specimens, but

77*
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tlie\^ were larger and more easil}^ seen in specimen B than in

specimen A. They varied considerably in size, the largest

measuring 5'5 X 4"5 mm. in diameter, the smallest 1*5 mm. They
numbered about sixty, and were chiefly distributed upon the

parts of the chorion that overlay the head region of the foetus,

being more numerous on the right side than on the left.

In specimen A, although a few of these bodies were as large

as in specimen B, the majority were no larger than a pin's head.

Most of them were located upon that part of the chorion which
occupied the left uterine horn, being particularly numerous upon
those areas where the chorionic laminae were most richly deve-

loped. Few, iF an}^, could be located with certainty on the

chorion within the right horn and the body of the uterus.

In the sections (Pi. Y. figs. 13 & 14, ch.ves.), the vesicles ar'e

seen to be situated either in the allanto-chorionic connective

tissue, close to the allantoic lumen, or actually in that of the

laminar villi. The vesicle is of simple structure, and unlike those

of Nycticebus and Galago, is devoid of villous folds or ingrowths

projecting into its cavity. Its opening is small and slit-like (PI. V.
fig. 13, op.). Lining the cavity is a single-layered epithelium,

representing an involuted portion of the trophoblast, but differing

from that in its characters. It consists of low cubical to flattened

cells, -013 to "008 mm. in thickness. The cytoplasm of the cubical

cells is reticular in character, and encloses one or more laig'e

vacuoles. The nuclei are mostly basal in position, and frequently

appear shrunken and irregular. The lining rests on a very thin,

compact layer of fibrillar connective tissue. It is noteworthy that

the vesicle-wall appears to be entirely devoid of capillaries. The
cavity is occupied more or less completeh'- by a coarsely granular

coagulum, no doubt representing the secretion of the uterine

glands, and in it there occur, here and there, degenerating cells,

probably derived from the lining epithelium.

The chorionic vesicles of Nycticehus and Galago described by

Hubrecht and Strahl are more highly differentiated than those

of Chiromys, and would seem to be specially adapted for the

collection and absorption of the secretion of the uterine glands

(Strahl, 14). In our sections of Nycticehus, we find the vesicle

invested externally in a fairly dense fibrous connective-tissue

coat, in which there are present numbers of laig-er and smaller

blood-vessels. The lining of the sac is formed by a flattened to

cubical epithelium, in contact with the under surface of which

there are here and there fair-sized capillaries. The cavit}'- of the

vesicle is largel}^ occupied by Avascular villi as described by

ITubrecht, clothed by an epithelium similar to that lining the

cavity, and between the villi is a granular material similar to

that found in the uterine glands.

In Qalago, Strahl (14) described the occurrence of similar

vesicles, but found that their openings, unlike those of Nycti-

cehus, overlie depressed areas of the mucosa on which are the

openings of uterine glands.
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In Chiro'm'i/s, the vesicles are evidently not of the same
functional importance as in Nycticehus and Galago, and it niay

be suggested that they serve not so much as absorptive organs,

but rather as reservoirs for the surplus of the uterine-gland

secretion which is probably in major part absorbed directly by

the trophoblast of the laminar villi.

The general occvu-rence of chorionic vesicles in the Lemuri-
formes has not so far been established. The only reference to

their presence that we know of is an inconclusive statement by
Strahl (15) that in Lemur mongoz., he observed a.t one place an

indication of a chorionic vesicle devoid of internal villi, overlying

a oTOOve in the mucosa whicli might be a uterine gland area.

But what apparently does characterise the chorion of certain oi

the Madagascar Lemuis, e. g. Propithecus, is the occurrence

of circumscribed chorionic bare patches, opposite which there

occur on the mucosa depressed bare areas on which the uterine

glands open. Such complementary bare areas (and more espe-

cially the uterine) have been described by Milne Edwards and
Turner (with excellent figures of the uterine areas, 3, p. 280,

and 5, figs. 8 & 9), and more recently by Strahl (15, figs. 14, 15,

16, ik 18 a & &), but none of these observers has given any

account of the structure of the chorionic ai'eas, though Turner

(5, p. 582) expressly states that "the smooth, non-villous sur-

faces of the chorion opposite the smooth areas on the mucosa are

engaged in the absorption of the secretion of the glands."

In the course of examining our preparations of the late

Dr. Jenkinson's material of Lepileniur, we observed what Ave

took to be these particular areas ; and on referring again to

Dr. Jenkinson's paper, we realised that his description (16, p. 180}

of the simpler conditions in what he terms "the non-placental

[really non-villous] regions," illustrated in his figs. 3-7 and 15,

actually refers to the areas which we had identified as the bare

areas of previous investigators. As Jenkinson describes,

these non-villous areas are characterised by the transformation

of the trophoblast covering them, into a thick layer composed of

elongated narrow columnar cells, measuring up to •063 mm. in

height and just about six times as thick as the normal tropho-

blast covering the villi (c/. Jenkinson's figs. 3, 4, &, 5). The
cytoplasm of the cells is lightly staining and coarsely reticular in

character, and in some of the cells there is a large, clear vacuole

situated in the basal part of the cell, below the nucleus. The
nuclei are oval and deeply staining, and are situated near the

middle of the cell-bodies, though sometimes the}^ approach their

free surface. Occasional binucleate cells were observed. Specially

characteristic of this epithelium is the production of the outer

ends of the cells into bluntly tapex-ing or knob-shaped processes,

in which, occasionally, a more or less shrivelled nucleus may be

seen. They project into a granular material, " apparently a

secretion of the uterine epithelium," according to Jenkinson, and
are no doubt absorptive in function. In the basal part of the
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layer, there occur at intervals curious spherical cells, and imme-
diately below it, capillaries are present in fair abundance.

The utei-ine areas, related to the just-described characteristic

areas, are more or less folded, and may or may not be depressed.

They are characterised by the marked thickening and ridging of

the uterine epithelium, and by the presence of the openings

of the uterine glands. The uterine epithelium appears as a

deeply staining layer, thrown into low ridge-like folds (Jenkinson,

fig. 15) and about live times as thick as the ordinary epithelium

covering the mucosal folds. It is composed for the mdfet part

of narrow columnar or club-shaped cells, with deeply staining

cytoplasm and chromatin -rich nuclei. Jenkinson records the

presence of goblet cells amongst the ordinary epithelial cells, but

wo have failed to detect them, and considers the epithelium is

secretory. However that may be, and it is probable, coarsely

granular material similar to that found in the uterine glands

occurs in the interspaces between the thickened trophoblast

and the ridged uterine epithelium ; and there can be no doubt,

we think, that these non-villoiis chorionic areas have the same
functional significance as the chorionic vesicles of the Lorisi-

formes. Indeed, in view of the close adherence of the uterine

epithelium to the trophoblast of the chorionic villi, characteristic

alike of Propithecus (Strahl) and Lepilemur (Jenkinson), special

absorptive areas in relation to the openings of the uterine glands

would seem to be necessary if the secretion of the latter is

to be adequately utilised.

It may be noted that these area.s attain a relatively consider-

able size, as may be judged from Strahl's figures of Propithecus

(15, taf. 37). The largest area we have examined in Le2nlemur

measures over 3 mm. nr diameter.

CONCLUSIO^"^.

In the contribution by one of us (H.) to the discussion on the

zoological position and affinities of Tarsius (17), the view is

expressed (p. 477) that the placentation of the Lemuroids
is essentially primitive, " presenting us with a simple little

specialised type of placenta from which the more advanced and
presumably more efiicient arrangements in the other Primates

may quite easily have originated as the result of adaptive

specialisation in the course of evolution.'"' More detailed

acquaintance Avith the Lemuroid placenta has only served to

strengthen us in that conclusion, and has, moreover, entirely

failed to reveal the slightest evidence in support of the view
expressed by Hubrecht (10, p. 145) and also by Assheton

(18, p. 268) that the Lemuroid placenta is a secondarily simplified

and derivative type.

These two authorities base their belief very largely on

theoretical considei'ations concerning placental evolution, and
consider that the diffuse placenta of the Lemui-s is difFei-ent from
that of the Ungulata, Manidfe, Cetacea, etc.
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In his speculations on the phylogeny of the placenta, Hubrecht

(10) starts out by denying a Reptilian origin for the Mammalia,
and postulates a primary phagocytic and absorptive activity on
the part of the trophoblast. From the very start of uterine

gestation, the trophoblast proliferating rapidly, invaded and
destroyed the maternal decidual tissue, and as the result, there

was formed a localised placenta of the '• deciduate " type in

which the maternal blood circulated either in endothelially lined

capillaries enclosed by trophoblast (Carnivora) or actually in

lacunar spaces in the ti-ophoblast itself (Insectivora, Rodents,

etc.). That being the pi-imary and original type of placentation,

it follows that all the "diffuse"' varieties of placenta in which
such phagocytic activity on the part of the trophoblast " was
insignificant or absent (Lemurs, certain Edentates, and many
Ungulates) " have been derived by simplification from the more
elaboi"ate "deciduate" type. Hubrecht admitted, however, that
" we cannot for the present indicate the intermediate steps by
which the simplification of a placenta of the Insectivorous

or Primate type dov/n to that of the present Lemurs was
brought about ..." (10, p. 115) ; but he saw " no reason why
this simplification should not have arisen more than once

"

(p. 145)

—

i.e., the difiuse placentation of Lemurs" was not

necessarily obtained along the same hereditary line of develop-

ment'' as that of Ungulates. Indeed, he thinks there is sufficient

evidence to justify the drawing of a sharp line of distinction

between the placentation in these two groups. The late

Richard Assheton, in his critique of Hubrecht's monumental
paper (10), says (18, p. 268) :

" 1 entirely agree with Hubrecht's

opinion that the diffuse placentation of the Lemurs is different

from that of the true plicate* forms of Ungulates, Cetacea,

some Edentates, etc." Further he v/rites (p. 265) :
" Whether

the Carnivora or the extreme cumulative or extreme plicate

[placenta] is the most primitive, it is very difficult to say";

nevertheless he goes on to suggest that the Lemurine placenta,

which he terms " pseudo-plicate," may possibly have been

derived by reduction from a cumulate type such as is found

in the Carnivora, " by way of such conditions as Eylohates,

Semnojyithecus, Oercocebus, by the gradual supersession of the

glandular activity of the maternal uterus over the phagocytic

activity of the foetal trophoblast, and the filling of the blood

spaces, into which the foetal villi originally hung, with uterine

secretions instead of extra.vasated maternal blood " (p. 269).

But why the Lemurs after having evolved a cumulate (deciduate)

placenta should have been under the necessity of substituting for

it the plicate (non-deciduate) type is not explained.

* Assheton suggested a grouping of placental forms based on the behaviour o

the trophoblast into (a) Cumulate, characterised b3' radial, more or less loca

thickening of the trophoblast which is actively phagocytic (='' Deciduate")'

(b) Plicate, characterised by tangential extension and folding of the trophoblas'

with little or no phagocytic activity (= " Nondeciduate").
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We must confess we are quite unable to accept the views of

these two authorities, either in respect of the secondary nature of

the diffuse placenta of the Lemurs or in regard to its dis-

similarity to the diffuse placenta of other Mammals. It appears

to us they have attempted to read the story of placental

evolution the Avrong way round.

In our opinion, any attempt to trace the evolution of mam-
malian placental arrangements must be based on a consideration

of the probable conditions which obtained at the time viviparity

replaced oviparity. Knowing the arrangement of the foetal

membi'anes in the existing Monotremes, we can picture the

conditions with reasonable certainty. We snould postulate,

then, that the common ancestral stock, from which the Di-
delphia and Motiodelphia diverged, possessed an arrangement
of the fo3tal membranes similar to that of the existing Mono-
tremes and of PhasGolarctos amongst the Marsupials

—

i. e., the

outer wall of the embryonal formation consisted as to one-half

or thereabouts of unsplit blastocyst wall or omphalopleure, in

part vascularised by the vitelline A^essels of the vascular area

of the yolk-sac, and as to the remainder, of allanto-chorion,

vascularised by the umbilical vessels of the vesicular allantois.

The uterine mucosa possessed a persistent covering epitheliurxi,

functional uterine glands, and a rich vascular supply.

These being the structural elements involved, the primitive

placenta was constituted simply by the close apposition of the

omphalopleure and the allanto-chorion with the vascular lining

of the uterus. Here we have the simplest possible type of

placenta, partly allantoic, partly vitelline and diffuse in the

sense that the whole of the outer surface of the embryonal
formation is involved in the carrying on of the exchanges
between the maternal and foetal blood-streams. The trof)hoblast

covering the entire outer surface is as yet a simple layer, absorp-

tive but not actively phagocytic.

Out of the primitive placenta here outlined, we see no difficulty

in deriving on the one hand, the relatively simple placental

arrangements characteristic of the Marsupialia and on the

other, the varied types of placenta characteristic of the Mono-
delphia, the non-deciduate diffuse type representing only a

relatively slight elaboration of the priixiitive form, and the

varieties of the " deciduate " type i-esulting from the assumption
by the trophobla,st of active phagocytic properties, the precise

characters assumed by the placenta being in all cases determined
by a variety of conditions, intrinsic and environmental or uterine.

We therefore remain firm in our belief that the placentation of

the Lemurs is genuinely simple and little specialised.

Finally, as concerns the reputed distinction between the
Lemiu-oid diffuse placenta and that of other Mammals, we
readily grant there are differences in detail, but we quite fail

to see that there is any fundamental difference, or even enough
difference to justify the calling of the former " pseiido-plicate

'"'
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and the latter " plicate." Both are plicate in Assheton s sense,

and are characterised on the fostal side by the presence of a

relatively passive trophoblast, markedly folded and of great

extent, by the vascularisation of the chorion through a large

vesicular allantois and by the reduction of the yolk-sac and its

vessels ; and on the maternal side, by the persistence of the

uterine epithelium (at least in the majority) and of the uterine

glands in an active functional condition. In our view, the

resemblances far outweigh the differences in detail.

We are accordingly in entire agreement with Jenkinson (16)

in believing (1) that the resemblance between the non-deciduate

placentation of the Lemuroids and that of other Mammals, e. g.

the Ungulata, are due to their derivation " from a common
ancestral ' indeciduate ' type"; and (2) that the deciduate

hfemochorial type of placenta characteristic of the other Pri-

mates has been evolved from the non-deciduate Lemuroid tj^pe,

qiiite independently of that of the "Rodents. Insectivora, etc.

—

another illustration of the principle enunciated by H. F. Osborn

that " the same results appear independently in descendants of

the same ancestors."

^' e are greatly indebted to Mr. F. Pittock for invaluable help

in the preparation of Pis. III.-VI. and to Mr. S. Steward for the

photographs of Specimen A, Pis. I. k II., and to Mr. Terzi for

retouching the same.

APPENDIX.

On the External Characters of a Foetal Chiromys.

By R. I. PococK, F.R.S.

At the request of the authors, I undertook to examine and
describe the external features of the foetal Chiromys (Specimen B,

PL III. fig. 6), the placenta of which is described in the pre-

ceding pages hj Prof. Hill and Mr. Burne.

The approximate dimensions in millimetres of the specimen, a

male apparently at full time, are as follows :—Dorsal contour

length (snout to root of tail) 165 ; head and body from croAvn to

root of tail 106 : head from nose to occiput 37 ; ear from inter-

tragal notch 21 ; tail 103 ; upper arm 25 ; fore-arm 21
;
palm of

hand 12 ; thigh 31 ; lower leg 31 ; sole of foot 18. The general

proportions do not difier greatly from those of the adult, the tail

and arm being relatively as long, but the head is relatively

larger, the leg shorter, and the digits of the hand shorter than

in the adult.

The coat consists of comparatively short and sparse adpressed

hairs, brown and grey in colour ; on the hands and feet and tail
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the tint is blacker ; the muzzle and cheeks are nearly naked. In

the adult the coat is thick and woolly and black in colour, with

long black and white bristles intermixed. The head is relatively

larger, and has a more vaulted cranium than in the adult.

The rhinarium is well developed and like that of the adult.

So also are the facial vibrissse, the genal and superciliary tufts

Text-fia-ure 4.

A. Head of fcetal Chiromys. B. Base of ear of same. C. Base of ear of adult.

D. Rhinarium of fcetal Chiromys.

being specially well marked. There is a single interramal vibrissa.

The eyes are much smaller than in the adult, oval and pointed at

each end, like the eyes of a diurnal mammal.
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The ear is covered with short hair externally, and is flat and
not hollowed, but the ridges and depressions characteristic of

the adult are all indicated. In the adult the ear is naked
internally and deeply hollowed ; it is also relatively much larger

than in the fcetus, its length being equal to the distance between
its intertragal notch and the end of the rliinarium, whereas in

the young its length is only equal to the distance from the end
of the rliinarium to a point just behind the eye.

The toiigue differs in at least two particulars from that of the

adult. The distal margin of the sublingua is irregularly pointed

and serrulated, and the median inferior ridge ends in a soft

straight point, not in a hard down-curved hook. In the points

Text-fio-ure 5.

t i

Hand and foot of fcetal CMromys.

in which the sublingua differs from that of the adult, it

approaches the less specialised condition seen in the typical

Lemurs.
The fore limbs closely resemble those of the adult, but the

are relatively much shorter. The fourth digit, for

example, is only a little longer than the palm, whereas in the

adult it is nearly twice the length. The pollex also is relatively

much nearer to the second digit than it is in the adult.

The hind limb closely resembles that of the adult in all im-
portant respects. It is, however, relatively shorter in all its parts.

digits
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The external genitalia are remarkable for the length and

thickness of the penis, the distal end of which is curved forwards,

with its posterior, or inferior, siirface strongly convex. Proxi-

mally it arises in front between the two well-marked inguinal

mammte, and its integument here is mesially grooved. Imme-
diately behind its posterior point of insertion there is a little

bilobed thickening of the skin, representing the tip of the

Text-figure 6.

A. Lateral view of the hind quarters to show the prominence of the penis.

B. Ventral view of the hind quarters, with penis turned aside to the left.

m. mamma
; p. penis ; s. scrotum ; m. umbilical cord.

undeveloped scrotum, and above this on each side a shallow

groove runs upwards and forwards to the level of the mammse,
apparently defining the inguinal position of the testes. The
penis, the inner surfaces of the thighs, and the abdominal region

are much more scantily hairy than the upper and outer surfaces

of the body and limbs.
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EXPLANATION OF THE PLATES.

luist of Heference Letters.

a W.c. allantoic cavity ; aH.caw. allantoic canal ; aM.c/z. allanto-chorion; all.ent.

allantoic entoderm; all.w. inner wall of allantois ; anin. amnion; cap. allantoic

capillaries ; cJi.a. chorionic appendage ; ch.ves. chorionic vesicle ; c.t. connective

tissue of villus ; c.t'. peripheral zone of same ; fld. fold betv^-een uterine cornua
;

muse, muscularis ; op. opening of chorionic vesicle; p. smooth prolongation of

chorion into cervix ; sept, septal pillar between inner and outer walls of allantois ;

tr. trophoblast ; umb.c. umbilical cord; umb.art. umbilical (allantoic) artery';

timb.v. umbilical vein ; ut.gl. uterine glands ; vill. chorionic villus.

Fig. 1. Uterus, Chiromys, Spec. A., opened from the dorsal side, showing the

chorionic sac in situ. The folded character of the mucosa, the chorionic

appendage {ch.a.) projecting into the right cornu, and the non-villous

prolongation (p.) into the cervix are well seen. fld. fold between uterine

cornua. About nat. size.
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Fig. 2. Foetal CMromys, Spec. A. The chorion lias heen removed, exposing the

main sac of the allantois and its accessory lobes on the left side of foetus.

The head of the fcetus is towards the lower side of the plate. The main
sac has been opened up, exposing the opening of the allantoic canal, into

which a white rod has been passed. {Cf, text-fig. 2 and text, p. 1153.)

Slightl3' reduced.

Fig. 3. Foetal CMromys, Spec. A. The same preparation as in fig. 2, but from the

right side of foetus. An extensive area of the amnion on the right side

of the head of the foetus has been removed. {Cf. text-fig. 3 and text,

p. 1155.) Slightly reduced.

Fig. 4. View of the chorionic sac from the right side of the foetus. Spec. B, show-
ing the arrangement and character of the laminar villi. The head of

the foetus is towards the left side of the plate. Slightly' reduced.

Fig. 6. Similar view of the left side of the chorionic sac, Spec. B, to show especially

the chorionic appendage which projected as in Spec. A into the right

cornu. Slightly reduced.

Fig. 6. Fcetus, Spec. B, from the right side, after removal from the fcetal mem-
branes. The severed umbilical cord is seen overlying the right fore-arm.

Slightly reduced.

Fig. 7. Chorionic appendage. Spec. B, extended so as to show the folded laminar
character of the villi of its upper surface. Slightly reduced.

Fig. 8. Portion of the same, more highly magnified. X about 6.

Fig. 9. Portion of the exposed surface of the chorionic appendage, Spec. B, showing
the convoluted appearance of the villi. X about 6.

Fig. 10. Enlarged view of the portion of chorion. Spec. B, overlying left side of

hinder region of fcetus, showing the folded villi and the non-villous

ridged areas. X about 6.

Fig. 11. (PI. VI). View of the inner surface of allanto-chorion after reflection of

the inner wall of allantois (all.iv.), showing the chorionic vesicles

{ch.ves.).

Pig. 12. Section through body of uterus. Spec. B. X about 12.

Fig. 13. Trans, section through the allanto-chorion in the region of junction of

umbilical cord with the inner wall of allantois, showing tl-.ecord {um'b.c.'),

the allantoic cavity {all.cav.) crossed bj' two septa {sept.), the allanto-

chorion {all.ch.) with its villi and two ciiorionic vesicles (ch.ves.), in the

left one of which the opening (op.) is visible. X about 8'5.

Fig. 14. Section similar to the preceding, more highlymagnified to show the struc-

ture of the umbilical cord, allantois, and chorion. X about 12.

Fig. 15. Section through the allanto-chorion and one of its villi, showing the

allantoic entoderm {all.ent.), the connective tissue of the allanto-chorion

(all.ch.) prolonged to form the axis of tjje villus (c.t.), in which are seen

in section the smaller branches of the allantoic vessels. X about 48.

Fig. 16. Section through a villous branch, to show the trophoblast (tr.), the under-

lyins capillary plexus (cap.), and the connective-tissue core (c.t.). Note
the characteristic zone of the latter, below the capillaries (c.t'.). X about
360.
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Introdicctio7i.

The Squii'rels, Marmots, and other admittedly related genera
forming the Seiuridte were formerly associated with the ^Beavers,

or Castoridas, in a primary division of the Simplicidentate

Rodents, the Soiuromorpha *. It has become the fashion in

recent years to drop this grouj). Kevertheless, the two families

are still suggestively juxtaposed by systematic writers, and no
one seems to doubt the validit)^ of tlie claim of their relationship

based upon certain cranial characters connected more particularly

with the structure of the zj'gomatic arch. Miller, for example,
in his key to the families of Rodents of Western Europe, places

the Castoridcs and Sciuridee under a heading distinguished from
the other families by having the anterior portion of the zygo-
matic arch formed chiefly by the jugal bone and the infraorbital

foramen small ; and the opening words of his diagnosis of the
family Oastoridse are " characters essentially as in the Sciuridse."

Alston, Thomas, Flower, Tullberg, Winge, Max Weber, and
others all agree in placing the Castorida^ and Sciuridse in the
same section of Rodents.

As regards the division of the Sciuridse into subfamilies there
has been, and is still, some difference of opinion. By most
authors the Marmots and Sousliks were separated as a subfamily—Arctomyince [Marmotince)—fi'om the Squirrels (Sciurince) ; but

* Also containing the Aplodontidas, about which I have no first-hand knowledge.
This family w^as, however, removed from the Soiuromorpha by Thomas, P. Z. S.

1896, p. 1015.
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Forsyth Major and Miller withheld that rank from them. On
the other hand, the Flying Squirrels, which were usually dis-

tinguished as the subfamily Fteromyinoi [Petauristince), were
granted by Miller the full family rank as Petauristid^e, equiva-
lent to the rest of the Squirrels or Sciuridae. A fourth sub-
family

—

Nannosciurince—admitted as valid by some authors, was
shown by Thomas in 1915* to be composed of heterogeneous
elements, the evidence of affinity between the genera derived
from skulls being entirely untrustworthy.
The question of the generic classification of the Sciuridee need

not be discussed at length. All that it is necessary to say is

that in 1915 Thomas clearly showed, by his study of the os penis

Text-fisure ViQ.

A. Muzzle of Sciurus vulgaris, with i-liinariura exposed and partiallj''

concealed by hood.

B. The same of S. saliuensis, with rhinai-ium exposed and entirelj' hooded.

C. Ditto of Geosciurus cafensis.

or haculwm, that previous attempts to affiliate the genera and
subgenei'a by their skulls and teeth and other characters had
in many instances yielded erroneous results, such as association

of GoMosciuri(,s with Sciurus and of NannosciunLS with Myo-
soiurus. No living student of the family would claim that we
know the relationship of all the groups of genera to each other.

The vagueness and diversity of opinions on this point, coupled

with the hope of finding unrecorded features of systematic value,

induced me to take up the study of the external charactei-s

presented by the ears, feet, and other organs which had been for

* Ann. & Mag. Nat. Hist. (8) xv. p. 386.
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the most part neglected by previous workers, partly owing to

scarcity of materials, either fresh or preserved in alcohol, suitable

for the purpose. The result of my observations, extending over

many years and based upon specimens that died in the Zoological

Gardens, form the subject-matter of the present paper. Examples
of a good many genera have passed through my hands in that

way ; but in some cases I have been compelled to rely upon dried

skins contained in the collections of the Zoological Society and
of the Natural History Museum *.

The Muzzle, Mouth, and Facial Vibrissce.

The muzzle in all the genera of Sciuridse and Petauristidaj

is very uniform in structui-e. A peculiarity of the rhinarium is

the mechanism by which the nostrils are closed. The hairy skin

of the muzzle just behind it on the dorsal side is capable of being-

moved downwards and forwards, carrying the supranarial por-

tion of the rhinarium with it, the two constituting, as it were,

a kind of hood or cap over the nostrils. When completely

lowered, the inferior edge of this hood forms a transverse or

crescentically curved line defined from the upper lip by a narrow
slit of the same shape. The line along which the upper half of

the rhinarium is folded down is usually, at all events, marked
by a transverse groove just above the upper edge of the nostrils.

The I'hinarium itself is naked and has a well-marked median
groove between the nostrils, which are of the usual shape, with

the typical harial slit behind and externally, and the expanded
orifice in front and internally. They are moderately widely

separated and look straight forwards. The rhinarium varies

somewhat in shape. For instance, in Sciurus vulgaris it is

comparatively deep, and has a nearly straight or convexly

rounded upper edge. In Sciurus saltuensis it appears to be lower

with the upper edge not nearly so raised. It also appears to be

broader and altogether larger relatively in Marmota than in

Cynomys. But although these observations were made upon
fresh specimens, the apparent height of the rhinarium varies so

much in accordance with the expansion or contraction of the

hood, that I have found it impossible to make any useful syste-

matic generalisations with regard to its shape. (Text-figs. 38 &
39, A-0.)
The two halves of the upper lip are completely divided up to

the inferior median point of the rhinarium.

The rhinarium in Castor is very different from that of the

Squirrels. The nostrils are widely separated, look outwards and
upwards and are valvular, closing to form a crescentic slit.

The area around them is naked, and the wide naked internariai

space has an oblique crest of hairs passing over the nostrils on

* I have to thank Mr. Olclfield Thomas not onlj'- for permission to examine the

collections under his charge, but also for much kind help in the identification of some
of the species of this difficult group about which I was in doubt.

Proc. Zool. SOC.--1922, No. LXXVIII. 78
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each side, and there is an upstanding crest on each side of the

front of the infranarial poi"tion of the rhinariiim. The rhina-

rium is not mesially grooved and the upper lip is not cleft,

although the short hairs on each side of the middle line are

inclined inwards and downwards in a different direction from
those external to them and form a definite crest or fringe. (Text-

fig. 40, A, B.)

The mouth in Sciuridae and Petauristidee is provided with two
palatal lobes of hairy integument jutting inwards from the

Text-figure 39.

wmI^'"'
D.

A. Muzzle of Cynomys ludovicianus, with rliinarium exposed.

B. „ „ Hatitfa inclica, with vhiuavium partiallj^ hooded.

C. Mouth and muzzle of 3Iarmota marmota, showing the cheek-lobes

projecting into mouth, and rhinarium exposed.

D. Mouth and muzzle of Castor canadensis, half side view, to show mat of

bristles (m.) inside the cheek.

cheek. These are capable of meeting over the palate behind

the incisor teeth, but they are never fused in the middle line.

Two similar but smooth and altogether smaller lingual lobes jut

inwards on each side of the tongue. (Text-fig. 39, C.)

Definite cheek poviches are developed only in three genera

—

Tcmiias (EiUaonias), Citellus, and Cynomys. I have not been able

to examine them in Citellus, but in Tainias and Cynomys they
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open into the mouth approximately on a level with the anterior

end of the molar teeth. In Tamias they are of large size, and,

when imstretched, reach back as far as the ear. In Gynomys
they are much smaller and do not reach beyond the eye. Judging
from the descriptions of the pouch of Citellus as " large," I

presume it resembles that of Tamias and Eutainias. Marinota
is usually described as being without cheek pouches, and I failed

to find a trace of them in the ty^pical European species M.
miarmota. Nevertheless, in his diagnosis of the genus. Miller

Text-figure 40.

A. Muzzle and I'liinarium of Castor fiber.

B. Rhiiiarium of the same from the side.

C. Ear of Castorfiber, with position of orifice dotted in.

says " cheek pouches rudimentary or absent." Elliot * describes

them as small in the American species, assigned to Marinota.
and Cory f cites their presence as a character of the subfamily
Marmotinm. (Text-fig. 41, 0, D.) Fresh information is clearly

wanted on this point.

In its palatal and lingual lobes the mouth of Castor resembles
that of the Sciuridas, but it differs in having a lai'ge pad on each
side of the cheek, lying farther within the mouth than the
noi-mal lobes. Each of these pads is provided with stiff, short

* Field Columbian Museum, Zool. ii. p. 104, 1901.

t ' The Mammals of Illinois and Wisconsin,' p, 137, 1913.

78*
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hairs, forming a kind of mat, and projecting downwards and
backwards. The hairs of these pads meet in the middle line

over the tongue in front of the molar teeth, and close the orifice

of the throat. (Text-fig. 39, D.)

The tufts of the facial vihrissce in all the genera of true

Squirrels, in the Sousliks and Marmots are normal in number
and position, the mystacials, supercilaries, and genals being long

and comparatively numerous and the interramals, though less

evident, being always detectable. The only variations to record

Text-fie-ure 41.

A. Head of Callosciurus prevosti, sliowing the tufts of vibrisssa charac-

teristic of thf) Sciuridse.

B. „ „ Geosciurus capensis, with additional tuft of superciliary

vibrissss.

G. „ „ Gynomijs ludovicianus, the curved dotted Hue showing the

size and position of the small cheek-pouch.

D. ., „ JSiitamias quadrivittatus, with the external wall of the large

cheek-pouch cut open.

are the absence of the interramal tuft in the Flj^ing Squirrels

(Petauristidse) and the presence in the Bristly Ground Sqviirrels

i^Xerus and its allies) of a supplementary superciliary tuft of

long vibrissas over the posterior angle of the eye. In this

particular these Grround Squirrels are unique, so far as I know,
amongst mammals. (Text-fig. 41.)

The Bsavers have a few short, stiff mystacial and superciliary

vibrissDe, but the genal and interramal tufts are absent. In the
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absence of the genal tufts the Castoridse differ from the Sciuridae

and Petauristidas.

The systematic results yielded by the characters discussed njay
be tabulated as follows :

—

a. Rliinarium unhooded, not wliollj^ naked, nostrils wido apart,
lateral, valvular; upper lip uncleft; mouth with a bristly
pad inside the cheek ; no genal vibrissa Castorida.

a'. Khinarium hooded, i. e. capable of being- covered by a flap of
skin from the upper surface of the nose, naked, nostrils close
together, looking forwards, not valvular ; upper lip deeply
cleft to rhinarium ; mouth without bristly pad inside cheek";

genal vibrissas present Sciuridce & Pefauristidcs.
h. Two tufts of superciliary vibrissge, an anterior and a posterior.

Xerus and its allies.

h'. OyAj the normal anterior tuft of vibrissge present.

c. Interramal tuft of vibrissse present Sciurida (including Xertis).

c' Interramal tuft of vibrissa absent Fetauristidce.

The Ear.

In the arboreal Squirrels the ear exhibits no marked struc-

tural variations. That of Scmrus vulgaris may be described as

typical. It is oval in shape and stands away from the head from
a point in front about on a level with the supratragus, and behind
from a point below the antitragus. The anterior edge is folded

over from the summit or tip of the ear, and the overfolded rim
increases in thickness down to the supratragus. Beneath the

supratragus the edge runs obliquely downwards and backwards
into the cavity of the ear, and ceases on its inner wall about
midway between the supratragus and the orifice of the ear. The
orifice lies at the bottom of the cavity just below the level of the

intertragal notch, which is defined in front by a small hemi-
spherical tragus and behind by a large angular antitragns. The
latter fits over the tragus when the ear is closed, and posteiiorly

is continuous with a large flap resulting from the overfolding of

the posterior rim from a point a little above the line of the

supratragus. The supratragus is a ridge with sharply defined

inferior and poorly defined superior eAga. It forms the upper
border of the cavity of the ear, separating it from the feebly

hollowed upper portion, which in height exceeds the height of

the cavity. (Text-fig. 42, A.)

Judging from dried skins and material preserved in spirit, the

ears of the American species S. hudsonicus, carolmensis, niger

[rufiventer), griseus, saUtcensis, hypopyrrhus and of several fornas

I'elated to the last, resemble in all essentials those of S. vulgaris.

So also do the ears of Uuiamias, and of the Petauristidae of the

genera Glaucomys. Eoglaucomys and Petaurista, with the excep-

tion that in those Flying Squirrels the pinna is still more
extended above the supratragus and the anterior edge is not

overfolded to the summit. (Text-fig. 42, B, E, F.)

The ears of the Tropical Asiatic and African arboreal Squirrels

differ from those of Sciurus vulgaris and of the American species

above referred to in being shorter as compared with their antero-

posterior width, in being less tubular at the base, so that the



1178 MR. R. I. POCOCK ON THE EXTERNAL CHARACTERS

auditory orifice opens approximately on a level with the inter-

tragal notch ; the tragus and antitragus, especially the latter,

are, on the whole, less well developed, and the summit of the ear

does not project so high above the level of the head, although
in Ratiofa and Fionambidus it is in this respect intermediate

between the ears of >Scm7-us vulgaris and its allies and those of

Callosciurus ajid Funisciurus.

In Ratufa (text-fig. 42, C) the ear rises from the head at a point

about on a level with the anterior end of the supratragus in front

and below the upper end of the antitragal thickening behind ; its

upper edge is rounded, not pointed, and the edge of the anterior

margin is overfolded from the summit. Inferiorly the over-

Text-fiffure 42.

E
A. '&9V 0^ Sciiirus vulgaris. D. ^^v of T^U7iarahulus palmarum.

B. „ „ ISutamias quadrivittaius. E. „ „ JSoglauconiysfimbriatus.

C. ,, ,, Hatufa indica. V. „ „ Glaucomi/s volans.

o., position of orifice.

(These figures are intentionally drawn of approximately the same size.)

folded edge is continued downwards and backwards into the

cavity of the ear, ceasing near its middle. Beneath its termi-

nation there is a shallow pit concealed within the antitragal

thickening, which is low and not produced. There is no tragus,

and the auditory orifice is just exposed within the intertragal

notch. In Calloscvarus prevosti., C. notahis, and Tomeutes

vittatiijS the ear is less prominent than in Ratufa., and its points

of attachment to the head in front and behind ai'e somewhat
higher. In C. p)'evosti also its upper portion is narrower' and
more pointed. In C. vittatus and C. oiotatus the posterior edge
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is slightly emarginate above. In these three species the tragus is

small or absent. (Text-fig. 43, A, B.) In Ftonambidus tristriatus

the ear does not appear to differ in any essential points either

in structure or relative size from that of G. notatus\ but in

F. palmavvjm it is less hairy and relatively considerably larger

and has the posterior edge markedly emarginate above*. (Text-

fig. 42, D.)

In the African Squirrels, Funiseiurus leucostigma aiid F. cepapi,

the eai'S are small as in Callosciurus, and do not appear to differ

from them, although the cavity is perha,ps more subdivided by
hollows and low ridges ; but in Heliosciurus pimctatus the anti-

tragus is better developed, being provided with a very definite

process ; the tragus is a curved, soft ridge, and the orifice of

the ear, normally concealed by the antitragus, is narrowed and
pointed above instead of being subcircular as in Funiseiurus.

(Text-fig. 43, C, D.)
The ears of the Citellus, Cynomys, and Marmota are mostly

smaller than in the typical Squirrels ; but within the limits of

the genus Citellus the variation in size is considerable. In G.

{Otospermo2)hilus) heecheyi they are indeed relatively larger than
in Gallosciurus or Fuuisciiirus and project above the level of

the head ; but in other species, i. e. some of those referred to

the subgenus Ictidomys, they have been described by Allen as
" generally small, sometimes rudimentary." Nevertheless, even
in G. heecheyi they differ structurally from the ears of all the

typical Squirrels examined. The cavity of the ear, bou.nded

above by the supratragus, is to a considerable extent filled in

front by a thickened developm.ent of the inferior continuation
of the overturned anterior margin of the pinna ; and this

thickening is covered closely with longish hair covering the

cavity and closing it when the ear is folded. There is no trace

of tragus or antitragus, the lower rim of the cavity forming an
evenly curved line. For the rest, the area above the supratragus

is well developed and has a very distinctly emarginate posterior

border ; the tip is somewhat pointed, and the overfolding of the

edge of the anterior rim does not quite reach the summit. In front

the ear rises from the head at a point a little above the anterior

end of the supratragus, and behind the posterior border fuses

with the integument of the head just below the posterior end of

that ridge. (Text-fig. 44, D.)

In Marmota inar^nota the ear is a little more reduced in size

than in Q. heecheyi^ and the area above the supratragus is wider

in proportion to its height ; the tip is pointed, but the posterior

border is less markedly emarginate. The points of origin of the

free portion in front and behind are approximately at the same

* Judging from dried skins the ears of Tomeufes seera to be like those of

Callosciurus ; but in the remarkable Borneau genus RJieifJirosciurns these organs

differ from those of the other Oriental genera in their great length. In this

respect they surpass the eurs of S. vulgaris ; but details of their structure could not

be determined on the made-up skins in the Natural History Museum.
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levels as in C. heecheyi ; the cavity is similarly blocked in front

by the hairy thickening of the injutting portion of the inferior

continuation of the overfoldecl portion of the anterior rim, and
there is no trace of tragus, antitragus, or interti-agal notch.

(Text-fig. 44, E.)

In Cynomys the eai- is very much smaller than in Marmota
owing to the reduction in size of the area above the supratragus.

The summit is rounded, and has its edge overfolded in continua-

tion of the overfolding of the anterior edge. The hairy thick-

ening projecting backwards into the cavity of the ear above the

orifice is well developed, there is no tragus or intertragal notch,

and at most a trace of antitragal thickening. (Text-fig. 44, F.)

In the Ground Squirrels of the genus Xerus and its allies,

which are as terrestrial in their habits as the Sousliks and

Text-fig;ure 43.

A

at.

p

A. Ear of Callosciiirus prevosti.

B. „ „ Tomeutes vittatus.

C. ,, „ Funisciurus cepapi.

D. Ear of Seliosciurus punctatus.

E. „ „ Atlmitoxerus getuhis.

F. „ „ Greosciurus capensis.

at., autitragal thickening.

Marmots, the ears are greatly reduced in size, in some cases,

indeed, e. g. in Geosciurus capensis., equalling apparently in that

respect those of some of the small-eared species of Citellus. But
they are modified for terrestrial life on quite a different plan

from that exhibited by the Sousliks and Marmots.
In JEuxei-tis erythropits, for instance, a comparatively large-

eared form, in which the summit of the ear reaches about as

high as the level of the head, the antero-superior and posterior

margins meet approximately at a right angle. The anterior edge
is overfolded, and is continued beneath the supratragus, where
it bends backwards and downwards, ceasing just above the

tragus, or sometimes running thence backwards and upwards as
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a rod-like ridge to the posterior end of the siipratragus. The
tragus is a hard, rounded eminence, and the intertragal notch is

very deep. The antitragus is a thick bulging swelling set high

above the tragus just beneath the posterior end of the supra-

tragus, which fuses with it. The anterior edge rises from the

head at a point about on a level with the anterior end of the

supratragus and the posterior edge, which is nearh^ straight or

slightly sinuous, from a point about on a level with the lower

portion of the antitragal prominence. When the ear is closed

the upper portion folds down on the supratragus, the antitragus

is folded on itself and pulled forwards over the tragus, and with
the supratragus blocks the upper part of the cavity, the inter-

tragal notch at the same time being closed by the juxtaposition

Text-fig-ure 44,

D
\g^' %^

A, B, C. Ear of Euxerus erijtliropus, in three stages of folding.

D. Ear of Citellus (Otospermophilus) heecheyi, from a dried skin.

E. ,, ,, Marmota marmota.

F. „ „ Cynomys ludovicianus.

of its anterior and posterior walls. Thus the mechanism for

closing the ear is quite different from that of the Marmots and
Sousliks, where the supratragus is depressed against the hairy

thickening invading the fore part of the ear-cavity, the thicken-

ing itself being pressed down over the orifice. Judging from a

dried skin, the ear of Xerus rutilus is relatively a little smaller

than in Utixerus eri/throjncs owing to the reduction in size of the

portion above the supratragus. (Text fig, 44, A-C.)
In Atlantoxerus getulus the ear seems to be relatively a little

smaller than in E. erythropus, and projects from the head less
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prominently, but resembles it in other ways sufficiently closely

to call for no detailed description. The most important difference

is the absence of the tragal thickening in front of the inter-

tragal notch, so that the orifice of the ear is exposed. Owing to

the reduction in size of the upper free portion, the supratragus
is nearer to the summit and the latter is somewhat more
pointed. (Text-fig. 43, E.)

The ear of Geosciurus capensis exhibits the final stage in

degeneration in this group *
; but it is clearly derivable from the

type seen in Atlantoxerus by the reduction of the upper portion

above the supratragus to a rounded thickened rim incapable of

being folded downwards and backwards to any appreciable

extent on to the supratragus, which is represented at most by a
short ridge running forwards and upwards from the antitragus.

The latter, as in the other species, is a rounded thickened bulge,

less well •defined than in the northern species, set high up and
overlapping the posterior portion of the cavity. The anterior

rim is overfolded, and its inferior continuation into the cavity is

represented at most by a small excrescence opposite the anti-

tragus. There is no tragus, as in Atlantoxerus, the orifice being
exposed at the bottom of the deep intertragal notch. The ear

is closed by the forward movement of the thicker posterior border
of the cavity against the anterior, there being no folding of the
antitragus or upper rim. (Text-fig. 43, F.)

The structure of the ears in these Bristly Ground Squirrels is

not opposed to the view of their affinity with the African species

referred to Funiscmrus, but the difl:erences supply no evidence
of close affinity.

In fktstor the ear is relatively small, but is as free from the

integument of the head as in the typical Sciuridfe. Its outer

surface is flat, and the anterior edge is not overfolded ; it is

uniformly covered with hair except i^ound the cavity, whei-e it is

naked. The cavity is a small, irregularly triangular space bounded
above by the supratragus, which is overlapped in front by the
anterior Q6.gQ which runs downwards and backwards to the
orifice lying at the bottom of the cavity and concealed by the
lower edge of the cavity corresponding to the intertragal notch.

The posterior border of the cavity forms a convex bulge probably
representing the antitragus, but there is no trace of tragus.

(Text-fig. 40, C.)

The characters of the principal types of ears above described

may be summarised a,s follows :—
a. Ear simple, its anterior edge above the supratragus not over-

folded Castor.
a'. Ear simple or complex, its anterior edge above the supratragus

overfolded.

b. Cavity of the ear, when folded, mainly closed by hairy,

thickened continuation of the overturned anterior rim beneath
the supratragus, np tragus or antitragus ... CiieUus, Cynormis, Marmota.

* Described by W. L. Sclater as follows :—Ear conch completely absent, the ear-

opening being a narrow diagonal slit half an inch in length.
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b' . Cavity of the ear, when folded, mainly closed by antitragus,

the inferior continuation of the overfolded anterior border

not forming a hairy thickening within the cavity.

c. Antitragal thickening set liigh up near the middle of the

posterior wall of the cavity
; pinna reduced.

d. Margin of ear a thickened rim not standing away from the

head Geosciurus.

d'. Margin of ear standing away from head dorsally . . . Xerus, Euxerus,
Atlantoxerus.

c'. Antitragal thickening occupying normal position and form-
ing the postero-inferior wall of the cavity ; pinna standing
well away from head dorsally Tj'pical Squirrels, Tamias,

Petam'istidse.

Although Castor is isolated at the head of this table, it can

hardly be claimed that its ears differ more from those of typical

Squii-rels than do the ears of Geoscmrus. Section c' is roughly

divisible into two groups, exemplified respectively by Sciurus and
its near allies, Tamias and the Petauristidfe, which have long

or comparatively long ears, and by the tropical African and
Asiatic genera Fanisciurus, Heliosciurus, CallosciurihS, and
Ratufa, where the ears are shorter and less tubular at the base.

But these groups seem to intergrade. What the ears of Rhei-

throsciurus are like apart from length has yet to be ascertained.

The Feet.

The feet of the typical arboreal Squirrels of the family

Sciuridae have many chai^acters in common. In the fore foot

the first digit is reduced to an apparently functionless excrescence

springing from or imbedded in the side of the inner carpal pad,

and carrying a nail. Of the remaining digits, the fourth is the

longest, the diiTerence between the fourth and the fifth or second

being considerable. The fourth and the third are more closely

united at the base than they are to the fifth or second respec-

tively, and the middle line of the artiodactyle foot passes between
them. The digital pads and claws are Avell developed. The
plantar pad is always represented by three well-defined elements.

The undersides of the digits and of the sole are typically naked
—hairy in some northern forms in winter,—and there are two
well-developed carpal jDads, of which the inner is the larger of

the two. The tuft of carpal vibrissre is always present and
large.

The digits of the hind foot resemble those of the fore foot

tolerably closely in structure and relative lengths, the fourth

being the longest ; but the first digit is well developed and
resembles the others, except that it is much the shortest of the

series. The well-developed plantar pad consists of four lobes.

The metatarsal area is for the most part naked, the heel alone

generally being hairy, and is supplied with two pads, an inner,

which is the larger, and an outer, which, in addition to being

smaller, is set more forwards. Sometimes one or both of these

pads is suppressed, in the case, for instance, of Squirrels, which
have hairy feet in the winter, e. g. S. vulgaris.
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a. Feet of the Tropical A siatic Squirrels.

In Callosciurus prevosti the claws of the fore foot are short,

with an abruptly curved, sharp point ; the three main elements

of the plantar pad are large and elongated, and small accessory-

tubercular pads are sometimes associated with them. The
outer carpal pad is irregularly cordate, with a notch in its

posterior border ; it is much shorter than the inner carpal pad,

Text-fiofure 45.

A. Right fore foot of Callosciurus notaUis, nat. size.

B. ,, „ „ „ Tomeutes vittatus.

C. ,, hind „ „ „ „

D. „ fore „ ., Callosciurus prevosti.

E. „ hind „ „

which extends forwards along the side of the foot, so that its

anterior end overlaps on the pollical side the posterior end of

the internal lobe of the plantar pad, and its pollical margin,
evenly convex, conceals from view from the lower side the nail

of the pollex, which is planted some distance behind the anterior

end of the pad. (Text-fig. 45, D.)
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The hind foot has claws like those of the fore foot, and the

four lobes of the plantar pad are similarly large and long,

especially the internal ; and both the internal and the external

lobes are provided with a small supplementarj^ lobe, making the

entire plantar pad appear to be composed of six lobes, four large

and two small. The metatarsal pads are also large. The internal

starting close behind the corresponding lobe of the plantar pad
and extending backwards to within a short distance of the hairy

heel, occupies about one-third of the naked metatarsal area.

The external metatarsal pad, about equal in area to the median
lobe of the plantar pad, extends obliquely inwards and backwards
from a point close behind the plantar pad, its posterior end over-

lapping the anterior end of the internal metatarsal pad. (Text-

fig. 45, E.)

The feet of Ccdlosciurus notatus and of Tomeutes viitaius are

practically alike and agree in all essential respects with those of

G. prevost'i, and judging from dried skins Ccdlosciurus finlaysoni,

G. castaneoventris, and Tomeutes hippurujS have feet of essentially

the same type. (Text-fig. 45, A, B, C.)

In Ratiifa indica the fore foot has the pads exceedingly large.

The three plantar pads are in contact with each other and with
the two carpal pads. The latter meet posteriorly, and the five

pads form a continuous lobate cushion surrounding a depressed

area of soft but coarsely granular integument. The inner

carpal, with which the digital pad of the pollex is indistinguish-

ably fused, is as large as the three lobes of the plantar pad taken

together. It forms a large projection on the inner side of the

foot behind the second digit, and constitutes a grasping organ with

the tips of the four digits, which close obliquely upon it. (Text-

fig. 46, A.) In the hind foot development of the pads reaches its

maximum, as is the case in the foi-e foot. The four lobes of the

plantar pad are wide, long, and in contact, and form a continuous

cushion, with undulating distal margin extending from the inner

to the outer edge of the foot. The outer metatarsal pad, moreover,

is elongated and in contact at its distal end with the outer lobe

of the plantar pad ; and the inner metatarsal pad is similarly

continent with the inner lobe of the plantar pad, the two together

forming a long cushion about half the width of the metatarsal

area, and reaching back to the hairy heel. The soft integument
of the sole surrounded by the plantar and metatarsal pads and
the outer half of the sole as far back as the proximal end of the

inner metatarsal pad is granular, the granules being coarser

distally behind the plantar pad than pi'oximally towards the

heel, which is covered with hair up to the proximal end of the

inner metatarsal pad. (Text-fig. 46, B.)

R. hicolor and R. 'macrou.rus have feet like those of R. indica,

and the claws of the genus Ratufa are short, abruptly curved,

and shai'ply pointed like those of Gallosciurtcs. The feet of

Ratufa, indeed, may almost be described as an exaggeration

of the type seen in Gallosciurus by the expansion and fusion

of the pads.
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The feet of the Pahn Squirrels {Funamhulus) are relatively
longer and thinner than those of Ratufa and Gallosciurus, and
have the pads less well developed. Otherwise they are tolerably

Text-figure 46.

A. lUght i'ore foot of Ratufa indica. X 5.

B. „ hind „ „

C. „ fore „ „ Funamhulus palmarum, -much enlavged.

D. „ hind

similar to those of Calloscmrus, the inner, or pollical, carpal pad
being similarly elongated, so that its distal extremity consider-
ably overlaps the inner lobe of the plantar pad. In the hind
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foot the external and internal lobes of the plantar pad are

often subdmded, but not always, and never to the same

extent as in Gallosciurus ; the inner metatarsal pad is always

long and rod-like, but the outer in all the specimens examined

is small, spherical, and approximately on a level with the

Text-fiffure 47.

A. Right fore foot of RheitJirosciurus macrotis.

B. „ liind „ „

C. „ fore „ „ Protoxerus stangeri.

D. „ hind „ „ „ ,,

(These figures drawn without measurements from dried skins.)

distal end of the inner without overlapping it proximally.

The heel is less hairy than in Gallosciurus and Batufa, being

sometimes naked in the middle line, sometimes scantily hairy.

(Text-fig. 46, 0, D.)
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Judging from, dried skins *, the feet of Rheithrosciurus are

relatively longer and thinner than those of Callosciitrus, and the

claws are longer. In the fore foot the three plantar lobes are

large, the median being well defined from the laterals. Of the

carpal pads, the outer is the smaller and narrow, and the inner

has an evenly convex margin and is not elongated and produced

distally so as to overlap the plantar lobe of the same side. In
the hind foot the four lobes of the plantar pad are not so large

or so closely packed as in Ccdlosciurti,s, and the outer and inner

are at most indistinctly subdivided ; the metatarsal area is naked
to the heel, the outer metatarsal is considerably shorter than in

other Oriental genera examined, and the inner metatarsal is small

and subspherical as in Ftmamhulus and many other genera of

Squirrels. (Text-fig. 47, A, B.)

In the structure of the feet Rheithrosciurus is perhaps more
like some of the American subgenera of Sciurtts than it is like

other Oriental genera.

The distinguishing characters of the feet of the Oriental

Squirrels above described may be tabulated as follows :

—

a. Pads enormous, internal carpal very prorainent on the

pollical side ; metatarsal pads confluent with plantar pad,

the internal nearlj^ half the width of the metatarsus Ratufa.
a'. Pads less developed, internal carpal less or not noticeably

prominent on pollical side ; metatarsals not confluent with
plantar pad.

h. Internal carpal long, narrowed distally, and overlapping

plantar pad on inner side ; internal metatarsal long.

c. Feet shorter and stouter, plantar pad of hind foot

larger, six-lobed, metatarsals thicker, external pro-

duced proximallj' beyond distal end of internal. CaUosciurus, Tomeutes.

c' . Feet longer and thinner, pads smaller ; external meta-
tarsal spherical set beyond distal end of narrowed
internal metatarsal Ftmamhulus.

b' Internal carpal pad apically rounded, onlj^ a little longer

than external and not reaching plantar pad ; internal

metatarsal relatively short Rheithrosciurus.

b. Feet of the Trojncal African Squirrels.

The two African species, Fanisciurus leucostigma and F. cepapi.,

have feet of a more generalised type than those of the Oriental

species of Ratufa and Galloschtrus examined, the plantar, carpal,

and metatarsal pads being less well developed. The plantar pad
of the fore foot is three-lobed, of the hind foot four-lobed. The
inner carpal pad is not so elongated distally, and the outer meta-
tarsal is comparatively small, subcircular, or elliptical, and is set

on a level with the anterior end of the long rod-like inner meta-
tarsal or a little in front of it. Except that the feet are of

stouter build, they differ but little from those of Funamhulus
palmarum., although in the latter the inner carpal pad is produced
distally nearly as much as in CaUosciurus. (Text-fig. 48, 0-F.)

* It must be remembered, however, that the proportions of the feet vary with
the preservation. In fresh specimens they appear to be plumper and shorter than
those contracted by alcohol, and the latter are, as a rule, less shrunk than the feet

on dried skins.
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Judging from dried skins, the feet of F. Isabella, the type of

the genus Ftmisciurus, resemble those of F. leucostig^na and

cepapi.

Protoxerus stangeri also has feet diflering in no important

Text-figure 48.

A. Right fore foot of Seliosciums punctattis, nat. size.

B. „ hind „

C. „ fore „

D. „ hind ,,

E. „ fore „

F. „ hind „

, Funisciurus cepapi, .

, Funisciurus leucostigma, ,

point from those of Funisciiorios, although the outer metatarsal

pad is much longer, being at least half as long as the inner.

(Text-fig. 47, 0, b.)

Proc. Zool. Soc— 1922, No. LXXIX. 79
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In Ueliosoiurus punctatus the feet are relative]}'' larger than

in Fionisciibrus leiocostigma, the plantar lobes and carpal pads of

the fore foot are smaller, more angular, and separated ; in the

hind foot the ]ilantar lobes are also smaller and more spaced,

the inner metatarsal is much shorter, being oval and well-

defined distally but abbreviated and ill-defined proximally ; the

inner metatarsal is like it but smaller*. (Text-fig. 48, A, B.)

The species belonging to the three African genera above

discussed may be distinguished as follows by their feet :

—

a. Inner metatarsal pad very short, lobes of plantar pads and
carpal pads relatively small and separated S. punctatus.

a'. Inner metatarsal pad a long, stout ridge ; lobes of plantar pads
and carpal pads larger and closer together.

a". Outer metatarsal pad elongate, more than half the length of

the inner P. stangeri.

&2. Outer metatarsal pad small, oval or spherical JF. leticostigma, cepapi.

In a general sense the hind feet of Ftmisciurus do not differ

in any very important respect from those of Ftmiamhulus ; but
all the African species examined differ from all the Oriental

species in not having the same elongation of the inner carpal

pad. In the length of the outer metatarsal P. sto»^eri approaches

Ratufa and Gallosciurus.

F'miisciurus leiicostignia and cepapi, on the one hand, and Proto-

xe.rus stangeri, on the other, were regarded by Forsyth Major as

representing respectively two subgenera of Xei^us. By their

feet, however, they are typical arboreal Squirrels, differing in

no essential particulars, so far as those organs are concerned,

from such tropical American species as Scmrus (Fchinosciurus)

hypopyrrliihs.

c. Feet of the European and Avierican Squirrels.

In the tropical American Squirrels, referred to a large number
of subgenera of Sciurus, the soles of the feet are naked as in the
tropical Asiatic and African forms, the heel being generally

hairy although sometimes naked down the middle line, as in

an example of Sciurus saltuensis hondce that died early in October.
The lobes of the plantar pads are Avell developed, the two carpal

pads are subequal in size, the inner not projecting appreciably
beyond the outer as it does in the ti-opical Asiatic forms. The
two metatarsal pads are retained, the inner being thick, elongated,
and curved, the outer smaller, ovate, and situated in front of the
anterior end of the inner. The claws are longer than in the
tropical African and Asiatic forms. The feet of S. (Echiyio-

sciurus) hypopyrrhus resemble those described above, and their

soles are naked in mid-winter. (Text-fig. 49, D.)
The feet of the Squirrels of the northern parts of America are,

generally speaking, similar to those of the warmer latitudes, with
this difference, that the soles undergo a seasonal change in the

* For a tabulation of the genera of African Sciuridis, based mainlv on skulls and
teeth, see Thomas's paper (Ann. & Mag. Nat. Hist. (8) iii. pp. 467-475, 1909).
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matter of hair growth, accompanied in some cases by the suppres-

sion of one or both of the metatarsal pads.

In the j^orth American Grey Squirrel (&'. (Neosciurus) caro-

linensis) the outer metatarsal pad is sometimes absent. When

Text-fio-ure 49.

A. Right hind foot of Sciurus carolinensis, with external metatarsal pad

absent, in sunamer pelage (from dried skin).

B. Right fore foot of the same, in winter pelage.

C. „ hind foot of the same, in winter pelage, the external metatarsal

retained.

D. Right hind foot of S. hypopyrrhus, or closelj' related species, in mid-

winter pelage.

retained it is a hemispherical tubercle set far forwards in front

of the inner, which is irregularly ovate and shorter than in

79*
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the troi^ical species. An example examined in September
had the sole of the hind foot naked except the heel, which Avas

liairy, Avhereas one that died in the middle of December had the
sole covered with hair as far doAvn as the outer metatarsal pad.

Text-figure 50.

A. Riglit fore foot oi Sciurus vulgaris, mid-winter.

C. „ fore „ ,, S. niger rufiventer , „ „

D. „ hind „ „ „

(C, D from dried skin.)

The fore foot in the two specimens Avas quite naked beneath
at both dates. Again, in a skin of a specimen of the JSTorth

American Fox Squirrel S, (Parascmrus) niger rufiventer, Avhich

died at the beginning of December, all trace of the outer meta-
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tarsal " pad has disappeared, altl:iougii the inner is somewhat
larger and more elongated than in S. carolinensis, and the whole

of the under side of the foot, including the digits, is covered

thickly with hair, apart from this pad, the well-developed four-

lobed plantar pad, and the digital pads. The latter are pointed

at their proximal ends. The fore foot is similarly hairy, there

being a distinct patch on the median area in front of the carpal

pads and defined by the three elongated contiguous lobes of the

plantar pad. I am not aware whether the soles of the feet in

this species are naked in the summer or not; but analogy justifies

the belief in this being so. (Text-figs. 49, A-0 ; 50, C, D.)

In Sciurtis vulgaris * and its subspecies the lower sides of the

feet in summer are as naked as in tropical species, except that

perhaps a larger area of the heel is hairy. The inner metatarsal

pad is comparatively shoi't and set some distance behind the

plantar pad ; the outer is quite small and some distance in front

of the anterior end of the inner. But in winter the soles and
lower sides of the digits are overgrown with hair Avhich is more
abundant on the hind than the front foot. In the hind foot it

obliterates the metatarsal pads and passes between the lobes

of the plantar pads. In both feet at this season the digital pads

are reduced to long, narrow, posteriorly-pointed lobes. (Text-

fig. 50, A, B.)

In the North American Red Squirrel, S. {Tamiasciurus)

hudsonicus, I can find no trace of either of the metatarsal pads.

According to 0. B. Ooryt the soles of the feet are "furred in

the winter." From this statement I should infer that they are

naked in the summer, were it not that a skin in the Zoological

Society's collection in summer pelage, with untufted ears and
black lateral stripe, has the metatarsus covered with hair almost

down to the plantar pads, whereas the area round the plantar

pads and the under sides of the digits are naked. The fore foot

also is as naked as in tropical species of Squirrels. On the

other hand, in the skin of a specimen that died on January 7th

in winter pelage, with tufted ears and no lateral stripe, both

fore and hind feet are covered with hairs beneath, as in the

specimen of the Fox Squirrel described, only the digital, plantar,

and carpal pads being naked. But Avhether the whole of the

metatarsal area in the American Red Squirrel is mesially naked
back to the heel in summer as in the' European Squirrel,

^S'. vulgaris, I do not know. (Text-fig. 51, A, B.)

d. Feet of the Chipping Squirrels (Tamias).

The feet of the Chipmunk, Eutamias qtiadrivittatus, do not

differ materially from those of the typical Squirrels, except that

the third and fourth digits are very nearly equal, the fourth at

* The feet, in summer and winter pelage, of tlie British representative

is. leucourus) of the species are figured and described by Barrett-Hamilton and
Hinton ('A History of British Mammals,' pt. xxi. p. 699, pi. xxxvii.).

t ' The Mammals of Illinois and Wisconsin,' 1912, p. 123.
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most exceeding the third very slightly. Nevertheless, the tip

of the fourth extends beyond that of the second both in the fore

and the hind foot. The feet are narrow and long, and the lobes

of the plantar pads are not in contact, though well developed.

The inner lobe of the carpal pad has a rounded distal border

Text-figrure 51.

ii
isia

A. Right fore foot of S. hudsonicus, in summer pelage (from dried skin).

B. „ hind ,, „ same specimen.

C. „ fore „ „ ISutamias qtiadrivittatus.

D. ,, hind „ „

(A, B a little enlarged ; C, D mnch enlarged.)

and is not produced beyond the mai-gin of the smaller outer pad,

and the small pollex projects a little in front of it, which is not

the case in the typical Squirrels, where the pollex rises from
the outer surface of the inner carpal. The under sides of the

digits and the area round the plantar lobes are naked in both
fore and hind foot ; but in the hind foot the whole of the meta-
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tarsal area is covered with hair dovs^n to the plantar pad, and
there is no trace of metatarsal pads as in S. (Tamiasciurus)

hudsonicus. (Text-fig. 51, C, D.)

This description of the feet of Eittaviias, based upon a single

individual, must not be taken as applying to all the species of

Tamias. In some dried skins of this genus in the Natural

History Museum, the digits appear to resemble those of Citellus

rather than of Sciurus and its allies in relative lengths ; and the

metatarsal area is not so extensively haired as in the specimen

of Eutamias described.

e. Feet of the Brisily Grround Sqidrrels (Xerus, etc.).

The feet of the African Ground Squirrels, Atlantoxerus getulus,

Xerus rutilus, Euxerus erythropus, and Geosciurits capensis difl'er

from those of the arboreal species hitherto described in having

the third digit the longest and the fourth only a little longer

than the second, so that the feet approach the perissodactyle

type ; the pollex is not suppressed to quite the same extent, but

stands away as a distinct excrescence from the antero-external

edge of the adjoining inner carpal pad, and this is not appre-

ciably produced distally beyond the outer carpal ; the metatarsal

area is naked to the heel, and its pads are either absent or poorly

developed.

In Atlantoxems getulus the feet are long and slender and the

digits more nearly approach those of the arboreal Squirrels in

length, the third onlj^ slightly exceeding the fourth, which, in

the fore foot, is decidedly longer than the second. The lobes of

the plantar pads are large, well developed, the hallucal lobe on the

hind foot being nearly as large as the others individually ; the

carpal pads also are comparatively large, and the metatarsal pads

are at all events sometimes distinguishable, although small and

oval. (Text-fig. 52, A, B.)

In Euxerus erythropus the fore foot is broader and shorter,

with respect both to the digits and sole, than in Atlantoxerus

;

the plantar and carpal pads are relatively smaller and the claws

are longer. The pollex is small but subcylindrical with a small

pad remote from the carpal. In the hind foot, too, the claws are

longer than in Atlantoxeribs, the lobes of the plantar pad are

considerably smaller, especially the outer and inner, the latter

being a small subcircular tubercle at the base of the hallux, only

about one-fourth the size of the median lobe ; and there is no

trace of metatarsal pads*. (Text-fig. 53, A, B.)

In Geosciurus caj)ensis the feet are more robust and more

fossorial in character than in E. erythropus. In the fore foot the

three lobes of the plantar pad are well developed but shorter

* X. rutihts is known to me only from a dried skin. On this the plantar lobea

appear to be somewhat larger relatively than in E. erjithropiis ; but there is no

trace of metatarsal pads, and the hallucal lobe of the plantar pad is small and

isolated.
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than in Atlantoxerus and in contact, and the pad of the pollex

projects as a large lobe jutting out from the side of the

adjoining carpal pad. In the hind foot the three main lobes of

the plantar pad are also well developed, larger than in Euxerus
erythropus but shorter than in Atlantoxerus getidus ; but

Text-figure 52.

A. Right fore foot oi Atlantoxerus getulus, much enlarged.

B. „ hind „ „ same.

C. „ fore „ „ Marmota marmota. X J.

D. „ hind „ ,, same.

the hallucal lobe is quite small, subcircular and isolated as in

Euxerus erythropus ; and as in the latter there is no trace of

metatarsal pads, and the claws of all the digits are long and
strong.
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The feet of the Xerine Squirrels above described differ as

follows :

—

*

a. Feet thinner ; inner lobe of plantar pad of hind foot large, the

metatarsal pads retained but poorly defined Atlantoxems.

a'. Feet stouter ; inner lobe of plantar pad of hind foot very
small, metatarsal pads absent.

h. Plantar pads smaller, pollex a relatively small subcylindrical

excrescence TSuxeriis.

h'. Plantar pads larger, pollex a conspicuous subcircular ex-

crescence Geosciurus.

The feet of Xerus, typified by riotilus, fall under heading a of

this table.

Text-figure 53.

A. Right fore foot of JEuxerus erythropus. X k-

B. „ hind „ „

C. ,, fore ,, ,. Geosciurus capensis.

D. „ hind „ ,,,
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f. Feel of the Sousliks and Marmots.

A second group of Ground Squirrels represented by the

Sousliks {Gitellus) and the Marmots [Cynomys, Marmota) have
feet like those of Xerus and its allies in that the third digit is

the longest, and the second and fourth digits not so unequal, as in

the arboreal Squirrels, and the claws longer, stouter, and less

curved. The three genera in question, however, have very

different feet.

The fore foot of Gitellus {Otospermophilus) beecheyi*, judging
from a dried skin, is shorter and broader than that of the

typical squirrels, and is naked below. The fourth digit is

decidedly but not much longer than the second. The three lobes

of the plantar pad and the two carpal pads are well developed, and
the pollex is represented by a conspicuous nail attached to the

outer side of the inner carpal pad in front. In the hind foot the

second, third, and fourth digits are nearly equal, the third only

slightly surpassing the others, which are subequal ; the fifth

reaches beyond the middle of the fourth ; the plantar pad is

represented by four well-developed contiguous lobes, the inner

and outer of which are set rather far back, the greater part of

each lying behind the other two. There is no trace of metatarsal

pads, the whole area being covered with hair from the heel to the

plantar pad. (Text-fig. 54, A, C.)

Judging from Miller's description of the European species

Gitellus citellus, the feet of that species agree tolerably closely

with those of C. heecheyi. He says, however, that in the fore

foot the second and fourth digits are subequal, and that the fifth

extends only a little beyond the base of the fourth. This does

not apply to C. heecheyi. Similarly, he states that in the hind

foot of G. citellus the fifth digit extends just beyond the base of

the fourth, and the hallux not quite to the base of the second

digit. This is not true of G. heecheyi. But the apparent differ-

ences between the two species in the particulars mentioned are

interesting, if true, because in the relative length of the digits the

typical European species seems to approach the genus Gynomys f.

In Gynomys the fore foot is long and robust, almost as large

indeed as the hind foot. The digits are thick and the claws long.

The second digit is a little longer than the foui-th, and the fifth

reaches a little beyond the base of the fourth. The inner and
outer lobes of the plantar pad are small, and together hardly

equal the size of the wide median lobe. The outer carpal pad is

large and the inner is rather prominent internall}^, and gives

support to the claw of the pollex, which is as long as that of the

second digit. The entire sole is naked. In the hind foot the

second, third, and fourth digits ai-e subequal, the third only very

slightly surpassing the others, as in Gitellus. The fifth is set

almost as far back as the hallux and is only a little longer,

* A Californian species.

f For a possible explanation of these discrepancies, see note, p. 1208.
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surpassing by a little the base of the fourth. The claws on these

digits are shorter than on those of the fore foot. There are four

well-developed separated lobes constituting the plantar pad, and
their arrangement is quadrate, the outer and inner lying behind

Text-figure 54.

A. Right fore foot of Citellus (OtospermopJiihcs) heecheyi, from

dried skin.

B. ,, „ ,, „ Cynomys ludoviciamts. X j.

C. „ hind ,, „ Citellus {Otospermophilus) heeclieyi, from

dried skin.

D. „ „ „ „ Cynomys ludovicianus. X 4.

the others—an arrangement foreshadowed in Citellus. There
are no metatarsal pads, the sole being naked except for a band
of hair passing from the inner side of the heel forwards along the
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middle of the metatarsal surface nearly or quite up to the level

of the hallucal lobe. (Text-fig. 54, B, D.)

The feet of Mm^tnota marmota are relatively moi'o robust and
somewhat shorter in the digits than those of Cynomys. In the

foi-e foot the three lobes of the plantar pad are relatively larger,

occupying practically the entire width of the foot. The carpal

pads also are lai'ger, but the inner does not project laterally in

the same way and has no trace of the pollex. Similarly, in the

hind foot the plantar lobes are massive and do not exhibit that

quadrate arrangement seen in Cynomys and Citellus. Behind
the outer lobe of the plantar pad there is a hemispherical external

metatarsal, and behind the inner plantar a short internal meta-

tarsal with ill-defined posterior border. (Text-fig. 52, C, D.)

A peculiarity of the feet of this species of Martnota is the

complete absence of the pollex. Miller noted this vcl twenty
skins, Tullberg's figure showed the same thing, and I have not

succeeded in finding a trace of this digit in some half-a-dozen

examples I have seen. On the other hand, Miller records the

presence of the pollex with a flattened nail in M. hohak, the other

European species. The presence of a rudimentary thumb is

cited by Blanford in his generic diagnosis of M. himcdayana,

hodgsoni, and cauclata, and American writers testify to its

retention in M. monax and other N. American species.

By the structure of the feet the Marmotine genera may be

arranged as follows :

—

a. Feet very powerful ; lobes of plantar pads and carpal pads
larg-e, metatarsal pads retained.

h. Pollex suppressed Marmota.
h '. Pollex retained Ilarmotops * nov.

a'. Feet at most moderatel}'^ powerful ; lobes of plantar pads
and carpal pads smaller, no metatarsal pads.

c. Feet comparativelj' stout, inner carpal pad projecting, a
long claw on pollex Cynomys.

c'. Feet comparativelj^ slender ; inner carpal pad normal

;

pollex with nail Citellus.

g. Feet of the Flying Sqim'rels (Petauristidse).

Apart from the cartilaginous rod supporting the patagium and
jointed to the wrist just behind the outer carpal pad, the fore

feet of the Petauristida^ closely resemble those of the typical

arboreal sqiiiriels. In Petaurista cdbiventer (niagnificus) f the
claws are long and strongly curved. The digits also are long and
markedly unequal in length, the fourth being considerably longer

than the third and fifth, which are subequal and surpass the

second. On the specimen examined there is practically no
external trace of pollex and none of the nail. The three lobes

of the plantar pad and the carpal pads are large and striate all

over. (Text-fig. 55, A.)

* Tjpe, M. monax.

t For the specific names here used for Petaurista (olim Fteromys), see Wroughton,
Journ. Bombay Nat. Hist. Soc. xx. p. 1012, 1911.
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On the hind foot the claws are similar, but the digits are

shorter, the second, third, fourth, and fifth appearing to be nearly

Text-figure 55.

' '.'} D

A. Right fore foot of Petatirista alhiventer, from dried skin.

B. „ hind „ „

C. „ fore „ „ JEoglauoomys fimhriatus, showing the

patagial rod. X 5.

D. „ hind ,, „ same.

equal, although in reality the fourth is a little longer than the

third, which is about equal to the fifth and slightly longer than



1202 MR. R, I. POCOCK ON THE EXTERNAL CHARACTERS

the second. The four lobes of the plantar pad are large, the

outer and inner being larger than the others. The inner meta-

tarsal pad is well developed, and extends as in Ratufa along the

inner side of the metatarsal area, being in contact with the

plantar pad distally. A large area of the heel is covered with

hair, and on the outer side of the foot the hair overgrows the

sole up to a line continuous with the proximal extremity of the

Text-figure 56.

A. Right fore foot of Glaucomys volans, summer pelage.

B. „ hind „ „ „ „ „ „

C. „ fore „ ,, „ stramineus, v/inter peleige,

D. ,, hind „ „ „ ,. „ ,,

large, long, outer plantar lobe, so that the area of naked skin

on the admedia,n side of the metatarsal pad is narrow. (Text-

fig. 55, B.)

Blanford described the hind foot of this species, under the
name Pteromys inagnificics, as similar to that of P. inornatus,

saying of the latter :
" The large metatarsal pad joins the inner

toe pad. . . . No supplementary pad," This agrees with my
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observations ; but from the size and length of the outer, lobe of

the plantar pad I suspect the outer metatarsal pad, referred to

by Blanford as the supplementary pad, is retained and fused with

it. According to Blanford the feet of P. yunnanensis are like

those of alMventer but larger, whereas in P. j^hilippensis (orcd)

there is a large piriform inner and a small outer metatarsal pad,

and P. caniceps seems to resemble philippensis so far as the inner

pad is concerned, although Blanford makes no mention of the

presence of an outer pad.

In Eoglaihcomys firnbi^iatus the fore foot does not differ

materially from that of Petaurista alMventer except that there is

a distinct pollical excrescence with a nail, as in the typical

Sciuridas, and the plantar and carpal pads carry coarser ridges

not distributed all over them but limited to the highest portion

of the pads. In some cases there is a little isolated tubercle on
the outer side of the external lobe; in other cases this is confluent

with the lobe, increasing its width. The hind foot is also tolerably

similar to that of P. alhiventer ; the sculpturing of the pads,

however, differs as in the fore foot and the inner metatarsal pad,

about twice as long as wide, is set at the proximal end of the

naked metatarsal area remote from the hallucal lobe of the

plantar pad. In this species also, as noticed by Blanford, there

is a small circular outer metatarsal pad behind and close to the

outer lobe of the plantar pad. If this were enlarged and con-

fluent with the plantar pad, the outer lobe of the latter would
i-esemble tolerably closely that of Petaurista alMventer. (Text-

fig. 55,C, D.)

None of the other Indian species assigned by Blanford to

Sciuropterus * retains the outer metatarsal pad. S. (Hylopetes)

alhoniger has the inner metatarsal pad oval ; in S. (Petinomi/s)

fuscocapillus it is very elongate ; in Belomys pearsonii it is

oval.

In the North American species, Glaucomys volans, the fore foot

structurally resembles tolerably closely that of the Himalayan
Eoglaucomys fimhriatus . In a spirit specimen of unrecorded date

the underside of the digits and of the entire sole of the foot is

naked, whereas in a specimen of G. stramineus, which died in

December, these surfaces are covered with hair, the pads, which
appear to be smaller, alone being naked. The hind foot, how-
ever, diflfers in two correlated characters from that oi Eoglaucomys
Jimbriatus: there is no trace of metatarsal pads, and the metatarsal

area is covered thickly with hair from the heel almost to the
plantar pad. In the example of G. volans, with the naked sole

to the fore foot, the undersides of the digits of the hind foot and
the area round the plantar pad are likewise naked, whereas in

the specimen of G. strainineiLS, with hairy soled fore foot, the
lower sides of the digits and the area round the plantar pad are

* For the generic and subgeneric names here used for these species, see Thomas,
Ann. & Mag. Nat. Hist. (8) i. pp. 1-8, 1908.
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liaiiy, like the rest of the sole, and the claws are almost concealed.

It is probable that the difference between these two closely- related

forms in the matter of the hairiness of the soles of the feet is a

seasonal difference comparable to that of Sciurus indgaris and of

S. (Tamiasciurics) kudsonicus. (Text-fig. 5G.)

Judging from Miller's description, the feet of *S', russicus, the

type of the genus Sciuropterus, closely resemble those of the

North American species. It might have been taken indeed

from the specimen referi-ed to above as S. {G.) strammeios, the

soles of the fore foot being thinly haired between the pads,

whereas those of the hind foot are covered with a " dense growth

Text-figure 57,

^ /

Claw of Funisoku'us leucostigma ; B. Funisciurus cepapi; C, Hatufa

ifidica; D. Eutamias qtcadrivittatus; ^. Sciurus lindernicus ; F. Sciurus

vulgaris; Cx. Fetaurista alhiventer ; H. Gitellus heeclieyi ; I. IKerus

rutilus.

of long woolly hairs especially conspicuous along the inner * side,

and adding much to apparent width of foot." Miller had only

three specimens of this species for examination, and in the

absence of information as to the dates of their capture, it is not

possible to guess whether there is a seasonal change in the

hairiness of the soles of the feet or not.

To draw attention to the facts here recorded in the hope that

they may be amplified and, if necessary, corrected by other

* For "inner" here read "outer," tlie error below referred to under Castor of con-

fusion between the inner and outer sides of the feet being repeated. The inner side

of the foot as generally understood is the side on which the hallux, or first digit,

rises, whereas the fringe of hairs on the hind foot of the Petauristidae is always on
the side of the fifth digit, i. e., the outer.
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workers with more and better material, I subjoin the following

table :

—

a. Metatarsal area liairj^, without pads Sciii,ropte7'us, Glaucomys.

a'. Metatarsal area partially naked with the inner pad
at least retained.

h. Inner metatarsal pad confluent with plantar pad
;

pollex practically suppressed, without nail Fetaurista albiventer.

h'. Inner metatarsal pad distinct from plantar pad ;

pollex as in typical Sciuridre.

c. Outer metatarsal pad retained ^oglaucomysfimhriatus

.

c' , Outer metatarsal pad lost.

d. Inner metatarsal pad elongate Fetinomys fuscocapilhis.

cZ'. Inner metatarsal pad oval JBelomys pearsoni, Mylo-
petes alboniger.

h. Feet of the Beaver (Castor).

Apart from minor difiei'ences, the fore foot of Castor fiber

differs from that of the Beiuridss and Petauristidse in two
important points, the presence of a well-developed pollex and the

indistinctness of the lol)es of the plantar pad. The digits are

short, with roughened but not well-defined digital pads ; the

third is the longest, a little exceeding the fourth, the second and
fifth being shorter, and the first, or pollex, the shortest of all.

All are armed with long, wide, blunt, slightly curved claws, that

of the pollex being a little narrower, sharper, and more curved

than the rest. The plantar area is granularly reticulated, and
the lobes of the plantar pads are obscurely represented by mobile

folds of thickened granular skin, hardly alike in any two
specimens or even on the two feet of an individual. Only some-

times are the thickenings arranged so as to indicate the three

main plantar lobes present in all the Sciurid^e. Behind the

plantar area there are two v/ell-developed elongated carpal pads.

The inner at the base of the pollex is the smaller, and is hard,

smooth, and grooved except at its distal end. The outer pad is

much longer and wider, and extends considerably further up the

wrist proximally. The comparatively wide space between these

pads is occupied by thickened granular skin, which on the

admedian side of the inner carpal pad, and a little in front of it,

forms sometimes a lobate thicKening, which may represent the

inner or pollical element of the plantar pad, which should be

present with a well-developed pollex, but which is absent in all

the Sciuridse, where the pollex is little more than a vestigial

remnant. There is a rim of naked skin behind these carpal pads
;

but on the inner side of the wrist the hairs are directed obliquely

towards the middle line, in a crest overlapping the posterior

portions of the pads. There are no carpal vibrissee, which are

present in all Sciuridse. (Text-fig. 58, A.)

The hind foot greatly surpasses the fore foot in size, far more
so than in any member of the Sciuridje. This is mainly due to

Proc. Zool. Soc— 1922, No. LXXX. 80
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the immense length of the digits, especially of the first and fifth,

which, relatively to the other digits, are much longer than in the

Squirrels, and give a wide span to the foot. The third and

fourth digits are subequal, the fifth is not very much shorter

than the fourth and is about equal to the second, and the

elongated hallux extends beyond the middle of the second. They

are all connected by wide webbing, which extends to the apex of

Text-figure 58.

A. Right fore foot of Castorfiber. X J.

B. „ hind „ „ „

C. Apex of second and third digits of the same, showing the sup-

plementary claw (s) beneath the main claw on the second.

the digital pads or nearly so. These pads are represented by

areas of granular skin, and on the first and second digits they

form movable lobes, whereas on the third, fourth, and fifth they

are less prominent and not separately movable. A well-known

peculiarii.y is the presence of a secondary " false claw" beneath

the normal claw of the second digit, constituting with it a fur-
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comb, and the claws of the first and second are sharper and more
curved than those of the others. The greater part of the lower
side of the digits and of the webs is naked, but the proximal ends
of the digits and of the webs is thickly granular like the rest of

the sole back to the heel. The greater part of the metatarsal
area is covered with a big pad extending on the outer side almost
as far as the base of the fifth digit, and on tlie inner side about
halfway between the heel and the hallux, where its edge turns
obliquely across the sole to meet the outer edge in a widely-
rounded curve. This pad is widest across its middle, gradually
and slightly narrowed behind and greatly narrowed in front.

Between it and the base of the hallux, and separated from it by
a narroAver or wider furrow, lies a second much smaller pad, the
outer edge of which forms the margin of the metatarsal area in

front of the inner portion of the larger pad. The distal third of

the smaller pad is at the base of the hallux. In front of these
pads the skin is folded and gi-ooved, but shows no definite trace

of plantar pads. It is difiicult to homologize the two pads above
described Avith the pads on the sole of the hind foot in the
Sciurida3. Tentatively I adopt the hypothesis that the smaller
inner pad represents the inner or hallucal element of the plantar

pad, which is often large in the Sciurida?, and that the larger pad
represents the two normal metatarsal pads fused together and
blended with the rest of the integument. The disappearance of

the main elements of the plantar pads in Castor is in keeping
with their partial or complete suppression in other fully Aveb-

footed aquatic forms like the Ooypu and some others ; and the
retention of the pa,ds on the metatarsus is to be explained by
the beaver's habit of walking on its heels when carrying objects

on land. Whether the above suggested explanation be true or

not, it is evident that in the structure of its fore and hind
feet the Beaver diflers greatly from the Squirrels. (Text-

fig. 58, B, 0.)

My description of the feet was taken from the European
species, Castor fiber. The American species has similar

feet.

Miller's description of the feet of the European species differs

materially from mine. The fore foot, according to him, has five

palmar tubercles, " the three at bases of median digits large,

ill-defined, that at base of thumb not so large as the others but
better defined, its outer surface tending to become smooth and
horny, the posterior pad largest, covering about one-third of

entire palmar surface." It seems clear from this that the inner

of the three above-mentioned tubercles at the base of the poUex
is the horny gi^ooved pad I identify as the inner carpal pad. If

Miller's interpretation is correct, this is the poUical or inner

element of the plantar pad. His " posterior pad" must be the

large pad I describe as the outer carpal pad.

In his description of the hind foot it is evident Miller has made

80*
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the mistake of confusing the first with the fifth digits, for he

speaks of the double claw as being on the fourth, whereas it is

well known to be on the second digit *. This makes his descrip-

tion of the proportionate lengths of the digits (and the sizes of

their claws) different from mine. Of the pads he says :
—" Three

elongate ill-defined pads at base of median digits, a larger and
better-defined tubercle behind base of hallux [= fifth digit];

entire sole between hallucal tubercle and heel thickened and
pad-like.'

The characters of the principal types of feet in the Sciuromorpha

may be tabulated as follows :

—

a. Fore foot with well-developed pollex, lobts of plantar pads
reduced to folds of flexible integument, ca-.pal pads very large,

no carpal vibrissas; hind feet with all the digits very long,

widely separable and united by webs up to tbe digital pads

;

lobes of plantar pad mostly obsolete, greater part of meta-
tarsal area covered by one large pad Castoridof.

a'. Fore foot with pollex reduced to a mere excrescence or absent

;

lobes of plantar pads well developed, and as prominent as

carpal pads, carpal vibrissa always i^resent ; hind foot with
shorter digits, free from wel)s; plantar pad well developed;

metatarsus typically with two pads, a longer inner and a

smaller outer, both sometimes suppressed,

h. A carpal rod supporting patagium, digits as in arboreal

Scinridqs I'etauristidi.t.

h'. No carpal rod.

c. Fourth digit the longest, much longer than the

second SciMric?;® (arboreal).,

c'. Third digit the longest, fourth not much longer than
second , Sdiiridce (terrestrial)

.

The Anus and External Genitalia.

In the Sciuridfe and Petauristidse the anus and external

genitalia are normally separated. In the male the prepuce t is

prominent and situated some distance in advance of the anus,

being mostly long and pendulous and even retroverted, when at

rest, in the arboreal Squii'rels, the Bristly-Ground Squirrels, and

the Flying Squirrels, but shorter in the Marmots. Between it

and the anus there is in the Squirrels a very large scrotum in

the breeding season, but I have not been able to verify this in

the case of the Marmots. In the female the vulva is a semi-

circular or pointed process, situated a little below the anus, and

the clitoris is concealed within the labia. The anus has the two
normal glands in the Squirrels, Avhereas in the Marmots there is

an additional median gland. (Text-fig. 59, A, B, C.)

The anus and external genitalia in Castoridte diff'er profoundly

from those of the Sciuridoe and Petauristidas.

Externally the male and female are alike, owing to the

orifices of the alimentary canal and of the genito-minary organs

* This error no doubt arose from the fashion now in vogue of twisting the hind
feet in made-up skins so that the hallux lies on the outer side of tbe foot so placed.

f The structure of the penis and bacuhim I must leave for another paper.
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discharging into a common chamber or cloaca, the aperture of

which, closed by a. sphincter muscle, is placed at the base of the
thick hairy portion of the tail. In the male, moreover, there

is no scrotum, the testes being inguinal in position, that is to say,

beneath the integument covering the pubic portion of the pelvis.

(Text-%. 59, D.)

Text-figure 59.

D.

A. Anal and genital region of male of Callosohmis prevosti, from below.

B. The same of Geosciurus capetisis, from the side.

C. „ ,, ,, female Cynomys Indovicianus.

D. „ ,, „ male or female Castorfiber.

a, anus ; sc, scrotum ,: _p, prepuce ; v, vulva ; cl, orifice of cloaca in Castor.

When the cloaca of the male is opened, four orifices, two
median and one on each side, are seen to open into it. The
posterior and larger median orifice is the anus, the anterior and
smaller median orifice is the common aperture of the penis and
the castoriuni glands. The paired orifices, one on each side and
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remote from the aims, are tlie apertures of the anal glaiick.

Each of the apertures of the anal glands leads into a deep
narrow pouch, at the bottom of which are three papillte, each
tipped with a long hair. This pouch can be evaginated, so that
tlie gland comes to the surface, and the strong-smelling secretion

Text-figure 60.

J.

A. Diagrammatic dissection of the aiiua and genitalia of male Castor canadensis.

B. The same of the female.

C. The cloaca of the male, opened.

D. „ „ „ ,, female ,,

E. One of the anal glands, showing the tip with its papillfe and setaj within

the pouch.

t, testis; s, pubic suture; p, penis; c, castorium glands with orifices on

each side of preputial orifice in male and above vaginal orifice in female
;

V, vaginal orifice ; ag, anal gland ; o, orifice of anal gland ; a, anus ; si,

slit through which secretion of castorium glands is discharged into cloaca

in female.

is discharged at the tips of the papillfe. ISTormally the penis is

completely retracted, but it is capable of being protruded through
tlie orifice a.bove mientioned into the cloaca and thence to the
exterior. Through this orifice the secretion of the castorium
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glands is also discharged. These are represented by a pair of

immense sacs, with puckered walls, one lying on each side.

They are filled with fluid ; and the aperture of each sac opens
close to the median aperture of the penis, the three apertures

lying close together just within the common orifice above
mentioned. (Text-fig. 60, A, C, E.)

The arrangement is very similar in the female, in which the

anal and castorium glands appear to be as well developed as in

the male. The chief difierence is that the orifice of the vagina
opens separately into the cloaca. Just in front of it there is a

transverse slit in the wall of the cloaca, and when this is opened
the apertures of the castorium glands may be seen on each side

of it, just in front of that of the vagina. (Text-fig. 60, B, D.)

To sum up, the Castoridje difi^er from the Sciuridse, so far as

the organs just described are concerned, in the following parti-

culars :—(1) In both sexes the anus and genitalia open into a

common chamber or cloaca with a single external orifice.

(2) The anal glands are of great size and open apart from the

anus. (3) There is a pair of large castorium glands opening
close to the generative orifice. (4) In the male there is no
scrotum; the penis is straight and is protrvided close to the

anus.

In view of these well-known and profound difierences, it is

singular that in the current text-books the Castoridfe are

separated from the Sciuridee merely by such comparatively

trivial difli'erences as are presented by the skull and teeth, the

webbed hind feet and broad tail being added as of secondary

value, and no mention whatever being made of the genitalia

and anus. The difference between the Beavers and Squirrels

in the anus and external genitalia may be summarized as

follows *
:
—

a. Sexes externally alike owing to the anus and genito-urinary orifices

opening into a cloaca with a single aperture at the root of the
tail, no hairy prepuce or vulva, the concealed orifice of the

penis just in front of the anus; testes inguinal; a voluminous
" castorium " gland opening close to the orifice of the penis and
vulva ; anal glands very large, with long tubular orifice Castoridce,

h. Sexes externally unlike, the anus and external genitalia not

opening into a cloaca ; female with hairy vulva close beneath
anus ; male with long perineal region, typically with large

scrotum for testes in breeding season
;
penis long, opening by

prominent hairy prepuce on posterior part of abdomen ; no
" castorium " gland ; anal glands small, with small orifice.

Sciuridce, Petauristida.

From the above-given analyses of the external characters of

the Castoridte, Sciuridse, and Petauristidae it will be seen that, so

far as the organs considered are concerned, there is not a particle

of evidence of kinship between the OastoridaB and the other two
families.

* I have not in this paper dealt with the great differences between the Beavers

and Squirrels in the tail, because they are well known.
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If the structural differences between the Flying Squirrels and
the less specialised true Squirrels entitle these groups to be

regarded as distinct families, the differences between the Beavers
and the Squiirels must be granted much higher rank. The
Sciuridse and Petauristidse may be associated as the Sciuroidea,

and the Beavers kept apart as the Castoroidea. The Petauristidse

are a compact group represented by several genera and subgenera

;

but, so far as my limited observations on the external characters

are concei-ned, I have found no reasons for thinking them
susceptible of grouping under headings of subfamily rank. The
genera of Sciuridse are much more varied ; but their affinities are

at present too little understood to warrant the subdivision of the

family.
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53. On the Morphology of the (yhondrocranium o£ the Larval
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1. Introduction.

This research was started at the suggestion of Prof. MacBride,

the work being carried out in his laboratory in the Imperial

College of Science, our attention being drawn to the necessity of

studying the development of the chondrocranium, in particulai',

of the more ' primitive Teleostei hj work being done by

Mr. Norman on the Eel, which, like the Herring, has no upper

jaw in the early larval stages.

The paper refers to the larvse of the Clupeoid, Clupea Tiarengxis

:

all observations and reconstructions were made from these only,

although the internal morphology of the Sprat and Pilchard was
found to be indistinguisliably similar. The paper describes only

the chondrocranium. For convenience, the larvse have been
divided into stages as follows :—5 mm., 10 mm., 20 mm., 30 mm.,
and metamorphosing stages (40 mm. and 50 mm.).

Previous work on the skulls of Teleostomi includes the fol-

lowing :—Salmon (Parker, 1872; Stohr, 1882; Gaupp, 1903;

Boker, 1913), Trout (Winslow, 1897), Qasterosteus (Swinnerton,

1920), Gydopterus (Uhlmann, 1921), Syngnathihs (McMurrich,

1884), Amiurus (Kindred. 1919), Selachian (Parker, 1879);
Sewertzoff, 1899), Chondrostei (Parker, 1883 ; Sewertzoff, 1902),

Lepidosteus (Parker, 1883 ; Veit, 1911), and a recent paper on
Amia (Pehrson, 1922), in which is pointed ont the need for the

study of the morphogenetic development of the cranium of the

* Communicated by Prof. E. W. MacBeide, P.R.S.
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Teleostei, more especially of the Olnpeiclfe and Siluridse. No
work has been done on the cranial development of the

former*.
Material was obtained from Plymouth, and was fixed on

the trawler as it was caught ; the larger stages were caught

in Dublin Bay in 1921 ; material was also obtained from

Lowestoft.

I wish to thank Prof. MacBride, Dr. Hogben, and Mr. H.
Graham Cannon for valuable suggestions and assistance with

both the work and the manuscript.

2. Method.

The specimens were fixed in Bouin's fluid, in Chromic-Urea-

Bouin, or in Corrosive Sublimate. The first was found to be most

successful. A number of series of ti-ansverse sections were cut, at

8^ /a; they were then stained in Ehrlich Hsematoxylin, in Borax
Carmine and Picronigrosine, in Mallory's triple stain, or in

Thionin and Orange G. The last was found to be the most

successful.

The usual wax model method of reconstruction was not used.

The reconstructions were made direct as dorsal or lateral

views on specially squared paper. The exact method is as

follows :

—

An eyepiece micrometer, divided into squares, was used. The
virtual size of these squares, with the various powers used, was

measured by means of a blood-corpuscle measuring slide divided

into hundredths of a blood millimetre. With the microscope

used (Leitz, eyepiece 3, objective 3, draw-tube 140) one square

was found to measure "15 mm. The reconstructions were made
at a magnification of 120. The paper was therefore " squared "

with lines 18 mm. apart vertically (or longitudinall}^) and 1 mm.
apart (= 120 x 84/^) horizontally (or transversely). The direction

of the lines on the micrometer was then set according to the

direction from which the view was taken, and the reconstruction

mapped out directly on to the squared paper. This method is

really a simplification of the method, which was tried at first, of

dra,wing each, or alternate, section on squared pajDer and then

reconstructing dorsal or lateral views bj? measuring these

drawings. The new method merely eliminates the intermediate

process. It was found to be very considerably quicker, and
certainly as accurate as the wax model method. The same
assumption had to be made as is made in the model method

—

that is, the assumption that one of the cartilages was straight.

In the reconstructions made the ethmoid plate was taken for

* It is interesting to note that none of the above-mentioned tj'pes have lavvas, as

do the Clupeoids, Flat-fish, &c. The term " larva " is here taken to refer to the free-

swimming stage preceding metamorphosis as opposed to the newlj'-hatched j^olk-

sac bearing embryo. Labour and others refer to this free-living stage as the post-

larval stage.
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this centre; corrections to allow for this can quite easily be

made from longitudinal sections of a similar larva. To make
comparison more easy and more accurate, all recoiistructions

were made to the same scale, using the same micrometer and

microscope.

3. External Characters.

The specimens examined varied in length from 5 to over

50 mm, ; the 10 mm. stage was taken in the greatest detail, and.

it corresponds to an age of less than a month. The larvpe were
of the Herring, distinguished from those of the Pilchard and Sprat,

as is pointed out by Fage (1920), by the number of myotomes,
having 56 to 58, 51 to 52, and 46 to 48 respectively.

The tail is characteristically short, the anus being very close to

the end of the body. In a specimen 10*5 mm. long we have the

following measurements :—head 1"5 mm., trunk 7'5 mm., tail

1*5 mm. (Lebour, 1921). The head is nearly as broad as it is

long (including the eyes), the lower jaw protruding fomvards well

beyond the upper.

The only visible fins at first are the pectoral and caudal, the

pelvic fin not appearing until a length of over 20 mm. is reached,

and the dorsal fin is not complete until the animal is 28 to

29 mm. long (Lebour, 1921).

None of the specimens of 10 mm. upwards examined had the

yolk-sac still present, although it may persist until 12 mm.
These and other points have been illustrated in text-fig. 1

.

Metamorphosis takes place at about 40 mm.

4. Discussion.

This research, as stated in the Introduction, was carried out to

fill a very noticeable gap in the work done on the development
of the Teleostean chondrocranium. The paper does not pretend

to be a complete account, and it has very little detail in it ; the

results obtained were so unexpected and abnormal that I have
made no attempt to explain or to theorise. Time was unfortu-

nately too short for me to make it a comparative account ; it is,

in fact, merely a simple description of the state of aSairs

found.

The first striking point is this : there is in the early stages no
upper jaw at all—it does not appear until the larva attains a

length of about 13 mm.
Another point is that at the earliest stage examined (i. e.

5 mm.) the hyomandibular mass of cartilage is fused both to the

cranium and to Meckel's cartilage. It breaks away from the first

at about 15 mm., and the second at 25 mm. The upper jaw
grows back, and fuses with it secondarily. The quadrate is

formed from this mass by a constriction forming in it.
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It is interesting that the larvse showed points of interest not
only in the chondrocranium. The development of the pituitary

Text-fig'ure 1.

CavWao^

Larval Clupea harengus. 15 mm. Stage.

body does not tally exactly with the previous accounts. This
matter was briefly examined, and will be published separately.
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5, The Chondrocranium.

a. Tlie 5 mm. Stage.

This description is based on the study of transverse sections of

a specimen nearly 5*5 mm. long. Sections, for confirmation and
comparison, of slightly longer specimens were also cut (text-

fig- 2)- ...
In front, the chondrocranium is a thin plate of cartilage, in the

form of a deep, nearly straight-sided trough, about half as deep

Text-figure 2.

s5^v5V77/7;

/^&mi7!

Lateral views of early stages of Larval Herring. X 120. From reconstructions.

as it is broad. A little further back the sides turn up, and
separate from the median part forming large upturned pro-

cesses, which lie on each side between the brain and the eyes.

The median part becomes a somewhat narrower nearly flat plate,

which soon divides into two narrow processes enclosing a large

foramen in which the pituitary lies. These enclosing processes

are the TrabecuJas Cranii.
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At the posterior end of this foramen the processes widen

laterally and turn up sharply. The median part forms a tube

enclosing the notochord.

From near the top of the lateral upturned process there

grows down a cartilage, laterally thin, Avhich soon elongates to

form a large flat plate, slating out at the top. This is the hyo-

mandibular. Close below its fusion with the cranium there is

a foramen, of the hyoid branch of the Vllth (facial) nerve.

At the bottom of this plate and slightly in fi'ont of its fusion

with the cranium there is a narrow elongated slit. From the

posterior end of this hyomandibular there grows downwards and

forwards a thin cartilage. This runs along the lower side of the

hyomandibular, and then forwards and upwai'ds. The halves (it

is, of course, like the hyomandibular, paired) meet some way in

front of the anterior end of the ethmoid plate ; they are not

fused, but articulate.

(The naming of the cartilages is based on study of later

stages.)

There is at this stage no trace of an upper jaw (i. e. the

palatal, pterygoid, and quadrate cartilages), the only roof to the

mouth being the ethmoid plate.

A specimen of 6*5 mm. was examined, and showed only a few
slight differences ; the large upturned processes are distinctly

smaller, and the narrow elongated slit in the hyomandibular mass
is closing up. The fusion of this mass with Meckel's cartilage is

still placed as in the younger stage.

In a 7*5 mm. specimen it was found that the large tipturned

processes had diminished considerably in size, being very little

larger, comparatively, than in the 10 mm. stage. The narrow
elongated slit in the hyomandibular has entirely closed up, and
the fusion of the posterior process from Meckel's cartilage to the

hyomandibular has moved forwards, being now situated directly

below tlie anterior end of the fusion of the latter to the cranium.

Text-fig. 2C shows a reconstruction of a 7'8 mm. specimen ; the

upturned processes have disappeared entirely, and the fusion of

Meckel with the hyomandibular has moved right forwards to the

anterior end of the latter, and its fusion with the cranium is as

before.

b. The 10 mvi. Stage.

This description of the chondrocranium is based on the study

of transverse sections in all nine series, on whole mounts of

specimens of Clupea harengus varying in length from 9 to

11 mm., and on reconstructions made from a 10 mm. specimen
(text-figs. 3 & 4).

In front the ethmoid plate is still thin, but it has flattened

out considerably, being at first dorsally convex and, further

back, concave. In front this ethmoid plate is very broad,

measuring nearly -5 mm. across ; it runs back for nearly one-

third of the length of the head before dividing to sive off the
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Trabecul^B Oranii. The pituitary foramen is now about -45 mm.

long and half as wide. Just anterior to the posterior end of this

foramen these processes (the Trabeculfe Cranii) widen laterally

as before, and turn up sharply to send forwards the long, slender

post-orbital processes. (These might also be called the supra-

orbital processes, but the former name is chosen as it emphasises

the fact that they grow forwards from behind, and that they lie

between the eyes and the brain and not over the eyes.) Small

protrusions, corresponding to the large upturned processes of the

5 mm. stage, turn back from the ethmoid plate as if to meet

these post-orbital processes. The orbit is thus, at this stage,

incomplete, as it is in the 10 mm. Syngnathus, whereas in the

8 mm. Amiurus and the second week Salmo it is complete.

In the flat plate betw-een the pituitary foramen and the post-

orbital processes are the foramina of the Vllth nerve.

The anterior end of the notochord lies directly behind the

pituitary foramen, and it is enclosed in cartilage for the first

Text-figure 3.

Lateral view of ctondrocrauium. 10 mm. Stage. X 55.

'5 mm. of its length. On each side of this are the auditory

capsules, enclosed at their posterior end b}^ cai-tilage. The brain

and nerve-cord are in no place completely roofed over, the
nearest approach to this being two thin, high processes lying

laterally to and nearly level with the top of the nerve-cord

;

these arise from the cartilage enclosing the notochord, near the
posterior of the head. In them is the foramen of the Xth nerve
(vagus). The 10 mm. Syngnathus, 8 mm. Amiurus, and second
week Salmo, all have the posterior end, at least, of the brain

roofed over.

At this stage there is still no trace of an upper jaw. Meckel's
cartilage protrudes conspicuously beyond the ethmoid plate ; the

two halves are narrow but deep. The jaw widens rapidly until

it is nearly as wide as the ethmoid plate, and then narrows slowly

until it meets the hyomandibular. The two ai-e still definitely

fused, Meckel's cartilage extending as a long forward growth
from the anterior end of the hyomandibular.
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The hyomandibular is a great mass of cartilage, sloping back-
wards and outwards at the top and measuring about '5 mm.
long, -15 mm. deep, and nearly -1 mm. broad. It meets the
cranium just behind the post-orbital processes and between the

Text-fie-ure 4.

Dorsal view of cliondrocranium. 10 mm. Stage. X 70.

foramina of the Vllth nerve and the pituitary. The hyomandi-
bular touches the cranium for about half its length, being
articulated in front and fused behind.
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The foramen of the hyoid branch of the Yllth (facial) nerve is

situated as in the 5 mm. stage.

At the posterior end of the hyomandibular, at the bottom,
there articulates with it the ceratohyal, by means of a conspicu-

ous knob, probably the appearing stylohyoid, as in Syngnathus,

Text-figure 5.

Dorsal view of branchial arches. 10 mm. Stage. X 60.

The ceratohyal runs forward as far as the anterior end of the
ethmoid plate ; arising from the anterior end of the ceratohyal

are the branchial arches.

The accompanying figure is of the bx-anchial arches of a larva

at this stage ; the figure is self-explanatory.

c. The 20 mm. Stage.

This description is based on reconstruction of a 20 mm.
specimen of Glupea harengus (text-fig. 6)

At its extreme anterior end the ethmoid plate is, as in the
10 mm. stage, a flat plate; a little further back a median dorsal

ridge appeal's. This ridge runs back as far as the two lateral

protrusions, which are considerably developed.

The ethmoid plate now becomes comparatively thinner ; the
pituitary foramen is also comparatively smaller. The post-

orbital processes are thicker, and run forwards beyond the lateral

Proc. Zool. Soc—1922, Ko. LXXXI. 81
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protrusions and come down close to the median ridge. About
half-way along these post-orbital processes a bridge is formed

between them, which gives off two median thin processes, one

forwards and one backwards. This bridge roofs over part of the

anterior end of the brain (epiphysial bar).

Arising from the anterior end of the upturned sides of the

ethmoid plate, from which the post-orbital processes arise, are

paired backward growing pieces of cartilage ; these meet processes

growing up from the sides of the posterior end of the ethmoid

plate, and enclose the anterior end of the auditory capsules.

From the top of these a bridge grows to cover part of the

posterior end of the brain. The posterior end of the auditory

capsules is enclosed as in the 10 mm. stage. Tlie cartilage

enclosing the notochord is as before.

Articulated with the sides of the anterior end of the ethmoid

plate are small paired cartilages—the early beginnings of the upper

jaws (the palatal part of it). This appears first at about 13 or

Text-figure 6.

Lateral view of cbondrocranium. 20 mm. Stage. X 40.

14 mm . They run back as far as the anterior end of the pituitary

foramen. They have no connection whatever with either the

hyomandibular or with Meckel's cartilage. This is very similar

to the 10 mm. Amiurus, in which the palatal arises separately

close to the ethmoid plate and the pterygo-quadrate grows

forwards from the hyomandibular to meet it. At this stage,

however, there is no trace of any forward growth from the

hyomandibular. The palatal arises separately similarly m
tSyngnathus (8 mm.).

.

The hyomandibular is articulated with the cranium, and m no

place is it fused with it; it is a considerably larger mass of

cartilage, comparatively, than in the 10 mm. stage. The part

articulating Avith the ceratohyal has grown back and away from

the main mass, forming even more conspicuously a stylohyoid

cartilage. Anterior to the base of this process a long pointed

piece of cartilage grows forwards.

The hyomandibular is considerably elongated, and there is a
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slight restriction where it meets Meckel's cartilage. At the
lower part of this restriction the two cartilages are divided to

indicate a coming division between them.
Meckel's cartilage is very much as in the smaller 10 mm. stage,

wide at the base and tapering to a thin, horizontally flattened

cartilage at its anterior end.

The two foramina of the VHth, facial, nerve {i. e. in the
hyomandibular and in the ethmoid plate) are unchanged,

cl. The 30 mm. Stage.

The following description is based on the study of transverse
sections of a 30 mm. specimen of Clupea hat^engus and on a
reconstruction of it (text-fig. 7).

The median ridge in this stage runs to the extreme anterior

end of the ethmoid plate, the top bulging latei-ally considerably
;

near the posterior end of this ridge it divides to enclose the
anterior end of the brain. Just below the top bulge there is the
foramen of the 1st nerve.

Text-figure 7.

Lateral view of chondrocranium. 30 mm. Stage. X 20.

Th e ethmoid plate runs back from this at first as in the
previ ous stage, being nearly fl.at. It then tapers to a long
median point, on each side of the base of which are slight knobs,
the remains of tlie Trabeculae Cranii, which are now absent. A
ventral view of this is shown in text-fig. 8.

From the cartilage enclosing the anterior end of the brain the
paired post-orbital processes extend back as before. The bridge
over the brain and between these (the epiphysial bar) is

unchanged. From the posterior end of this bar there runs a

process, along the top of the brain, to meet the cover to the
posterior end of the brain.

The auditory capsules are now completely enclosed by cartilage.

The processes which in the 20 mm. stage grew back from close

behind the post-orbital processes are now broken, to give long
sloping slits in the upturned sides of the ethmoid plate. Part of

the posterior end of the hind brain and the anterior end of the
nerve-chord are entirely roofed over by cartilage.

81*
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The palatal cartilage is comparatively larger in cross-section,

and from its posterior end there runs a thin strip of cartilag-e

to meet the hyomandibular mass at its anterior end. It is

important to notice that this fusion is entirely secondary, and,

as pointed out above, the upper ja-w grows hack from the

front.

The hyomandibular mass of cartilage has grown considerably,

being now nearly half as long as the whole chondrocranium.

The articulation with the cranium is as before, the stylohyoid

and the forward growing piece of cartilage, just in front of it, are

even more conspicuous. Just in front of the base of this forward

growing part tlie hyomandibular mass forms a narrow neck, and

Text-figure 8.

Ventral views of ethmoid plate in the 10 mm. and 30 mm. Stages. X 30.

spreads out again further forward. From its anterior end on top

it sends forward the thin strip to meet the uppet jaw, and

immediately below this there is a small protrusion which articu-

lates with Meckel's cartilage. At the articulation there is a

large upward growth from Meckel's cartilage, otherwise it is

unchanged.

The two foramina of the Vllth nerve (facial) are unchanged.

e. The 40 mm. Stage.

This account is based 0]i the studj^ of transverse sections of a

40 mm. specimen of the Herring and on a reconstruction of it

(text-fig. 9).

The whole chondrocranium has considerably increased in height

without a Yerj marked change in length.

The anterior end of the ethmoid plate and the median ridge

show little change, except in the formation of the anterior eye-

muscle canal ; the rostrum is more pointed. The epiphysial bar

is unchanged ; the post-orbital processes have become compara-

tively more massive, and from the ventral side of their anterior
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end a pair of small backward-growing protrusions have appeared.
The median process running along the top of the brain is very
much thinner, especially near the posterior end.
The long sloping slits in the upturned sides of the posterior

part of the ethmoid plate—mentioned as present in the 30 mm.
stage—are now closed at the upper and anterior end, leaving a
large fox^amen. The roof over the posterior end of the brain is

now complete.

The anterior end of the palato-pterygoid is practically

unchanged, the posterior end being somewhat enlarged to form
an upturned knob. There is a slight restriction where it meets
the hyomandibular mass.

Text-figure 9.

Lateral view of chondrocraniuni. 40 mm. Stage. X 20.

The articulation of the hyomandibular with the cranium is no
longer complete, being broken in the middle. The hyomandibular
mass has changed very considerably—changes which are even more
marked in the .50 mm. stage,—and it is perhaps best to describe

them in the next section.

Considerable ossification is commencinsr.

f. The 50 iwrn. Stage.

[See text-figure 10.]

The nasal septum appears at this stage at the base of the
rostrum ; apart from this the anterior part of the ethmoid plate

remains unchanged. The post- orbital processes are again more
massive, and the process running medianly from the epiphysial

bar to the posterior end of the cranium is, as it originally was,

incomplete.

The retro-articular process on Meckel's cartilage is now con-

spicuously developed.

No other diff"erences have appeared except in those cartilages

concerned in the suspension of the jaws.

Text-fig. 11 shows the suspensory apparatus of Clupea
harengus and of Amia calva (from Torsten Pehrson, 1922) for
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the purpose of naming the various cartilages present. The
explanation oflered in the figure does not explain the slight

constriction in the middle of the quadrate.

It remains, however, without doubt that the quadrate, the

symplectic, stylohyoid, hyomandibular, and Meckel's cartilages,

all arise from the same single mass of cartilage, which mass was
originally fused to the cranial part of the skull, whereas the

palato-pterygoid cartilage arises entirely separated.

Text-fig. 1 1 shows the development of the suspensory arrange-

ment of the jaws compared with that of Amia calva, and also

Text-fio-ure 10.

Lateral view of cliondrocranium. 50 mm. Stage. X 17.

stages in Salmo and Syngnathus. This figure tends to fill in the

gap left by the absence of an}'' comparison in the text.

To assist further comparison, the following table, showing the

rate of growth of the larva, is given :

—

Hatching , 4 mm

.

2 weeks 10 mm.
1 month 18 mm.
2 months , 35 mm.
3 months 48 mm.
4 months 55 mm.

approx.

(H. A. Meyer.)

6. Summary.

1. The hyomandibular, quadi-ate, symplectic, and stylohyoid are,

in the 5 mm. stage, all one mass of cartilage.

2. This mass is fused, at this stage, to the cranial cartilage and
to Meckel's cartilage.

3. The palato-pterygoid forms at about 13 mm., and grows back

to meet the quadrate.
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Text -figure 11.

Clupea Ah\a

Diagram comparing development of suspensorj^ apparatus of jaws

of Clupea, Amia, Salnio, and Syngnathus. Reduced one-half

from dimensions printed on block.
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4. Until the 20 mm. stage is reached, the brain is in no place

roofed over.

5. The Trabeculse Oranii disappear between 20 mm, and 30 mm.,
leaving a median process, which does not join the posterior

part of the skull.

6. The quadrate appears by a constriction in the hy©mandibular
mass.

7. The symplectic appears as a thin pointed process from beneath

this mass.

8. Articulations of this mass with the cranium and with Meckel's

cartilage appear at 10 mm. and 26 mm. respectively.

9. Considerable ossification is taking place at 30 mm.

7. List of Abreviations used in the Illustrations.

Br Branchial arches.

C.H Ceratohyal.

E.B Epiphysial bar.

Eth Ethmoid plate.

Fletc Foramen of I(etc.) nerve.

H.M Hyomandibular.
Mk Meckel's cartilage.

NaS Nasal septum.

N.O. Notochord.

P.F Pectoral fin.

P.G Pectoral girdle.

P.O Post -orbital process.

PP Palato-pterygoid cartilage.

Qu Quadrate.

R Rostrum.
RaP Retro-articular process.

StyH. Stylo-hyoid.

Sy Symplectic.

T.C Trabeculse Cranii.
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1. Introduction.

There are in the British Isles over 250 species of Hydrachniclse

or Water-mites, belonging to about 40 genera [7]. The life-

history is interesting, as the larva is usually parasitic upon some
other fresh-water animal (e. g., Hydrachna globosa or Bytiscus,

Repa, etc.), although the adult is free-living. By such means
dispersal is often effected. One result of this rather elaborate

and risky life-history is that comparatively few adults are

usually found. We should expect, a priori, to find some special

method of defence among these mites, since they are not able to

increase rapidly in numbers, in order to counteract the depre-

dations of enemies.

The colours of Water-mites are veiy varied. As this paper

deals mainly with the scarlet species, the genera may be roughly

divided into four groups in order to give some idea of the colours

which occur :

1. All the species of the genus bright red, e. g., Eylctis, Diplo-

dontus, Hydryphantes, etc.

2. Most of the species of the genus bright red, but a few non-

red, e. g., Hydrarachna.
3. A few of the species of the genus bright red, but most of

them non-red, e. g., Linmesia, Arrhenurus, Fiona.

4. All the species of the genus non-red, e. g., Ata.v, Hygrobates.

This is a large group and the colours are extremely varied.

(These groups are not intended to express the natural relations

of the genera.)

The ground-colour of the mites is due to pigment present in

the skin. Markings of various sorts are produced by the internal

organs showing through the skin.

It is the object of this paper to prove that warning coloration

and probably Miillerian mimicry exist among some at least of

the Hydrachnidse.

I am much indebted to Prof. E. B. Poulton for help and

encouragement during the preparation of this paper, and to

Mr. C. D. Soar for help in identifying the mites, and for other

valuable information mentioned later on.

* Communicated by Professor E. B. Poulton, F.R.S., F,Z,S
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2. I'liE Mixes of Railway Ditch, Oxfoko.

If tliere are no particular Liws governing the occurrence of

colours in uiites we should expect to lind chance mixtures of

colours among the species of any one habitat. In the following

example such was clearly not the case. During May 1921 the

fauna, cf a, small ditch near Oxford (here referred to as " Railway
Ditch "') was examined by me. This ditch is connected by
several channels with the Tiiames, but is usually almost stagnant.

Only one part of it was studied, an area about 30 yards long and

4 feet wide Since it is important to know Avhat animals and
plants are associated with the mites, a list of the species observed

during the course of the work is given below. This list is not

by .any means exhaustive, but gives some idea of the type of

habita,t in which the mites were living.

Plants : Banunculus aQitatiUs Agg., Hottoula palustris L., Calli-

triche aqnatica Sm., Potamogeton natans L., P. perfoliatus L,,

P. densiis L. [Lemiia minor L., L. trisulca L.).

HiRUBiNEA : Two large species.

MoLLUSCA : Limncea stagnalis L., L. peregra JMiill., Planorhis

corueus L., P. complanatus L., P. spirorbis MiilL, Ancylus

laoicstris L., Bithynia tentaculata L., Paladina vivipara L.

Insecta :

Coleoptera: Di/tiscu.s marginaUs L., Hi/phrydus ovatus L.,

Hydroporus palustris L., Agalnts hipustulatus L., Haliphis

sp.

Hemiptera: Xepa ciuerea L., Hydrometra stagnorum L.,

Notonecta glauca L., Corixa sp., Velia sp., Gerris sp.

N 6 u r o p t e r a : Various larv:^.

Crustacea : Cyclops serraiidus Fischer, C. prasinas F.

Chydorus sp.

Aselliis aquaticus L.

Fish : Gasterosteus acaleatus L.

Amphibia : Frog tadpoles.

The mites and their colours are shown in Table I.

Table I.—The Mites of Railway Ditch, lilay 1921.

Species. CoLori?.

Sj/drarachna (jlohosa De Goer. Scarlet.

JBT. schneideri Koeu. Scarlet.

S'. distlncta Koeu. Scarlet.

S.fuscata Soai-. Dark purple with reddish spot on back.

Sylais Itamata Koen. Scarlet.

Diplodontus despiciens Miill. Scarlet.

Hi/dri/pJianfes rxher De Geev. Scarlet.

JPioua loiiffip>alpis Kreiid. Scarlet with black spots on back.

Limnesiafidgida Kocli. Scarlet with blact marks ou back.
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The ditch was full of breeding 3-spined Sticklebacks {Gastero-

steus acideattts). The wiales were guarding their nests and
driving off all intruders fiercely. The mites were not abundant,

only about 20 specimens being taken, after a good many days of

watching and collecting. Tliis fact made it impossible to do as

many experiments as one could ha,ve wished. When a ficarlet

mite did appear, it was extremely conspicuous and sometimes
swam near a male fish without being touched.

3, The Evidence for Warning Coloration.

Experiments were made in May 1921 in order to see vvhether

mites are eaten by Sticklebacks.

Eiejjt. 1. A large male 3-spined Stickleback from Railway
Ditch was placed in a vessel of water, and starved for three days.

It was then offered a Daphnia pulex, which it devoured.

Directly afterwards a Limnesia fulgida was put in. The fish

made towards it from an inch or two away, but stopped half or

quarter of an inch from it and swerved ofi". It repeated

this after a minute or two. After that the mite was disregarded

altogether. When given another and brighter L. fulgida the

fish went up to it once in the same way, and afterwards ignored

it. It was given another JJajy/mia w^hich it devoured eagerly.

I^xpt. 2. The last experiment was repeated on the same fish,

Eylais hamata being used instead of Li7)inesia. The mite was
completely ignored after several inspections.

Expts. 3, 4, 5. The same result was obtained when Diplo-

dontus des2nciens, Fiona longipalpns, Hydrarachna disiincta,

respectively, were used.

These experiments show that the fish avoided scarlet mites

even when it was fairly hungry, that the latter were presumably
distasteful to it, and that' the fish remembered this fact from its

former experience.

Uxpt. 6. A Stickleback was placed in a vessel as before.

A Dajyhnia was eaten eagerly. An Eylais hamata was put in

and avoided by the fish. Another Lajohnia, was eaten. A
Hydrarachna fuscata was now introduced. The E. hamata
accidentally bumped into the fish, which whipped round and
snapped up the mite, but immediately spat it out again. The
fish then approached H. fuscata but did not touch it. A iJaphnia

was then put in and eaten.

This experiment shows that E. hamata was actually distasteful

to the Stickleback, and that H. fuscata was avoided.

Mr. Soar tells me that he has never seen any mite eaten except

by other mites. He once observed a Dytiscus larva which refused

to touch a Diplodontus despiciens. Piersig [3] quotes an obser-

vation of Duges to the eflect that ISfejKo refused to touch water-

mites, but does not state what species. Thus, scarlet mites are

avoided by two of the fiercest enemies of fresh-water animals,

DytiscifiS and Sticklebacks, both of which were present in
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Railway Ditch. [Mites will often attack each other.. Fiona

longipalpis was seen to attack Limnesia fulgida and Hydrarachna

fuscata, and Mr. Soar states that L. fulgida will often attack

Eylais.']

Hydrarachna fuscata., which is not scarlet, has the peculiar

habit of crumpling up its legs and feigning dead when touched.

Mr. Soa.r states that he does not know of any other Water-niite

which does this, although mites sometimes are found resting in

a crumpled up position. Before we can say what the precise

use of this habit is, more experiments are required. But
the following occurrence shows that it may be an advantage

sometimes.

Ex2)t. 7. A Hydrarachna schneideri and a FI. fuscata from

Railway Ditch were put in ix jar with a specimen of Agahus hipus-

tulatusirom a pond in Oxford Botanic Gardens in which no mites

had ever been seen, although regular collections had been made
for nine months. The beetle attacked and ate H. schneideri.

Meanwhile II. fuscata feigned dead during the disturbance and

remained unharmed.
This experiment does not prove anything with regard to the

distasteful properties of H. schneideri, since the beetle was almost

certainly unused to scarlet mites.

Uxpt. 8. In the autumn of 1921, a young 3-spined Stickleback

from a flood-pond near Railway Ditch was starved for three

days and then given a Tubifex, which it gobbled up. A Limnesia

fiilgida from Railway Ditch was put in with it. The fish dashed

at the mite and caught hold of one leg, but immediately let go

and left it. After this the fish Avent up to within a quarter of an

inch of the mite several times, but did not touch it. The mite

was left in with the fish for seven days, but still remained

uneaten, although the latter had now been starved for ten

days.

Expt. 9. In the end of February 1922 a young 3-spined

Stickleback was taken in Railway Ditch and was starved for

four days. (ISTo mites were to be found in the ditch at this

time.) A Siraocephalus vetulus was put in and eaten eageily.

A nymph of Hydrarachna jjoludosa Thon. fi'om a halt stream at

Marcham was now put in. This species is coloured very brilliant

scarlet. The fish went up to it and took the mite into its mouth,
but immediatel}^ spat it out. It went up to the mite repeatedly

after this without eating it, and followed it round for some
time, clearly torn between its ravenous hunger and the un-

pleasantness of the mite. The latter was now removed.

Two days later, the Stickleback (having now been starved for

six days) was given two Simocephahis, which it devouied.

H. jxdudosa was then introduced. This tinie the fish snapped

up and spat out the mite many times, but sometimes avoided it,

and never swalloAved it.

This experiment shows among other things the efiect of

hunger on the reactions of the fish.
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All Water-mites possess large skin-glands, provided with
so-called "sensory" hairs, whose function has been, so far,

uncertain. As Piersig (3) points out, it has long ago been
suggested that these glands secrete some unpleasant fluid ; but
he states that there is not enough evidence to decide whether
the mites are distasteful or not. That they are so to Stickle-

backs is certain, in view of the experiments here described. The
idea that it is the skin-glands which make the unpleasant taste,

is supported by the fact that the fish does not injure a mite
when it takes it into its mouth, and therefore cannot actually

taste its flesh ; also by the fact that the mite is spat out so

promptly. The anatomy of these glands and the nature of the
supposed secretion require to be worked out in detail. The
hardness of the body probably helps to render some mites
distasteful, as indicated by the fact that a Stickleback when not
very hungry will sometimes reject a young Aselhts, after taking
it into its mouth. But this could not apply to such soft-skinned

mites as Eylais and Diplodontus.

These experiments make it clear that Sticklebacks recognize

the scarlet mites by their appearance. It is extremely likely

that it is the colour which is remembered, although no accurate

work has been done on Gasterosteus, in order to prove this.

But White (8) has recently shown that the American Stickle-

back {Eucalia inconstans) and Mud Minnow (Umbra limbi) are

well able to distinguish difierences in colour as distinct from
diflferences in the intensity of light. She proved by expei'iment

that the fish were capable of associating different colours with
their food, though they were unable to distinguish between fine

shades of the same colour. The same may well be the case for

the 3-spined Stickleback.

There is another point which is of some importance. It may
be asked what advantage is gained by mites, seeing that they
appear to be uninjured by fish, even after being snapped up and
spat out several times. The answer to this is that: (1) Mites
miust be actually desti'oyed by some animals before their dis-

tastefulness can be realized, e. g. Agahus
; (2) the fluid which

seems to be secreted by the skin-glands would ultimately become
exhausted

; (3) being continually attacked must interfere with
the life pi'ocesses of the mite. The degree of efl:ectiveness of

warning colours depends among other things on the state of

hunger of the enemies.

4. The Evidence for Mullerian Mimicry.

There is no evidence at present of Batesian mimicry, i. e. of

edible mimics, among Water-mites. It is unlikely that it exists,

in view of the facts that all Water-mites have the large skin-
glands and that there are very few cases on record of mites being
edible. However, the possibility should not be ignored. There
is, on the other hand, strong evidence of Miillerian mimicry
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among mites. It seems remarkable that eight species of scarlet

mites belonging to six genera occurred in Railway Ditch, Two
of these species are members of genera in which the other species

are mostly non-red {Limnesia and Fiona). The only species which
is not bright red, occurring in the ditch, has a special defensive

habit, not found among other mites. The absence of any other

non-red species is remarkable, since there is no dispersal difficulty

to prevent them from immigrating from the Thames. The shape,

size, and mode of swimming of all these species are much the

same, except that Eylais trails its legs behind.

If we exclude the possibility of coincidence, the explanation

might be that the red mites possess some advantage which is not

shared by the non-red ones. Now, there may be two important

factors affecting the evolution of a group of animals in the

direction of having a common colour :

—

(1) In the words of Prof. Poulton, "the feasibility of certain

colours and patterns depending upon their efi'ect on the

vertebrate eye and thus giving the enemies as easy an
education as possible "

(4). That is to say, scarlet may
have a more striking effect on the retina of the Stickle-

back's eye than any other colour, and therefore be more
effective as a warning.

(2) Reinfoi-cing this would be the co-operative advantage of

Miillerian mimicry as usually understood.

The early stages in the evolution of a set of Miillerian mimics
would be easier to conceiA^e of if there was any evidence that the

first factor is an important one, and its effect would be greater in

the case of animals which, like these scarlet mites, are of one

uniform colour and do not possess elaborate patterns. (The
latter, Avhere they occur, cannot be explained without the aid of

the Miillerian theory.) Therefore, if it can be shown that

Sticklebacks remember scarlet mites better than those with other

colours, the case in favour of Miillerian mimicry will be corre-

spondingly strengthened. The following experiments show that

this may be so :

—

Expt. 10. .The same fish was used as in Expt. 9, after being

starved for four days. As was seen in that experiment, a scarlet

Hydraraclina paludosa was refused after one trial. A Simocephalus

was then put in and eaten at once. A specimen of Hygrobates

longipcdpis Harm, was introduced. This mite is coloured black

and yellow, and is quite conspicuous. The fish snapped it up and
immediately spat it out. This it repeated fourteen times at

intervals. Another Simocephahhs was put in and eaten. The
mite was again taken in and rejected seven times. Another
SimocejyJialus was eaten. The fish now approached the mite

four times without touching it. After that the mite was more
or less ignored. A Limnesia imididata Miill. was now put in.

This species is yellow with black or brown spots. The fish took
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it ill its mouth and spat it out twice, and afterwards avoided it.

Hydraraclma paludosa (brilliant scarlet) was now introduced,

and the fish avoided it after one trial. There were also some
(hjpris virens present, coloui'ed a uniform brownish green. This
Ostracod was too hard for the fish to crush and too big to

swallow; yet the Stickleback kept rushing at tlae C?//5ri's when-
ever they moved, trying to swallow them. This it continued
to do throughout several days.

This experiment suggests that scarlet was remembered by the
Stickleback better than yellow and black, although the hunger
of the fish has to be taken into account. But both were more
effective than the dull uniform colour of the Cyjyris.

Expt. 11. The same fish was used as in Expt. 1. It was
experienced as regards scarlet mites. A Bajjhnia was eaten

eagerly. An Acercus lutescens Hei-m. was put in. This is a
small mite, coloured pale pink, dark brown, and yelloAvish white.

The fish snapped njj the mite, but immediately spat it out again.

This was repeated three times. After this the mite was avoided.

A short time afterwards the fish noticed it again, and the whole
procedure was repeated {the same number of times). A Daphnia
was eaten. Eylais hamata (scarlet) was introduced, but avoided
after inspection. Both mites were removed. Next morning the
experiment was repeated. The fish saw Acercus and snapped
it up, and then spat it out. Next time the mite was avoided.

The mite was then removed. Tiiirty-five minutes later Acercus
was put in again. The fish went right up to the mite, but did

not touch it. After this the mite was ignored. Baplinia was
put in and eaten. Eylais was put in and avoided. This experi-

ment suggests that the fish was able to remember the scarlet

much better than the other colours. It is unlikely that the
difference in impressions made on the fish was due to the scarlet

mite having a more unpleasant taste than the other, since both
were spat out equally promptly. It is probable, then, that
scarlet is the most efficient warning colour for use in Stickleback-

haunted habitats. Perhaps it is only the best for such habitats

at one time of year, i. e. in the breeding-season of the fish.

I observed yellow-and-black mites (unidentified) in a Hampshire
pond where 3-spined Sticklebacks occurred on August 4th, 1922.

This shows that such mites can exist in some Stickleback ponds.
Not much is known about the food reactions of these fish, except
that they are usually very fierce and voracious. It is necessary

to be very cautious in applying the knowledge about food habits

of Sticklebacks in one place to those of another. J. T. Saunders

(5) records a pond in which the adult 3-spined Sticklebacks ate

nothing but one kind of diatom, while the young ones in the same
pond and all the fish of neighbouring ponds were carnivorous.

He also states that the fish soon learn to distinguish by sight

between different animal foods, and that they are very sensitive

to changes in their environment— e.r/., the diatom-eaters became
carnivorous in captivity. The latter fact might throw some doubt

Proc. Zool. Soc— 1922, No. LXXXII. 82
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on tlie vaiidity of the experiments with mites etc. described

l)ere; but the uniformity of the results makes it pretty certain

that the fish would reject Water-mites' in nature as well as in

captivity.

The fact that the fish in Expts. 10 and 11 did not learn well

on other coloui'S than scarlet does not weaken the case in favour

of warning coloration, since the non-red mites used Avere not in

the presence of their natural enemies. Acercios lutescens came
from a pond in which there were no fish. Hygrohates longipalpis

and Limnesia undulata Avere from the Thames. Now, although

Sticklebacks are abundant in most rivers. Maxwell (2) says

:

" It has been observed that the Stickleback is very scarce in the

Thames."
The chief importance of these non-red mites here is that it has

been shown that they might be at a disadvantage in Stickleback-

haunted habitats (where scarlet ones are successful), and that

non-red mites actually tend not to come in such places.

Some other evidence may be added to this, though very little

is known about the associatious of Water-mites.

There is a flood-pond near Railway Ditch which was full of

3-spined Sticklebacks in May 1921 (see Expt. 8). The very large

and conspicuous scarlet Eylais extendens Miill. was taken here

swimming about among the fish. The only other mite was
Fiona conglohata Koch, which is veiy minute and is incon-

spicuously coloured. Hyphrydrus ovatus was unusually abundant
in Railway Ditch in May 1921. This beetle is coloured bright

orange below. It secretes a liquid when handled, which smells

like honey and may make it distasteful. It is possible that the

Mullerian mimicry included this beetle. Shelford (6) records

Limnochares aquatica, which is a large scarlet mite and is unable

to swim, as occurring abundantly in a pioneer association of

Ghara, in which were also many species of fish. Mr. Soar tells

me that all the crawling Water-mites are red, which supports the

idea that they are warningly coloured.

5, Discussion.

Scarlet is rather rare among animals, except in the tropics.

Higgins (1) has suggested that it is due to the fact that red rays

are more valuable (there being more energy per unit wave-length
than in other colours of light), and are therefore usually absorbed,

not reflected. It is more likely that the rareness of scarlet is due
to its conspicuousness when seen against natural browns and
greens (as in our own road-traffic warning signs). In any case,

we generally find that animals are scarlet only when thei-e is

some very important use for the colour. For the reason given
above, it makes an excellent warning colour. It is possible that

red can be seen from further away in water than other colours.

This is known to be the case in air.

Any protection gained from wanaing coloration and Miillerian
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mimicry would be, of course, only relative. For instance Piersig

quotes Foi'bes, who found that fish did not entirely refuse to eac

Water-mites, and gives as his own observation that Ranatra
seized and sucked mites without hesitation (3), but does not state

whether these were the natural enemies of the mites. Before

any generalization can be made about the colours of Water-mites,

more information is required about their associations, together

with experiments in which their natural enemies are used.

Mr. Soar states that many mites vary in colour individually a

great deal (e. g. Fiona rufa Koch). It is qviite likely that the

colours of other mites than those described here may have some
difierent signiricance.

In conclusion it may be pointed out that many Land-mites are

bright scarlet, and no experiments appear to have been done on
them.

6. SUSIMARY.

1. Ecological observations are described which make probable

the existence of Avarning coloration and Aliillerian mimicry
among certain species of Hydrachnidae.

2. Experiments are described which show that these are

distasteful to and recognized by Sticklebacks (Gasterosteus

aculeatus).

3. There is evidence that scarlet is the colour best remembered
by these fish. This makes the evolution of such a set of

Miillerian mimics more easy to understand.

4. Other evidence is given in support of these conclusions.
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55. Notes oil certain Crossopterygiaiis.

By Erik A : son Stensio_, Upsala.*

[Received September 18, 1922 : Read November 21, 1922. J

(Plate I.t ; Text-figures 1-6.)

Introduction.

In the summer of 1921, just as my paper on the Devonian
Coelacanthids from Wildungen (Stensio, 1922 a) had been sent

to press, there arrived at the XJpsaJa Library an interesting

description of Ettsthenopteron, published by Bryant already in

1919, which accordingly could not be dealt Avith in my paper just

referred to. A few naonths later there also appeared a veiy

important paper by Watson on the organisation of the Cosla-

canthids (Watson, 1921). As many of the facts put forward by
Bryant and Watson in these papers throw new light on many
questions, I have found it of interest to give here some of the

views at which I have arrived, partly on the basis of these facts,

partly by examining my own material of Crossopterygians. I shall

begin with a detailed description of what is known so far of the

neurocranium in Dictyonosteus, then turning to Eustheno])teron,

Porolepis, and the Coalacanthids.

Dictyonosteus arcticus Stensio.

(PI. I. figs. 1-4.)

The material of this fish to be described below has already

been dealt with by me in a preliminary description in 1918
(Stensio, 1918 6), and has further been referred to in my memoirs
on the Triassic fishes from Spitzbergen and in my paper on the

Ccelacanthids from Wildungen (Stensio, 1921; 1922 5, 1922 «,

pp. 196-198, 204-206). It consists only of an anterior pai't of

the primordial neurocranium with the dermal bones partly

preserved. The part is large, measuring 21 cm. in length and
indicating that the head of the fish to which it belonged must
have attained a very considerable size.

Prirjiorclial Neicrocranium.

The occipital region is totally lacking, as is also the labyrinth

region with the exception of a very short anterior part. The
remaining two regions, the orbitotemporal and ethmoidal regions

respectively, are as a whole rather completely preserved, though
partly crushed and broken.

The whole orbitotemporal region and the anterior part of the

* Communicated by Prof. D. M. S. Watsoij, F.R.S., P.Z.S.

t For explanation of the Plate, see p. 1271.
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labyrinth region that is preserved are occupied by an unpaired

large bone, the sphenoid (Stensio, 1921, p. 56), while in the

ethmoidal region there is found a paired bone, the exethmoideo-

preethmoid (c.f. Stensio, 1922 «, pp. 184-185). Both the sphenoid

and the exethmoideo-preethmoid consist chiefly of cancellous

bone, and exhibit no centres of ossification nor any radiate

structure.

"We begin our detailed descr;ption with the sphenoid. This

bone {S-ph, text-fig. 1 ; PI. I. figs. 1-4) is high at the posterior

end, but becomes rapidly lower forward, so that its height at the

anterior end is only about a third of that at the posterior one.

Text-figure 1.

c.ophHi.loS ,

olsph ' _!_
,op^l^h.llli

Dictyonosteus arciicus Stensio.

Anterior half of the neurocranium in lateral view. The lateral part of the ethmoidal

region removed, as are also the lateral parts of the dermal bones of the cranial

roof. Cartilage dotted. Somewhat more than a third of the natural size.

E.pethm, exethmoideo-preethmoid ; Fr, frontal ; JPspJi, parasphenoid ; Sph,

sphenoid; a.car.int, canal for the arteria carotis interna; alspli, alisphenoid wulst

;

hp, hasipterygoid process ; en, orhito-nasal canal for vessels to or from or both to

and from the nasal fossa ; c.ophth.lat, canal through the alisphenoid wulst for the

n. ophthalmicus lateralis ; sj, sulcus for the vena jugularis (dorsal end of the sulcus

onlj' seen here) ; v.cerebr.ant, canal for the vena cerebralis anterior ; I, olfactory

canal ; II, opticus canal ; III, oculomotorius canal ; IV, trochlearis canal ; V, tri-

geminus exit ; Vi, canal for the r. ophthalmicus profundus ; VII, the probable

place of the facialis exit.

The width of the bone taken as a whole is rather small, except

at the postero-ventral part where the basipterygoid process (bp)

is situated. The posterior end of the bone seems to have been
separated from the ossification, or the ossification following next
behind in the labyrinth region, by a synchondrosis, and that this

also has been the case anteriorly towards the exethmoideo-
preethmoid is certain. The former end is in side view angulated

in the way shown by text-fig. 1, the latter, on the other hand,
convexly arched. The cranial cavity extends forward through
the whole length of the bone.
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We can distinguish on the sphenoid an unpaired p)ars basalis,

which forms the floor of the cranial cavity, and a paired pnrs

lateralis, issuing upwards from the pars basalis along either

of its dorso-latei'al edges and extending upwards to the dermal

cranial roof, forming the lateral wall of the cranial cavity.

The pars basalis coiTesponds in its whole extension to about

half the height of the sphenoid, its absolute height thus being-

much longer at the posterior end than at the anterior one. From
the anterior end it tirst diminishes in width backwards, so that

some distance anterior to and below the opticus exit (II) it

forms only a rather thin wall between the orbits (text-fig. 2).

Behind this place it continually grows wider to the posterior

Text-fio-ure 2.

Dictyonosteus arcticus Stensio.

Transversal section through the neurocranium a short distance anterior to the

opticus exit. Cartilage dotted. Somewhat more than a third of the natural

size.

-Fr, frontal ; Psp/i, parasphenoid ; Sp/;, sphenoid ; ey, cranial cavitj'.

end, Avhich is rather broad owing to the large basipterygoid

process (hp) on eitlier side. The posterior surface is rather

concave (PL I, fig. 3), probably in the same way as Watson
(1921, p. 335) has found it to be in Megalichthys and in the

Carboniferous and Permian Coelacanthids. In my description

in 1918, when the specimen had not been cleaned from the

matrix*, I came to the incorrect conclusion that this concavity

was the fossa hypophyseos and the upper boundary of it the

dorsum sellse (cf. Stensio, 1918 5, p. 120; pi. iv. fig. 3; pi. v.

fig. 1
;

pi. vi.).

The ventral surface of the pars basalis is straight and plane,

and has been situated almost horizontally ; the dorsal one, on the

other hand, slopes rather much forwards, and is concave from one

lateral side to the other

—

i. e., it is somewhat grooved in a

longitudinal direction. At fibout the middle of its length the

* The cleaning of the specimen from the matrix has heen verj' difficult, and has
taken a long time, as the matrix was a very hard ironstone.
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latter surface suddenly deepens to a postero-ventrally directed

fossa hypophyseos, which extends nearly to the postero-ventral

corner of the pars basalis {f.hyp, PI. I. fig. 2), where it is

separated from the synchondrosis behind the sphenoid only by a

very thin layer of bone. So far as is known, the fossa hypo-

physeos does not in any way open on the base of the primordial

neurocranium or in the mouth.
On either la.teral surface of the pars basalis there is found, as

already mentioned, farthest posteriorly the lai-ge basi pterygoid

process {hp). This process partly arises along the ventral, partly

along the posterior edge of the lateial surface, and extends rather

high upwards, ending doi'sally with a truncated end. The
process has a dorsal surface represented by a truncated dorsal

end, a postero-ventral surface which has been attached to carti-

lage, a ventro-lateral surface against which the metapteiygoid

probably articulated, aud an antero-dorsal surface which, together

with the lateral surface of the pa,rs basalis just anterior to it,

forms a rather shallow and indistinct fossa directed with its

opening antero-laterally and somewhat dorsally.

In this fossa there opens a wide canal, which perforates the

pars basalis in a transverse direction below the fossa hypo-

physeos to the corresponding fossa on the opposite side. This

canal (v.pit, PI. I. figs. 2, 4) communicates with the fossa hypo-

physeos by a short but wide posteriorly directed branch, and,

though it runs ventrally of the posterior part of the fossa

hypophyseos, must undoubtedly be the canalis transversus, and
have been pierced by the pituitary vein (AUis, 1914; 1919 a;

cf. also Stensio, 1922 a). From its external opening in the fossa

described there a very distinct sulcus (sj, text-fig. 1 ; PI. I. fig. 4)

leads upwards to the dorsal end of the basipterygoid process, a

sulciis which must have been developed for the jugular vein

(c/. AUis, 1919 «; Stensio, 1922 6, loc. cit.). Accordingly there

is no doubt that this vein in its continuation backwards must
have run dorsally of the basiptei-ygoid process.

Immediately in front of the basipterygoid process of either

side there is found close to the ventral edge of the lateral surface

of the pars basalis a large oval foramen (a.car.int, text-fig. 1 ;

PI. I. figs. 1, 2, 7) apparently leading into a vertical canal

ascending to the cranial cavity. This canal, which must be the

canal for the arteria carotis interna, ought to have entered the

cranial cavity not far anterior of the fossa hypophyseos, between
this and the opticus exit, and thus quite in the normal way
{cf. Allis, 1897; 1909; 1911a., b; 1912 «, h; 1914; 1919 a;
Allen, 1905; Danforth, 1912; Stensio, 1922 &).

The partes laterales of the sphenoid (text-figs. 1, 2; PI. I.

figs. 1-4) do not diverge much from one another upwards, thus

occupying an almost vertical position. Anteriorly they are

rather thin, but they grow slowly thicker backwards. Along
their dorsal margins, too, they are partly thin, and so developed

as to show that the roof of the primordial neurocranium in the
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orbitotemporal region, apart from possible fontanelks, must have
been cartilaginous (cf. text-fig. 2).

Each of the partes laterales has a somewhat concave posterior

edge, which faces postero-dorsa]]3^ This edge also is so developed
that in part it cannot have been in contact with cartilage, but
must have been free, forming the anterior boundary of a, great

foramen (*>, text-lig. 1). This foramen must, as comparisons
Avith Diplocercides make clear, be the trigeminus foramen, which
thus has been situated in the dorsal part of the synchondrosis
between the sphenoid and the ossifications in the labyrinth

regioti {cf. Stensiii, 1922 a).

Along the posterior edge each pars lateralis has on its lateral

surface a I'ather broad but well-marked " wulst," which extends

from the upper edge of the pars lateralis downwards and
somewhat backwards to the upper end of the basipterygoicl

pi'ocess. This "wulst" {alsjjh, text-fig. 1; PI. I. figs. 1-4),

Avhich I have called the alisphenoid wulst (Sbensio, 1922 a,

pp. 180, 196-197
; 1922 h), is perforated close to the dorsal end

bv a horizontally running canal {c.ophiJi.lat, text-fig. 1 ; PI. I.

figs. 1-4), which has its posterior opening on the posterior and
its anterior opening on the anterior side of the Avulst. At the

anterior edge of the ventral part of the same wulst, some distance

above the basipterygoid process, there is found the outer opening
of a caiial (V^, text-fig. 1 ; PI. I. figs. 1-4), leading backward,
inward, and somewhat mediall}^ to the cranial cavity.

The division of the cranial cavity enclosed in the sphenoid is

compara,tively narrow throughout its extension (text-figs. 1,2;
PL I. fig. 3; cf. also Stensiti, 1918 &, pi. v. figs. 2. 3). While
its height decreases gently forward, its width, on the contrary,

seems rather to grow somewhat larger towards the anterior end.

Owing to the considerable heigiit of the pars basalis of the

sphenoid, the division of the cranial cavity in question, with the

exception of the large fossa hypophyseos, is situated totally in the

dorsal half of the neuroeranium, and it is evident that the

division next behind in the anterior half of the lab3"rinth region

also had a similar high position.

From the shape of the division of the cranial cavity just

described, we can conclude with great probability that the

telencephalon was long ai:id rather high, and that the ventral

pa.rts of the diencephalon Avere strongly developed Thus the

anterior divisions of the brain of the fish must have i-esembled

the corresponding ones in the recent Ceratodus, at least Avith

regard to their general shape {cf. Bing & Burckhardt, 1905).

The trigeminus branches proper, except the r. ophthalmicus

profundus and the lateralis branches accompanying these (or

perhaps their roots), have left the cranial caAdty through the

foramen already referred to, Avhich must be supjDosed to have
existed in the upper part of the synchondrosis between the

sphenoid and the bone or bones following next behind in the

labyrinth region. The position and probable size of this foramen
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are seen in text-fig. 1 (Y). After their exit tlirougli this foramen,

the trigeminus brancties proper, accompanied by the n. buccalis

lateralis, have evidently passed forwa,rd to the orbit laterally of

the alisphenoid wulst a,nd dorsally of the basipter3-goid process;

while the n. ophthalmicus lateralis immediately took a more
dorsal course, entering the canal {c.ophth.lat.) in the dorsal part

of the alisphenoid wulst and, soon after having left this, reaching

the roof of the orbit. As the canal {c.ophth.lat.) has a r;ither

small calibre, it seems to me most probable that the r. oplithal-

micus superiicialis did not pass through it, but ran independently

of the n. ophthalmicus lateralis as it does in Sturgeons and
certain Siluroids, and as it certainly did also in Sauriclithyids

{cf. Stensio, 1922 6; Workman, 1900, pp. 404-407: Herrick,

1901, pp. 201-203). The r. ophthalmicus profundus trigemini

or a somewhat equivalent nerve must apparently have been
formed already within the cranial cavity, from where it pierced

the pars lateralis of the sphenoid independently of the other

trigeminus branches (or their roots) through the canal V^ described

above {cf. Stensio, 1921, pp. 58-59. 93, 169-170 ; 1922 a, p. 183
;

1922 &).

The exit of the facialis nerve must, so far as one can judge,

have been situated somewhat postero-venti'ally of the trigeminus

exit, so that the r. palatinus facialis in its way do\'i'nwards and
forwards must have run first posteriorly and then ventrally to

the basipterygoid process before it I'eached the orbit {cf. Allis,

1919 a.; Stensio, 1922 «)•

Of the exit of the n. abducens nothing is known with certainty,

but the nerve may perhaps have left the cranial cavity through

the trigeminus foramen {cf. Stensio, 1922 h).

The olfactory nerve has fiom the anterior end of the cranial

cavity, as we shall see, entered an antero-ventro-laterally running
canal in the ethmoidal region.

The opticus has left the cranial cavity far forwa.rd. It per-

forated the pars lateralis of its side somewhat anterior of the

middle of the length in a downward and forward direction, and
has reached the orbit strikingly low^ (II, text-fig. 1 ; PL I.

figs. 1, 2, 4) immediately dorso-caudally of the thinnest part of

the pars basalis of the sphenoid.

Somewhat behind the opticus exit, but only slightly higher

than this, is found a,n oval foramen, which undoubtedly trans-

mitted the n. oculomotorius (III, text- fig. 1 ; PI. I. figs. 1, 2, 4).

High up, lather near the cranial roof and appioximately

midway betw^een the opticus and oculomotorius exits, is found

the external opening of a fine canal (IV, text-fig. 1 ; PI. I.

figs. 1, 2, 4), which must undoubtedly have transmitted the

n. trochleaiis.

A rather wdde canal {v.cerehr.ant, text-fig. 1; PI. I. figs. 1, 2),

which is situated high up anterior of the opticus and trochlearis

exits, must probably have been traversed by the vena cerebralis

anterior {of. Stensio, 1921, pp. 168-169) on its way to the orbit.
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This canal was considered by me in 1918 as the trochlearis canal

(Stensio, 1918 &), a view which must be incorrect in the light of

the facts now known.
At the anterior end of the sphenoid, in the suture between

this and the exethmoideo-preethmoid, a rather wide canal {c7h,

text-fig. 1 ; PI. I. figs. 1, 2) is found which leads forwards to the

olfactorius canal, and which vindoubtedly has contained vessels

to and from the nasal pit {cf. Stensio, 1922 h). Perhaps it may
also have been in some relation to the points of origin of the

musculi obliqui of the eye.

The arteria cai-otis externa must, so far as one can understand,

already have been sent out from the artei-ia carotis communis
behind the basipterygoid process, and has probably run upward
approximately as far as to the facialis exit, then turning forward

and continuing dorsally of the basipteiygoid process to the orbit.

The arteria carotis interna, after its origin behind the basi-

pterygoid process, must have run forward ventrally to this

process and laterally to the parasphenoid to its ascending canal

described above in the sphenoid. The position of the ventral

opening of the ascending canal in relation to the nerve exits is

seen from text-fig. 1 and PI. I. figs. 1, 2, 4. The vena jugularis,

after arriving at the dorsal end of the basipterygoid process,

must have passed backward dorsally of this process, as already

pointed out, then continuing backwards between the trigeminus

and facialis exits.

There is evidently no trigemino-facialis chamber and no
myodome in the fish. According to the course of the nerves and
vessels, the basipterygoid process with its antero-ventral parts

undoubtedly corresponds to certain posterior parts of the basi-

pterygoid process in Birgeria, with its dorsal parts on the other

hand, corresponding to the basipterygoid process of the Coela-

canthids {cf. Stensio, 1922 a, pp. 205-206; 1922 6; cf. also

pp. 1259-1266 below in the present paper).

The ethmoidal region rapidly decreases in height forw^ards,

becoming very low at the anterior end. It is mainly occupied

by the paired exethmoideo-preethmoid, only certain smaller

anterior and dorsal parts being cartilaginous. At the postero-

medial part the exethmoideo-preethmoid is separated from
the sphenoid by a short synchondrosis, as already pointed out

above. In the posterior two-thirds of the length its plane

ventral surface is covered by the parasphenoid. Its lateral

surface is accessible for investiga,tion only in the anterior parts,

being otherwise concealed by remains of very fractured dermal

bones.

As already mentioned, the exethmoideo-preethmoid is traversed

by the rather wide ca.nal for the n. olfactorius (I, text-fig. 1
;

PI. I. figs. 1, 2), which runs forwards, downwards, and laterall}'.

The large anterior opening of this canal is incompletely sub-

divided into a postero-dorsal division situated at the anterior end
of the lateral surface of the reeion and an antero-medial division
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situated on the ventral surface of the region, the former of

which represents the external, and the latter the internal, nasal

aperture. In the present state of preservation, dermal bones

form the direct boundary of the external nasal aperture on the

dorsal side and of the internal nasal aperture anteriorly, but it is

conceivable that in the fresh specimen these walls of the two
nasal apei'tures consisted, at least in part, of cartilage.

The r. maxillaris trigemini and the n. lateralis buccalis ought
as usual to have had their course along the ventral edge of the

lateral surface of the ethmoidal region, but owing to the im-

perfect state of preservation of these parts of the region it has

not been possible to discover whether a distinct sulcus was
developed for them as in several other fishes (Stensio, 1921,

p. 94 ; 1922 h). For the same reason it has not been possible to

establish anything with regard to the ai-ticulation facet for the

anterior end of the palatoquadrate.

From the facts put forward here it is easily seen that the

exethmoideo-preethmoid is so developed that it represents both

the exethmoid and preethmoid {cf. Stensio, 1921, pp. 93-94;
1922 «, pp. 184-186).

Dermal Bones of the Primordial Neurocranium..

The parasphenoid {Psi^li, text-figs. 1, 2; PI. I. figs. 1, 2,4;
Stensio, 1918 5, pi. v. fig. 1) is imperfectly preserved at both

-ends. The preserved parts of it cover the whole ventral surface

of the sphenoid and the ventral surface of the exethmoideo-

preethmoids in the posterior two-thirds of their length. It thus

cannot have extended much farther forward, and it is also

conceivable that only a rather small part is lacking at its

posterior end. There is no processus ascendens. The centre

of ossification is clearly distinguishable, and situa.ted midway
between tlie posterior and anterior ends of the bone. At this

place and for some distance forward and behind it the bone is

much bi'oader than the ventral surface of the sphenoid, so that

it projects here with a free lateral part on either side of this

(text-fig. 2).

Just at the centre of ossification a ra.ther fine median, unpaired

ca.nal opens on the venti-al surface of the parasphenoid. The
canal perforates the parasphenoid obliquely upwards and back-

wards, then continuing backwards between this and the ventral

surface of primordial neurocranium towards a. place between
the ventral openings of the internal carotid canals. The
canal ought, so far as one can judge from the conditions in

Amia (Allis, 1897, pp. 620-621
;

pi. xxxvi. fig. 61; pi. xxxvii.

figs. 62, 63), to ha.ve been traversed by the anterior branches of

the rami palatini of the facialis nerves, which ought to have
accompanied the internal carotid arteiies when these entered

between the sphenoid and the ventral surface of the primordial

iieurocranimn. Possibly the canal in question for the anterior
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branches of the rami palatini also transmitted branches from the
internal carotids.

If we imagine that a processus ascendens homologous with that
in the Teleosts {cf. Stensio, 1922 6) was developed on the para-
sphenoid of Dicbyonostei(,s, tliis process ought to have issued from
the stretch of the bone situated between the hind end and the
anterior border of the internal carotid canal and the arteria

carotis interna, and the n. palatinus facialis would thus have
come to run medially of it between it and the ventro-Iateral parts
of the basipterygoid process.

Of the vomer nothing is preserved in the specimen.
The arrangement and shape of the difierent bones in the jDart

preserved of the dei'mal cranial roof is seen in text-fig. 3. The
bones were described by me in 1918, and especially later in

connection with my account of the Coelacanthids from the
Triassic of Spitzbergen, and I have here nothing of interest to-

add to these desci-iptions (Stensio, 1918 6, pp. 116-118; 1921,

pp. 133-134).

In the present state of preservation of the fish the external
nasal aperture is bounded dii'ectly on the dorsal side by the
two anterior nasal elements and a i-ostral, while the external
boundary of the internal nasal aperture is probably formed by
the premaxillary and the rostral elements behind this.

Sensory Canals of the Head.

The infraorbital canal anastomoses on the snout with its fellow

of the opposite side in a well-developed ethmoidal commissure,
which is situated in the rostral elements. The supraorbital canal

traverses the dermosphenotic,, the lateral part of the frontal, and
the three nasal elements, from the anterior one of which it enters

the rostral plate situated next to the median line, there anasto-

mosing with the infraorbital canal. The exact course of the
supraorbital canal is clearly seen in text-fig. 3.

Of the number of sensory canal organs and tubuli nothing is

known so far.

As we shall see from the subsequent description, the sensory

canals on the snout in Porolepsis run exactly like those

in Dictyonosteus.

EusTHENOPTERON FORM Whiteaves.

The material of this fish at my disposal consists of two small

specimens collected by Professor P. D. Quensel, Stockholm,

during his journey to Canada, in 1913, and which were kindly

presented to the Paleeontological Institution at Upsala.

The two specimens are well preserved with regard to the

dermal bones, but exhibit on the other hand hardly anything of

the primordial neurocranium. My account of this below is

therefore based exclusively on the description published by
Bryant 1919 on the material in the Buffalo Museum.
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Primordial Nei(rocranium.

The general shape of the primordial neurocranium is almost as

in Z>^j»focerc^(:Zes (Stensiij, 1922 a). The degree of ossification is,

however, evidently much less than in this.

''=|The basioccipital and the paired lateral occipital described by-

Bryant are both rather thin, and it seems very probable, under

Text-figure 3.

Dictyonostens arctictis Stensio.

The anterior part of the cranial roof. Sensory canals with dotted lines

and shading. From P. 355. 1/2.

Ant], anterior antorbital element; Ant^, posterior antorhital element; DspJi,

dermosphenotic (dermal postfrontal) ; Fr, frontal ; Ir, interrostral ; Wai-Naz,

nasal elements; Fmx, premaxillary ; Ftri, anterior postrostral element; JPtr^,

posterior postrostal element; JE, rostrals; So, supraorbitals; na, external nasal

aperture; orh, orbita; y, accessory bone-plate.

the presumption that Bryant's text-fig. 56 is correct, that they

did not directly bound either the chorda, which certainly

extended into the basis cranii for some distance, or the cranial
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cavity, but that the medial parts of the lateral and ventral walls

of the occipital region consisted of cartilage. Expressed in

another way : the ossification in the occipital region probably
occupied only the external parts of the region, while the inner

ones were cartilaginous. The basioccipital has a rather con-

siderable extension forward, and actually lies with more than
its anterior half in the labyrinth region. There cannot, how-
ever, be any doubt of its homology. The lateral occipital is

strikingly high, extending from the basioccipital below nearly

to the dermal cranial roof dorsally (Bryant, 1919, text-fig. 3),

thus partly occupying the position of the supi-aoccipital, which
acconling to Bryant is totally lacking. The lateral occipital is

said by Bryant to be perforated by a fine canal, but as he does

not describe the course of this canal, one cannot decide with full

certainty whether it is a canal for a dorsal branch from the

n. lineae lateralis or the vagus canal, although the latter alternative

seems to be the more probable one. If however, the canal

should reveal itself to have transmitted a dorsal branch of the
n. lineaa lateralis, the vagus nerve must have perfoi-ated the
lateral wall of the primordial neurocranium immediately anterior

of the lateral occipital.

In either lateral wall of the labyrinth region of the fish, Bryant,

1919, p. 18, describes five ossifications. One of these ossifications

he calls the pro-otic, another the opisthotic. The three remaining
ones he considers it impossible to identify, and accordingly he
does not name them.

The description which Bryant gives of the pro-otic is not
sufficient to make fully clea,r the shape and actual extension of

the bone. As I understand his account, the pro-otic is a rather
low bone (c/. his text-fig. 5 a and pi. ix. fig. 3), which does not by
far extend to the cranial roof dorsally. It is pei'forated by a
canal, one of the openings of which is situated approximately at

the middle of the length of tlie bone just at the boundary
between its ventral and lateral surfaces or perhaps on the
ventral surface, though close to the lateral edge {cf. Bryant,
1919, text-fig. 4; pi. ix. fig. 3; pi. xiv. figs. 4^5). ^The canal
is considered by Bryant to have transmitted the n. facialis (he
evidently means the truncus hj^oideo-mandibularis of this nerve),

but he gives no sta.tements either as to its course nor as to
the position of its other opening, and the facts so far known do
not seem to support this view. As far as can be judged from
the conditions in recent fishes, the canal seems most probably
to have been developed for the carotis externa on its way
upwards from the cranial basis to approximately the height of

the trigeminus and facialis exits {cf. AUis, 1897, pp. 497-500;
1908, pp. 219-221 ; 1909, pp. 51-53, 185-187; 1911 «, pp. 284-
287; 1914; 1919 a; Allen, 1905, pp. 51-56; Danforth, 1912,

pp. 435-442 ; Stensici, 1922). The truncus hyoideo-mandibularis
ought not to have run so strongly downwards that it can be
thought to have pierced the canal.
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The exact position of the pro- otic of Bryant's description in

relation to the sphenoid is not clear, but it seems to me very

probable that its anterior end in the fresh specimens ought to

have been situated much more ventraliy than it has been drawn
in his text-fig. 5, and at the same time also closer to the sphenoid
than in this text-fig. The bone actually seems to me to corre-

spond only to the basal parts of the corpus of the prootico-

opisthotic in post-Devonian Ccelacanthids (c/. Stensio, 1921, pp. 55,

120-121 ; 1922 a, pp. 199-201).
The " small quadrangular bone,'" which according to Bryant i.s

attached by suture to the outer a.nd hinder margins of the pro-otic

and which extends nearly vertically upward to the cranial roof

(Bryant, 1919, p. 18), must evidently correspond to some dorsal

part of the corpus of the prootico-opisthotic in the post-Devonian
Ccelacanthids. The description and the figures given by Bryant
have failed to convince me that the bone is independent, and
I cannot help suspecting that in reality it may be simply a
broken dorsal part of the pro-otic.

The bone which Bryant interprets as the opisthotic, much
resembles, as he points out (p. 18), the opisthotic in certain

Stegocephalians, and undoubtedly represents an opisthotic to

some extent.

The two remaining bones of the region, which are both
small, are imperfectly known, a,nd it is not possible to decide

whether they are broken parts of the other bones or not.

In the anterior half of the bottom of the labyrinth region there

is in the present state of preservation a large oi)ening bounded by
the basioccipital behind, by the sphenoid anteriorly, and by the

pro-otics laterally. This opening, which occurs also in Ccela-

canthids (Stensio, 1921, pp. 58, 121 ; 1922 a, pp. 173, 202), appa-
rently must ha,ve existed in Dictyonosteus too. It is situated

entirely behind the hypophysis, was probably traversed by the
anterior end of the chorda, and corresponds fairly well in its

position to the fenestra basicranialis posterior in the embryos of

reptiles (Gaupp, 1905, pp. 663, 757-760, figs. 382, 383; Allis,

1919 c; Stensio, 1922 a, p. 202). In the fresh specimens it was
probably at least to a great extent filled by cai-tilage.

That it cannot be the fossa hypophyseos, as Bryant pre-

sumably means (pp. 18-19), is fully evident from tiie conditions

in Diciyonosteus and the Coslacanthids.

The orbitotemporal region and the antero- ventral end of

the labyrinth region are occupied by a large unpaired bone,

the sphenoid, v^hich is on the whole very similar to that in

Dictyonosteus {of. pp. 2-9 above). Thus its general shape is

as in the latter fish, and it has a paired basipterygoid

process and a paired alisphenoid wulst situated in the same
way as in this fish [cf. Bryant, 1919, text-fig. 5 and pi. ix. figs.

2, 3), and the division of the cranial cavity enclosed in it as

well as several of the canals piercing it are in the main as in

this. On the other hand, if Bryant's account is correct, it
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extends, contrary to that in Dictyonosieus, far forward in the
ethmoidal region, thus probably including in its anterior parts
the homologues of the exethnioideo-preethmoids (c/". pp. 9-10
above). Bryant's account of the anterior parts of the bone
is, however, very incomplete, and as in addition the figures

he publishes are not very distinct and kick letters of I'eference,

it is impossible to understand how the conditions actual!}'- are
there.

In accordance with the conditions in LiciyonQsteus and
Di'plocercides the n. trigeminus must have pierced the carti-

laginous part of the cranial wall just behind the dorsal half of
the sphenoid. The exit of the n. facialis has probably been
situated somewhat more postero-ventiully, though also in the
cartilaginous part of the cranial Vs'all behind the sphenoid (rf.

Stensio", 1922 a).

If my opinion, just given, with regard to the position of the
trigeminus and facialis is correct, it follows from this that the
small cartilage bone that is seen in Bryant's text-tig. 5 immediatelv
beneath the dermal cranial roof some distance behind the
sphenoid would be homologous with a dorsal part of the process
lettered /, by me in the post-Devonian Coolacanthids (Stensio,

1921), and the corresponding antero-dorsal part on either side of

the compound occipito-labyrinth ossification in Diplocercides.

This small cartilage bone is, however, so far as I can find, not
mentioned by Bryant in his description.

The upper part of the alisphenoid wulst is pierced by a
horizontal canal for the n. ophthalmicus lateralis, exactl}^ as in

Dictyonosteus. The anterior opening of this canal is seen in

Brj^ant's text-fig. 5 and also, though less distinct, in his pi. ix.

fig. 3. The presence of this canal is undoubtedly a sti-ong

support for my view, given above, as to the position of the exit^

of the n. trigeminus and the n. facialis.

The canal which is stated by Bryant to open in a recess on the
external surface of the sphenoid just anterior of the basipterygoid
process, must evidently have transmitted the pituitary vein.

According to Bryant it leads forwards to a "chamber "on the
posterior basal part of the sphenoid—a " chamber " which is said

to be open behind and which, with some doubt, is taken to be the
anterior end of a myodome. That the "chamber," which in

another place is termed by him a " pocket," cannot be a part of

a myodome is evident, and it is quite certain that no posterior

myodome was developed, but tha,t the conditions were as in

Dictyonosteus in this respect. If the statements given by Bryant
were correct, the "chamber" in question would therefore be the
ventral part of the fossa hypophyseos. As, however, as far as can
be judged, it is very wide, I feel inclined to think that Brj-ant may
have made a similar mistake as I did in 1918 when describing the
corresponding part of the sphenoid in Dictyonoste%is {of. p. 1242
above). I thus rather fear that in the "chamber" we are

Peoc. Zool. Soc—1922, No. LXXXIII. 83
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concerned simply with the concavity filled with stone in the

posterior end of the pars basalis of the sphenoid, and that the

canal for the pituitary vein actually does not open there, but

runs somewhat in front of it, ventrally of the fossa hypo-

physeos, exactly as it does in Dictyonosteus.

The foramen seen in Bryant's figures some distance in front of

the upper end of the basipterygoid process at about the middle

of the height of the sphenoid con'esponds approximately to the

external opening of the oculomotorius canal in Dictyonosteus^

but a certain intei-pretation of it is not possible, as we do not

know the course of the canal leading medially from it, nor

several of the other canals of the region. It actually seems to

have a position somewha,t too far anteriorly to be the external

opening of the Canal for the ramus ophthalmicus profundus

trigemini and, on the other hand, too far back to be the external

opening of the opticus canal.

The foramen which in Brya.nt's figures is seen in the anterior

part of the sphenoid ma}'' probably be the external opening of the

opticus canal. This interpretation is specially supported by the

fact that the eye has been situated far forward.

No other foramina or canals that can be thought to have
transmitted the n. trochlearis, the r. ophthalmicus profundus

trigemini, the arteria carotis interna, and the v. cerebralis

anterior are described by Bryant, nor are any canals of this sort

clearly discernible in the figures he gives of the different

specimens, though they must of course exist.

As is evident from the facts given here, the vena jugularis, th(^

r. palatinus facialis, and the internal carotid artery must in

relation to the basipterygoid process have had the same course as

in Dictyonosteus.

Of the primordial skeleton of the ethmoidal region of the

fish there is nothing to be added to what has already been
written above (p. 1253).

Dermal Bones of the Prionordial Ne%irocran%%mi.

The parasphenoid is, according to Bryant's description,

developed in the same Avay as that in Dictyonosteus and
Sauri'pterus (cf. Eastman, 1917, pi. vii. fig. 5), but is much
more narrow tha,n in these two forms. In my specimens there

are only fragments of it preserved. It is noteworthy that it

seems to be very firmly connected with the sphenoid. The
paired vomer seems to show the normal conditions. Nothing
of it is seen in my specimens.

If, after these short remarks on the bones of the ventral

surface of the primordial neui"Ocranium, we turn to those of

the dorsal one (text-fig. 4), it is clear at once that Bryant has

correctly recognized the extrascapular bones, the parietal, the

supratemporal and the intertemporal, and it ought also to be

.added here that the sutures between the extrascapular bones
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mutually and between these and the bones in front are more
correct in Bryant's text-fig. 2 a than in the restoration pub-
lished by me in 1921 (Stensto, 1921, text-fig. 57)*.

Between the anterior end of the intertemporal and the postero-

lateral corner of the frontal there is in my specimens a very
distinct small dermosphenotic {Dsph, text-fig. 4), and I also find

from pi. V. fig. 2 and pi. iii, fig. 2 in Bryant's paper that the

Text-figure 4.

Eustheno]pferonfordii Whiteaves.

.Dermal cranial roof. After a specimen belonging to the Palseontological Institution,

TJpsala. The sensory canals marked with dotted contours and shading. 1/1.

Ant, antorbital; Dsph, dermosphenotic; Ext, lateral extrascapular; U.vt.m,

median extrascapular ; ^r, frontal ; J#, intertemporal; ia, lacrymal; JJa;, maxil-

lary; Na, nasal; Pa, parietal; Fmx, premaxillary ; P^r, postrostral ; i2, rostrals

^nd interrostrals ; So, supraorbital ; Stemp, supratemporal ; ifc, infraorbital sensorj'

canal; Ic, cephalic portion of the main lateral line; mp, groove indicating the

position of the middle head line of pit organs ; na, external nasal aperture ; orb,

orbital entrance ; pPi groove indicating tlie position of the posterior head line of pit

organs; soc, supraorbital sensory canal.

same bone was an independent element in the specimens investi-

gated by him. Its exact position and relation to the sensory

canals is shown in text-fig. 4 and in my restoration published in

1921 (Stensio, 1921, text-fig. 57), and will be further dealt with
below in the account of the sensory canal system.

The frontal in Bryant's restorations thus has a too large

extension postero-laterally. The pineal foramen between the

two frontals is not distinct in my specimens, though I can

* This was due to the fact that my restoration was made after a specimen
•showing the inner surfaces of the bones.

83*
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conclude with the guidance of Bryant's figures where it must
have been situated.

The bone which is held by Bryant to be the postfrontal is

clearly seen to consist of two independent bones in both my
specimens (text-fig. 4), and I also find there that the posterior

one of these two bones, Avhich is undoubtedly a compound
supraorbital {so), extends so far backwards as to meet the

anterior end of the dermosphenotic. The anterior bone (Ant),

on the othei" hand, is situated mainly anterior of the orbit,

forming the anterior boundary of the entrance to this, and is

certainly to be interpreted as an antorbital bone. In the main,

the supraorbital and the antorbital are correctly drawn in my
restoration published in 1921 (Stensio, 1921, text-fig. 57; the

suture line between the nasal and antorbital has fallen away on

the left side of this figure).

The postrostral elements of the fish have fused to a rather large

unpaired plate (Fir, text-fig. 4), as described by Bryant (called

by him interfrontal), and my restoration in 1921 (text-fig. 57),

is thus incorrect in this respect.

The paired nasal bone is well seen in one of my specimens. It

is situated along the lateral edge of the postrostral plate,

extending forwards to the anterior end of this plate, backwards

on the other hand somev/ha.t farther (N'a, text-fig, 4). Its length

thus exceeds that of the postrostral plate. The breadth is rather

small, and constitutes only about one-half of the length. Through-

out its length the bone is pierced by the supraorbital sensory

canal. My restoration in 1921 thus showed correctly its

approximate shape and relations. It is also notewoi'thy in this

connection that tlie left nasal hone of the specimen actually seems

to consist of two or three independent elements, the conditions

thus much resembling those in Dictyonosteus.

That the shape and extension of the nasal bone in Bryant's,

restoration (his text-fig. 2a) must be incorrect is thus evident.

That this is the case is also seen from pi. iii. fig. 2 in Bryant's

paper in question, where the bone is rather well displayed in

ventral aspect and shows a longitudinal rounded ridge caused by
the sensory canal in it.

iinterior to the postorbital plate and the nasals, I find in the

smallest of my specimens (the one that has the nasals well

displayed) fragments of a transverse series of bone-plates, Avhich

are the rostrals and probably also the interrostrals, and finally

aiiterior to these the rather narrow premaxillaiies. The number
of the rostrals and interrostrals cannot be ascertained, and it is

also impossible to make out anything as to the exact shape either

of any of these bones or of the premaxillaries. A rostral plate

is also observed by Bryant (p. 9). That he has not seen more

of these plates is easy to explain, as they are very difficult to

observe and in larger specimens have perhaps fused more or

less intimately with the premaxillaries or other neighbouring-

bones.
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Dermal Bones of the Cheek.

The dermal bones of the cheek posterior of the orbital entrar.ce

seem in the main to be con-ectly desciibecl by Bryant. In my
specimens I can clearly observe the postorbital, the jugal, the
squamosal, and the preopercnlnr element. The jugal ought,
perhaps, to have a larger extension forward beneath the orbital

entrance than Brj'ant has given it in his restoration (his text-
fig. 2).

Visceral Skeleton.

The visceral skeleton is badly pi'eserved in my specimens, but
T find, however, that Bryant is correct in distinguishing a dermo-
palatine (termed palatine by him), an ectopterygoid, and an
entopterygoid

.

The Sensory Canals of the Head.

The sensory canals proper form closed canals in the bones, and
open outwards Avith tnbuli in the normal way. As the bones are

usually thickened on the inner side along the sensory canals, the
course of these canals can be rather well ti'aced without prepara-
tion in those cases where the bones display their inner surfaces.

This is partly finely shown by certain of Bryant's figures, e. g.

pi. iii. fig. 2
;

pi. v. figs. 2, 3. At least most of the structures

described by Bryant as sensory canals proper are grooves indi-

cating the position of lines of pit organs, as we shall see from the
subsequent account.

The supraorbital canal [soc, text-fig. 4) is very well preserved

in my specimen nearly throughout its length. Its posterior end
is situated in the dermosphenotic, where it anastomoses with the
infraorbital canal. From there it runs forward thi'ough the
lateral part of the fi'ontal. and then pierces the nasal in a longi-

tudinal direction. From the nasal it must have entered one of

the lateral rostral plates, in which it probably anastomosed with
the infraorbital canal of its side. The sensoiy organs in it have,

a,s far as one can judge, been compni-atively few, as the foramina,

for nerve-branches thi'ough its lower wall are comparatively few

{cf. Allis, 1889, ph xlii."; Cole, 1898, pi. xxii. ; Herrick, 1899,
pi. xvii. ; 1901. pi. xiv., etc.).

The infraorbital canal {{ifc, text-fig. 4) : defined as in my
memoir on the Triassic fishes from Spitzbergen ; Stensio, 1921,

p. 103] has its posterior end at the boundary between the
supratemporal and intertemporal. In its course forward it

pierces first the intertemporal, then enters the deimosphenotic,
in which it anastomoses with the posterior end of the supraorbital

canal, as mentioned in the description of this region. Just at this

anastomosis it turns laterally, and continues laterally and down-
wards on the cheek, where it pierces the postorbital, the jugal,

and certainly also the lacrymal. It probably was in communi-
cation with its fellow of the opposite side through an ethmoidal
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commissure, and it is also conceivable that its anterior parts

anastomosed with the anterior end of the supraorbital canal as

pointed out above, but it is not distinctly preserved anterior of

the orbit in my specimens.

In the jugal there issues from the infraorbital canal a jugal

canal (jx, text-fig. 4), which runs backwards and downwards to

the squamosal, in which it continues to the postero-ventral

corner. In its further course this canal must have entered the
quadratojugal, if the restoration of this bone given by Bryant is

correct. As the most postero-ventival part of the canal seems to

be homologous with a ventral part of the preopercular canal (c/.

Stensio, 1921, pp. 76-77), the quadral.ojugal ought to comprise a

preopercular component (cf. Pearson, 1922, pp. 56-58).

A true preopercular canal is not developed. The mandibular
canal is not clearl}^ seen in any specimens.

The cephalic portion of the main lateral line {Ic, text-fig. 4)

has its anterior end at the boundary between the supratempoi-al

and intertemporal, where it is directly continuous with the

posterior end of the infraorbital canal. It runs backward
through the supratemporal and the lateral one of the three extra-

scapular bones. Through a well- developed supratemporal

commissure (s.coni., text-fig. 4), which pierces the three extra-

scapular bones transversel}^ it is in communication with that of

the opposite side.

On the posterior part of the dorsal surface of the frontal there

is found a transverse fine groove (mp, text-fig. 4), which continues

laterally also over an adjacent part of the supratemporal.

Another groove (pp, text-fig. 4), which, however, is very short,

issues from the medial end of the former in a postero-lateral

direction. The two grooves which are described by Bryant as

a sensory canal proper (p. 12) and which, as it seems, have been
interpreted in this way also by Watson (1921, p. 334), are

undoubtedly developed for lines of pit organs. The longer of

tliem probably lodges the middle head line of these organs, and
the short obliquely running one the posterior head line {cf.

Stensio. 1921, pp. 218, 263 ; 1922 a, pp. 224, 235 ; 1922 b : cf. also

Allis, 1899, pp. 502-509; 1900, p. 445; 1903, p. 187; 1905,

pp. 406, 410, 418, 440, 452, 465, 469, 474, 484 : Herrick, 1901,

pp. 222-223, pi. xiv. : Pander, 1860, taf. iii. figs. 1, 3, 4, 12, 13,

23 ; taf. iv. fig. 2 : Jaekel, 1911, figs. 84, 85). I find no certain

traces of any anterior head line.

Of the other structures described as sensory canals by Bryant,

the postei-ior one of the two on the mandibula is clearly shown in

my specimen to be a pit line, and the same ought also to be the

case with the other ones shown in his restorations (Bryant's

text-figs. 2 c, 3 6).

As is evident from this description, the sensor}^ canals proper

of Eusthenopteron are developed exactly as described by Goodrich
in Osteolepis (Goodrich, 1919) and by me in DictyonosteAis and
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the Ccelacanthids (Stensio, 1921). The pit lines seem, so far

as is known, to agree rather well with those in other Crosso-

ptery.sfians.

POROLEPIS ? sp.

Among the material collected by the Norwegian expeditions
in the Lower Devonian strata of Northern Spitzbergen, and for

the investigation of which I am indebted to Professor J. Kiaer, of

Kristiania, there is an anterior part of the cranial roof, which in

this connection deserves some remarks. The part has belonged
to a very large fish, probably referable to the same genus as

the scales known under the name Forolepis posnaniensis Kade
(c/. Woodward, 1891, p. 9; Stensio, 1918 a, pp. 66-73).

On the upper surface of the part present (PI. I. fig. 5) no
sutures at all can be observed. If, however, the outer layers of

the bones are removed, the radiation from their ossificatory

centres appears, though not so distinctly as in Dictyonosteus or

Eusthenojiteron owing to the less favourable state of preservation

of the bone tissue. By means of this method, I have been able

to observe that the division of tiie dermal roof covering the
ethmoidal I'egion consists of a large number of plates, probably
even larger than in Dictyonosteus. The exact aiTangement and
extension of these plates as well as their number ca,n, however,
not be made out with the help of the fragmentary material at mj
disposal. One can only see clearly that the nasal is represented
by two or three plates. The supraorbital sensory canal {soc, PI. I.

fig. 5) ruiis exactly as in Dictyonosteus. It communicates
anteriorly with the anterior parts of the infraorbital canal

(ifc) of its side, which in its turn anastomoses Avith that of the
opposite side through a well-developed ethmoidal commissure
(ethm.com.), the conditions thus being also in these respects as in

Dictyonosteus.

The Ccelacanthids.

The Ccelacanthids are now rather completely known (Stensio,

1921, 1922 ffl, 1922 6; Watson, 1921), and I have here only
certain remarks to make on them.

It is easily seen that the sphenoid of Diplocercides agrees well

with that of the Rhipidistids in most features, and there can
be no doubt that the soft anatomy of the region occupied bv
this bone in Diplocercides in the main must also have shown
great agreem.ent with that of the corresponding region in the
Rhipidistids.

In Diplocercides (text-fig. 5) we can clearly see that the

trigeminus branches proper or their roots, with the exception of

the r. ophthalmicus profundus, which has its exit more forward,
have pierced the cranial w^all jusc postero-dorsally of the basi-

pterygoid process and at the hinder border of the alisphenoid
Avulst, together with the r. ophthalmicus lateralis and n. buccalis

lateralis (or their roots). From this place all these nei-ves have
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evidently run forward dorsally of tl)e basipterygoid process.

One of them, the n. ophthaJmicns la,teralis, has pierced the dorsal

part of the alisphenoid wulst through an anteriorly running canal,

perhaps accompanied by the r. ophthalmicus superficialis tri-

gemini, while the other ones certainly had their passage more
ventrally on the lateral side of the alisphenoid wulst. From the

conditions in Dictyonosteus one can conclude with rather great

probability that in Diplocercides the vena jugularis also ought to

have passed dorsally of the basipterygoid process.

Text-figure 5.

Sbemp.txl- P?-'' alsph Sph
p^

cr.ep

IK? /' ,'
/

• ' ^\
. ^-TT 'Psph

Diplocercides kaijseri (V. Koenen).

Neurocranium from the right side. Cartilage dotted, cartilage hones shaded. 2/1,

From Steiisio, 1922 (1922 a).

JS. 'petlim, exetlimoideo-preethmoid ; Fr, frontal part of the dermal cranial roof

;

01, occipito-labyrinth ossification; Pa.it, parieto-interterapoi'al : Fsph, para-

sphenoid; S'pli, sphenoid; Siemp.ext, supratemporo-extrascapular ; a.car.int,

ventral opening of the unpaired canal for the internal carotid ; alspJi, alisphenoid

wulst ; c.n, canal for vessels to or from the nasal fossa (probably a vein canal)

;

?r.ep, epiotic crista; cr.oc, occipital crista; e, basipterj^goid process; feu,

anterior division of the myodome
; for., canal probably for a dorsally bounded branch

from the n. lineaB lateralis; Zai./or, foramen probably for the anterior branches

of the r. maxillaris trigemini and n. buccalis lateralis; olf exit of the olfactorj"-

nerve in the nasal fossa ; ophth.lat^, anterior opening of the canal through the

alisphenoid wulst for the n. ophthalmicus lateralis ; opJith.lat^, posterior opening

of an anterior canal for the n. ophthalmicus lateralis ; II, opticus canal ; III, oculo-

motorius canal ; IV, trochlearis canal ; Vje, canal for the r. ophthalmicus jjrofundus

trigemini; VII, facialis canal ; VI, probably the canal for the r. palatinus facialis

or perhaps the canal for the abducens ; IX ?, presumed position of the glosso-

pharyngeus exit; X, canal for the n. vagus, n. lineas lateralis, and v. encephalica

posterior.

In Axelia we have a. foi-m which with regard to the position of

the basipterygoid process agrees rather well Avith Diplocercides

(Stensio, 1921, text-figs. 39, 40). Moreover, we have tliere a

long well-developed homologue to the alisphenoid Avulst of

Diplocercides, and on the lateral surface of this homologue, which
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forms <a postero-ventraj. process from the fronto-dermosphenotic,

there runs an antero-caudal sulcus, which certainly corresponds

to the canal for the n. ophthalmicus lateralis in Dlploceraides.

These facts and the conditions in general in Axella show that

the trigeminus branches (with the exception of the r. ophthal-

micus profundus), the lateralis nerves accompanying them, and

the vena jugularis ought all to have run dorsallj^ of the basi-

pterygoid process as in Diplocerckles and the Rhipidistids.

The basipterygoid process in Wirnania and Macropoma, though

situated very high up, issues, however, just at the basis of the

obvious homologue of the alisphenold wulst and just below the

level of the floor of the cranial cavity. It actually has the same
position as in Diplocercides and Axelia, but the cranial basis

below it has grown much deeper in these. There is thus no
reason to believe that in IVimania and Mao-opoma the trigeminus

branches, the lateralis branches accompanying these, and the

V. jugularis would have run in another way in relation to the

basipterygoid process than in Alexia, Diplocercides, and the

Rhipidistids.

Consequently the view put forward by AUis in a recent paper

(1922, pp. 149-152) that the vena jugulai'is, the trigeminus

branches, and the lateralis nerves accompanying these passed

ventrally of the process termed the basipterygoid process by me
seems untenable, as far as we can judge at preseiat- tt is

absolutely certain that the basipterygoid process of my descriptions

of the Ccelacanthids cannot be a postorbital process as Allis

concludes. A single glance at the conditions in Dip>locercides and
Axelia is sufficient to show the impossibility of this view.

In his ai'gument against my view of the basipterygoid process

in the Ccelacanthids, Allis also says that as the hyoman-
dibula in these fishes is evidently of the teleostome type, the

jugular vein must have passed internal to it (Allis, 1922, p. 151
;

1915), and that this vein accordingly cannot have run so high up
as I have maintained, i. e. it cannot have run dorsally of the

basipterj^goid process. He evidently bases his account {cf. Allis,

1922. pp. 150, 151) in this point on Reis's description, having

probably oveidooked my statements (Stensio, 1921, pp. 114, 118-

119) that the dorsal part corresponding to the hyomandibula of

the hyoid ai'ch in the Ccelacanthids is reduced, and that the

hyomandibula of Reis's description is simply a parr, of some of

the ossifications in the primordial neurocranium. The epihyal,

which in the fossil state of the Ccelacanthids forms the dorsal

part of the hyoid ai^ch, has been attached to the primordial

neurocranium only with ligaments. How far dorsally these

ligaments extended it is impossible to say, but it seems to me
most probable that they were ratlier short, and that the vena
jugularis passed totally dorsally of them and thus dorsally of the

hyoid arch, as it does in Selachians. Thus in this respect,

too, the conditions do not suppoi't the view put forward by
Allis.



1262 DK. ERIK A. STENSIO : NoxES

An account of tlie exact bomologues of the basipterygoid

process of the Coelacantbicls is given by me in connection witb

tbe description of the niyodome of Saurichthys (Stensio, 1922 fc),

and on tbe same occasion I also bad tbe opportunity of deabng

with the myodome of tbe Ccelacantbids. As it will perhaps be

a long time befoi'e I can get enough money to print my work on

the Sauriehtbyids, I have found it necessary to give here in

extenso the considerations that I made there on the Ccelacantbids.

"In tbe Ccelacantbids (Stensio, 192L pp. 53-62, 91-96, 120-

122; 1922 «, pp. 177-184, 205-206) there has taken place, in

connection with the considerable growth of the eyes, a compression

and thinning from the sides of certain postero-ventral parts of

the orbito -temporal region and an adjacent smaller part of tbe

Text-figure 6.

Scs -Pa.it Sph
j:^^

ch
•' .'

', \ ' V "Psph

It mv) fen S a.car.inV

Diplocercides kayseri (V. Koeiien).

Median sagittal section tlirough the neurocranium. Cartilaginous parts restored.

Cartilage dotted, cartilnge bone shaded. 2/1.

Fr, frontal part of the dermal cranial roof; 01, occipito-labyrinth ossification;

J?a.it, parieto-interteniporal ; Tsv^h parasphenoid ; Spit, sphenoid ; a.car.int,

unpaired canal for the internal carotid arteries; 5o, basioccipital portion of the

ocoipito-labj'rinth ossification ; ch, chorda space; c«, cranial cavitj' ;
/ew, anterior

division of the mj'odorne
; fJiyp, fossa hypophyseos; my, posterior division of the

niyodome ; s, canal between the fossa hypophyseos and the myodome ; so, supra-

occipital portion of the occipito-labyrinth ossification.

labyrinth region. These thinned partsha,vea latber considerable

fenestration close to tbe base of tbe primordial neurocranium,

the oibits thus being in communication with each other at this

place. The fenestration, tbe ventral boundary of which is formed

by the parasphenoid, is situated A^entrally of tbe fossa hypo-

physeos, with which it has presumably communicated, and just

posterior to tbe impaired canal for the arteria? carotides internee,

that ascends veitically through the basis cranii, entering the

cranial cavity immediately anterior to the fossa hypophyseos.
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The fenestration has thus approximately the same position as

tlie canalis transversus of the Elasmobranchii (canal for the

pituitary vein), and must certainly be considered as such a canal,

though it has becojiie very much widened and in addition

shortened in a transversal direction. From its posterior surface,

which is somewhat wider than the anterior one, a short fossa

penetrates in a backward direction between the base of the

primordial neurocranium and the parasphenoid. To define it

more closely, this fossa is so situated in the post-Devonian
Ccelacanthids, that it is bounded dorso-caudally and caudally by
the corpus of the basisphenoid and on either lateral side b}^ the

ventral process of the basisphenoid, while the ventral wall is

formed by the parasphenoid. In the Devonian form Diplocer-

cides hayseri (Stensio, 1922 «, pp, 178-179, 205-206) the fossa

is situated in quite the same place as in the post-Devonian
forms, but as there the basisphenoid is contained in and forms
a postei-o-ventral part of the lai-ge sphenoid, it is consequently

bounded there dorsnlly, caudally, and laterally by the pars basi-

sphenoidea sphenoidei."
" In fishes in general, as we know, the recti muscles of the eye

have their place of origin postero-ventrally of the opticus and
oculomotorius foramina or else postero-ventrally of a line that

can be drawn through these two foramina. In the Ccelacanthids

the place where one must suppose the musculi recti to have
originated is occupied by the widened transversal canal, and we
can, therefore, scarcely help thinking that an expansion of this

canal has been caused by the recti muscles. The recti externi

have probably, as usual, invaded the transversal canal and then

pushed postero-ventrally into the posterior wall of this canal,

forming the short fossa described in this wall. The other three

musculi recti have perhaps partly had their origin on some
vertical membrane, which may have filled the anterior part of

the transversal canal ; most probably, however, they ought to

have originated for the most part from the dorsal surface of the

yjarasphenoid on the sides of or in the transversal canal itself.

Whatever the conditions may have been with regaixl to the

origin of certain of the recti muscles, it seems, however,

impossible not to suppose that in the expanded transversal canal

and the fossa opening into this from behind we are concerned

with a sort of myodome."'
" "Watson has recently (1921, p. 335) doubted this explanation

of mine, which I put forward in an incomplete form in the

former part of this work. He then laid stress especially on the

fact that the space that would be regarded as a myodome could

not under any circumstances be homologous with the myodome of

the Palseoniscids, Avhich of course is situated dorsally of the

basipterygoid process and laterally of what he calls ' the body of

the basisphenoid.' It is of course true that the relation of the

myodome to the basipterygoid process is quite difi^erent in

Palseoniscids and Ccelacanthids, but, as I believe I can show,
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this difference is due to the upward displacement of tlie

articulation between tlie primordial neurocranium and the

palato-quadrate in the Ooelacanthids (Stensio, 1922 a, pp. 205-

206) from its original position at or near the base of the

neui'ocranium."
" For if we turn to Dictyonosteus we find there a large basi-

pterygoid process which certainly extends some distance upivards

along the lateral surface of the neurocranium but which issues,

however, also in part from the cranial base. This basipterygoid

process really forms, if one will so express it, a very powerfid
' wulst ' along the posterior edge of the sphenoid {cf. Stensio,

1921, p. 56) where it begins immediately above the para-

sphenoid

—

i. e. at the basis cranii—and continues upwards and
somewhat backwards to about a third of the height of the

nt'urocranium at this place, ending there with a truncated upper

end. On account of the oblique position of the process the

anterior surface of this is directed antero-dorsally and the

posterior one postero-ventrally. The process has in addition a

dorsal surface and has certain!}" also had another one against

which the meta.pterygoid probably articulated. This latter

surface, which probably faced ventro-laterally and perhaps some-

what posteriorly, is, however, not well preserved."
" Tiie antero-dorsal surface of the basipterygoid process and

the lateral VN-all of the part of the sphenoid just in front of the

basipterygoid process in Diciyonosteus form together a sort of

shallow antero-laterally and somewhat dorsally directed fossa at

the inner end of- which the Vi^ell-developed cana,lis traaisversus

opens. The vena jugularis has passed the opening of this canal

and received the vena pituitaria from it, after which it has

continued upwards and backwards in a very distinct sulcus on the

boundary between the external vertical surface of the sphenoid

and the antero-dorsal surface of the basipterygoid process, until

it reached the dorsal surface of the latter process, where it

presumably turned more straight backwards, situated all the

time close to the lateral surface of the sphenoid. The arteria

carotis interna must in its forward course have been situated

on the outside of the basipterygoid process close to its base. At
the anterior end of the basipterygoid process it must have turned

in a medial direction, entering a sphenoid by a large foramen.

The parasphenoid lacks the processus ascendens, but if this had
been developed the arteria carotis interna, would have passed

between it and the basipterygoid process to its canal in the

sphenoid just referred to."

"From the upper end of the basypterj^goid process a ridge,

which if not strong is still distinctly marked, passed upward and
forward to the cranial roof ; and just in front of this ridge, which

I have called the alisphenoid ' wulst," Ave find at the top not far

below the cranial roof the anterior opening of a canal, which, as

far as one can judge (cf. Stensio, 1921, pp. 60, 93), must have
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traBsmittecl the n. ophthalmicus lateralis (c/*. also Stensio, 1921,
p. 170) and lower, a short distance above the dorsal end of the
basipterygoid process, the anterior opening of another canal,
which seems to have transmitted their r. ophthalmicus profundus
or some similar nerve.'"

"The main part of the trigeminus nerve, together with the
lateralis nerves accompanying the trigeminus branches, has
traversed the cranial wall rather high postero-dorsally of the
basipterygoid process behind the alisphenoid wulst, and must
then have run forward and a little downward dorsally of this
process. Tlie facialis exit must have been situated still somewhat
farther backward, but at the same time cei'tainly also moi'e
ventrally than the trigeminus exit. The r. pah\tinus facialis

has been thence given off" in a forward and downward direction,

and it probably came down behind the basipterygoid process,
afterwards turning in a forward direction on the outside of the
basal part of this process. In this part of its course tlie r. pala-
tinus facialis ought to have been situated, at least for some
distance, rather close to the arteria. carotis interna. The
n. abducens probably accompanied the trigeminus branches, and
thus passed dorsally of the basipterygoid process. Finally, it

may also be pointed out that the large fossa hyphphyseos reaches
with its postero-ventral part into the part of the sphenoid
situated between the basipteiygoid processes."

"From the facts stated, it is obvious that the formation in
Bictyonosteus tiiat has hitherto been called the basipterygoid
process must really in its antei-o-ventral part be homologous with
a posterior larger part of the basipterygoid process in Birgeria^
at the same time, however, also including something more than
this. It would have about its entire correspondence in Birgeria
if we supposed there the myodome half of one side with the
exception of the prepituitaiy part to be filled out with bone and
this bone-mass forming a connected whole with the basipterygoid
process forward and downward, and also with the basal parts of
sphenoid on the medial side. In a similar way it would have
its equivalent in Amia if in this fish we supposed the lateral

parts of the myodome of either .side, apait from the prepituitary
part, to be filled with bone or cartilage, but in this case of
course it would correspond exactly only to the anterior part
of such a bone or cartilage mass. In sharks it corresponds some-
what but not quite exactly to a posterior part of what Allis

(1914 a) calls the ' subocular shelf— together with an adjoining-

part of the capsula auditiva postero-ventrally of the vena jugu-
laris. The correspondence would in the latter case be alnrost

complete if only these cartilaginous parts in the sharks were
developed somewha,t more in such a way as to form a lateral

wall, to some extent more complete, for the fossa at the posterior
end of the orbit in which the canalis transversus opens out. and
in which the trigeminus ganglionic complex is also usually
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situated (fossa trigemiDo-pituitaria, Allis, 1914 a). The basi-

pterygoid process is Dictyonosteus thus comprises not only the

homologue to the actual basipterygoid process, but also certain

othei' parts of the cranial wall."

" Dorsally of the upper end of the basipterygoid process— if we
may, for the sake of brevity, retain the term basipterygoid process

for it

—

Dictyonosteus lacks every equivalent to the outer wall of

the trigemino-facialis chamber in Birgeria, Amia, Lepidosteus,

and Teleosts, and also to the postorbital process and the sphenotic.

As also no processus ascendens parasphenoidei that might have
covered this part of the cranial wall is present, the trigemino-

facialis cha.mber is consequently absolutely lacking. If a niyo-

dome wei'e developed in Dictyonosteus this myodome would
naturally be without lateral prespinal parts."

" In Eusthenopteron (Bryant, 1919, text-fig. 5
;

pi. ix. fig. 3) a
basipterygoid process is found of essentially the same type as the

one just described in Dictyonosteus. It only reached somewhat
higher" up than in the latter form. In a fossa between it and
the vertical interorbital wall is situated the opening of the

canalis transversus in the same way as in Dictyonosteus. By
its greater extension upwards the basipterygoid process in

Eusthenopteron shows a certain tendency to develop in the same
direction as in the Ca?lacanthids. For, if we imagine its ventral

part reduced or weakly developed, the remaining dorsal part

would evidently come to correspond fairly closely to the basi-

pterygoid process in the Cffilacanthids, as I have already pointed

out in another work (Stensio, 1922 a, pp. 205-206). This iiieans

of course that the basipterygoid process of the Coelacanthids

would be homologous with at least a, part of the septum that

separates the myodome from either trigemino-facialis chamber in

Teleosts."
" This view of the basipterygoid process in the Coelacanthids

is also supported by the course of the nerves and the vessels. In
Diplocercides hayseri, where the conditions are best known, we
thus find the following conditions (Stensio, 1922 a). All the
trigeminus branches except the r. ophthalmicus profundus must
have passed forward dorsally of the basipterygoid process, as has
the vena jugularis on its way backward after having received

the V. pituitaria, which tiuversed the anterior part of the
myodome from side to side. The r. palatinus facialis must in

all pi'obability on its way forwards and downwards have run
just postero-ventrally of the so-called basipterygoid process, and
probably reached down to the level of the cranial base just at

the myodome. The arteria carotis interna must have had its

course far ventrally of the so-called basipterygoid process, and
has, as we have seen, entered the primordial neurocranium at

the anterior- end of the myodome, where it turned directly

upwards in an unpaired canal Avhich opened into the cranial

cavity immediately behind the exits of the optic nerves. With
regard to the n. abducens, it is true that as yet nothing certain
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is knowa about it, lout presumably it accompanied the trigeminus

branches." *

" Tlie myodome in the Coelacanthids as described here has

pro-otic, pituitary, and prepituitary parts (c/. Allis, 1919). The
pro-otic pai't of it is represented by the fossa situated between

the basisphenoid (pars basisphenoidea of the sphenoid in Diflo-

cercides) and the parasphenoid. The pituitary pa.rt is situated

beneath the fossa hypophyseos, and is separated from this fossa

by a roof of bone pierced only by a small opening for the

hypophysis. The prepituitary part is very short, and is only

homologous with the median portion of the prepituitary part of

the myodome in the Teleosts. Homologues to the lateral portions

of the prepituitary part of the myodome in the Teleosts are

totally lacking, even as potential."
" As at least in the fossil state of preservation the myodome

in the Coelacanthids is bounded directly by the parasphenoid on

the ventral side, it might be supposed to consist of both a dorsal

and a ventral compartment, like the myodome in the Teleosts,

If this were actually the case, the ventral compartment must,

however, at least in certain species {Axelia, Stensio, 1921, p. 95),

have been very short and limited only to the anterior end of the

myodome, as the parasphenoid in these species (Axelia) beneath

the middle and posterior parts of the myodome undoubtedly

seems to comprise parts ossified in the ventral wall of the

primordial neuroaranium, and the parts so ossified there form

the floor of the myodome." t
'•The myodome in the Coelacanthids can easily be thought to

have ai'isen from the conditions in the Rhipidistids in the

following way. If in the Rhipidistids the postero-ventral parts

of the orbitotemporal region and the adjacent part of the

labyrinth region became much compressed from the sides and
thinned by an increase in the size of the eye-balls, the canalis

transversus would of course be ver}'" much shortened. If, then,

the musculi recti extern! invaded the opening of this shortened

canal, they would rather soon meet with their origins in the

median line, causing a considerable widening of the whole canal.

* In 1113'' paper ou the Devonian Ciieliicantliids from Wildungeu (Scensio, 1922 a,

p. 183j, I was of the opinion that the n. abducens in Diplocercides ous'it to have
I'uu postero-ventvally of the so-called basipteiygoid process of the tish. The opinion

maintained in the present work seems, however, more in agreement with the general

conditions than my earlier one.

t ''From the conditions described here in Dlctyonosteus it is evident that the

objections made by Allis, 1922 (pp. 149-152) against my interpretation of certain

parts of the neurocraniura in the CaBiacanthids must be untenable. There can be

no doubt that the dorsal part of the basipterygoid process of Dicti/onosteus is homo-
logous with the corresponding part of the process of JSitsthenopteron and the whole
process of the primitive Ccelacanthids {Diplocercides), and tliat accordingly also the

jugular vein in this form has run dorsall}' of the process as it has done in Dictt/)-

nosteus. Among the post-Devonian Ccelacanthids we have in Axelia a form whicii

with regard to the position of the basipterygoid process shows rather intermediate

conditions between the primitive Coelacanthids {Diplocercidss) and TFimania, in

which latter the process issues very high above the cranial base."
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Being forced to shift their origins still farther backwards by the

continued growth of the eye-bulbs, the recti externi muscles may
be imagined to have pushed backwai'ds into the posterior wall of

the transvei'sal canal, forming a fossa there opening in front

into the transverse canal. Then, perhaps chiefly owing to the

influence of the other recti muscles, a widening of the transverse

canal forward may be supposed to have taken place at the

expense of the bone part between this canal and the vertically

ascending canal for the internal carotid arteries. Finall}', the

transverse cana,l, by the influence of the recti muscles, grew
wider downwards as well, the floor of the canal belonging to the

primordial neurocranium at the same time becoming much
reduced, and finally perhaps forming only a membrane on the

dorsal surface of the parasphenoid. The recti inferiores, po;;-

teriores, and superiores can after this have been able more or less

easily to break through the membrane with their origins in

seeking a firm attachment on the paras|)henoid, and if this had
happened a ventral myodomic compartment Avould ha,ve arisen.

That a myodome arisen in the way sketched here from the con-

ditions in the Rhipidistids must lack homologues of the lateral

portions of the prepituitaiy parts of the myodome in Birgeria,

Amia, and Teleosts, as the myodome in the Coslacanthids actually

does, is evident from what has been put forward above concerning

the Rhipidistids.'"
" In this connection finally it ought also to be pointed out that

the occurrence of a myodome \\\ the Ctelacanthids shows with full

certainty that a myodome can easily develop, and that the myo-
dome in several grou])S of fishes has been developed independently.''

" The myodome in the Ccelacanthids, if it haa no ventral

compartment, would, as is easily understood, correspond fairly

well to the myodome in S. ornahis if the latter were extended

forward by reduction of the larger posterior p^ut of the bone-

pa.rt hs'ph.'''

If we summarize here the results obtained by the investigation

of the Coelacanthids with regard to the basipterygoid process, we
find the following. The basipterygoid process ©f the primitive

ancestors of the Coelacanthids must have been rather high,

extending upwards along the lateral side of the primordial

neurocranium as in Dicti/onosteus, i\nd them eta pterA'goid probably

articulated against the upper parts of this process. Through
reduction of the ventral parts of the process the conditions

which occur in Dijyloce^'cides seem to have arisen, and from these

the evolution towards the post-Devonian Coelacanthids ought to

have proceeded in such a way that the parts of the cranial basis

below the remains of the basipterygoid process grew very deep,

while at the same time the height of the parts dorsally of this

process decreased.

In Diploce7-cides the sphenoid, like that of the Rhipidistids,

comj^rises paired orbitosphenoid and alisphenoid components ar<l

an unpaired basisphenoid component. In the post-Devonian
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forms, on the other hand, there nre found merely posterior parts

of the basisphenoid and alisphenoid components, while the
anterior parts of these components, together with the orbito-

sphenoid component, have been reduced and replaced by
cartilage.

In Jlacroponia the part present of the alisphenoid component
of either side is continuous with the basisphenoid component, thus
having tliere its original relation to the latter component (Watson,
1921, p. 323). In Axelia and Wimmiia, on the other hand, the
alisphenoid component of each side has coalesced with and forms
a descending process from the fronto-dermosphenotic of its side.

These different conditions of the alisphenoid component in dif-

ferent forms are of very great interest, as they show that a part

of a substitution bone may rather easily become independent and
coalesce with other neighbouring bones, even dermal ones {cf.

Stensio, 1921, pp. 153-161, 181182; Allis, 1899, 1909).
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EXPLANATION OF THE PLATE.

Fin;. 1. Dicti/onosteus arcticus Stensio. Anterior half of the iieurocranium in

lateral view. The lateral parts of the ethmoidal region and of the cranial

roof removed. 1/2.

Fig. 2. Diotyonosteus arcticus Stensio. Same parts as in the preceding figure, but
with the basipterygoid process removed to show the canal for the pituitary
vein and the fossa hypophyseos. 1/2.

Pig. 3. Dictyoiiosteus arcticics Stensio. Sphenoid from behind. 1'2.

Fig. 4. Diotyonosteus arctictis Stensio. Autero-lateral view of the posterior half
of the sphenoid. N.B. The very distinct sulcus for the jugular vein (.s/),

and the opening of the canal for the pituitary vein {v.pit). 1/2.

Fig. 5. Porolepis ?sp. Anterior part of tire dermal cranial roof, showing the
sensory canals.

The type-specimen of figs. 1-4 belongs to the Palseontological Institution, Upsala

the type-specimen of fig. 5 to the Palajontological Museum, Christiania.

Index letters.

IS.pethm, exethmoideo-preethmoid ; J?r, frontal; PspA, . parasijlienoid ; Sph,

sphenoid ; c.car.int, canal for the arteria carotis interna ; alspli, alisphenoid

wulst; by, basipterj'goid process; en, orbito-nasal canal for vessels to or from, or

both to and from the nasal pit ; c.ofhth.lat, through the dorsal part of tlie

alisphenoid wulst for the u. ophthalmicus lateralis ; cv, cranial cavity
; f-hyp,

fossa hypophyseos ; ifc, infraorbital sensory canal ; sj, sulcus for the vena jugularis ;

soc, supraorbital sensorj' canal ; v cerebr.ant, canal for the anterior cerebral vein
;

v.pit, canal for the pituitary vein; I, olfactory canal; II, opticus canal; III,

oculomotorius canal ; IV, trochlearis canal; V, trigeminus exit ; Vi, canal for the

r. ophthalmicus profundus.
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EXHIBITIONS AND NOTICES.

October 24th, 1922.

Dr. A. Smith Woodward, F.R.S., Vice-President,

in the Chair.

The Secretary read the following Report on the Additions to

the Society's Menagerie during the months of June, July,

August, and September, 1922 ;

—

June.

The registered additions to the Society's Menagerie during the
month of June were 157 in number. Of these 75 were acquired

by presentation, 34 were deposited, 26 were purchased, and 22
were born in the Menagerie.

The following may be specially mentioned :

—

1 Striped Hysena {Hyimia liycena), from Kaxluna, Nigeria,

presented by Lt. L. S. Clinton on June 20th.

3 Cape Hyraxes, born in the Menagerie on June 19th.

1 Greater Amethyst Sun-bird i^Chalcomitra ainethystina) and
1 Malachite Sun-bird {Nectarinia famosa, from South Africa,

presented by Mrs. George Robey on June 6th.

1 Apure Tovi Parrakeet {Bi'otogerys jugularis aparensis), from
Apure, Venezuela, new to the Collection, presented by Mons.
J. Delacour, F.Z.S., on June 12th.

6 Pink-winged Rose-Finches (/v?Ao(ios/>i«a obsoleta), from Persia,

presented by Alfred Ezra, O.B.E., F.Z.S., on June 12th.

1 White-crested Hornbill [Ortholophus leucolophus)^ from
Coomassie, West Africa, new to the Collection, presented by
Major Harold W. Sidley on June 12th.

A collection of Indian Snakes, including 2 Hamadryads
{Naia bungaj-us)

,
presented by Alfred Ezra, O.B.E., F.Z.S., on

June 12th.

A Tiger-Fish (Carajnis fasciatus), €rom Brazil, new to the
Collection, purchased on June 15th.

July.

The registered additions to the Society's Menagerie during the
mouth of July were 229 in number. Of these 120 were
acquired by presentation, 17 w^ei'e deposited, 31 were purchased,
1 was received in exchange, and 60 were born in the Menagerie,
The following may be specially mentioned :

—

1 Tiger (Felis tigris), J , from Bhopal, Central India, presented
by H.H. Raja Sir Bira,ndi-a Singh, K.C.I.E., on July 13th.

1 Kiang {Eqtnts kiaiig), $ , born in the Menagerie on July 9th.

2 Guinea Baboons (Pajno pajno), 1 African CiA^et {Givettictis

civeita), 2 African Porcupines {Elystrix ctfricce-australls), 2

Harnessed Antelopes (Tragelaphus scrijjtus), 1 Saddle-billed Stork
{Ephippiorhynchibs senegalensis) from Gambia, and 3 Ostriches
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{Struthio camelus) from Senegal : presented by H.E. Capt. C. H.
Armitage, C.M.G., D.S.O., on July 18th.

1 Cliestnut- capped Buarremon [Buarretnon hrimtnehiucha),

from Southern Mexico, new to the Collection, purchased on

July 25th.

1 White-bellied Amethyst Starling (Fholidcmges leucogaster),

2 Broad-tailed Babblers {Crateo^ojnis 2jlatycercus), presented by

Dr. E. Hopkinson, C.M.G., D.S.O., on Jufy 17th.

A Grooved Tortoise (Testudo calcarata), bred in the Menagerie

on July 16th.

A West-Airican Chameleon {Chamcdeon gracilis), new to the

Collection, presented by H.E. Capt. C. H. Armitage, C.M.G.,

D.S.O., on July 18th.

August.

The registered additions to the Society's Menagerie during the

month of August vvere 187 in number. Of these 102 were

acquired by presentation, 42 were deposited, 25 were purchased,

3 were received in exchange, and 15 were born in the Menagerie.

The following may be specially mentioned :•

—

1 Brazilian Tapir (Tapirus terresWis), from Brazil, deposited

on August 29th.

16 Prairie-Marmots {Cynomys ludovicianus), from North
America, purchased on August 22nd.

2 Pocket-Gophers [Thomomys hulbivorus), from San Francisco,

new to the Collection, deposited on August 15th.

3 Greater Amethyst Sun-birds {Ghalcomitra mnethystina), from

Durban, presented by A. M. Campbell, F.Z.S., on August loth.

1 Verreaux's Amethyst Starling (Pholidcmges leucogaster

verreauxi), from Durban, presented by Harold Milla]', «J.M.Z.S.,

on August 13th.

A young Wart-Hog (Phacochoerus africanus) and a collection

of Reptiles, including 2 Green Tree-Snakes (CA^orojoA^'s irregularis)

and a Skink (Chcdcides, sp. nova), both new to the Collection,

from Gambia, presented by H.E. Capt. C. H. Armitage, C.M.G.,

D.S.O., F.Z.S., on August 15th.

1 Mamba (Bendi^asjns angusticeps), new to the Collection, from

South Africa, purchased on August 11th.

13 Buerger's Tree-Frogs {Rliacophorus hiiergeri), new to the

Collection, from Japan, presented by Mr. Tomisaburo Nagai.

2 Sucker-Fish (Plecostomus commersoni), new to the Collection,

from South America, purchased on August 31st.

September.

The registered additions to the Society's Menagerie during the

month of September were 214 in number. Of these 87 were
acquired by pi-esentation, 17 were deposited, 62 were purchased,

19 were received in exchange, and 29 were born in the Menagerie.

The following may be specially mentioned :
—

2 Musk-Oxen (Ovibos moschatus), c? $ , from Greenland,

purchased on September 19th.
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1 Tigress {Felis tigris), from Perak, presented by W, H. Jones,

Esq., on September 18th.

2 Cheetahs {Cyncelurus juhatus), from Nairobi, deposited on

September 25th.

1 Nagor Antelope {Redunca nagor), 1 Gambian Oribi [Ourchia

nigricaudata), 3 Petas Cercopitheques (Cercopiihecus palas),

3 Nilotic Mowiiova {Varantis niloticns), 1 "West-African Chame-
leon {Chamceleon gracilis), 1 Hissing Sand-Snake (Psammophis

sihilans), and 1 Senegal River-Turtle {Cyclanorhis senegalensis),

from Gambia, presented by H.E. Capt. C. H. Armitage, C.M.G.,

D.S.O., F.Z.S., on September 19th.

1 Spectacled Owl (Ftdsatrix perspicillaia), horn South America^

purchased on September 18th.

1 Rock-Bunting (Fnngillaria tahapizi), from South Africa,

new to the Collection, presented by the Hon. Mrs. Charles Winn
on September 26th.

A large collection of N.-Amei^ican Snakes, including 2 Copper

Heads { Ancistrodon coniortrix), a Confluent Rattlesnake (6Vo/!fl?«s

confluent'us), and a Horned Rnttlesnake (Crotcdus Jiorrid.us),

presented by Dr. Howard A. Kelly on September 11th.

2 Puff-Adders and a Reinhnrdt's Snake {Prosymna meleagris),

the latter new to the Collection, from Mongalla, Sudan, presented

by the Rev. A. Shaw, C.M.G., on September 2nd.

The Si'X;RETAiiY exhibited, and made reniai'ks upon, two photo-

graphs of Zebras and Oryx from Kenya.

Mr. E. T. Newton, F.R.S.,E.Z.S., exhibited, and made remarks

upon, the tanned skin of a Frog.

Mr. C. Tate Regan, F.R.S., F.Z.S., exhibited, and made
remai'ks upon, some specimens of leather made from Sharks'

skins.

November 7t}i, 1922.

Prof. E. W. MacBride, F.R.S., Vice-President,

in the Chair.

Prof. G. Elliot Smith, M.D., F.R.S., F.Z.S., exhibited, and
made remarks upon, a series of pliotographs of a fossil tooth

(^Hesjierojiithecus) from Nebi-aska.

Dr. A. Smith Wood-ward, F.R.S., F.Z.S., exhijjited, and made
remarks upon, drawings and photographs comparing teeth of

a Bear, Chimpanzee, and Uesperopithecus.
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November 31st, 1922.

Sir S. F, Harmer, K.B.E., F.R.S., Vice-President,

in the Chair.

The Secretary read the following Report on the Additions to

the Society's Menagerie during the month of October, 1922 :

—

The registered additions to the Society's Menagerie during the

month of October were 263 in number. Of these 172 were
acquired by presentation, 40 wei'e deposited, 21 were purchased,

8 were received in exchange, and 22 were born in the Menagerie.

The following may be specially mentioned :

—

2 American Bisons (Bison americanus), J $ , frotn Canada,

presented by the Canadian Government on October 23rd.

1 Pygmy African Elephant {Loxodon cyclotis), § , from French

Gaboon, deposited on October 16th.

1 Black-tliroated Saltator {Scdtator artricollis), from Bahia,

Brazil, new to the Collection, purchased on October 26th.

7 Cream-coloured Coursers {Ctirsorius gallicas), from Egypt,

new to the Collection, purchased on October 4th.

2 Black Storks {Ciconia nigra), from Poland, presented by
IT.S.H. Prince Charles Radziwill on October 25th.

1 Kea Parrot [jVestor notahilis), from New Zealand, presented

by Lady Ursula Abbey on October 4th.

49 Indian Fruit-Bats (Pteropics m.eclius) and a collection of

Indian Reptiles, including 2 Cobras, a Russell's Ylper, and a

Banded Krait, presented by A. Ezra on October 7th.

A collection of rare tropical fish including several species new
to the Collection, presented by J. R. Shattock on October 8th,

Prof. E. W. MacBride, F.R.S., F.Z.S., exhibited, and made
remarks upon, a series of lantern-slides bearing upon Dr. Kam-
merer's expei-iments on Amphibia.

Dr. A. Smith Woodward, F.R.S., F.Z.S., exhibited, and made
remarks upon, a skull and tusks of a Mammoth from Siberia, and
drew attention to the remarkably perfect and fresh condition of

the specimen.

Mr, D. Seth-Smith, F.Z.S., exhibited, and made remarks
upon, the shed lining of the gizzard of a Hornbill.
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February 7th, 1922.

Dr. A. Smith Woodward, F.R.S., Vice-President,

in the Chair.

The Secretary read a Report upon the Additions to the
Society's Menagerie diunng the months of November and
December, 1921.

Mr. A. H. Evans, F.Z.S., exhibited, and made remarks upon,

a series of Cuckoos' eggs ta.ken near Cambridge.

Mr. C. W. HoBLEY, C.M.G., G.M.Z.S., gave a resume of his

paper on " The Fauna of East Africa and its Future," and drew
special attention to the urgent need for immediate action being
taken, if the rapidly disappearing herds of Big Game are to be
preserved from total extinction.

Lord Clifford of Chudleigh, F.Z.S., exhibited, and made
remarks upon, a series of photographs of Nototherium mitclielli.

Miss L. E. CHEESMAisr, F.E.S., gave an account of the position

and function of the Siphon in the Amphibious Mollusc A7)ipid-

laria vermiformis.

Mr. G. C. RoBsoN, F.Z.S., exhibited, and made remarks upon,
a series of models demonstrating the respiratory mechanism of

A tnpullaria vermiforinis.

* This Abstract is published by the Society at its oiRces, Zoological Gardens,
Regent's Park, N.W., on the Tuesday following the date of Meeting to which
it refers. It will be issued, along with the ' Proceedings,' free of extra charge,
to all Fellows who subscribe to the Publications ; but it may be obtained on the
day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.
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In the absence of Lt.-Col. J. Stephenson, D.Sc, F.Z.S., liis

communicntion " Contribution to the Morphology, Classification,

and Zoogeography of Indian Oligochfeta :

—

IV. On the diffuse Production of Sexual Cells in a Species

of Ghcetogaster (Fam. Naididte).

V. On Dratoida japonica (Michlsn.), a Contribution to the

Anatomy of the Moniligastridee.

YI. On the Relationships of the Genera of Moniligastridte
;

with some Considerations on the Origin of Terrestrial Oligo-

chseta,"

was taken as read.

The next Meeting of the Society for Scientific Business will

be held on Tuesday, Febraary 21st, at 5.30 p.bi., when the

following communications will be made:

—

R. Broom, D.Sc, F.R.S., C.M.Z.S.

On the Temporal Arches of the Reptilia.

H. Blegvad, Ph.D.

Animal Communities in the Southern North Sea.

Chas. F. Sonntag, M.D., F.Z.S.

(1) On the Vagus and Sympathetic Nerves of the Edentata.

(2) On the Vagus and Sympathetic Nerves of Hyrax
capensis.

C. Tate Regan, F.R.S., F.Z.S.

The Cichlid Fishes of Lake Victoria.

The following Papers have been received :

—

F. Balfour Browne, M.A., F.Z.S.

The Life-history of the Water-Beetle Pelobms tardus Herbst,



15

EKEXDRAisrATH Ghosh, M.D., M.Sc, F.R.M.S.

On the Animal of Scaphida Benson, with the Description of

a new Species.

F. W. Urich, Hugh Scott, M.A., D.Sc, and J. Waterston,

D.Sc, F.Z.S.

Note on the Bat-Parasite Cyclopodia greeffl, and on a new
Species of Hymenopterous (Ohalcid) Parasite bred from it.

S. K. Montgomery, B.A., B.Sc.

Direct Development in a Dromiid Crab.

The Publication Committee desire to remind Fellows

that it is only by courtesy that they are allowed to

bring guests to a Scientific Meeting. For the present

no Fellow can be permitted to bring more than one

guest to a Meeting.

The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and
be limited so far as possible to the description of new results.

Communications intended for the Scientific Meetings should

be addi'essed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of London,

Regent's Park, London, IST.W. 8,

February lith, 1922,
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February 21st, 1932.

Prof. E. W. MacBride, D.Sc, LL.D., F.R.S., Vice-President,

in the Chair.

The Secretary read a Report on the Additions to the

Society's Menagerie during the month of January, 1922.

The Secretary exhibited, and made remarks upon, a photo-

graph of the Society's Gardens taken from an aeroplane.

Miss L, E. Oheesman, F.E.S., exhibited specimens of the

Amphibious Mollusc, Ampullaria vermiformis, and described the

position and function of the siphon.

Mr. G. C. RoBSON, F.Z.S., exhibited a series of models demon-
strating the respiratory mechanism of Ampullaria veriniformis.

Mr. F. Martin Duncan, F.R.M.S., F.Z.S., exhibited a series

of cinematograph films showing the movements of Ainpullaria

vermiformis ; of the Fresh-water Crab, Cardisoma arrnatum ; and
of the Hawk's- bill Turtle, Ghelonia imbricata.

Miss L. E. Chessman, F.E.S., described the habits, in captivity,

of the Fresh- water Ci'ab, Cardisoma armatum.

* This ATDstract is published by the Society at its offices, Zoological Grardeiis,

Regent's Park, N.W., on the Tuesday following the date of Meeting to which
it refers. It will be issued, along with the 'Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.
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Dr. E. S. Russell, F.Z.S., communicated a paper by Dr. H.
Blegvad on " Animal Communities in the Southern North Sea."

Mr. 0. Tate Regan, F.R.S., F.Z.S., gave a resume of his paper
on " The Oichlid Fishes of* Lake Victoria."

Dr. Ohas. F. Sonntag, F.Z.S., gave a resume of. his papers " On
the Vagus and Sympathetic Nerves of the Edentata " and
" On tile Vagus and Sympathetic Nerves of Hyrax cajyensis.''

The next Meeting of the Society for Scientific Business will be
held on Tuesday, March 7th, 1922, at 5.30 p.m., when the following

communications will be made :

—

N. S. Lucas, M.B., F.Z.S., Pathologist to the Society.

Report on the Deaths which occurred in the Society's

Gardens during 1921.

F. Balfour Browne, M.A., F.Z.S.

The Life-history of the Water-Beetle Pelohius ^«rcZ«s Herbst.

R. Broom, D.Sc, F.R.S., C.M.Z.S.

On the Temporal Arches of the Reptilia.

F. W. Urich, Hugh Scott, M.A., D.Sc, and J. Waterston,

D.Sc, F.Z.s!

Note on the Bat-Parasite Cydopodia greeffi, and on a new
Species of Hymenopterous (Chalcid) Parasite bred from it.

S. K. Montgomery, B.A., B.Sc.

Direct Development in a Dromiid Crab.

The following Papers have been received :

—

Gilbert Blaine, F.Z.S.

Notes on the Zebras and some Antelopes of Angola.
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R. I. PococK, F.R.S., F.Z.S .

On the External Characters of some Hystricomorph Rodents.

H. R. Hogg, M.A., F.Z.S.

Some Spiders from South Annam.

The Publication Committee desire to remind Fellows
that it is only by courtesy that they are allowed to

bring guests to a Scientific Meeting. For the present
no Fellow can be permitted to bring more than one
guest to a Meeting.

The Pubhcation Committee desire to call the attention of

those who piopose to offei- Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed and
be limited so far h.s possible to the description of new results.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society op London,

Regent's Park, London, N.W. 8.

February 2Sth, 1922.
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March 7th, 1923.

Sir Sidney F. Harmer, K.B.E., F.R.S., Vice-President,

in the Chair.

Mr. C. Tate Regan, F.R.S., F.Z.S., exhibited, and made re-

marks upon, some living specimens of the Indian Tortoise-

Beetle Aspidomorpha saMctce-crttcis,

Mr. N. S. Lucas, M.B., F.Z.S., read a Report on the Deaths
which had occurred in the Society's Gardens during 1921.

Prof. D. M. S. Watson, F.Z.S., gave a resume of Dr. R.
Broom's paper " On the Temporal Arches of the Reptilia."

Dr. J. "Waterston, F.Z.S., gave a 7'esume of a paper by F. V.
Urich, H. Scott, and J. Waterston on "The Bat-Parasite
Cyclopodia greeffi, and on a new Species of Hymenopterous
(Chalcid) Parasite bred from it."

* This Abstract is published by the Society at its offices, Zoological Gardens,
Eegent's Park, N.W., on the Tuesday following tJie date of Meeting to which
it refers. It will be issued, along with the ' Proceedings,' free of extra charge,
to all Fellows who subscribe to the Publications ; but it may be obtained on the
day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.
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M.V. S. V, Montgomery, B.A., B.Sc, communicated his paper
" Direct Development in a Dromiid Crab."

In the absence of the Author, Mr. F. Balfouk-Brown's paper

on " The Life-History of the Water-Beetle, Pelohius tardus

Herbst," was taken as read.

The next Meeting of the Society for Scientific Business will

be held on Tuesday, March 21st, at 5.30 p.m., when the

following communications will be made :

—

Gilbert Blaine, F.Z.S.

Notes on the Zebras and some Antelopes of Angola.

R. I. PococK, F.R.S., F.Z.S.

On the External Characters of some Histricomorph Rodents.

H. R. Hogg, M.A., F.Z.S.

Some Spiders from South Annam,

The following Papers have been received :

—

J. T. Cunningham, M.A., F.Z.S.

Mendelian Experiments on Fowls.—III. Production of

Dominant Pile Colour.

M. Khalil, M.D., D.P.H.

A Review of the Nematode Parasites of Elephants, with a

Description of Four new Species.

The Publication Committee desire to remind Fellows

that it is only by courtesy that they are allowed to

bring guests to a Scientific Meeting. For the present

no Fellow can be permitted to bring more than one

guest to a Meeting.
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The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great
increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and
be limited as far as possible to the description of neAv results.

Communications intended for the Scientific Meetings should
be addressed to

P. CHALMERS MITCHELL,
Secretai'y.

Zoological Society of London,
Regent's Park, London, N.W. 8,

March 14th, 1922.
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March 31st, 1922.

Dv. A. Smith Woodward, F.R.S., Vice-President,

in the Chair.

Tlie Secretary read a Report on the Additions to the Society's

Menagerie during the month of February, 1922.

The Secretary read a short paper entitled " Monkeys and the
Fear of Snakes," and, in illustration, exhibited a cinematograph
film recently taken in the Society's Gardens by Mr. F. Martin
Duncan, showing a young Chimpanzee playing with a live snake.

Mr. Gilbert Blaine, F.Z.S., communicated his paper " Notes
on the Zebras and some Antelopes of Angola."

Mr. R. I. PococK, F.R.S., F.Z.S., gave a resume of his paper
" On the External Characters of someHistricomorph Rodents."

* This Abstract is publisJied bj' tlie Society at its offices, Zoological Gardens,
Regent's Park, N.W., on the Tuesday following the date of Meeting to which
it refers. It will be issued, along with the Proceedings,' free of extra charge,

to all Fellows who subscribe to tlie Publications ; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.
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Mr. H. R. Hogg, M.A., F.Z.S., gave a resuine of his paper
"Some Spiders from Soutli Annam."

The next Meeting of the Society for Scientific Business will

be held on Tuesday, April 4th, at 5.30 p.m., when the following-

communications will be made :

—

Mr. C. Tate Regan, F.R.S., F.Z.S.

Exhibition of lantern-slides illustrating blind fresh-water
Fishes from caves.

J. T. Cunningham, M.A., F.Z.S .

Mendelian Experiments on Fowls.—III. Pi'odnction of

Dominant Pile Colour.

M. Khalil, M.D., D.P.H .

A Revision of the Nematode Parasites of Elephants, with a

Description of Four new Species.

The following Papers have been received :

—

R. J. Ortlbpp, M.A.

A new Species of the Nematode (Esojyhagostomum from the
Rodent Xerus setosus.

Miss L. E. Chessman, F.E.S.

Observations on the Fresh-water Crab Cardisoma armatum,
with especial regard to the Sense-organs.
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The Pixblication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed and

be«jimited so far as possible to the description of new results.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of London,

Regent's Park, London, N.W. 8.

March 28th, 1922.
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April 4th, 1923.

Prof. E. W. MacBribe, F.R.S., Vice-President,

in the Chair.

Mr. C. Tate Regan, F.R.S., F.Z.S., exhibited, and made re-

marks upon, a series of Ian tern -slides illustrating specimens of

various blind fresh-water Fishes from caves.

Mr. R. H. Burne, M.A., F.Z.S., exhibited, and made remarks
upon, specimens demonstrating the recessus orbitalis in Flat
Fishes.

Mr. L. T. HoGBEN, B.A., F.Z.S., exhibited living specimens,
and made remarks upon tlie influence of pituitary gland in

inducing metamorphosis of the Axolotl.

Mr. .J. T. Cunningham, M.A., F.Z.S., communicated his paper

on " Mendelian Experiments on Fowls.—III. Production of

Dominant Pile Colour."

* This Abstract is published by the Society at its offices, Zoological Gardens,
Regent's Park, ISf.W., ou the Tuesday following the date of Meeting to which
it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shilling?, per annum, payable in advance.



30

Dr. M. Khalil, D.P.H., gave a resume of his paper " A
Revision of the ISTematode Parasites of Elephants, with a De-
scription of Four new Species.

The next Meeting of the Society for Scientific Business will

he held on Tuesday, April 25th, at 5.30 p.m., when the

following communications will be made :

—

The Secretary.

Report on the Additions to the Society's Menagerie during

the month of March, 1922.

R. J. Ortlepp, M.A.

A new Species of the Nematode (Esophagostomuvi from the

Rodent Xerus setosus.

Chas. F. Sonntag, M.D., F.Z.S.

On the Anatomy of the Drill {Mandrillus leuco2yhceus).

Dr. R. Broom, F.R.S., O.M.Z.S.

On the Persistence of the Mesopterygoid in certain Reptilian •

Skulls.

Arthur Loveridge.

New Reptiles from Tanganyika Territory.

The following Papers have been received :
—

Ernest A. Elliott, F.E.S., F.Z.S .

Monograph of the Family of the Stephanidse (Diptera).
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D. W. Devanesen, M.A.

Notes on the Anatomy of Cacojms systoma, an Indian Toad
of the Family Engystomatidse.

Miss L. E. CHEESMAisr, F.E.S .

Observations on the Fresh-watei" Crab Cardisoma armatimi,
with especial regard to the Sense-organs.

The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great
increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and
be limited as fai- as possible to the description of new results.

Communications intencled for the Scientific Meetings should
be addressed to

P. CHALMERS MITCHELL,
Secretary,

Zoological Society of London,
Regent's Park, London, N.W. 8,

April nth, 1922.
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April 35tli, 1923.

Sir S. F. Hakmer, K.B.E., F.R.S,, Vice-President,

in the Chair.

The Secretary read a Report upon the Additions to the
Society's Menagerie daring the month of March 1922.

The Secretary exhibited, and made remarks upon, some
dressed skins of a Tree-Hyrax {Procavia valida ?) fI'om Tanganyika
Territory.

Prof. P. T. Flynn exhibited, and made remarks upon, a cast

of the skull of a Squalodont Whale from the Tertiary (Miocene)
Strata, Table Cape, Tasmania.

The Secretary communicated, on behalf of Mr. Arthur
LovERiDGE, C.M.Z.S., an account of Mr. Loveridge's experiences
while watching " Lions at their Kill."

Mr. R. J. Ortlepp, M.A., communicated his paper on " A new
Species of the Nematode Genus (Esophagostomum from the Rodent
Xerus setosus."

* This Abstract is published by the Society at its ofEces, Zoological Gardens,
Regent's Park, N.W., on the Tuesday following the date of Meeting to which
it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the
day of publication at the price of Stayence, or, if desired, sent post-free for

the sum of Si.v Shillings per annum, payable in advance.
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Prof. D. M. S. Watson, F.Z.S., gave a resimie of Dr. R. Broom's

paper " On the Persistence of the Mesopter3^goid in certain

Reptilian Skulls."

Dr. Ohas. F. Sonntag, F.Z.S., communicated his paper " On
the Anatomy of the Drill {Mandrillus leucophcBiis)

."

Mr. Arthur Lovekidge's paper on " New Reptiles from

Tanganyika Territory," and Miss L. E. Gheesman's paper " Obser-

vations on the Land-Crab, Ccwdisoma armatum, with especial

regard to the Sense Organs," were taken as read.

The next Meeting of the Society fol- Scientific Business will

be held on Tuesday, May 9th, at 5.30 p.m., when the following

communications will be made :

—

Chas. F. Sonntag, M.D.. F.Z.S.

Exhibition of laiitern -slides and Specimens illustrating

some points in the Anatomy and Physiology of Whales.

Chas. F. Sgivjvtag, M.D., F.Z.S.

The Comparative Anatomy of the Tongues of the Mam-
malia.—VII. Cetacea, Sirenia, and Ungulata.

D. W. Devanesex, M.A.

Notes on the Anatomy of Cacopus systoma^ an Indian Toad
of the Family Engystomatidse.

Ernest A. Elliott, F.Z.S., F.E.S.

Monograph of the Family of the Stephanidje (Hymenoptera;,
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The following Pa.per lias been received :

—

J. H. Lloyd, M.Sc, F.Z.S., and Edith M. Sheppard, B.Sc., F.Z.S.

A Contribution to the Anatomy of a Hammerhead Shark
•{Zygcena malleus).

The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and
•be limited so far as possible to the description of new results.

Communications intended for the Scientific Meetings should

'be addressed to

P. CHALMERS MITCHELL,
Seai'etary.

-Zoological Society of London,

Regent's Park, London, N.W. 8.

May 2nd, 1922.
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ABSTRACT OF THE PROCEEDINGS

OF THE

ZOOLOGICAL SOCIETY OF LONDON.

May 9th, 1922.

Di\ A. Smith Woodward, F.R.S., Vice-President,

in the Chair.

The Secretary exhibited, and made remarks upon, a medal
struck to commemorate the 150th Anniversary of the Royal
Academy of Belgium.

Mr. F. Martin Duncan, F.Z.S., exhibited, and made remarks
upon, a series of cinematograph-films illvistrating various stages

in the life-history of the Wood-Ant {Formica rufa) and of the

Common Wasp {Vesper gerinanica), and asked the Society to

accept the series for its Zoological Film Library.

Dr. Ohas. F. Sonntag, F.Z.S., exhibited, and made remarks
upon, a series of specimens and lantern-slides illustrating some
points in the Anatomy and Physiology of Whales.

Dr. Chas. F. Sonntag, F.Z.S., gave a resume of his paper
" The Comparative Anatomy of the Tongues of the Mammalia.

—

VII. Cetacea, Sirenia, and Ungulata."

* This Abstract is published by the Society at its offices, Zoological Gardens,
Eegent's Park, N.W., on the Tuesday following the date of Meeting to which
it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.
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Mr. D. W. Devanesen, M. A., communicated his paper " Notes

on the Anatomy of Cacopus systoma, an Indian Toad of the

Family Engystomatidse.

In the absence of the Author, Mr. E. A. Elliott's paper,
" Monograph of the Family of the Stephanidfe (Hymenoptera),"
was taken as read.

The next Meeting of the Society for Scientific Business will be

held on Tuesday, May 23rd, 1922, at 5.30 p.m., when the following

communications will be made :

—

The Secretary.

Report on the Additions to the Society's Menagerie during

the month of April, 1922.

Rev. H. ISr. HuTcniNso^r, M.A., F.Z.S., and Ed. Godwin.

Exhibition of a plaster cast of a model reconstruction of the

mai-ine reptile Peloneustes philarchus, a Pliosaur from the

Oxford Clay,

Sir Sidney F. Harmer, K.B.E., F.R.S., Yice-President.

On Commerson's Dolphin and other Species of Cephalo-

rhynchus.

C. FoRSTER Cooper, M.A., F.Z.S.

Miocene Proboscidia from Baluchistan.

R. I. PococK, F.R.S., F.Z.S.

On the External Characters of Scarturus and other Jerboas
compared with those of Zapus and Pedetes.
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The Publication Committee desire to call the attention of

those who propose to ofFei- Papers to the Society, to the great
increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed and
be limited so far as possible to the description of new results.

Communications intended for the Scientific Meetings should
be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of London,

Regent's Park, London, N.W. 8.

May Uth, 1922.
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ABSTRACT OF THE PiiOOEEDINGS

OF THE

ZOOLOGICAL SOCIETY OF LONDON,

May 23rd, 1922.

Dr. A. Smith Woodward, F.R.8., Vice-President,

in the Chair.

The Secretary read a Report on the Additions to the
Society's Menagerie during the month of April, 1922.

Mr. R. I. PocoCK, F.R.S., F.Z.S., exhibited, and made
remarks upon, a living example of the rare Bush-Dog Speothos

venaticus.

Mr. E. G. BouLENGER, F.Z.S. , and Mr. F. Martin Duncan,
F.Z.S. , exhibited, and made remarks upon, a Cinematograph
record which they had taken illustrating the Life-history of the

Axolotl (^Amhlystovia tigrimom).

Mr. D. Seth-Smith, F.Z.S., exhibited, and made remarks upon,
a series of photographs he had taken of some recent important
additions to the Society's collection of Birds.

The Rev. H. N. Hutchinson, M.A., F.Z.S., exhibited, and
made remarks upon, a plaster cast of a model reconstruction of

the marine reptile Peloneustes phila7'chus, a Pliosaur from the
Oxford Clay, stating that he had received valuable assistance

from Mr. Ed. Godwin in completing the model.

* This Abstract is published by the Society at its offices, Zoological Gardens,
Regent's Park, N.W., on the Tuesday following the date of Meeting to which
it refers. It will be issued, along with the 'Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.
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Sir Sidney F. Haemer, K.B.E., F.R.S., communicated his

paper " On Commerson's Dolphin and other Species of Cepkalo-

rhynclnis."

Mr. 0. FoRSTER Cooper, M.A., F.Z.S., gave a resume of his

paper on " Miocene Proboscidia from Baluchistan."

Mr. R. I. Pocock's papers, " On the External Characters of

Scarturus and other Jerboas compared with those of Zajpus and
Pedetes," was taken as read.

The next Meeting of the Society for Scientific Business will

be held on Tuesday, June 13th, 1922, at 5.30 p.m., when the

following communications will be made :

—

The Secretary.

On the Council's scheme to establish an Aquarium in the

Society's Gardens.

Miss Joan B. Proctor, F.Z.S.

A Study of the Tortoise Testudo loveridgii, Blgr., and the

Morphogeny of the Chelonian Carapace.

J. T. Carter, F.Z.S.

A Microscopical Examination of the teeth of the Primates.

Harold G. Jackson, M.Sc, F.Z.S.

A Revision of the Isopod Genus Ligia (Fabriciis).

W. R. B. Oliver, F.L.S., F.Z.S.

A Review of the Cetacea of the New Zealand Seas.

Prof. Wood Jones, F.Z.S .

On the Dental Characters of certain Australian Rats.
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The following papers have been received :

—

Anand Kumar, M,A,

A new Variety of Rhahdocynthia pallida.

J. H. Lloyd, M.Sc, F.Z.S., and Edith M. Sheppard, B.Sc,

A Contribution to the Anatomy of a Hammerhead Shark
{Zygcena niallus).

The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and
be limited so far as possible to the descinption of new results.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society op London,

Regent's Park, London, N.W. 8.

Jlay 'dOth, 1922.
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June 13th, 1922.

Prof. E. W. MacBride, D.Sc, LL.D., F.R.S., Yice-Piesident,

in the Chair.

The Secretary read a Report on the Additions to the Society's

Menagerie during the month of May, 1922.

Miss Joan B. Procter, F.Z.S., communicated her paper,
" A Study of the remarkable Tortoise Testudo loveridgii Blgr.,

and the Morphogeny of the Chelonian Carapace."

Mr. J. T. Carter, F.Z.S., gave a resume of his paper, " A
Microscopical Examination of the Teeth of the Primates."

Mr. Harold G. Jacksox, M.Sc, F.Z.S., gave a resume of his

paper on "A Revision of the Isopod Genus Ligia Fabricius."

* This Abstract is published by the Society at its offices, Zoological Gardens,

Kegent's Park, N.W., on the Tuesday following the date of Meeting to which

it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.
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In the absence of the Authors, Mr. W. R. B. Oliver's paper,

" A Review of the Cetacea of the New Zealand Seas," and

Prof. F. Wood Jones's paper, " On the Dental Characters of

certain Australian Rats," were taken as read.

The Secretary briefly described the technical side of the

Council's scheme to establish an Aquarium in the Society's

Gardens.

The next Meeting of the Society for Scientific Business will be

held on Tuesday, October 24th, at 5.30 p.m.

A notice stating the Agenda for the Meeting will be circulated

early in October.

The following Papers have been received :

—

R. C. Banks.

On a possible Geological Cause of Colour Variation in

Animals.

E. Leonard Gill, M.A.

The Permian Fishes of the Genus Acentropho7'us. .

The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessai-y for the present that papers should be condensed, and
be limited so far as possible to the description of new results.
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Communications intended for the Scientific Meetings should
be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of London,

Eegent's Park, London, N.W. 8.

J%me 2Wt, 1922.
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October 24th, 1932.

Dr. A. Smith Woodward,F.R.S., Vice-President,

in the Chair.

The Secretary read a Report on the Additions to the Society's

Menagerie during the months of June, July, August, and
September, 1922.

The Secretary exhibited, and made remarks upon, two
photographs of Zebras and Oi-yx from Kenya.

Mr. E. T. Newton, F.R.S., F.Z.S., exhibited, and made remarks
upon, the tanned skin of a Frog.

Mr. C. Tate Regan, F.R.S., F.Z.S. , exhibited, and made
remarks upon, some specimens of leather made from Sharks'

skins.

A paper on " The Fcetal Membranes and Placentation of

Chiromys madagascariensis" by Prof. J, P. Hill, F.R.S., F.Z.S.,

and Mr. R. H. Burne, M.A., F.Z.S., was communicated by Prof.

J. P. Hill.

Mr. R. I. PococK, F.R.S., F.Z.S., described the external

characters of the foetus of Chiromys tnadagascariensis.

* Tliis Abstract is published by the Society at its offices, Zoological Gardens,

Eegent's Park, N.W., on the Tuesday following tlie date of Meeting to which
It refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillinffs per annum, payable in adyance.



A papei- by Mr. R. Kirkpatrick, F.Z.S., and Dr, J, Metzelaar,
" On an Instance of Oommensalism between a Heimit-Crab and
a Polyzoon," was communicated by Mi\ Kirkpatrick.

The next Meeting of the Society for Scientific Business will be
held on Tuesday, November 7th, 1922, at 5.30 p.m., when the
following communications will be made:

—

C. S. Elton.

On the Colours of Water-Mites.

E. B. PouLToy, M.A., F.R.S., F.Z.S.

Experimental evidence that commensalism may be beneficial

to Crustacea.

G. M. Yevers, M.R.C.S., L.R.C.P., F.Z.S.

jSTematode Parasites of Mammals from the Zoological Society.

W. J. Kaye, F.E.S.

New Species of Trinidad Moths.

Chas. F. Sonntaq, M.D., F.Z.S.

On tlie Myology and Classification of the Wombat, Koala,
and Phalangers.

E. G. BouLENaER, F.Z.S .

Description of a new Lizard of the Genus Chalcides, from
the Gambia, living in tlie Society's Gardens.

The following Papers have been received :

—

Ivor G. S. Montagu, F.Z.S.

On a fui'ther Collection of Mammals from the Inner
Hebrides.



F. R. Wells .

On tlie Morphology and Development of the Chondocranmm
of the larval Clupea harengus.

R. I. PococK, E-ltS., F.Z.S.

On the External Characters of the Beaver (Castoridre) and
- -.some Squiri'els (Sciuridse).

Arthur LovERiDGE, F.E.S., C.M.Z.S.

Notes on East African Birds (chiefly nesting-habits and
stomach-contents) collected 1915-1919.

0. A. Adair Dightok, M.B., F.E.C.S., F.Z.S.

Coat-colour in Greyhounds.

Ekendranath Gosh, M.Sc, M.D., F.R.M.S., F.Z.S.

On the Animal of Bcapliida Benson, with the Description of

a new Species of Sccqjhula.

J. H. Lloyd, M.Sc, F.Z.S., and Edith M. Sheppard, B.Sc, F.Z.S.

A Contribution to the Anatomy of a Hammerhead-Shark
{Zygcena malleus),

E. Leoxard Gill, M.Sc.

The Permian Fishes of the Genus Acentro2)horus.

R. H. Mehra, M.Sc.

Two new Indian Species of the little-known Genus Aulo-

drilus (Bretscher), aquatic Oligochceta belonging to the Family

Tubificidse.

Charles F. So^ntag, M.D., F.Z.S.

On the Vagus and Sympathetic Nerves of the Terrestrial

Carnivora.

E. A. Stensio.

Notes on certain Crossopterygians.

M. L. Bhatia, M.Sc, F.R.M.S.

The Nervous System of Scoloiiendra morsitans Bufibn.

J. Stephenson, M.B., D.Sc, F.Z.S.

The Oligochajta of the Oxford University Spitsbergen

Expedition.

GoBiND Singh Thapar, M.Sc.

On the Arterial System of the Lizard Varanus hengalensis

Daud., with Notes on Uromastix and Heimdactyli(jS,



W. E. H. HoDsoN, F.Z.S.

A Comparison of (A) the External Morphology of the Mouth-
parts and (B) the Internal Morphology and Degree of Develop-
ment of the Silk Press in typical Lepidopterous and Tenthre-
dinid (Hymenopterous) Larvse.

Edward Phelps Allis, Jr., F.R.M.S., F.Z.S .

The Postorbital Articulation of the Palato-quadrate with the

Neurocranium in the Ooelacanthidje.

The Publication Committee desire to call the attention of

those who propose to ofi'er Papers to the Society, to the great
increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and
be limited so far as possible to the description of new results.

Communications intended for the Scientific Meetings should
be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of London,

Regent's Park, London, N.W. 8.

October 'ilst, 1922.
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Novemljer 7th, 1922.

Prof. E. W. MacBride, F.R.S., Vice-President,

in the Chair.

Prof. G. Elliot Smith, M.D., F.R.S., F.Z.S., exhibited, and
made remarks upon, a series of photographs of a fossil tooth

[Hesperojnthecus) from Nebraska.

Dr. A. Smith Wooi>ward, F.R.S., F.Z.S., exhibited, and made
remarks upon, drawings and photographs comparing teeth of a

Bear, Chimpanzee, and Hesperopitlipxits.

Mr. C. S. Elton communicated his paper " On the Colours

of Water-Mites."

Prof. E. B. PouLTON, M.A., F.R.S., F.Z.S., gave an account,

illustrated with lantern-slides, of a series of experiments con-

ducted at the Laboratory of the Marine Biological Association,

Plymouth, in 1890, demonstrating that Commensalism may be
beneficial to Crustacea.

Dr. G. M. Ybvers, M.R.C.S., L.R.C.P., F.Z.S., gave a resume
of his paper on- " Nematode Parasites of Mammals from the
Zoological Society."

* This Abstract is published by the Society at its offices, Zoological Gardens',

Eegenfs Park, N.W., ou the Tuesday following tJie date of Meeting to which
it refers. It will be issued, along with the ' Proceedings,' free of extra charge^
to all Fellows who subscribe to the Publications ; but it may be obtained on the
day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six ShiUinc/R per annum, payable in advance.



Tlie following papers were taken as read :—W. J. Kaye, F.E.S.,

"New Species of Trinidad Moths"; Chas. F. Sonntag, M.D.,
F.Z.S., "On the Myology and Classification of the Wombat,
Koala, and Phalangers "

; E. G. Boulenger, F.Z.S., " Descrip-

tion of a new Lizard of the Genus Chcdcides, from the Gambia
living in the Society's Gardens."

The next Meeting of the Society for Scientific Business will be

held on Tuesday, November 21st, 1922, at 5.30 p.m., when the

following communications will be made :

—

The Secretart.

Report on the Additions to the Society's Menagerie during

the month of Octobei', 1922.

Ivor G. S. Montagu, F.Z.S.

On a further Collection of Mammals from the Inner

Hebrides.

F. R. Wells .

On the Moi-phology and Development of the Chondocranium
of the larval Clujpea harengus.

R. I. PococK, F.R.S., F.Z.S.

On the External Character's of the Beaver (Castoridse) and
some Squirrels (Sciuridse).

Arthur Loveridge, F.E.S., C.M.Z.S .

Notes on East African Birds (chiefl}'' nesting-habits and
stomach-contents) collected 1915-1919.

E. A. Stensio.

Notes on certain Crossopterygians.

Ekendranath Ghosh, M.Sc, M.D., F.R.M.S., F.Z.S.

On the Animal of Scaphala Benson, with the Description of

a new Species of Scaphida,



J. H. Lloyd, M.Sc, F.Z.S., and Edith M. Sheppard, E.Sc, F.Z.S .

A Contribution to tlie Anatomy of a Hammerhead-Shark
{Zygcena malleits).

R. H. Mehra, M.Sc .

Two new Indian Species of the little-known Genus Aido-
drilus (Bretscher), aquatic Oligochaeta belonging to the Family
Tubifieidte.

J. Stephenson, M.E., D.Sc, F.Z.S.

The Oligochaeta of the Oxford University Spitsbergen
Expedition.

R. J. Ortlepp, M.A.

The Nematode Genus Physcdoptera, Rud.

G. M. Yevers, M.R.C.S., L.R.C.P., F.Z.S.

On the Cestode Parasites from Mammalian Hosts which died

in the Ga'rdens of the Zoological Society of London, during the
Years 1919-1921 ; with a Description of a new Species of

Cyclorchida.

The following Papers have been received :

—

0. A. Adair Dighton, M.B., F.R.C.S., F.Z.S.

Coat-colour in Greyhounds.

E. Leonard Gill, M.Sc.

The Permian Fishes of the Genus Acentrojjhorus.

Charles F. Sonntag, M.D., F.Z.S .

On the Yagus and Sympathetic Nerves of the Terrestrial

Carnivora.

Edward Phelps Allis, Jr., F.R.M.S., F.Z.S.

The Postorbital Articulation of the Palato-quadrate with the
Neurocranium in the Coelacanthidse.

A. J. Hesse, B.Sc, Ph.D.

A Description of T\vo new Cercarice from Limncea peregra^
Muller.

George S. Giglioli, M.D.

On the Linguatulid Arachnid, Raillietiella furcocerca
(Diesing, 1835), Sambon, 1922.



EiTA Markbreiter, B.Sc.

Some Microfilaria found in the Blood of Bii-ds dying in the

Zoological Gardens, 1920-1921.

A. J. Hesse, B.Sc, Ph.D .

A Description of a new Nematode of the Genus Capillaria

from the Minnow.

The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and
be limited so far as possible to the description of new results.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of London,

Regent's Park, London, IST.W. 8.

November lith, 1922.
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Novemljer 21st, 1922.

Sir S. F. Harmer, K.B.E., F.R.S., Vice-President,

in the Chair.

The Secretary read a Report on the Additions to the Society's
Menagerie during the month of October, 1922.

Prof. E. W. MacBride, F.R.S., F.Z.S., exhibited, and made
remarks upon, a series of lantern-slides bearing upon Dr. Kam-
merer's experiments on Amphibia.

Dr. A. Smith Woodward, F.R.S., F.Z.S., exhibited, and made
remarks upon, a skull and tusks of a Mammoth from Siberia,

and drew attention to the remarkably perfect and fresh condition
of the specimen.

Mr. D. Seth-Smith, F.Z.S., exhibited, and made remarks upon,
the shed lining of the gizzard of a Hornbill.

The Hon. Ivor G. S. Montagu, F.Z.S., communicated his

paper " On a further Collection of Mammals from the Inner
Hebrides."

* This Abstract is published by the Society at its ofBees, Zoological Gardens,
Eegent's Park, N.W., ou the Tuesday following the date ot Meeting to which
it refers. It will be issued, along with the ' Proceedings,' free of extra charge,
to all Fellows who subscribe to the Publications ; but it may be obtained on the
day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six SMlUvgs per annum, payable in advance.
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Mr, F. R. Wells gave a resume of his paper on " The Mov-

phology and Development of the Ohondrocranium of the Larval

Clupia harengits."

Mr. E. I, PococK, F.R.S., F.Z.S., communicated his paper on
" The External Characters of the Beaver (Oastoridse) and some

Squirrels (Sciuridse)."

Dr. G. M. Veveks, M.R.C.S., L.R.C.P., F.Z.S., gave a resicme

of his paper " On the Cestode Parasites from Mammalian Hosts

which died in the Gardens of the Zoological Society of London,

duringthe Years 1919-1921 ; with a Description of a new Species

of Cyclorchida."

The following commimications were taken as read :

—

Arthur
LoVERiDGE, F.E.S., C.M.Z.S., " Notes on East African Birds

(chiefly nesting-habits and stomach-contents) collected 1915-

1919; E. A. Stensio, "Notes on certain Crossopterygians "

;

Ekendraxath Ghosh, M.Sc , M.D., F.R.M.S., F.Z.S., " On the

Animal of jScaphula Benson, with a Description of a new Species

of Scaphula"; J. H. Lloyd, M.Sc, F.Z.S., and Edith M. Shep-

PARD, B.Sc, F.Z.S., " A Contribution to the Anatomy of a

Hammerhead -Shark {Zygcena inalleus)" ; B. H. Mehra, M.Sc,
" Two new Indian Species of the little-known Genus Aulodrilus

(Bretscher), aquatic Oligochseta belouging to the Family Tubifi-

cida3" ; J. Stephenson, M.B., D.Sc, F.Z.S., " The Oligochseta of

the Oxford University Spitsbergen Expedition "
; R. J. Ortlepp,

M.A., The Nematode Genus Physaloptera, Rud."

The next Meeting of the Society for Scientific Business will be

held on Tuesday, February 6th, 1922, at 5.30 p.m.

A notice stating the Agenda for the Meeting will be circulated

early in January.

The following Papers have been received :

—

C. A. Adair Dighton, M.B., F.R.C.S., F.Z.S.

Coat-colour in Greyhounds.
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E. Leoxard Gill, M.Sc.

The Permian Fishes of the Genus Acentrophorus.
'

Charles ¥. Sonntag, M.D., F.Z.S.

On the Vagus and Sympathetic Nerves of the Terrestrial

Carnivora.

Edward Phelps Allls, Jr. F.R.M.S., F.Z.S.

The Postorbital Articulation of the Palato-quadrate with the
Neurocranium in the Coelacanthidae.

George S. Giglioli, M.D.

On the Linguatulid Arachnid, RaiUietielkc furcocerca
(Diesing, 1835), Sambon, 1922.

Rita Markbreiteh, B.Sc.

Some Microfilaria fouud in the Blood of Birds dying in tlie

Zoological Gardens, 1920-1922.

Prof. EiNAR Lonnberg, F.M.Z.S,

Remarks on some Palearctic Bears.

E. AV. SHAyy, B.Sc, F.Z.S.

The Embryonic Development of the Porbeagle-Shark,
Lamna cornuhica.

Robert Gurney, M.A., F.Z.S.

Some JSTotes on Leander longirostris, M.-Edwards, and other
British Prawns.

T- H. Ring.

The Elephant-Seals of Kerguelen Land.

Chas. F. Sototag, M.D., F.Z.S.

The Comparative Anatomy of Tongues of the Mammalia.
VIII. Carnivora.

Arthur Loveridge, F.E.S., C.M.Z.S.

A List of the Lizards of British East Africa (Uganda
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The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed and

be limited so far as possible to the description of new resvilts.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MTTCHELL,
Secretary,

Zoological Society of London,

Regent's Park, London, N.W. 8.

November 28th, 1922.
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MEETINGS
OF THE

ZOOLOGICAL SOCIETY OF LONDON
FOK

SCIENTIFIC BUSINESS,

1923.

Tuesday, February 6 and 20.

March 6 „ 20.

April 10 „ 24.

May 8 „ 21.

June 12.

The Chair will he tahen at half-past Five o'clock precisely.
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subscription be paid before the 1st of December following.

The following is a complete list of the publications of the

Society already issued.



TRANSACTIONS OF THE ZOOLOGICAL SOCIETY

4to. 20 vols, and Index

Vols. I.-IV. (out of print).

Vol. v., containing C7 Plates

OF LONDON.

. VI.,

„ VIL,

„ via,

„ IX.,

. X.,

Index, Vols. I.-X

Vol. XI., containing 97 Plates

92

73

82

99

95

(1862-66) . .

(1866-69) . ,

(1869-72) .,

(1872-74)

(1875-77)

(1877-79)

(1833-79) .

(1880-85) .

(1886-90) .

(1891-95) .

(1896-98) .

(1898-1901)

(1901-1903)

(1903-1906)

(1907-1911)

(1909-1910)

(1912-1915)

Part 1. (7 Plates & 12 Text-figs.)

(June 1916) . 2 5

Since 1916 (Vol. XXI. Part I.) publication of the

Transactions has been temporarily suspended,

the high cost of production.

XII.;

XIII.,

XIV.,

XV.,

XVI.,

XVII.,

XVIII.,

XIX.,

XX.,

XXI.-

65

62

47

52

38

41

43

24

53

Price to

PeDows.
Price to the

Public.

.. 5 4 3 .. . 6 19

. . 11 5 .. . 15

. . 10 4 .. . 13 12

.. 9 8 3 .. . . 12 11

.. 12 1 6 .. ..16 2

.. 10 3 . . ..13 7

.. 7 6 .. . . 10

... 9 12 .. .. 12 16

... 5 8 .. ..740

... 6 8 3 .. . . 8 11

... 6 5 .. ..700
.. 5 16 6 .. . . 7 14

.. 5 8 .. ..740

.. 5 18 6 .. . . 7 18

.. 4 1 .. ..580
.. 10 4 . .. 13 12

.. 11 10 3 . . ..15 7

3

Society's

owing to

111 consequence of a re-arrangement of the stock of (he ' Transactions,' the Society is I

now able to offer for sale, at the reducer] price of £30, sets of Vols. V.-XYI. inclusive, and
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Secretary.

These publications may be obtained at the Society's Office

or through any bookseller.
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