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ART. I. PSEUDOCYLINDRODON, A NEW RODENT GENUS
FROM THE PIPESTONE SPRINGS OLIGOCENE

OF MONTANA.

By J. J. Burke.

In the course of study of the fossil rodent collections of the Carnegie

Museum, the writer, through the kindness of Mr. Charles Gilmore

of the United States National Museum, and of Dr. Walter Granger,

of the American Museum of Natural History, has been privileged to

examine the extensive rodent collections preserved in the latter two

institutions, and to describe the material which is the subject of the

present paper. The illustrations for this article are from drawings by

Mr. Sydney Prentice.

Order SIMPLICIDENTATA Lilljeborg

Family ISCHYROMYIDT: Alston

Genus Pseudocylindrodon gen. nov.

Genotype: Pseudocylindrodon neglectus sp. nov.

1903. Cylindrodon fontis Matthew, Bull. Amer. Mus. Nat. Hist., Vol. XIX,

Art. VI, fig. 8A (p. 212).

Holotype: Left ramus of mandible, U. S. N. M. 13758.

Paratype: Left ramus of mandible, U. S. N. M. 13757.

Referred specimens: Left ramus of mandible with DP4 Mi_2, A. M.

N. H. 9644; right ramus of mandible with P4 and Mi, U. S. N. M.

13759; part of left ramus of mandible with P4, A. M. N. H. 9646.

Horizon: Pipestone Springs Oligocene.

Locality: Pipestone Springs, Jefferson County, Montana.
Diagnosis: Cheek teeth with lower crowns than those of Cylindrodon,

and with shallower basins, the floors of which are visible in crown view.

P4 with trigonid more elevated than in Cylindrodon and trigonid cusps

less widely separated, protolophid absent or merely indicated, ex-

ternal intermediate cuspule present but hypolophid absent. Inferior

molars with central basins broader, anterior and posterior basins

narrower, antero-posteriorly, than in Cylindrodon', internal inter-

mediate cuspules prominent, their flanks fused with entoconids and

1
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metaconids, blocking outlets of central basins; posterior basins

converted into fossettes, their outlets dammed due to complete fusion

of entoconids and hypolophulid crests. Talonids of molars, except

in M3, wider, relative to trigonids, than in Cylindrodon\ hypoconids
showing some hypertrophy, consisting of strong rounded buttresses,

jutting externally (except in M3) and not attenuate as in Cylindrodon.

DP4 relatively smaller than in Cylindrodon. Mental foramina two,

placed posterior to diastema.

The present species has been confused with Cylindrodon fontis

Douglass, from which, as the diagnosis indicates, it is quite distinct.

An occlusal view of the dentition of A. M. N. H. 9644, was figured

by Matthew^ as an example of an early stage of tooth wear in Cylin-

drodon fontis Douglass. In Matthew’s figure (fig. 8A) however,

Mi_2 differ from the molars of Cylindrodon fontis Douglass, illustrated

in the same drawing, in showing robust, rounded hypoconid buttresses,

broad central valleys and hypolophulid crests fused with entoconids

—

characteristic features of Psend0cylindrodon neglectus m. My figures

of the holotype mandibular ramus (figure i of the present paper)

bring out more clearly the details of the pattern, which may be com-

pared with that of a specimen of Cylindrodon fontis Douglass, A. M.

N. H. 9638, shown in figure 2. The discrepancy in crown height

Fig. I. Pseudocylindrodon neglectus Burke, holotype, U. S. N. M. 13758. External

view of mandibular ramus and occlusal view of cheek teeth, x 5.

^Matthew, W. D., “The Fauna of the Titanotherium Beds of Montana.”

Bull. Amer. Mus. Nat. Hist., Vol. XIX, Art. VI, fig. 8a (p. 212), 1903.
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Fig. 2. Cylindrodon fontis Douglass, referred specimen, A. M. N. H. 9638. Ex-

ternal view of mandibular ramus and occlusal view of cheek teeth, x 5.

between Pseudocylindrodon neglectus m. and Cylindrodon fontis

Douglass is quite evident in these figures.

In some respects, Pseudocylindrodon is intermediate between

Cylindrodon and Ardynomys. The cheek teeth are nearer those of

Ardynomys in crown height and their tendency toward hypertrophy

of the hypoconid region; the tooth pattern in general shows similari-

ties. The incisor of Pseudocylindrodon is not flattened, however, as

it is in Ardynomys; the central basins of the cheek teeth are deeper

in Pseudocylindrodon, have rounded floors, and are closed internally

by the upgrown intermediate cuspule. The jaw of Ardynomys is

deeper anteriorly than that of Pseudocylmdrodon, the posterior basins

of the cheek teeth of Ardynomys have internal exits, and the pro-

tolophids are less transverse than in Pseudocylindrodon.

Cylindrodon, Pseudocylindrodon, and Ardynomys, are probably

Oligocene representatives of the stock of rodents typified in the Bridger

Eocene by the forms which TroxelE has included under Tillomys.

In North America this line appears to culminate in the lower Oligocene,

at which time it is also represented by Ardyyiomys in Asia. Whether

or not Tsaganomys and Cyclomylus of the Upper Oligocene of Mongolia

are also derivatives of this stock is not determinable without further

^Troxell, Edward L., “The Eocene Rodents Sciuravus and Tillomys.” Amer.

Jour. Sci., Vol. 5, pp. 387-396, 1923.
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study, although there are some interesting points of resemblance be-

tween the latter genera and Ardynomys.

M EASUREMENTS
Holotype Paratype

U. S. N. M. 13758 U. S. N. M. 13757

Inferior I antero-posterior 2 •3 mm. 2 . 2 mm.
Inferior I transverse I •7 mm. I . 7 mm.
P4 antero-posterior I

.

,6 mm. I . 7 mm.
P4 transverse I ..8 mm. I

.

8 mm.
Ml antero-posterior I .7 mm. I . 7 mm.
Ml transverse 2 . IS mm. 2 . 15 mm.
M 2 antero-posterior I ,7 mm. I . 8 mm.
M 2 transverse 2 ,•3 mm. 2 . 15 mm.
M 3 antero-posterior I ,.8 mm. I . 9 mm.
Ms transverse 2 ,. 0 mm. 2 . 3 mm.
P4-M 3 ,

greatest length 6 5 mm. 6. 8 mm.
M 1

-
3 ,

greatest length 5 •5 mm. 5 4 mm.
Length of diastema between inferior I and P4 . . . 3 •5 mm. 3- 4 mm.
Depth of ramus under Mi 5'• 7 mm. 5 • 5 mm.
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ART. II. FOSSIL RODENTS FROM THE
UINTA EOCENE SERIES

By J. J. Burke

The fossil rodents treated in the following paper were collected in

the Uinta Basin in northeastern Utah, by field parties of the American

Museum of Natural History and of the Carnegie Museum. The

species Ischyrotomus eugenei sp. nov. is represented in the collections

of the Carnegie Museum by specimens from the Myton Member of

the Uinta Eocene Series. Pareumys grangeri sp. nov. and Pareumys

(?) troxelli sp. nov. are from the Wagonhound Member of the Uinta

Eocene Series and the types of these species are preserved in the

collections of the American Museum of Natural History; I am in-

debted to the latter institution and to Dr. Walter Granger, the Curator

of Fossil Mammals, for the privilege of describing this material. The

illustrations for this article are from drawings by Mr. Sydney Prentice.

Family PARAMYIDTi Miller and Gidley^

Genus Ischyrotomus Matthew

Ischyrotomus eugenei sp. nov.

Ilolotype: Both rami of lower jaw and fragment of LM^, C. M. No.

11983.

Horizon: Myton Member, Uinta Eocene Series.

Locality: Head of west fork of Antelope Draw, beneath the rim of

Deadman Bench, Uinta County, Utah.

Diagnosis: Incisor flattened and jaw generally much as in Ischryo-

tomus petersoni Matthew, but a much larger species (length of cheek

tooth row of holotype circa 31 mm.)
;
jaw more robust throughout and

diastema relatively shorter.

U am in favor of restricting the term Paramyidoe to the assemblage of genera

formerly included in the genus Paramys. Miller and Gidley (Jour. Wash. Acad.

Sci., Vol. VIIL No. 13, pp. 439-440, 1918) proposed the family to include '"Paramys,

Mysops, Prosciurus and related genera.” Prosciurus might find its place here, but

Mysops and the ‘‘related genera” may well await further study before inclusion in

this communitv.iy^ r.

45 jasp 5
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Fig. I. Ischyrostomus eugenei Burke, holotype, C. M. 11983. External view of

right mandibular ramus and occlusal view of cheek teeth of the same. RM3
partly restored in outline from LM3. x 2/ 2.

This species is the largest known member of the Paramyidce and is

the Myton Member derivative of the stock represented in the Wagon-

hound Member by Ischyrotomus petersoni Matthew.

The outer half of M^ of the holotype is worn, but preserves some

details of the pattern. The anterior valley of this tooth is narrow and

the external cusps crowded together; a very small external intermediate

cuspule is present. The paracone is elevated above the metacone,

but the latter cusp, while quite low, exceeds the paracone in antero-

posterior extent, forming the entire postero-external angle of the

crown. The posterior cingulum is short transversely and the meta-

conule appears to be represented by a triangular spur from the worn

internal shelf.

A second specimen, C. M. »ii793, from the Myton Member at My-

ton Pocket, Little Pleasant Valley, near Myton, Utah, is also referred

to this species. The left ramus contains a broken incisor and P4-

M3; the external walls of the cheek teeth have been badly shattered.

A fragment of the right ramus, preserving a broken M3, is likewise

present. The cheek teeth are not as worn as those of the holotype;

the inner slopes of the lingual cusps are gently concave, forming broad
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and shallow central basins; the true central valleys extend trans-

versely across the floor of these basins as narrow fissures. In each

cheek tooth a short stubby spur from the hypoconid extends into the

central basin. RM3 of C. M. 11793 shows a narrow, transverse ex-

ternal valley and a small external intermediate cuspule.

MEASUREMENTS

Holotype, C. M. 11983

RM^ antero-posterior

Inferior I antero-posterior

Inferior I transverse

P4 antero-posterior

P4 transverse

Ml antero-posterior

Ml transverse

M2 antero-posterior

M2 transverse

Ms antero-posterior

Ms transverse

P4-MS, greatest length

Mi_s, greatest length

Length of diastema between inferior I and P4

(estimated)

Depth of ramus under Mi

7 . 6 mm.
Right ramus

7 . 7 mm.
6

. 7 mm.

7.5 mm.
8

. 5 mm.

7 .9 mm.
8 . 8 mm.

7 . 6 mm.
8.3 mm.

31.0 mm.
23

. 7 mm.

10 . o mm.
23 . 1 mm.

Left ramus

7.5 mm.
6

. 7 mm.
6 . 8 mm.
8 . 2 mm.

7 . 6 mm.

7 . o mm.

7 . 8 mm.
30.6 mm.

23.5 mm.

Family ISCHYROMYID^ Alston

Genus Pareumys Peterson

Pareumys granger! sp. nov.

Holotype: Right ramus of mandible with P4 Mi_3, A. M. N. H.,

No. 1869.

Paratype: Right ramus of mandible with Mi_3, A. M. N. H., No.

1905.

Horizon: Wagonhound Member, Uinta Eocene Series.

Locality: White River, Uinta County, Utah.

Diagnosis: PlMy Approaching Paretimys miller

i

Peterson in general

construction, but a smaller species; lower jaw shallower, cusps less

erect, protoconids less crescentic, entoconids less prominent, trigonid

cusps (particularly in P3) less widely separated, hypolophulid crests

of molars more transverse, crests connecting protoconids and hypo-
conids of M2-3 not as angulate, and posterior valleys narrower.
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Fig. 2. Pareumys grangeri Burke, holotype, A. M. N. H. 1869. External view of

mandibular ramus and occlusal view of cheek teeth, x 5.

Fig. 3. Pareumys milleri Peterson, referred specimen, C. M. 12062. External

view of mandibular ramus and occlusal view of the cheek teeth, x 5.

As Wilson^ has noted in a recent paper, Pareumys is referable to

the IschyromyidcB rather than to the Muridce. Peterson, in the type

description,^ placed the genus in the latter family but the molar

^Wilson, Robert W., “Cricitine-like Rodents from the Sespe Eocene of Cali-

fornia.” Proc. Nat. Acad. Sci., Vol. 21, No. i, p. 31, 1935.

^Peterson, O. A., “Report upon the Material Discovered in the Upper Eocene

of the Uinta Basin by Earl Douglas(s) in the Years 1908-1918 and O. A. Peterson

in 1912.” Ann. Cam. Mus., Vol. XII, p. 66, fig. 7, 1919.
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pattern of the type of Pareumys milleri Peterson is characteristically

Ischyromyid. A specimen, C. M. No. 12062, taken from the same

locality as the type, fig. 3, shows the cheek tooth formula to be PiMs

;

the general construction of the specimen indicates that Pareumys

is merely a specialized off-shoot from the Bridger rodents which

TroxelP includes under the genus Tillomys Marsh. Pareumys grangeri

sp. nov., which comes from a lower horizon than the genotypic species,

approaches Bridger forms such as Tillomys parvus plicatus Troxell.

However, since the form under description seems to be nearer Pareumys

in size, lesser elevation of the trigonids, and in general strengthening

of the connecting crests, I am placing it in Peterson’s genus. The

species forms an excellent link between Pareumys milleri Peterson

and its Bridger relatives.

M EASUREMENTS

Inferior I antero-posterior

Inferior I transverse

P4 antero-posterior

P4 transverse

Ml antero-posterior

Ml transverse

M2 antero-posterior

M2 transverse

M3 antero-posterior

M3 transvense

Mi- 3, greatest length

P4-M3, greatest length

Diastema between inferior I and P4

Depth of ramus under Mi

Holotype
A.M.N.H. 1869

2
. 5 mm.

1 . 2 mm.
1

.

7

mm.
1

. 5 mm.
1

.

7

mm.
1

. 7 mm.
1 . 8 mm.
1

. 9 mm.
2

. 5 mm.
1

.

9

mm.
5 . 8 mm.

7 .

4

mm.

3.7 mm.
4 . 6 mm.

Paratype
A.M.N.H. 1905

2 . 2 mm.
1

. 4 mm.

1
.

7

mm.
1

.

7

mm.
1

. 7 mm.
1

.

9

mm.
2

. 4 mm.
2 . o mm.
5 . 8 mm.

Pareumys (?) troxelli sp. nov.

Holotype: Juvenile left ramus of mandible with DP4, Mi_2; frag-

ment of left maxilla with M^, A. M. N. H., No. 2021.

Horizon: Wagonhound Member, Uinta Eocene Series.

Locality: White River, Uinta County, Utah.

Diagnosis: Near Pareumys grangeri in size, but inferior molars
with protomere buttresses less erect, trigonid cusps alternating to a

greater extent, metaconids more prominent, hypoconid buttresses

'•Troxell, Edward L., “The Eocene Rodents Sciuravus and Tillomys ’’ Amer.

Jour. Sci., Vol. 5, pp. 387-396, 1923-
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more attenuate, anterior cingula descending low from metaconids;

protoconid spurs directed postero-internally, somewhat as in Sciuravus,

and descending low on posterior flanks of metaconids; longitudinal

and hypolophid crests in continuous curve from protoconids to

entoconids; hypolophulid crests elevated, forming delicate attenua-

tions of the hypoconid buttresses. Anterior valleys oblique, deeper

and broader than in Pareiimys grangeri, and central valleys with nar-

rower internal exits. External valleys directed postero-internally and
narrower than in Pareiimys grangeri. with metaloph not joined to

inner wall of crown, external intermediate cuspule and protoconule

present, protocone strong; hypocone small, but distinct on crown
surface, demarked from protocone by internal groove above; antero-

internal groove also present.

This species, although combining certain characteristics of Pareiimys,

deviates from Pareiimys milleri Peterson and the form which I have

described as Pareiimys grangeri to such an extent in other characters

as to make me hesitant about assigning it to Peterson’s genus.

The pattern as a whole approaches that of Pareiimys grangeri m.

The crest connecting the hypoconid and protoconid does not make

an angle with the hypolophid, as in Pareiimys milleri Peterson, where

the two crests form a sort of broad Y, with the hypolophid the base
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of the Y,or as inPareumys grangeri m., where the crests form something

of a T-design (the "longitudinal” crest, for once, being nearly longi-

tudinal); in Pareiimys (?) troxelli m. the protoconid-hypoconid crest

curv^es postero-internally and the hypolophid continues this sweeping

curve to the entoconid.

The hypolophulid crest is certainly not like that of Pareumys

milleri Peterson, which is short transversely, as in Ischyromys.

Pareumys grangeri m, shows the widely transverse type of hypolophulid

crest, however. Still, there is a difference in the construction of the

crest in Pareumys grangeri m. It is more robust, less attenuate, more

distinct from the hypoconid than that of Pareumys (?) troxelli m.

—and it is doubtful whether it rose as high in Mi_2. This crest in the

species under description is strikingly like that in Cylindrodon fontis

Douglass.

Taken as a whole, the talonids of the cheek teeth of Pareumys (?)

troxelli m., with their posteriorly-curving transverse crests, attenuate

hypoconids, and postero-internally directed, narrow, external valleys,

show more resemblance to the talonids of the teeth of Cylindrodon

fontis Douglass than I have seen in any other Eocene rodent.

The cusp-crest construction of the molar trigonids of this species

differs from that which usually characterizes Pareumys mainly in the

marked obliquity of the protoconid spur. It is true that the spur

takes a rather variable course, even in Pareumys, but its prevailing

course is transverse, rather than oblique. In the present species it is

directed somewhat as in Sciuravus in Mi_2; the anterior valley, in

consequence, is obliquely directed also. The anterior cingulum, or

metaconid spur, descends steeply toward the protomere. Since both

trigonid spurs fall low the "dams” of the anterior valley are very

slight.

The conversion of a trigonid of this type into that of Cylindrodon

requires little more than elevation of the connecting crests and the

outward rotation of the posterior flank of the protoconid. If the

flank of the protoconid were rotated in this manner, the protolophid

would be drawn backward, narrowing the central basin and broaden-

ing the anterior basin on the protoconid side. Such a rotation of the

protoconid would also draw the latter cusp closer to the hypoconid.

This realignment of the protoconid might accompany hypsodonty,

which would tend to make the outer walls of the crown steeper, and to

elevate and rotate the protoconid in the process.
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Although the central basin of Pareumys (?) troxelli m. gives no indi-

cation of being converted into a persistent fossette of the type found

in Cylindrodon, such a structure might likewise be expected to develop

with the acquirement of hypsodonty.

Wilson^ has recently suggested that Pareumys “is quite possibly

ancestral to CylindrodonP I am not disposed to take this position

regarding the advanced Pareumys milleri Peterson, which appears to

me to be trending in the way of an Ischyromys-like dentition, or even

toward Pareumys grangeri m., which seems to be evolving in the same

general direction. However, it seems to me that Pareumys (?) troxelli

m. has attained various characters which, by further specialization,

might have resulted in the Cylindrodo?i type of dentition; the Uinta

species, in other words, has the structural possibilities of evolution

toward Cylindrodon. Yet I do not think that we should regard it,

for the present, as anything more than a structural ancestor of Cylin-

drodon. Lower Oligocene rodents, such as Ardynomys, Pseudocylin-

drodo?i, and other forms as yet undescribed, contemporaries of Cylin-

drodon and less specialized, preserve various structures “ancestral” in

essentially the same sense, to those of Cylindrodon. And I cannot escape

the conviction, gained from observation of the tempo of rodent evolu-

tion in a few cases where we have fair evidence of direct descent, that

the ancestor of Cylindrodon in the Upper Eocene had progressed

beyond the stage represented in Pareumys (?) troxelli m.

M EASUREMENTS

Holotype, A. M. N. H. 2021

M2 antero-posterior 2.0 mm.

M2 transverse 2.0 mm.

Inferior I antero-posterior 1.8 mm.

Inferior I transverse 1.2 mm.

DP4 antero-posterior i - 8 mm.

DP 4 transverse i
• 3 mm.

Ml antero-posterior 2.0 mm.

Ml transverse i-8 mm.

M2 antero-posterior 2.0 mm.

M2 transverse 2.0 mm.

Depth of ramus under Mi 4-3 mm.

^Wilson, Robert W., “Cricitine-like Rodents from the Sespe Eocene of Cali-

fornia.” Proc. Nat. Acad. Sci., Vol. 21, No. i, p. 31, 1935-
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ART. III. PRELIMINARY REPORT ON EOSSIL MAMMALS
FROM THE GREEN RIVER FORMATION IN UTAH

By J. J. Burke

Since 1923, while investigating Tertiary sediments in the Uinta

Basin in LItah, field parties of the Carnegie Museum, under the

leadership of J. LeRoy Kay, have discovered two horizons containing

fossil mammal material in the Green River Eocene Formation of that

region. Mammal fossils in both these horizons were found in a

relatively small area north of the White River, in Uinta County, Utah,

near the Utah-Colorado state boundary (Secs. 5 and 8, T. 7 S., R.

25 E. S. L. M.). These zones are sparsely fossiliferous, and meagre

stratigraphic work has been done in the section. It is thought best to

present this preliminary report at the present time, and descriptions

of the material at a later date, when it is hoped that more accurate

stratigraphical data can also be given.

The locations of the beds and a tentative list of the mammalian

material recovered in them follows:

Zone i—Upper Fossiliferous Zone (Evacuation Creek Member of

Bradley?); Fossil mammals from sandstones about a thousand feet

above the variegated “Wasatch” beds about two miles southeast

of Powder Springs, Uinta County, Utah (Sec. 8, T. 7 S., R. 25 E.

S. L. M.):

Insectivoka

Nyctitheriidee

Nyctitheriiiju sj).

Primates

Ada pi da:

Notharctiis imitthcwi (i. N G.

Rodentia

Paramyida:

Paramys sp. {hians group)

Sciuravidae

Sciuraihis (?) sp. no\’.

13

Issued November 25, 1935.
^Ar Za is4j)
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CONDYLARTHRA

riyopsodontidai

Ilyopsodus minusciilus Leidy

Zone 2—Lower Fossiliferous Zone (Douglass Creek Member of

Bradley) : Fossil mammals from sandstones about one hundred feet

above the variegated ‘AVasatch” beds,—one mile east of Powder

Springs, Uinta County, Utah (Sec. 5, T. 7 S., R. 25 E. S. L. M.);

Primates

Tarsiidae

Tetonius (?) sp.

Perissodactyla

Lambdotheriidse

Lanihdotherium sp.

It is, of course, inadvisable to base speculations upon this material

at this stage in the investigation, but it is of interest to note that Zone

I mentioned above contains forms suggestive of a Lower Bridger

faunal assemblage, which adds some weight to the presumptions of

Bradley^ and of Wood“ that the Green River Formation of the Uinta

Basin may extend into Bridger time. It should also be noted that the

titanothere genus Lamhdotherium, reported from Zone 2, characterizes

the Lost Cabin, Wind River B, and Huerfano A, Eocene horizons.

iBradley, W. H., “Origin and Microfossils of the Oil Shale of the Green River

Formation of Colorado and Utah,’’ U. S. G. S. Prof. Paper i68, p. 21, 1931.

-Wood, Horace Elmer, “Revision of the liyrachyidee,’’ Bull. Amer. Mus. Nat.

Hist., Vol. LXVH, p. 248 (foot note), 1934-



ART. IV. IIYLA ROSENBERGI BOULENGER, AN ADDITION

TO THE FAUNA OF THE PANAMA CANAL ZONE

By M. Graham Netting

j

During the summer of 1933, Mr. Arthur M. Greenhall made a small

collection of amphibians and reptiles in the Panama Canal Zone, and

in the Republic of Panama. A portion of this collection was acquired

by the Museum of Zoology of the University of Michigan and later

the Carnegie Museum purchased a part of the remaining collection.

Among other rarities secured by Mr. Greenhall were three specimens

of Ilyla rosenbergi Boulenger, collected at Alhajuela (about 10 miles

up the Chagres River from Gamboa, and just below Madden Dam),

Canal Zone. One of these specimens is now in the collection of the

Museum of Zoology, and two, collected Sept. 3, 1933, are in the

Carnegie Aluseum collection (C. M. nos. 7418, 7419). Even though

these specimens extend the known range of the species only about

I

forty miles from the Rio Bayano, where Meek and Hildebrand secured

a specimen, they are the first specimens recorded from the Panama
Canal Zone, and they appear to be, furthermore, the only specimens

ever taken in the Atlantic drainage.

It is impossible to hazard a guess as to the factors which limit the

distribution of this species. The present specimens from the Rio

Chagres complete the record of its occurrence in each of the three

large river basins of eastern Panama, but it has not yet been recorded

from the Atrato basin of Colombia which is ichthyologically more

similar to the Rio Tuyra and the Rio Bayano systems than either of

them is to the Rio Chagres. The kind of substratum requisite for its

‘ basin building may be the limiting factor, but if this is the case it

: seems strange that its known distribution so closely parallels that of

j

the fish, Hoplias microlepis (Giinther)^ which is found on the Pacific

j

slope of Ecuador, and on both slopes of central Panama, but not on

the Pacific slope in the intervening area.

The Carnegie Museum specimens are not in perfect agreement with

i ’Field Mus. Nat. Hist., Zool. ser., Vol. X, 1916, p. 305; Mem. Cam. Mus.,

.
Vol. IX, 1922, p. 169.

i
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Boulenger’s^ description and figure. The difference in vomerine teeth

noted by SchmidC is again apparent. Also, the webbing of the

fingers is not so extensive, and the warts of the dorsal surface are

certainly less pearl-like than those of the figured specimen. In view

of these differences, and in view of the puzzling problem of distribu-

tion, I now propose to examine the available specimens of this species.

It is probable that a careful comparison of Ecuadorean and Pana-

manian specimens will indicate some constant differences for it is

likely that the two populations have been separated for a long period

of time.

2Proc. Zool. Soc. London, 1898, pp. 123-124, pi. XVI.

\Smithsonian Misc. Coll., Vol. 89, 1933, p. 6.
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ART. V. THE ‘TABULATE” CORALS OF HALL’S

‘‘ILLUSTRATIONS OF DEVONIAN FOSSILS.”^

By Carroll Lane Fenton and Mildred Adams Fenton.

Introduction.

Hall’s Publication.

In 1876, James Hall issued a volume whose title page reads ‘‘Geo-

logical Survey of New York: Palaeontology: Illustrations of Devonian

Fossils: Gasteropoda, Pteropoda, Cephalopoda, Crustacea and

Corals.” It consisted of plates and explanations, without text, and

illustrated a large number of fossils—especially new species
—

‘‘in

advance of the Palaeontology of New York.” Many of them ulti-

mately were described in the later volumes of that series, but the corals

received only one other publication: a brochure of 43 plates, numbered

as 39, published simultaneously with the larger volume. It alone is

listed by Nickles.^

These ‘‘Illustrations” were published in small editions, of which

part is said to have been burned. They seem never to have been

made available by sale nor to have been well distributed in exchange;

almost a third of the coral brochure edition remained in Hall’s library

as late as 1919. Though recognized as constituting publication, it

has puzzled both bibliographers and students of fossil corals. For

almost sixty years. Hall’s species have been accepted in catalogues of

types and in Miller’s bibliography;^ yet, except for the few briefly

treated by Grabau,^ they have gone without description.

iThis paper constitutes part of a study of Paleozoic corals which has been

financed by a grant from the Elizabeth Thompson Science Fund.

^Geologic Literature on North America. U. S. Geol. Surv., Bull. 746, part

I, 1923.

®North American geology and paleontology, etc., 1889.

^Palaeontology of Eighteen Mile Creek and the lake shore sections of Erie

County, New York. Bull. Buffalo Soc. Nat. Sci., vol. 6, pp. 122 ff., 1899.

Issued April ii, 1936.
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SCOPE OF THIS STUDY.

These corals fall into three groups. First come species described by

others prior to 1876, yet in some cases now recognized chiefly through

Hall’s figures. Second are those assigned to species described by

Rominger and credited to him—probably on his own authority,

since he visited Albany while the illustrating was in progress. Hall’s

work has slight priority; but only in Favosites emmonsi are there

homonyms which cause confusion. Third come many new species,

so designated in plate explanations, yet not otherwise defined.

Our study, then has a three-fold purpose: to describe or revise early

species and those named as new by Hall; to give clarifying notes on

Rominger’s species figured by Hall; and to furnish adequate illustra-

tions for species that may be retained. Because they present the less

intricate problems, the tabulates have been selected for initial publi-

cation.

A form has been adopted which allows this paper to serve as the

text to Hall’s publication. Each species, subspecies, or variety re-

ceives separate designation in the form given by Hall. Under each

heading stands a description or a statement of the disposal of the group

in case it seems unworthy to be described. But one new species

is introduced—and that one included with doubt by Hall in one of

his own new species.

ACKNOWLEDGMENTS
Our thanks are due to the New York State Museum, which placed

at our disposal many of Hall’s types. Others were found in the

Walker Museum of the University of Chicago, which gave us free

access to collections and provided facilities for three months’ re-

search. Dr. G. M. Ehlers and Dr. Stanley Smith have given informa-

tion freely, and the work itself has been made possible by a grant from

the Elizabeth Thompson Science Fund, administered with a freedom

from routine which has enabled accomplishments to increase beyond

those originally planned.

SYSTEMATIC REVISION

Nature of the ‘‘Tabulata”

Though this study has not involved a review of the general relation-

ships of the so-called suborder Tabulata, Milne-Edwards and Haime,
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such forms as Chonostegites and dimorphic species of Favosites have

brought those relationships into question.

While retaining the opinion that some supposed tabulate corals

are bryozoans, the writers tentatively assign the true tabulates to

the subclass Alcyonaria, Milne-Edwards, on grounds already set

forth by Moseley^, Bourne,'^ Sardeson,^ Swinnerton,® and others.

The resemblances on which this opinion is based are illustrated in text

figures 1-3. The first of these shows the relationships of hard and

soft parts in Heliopora with the formation of mural pores through

calcification around the canals connecting the “siphonozooids” of

Moseley; this same figure shows the inferred skeletal relationships

of dimorphic species of Favosites— F. canadensis Billings, for instance,

or dimorphic members of F. argus Hall (plate 1

1

,
fig. 7), F. placenta

Rominger (plate HI, fig 3), F. halli sp. n. (plate I, fig. 5), and certain

forms of Fleurodictyum.

Fig. 2 is a diagrammatic section of the living Tubipora, for com-

parison with figure 3, a reconstruction of Chonostegites, and with

plate VHI, figure l. Though sections are not convincing, the tubes

of Chonostegites seem to consist of two layers: an inner one com-

parable to the spicular mass in Tubipora and an outer epithecal zone

presumably deposited at the edge of the ectoderm during its recession

in growth—this appearance in sections being in keeping with the

external character of the corallites and connecting plates.

Despite crowding of corallites in some species, the granular walls

and occasional presence of plates link Pleurodictyum with such Tubi-

poriform genera as Chonostegites and Syringopora. Alveolites, Em-
monsia, and Chcetetes, on the other hand, join Favosites in what may be

termed the Helioporiform group. The former of these seems to have

genetic validity, being an extension of the familiar family Syringo-

^The structure and relationships of Heliopora coerulea. Phil. Trans. Royal

Soc. London, vol. 166, pt. i, pp. 91-129, 1876.

^Report on certain Hydroid, Alcyonarian and Madreporarian corals, etc.

Part II. On the Helioporidee and their allies. Rep. Sci. Results Voyage H.M.S.

Challenger, Zoology, vol. 2, pp. 102-126, 1881. (Especially pp. 123-126).

^On the structure and affinities of Heliopora coerulea Pallas, etc. Phil. Trans.

Royal Soc. London, vol. 186, B, pp. 455-483, 1895.

^Ueber die Beziehungen der fossilen Tabulaten zu den Alcyonarien. Neues

Jahrb. Min., GeoL, Pah, Beilageband 10, pp. 249-362, 1896.

^Outlines of Palaeontology, ist ed., pp. 48-50, 1923.
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Figures 1-3. Anatomical similarities between living Alcyonarians and fossil

“tabulates.” i. Diagrammatic representation of soft and hard parts in Heliopora,

sufficing also as a restoration of Favosites canadensis Billings of the Onondagan.

2. Diagrammatic representation of anatomy and budding in the modern Tubipora.

3. Restoration of Chonostegites as a Tubiporiform Alcyonarian. In Figure i, the

skeleton is external, secreted by the ectoderm. In 2, it is internal, secreted by

ectodermal cells wandering into the mesogloea. In 3, the skeleton is assumed to be

primarily internal, but secondarily external. In all, skeletal parts are black;

soft parts stippled.

A—Sexual polyp or anthozooid.

B—Extension of stolon sheet or siphonozooid.

C—Connecting canal.

D—Established polyp.

E—Polyp budding from stolon sheet.

H—Stolon sheet.

M—Mural pore.

P—Connecting plate.

S—Calcareous spicules.

T—Tabulae.

U—Hypothetical spicules.

X—Spines on tabulae.
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poridse to include Pleurodictyiim; the latter is morphologic, embracing

the Favositidse (restricted), Halysitidae, and Chaetetidae, each of

which probably has a separate line of descent, and itself includes

homeomorphic genera of diverse ancestry. Some of these, especially

in the Favositidae as currently interpreted, may be like Pleurodictyiim,

Tubiporimorphs in which the plates are greatly reduced or absent.

Generic Descriptions

Five genera have been distinguished among Hall’s “tabulates.”

Though all are familiar, confusions in the literature make descriptions

necessary.

Genus Alveolites Lamarck

Alveolites Lamarck, Syst. Anim. sans Vert., p. 375, 1801; Hist. Nat. Anim. sans

Vert., vol. 2, p. 186, 1816; Steininger, Mem. Soc. Geol. France, vol. i, p. 333,

1831; Milne-Edwards and Haime, Mon. Polyp. Foss. Terr. Pal., Arch. Mus.

d’Hist. Nat., vol. 5, p. 254, 1851.

Cladopora Hall, Nat. Hist. N. Y., Pal., vol. 2, p. 137, 1852; Hall and Whitfield,

23d Ann. Rep. N. Y. State Cab. Nat. Hist., p. 229, 1873 (advance sheets, 1872);

probably a synonym.

Description: Lamarck’s description reads: “Polypier pierreux,

epais, globuleux ou hemispherique, forme de couches nombreuses,

concentriques, qui se recouvrent les unes les autres.

“Couches composees chacune d’une reunion de cellules alveolaires,

subtubuleuses, prismatiques, contigues, formant un reseau a leur

superficie.”

The corallum ranges from hemispherical to irregularly discoid in

shape, commonly interlayered with other organisms, such as Stro-

matoporoids. Corallites short, irregularly prismatic or subcylindrical;

apertures oblique. Thecae closely united, the walls they form being

pierced by pores which are few in number, large, and generally situated

near the angles. Tabulae few and complete where present; they are

absent from many corallites. Septa absent or forming tooth-like

projections.

Remarks: Oblique apertures and paucity of tabulae are the most

uniform of generic characters. Septal teeth being absent from many

or most corallites in each specimen we have sectioned, they hardly

are the “caractere le plus remarquable” that Milne-Edwards and

Haime suggest.

The genus Cladopora Hall was proposed for corals with tubular

corallites “radiating equally on- all sides from the apex, and opening
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upon the surface in rounded or subangular expanded mouths; . . . .

apparently destitute of septa or rays.” Later, forms were included

which were “composed of broad, irregular, frondose branches” and

mention was made of mural pores and “small projections” comparable

to septal teeth. As thus redefined, Cladopora differs from Alveolites

only in branching or palmate growth and in thick thecee which show

sharp lines of separation in weathered specimens or in sections. These

do not seem to be characters of generic rank, and unless more sig-

nificant distinctions can be found, Cladopora must be reduced to

synonymy.

Genotype: A. escharoides Lamarck by subsequent designation

based on precedence.

Genus Favosites Lamarck

Favosites (part) Lamarck, Hist. Nat. des Anim. sans Vert., vol. 2, p. 204, 1816;

Milne-Edwards and Haime, Mon. Polyp. Foss. Terr. Pal., Ann. Mus. d’Hist.

Nat., vol. 5, p. 230, 1851; Smith and Gullick, Ann. Mag. Nat. Hist., ser. 9,

vol. 15, p. 117, 1925.

Description: Corallum branched, expanded or massive. Corallites

contiguous and prismatic. Walls perforated by pores. Septa absent

or represented by ridges or rows of spines, their condition varying

greatly within individual coralla and corallites in some cases, but

uniform for species in others. Tabulae dominantly complete and
approximately horizontal.

Genolectotype: F. gothlandica Lamarck, selected by Milne-Edwards

and Haime.

Genus Emmonsia Milne-Edwards and Haime

Emmonsia Milne-Edwards and Haime, Mon. Polyp. Foss. Terr. Pal., Arch. Mus.

d’Hist. Nat., vol. 5, p. 246, 1851; Smith and Gullick, Ann. Mag. Nat. Hist.,

ser. 9, vol. 15, p. 116, 1925.

Descriptio7i: Corallum massive, expanded or branched. Coral-

lites contiguous and prismatic, with walls pierced by pores. Septa

absent or represented by rows of knobs or spines. Tabulae degenerate;

chiefly represented by the discrete, flattened projections called squa-

mulae, which appear as spines in longitudinal sections.

Remarks: As pointed out by Smith and Gullick, in the paper which

established the significance of Emmonsia, this genus is polyphyletic:

an assembly of phylogerontic forms exhibiting a form of degeneration

common to many lineages of Favosites. The degree of degeneration
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is not uniform: in such species as E. emmonsi true tabulae are very

rare; in others they are prominent, interspersed with squamulae. In

such cases, it is purely a matter of preference whether the coral shall

be assigned to Favosites or Emmonsia. Our own practice is to retain

Favosites for forms in which two-thirds of the tabular structures are

complete (tabulae), and to introduce Emmonsia when squamulae

number more than one-third of the total—two squamulae being

allowed as representing one tabula.

Genolectotype: Favosites emmonsi Hall, {
— Emmonsia hemispherica

Milne-Edwards and Haime, not Calamopora hemispherica Troost),

by subsequent designation based on precedence.

Genus Pleurodictyum Goldfuss

Pleurodictyum Goldfuss, Petref. Germ., vol. i, p. 113, 1826; Milne-Edwards and

Haime, Mon. Polyp. Foss. Terr. Pal., Arch. Mus. d’Hist. Nat., vol. 5, p. 209, 1851.

Michelinia De Koninck, Desc., Anim. Foss. Terr. Garb. Belgique, p. 29, 1842;

Milne-Edwards and Haime, op. cit., p. 249, 1851.

Description: The original description reads: “Corpus gelatinosum

vel coriaceum, explanatum, compressum, tenuissimum, superne

glabrum, subconcavum, concentrice rugosum, inferne lamellosum,

lamellis reticulatim connexis porosis.”

Corallum subhemispherical to irregularly massive. Corallites

polygonal to cylindrical; closely packed or partly separated, somewhat
as in Chonostegites. Thecae thin to thick, granular, distinct; mural

pores large and variably spaced. Septal ridges sharp and prominent
in some species, weak and rounded in others. Tabulae generally con-

vex, complete or cystose; their upper surfaces bear radiating ridges

continuous with the septal ridges, or isolated spines, or both. In some
species these are greatly reduced, discernible on only a few tabulae.

Remarks: Goldfuss’ material consisted of natural casts in sand-

stone, as did several of Milne-Edwards and Haime’s specimens.

Validity of the present interpretation depends, therefore, upon the

close correspondence of those casts with well preserved American

material such as P. styloporum (Eaton). This correspondence exists

in general shape, arrangement of corallites, septal ridges, mural

pores and tabular spines. In fact, except for finer structure in spines

and pores, and weaker tabular ridges, P. styloporum might be regarded

as identical with P. prohlematicum.

We regard scarcity or absence of spines (a condition common in

P. convexum, P. favositoides and similar species) as in part a con-

sequence of reduction in thickness of thecae and tabulae, and in part
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of phyletic modification of these special structures. Whether this

justifies generic distinction we cannot say.

In assigning to Pleiirodictyiim several species generally referred to

Michelmia', we have relied primarily upon granular thecae and tabular

spines as diagnostic. Both features are present in English specimens of

M. favosa De Koninck that we have examined; if characteristic of that

species they reduce Michelinia to synonymy with Pleurodictyiim.

Gefiotype: P. problematicum Goldfuss, by monotypy.

Genus Chonostegites Milne-Edwards and Elaime

Chonostegites Milne-Edwards and Haime, Mon. Polyp. Foss. Terr. Pal., Arch.

Mus. d’Hist. Nat., vol. 5, p. 299, 1851.

Haimeophyllum Billings, Can. Jour. Ind. Sci. Art., n.s., vol. 4, p. 139, 1859.

Description: Corallum compound, massive. Corallites cylindrical,

annulated, isolated but connected by laminar expansions or plates

which extend from the expanded annulae and enclose large, irregular

cavities-—apparently the equivalents of pores, since these are absent

from constrictions. Tabulae complete or cystose, numerous; flat or

more generally convex with spines unevenly developed on their upper
surfaces. Septal ridges present or degenerated into rows of spines.

Reproduction by budding from the connecting plate.

Remarks: The distinguishing features of this genus are its discrete

corallites, united by thecal plates-—a condition approximated in

Pleurodictyum maximum (Troost), suggesting that Cho?iostegites is a

derivative of that genus.

Genotype: C. clappi Milne-Edwards and Haime, by monotypy.

Specific Descriptions

Species are arranged alphabetically under their present genera

rather than in the order in which they were figured by Hall. To

facilitate reference to the “Illustrations,” however, each species or

variety is given a separate heading conforming to that publication,

changes or corrections being given in the bibliography, description or

remarks beneath it.

Alveolites goldfussi Billings; Hall,

111 . Dev. Eoss. Corals, pi. 14, figs. 5-9, 1876.

Alveolites goldfussi Billings (Plate VHI, figs. 7-9.)

Alveolites goldfussi Billings, Can. Jour. Ind. Sci. Art., n.s., vol. 5, p. 255, fig. 5,

i860; Nicholson, Pal. Ontario, p. 56, 1874; Hall, 111 . Dev. Foss, Corals, pi. 14,
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figs. 5-9, 1876; Rominger, Geol. Surv. Mich., vol. 3, pt. 2, p. 42, pi. 17, fig. 2,

1876; Nicholson, Struct, Aff. “Tab. Corals’’ Pal. Per., p. 125, pi. 6, fig. 4, 1879;

Whiteaves, Contrib. Can. Pal., vol. i, p. 121, 1889; Lambe, Contrib. Can. Pal.,

vol. 4, p. 23, 1899.

Description: Coralliim irregularly expanded to massive, convex

below and flattened to concave above, the under surface covered by
thick but discontinuous peritheca. Corallites generally markedly

obliciue with semilunar apertures and projecting, angular upper lips,

their transverse diameters ranging from 1.3 to 2.2 mm. with the

average at about 1.8 mm. Walls relatively thin and distinct; in the

majority, there is no trace of the three septal “teeth” which Milne-

Edwards and Haime consider distinctive of Alveolites. Some coral-

lites, however, show one or two of these structures, and a few bear all,

though in unequal stages of development. The tabulae are thin, flat

or flexuous and irregularly spaced. Mural pores are few, but large.

Remarks: No significant differences can be found between specimens

of this species from the vicinity of Thedford, Ontario and western

New York. Both show considerable fluctuation in size of corallites

and in development of peritheca, tabulae and septal ridges or “teeth.”

When compared with specimens of A. snborbicularis Lamarck {fide

Milne-Edwards and Haime) from the Devonian of the Eifel, A.

goldfussi is found to differ in its thinner and more distinct and angular

walls, larger corallites (those of snborbicularis number 12-18 in the

space of 10 mm.) and thicker epitheca. The same features distin-

guish it from A. rockfordensis Hall and Whitfield of the upper Devonian

(Hackberry) of the Mississippi valley, a species which seems to be only

an American variant of A. suborbicularis.

Occurrence: Hamilton of western New York and the Thedford

district of Ontario. Said by Lambe to occur in the Onondagan of

Cayuga, Ontario, as well.

Holotype: 3612a Nat. Museum of Canada; Hypotypes, 7134-7139,

7142-7143, Carnegie Museum. Hall’s hypotypes have not been traced.

Favosites? Argus Hall,

111 . Dev. Foss. Corals, pi. 13, figs, i-io, 1876.

Favosites argus Hall (Plate II, figs. 1-7; plate VI, fig. i.)

Favosites? argus Hall, 111. Dev. Foss. Corals, pi. 13, figs, i-io, 1876; Crabau, Bull

Buffalo Soc. Nat. Sci., vol. 6, p. 130, 1899.

Favosites (Michelina?) explanata Hall, op. cit., pi. 14, figs. 1-4.

Favosites billingsii Rominger, Ceol. Surv. Mich., vol. 3, pt. 2, p. 29, 1876.

Description: Corallum club-shaped, hemispherical, massive or
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broadly expanded and thin. Corallites quadrangular to hexagonal,

varying widely in size and character. In the typical F. argiis as

illustrated by Hall’s plate 13, most of the corallites are small, number-
ing 5-6 in the space of 10 mm. Scattered among them are elevated,

thick-walled corallites 2-3.5 mm. in maximum diameter. Internally,

the wall is thin, thickening toward the aperture, where it bears 8-12

(generally 12) coarse, rounded septal ridges which are separated by
angular furrows. Their character, in both large and small corallites,

is shown by Hall’s figures 8-10. Tabulae are complete, irregular, and
commonly crowded, numbering 10-18 in the space of 5 mm. Mural
pores small, few and irregularly distributed.

In the variant named F. {Michelinia?) explanata by Hall, the

septal ridges of the upper corallites are so greatly developed as to

virtually hll many of the corallites, forming shallow cups in which
the polyps rested. On the under surface of the holotype, the corallites

are larger than those of the “typical” F. argiis, with thin thecae and
more widely spaced tabulae, and weak septal ridges. Specimens similar

in surficial characters have thick, wrinkled perithecae.

By the corallites of its inferior surface, the holotype of F. {Miche-

linia?) explanata is linked with both the typical F. argus, of Hall, and
with a much coarser, massive form which grades into F. billingsi

Rominger. In it, the majority of corallites are large (2-3 mm. for the

smaller series, 4-5.5 mm. for the larger) with thin thecae on which
septal ridges are weak or lacking, and tabulae which are flat or gently

curved and number 5-10 in 10 mm. In such specimens, however,

there are areas identical with the typical F. argus, and others in which
rapid thickening of the thecae duplicates the upper surface of F.

“explanatusF Such transitions are shown in figures 4-5 of plate II.

These specimens differ only in shape from F. billingsi Rominger as

it occurs in western New York.

Remarks: The intergradation of characters within single coralla,

and the fact that the most distinctive feature of F. {Michelinia?)

explanata, its thick thecae and septal ridges, seem to be the results of

physiologic fluctuation, even in the holotype, serve to unite that

“species” with F. argus. Since F. billingsi differs from the coarse

form which is equivalent to the under surface of the holotype of

explanata only in shape of the entire corallum (itself a highly variable

character) it too is placed as a synonym of F. argus.

Occurrence: Hamilton of western New York and Ontario.

Types: The cotypes of F. argus have not been traced. Holotype

of F. {Michelinia?) expla?iata Hall, now a hypotype of F. argus, is

3129 State Museum. Other hypotypes illustrated or considered

in this paper: 20798, 37748 and 37749 Walker Museum, and 7110-

7125 Carnegie Museum.
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Favosites epidermata corticosa Hall,

111. Dev. Foss. Corals, pi. lO, figs. i-6, 1876.

Favosites corticosus Hall (Plate IV, figs. 6-7.)

Favosites epidermata corticosa Hall, 111 . Dev. Foss. Corals, pi. 10, figs. 1-5; (pi. 10,

fig. (i = Rmmonsia epidermata) , pi. ii, figs. 11-12.

Description: Corallum irregularly palmate or branching. Coral-

lites quadrangular to heptangular, their diameters ranging from 1.5

to 3 mm. Basally they form compact masses in which walls are thin,

without septal ridges, and the tabulae are thin, complete, but irregular

in both surface and distribution. With increasing size the coralla

become palmate and even branched, and the corallites show more dis-

tinctly within the heavy, wrinkled epitheca.

Remarks: From Emmonsia epidermata (Rominger) this form differs

in completeness of tabulae and lack of septal ridges. The specimen of

Hall’s plate 10, figure 6, seems to be a valid, though very coarse,

epidermata. The thickness of walls and tabulae in Favosites corticosus

is much exaggerated in Hall’s sections, plate 10, figure 5, and plate

II, figures 11-12.

Occurrence: Onondagan (Jeffersonville), probably Falls of the Ohio

and vicinity.

Lectotype: 11815 Walker Museum; Cotypes, 12358 Walker Museum
and N. Y. State Museum. Cotype of that museum (Hall’s

Plate 10, Figure 6) is a specimen of Emmonsia epidermata (Rominger).

Favosites (Michelina?) explanata Hall,

111. Dev. Foss. Corals, pi. 14, figs. 1-4, 1876.

Favosites argus Hall (Plate VI, fig. i.)

Remarks: On grounds already stated, this species is placed in

synonymy with Favosites argus Hall.

Occurrence: Hamilton, western New York.
3429

Holotype: N. Y. State Museum. A hypotype of F. argus Hall.

Favosites halli sp. nov. (Plate I, figs. 4-7.)

Favosites emmonsii Hall, 111 . Dev. Foss., pi. 9, figs. 3-6; pi. ii, fig. 5; pi. 12, fig. 4,

1876; Rominger, Geol. Surv. Mich., vol. 3, pt. 2, p. 27, pi. 2, figs. 1-2, 1876.

{Not F. emmonsi Rominger, Grabau and Shimer, N. A. Index Foss., vol. i, p.

86, 1909.)
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Description: Corallum irregularly massive or expanded. Coral-

lites hexagonal; 7-8 in the space of 10 mm. In typical specimens, they
exhibit two series: one consisting of corallites generally less than 1.5

mm. in diameter, the other of corallites 1.5 to 2.5 mm. in diameter with

walls thicker than those of their small neighbors, so that they project

I to 3 mm. above the general level of weathered surfaces. In speci-

mens from the coral bioherm at Williamsville, N. Y., this division of

corallites is less uniformly marked, and the larger ones project only

slightly. Septal ridges are commonly developed and tabulae, with

rare exceptions, are flat, complete, and not thickened marginally.

Each corallite face is pierced by a single row of large pores.

Remarks: Because of its suitability for study, and his own comment

that it is “probably a distinct species,” the specimen of Hall’s plate

12, figure 4 is chosen as the holotype. That figure errs in showing

two rows of pores on a single face; examination shows that in each

instance two corallites are involved. Hall’s plate ii, figure 5, greatly

exaggerates the irregularity and fusion of tabulae in another specimen.

Though we identify it as F. halli, it is sufficiently different from others

that we do not place it among the paratypes.

Occurrence: Onondagan, Falls of the Ohio, Williamsville, N. Y.,

and Ontario.

Holotype: Paratypes, N. Y. State Museum; Flypotypes,

7198-7203 Carnegie Museum.

Favosites hamiltoni^ Hall,

111 . Dev. Foss. Corals, pi. 34, figs. 1-9, 1876.

Favosites hamiltoniae Hall (Plate IV, figs. 2-4.)

Favosites hamiltonioe Hall, 111 . Dev. Foss., Corals, pi. 34, figs. 1-9, 1876; Grabau,

Bull. Buffalo Soc. Nat. Sci., vol. 6, p. 130, 1899.

Description: Corallum irregularly massive. Corallites rather

uniformly hexagonal, without marked alternations in size; they

number 4-5 in the space of 10 mm. Walls thin, without septal ridges

or spines on the specimens examined. Tabulae strong, flat and ir-

regularly though generally widely spaced; 6-7 in the space of 10 mm.
Pores irregularly and widely spaced, in two indefinite rows.

Remarks: This species occurs in limestones and highly calcareous

shales, where it replaces both the thin and thick-walled forms of

F. argus. Perhaps, therefore it is an ecad or subspecies of that vari-

able group; but since specimens at hand do not prove the point, we

leave it as a distinct species.
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Occurrence: “Encrinal” (Tichenor) limestone and calcareous beds

in the Ludlowville member of the Hamilton, western New York.

Cotype: American Museum of Natural History; Hypotypes,

7209-7212 Carnegie Museum.

Favosites hemispherica (Troost); Hall,

111 . Dev. Foss. Corals, pi. 2, figs. 1-5; pi. 10, fig. 7; pi. ii, figs. 6-10, 1876.

“Calamopora hemispherica Troost”

(
= Favosites turbinatus Billings)

Not Favosites hemisphericum Kutorga, Zweit. Beitr. zur Geogn. und Paleont.

Dorpat’s, p. 40, pi. 8, fig. 5 and pi. 9, fig. 3, 1837.

Calamopora hemispherica Troost, 5th Geol. Rep. Tennessee, p. 72, 1840.

Favosites hemispherica Yandell and Shumard, Contrib. to the Geol. of Kentucky,

p. 7, 1847; Hall, 111 . Dev. Foss. Corals, pi. 2, figs. 1-5; pi. 10, fig. 7; pi. ii, figs.

6-10, 1876.

Not Rmmonsia hemispherica Milne-Edwards and Haime, Mon. d. Polyp. Foss. d.

Terr. Pal. (Arch. d. Mus. d’Hist. Nat., vol. 5), p. 247, 1851; Smith and Gullick,

Ann. Mag. Nat. Hist., vol. 15, 9th ser., p. 119, 1925.

Remarks: The confused synonymy and homonymy of this species

requires discussion under two heads:

I. Nature of Calamopora hemispherica Troost

Though commonly attributed to Yandell and Shumard, 1847, this

species was described by Troost in 1840, as follows:

“The fossil to which I have applied the name of hemispherica

occurs, so far as I have been able to observe, only in hemispherical

masses. It is formed of tubes of such size that nine of them, placed

the one next to the other, will occupy half an inch; they radiate from

the centre towards the circumference. In the interior of the mass

they are internally and externally prismatic, but the upper surface

is generally so much incrusted, that their oral apertures have no

regular shape. Some of these tubes (on water worn masses) project

here and there, and are then internally as well as externally cylindri-

cal, and not connected together; they may be mistaken for Syringo-

pora. The transverse septa are flat, and the connecting pores placed

in the middle of the sides.”

To this Yandell and Shumard add: “This fossil, the most char-

acteristic of the shell-beds, to which it is limited, is abundant at the
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Falls, and is found in masses of hemispherical figure, which vary

from one to ten inches in diameter. It is most commonly calcareous,

though sometimes it is siliceous.”

Using the name hemispherica Milne-Edwards and Haime, 1851,

founded the genus Emmonsia for Tabulata characterized by “planch-

ers de deux sortes: les uns complets, s’etendant dans toute la largeur

des chambres des polypierites et sensiblement horizontaux; les autres

incomplets, obliques ou subvesiculeux, s’appuyant sur les precedents.”

Such oblique, incomplete tabulae are mentioned by neither Troost nor

Yandell and Shumard.

Nicholson (1879, p. 67), in defending Favosites hemispherica “Yan-

dell and Shumard,” which he held equivalent to Emmonsia hemi-

spherica of Milne-Edwards and Haime, united it with F. turbinatus

Billings and F. emmonsii Rominger, but distinguished it from F.

hemisphericus of Rominger. Yet Billings specifies that his species is

“elongate turbinate,” that its “cells all are closed, except on the top

of the colony,” and that they possess “only one row of pores.” In

all of these respects the species agrees with F. hemisphericus as in-

terpreted by Hall, Rominger and Yandell. Even Billings’ statement

that tabulae are complete or incomplete is not significant, since in

broken, silicified specimens the tabulae may appear incomplete when

sections show them to be otherwise. Nicholson’s figures, on the

other hand, show specimens with squamulae, septal spines and “close-

set biserial mural pores”—characters common to Emmonsia emmonsi

Hall of this paper.

Smith and Gullick follow Nicholson in their interpretation of

Troost’s species, which they nominally retain as the genotype of

Emmonsia. They seem to place greater reliance upon shape than upon

the contrast in internal characters between their specimen and those

evidently considered by Troost himself.

We agree with Rominger (1876, p. 25) that Emmonsia hemispherica

Milne-Edwards and Haime (and therefore of Smith and Gullick)

is not Calamopora hemispherica Troost, which is characterized by a

single row of pores in each wall and by flat tabulae. Though it is

probable that Yandell applied the name hemispherica both to Troost’s

species and to the one named much later by Hall, Yandell’s own

specimens, so far as they are known, represent the former. Their

external characters are well shown by Hall; their internal ones are

seen on plate IV, figure 9.
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It thus appears that Calamopora hemispherica Troost is a true

Favosites with complete, flat tabulae and a single row of pores in each

thecal face or wall. Most of the corallites are closed (“incrusted”)

and the shape ranges from depressed-hemispherical to turbinate. In

short the species is identical with Favosites Hirhhiatiis Billings, 1859-—

-

as Nicholson suggested on erroneous grounds.

2. Favosites hemisphericus a Homonym

It is not necessary, however, to discard Billings’ species, which

was well defined for his day. Assigned to Favosites, Troost’s species

becomes a homonym of Favosites hemisphericus Kutorga 1837, itself

regarded as a synonym of Chaetetes petropolitanum Pander by Milne-

Edwards and Haime. The name therefore must be dropped, and

F. turhinatus Billings put in its place. As such it is described in this

paper, with occurrence and figures of internal structure.

The specimen figured on Hall’s plate ii, figure 8 is, on an earlier

plate referred to F. hemisphericus var. and seems not to possess the

flat tabulae characteristic of F. turhinatus; figure 9, also on plate ii,

probably does not represent F. hemisphericus. The specimen figured

on plate ii, figure 10 clearly does not represent F. turhinatus; Hall

himself questioned its relationship.

Specimens figured on Hall’s plate 10, figure 7 and plate ii, figures

6-10 have not been traced.

Flypotypes: 11808 and 37752 Walker Museum; American

Museum of Natural History.

Favosites hemisphericus var. a. Hall,

111 . Dev. Foss. Corals, pi. 2 A, figs. 1-7, 1876.

Remarks: The two specimens represented by figures 1-5 were ex-

amined and are considered to be conspecific with F. turhinatus Billings.

The other two specimens were not traced but they are probably the

same with the turbinate character developed more fully.

Occurrence: Onondagan, New York and the Falls of the Ohio.

Hypotypes: 11809 Walker Museum.

Favosites hemisphericus var.. Hall,

111 . Dev. Foss. Corals, pi. 2 B, fig. 8 and pi. 3, fig. i, 1876.

Remarks: The specimen represented on Hall’s plate 2 B, figure 8.

was not examined but it seems very probable that it belongs to F.



32 Annals of the Carnegie Museum VOL. XXV

tiirhinatus Billings. Figure 8 of plate ii represents part of this speci-

men, though under the name hemisphericus. Another specimen,

(from the Onondaga, Cayuga, Ontario), plate 3, figure i, was not

traced, and its relationships can not be determined.

Occurrence: Onondagan, western New York.

Hypotype: American Museum of Natural History.

Favosites hemispherica distorta Hall,

111 . Dev. Foss. Corals, pi. 5, figs. 1-5, 1876.

Favosites distortus Hall (Plate HI, figs. 5-7.)

Favosites hemispherica distorta Hall, 111 . Dev. Foss. Corals, pi. 5, figs. 1-5, 1876.

Description: Corallum turbinate in early stages, becoming ir-

regularly twisted with advancing growth. Corallites irregularly

hexagonal, with walls apparently distinct though contiguous, and
apparently without septal ridges. They are pierced on each face by
rather large pores which seem to form single series. Tabulae are

complete, convex or flat, and regularly spaced; some are broken,

giving an appearance of squamulae—of which a few, however, may
be present. Virtually the entire corallum bears a peritheca whose
operculariform nature is somewhat exaggerated by Hall’s figure 5.

As shown by that figure, it consists in part of an external thickening

of the wall, separated by a deep groove from a pitted ring within

which is a concentrically striated area—the width of the ring being

variable. Among species examined, this pattern is distinct.

Remarks: The most distinctive features of this form are its elongate,

twisted shape and flexuous tabulae. In other respects it seems closely

allied to F. tiirhinatus Billings.

Occurrence: Onondagan, Helderberg Mountains and Scoharie, N. Y.

Cotypes: 11813 Walker Museum and American Museum of

Natural History. The specimen of Hall’s figure 5 has not been traced.

Favosites hemispherica recta Hall,

111 . Dev. Foss. Corals, pi. 2 C, figs. 1-4, 1876.

Remarks: The types of this subspecies have not been traced. The

figures show nothing which distinguishes it from F. tiirhinatus Billings,

whose relationships to F. hemisphericus (Troost) have been discussed.

We consider, therefore, that the subspecies recta must be abandoned.

Occurrence: Onondagan, Cayuga, Ontario.
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Favosites placenta Rominger; Hall,

111 . Dev. Foss. Corals, pi. 34, figs. lo-ii; pi. 35, figs. 1-12, 1876.

Favosites placenta Rominger (Plate HI, figs. 1-4.)

Favosites placenta Rominger, Geol. Surv. Mich., vol. 3, pt. 2, p. 34, pi. ii, figs. 1-2,

1876; Hall, 111 . Dev. Foss. Corals, pi. 34, figs. lo-ii; pi. 35, figs. 1-12, 1876.

Remarks: This species is distinguished by its small, subcircular

corallites which are uniform in some specimens and in others show

alternations in size (dimorphism), with the smaller clustered about

the larger. Diameters range from 0.4 to 0.8 mm. In all New York

specimens sectioned, the tabulae are flat, complete and rather regularly

spaced, with no trace of squamulae. Rominger, however, mentions

“lateral horizontal squamulae”; two of Hall’s figures (plate 34, figure

II
;
plate 35, figure 12) show well developed squamulae. It is possible,

however, that these represent tabulae which appear broken on a

polished surface, but are complete in section: a condition shown by

plate III, figure i, and the specimen from which that section was

made. Pores relatively large, widely spaced; a single row on each

thecal face.

Because of uncertainty as to the supposed squamulae, this species

is allowed to remain in Favosites, though it may be a transitional

form leading to Emmonsia. Its typical growth is in flattened ex-

pansions, though digitate colonies are common.

Occurrence: Traverse of Michigan; Hamilton of Ontario (Widder,

Thedford, etc.) and of western New York; in the last-named region

it is commonest in the Moscow shale.

Cotypes: 8465, 8466 and 8468 Univ. of Michigan; Hypotypes,

11820 Walker Museum; 7147-7151, 7153-7154, 7156-7158, 7160,

Carnegie Museum.

Favosites hemispherica var. turbinata Billings; Hall,

111 . Dev. Foss. Corals, pi. 2 B, figs. 1-7; pi. 2 C, fig. 5; pi. 4,

fig. 2; pi. II, figs. 2-4, 1876.

Favosites turbinatus Billings (Plate IV, figs, i, 8-9.)

Calamopora hemispherica Troost, 5th Geol. Rep. Tennessee, p. 72, 1840.

Favosites hemispherica Yandell and Shumard, Contrib. to the Geol. of Kentucky

P. 7 . 1847.



34 Annals of the Carnegie Museum VOL. XXV

Favosites turbinata Billings, Can. Jour. Ind. Sci. Arts, n.s., vol. 4, p. 109, 1859;

ibid., vol. 5, p. 259, i860.

Favosites hemispherica Hall, 111 . Dev. Foss. Corals, pi. 2, figs. 1-5; pi. 10, fig. 7;

pi. II, figs. 6-10, 1876.

Favosites hemispherica var. turbinata Hall, op. cit., pi. 2B, figs. 1-7; pi. 2C, fig. 5;

pi. 4, fig. 2; pi. II, figs. 2-4, 1876.

Description: Corallites hexagonal and of nearly uniform size, with

moderately thick walls; they number 6-9 in the space of 10 mm.
Septal ridges weak or lacking; tabulae complete, flat, and widely

spaced: 3-8 in the space of 10 mm. On each corallite face, the thecae

are pierced by very large mural pores, irregularly spaced in a single

series except where uneven development results in the appearance of

two. Basal portion of each corallite covered by a thick peritheca

formed by individual, operculiform facets closing the apertures of

individual corallites. They arise in thickenings of the theca, which
progress centrally to form convex plates bearing faint concentric

wrinkles, as shown in plate IV, figure i.

The shape ranges from concavo-convex to depressed hemispherical

to turbinate or irregularly conical; the size, from colonies barely an
inch thick to masses two feet long and six inches in diameter. Ex-

panded colonies seem less common among Hamilton than among
Onondaga specimens.

Remarks: The synonymy of this species has been discussed under

Calamopora hemispherica Troost,” the source of principal confusion.

We have found no adequate mechanical explanation of the growth

of this species, which characteristically assumes a turbinate form.

Hence we consider the tendency a heritable one, subject, however, to

considerable change. Distinction of subspecies on the basis of shape

(as attempted by Hall) seems impossible.

Occurrence: Onondagan of Ohio, New York and Ontario; Hamilton

(Widder beds) of western Ontario.

Cotypes: 3393 National Museum of Canada; Hypotypes, 11808,

11810-11812, 11842, 37746, 37751, 37752 Walker Museum,^ N. Y.

State Museum, and American Museum of Natural History.

Favosites arbuscula Hall,

111 . Dev. Foss. Corals, pi. 36, figs. 1-9, 1876.

Emmonsia arbuscula (Hall) (Plate I, figs. 1-3.)

Favosites arbuscula Hall, 111 . Dev. Foss. Corals, pi. 36, figs. 1-9, 1876.

Description: Corallum branching or irregularly massive. Coral-

lites hexagonal to subcircular at apertures; irregular in size, number-
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ing 5-7 in the space of 10 mm. Walls thin; at the apertures they

grow in a manner superficially suggestive of Alveolites and form pro-

jections of uneven heights, as shown in Hall’s figure 6. Septal spines

long and commonly thick at their bases, though sparsely distributed;

tabulae dominantly incomplete and alternating, but complete in some
instances, both types occurring within a single corallite, Peritheca

apparently lacking.

Remarks: The spines, Alveolitoid apertures, and mixed types of

tabulae join with its branching form^o distinguish this species, whose

fragments are common at many localities in western New York.

Reference to Emmonsia is based on the presence of squamulae, which,

however, are by no means so distinct as Hall’s figures 7-8 indicate.

This may be seen by contrasting our figure i with Hall’s 6—photo-

graph and drawing from the same section.

Occurrence: Hamilton group (chiefly Moscow shale) of western

New York.

Cotypes: 11821 Walker Museum and N. Y. State Museum;

Hypotypes, 7189 et al, Carnegie Museum.

Favosites emmonsii Hall,

111 . Dev. Foss. Corals, pi. 9, figs. 1-6, pi. ii, fig. 5; pi. 12, figs. 1-5, 1876.

Emmonsia emmonsi (Hall) (Plate I, figs. 8-10.)

Favosites emmonsii Hall, 111. Dev. Foss. Corals, pi. 9, figs. 1-2; pi. 12, fig. 5; {not

pi. 9, figs. 3-6; pi. II, fig. 5; pi. 12, fig. 4; probably not pi. 12, figs. 1-3), 1876.

Not Favosites emmonsii Rominger, Geol. Surv. Mich., vol. 3, pt. 2, p. 27, pi. 2, figs.

1-2, 1876.

?Favosites hemispherica Billings, Can. Jour. Ind. Sci. Art, n.s., vol. 4, p. 105, 1859.

Emmonsia hemispherica Smith and Gullick, Ann. Mag. Nat. Hist., vol. 15, 9th

ser., p. 119, pi. 8, figs. 2-3, 1925.

Description: Corallum irregularly hemispherical, massive or ex-

panded. Corallites generally hexagonal, of varying sizes, numbering
6-7 in the space of 10 mm. Walls thin in calcified specimens; secon-

darily thickened in silicified coralla; pierced by large mural pores

arranged in 2 (rarely 3) irregularly alternating series. Septal ridges

lacking from specimens at hand; squamulae much thickened margin-
ally, alternating when seen in longitudinal sections.

Remarks: Diagnostic characters of this species are the 2 or 3 rows

of pores on each corallite face and the marginally thickened squamulae.

Among type material, they limit the species to the specimens of Hall’s

plate 9, figure i (not traced) and figure 2, and plate 12, figure 5

—



36 Annals of the Carnegie Museum VOL. XXV

though that figure errs in its representation of cystose tabulae rather

than squamulse, see plate I, figure lo of this paper. Because of its

excellence for study, the last is chosen as the lectotype. Specimens

of plate 12, figures 1-3 have not been traced, and their nature cannot

be determined from the figures. Hall himself remarks that the second

is “referred with doubt to this species.”

Occurrence: Onondagan, Falls of the Ohio, Cayuga, Ontario, and

in limestones above the coral bioherm at Williamsville, N. Y.

Lectotype: Cotype; N. Y. State Museum; Hypotype,

35773 Walker Museum.

Favosites epidermata Rominger; Hall,

111 . Dev. Foss. Corals, pi. 6, figs. 1-5; pi. 12, figs. 6, 9-13, 1876.

Emmonsia epidermata (Rominger)

Favosites epidermata 'Rominger, Am. Jour. Sci., ser. 2, vol. 34, p. 396, 1862; Hall,

111 . Dev. Foss. Corals, pi. 6, figs. 1-5; pi. 12, figs. 6, 9-13, 1876; Rominger, Geol.

Surv. Mich., vol. 3, pt. 2, p. 29, pi. 8, figs. 1-3, 1876.

Favosites epidermata var. corticosa Hall, 111 . Dev. Foss. Corals, pi. 10, fig. 6; {not

figs. 1-5), 1876.

Remarks: Specimens figured on Hall’s plate 6, figures 1-2 and plate

12, figures 6, 10 and ii, and plate 10, figure 6 have been compared

with Rominger’s types of this species, and they seem identical. All

are placed in Emmonsia since, as is well shown by Hall’s figures except

13 on plate 12 (which is erroneously drawn) the species epidermata

is characterized by squamulae.

Occurrence: Onondagan of Ontario, Ohio and New York.

Cotypes: 8453-8455 Univ. of Michigan; Hypotypes, 11816 and 11827

Walker Museum and N. Y. State Museum. The last is the

specimen erroneously illustrated as a cotype of corticosa.

Favosites epidermata? var. biloculi Hall,

111 . Dev. Foss. Corals, pi. 7, fig. 2.

Remarks: The single figured specimen of this subspecies has not

been traced, and the illustrations offer no basis for identification.

There seems no ground, therefore, on which hiloculi may be retained.
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Favosites tuberoses Rominger; Hall,

111 . Dev. Foss. Corals, pi. 4, fig. i; pi. 6, fig. 6; pi. 7, fig. i;

pi. 8
,
figs. 1-7; pi. II, fig. i; pi. 12, figs. 7-8, 1876.

Emmonsia tuberosa (Rominger) (Plate I, fig. ii; plate IV, fig. 5.)

Probably not Calamopora basaltica Goldfuss, Petref. Germ., vol. i, pi. 26, fig. 4a,

1829.

Favosites basaltica Billings, Can. Jour. Ind. Sci., Art, n.s., vol. 4, p. 106 (part), 1859.

Favosites forbesi Nicholson, Pal. Ontario, p. 48, pi. 7, fig. 8, pi. 8, fig. 4, 1874.

Favosites tuberosus Rominger, Geol. Surv. Mich., vol. 3, pt. 2, p. 30, pi. 9, figs. 1-2,

1876; Hall, 111. Dev. Foss., Corals, pi. 4, fig. i; pi. 6, fig. 6; pi. 7, fig. i; pi. 8, figs.

I, 3-7; pi. II, fig. i; pi. 12, figs. 7-8, 1876.

Favosites forbesi var. tuberosa Nicholson, Struct. Aff. “Tab. Corals” Pal. Per.,

p. 62, pi. 3, fig. 2, 1879.

Description: Corallum irregularly massive or branching; cgral-

lites quadrangular to hexagonal or subcircular, their diameters rang-

ing from 1-6 mm. Septal ridges weak to strong, their number varying

with the size and shape of corallites; mural pores large, in 1-3 series

upon each face. Tabulae of two sorts: one incomplete, even spiniform;

the other thin and concave, apparently formed in some cases by union

of incomplete tabulae (squamulae). Surface of the gerontic portions

of coralla covered by a false peritheca consisting of concave, oper-

culariform facets built by inward calcification from the thecae; their

surface characters are well shown by Hall’s plate 8, figure 7.

Remarks: Only the specimens of Hall’s plate 8, figures i and 3-7

have been traced; figure 2 represents another species, probably E.

emmonsi (Hall). We cannot agree with Billings and Nicholson that

they are identical with the first figured specimen of F. basalticas

(Goldfuss), nor can we follow Nicholson in placing E. tuberosa as a

subspecies of F. forbesi Milne-Edwards and Haime, since it seems

generically distinct.

Occurrence: Onondagan of the Ohio Valley, New York and Ontario.

Cotypes: 8457-8458 Univ. of Michigan; Efypotypes, 2834 and 11814

Walker Museum.

Favosites tuberoses var.. Hall,

111 . Dev. Foss. Corals, pi. i, fig. i; pi. 4, fig. i; pi. 7, fig. i, 1876.

Remarks: The figured specimens not being traced, the relationship

of this variety to Emmonsia tuberosa (Rominger) can not be de-

termined. The specimens represented on plate i, figure i and plate 7,



38 Annals of the Carnegie Museum VOL. XXV

figure I certainly belong to the genus Emmonsia; that on plate 4,

figure I is doubtfully Emmonsia.

Occurrence: Onondagan at Cayuga, Ontario and Akron, N. Y.

Michelina (Pleurodictyum) convexa D’Orbigny; Hall,

111 . Dev. Foss. Corals, pi. 15, figs. 1-5; pi. 15 A, figs, i-ii, 1876.

Pleurodictyum convexum (D’Orbigny) (Plate VI, figs. 5-6.)

Michelinia convexa D’Orbigny, Prodrome de Pal., vol. i, p. 107, 1850; Milne-

Edwards and Haime, Mon. Polyp. Foss. Terr. Pal., Arch. Mus. d’Hist. Nat.,

vol. 5, p. 251, 1851; Billings, Can. Jour. Ind. Sci. Art, n.s., vol. 4, p. 112, 1859.

Michelina {Pleurodictyum) convexa Hall, 111 . Dev. Foss. Corals, pi. 15, figs. 1-5,

pi. 15 A, figs, i-ii, 1876.

Description: Corallum typically hemispherical. Corallites quad-

rangular to octagonal; the young corallites have the smaller number
of angles. The walls are comparatively thin, ranging from 0.5-0.

8

mm. in thickness. The basal area is covered by peritheca.

The mature corallites are nearly uniform in size and range from 8-

10 mm. in diameter. The theca is marked by septal ridges which
bear septal spines; these are arranged roughly in two rows on each

ridge. The mural pores are irregularly arranged and are approxi-

mately as wide as the ridges on which they appear; elevated ridges

mark their openings. The tabulae are markedly convex, some are

complete while others are incomplete and cystose. Spines on the

tabulae are similar to those on the septal ridges but less numerous;
weathering has removed them from many of the exposed tabulae.

In thin section the walls appear granular.

Remarks: Distinguishing features of this species, as compared with

P. maxima, are large corallites, few and highly convex tabulae and two

rows of spines on each septal ridge.

Occurrence: Onondagan of New York, Ontario, Ohio, Indiana and

Kentucky.

Hypotypes: 11952, 12359, 12915, 12916 Walker Museum, and

American Museum of Natural History.

Michelina clappi Milne-Edwards & Haime; Hall,

111 . Dev. Foss. Corals, pi. 17, fig. i, 1876.

Pleurodictyum cylindricum? (Michelin) (Plate VI, fig. 7.)

Calamopora Gothlandica Castelnau, Terr. Silur. de I’Amer. du Nord, pi. 16, fig.

3. 1843.
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Favosites cylindrica Michelin, Icon., p. 255, pi, 60, fig. i, 1846.

Emmonsia? cylindrica Milne-Edwards and Haime, Mon. Polyp. Foss. Terr. Pal.,

Arch. Mus. d’Hist. Nat., vol. 5, p. 248, 1851.

Michelina clappi Hall, 111. Dev. Foss. Corals, pi. 17, fig. i, {not figs. 2-3), 1876.

Description: Corallum very similar to P. maxima (Troost) but on

the upper surface the corallites have a decidedly cylindrical appear-

ance which seems to be due to a constriction of the calyces. The
corallites are actually polygonal with frequent constrictions which

show in the longitudinal sections. Mature corallites range from

4.5 to 6.6 mm. in diameter. Young ones appear irregularly and in

some specimens surround the larger, mature ones.

In broken sections the walls are quite irregular due to the periodic

contractions which number 4 in the space of 5 mm. Mural pores

appear in circles between the contracted areas. Septal ridges promi-

nent; a single row of spines appear on each ridge. The spines are

especially prominent on the contracted areas where the walls are

heavy. Tabulae both complete and incomplete, 9-10 in the space

of 5 mm.
Remarks: The specimens here considered are doubtfully referred

to Michelin’s species as interpreted by Milne-Edwards and Haime.

They are distinct from P. maxima (Troost) and certainly not refer-

able to Chonostegites clappi Milne-Edwards and Haime.

Occurrence: Jeffersonville, Falls of the Ohio; said to occur in New
York.

Hypotypes: 35761, 35802 and 35794 Walker Museum.

Michelina (Pleurodictyum) dividua Hall,

111 . Dev. Foss. Corals, pi. 18, figs. 10-17, 1876.

Pleurodictyum dividuum (Hall) (Plate VI I, figs. 1-4.)

Michelina {Pleurodictyum) dividua Hall, 111. Dev. Foss. Corals, pi. 18, figs. 10-17,

1876.

Description: Corallum hemispherical in early stages, growing into

irregularly expanded masses whose lower surfaces bear thick, wrinkled
epithecse. Corallites quadrangular to hexagonal in large coralla, but
irregularly rounded in some small ones—in which they also are

larger. Typically, they number 3-4 in the space of 10 mm. The
wall is continuous and granular, 0.5 to i mm. in thickness, and is

pierced by small, irregular canals which, however, neither ramify nor
branch. Tabulae complete or incomplete, convex, or concave or

(rarely) almost flat; closely but irregularly spaced. Their upper
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surfaces bear many spines, which in some cases are so long as to extend
through succeeding tabula; these spines show a rudimentary radial

arrangement in some corallites. The septal ridges are pronounced
only in calyces; they bear prominent spines spaced at irregular in-

tervals. Epitheca heavy, wrinkled, yet preserving the outlines of

corallites.

Remarks: In some specimens, the corallites approach the size of

those in young coralla of P. styloporum (Eaton). In no case, however,

do they duplicate those of that species in regular outward expansion,

nor do the coralla assume its depressed hemispherical shape.

Occurrence: Hamilton group (chiefly Moscow Shale) of western

New York.

Cotypes: American Museum of Natural History; Hypolypes,

7174-7176, 7255-7256 Carnegie Museum.

Michelina favosoidea Billings; Hall,

111 . Dev. Eoss. Corals, pi. 17, fig. 4, 1876.

Pleurodictyum favosoideum (Billings)

Michelinia favosoidea Billings, Can. Nat. Geol., vol. 3, p. 428, 1858; Can. Jour.

Ind. Sci. Art, n.s., vol. 4, p. 114, 1859.

Michelina favosoidea Hall, 111 . Dev. Foss. Corals, pi. 17, fig. 4, 1876.

Remarks: Hall’s hypotype of Billings’ species, the first figured

specimen, is silicified and does not preserve some of the diagnostic

characters of the species. Septal ridges not prominent, though 9

and 7 were counted on two corallite faces. The septal spines or

tubercles are numerous, delicate and do not seem to have a definite

longitudinal arrangement. Tabulae complete or c^/'stose; 6-8 in the

space of 5 mm. Corallites are 4. 5-5. 7 mm. in diameter; small ones

are irregularly interspersed among the large corallites.

A few mural pores were observed. They are small and appear to

be arranged in tiers, such as are common in P. maxima (Troost)

with which this species may prove to be synonymous.

Occurrence: Hall’s hypotype is without data on horizon or locality;

the species occurs in Onondaga formations in Canada, New York

and the Ohio Valley.

Hypotype: 129 13 Walker Museum.
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Michelina (Pleurodictyum) maxima (Troost); Hall,

111 . Dev. Foss. Corals, pi. i6, figs. 1-7, 1876.

Pleurodictyum maximum (Troost) (Plate VI, figs. 2-4.)

Calamopora maxima Troost, 5th Geol. Rep. Tennessee, p. 73, 1840.

?Calamopora mammillaris Castelnau, Terr. Silur. de I’Amer. du Nord, pi. 19,

fig. 3, 1843-

Favosites maxima Yandell and Shumard, Contrib. to the Geol. of Kentucky,

p. 7, 1847.

Favosites mammillaris Milne-Edwards and Haime, Mon. Polyp. Foss. Terr. Pal.,

Arch. Mus. d’Hist. Nat., vol. 5, p. 240, 1851.

Michelina {Pleurodictyum) maxima Hall, 111. Dev. Foss. Corals, pi. 16, figs. 1-7,

1876.

Description: Troost’s description is as follows: “It occurs in

hemispherical masses composed of prismatic tubes with irregular

sides, diverging from the centre towards the circumference. The
connecting pores are invisible, the transverse septa level. This species

has the largest tubes I have met with, four of them occupy the space

of I i-io inches.”

Corallum roughly hemispherical or irregularly massive. Corallites

are quite uniform in size, mainly pentagonal and heptagonal; 5-8 mm.
in diameter though 7 appears to be commonest. The theca varies from
0.5-1 mm. in thickness; it is marked by septal ridges, 5-6 in the space

of 3 mm. Each ridge bears a single row of short septal spines or

tubercles that are heavier on silcified specimens, probably because of

secondary silicification. The mural pores lie roughly in tiers between
periodic thickenings of the theca; 4 such thickenings appear in the

space of 5 mm. In some cases the mural pores are on the septal ridges,

have diameters equal to the width of the ridge, and are encircled by
elevations; in other cases they lie between the ridges and are about
half the size of those upon them. Septal spines sharp or tubercular;

they are arranged in distinct rows, i upon each septal ridge. Tabulae

are slightly convex, numerous and mainly incomplete, 9-12 in the space

of 5 mm. Tubercles or spines continuing from the septal ridges mark
the surface of tabulae on some weathered specimens. In thin sections

the irregular thickness, as well as the division of the thecae, is con-

spicuous. Theca is granular in structure.

Remarks: This species as interpreted by Hall’s figured specimens

is quite similar to Pleurodictyum convexum but is distinguished from the

latter by the small size of the septal ridges and the arrangement of the

mural pores in tiers as well as the periodic thickening of the thecae.

The single row of septal spines on each ridge is a further distinguishing

character.

Occurrence: Onondagan, Falls of the Ohio.
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Hypotypes: 11953 and 12914 Walker Museum, and American

Museum of Natural History.

Michelina (Pleurodictyum) stylopora (Eaton); Hall,

111 . Dev. Foss. Corals, pi. 18 (not 17) figs. 1-9, 1876.

Pleurodict5Him styloporum (Eaton) (Plate VII, figs. 5-9.)

Astrea stylopora Eaton, Geol. Text-Book, 2d ed., p. 40, pi. 4, fig. 48, 1832.

Pleurodictyum americanum Roemer, Leth. Geog., vol. i, Leth. Pal., Atlas, pi. 28,

figs. 2-2b, 1876.

Michelina {Pleurodictyum) stylopora Hall, 111 . Dev. Foss. Corals, pi. 18, figs. 1-9,

1876.

Description: Corallum hemispherical with a wrinkled peritheca on

the flattened area. Basal attachment commonly on brachiopods,

gastropods or pelecypods. The corallites in small colonies are fairly

uniform in size, ranging from 4. 2-7. 5 mm. in diameter, with very

young corallites scattered among the larger ones. In the large mature
colonies, 7 to 9 cm. in diameter, the larger corallites vary in size from

9.4 to 13.5 mm. and are mainly circular, while the young corallites

appearing around them are angular. The septal ridges, four in the

space of 3 mm. are prominent and give the theca a crenulate appear-

ance. Mural pores are irregularly arranged. Spines are numerous on

the septal ridges of some specimens. Tabulae few, straight, concave

or convex; most of them are complete. Weathered tabulae show pits

and ridges representing septae. Four tabulae appear in the space

of 5 mm.
Remarks: This species differs from P. dividuum (Hall) in having

larger, more variable corallites and fewer and less regularly spaced

tabulae.

Occurrence: Hamilton (chiefly Moscow Shale) of western New York.

Hypotypes: 11817, 11841, 37754, 37771-37775 Walker Museum.

Michelina clappi (Milne-Edwards & Haime); Hall,

111 . Dev. Foss. Corals, pi. 17, figs. 1-3, 1876.

Chonostegites clappi Milne-Edwards and Haime

(Plate VIH, figs. 1-5.)

Chonostegites clappi Milne-Edwards and Haime, Mon. Polyp. Foss. Terr. Pal.,

Arch. Mus. d’Hist. Nat., vol. 5, p. 299, pi. 14, figs. 4-4a, 1851.

Michelinia intermittens Billings, Can. Nat. and Geol., vol. 3, p. 427, 1858; Can.

Jour. Ind. Sci. Art, vol. 4, n.s., p. 113, 1859.
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Haimeophyllum ordinatum Billings, Can. Jour. Ind. Sci. Art, n.s., vol. 4, p. 139,

text fig. 29, 1859.

Michelina clappi Hall, 111. Dev. Foss. Corals, pi. 17 {not fig. i) figs. 2-3, 1876;

Rominger, Geol. Surv. Mich., vol. 3, pt. 2, p. 76, pi. 28, figs. 3-4, 1876.

Description: Corallum broadly expanded; corallites appear poly-

gonal on unweathered surfaces but have circular calyces. A side view

of the corallites shows that they are round with periodic expansions

that connect them. In unwearhered specimens the spaces between the

expansions are filled so that the characters are best discerned from a

thin section. Faint costae or striae can be seen on weathered speci-

mens. The corallites vary in diameter from 3.2 to 4 mm.; the dis-

tance apart has an even greater variation: 2.8-4 The connecting

expansions have individual variations; some specimens have 2 in the

space of 5 mm. others as many as 4.

The tabulae are cystose, horizontal to markedly convex, 5-8 in the

space of 5 mm.; upper surface marked by distinct spines. The annular

expansions are thin and devoid of structure or are thicker and vesi-

cular.

Remarks: Nicholson called attention to the fact that both Miche-

linia intermittens Billings and Haimeophyllum ordinatum Billings are

synonyms of this species.

Occurrence: Onondagan of the Ohio Valley, New York and Ontario.

Hypotypes: 37783 and 12918 Walker Museum.

NOTE ON SECTIONS

Most of the sections illustrated in the following plates were made by

the nitrocellulose peel method described by M. A. Fenton in the

American Midland Naturalist, vol. 16, pp. 410-412, 1935. They were

photographed by projection, as suggested in that paper, and few of

them have been retouched.
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Fig. I.

Fig. 2.

Fig. 3.

Figs. 4-5.

Fig. 6.

Fig. 7.

Figs. 8-9.

Fig. 10.

EXPLANATION OF PLATE I

Figs. 1-3. Rmmonsia arhuscula (Hall).

Longitudinal section of a cotype, showing almost complete absence

of tabulae and scarcity of squamulae. Hamilton of Western New
York. (11821 Walker Museum.) X 1.8.

Transverse section of a hypotype, showing short squamulae. Hamilton

of Leicester, N. Y. (7278 Carnegie Museum.) X 1.8.

Transverse section of a cotype. Note pores in walls. Hamilton of

Western New York. (11821 Walker Museum.) X 1.8.

Figs. 4-7. Favosites halli sp. n.

Longitudinal and transverse sections of the holotype, the specimen of

Hall’s pi. 12, fig. 4. Onondaga of Falls of Ohio. N. Y. State

Museum.) X 2.

Slightly oblique section of a paratype from the bioherm of Onondaga

at Williamsville, N. Y., showing the thin but complete tabulae and

thin walls. (7202 Carnegie Museum.) X 2.

Transverse section of another paratype from Onondaga of Williams-

ville. Both this and fig. 5 show slight alternation in size of corallites.

(7199 Carnegie Museum.) X 2.

Figs. 8-10. Emmonsia emmonsi (Hall).

Vertical and transverse sections of the lectotype, showing squamulae

and large mural pores. Onondaga of Falls of Ohio. (^^ N. Y.

State Museum.) X 2.

A much larger vertical section from the same specimen showing bi-

serial and even triserial pores.

Fig. II. Emmonsia tuberosa (Rominger).

Section from the specimen of Hall’s pi. 8, fig. 4. Note variations in

form of the squamulae, and the imperfection of their unions to form

tabulae. Onondaga of W. Akron, N. Y. (i 1814 Walker Museum.) X 2.
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EXPLANATION OF PLATE II

Figs, 1-7. Favosites argus Hall.

Longitudinal section of a large specimen from the Hamilton of Lei-

cester, N, Y., differing chiefly in thickness of the corallum from F.

billingsi Rominger. Note thin walls and tabulae, with heavy secondary

calcification about the apertures, enclosing large pores. This calcifi-

cation produces the “species” F. explanata Hall. (7121 Carnegie

Museum.) X 2,

Longitudinal section from another corallum; walls and tabulae in

what may be called the F. billingsi state of the species. Hamilton of

Leicester, N. Y, (7116 Carnegie Museum.) X 1.5.

Longitudinal section through a specimen in the typical F. argus state.

Tabulae crowded; walls thickly but not excessively calcified; corallites

dimorphic. Hamilton of Le Roy, N. Y. (Hills’ Gulch). (37749

Walker Museum.) X 1.5.

Transverse section of a specimen ranging from the argus to billingsi

states. Hamilton of Leicester, N. Y. (71 ii Carnegie Museum.)

X 1.5.

Transverse section of a specimen ranging from the explanatus to

billingsi states, the latter appearing in a corallite immediately above

the numeral “5.” Hamilton of Leicester, N. Y. (7125 Carnegie

Museum.) X 2,

Longitudinal section of a specimen which combines all three states of

the species, with pronounced dimorphism of corallites. Hamilton of

Leicester, N. Y. (7114 Carnegie Museum.) X 2.

Transverse section of a corallum with moderately thin walls but

dimorphic corallites. Note grouping of the small ones about the large,

comparable to “siphonozooids” and “anthozooids” of Heliopora.

Hamilton of Leicester, N. Y. (7123 Carnegie Museum.) X 2.
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EXPLANATION OF PLATE III

Figs. 1—4. Favosites placenta Rominger.

Fig. I. Longitudinal section from a typical specimen with widely expanded

corallum. Tabulae widely spaced. Hamilton of East Alexander, N. Y.

(7158 Carnegie Museum.) X 2.

Figs. 2-3. Transverse sections of two specimens, the second showing dimorphic

corallites. Hamilton of East Alexander, N. Y. (7151 and 7160 Car-

negie Museum.) X 2.

Fig. 4. Transverse section of the specimen of fig. 2, with corallites sectioned

variously. Note dimorphism above the numeral, and close spacing of

tabulae. Hamilton of East Alexander, N. Y. (7149 Carnegie Mu-
seum.) X 2.

Figs. 5-7. Favosites distortus Hall.

Three sections from cotypes. Note partial disintegration of tabulae.

Onondaga of Helderberg Mts., N. Y. (11813 Walker Museum.) X 2.
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EXPLANATION OF PLATE IV

Fig. I. Favosites turhinatiis Billings.

Part of surface of a typical corallum, Hamilton or Onondaga of West

Williams, Ontario, showing closure of the calyces. (11842 Walker

Museum.) X 10.

Figs. 2-4. Favosites hamiltonioe Hall.

Two longitudinal and a transverse section of a specimen from Eigh-

teen Mile Creek, at the Lake Erie shore, N. Y. Hamilton of Eighteen

Mile Creek, N. Y. (7210-7212 Carnegie Museum.) X 2.

Fig. 5. Emmonsia tuberosa (Rominger).

Portion of surface, showing closure and partial closure of calyces.

Contrast with fig. i, Onondaga, Falls of Ohio. (2834 Walker

Museum.) X 10.

Figs. 6-7. Favosites corticosus Hall.

Longitudinal and transverse sections of a cotype. Onondaga of

Falls of Ohio (?) (11815 Walker Museum.) X 2.

Figs. 8-9. Favosites turhinatiis Billings.

Fig. 8. Transverse-oblique section of a specimen from Hamilton of West

Williams, Ontario, showing mural pores. (37746 Walker Museum.)

X 1.5.

Fig. 9. Part of transverse section of the specimen of Hall’s pi. 2, figs. 4-5,

collected by Yandell. Note complete tabulae, characteristic of Troost’s

Calamopora hemispherica, of which this is one of Hall’s hypotypes.

The heavy black area is silicified. Onondaga of Falls of Ohio. (37752

Walker Museum.) X 2.
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EXPLANATION OF PLATE V

Favosites turhinatus Billings.

Part of a longitudinal section of a corallum from the Hamilton of

West Williams, Ontario, showing wall structure, mural pores, tabulae

and reproduction. (37746 Walker Museum.) X 2.
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EXPLANATION OF PLATE VI

Fig. I. Favosites argus Hall.

Transverse section of the holotype of F. (Michelinia) explanata Hall

from the Hamilton of York, Livingston Co., N. Y., for comparison

with pi. II, fig. 3. N. Y. State Museum.) X 2.

Figs. 2-4. Pleurodictyum maximum (Troost).

Transverse, oblique and vertical sections of the specimen of Hall’s

pi. 16, figs. 4-5. Note spines on the tabulae. Onondaga of Falls of

Ohio (?). (11953 Walker Museum.) X 1.5.

Figs. 5-6. Pleurodictyum convexum (D’Orbigny).

Longitudinal and transverse sections of the specimen of Hall’s pi.

15, fig. I. Note scarcity of tabular spines. Onondaga of W. Clarence,

N. Y. (12916 Walker Museum.) X 1.5.

Fig. 7. Pleurodictyum cylindricum? (Michelin).

Surface of a specimen of the species so identified in America. Note

separation of corallites. Jefferson Limestone, Falls of Ohio. (35802

Walker Museum.) X i.
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Figs. 1-2

Figs. 3-4

Figs. 5-6

Fig. 7.

Fig. 8.

Fig. 9.

EXPLANATION OF PLATE VII

Figs. 1-4. Pleurodictyum dividuum Hall.

Transverse sections of two hypotypes showing granular walls, septal

ridges and tabular spines. Hamilton of East Alexander, N. Y. (7176

Carnegie Museum.) X 2.

Longitudinal sections showing cystose tabulae and spines. (7175 and

7256 Carnegie Museum.) X 2.

Figs. 5-9. Pleurodictyum styloporum (Eaton).

Two transverse sections showing granular structure and septal ridges.

Hamilton of Genesee Co., N. Y. (37754 and 37773 Walker Museum.)

X 1.5.

Part of a large specimen showing coarse septal spines. Hamilton of

Genesee Co., N. Y. (37775 Walker Museum.) X 1.5.

Longitudinal section of a typical corallum, showing tubes of com-

mensal annelids. Hamilton of Genesee Co., N. Y. (37774 Walker

Museum.) X 1.5.

Longitudinal section of a large specimen in which septal spines are few

and weak. Hamilton, East Bethany, N. Y. (37742 Walker Mu-
seum.) X 1 . 5 -
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EXPLANATION OF PLATE VIII

Figs. 1-5. Chonostegites clappi Milne-Edwards and Haime.

Fig. I. Part of Hall’s fig. 2, pi. 17, showing characteristic shape of corallites

and their origin from connecting plates. Probably, Falls of Ohio.

X I.

Figs. 2-5. Longitudinal sections of corallites from a similar specimen, showing

characters of tabulae and tabular spines. Onondaga Limestone of

Western New York. (12918 Walker Museum.) X 2.

Fig. 6. Tubipora syringa Dana.

Portion of a recent corallum from the Fiji Islands, showing similarity

to Chonostegites. (35124 Walker Museum.) X i.

Figs. 7-9. Alveolites goldfussi Billings.

Fig. 7. Longitudinal section showing paucity of tabulae. Hamilton of East

Alexander, N. Y. (7139 Carnegie Museum.) X 2.

Figs. 8—9. Two transverse sections showing slight development of teeth. Hamil-

ton of East Alexander, N. Y. (7138 and 7137 Carnegie Museum.)

X 2.
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ART. VI. A NEW NOTOSTRACAN GENUS FROM

THE ORDOVICIAN OF SIBERIA.

By B. F. Howell and Teiichi Kobayashi

In the Ordovician strata of Europe and North America there have

long been known to occur peculiar little fossils which paleontologists

have had difficulty in classifying. They have been considered by some

authors to be the remains of the carapaces of crustaceans of the order

Notostraca. As a number of new species and genera have recently

been discovered by one of us (Kobayashi)* in Upper Cambrian and

Ordovician strata in Eastern Asia, and the distribution of these peculiar

fossils is of unusual interest, he is now making a further comprehensive

study of the group. Meanwhile it seems desirable to record the dis-

covery of one new species, apparently the representative of a new genus,

in a collection, secured from northern Siberia some years ago by

Dr. I. P. Tolmachoff, Curator at the Carnegie Museum of Pittsburgh,

which we are now studying. The collection contains besides several

species of Wanwania, Ribeiria, Ribeirella, Ischyrma, and Eopteria.

Our specimens came from a boulder, believed to be of Medial

Ordovician age, that was found on the right bank of the Moyero

River, six miles above the mouth of the Ukdama River, in northern

Siberia. We are indebted to Dr. Tolmachoff for the opportunity to

examine and describe them, and we take pleasure in naming the genus

in his honor. Only the characterization of the genus and the descrip-

tion of the genotype are presented here. The description of the other

species will be included in a memoir, describing all the species in the

collection, which we are preparing.

*T. Kobayashi (1933) Faunal Study of the Wanwanian (Basal Ordovician)

Series with Special Notes on the Ribeiridae and the Ellesmereoceroids, Jour. Fac.

Sci. Imp. Univ. Tokyo, Sect. II, Vol. Ill, Pt. 7.
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Class CRUSTACEA

Subclass EUCRUSTACEA

Superorder BRANCIIIOPODA

Order NOTOSTRACA Sars

Family RIBEIRID.E Kobayashi

Genus Tolmachovia, new genus

The chief diagnostic characters of this genus are the fine concentric

striations on the outer surface and, internally, the pair of vertical

clavicles connected by a linear thickening, several concentric folds in

the anterior half, and a radial fold running diagonally across the pos-

terior. The genus resembles Billings’ genus, Ischyrina, in its outline,

double clavicles, and posterior plication, but differs fundamentally
from that genus in its external markings, which are radial in Ischyrina,

but concentric in Tolmachovia.

The genotype is the new species, Tolmachovia concentrica, de-

scribed below. The genus is at present known only from the Middle

Ordovician of northern Siberia.

Tolmachovia concentrica, new species

(Text figs. 1-4.)

The carapace is moderately convex, depressed, and ovate, with a

subangulate, subcentral umbo. The clavicles are equally developed

and are connected by a ridge. There are five or six additional ridges,

running parallel to the preceding ridge, in the anterior portion and on

the ventral side of the ridge. A radial ridge crosses the posterior por-

tion diagonally, starting from the posterior clavicle. Sometimes one

or two additional, finer, ridges diverge from the beak to the venter on

the inner side of the preceding radial.

Only one of our specimens has the carapace preserved on its an-

terior portion. This carapace is composed of a thick layer of calcare-

ous material. Its surface is gently folded. Five folds were counted.

They presumably correspond to the internal concentric ridges of the

valve. The whole surface is marked by innumerable fine concentric

lines. As the texture of the shell of the posterior portion cannot be

seen on any of our specimens, we have not been able to determine

whether or not the radial internal ridge affects the surface to form a

radial keel. In the dorsal view of the internal mould the umbo is



1936 Howell & Kobayashi: A New Notostracan Genus 61

somewhat pyramidal in shape, and its four edges are sub-angulate.

The scars of the clavicles are found a short distance below the apex,

where the faces of the pyramid are very flat. The other faces are

Figs. 1-4. Tolmachovia concentrica, new species.

somewhat convex. In some of our specimens the concentric markings

are not confined to the ventral part, but are present all the way up to

the umbo.

The holotype is No. the Geological Museum of the Russian

Academy of Science. Paratypes are Nos. 2mb> 2027c^ ^274.

All are figured except d. The holotype is illustrated in figures i and 2.
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ART. VII. MYCORRHIZ^ FROM THE UINTA BASIN

By L. K. Henry

Sometime ago, I received for investigation a collection of tree and

shrub rootlets from the Uinta Basin, Utah. These rootlets were col-

lected during April, May, and June, 1933, by Dr. Edward H. Graham,

Assistant Curator of Botany at the Carnegie Museum, while on his

second expedition to the region.

Microscopical examination of these rootlets revealed ectotrophic

mycorrhizae on eight out of fifteen plants collected. The mycorrhizae

occurred on one Aspen, one Birch, one Fir, two Spruces, and three

Pines. No mycorrhizae were found on the Juniper, Sagebrush, Grease-

wood, Maple, Service-berry, or Sumach.

The ectotrophic mycorrhizae on all three pines were very similar.

Externally, they consisted of coralloid clusters and swollen short

roots; and internally, of thin prosenchymatous fungal mantles with

hyphae projecting from the outer edge, intercellular fungal nets, and

cortical cell hypertrophy. These eight hosts have been checked with

an unpublished Mycorrhizal Host Index check-list and four are, I

believe, new mycorrhizal hosts.

The fifteen specimens examined may be arranged according to

presence or absence of mycorrhizae:

ECTOTROPHIC

Abies lasiocarpa (Hooker) Nuttall.—Dwarf tree, Mt. Emmons,

11,400 feet elevation.

*Betula fontinalis Sargent.—Dinosaur National Monument, in narrow

ravine near spring, 5,000 feet elevation.

Picea Engelmanni Parry.—Dwarf tree, Mt. Emmons, 11,400 feet

elevation.

Picea Engelmanni Parry.—Peak north of Trout Creek Ranger Station,

11,500 feet elevation.

*Pinus brachyptera Engelmann.—Big Park, wooded base of Uinta

River Canyon, 7,500 feet elevation.

*New mycorrhizal host plants.
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*Pinus edulis Engelmann.—North Slope of Grouse (Summit) Creek,

circa 7,000 feet elevation (north slope of north rim of Basin).

Finns Murrayana Balfour.—Trout Creek Ranger Station, 9,300

feet elevation.

^Populus aurea Tidestrom.-—Big Park, wooded base of Uinta River

Canyon, 7,500 feet elevation.

NO MYCORRHIZ^

Acer inlerius Britton.—Dinosaur National Monument, 5,000 feet

elevation.

Amelanchier utahensis Koehne.—Dinosaur National Monument,

5.000 feet elevation.

Artemisia tridentata Nuttall.—Dinosaur National Monument, 5,000

feet elevation.

Jimiperus utahensis (Engelmann) Lemmon.—Five miles north of

Vernal, 6,000 feet elevation.

Juniperus sihirica Burgsd.—Low shrub. Trout Creek Ranger Station,

9.000 feet elevation.

Rhus trilobata Nuttall.-—Dinosaur National Monument, 5,000 feet

elevation.

Sarcobatus vermiculatus (Hooker) Torrey.—South of Skull Pass

Quarry, east side of Green River, 20 miles south of Vernal,

5.000 feet elevation.

The specimens examined were collected in the following vegetation

zones^ beginning at the desert and ascending to the mountain top:

Mixed Desert Shrub Zone.—4,500 to 5,500 feet, typical desert, soil

strongly alkaline.

Artemisia tridentata

Betula foyitinalis

Sarcobatus vermiculatus

*New mycorrhizal host plants.

iThe names used foi the altitudinal z es m ‘^e suggested by Dr. Graham

and those which he plans to use in describing the vegetation of the south slope

of the Uinta Mountains in connectior 'd his rl n the flora and phytogeo-

graphy of the Uinta Basin of northeas; , r I ' rthwestern Colorado.
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Juniper-Pinyon Zone.—5,500 to 7,000 feet, desert-woodland, soil

strongly alkaline.

Acer interius

A melancJiier utahensis

Juniperus utahensis

Rhus trilohata

Sub-montane Shrub Zone.—7,000 to 8,000 feet, desert-woodland.

Pinus hrachyptera—in wooded base of Uinta River Canyon.

Pinus ediilis—north slope of Grouse (Summit) Creek.

Populus aurea—in wooded base of Uinta River Canyon.

Aspen Zone.—8,000 to 8,700 feet, pH reading neutral. No rootlets

collected here, see above zone for Aspen.

Lodgepole Pine Zone.—8,700 to 10,000 feet, pH reading slightly acid.

Juniperus sihirica—low shrub.

Pmus murrayana

Spruce-Fir Zone.— 10,000 to 11,000 feet, pH reading slightly acid at

junction of this zone with former one.

Picea Engelmanni

Alpine Zone.— 11,000 to 13,500 feet, pH reading neutral. This zone is

above tree line.

Abies lasiocarpa—dwarf shrub.

Picea Engelmanni—dwarf shrub.

According to Dr. Graham’s findings, made with a La Motte Soil

Teskit, the soils in the Mixed Desert Shrub zone and the Juniper zone

were strongly alkaline with a pH reading of 7.5 as shown at Skull

Pass Quarry and the Dinosaur National Monument. Certain locali-

ties in the Aspen zone showed a pH of 7.0, while at the Junction of the

Lodgepole Pine and the Spruce-Fir zones readings of pH 6 and pH
6- were obtained.

The majority of the plants which possessed no mycorrhizse were

growing in the alkaline desert-shrub or desert-woodlands below the

Aspen zone, while all but three possessing mycorrhizae were located

in neutral or acid soils at elevations above the Aspen zone. Juniperus

sihirica, a low spreading shrub growing in the Lodgepole Pine zone,

was the only non-mycorrhizal plant to appear above the alkaline

desert habitats.

Populus aurea, Pinus edulis, and Pinus hrachyptera from the Sub-

montaine Shrub zone harbored ectotrophic mycorrhizse. However,

they were growing in the forested sections and were not under typical
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desert conditions. A reading of pH 6-|- was obtained from the soil

around Finns hrachyptera indicating a slightly acid condition, due

possibly to the decaying forest litter present there. Likewise, Betula

fontinalis growing in a narrow canyon near a spring in the Mixed

Desert Shrub zone showed ectotrophic mycorrhizae.

Although Abies lasiocarpa and Picea Engelmanni have already

been reported as mycorrhizal hosts, I feel that a detailed description

of the ectotrophic mycorrhizae from these two dwarfed species growing

at an elevation of 11,400 feet is not out of place here. Both species

were growing among broken rock, Uinta quartzite, which forms the

crest of the mountains throughout this region, and were above tree

line which is at 11,000 feet elevation. They were deformed, dwarfed

trees about four to five feet high located on a broad morainal mound

above the Chain lakes on the southeast slope of Mt. Emmons. Al-

though no pH readings were made near these dwarfed trees, a pH of 7

was obtained in small meadow-like patches among the same type of

rocks in this Alpine zone. Sufiicient litter was collected under these

dwarfed trees to form soil. Externally, the rootlets of Abies lasiocarpa

possessed typical coralloid clusters of mycorrhizae, some of which were

gray in color, and gray swollen mycorrhizal short roots (plate X,

fig. 2a)
;
while internally, the mycorrhizae showed thick prosenchyma-

tous fungal mantles with hyphae projecting from the outer edge, some

of which have cross-walls and clamp connections, intercellular fungal

nets, and cortical cell hypertrophy (plate X, fig. 2b).

Mycorrhizae of Picea Engelmanni possessed similar external char-

acteristics (plate X, fig. 3a), while the internal structures were alike

except for the thin prosenchymatous fungal mantles and absence of

clamp connections on the projecting hyphae (plate X, fig. 3b). This

thin prosenchymatous fungal mantle is in accord with the ones found

upon the same species growing in the Spruce-Fir zone at an elevation

of 10,500 feet.

The habitat, external form and internal structure of mycorrhizae

on four new host plants are described in Table I.

SUMMARY

Ectotrophic mycorrhizae were found on eight of the fifteen different

plant rootlets collected in the Uinta Basin, Utah. Five of the ectotro-

phic hosts were growing above the Aspen zone where soil is neutral or
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slightly acid, while the remaining three occurred in the Sub-montane

Shrub zone but in locations where the soil conditions were not that of a

typical alkaline desert. All but one of the non-mycorrhizal species

were located in the desert-shrub and desert-woodlands where the soil

was distinctly alkaline. The dwarfed trees of Abies lasiocarpa and

Picea Engelmanni growing in scanty soil among the rocks in the

Alpine zone were excellent mycorrhizal hosts. These findings would

seem to indicate that the ectotrophic mycorrhizae were able to develop

and flourish in sand and sand-humus mixtures as long as the soil re-

mained in neutral or acid condition, but were unable to live under the

alkaline soil conditions of the desert.

Betula fontinalis, Pinus brachyptera, Pinus edulis and Populus aurea

are new additions to the mycorrhizal host list.
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EXPLANATION OF PLATE IX

Fig. la. Coralloid cluster of ectotrophic mycorrhizae from Betula fontinalis X 14.

Fig. ib. Cross section of ectotrophic mycorrhiza from Betula fontinalis X 156.

Fig. 2a. Mycorrhizal short roots from Pinus brachyptera X 14.

Fig. 2b. Cross section of ectotrophic mycorrhiza from Pinus brachyptera X 156.

Fig. 3a. Coralloid cluster of ectotrophic mycorrhizae from Pinus edulis X 14.

Fig. 3b. Cross section of ectotrophic mycorrhiza from Pinus edulis X 156.
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EXPLANATION OF PLATE X

Fig. la. Coralloid cluster of ectotrophic mycorrhizae from Populus aurea X 14.

Fig. ib. Cross section of ectotrophic mycorrhiza from Populus aurea X 156.

Fig. 2a. Mycorrhizal short roots, one dichotomously branched, from Abies lasio-

carpa (dwarf tree) X 14.

Fig. 2b. Cross section of ectotrophic mycorrhiza from Abies lasiocarpa X 156.

Fig. 3a. Mycorrhizal short roots from Picea Engelmanni (dwarf tree) X 14.

Fig. 3b. Cross section of ectotrophic mycorrhiza from Picea Engelmanni X 156.
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ART. VIII. A NEW SCOLECODONT GENUS, ILDRAITES,
FROM THE UPPER DEVONIAN OF NEW YORK

By E. R. Eller

In a paper published in 1934^ the writer described among other

genera four species of Arahellites, polychaete annelid jaws or scole-

codonts. Three of these species, Arahellites spatiosioris, Arahellites

latiis, and Arahellites alfredensis resembled each other quite closely,

differing only in size, sculpture of the surface, and character of the

denticles. One species, Arahellites hipennis, was quite unlike the other

three. In this description the writer remarked that the jaws did not

correspond (since this posterior margin is incurved) to any figured

by other authors, except possibly a species, Arahellites spicatus figured

by Hinde,2 but that the anterior portion including the hook and

denticles compared well with Arahellites alfredensis.

In the collecting season of 1935, the writer had the good fortune

to find an articulated annelid jaw assemblage, plate XI, fig. i, at

Alfred Station, New York, in the Alfred Shale, a local facies of the

Gowanda beds, Canadaway Group of recent workers, and historically

known as the Chemung of the Upper Devonian. The maxillae I of this

new articulated jaw apparatus corresponds to Arahellites hipennis,

plate XXIII, figs. 8-10, and maxillae II to Eunicites anchoralis, plate

XXII, figs. 1-5 of the former paper. This new specimen again brought

to the mind of the writer the question as to whether Arahellites hi-

pennis and Arahellites spicatus Hinde should not be considered as

generically different from the genus Arahellites. With this in mind

the writer reviewed the various material and has decided to place the

jaws of this kind in a new genus.

Genus Ildraites, gen. nov.

Genotype Arahellites hipennis Eller

The anterior extremity of the jaws of maxillae I has an extremely

prominent pointed hook and a row of several usually acute denticles

lAnn. Car. Mus., Vol. XXII. pp. 303-316, pis. XXII, XXIII, 1934.
2Bihang till k. Svensk. Handl., Vol. 7, N:05, p. 18, pi. 2, figs. 47-49, 1882.
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along the nearly straight inner lateral margin. The anterior part

is very similar to Arabellites. The posterior portion is sickle-shaped

by a deep crescent-shaped bight while the posterior end of Arabellites

is obliquely truncate. The reason for erecting a new genus is based

primarily on this difference in the posterior portion of the jaw (maxillae

I). This structural difference probably depends on a type of muscular

attachment in the jaws which was different from that of other genera

and it might be also reflected in the general morphology of this

annelid. In other words, this structure suggests such alterations in the

structure of the animal that generic separation of corresponding

forms becomes, in the opinion of the writer, quite necessary.

Ildraites bipennis (Eller)

Maxilla I, II, and III or IV (?), Mandible (?)

Arabellites bipennis Eller. Ann. Car. Mus., 1934, Vol. XXII, p. 311, pi. XXIII,

figs. 8, 9, 10.

Eunicites anchoralis Eller. Ann. Car. Mus., 1934, Vol. XXII, p. 307, pi. XXII,

figs. 1-5.

Maxilla I

The paired jaws of maxillae I were lying on the top of the jaws of

maxillae II especially along the inner lateral margin. During the clean-

ing off of the outer lateral margin of maxillae II the part covering

maxillae I was destroyed and now we have only a partial impression

of the latter. However, enough of the maxillae I is preserved to give

a clear idea about its form. The ends of both hooks are absent, not

being preserved even as impressions. On the right jaw the impression

of several denticles is discernible.

Maxill.e II

The jaws of maxillae II resemble Eunicites anchoralis of the former

paper. The jaws under consideration in the present paper are com-

plete except that the ends of the hooks and two of the denticles of the

left jaw are broken off. The jaws are longer and they bear several

more denticles than those figured before. The anterior part bears a

bight corresponding in its general form to that of maxillae I. The

denticles are asymmetrical and have a well-worn appearance. Some

of the denticles appear to have a groove in their middle. All denticles
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are bent upwards and inwards at more than 45° which is probably

due to compression since in other specimens of this species the denticles

lay in the same plane as the jaw. Under high magnification the surface

of the jaws seems to be slightly pitted and also covered with minute

tubercles.

Maxilla III or IV

Near the left jaw of maxillae II and partly under it is seen a jaw

of maxillae III or IV. The jaw has a row of blunt denticles along its

inner margin. So little of the jaw is visible that it is not possible

to describe it in any detail. However, due to its large size the jaw

probably belongs to maxillae III, although it is not possible to be

positive about it.

Mandible (?)

In front of the jaw apparatus is seen an extremely thin, chitinous-

like plate that extends back under the left jaws of maxillae I and II.

It was impossible to remove any of the matrix without breaking the

jaw. The size and character of this jaw part suggests the possibility

that it may be a mandible.

In examining the jaw apparatus no apertures or irregularities on

the surface for the attachment of muscles have been found. It is

interesting to note that a similar bighted structure is present on both

the jaws of maxillae I and maxillae II. On maxillae I it is a deep in-

dentation in the posterior area with two shanks. In the jaws of

maxillae II the anterior margin is extended into a shank which forms

the characteristic bight. These shanks and bights were probably for

the attachment of the muscular system. In the modern family

LeodicidcB many of the maxilla II have also deep indentations in the

posterior area.
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EXPLANATION OF PLATE XI

Figure magnified 45 times.

Fig. I Ildraites bipennis (Eller) Alfred Station, New York.

Maxillae I, impression, left and right jaws.

Maxillae II, left and right jaws.

Maxillae III or IV, left or right jaw, extends from under the left jaw of

maxillae 11.

Mandible (?), seen near the anterior end of the left jaws of maxillae I and 11.

The type is in the Carnegie Museum, number 8049, Section of Invertebrate

Paleontology.
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1

Ildraites bipennis (Eller), an articulated scolecodont from the

Upper Devonian of New York.
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ART. IX. THE CHAIN SNAKE, LAMPROPELTIS GETULUS
GETULUS (L.), IN WEST VIRGINIA AND PENNSYLVANIA*

By M. Graham Netting

The Carnegie Museum recently received a Chain Snake from West

Virginia which appears to be the first of its species from the state to

reach a museum collection. This donation has stimulated me to

consider the distribution of this snake in the northern half of its

range, and its habitat preferences.

In the summer of 1931, I had the pleasure of spending a week in

Pocahontas County, W. Va., as a member of the staff of the Oglebay

Nature Training School. Many of my students proved to be excel-

lent collectors and observers, and I have frequently had cause to be

thankful for the friendships formed at this time, and renewed in later

years, since many of these students have been most energetic in add-

ing to the West Virginian collections of the Carnegie Museum. One

of my students that year, and one of our most faithful contributors

since then, Mr. Chester M. Shaffer, of Dorcas, W. Va., wrote to me,

under date of May 15, 1932, as follows: “This afternoon I found

a Chain king snake on the highway two miles north of Petersburg.

It is the first one I have seen in West Virginia. The snake had just

been killed by a passer-by. It was about 3 ft. in length, almost black

with narrow white bands across the back about an inch or so apart.

These bands widened to large white spots on the sides. The belly

was largely white varying from white to yellowish white spotted.”

This description, and Mr. Shaffer’s familiarity with the species in

Florida, led me to accept his statement as the first valid report of the

occurrence of Lampropeltis getulus getulus (L.) in West Virginia.

Unfortunately, the specimen was not preserved.

*I am especially indebted to Dr. Donald A. Cadzow, of the Pennsylvania

Historical Commission, who sent me a print of the section of his film which showed

a snake captured near Safe Harbor. I am also indebted to Mr. Neil D. Richmond,

Dr. F. N. Blanchard, Mr. Roger Conant, Mr. W. Stuart Cramer, Dr. E. R. Dunn,

Dr, George F. Johnson, and Mr. Carl F. Kauffeld, for pertinent information or

assistance.
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More recently I learned from Mr. Neil D. Richmond, of Fairmont,

W. Va., that a Chain Snake was secured in the South Branch Valley,

near Franklin, Pendleton Co., W. Va., during 1931. This specimen

was kept alive in the Biology Department of the State Teachers Col-

lege at Fairmont until 1934, when it died and was discarded, at a time

when Mr. Richmond was away. At Franklin, the South Branch of

the Potomac River is at an altitude of about 1600 feet, and its valley

is here rather narrow since it is hemmed in by mountain ridges.

Last October Mr. Shaffer donated to the Carnegie Museum a well-

preserved Chain Snake which he found on Sept. 14, 1935 freshly killed

on the highway two miles north of Petersburg, Grant Co., W. Va.

This specimen (CM 8719) was found less than fifty yards from the

place where he saw the 1932 specimen. Petersburg itself is in the

South Branch Valley, but the point where the specimens were found

is located at an elevation of about 950 feet in the broad valley of

Lunice Creek, which empties into the South Branch at Petersburg.

The specimen has the lower jaw torn away, but except for this

it is in excellent condition. It measures 1010 mm. in total length,

which is probably less than was its length in life, since it is too tightly

coiled to permit accurate measurement. Each character falls well

within the limits of variation listed by Blanchard (1921: 55-58) for

northern specimens of this species.

Surface (1906: 174) lists the Chain Snake as of possible occurrence in

Pennsylvania, but states ‘‘we have not collected nor received speci-

mens in the State.” Surface’s (Ibid: opp. 176) plate XXXI, which is

labeled “Milk Snake or Mouse Snake {Lampropeltis doliatus tri-

angulus)," is obviously L. getulus getulus. It is improbable that this

plate was based upon a Pennsylvanian specimen for the original

photograph was made by Wm. H. Fisher, of Baltimore, and pre-

sumably represents a Maryland specimen. There is a distinct possi-

bility, however, that Surface, failing to distinguish the two species,

may have had specimens of both listed under L. d. triangulus. To the

shame of the Commonwealth of Pennsylvania, Surface’s valuable

collections have been allowed to disintegrate completely in less than

twenty-five years and, consequently, in questionable cases of this

kind we can only indulge in idle speculation.

Last year Mr. W. Stuart Cramer, of the Philadelphia Zoological

Garden, examined, at my request, certain specimens in the collec-

tion of the Franklin and Marshall College Museum, at Lancaster, Pa.
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Mr. Cramer was formerly located at Lancaster, and he is familiar

with collecting conditions in Lancaster County, and with the work

of all of the recent collectors in that area. This knowledge enabled

him to determine definitely that the only specimen of L. g. getuliis

in the Franklin and Marshall Museum actually came from just north

of Port Deposit, Maryland (approximately eight miles south of the

Pennsylvania line) even though it is erroneously labeled "Southern

Lancaster County along the Susquehanna, May 25, 1929, Roy Palm-

er.” In the absence of a preserved specimen, and in view of the

fact that Dr. Roddy (1928: 41) reprinted Surface’s plate without

correcting the title. Dr. Roddy’s (Ibid: 40) statement "This interest-

ing snake of the Carolinian zone has been observed and taken several

times in the Susquehanna Valley below the mouth of the Conestoga

Creek” cannot be accepted as positive proof that the species occurs

in Pennsylvania.

A few years ago. Dr. E. R. Dunn, of Haverford College, viewed a

motion picture record of archaeological work in the vicinity of Safe

Harbor, Lancaster Co., Pa., which had been directed by Dr. Donald

A. Cadzow of the Pennsylvania Historical Commission. In one sec-

tion of the picture a student was shown holding a large snake which

the narrator described as having been secured in the vicinity. Dr.

Dunn wrote me that the snake shown so fleetingly in the film appeared

to be a Chain Snake. In recent correspondence Dr. Cadzow has in-

formed me that the specimen photographed was found on Grubb

Creek near Shenk’s Ferry, about a mile and a half below the mouth

of Conestoga Creek, Lancaster Co., Pa., in the summer of 1931, and

that it was later released. Dr. Cadzow also sent me a print of the

section of the 16 mm. film on which the snake occurs. I have had this

bit of film enlarged, and I have also tried projecting it. In both

instances, the grain prevented clear definition of the markings of the

specimen. However, narrow bars are plainly visible in the enlargement

and I am personally convinced that the specimen photographed was a

Chain Snake. This evidence, although not conclusive, indicates that

L. g. getuliis should be tentatively included in the herpetofauna of

Pennsylvania, even though there appears to be no preserved Penn-

sylvanian specimen in any collection.

Although there are numerous records of the occurrence of the

species in Maryland, the Port Deposit specimen, referred to above,

appears to be the only record for the Susquehanna Valley in this
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state. There are several additional records for the Chesapeake drain-

age, and a number of records for the Potomac drainage, but I have

not been able to secure any records for Maryland west of eastern

Montgomery County.

When the distributional records of the Chain Snake are plotted on

a map, it is at once apparent that this species is common in the large

river valleys in the Coastal Plain and Piedmont Provinces of Virginia,

but that the Blue Ridge Mountains have prevented it from spreading

westward. However, the West Virginia records listed in this paper

prove that this wall is penetrable at one spot where the Potomac

Valley has served as a ‘‘gateway to the west.” This evidence that the

species has succeeded in passing the mountain barrier, and has ex-

tended its range as far as the South Branch Valley makes its absence

in the Shenandoah Valley both surprising and questionable. I feel

assured that the present lack of records for western Maryland and the

Shenandoah will be corrected by more collecting in those areas. In

Pennsylvania the species may eventually be found to be a rare inhabi-

tant of the Potomac and lower Susquehanna drainage areas, from

Bedford County east to Lancaster County.

Ditmars (1907: 362) describes the habitat of the Chain Snake as

follows: “Specimens captured by the writer were in rather dry patches

of timber; some were taken while basking in the sun of small glades

in the forest; others were found hiding under fallen tree trunks.”

Wright and Bishop (1915: 169) point out that the species prefers the

drier parts of the Okefinokee Swamp. Corrington (1929: 74) states,

“taken in the coastal plain only. The principal collections were from

marshy situations, less often in drier woods.” The number of some-

what conflicting statements concerning the habitat of this species

could be multiplied by citing additional authors. Mr. Roger Conant

informs me that captive specimens of the Chain Snake spend much of

their time lying in their water pans. Mr. W. Stuart Cramer once col-

lected a specimen in the water in a brackish swamp at Heislerville,

near Cape May, Cumberland Co., N. J., which disgorged a large

Matrix sipedon sipedon. The published statements of Wright and

Bishop, and Corrington, and the experiences of Conant and Cramer

indicate that this species is more moisture-loving than Ditmars’

statement indicates.

The preponderance of records along rivers, coupled with the almost

complete absence of records in upland situations at any considerable
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distance from streams, is additional evidence that L. g. getulus is

limited to the vicinity of moderate to large-sized bodies of water

which provide broad valleys, marshes, or moderately open and gently

sloping terrain. Turtles flourish under identical conditions, and the

extreme fondness of the Chain Snake for turtle eggs (Wright and

Bishop, 1915: 170) lends support to the view that the snake is normally

associated with turtles and is relatively common in habitats which

turtles select for egg-laying. Although the species is practically re-

stricted to the type of environment outlined above, the citations

indicate that it frequently selects the drier situations of this environ-

ment. In the northern half of its range, at least, the Chain Snake

may be said to occur in, or within a daily range of, fluvial habitats

within the Piedmont and Coastal Plain Provinces. I doubt whether

the species may properly be considered an inhabitant of the Atlantic

Coast littoral, for the many coastal records are all located near river

mouths. Beyond the Blue Ridge, within the Valley and Ridge

Province, it is to be expected only in the valleys of Atlantic drainage

streams which have provided water gaps for convenient penetration

of the mountains. I do not believe that stream capture at the head-

waters of mountain streams has ever affected the distribution of

this form.

It should be noted that Stejneger and Barbour in the third edition

of the Check List (1933: 108) add West Virginia to the range of

LampropelHs getulus nigra (Yarrow). I am not aware of the evidence

upon which this range extension is based, but the occurrence of the

form at Hanging Rock, Ohio (Blanchard, 1921
: 48) which is only a few

miles down the Ohio River from Huntingdon, W. Va., has led me to

expect it in West Virginia. The very region—along the Kentucky

border—where it should be collected is zoologically the least known

area of West Virginia. Residents along the Big Sandy and Guyandot

Rivers should be encouraged to search for this interesting snake.

SUMMARY

1. Lampropeltis getulus getulus is recorded from West Virginia for

the first time on the basis of one existing specimen, and two additional

records of specimens which were not preserved.

2. The former published records for Pennsylvania are considered

insufficient to establish the occurrence of the species in the state, but
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it is admitted to the state fauna on the basis of a single Lancaster

County specimen which was captured, photographed, and released.

3. The habitat, and the distribution of the Chain Snake in the

northern part of its range are discussed. It is concluded that the

species inhabits large valleys of Atlantic drainage streams, and that it

has penetrated west of the Blue Ridge only where water gaps have

provided entry to the Valley and Ridge Province.

4. The need of specimens of Lampropeltis getulus nigra from West

Virginia is mentioned, and the area where these may be found is out-

lined.
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ART. X. THE LAND AND FRESHWATER MOLLUSCA

OF NEWFOUNDLAND

I
By S. T. Brooks

' (Plates XII and XIII)

Newfoundland was visited by the author during the summer of

' 1934 to obtain material for a further study of the early distribution of

the molluscan species in North America. Collections in this area were

sparse but the records contained below seem to be of sufficient value

to warrant publication. Many of these are from specimens in the

collections of the Carnegie Museum and the ones included from the

records of other institutions are so designated.

I wish to acknowledge the kindness of the following individuals

and institutions who have given me such great aid in this work:

Dr. A. Avinoff and the Trustees of this museum who made the

trip possible; Dr. F. C. Baker of the Museum of the University of

Illinois for his study of the Lymnmdce; Mr. Calvin Goodrich and Dr.

Van der Schalie of the Museum of the University of Michigan for their

identification of the Naiades; Mr. W. J. Clench for his designations of

the PhysidcB and for the several records^ from the Museum of Compara-

tive Zoology; Dr. H. A. Pilsbry and Air. E. G. Vanatta for their

assistance and for the use of the many records^ published by Mr.

Vanatta, and to Dr. Paul Bartsch and Dr. Harald Rehder for their

identification of the SuccineidcB and for the records^ from the United

States National Museum. Paratypes of the species herein described

have been deposited by Dr. Baker and myself with the following:

United States National Museum; Museum of Comparative Zoology;

Museum of the University of Michigan; Museum of the University

of Illinois; the Academy of Natural Sciences of Philadelphia; and

with Dr. S. S. Berry of California.

Newfoundland is the tenth largest island and within the last year

or so it has reverted to its original status as a British Colony.^ Not

^Indicated in text as M. C. Z.

^Indicated in text as A. N. S. P.

^Indicated in text as U. S. N. M.
^The first British Colony and the beginning of the present British Empire.

83

MAR 25 1940

Issued June 20, 1936.



84 Annals of the Carnegie Museum vol. xxv

CHART OF SPECIES SHOWING THEIR DISTRIBUTION

Species

Helicigona arbustorum
Helix hortensis

Zonitoides arborea
Hawaii minuscula*
Striatura exiguua*

“ milium*
Euconulus fulvus

Retinella electrina

Vitrina limpida
Deroceras agrestris

“ Iseve

Gonyodiscus cronkhitei
“ “ anthonyi

Helicodiscus parallelus

Punctum pygmaeum minutissimum* . . . .

Arion ater
“ hortensis
“ fasciatus

Succinea ovalis
“ avara
“ peoriensis*
“ groenlandica*
“ verilli

Pupilla muscorum
Vertigo modesta

“ “ parietalis
“ “ castanea
“ gouldi paradoxa St
‘ elatior

Columella edentula
Cochlicopa lubrica

Vallonia albula

Zoogenites harpa
Planogyra asteriscus*

Carychium exiguum*

Stagnicola palustris
“ “ papyracea**
“ “ perpalustris**
“ newfoundlandensis**

Fossaria obrussa*
“ “ brooksi**
“ umbilicata*

Radix pereger geisericola

Gyraulus parvus
“ hornensis*

Helisoma companulata davisii*
“ “ minor*

Physa gyrina
“ heterostropha

Valvata lewisii

Valvata sincera n3danderi*

Amnicola limosa porata*?

Distribution

West Central East

X Importation

X X
X X X
X
X

X
X X X
X X X
X
X X Importation?

X X
X X
X
X X
X X

X Importation

X X ’ *

X
X X X
X
X
X
X
X
X
X
X
X
X
X
X X
X
X X
X
X

X

X
X

X
X
X
X

X
X
X
X

X
X
X X
X

X
X X

Margaritana margaritifera X X X
Anodonta marginata X . X

“ implicata* . . X

*new records. **new to science.
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that this political change has affected the molluscan kingdom, but at

the present time a greater interest is manifest in Newfoundland

about its animal and plant life than ever before. A friendly coopera-

tion will meet the collector upon the island whether he is in search

of plants, insects, or just plain “wrinkles” (snails) and “pussels”

(mussels).

Two months were spent in traversing this region and the three major

areas with their collections are indicated upon the accompanying

chart. As shown here the greatest number of forms are western in

distribution. This is in the region of which parts were untouched by

the ice of the later Pleistocene Period. However, as it will undoubt-

edly be proven that the western portion does have the greatest number

of native species, it is also necessary to point out that the present

disparity is due mainly to the greater number of collections having

been made on the west coast. It is necessary that more work be done

around and west of Shoal Harbor, on the east coast, in order that the

present distribution be properly known. At the present writing it

seems that, since the Pleistocene, the dispersal of forms in New-

foundland has been generally eastward but a final picture of this

phenomenon must await more collections in the eastern, southern,

and central areas.

Not surprising, but quite instructive, was the finding that the great

group of land snails have, through this long period of isolation, shown

such a basic genetic strength in that they have retained specifically

the features of their kind now living in northern Asia, Europe, and

America. In no case are there any differences strikingly separating

them from their other northern relatives. This lack of change is per-

haps due to the similarity of the climate and vegetation of New-

foundland to that of the mainland. On the other hand, this long period

of isolation has caused a greater change among the plants of the island.

Many differing from those of the mainland clothe the hills and valleys

and point to a long period of differentiation since, as well as prior to,

the last glaciation. This paper, then, is not so much a statement of

new facts as a restatement of facts and assumptions derived from

earlier studies of the northern faunal areas of the earth. It is, however,

as complete a resume of the present knowledge of the molluscan fauna

of Newfoundland as it is possible to make on the basis of the scanty

collections.



86 Annals of the Carnegie Museum VOL. XXV

DISCUSSION OF DISTRIBUTION OF THE FAUNA

A discussion of distribution, even in its most recent phases, is ever

fraught with danger, and necessitates a certain form of mental gym-

nastics and credence well flavored with doubt. In the first place we

know from other studies that there are certain circumpolar species

which have been distributed to the three continents through what we

might call the northern door; a sort of circumpolar ‘'Garden of Eden”

(Plate XIII). A study of these species will bring up in our imagina-

tions a picture that shows a former continuity of the land masses.

By means of this picture we can easily see how the various forms were

dispersed and how through their migrations they advanced into each

land, bounded only by the various ecological conditions governing

their existence. Some were hardy and there were few limits to their

movements, others were slower and more sensitive and more hedged

in by their environment.

After these ancient lands had become populated, a series of vacilla-

tions occurred and the contiguous masses were separated. New-

foundland, which had formerly been a part of the ancient land includ-

ing the maritime provinces of Canada and New England, was separated

from the mainland during the late pleistocene and the Straits of Belle

Isle were formed. This stretch of water was an effective barrier to

any further dispersal of molluscan land life and probably was, later,

an effective barrier to the glaciers. Even during the greatest glacia-

tion it is probable that the island was not completely covered.^ Cer-

^Recently, in letters to the author, Dr. Carl O. Dunbar, Curator of Inverte-

brate Paleontology in the Peabody Museum, Yale University, and an authority on

the glacial history of Newfoundland, has proven beyond doubt that the Long Range

was, at one time during the Pleistocene, completely glaciated. Fernald believes

that, amid the ice and snow, there were islands which gave shelter to the present

flora. To me it is obvious that the present distribution of the land snails indicates

that they did live through the vicissitudes of glaciation and the climatic changes

existing after the separation of Newfoundland from the mainland. A complete

glaciation of the entire island of Newfoundland, after its separation from the

mainland, is precluded by the presence of the many species necessarily spread by

a migration from the mainland. No human agency, no flight of birds, no importa-

tion of food-stuffs by the Red Indians or Beothucks, could explain the present

population of the land snails, many of which are so minute as to escape notice

by any but the specialist studying them. From my standpoint it is then necessary

to explain the evidence as follows. Following the complete glaciation of Newfound-

land and the probable destruction of the fauna of that region, the warm interglacial
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tain peaks, certain areas, rose above the ice and formed habitable

“glacial islands” upon which the plants and animals were enabled to

exist through this hazardous period. These islands are indicated by

the presence of a great number of plants (Fernald, M. L. cf Bibliog-

raphy), and the present day, endemic molluscan fauna. With the

dissipation of the ice the animals and plants again populated the sur-

rounding areas and the present distribution is the result.

It is much too early in the study, or one might better say, in the

collection of the Newfoundland fauna, to indicate whether or not any

area outside of that of the Long Range was unglaciated. At first

glance the accompanying chart suggests an eastern concentration of

species. Disregarding the ones introduced through commerce, we

have only one species of land snail which is not found either in the

central or in the western portion of the island. The relatively few

collections enable this to be explained as merely an oversight. So,

from the study of the land shells, there is no reason to believe other-

wise than that the natural dispersal of forms following the recession of

the ice accounts for the present distribution. The very large number

of species occurring on the west coast not only indicates their parent

region but indicates also the greater number of collecting stations.

The eastern part of Newfoundland has been only sparsely collected.

The water forms included here have a much more doubtful history.

I believe that the majority of the forms listed are the relicts of an

earlier distribution, probably contemporaneous with the land snails.

This seems to be easily acceptable in view of the present distribution of

Margaritana margaritifera, Stagnicola palustris and varieties, Fossaria

ohrussa and forms, the doubtful (in distribution) Radix pereger geiseri-

period allowed a re-population of Newfoundland from the mainland. The formation

and flooding of the Bay of St. Lawrence followed, isolating the fauna and flora of this

new island. Subsequent glaciations were local and sporadic, allowing refuge for the

hardy northern species. 1 believe that this explanation, weak though it is, will be

upheld by future studies of the marl deposits and other subfossil-bearing beds of

Newfoundland. If not, and if the glacial studies carried on by Dr. Dunbar and his

colleagues still conspire to wipe out the fauna and flora by a complete glaciation

after the formation of the Bay of St. Lawrence, it will truly seem that the fauna of

Newfoundland has found some means of dispersal yet unknown to the “distri-

butionalist,” and yet to be illuminated through observation and research. If,

however, the land snails did come to Newfoundland through outside agencies, it

was comparatively simple for them to attain their present distribution throughout

Newfoundland during the many thousands of years that have followed.
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cola, and the members of Gyrauliis, Physa, Valvata, and Amnicola.

They are, in other words, a parcel of the general distribution populat-

ing the early North American continent. With my sparse collections

no more explicit explanation may be made. It is, however, extremely

doubtful that any distribution of water forms into Newfoundland,

since the ice age, has occurred. In the event of such an invasion, the

entire island would necessarily have been surrounded with fresh

water as the majority of the streams bearing these forms empty along

the northern coast and are shut off from the mainland by the extensive

northern peninsula.

LIST OF SPECIES

Eamily HELICID^

Helix hortensis Muller

This common species so exhaustively treated in the past is, as one

can see from the following list of localities, found mainly on the west

coast of Newfoundland. In the Carnegie Museum it is also repre-

sented by specimens from Terra Nova (collected by Mrs. G. H.

Durgin in the George H. Clapp collection) and from Shoal Harbor,

both localities on the east coast. From questioning fellow travelers

on the train I found that it was the common form to be found in their

gardens (also eastern). From my collections it seems that this species

will be found to be distributed generally across the northern portion

of the island, although there is a very slight possibility that the col-

lections at Shoal Harbor may point to an area which the glaciation

left unharmed and which is thus supporting its own relict fauna. The

locality at which I made the collection at Shoal Harbor is between six

and eight miles inland from the town, on the slopes of a hill surrounded

by spruce forests, dense undergrowth of alders, etc., and acres of boggy

land. There is no possibility of this colony having been planted either

intentionally or accidentally due to its inaccessibility. It is also pecu-

liar that none of the townspeople, except my guide, Mr. Leslie Tuck,

had seen one of these shells in the vicinity. I found them only after

several discouraging days when Mr. Tuck finally remembered having

seen “shells” at that place several years previous.

The specimens at hand, with one exception, are banded. The

Shoal Harbor ones are typically banded and dark; the ones from

Lomond, Bonne Pay, show nearly a complete coalescence of the bands
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(123) (45), as do those from Gros Morne Mountain, Long Range,

Bonne Bay. In the latter the bands 4 and 5 are separate but may or

may not be joined at the aperture. The one specimen labelled “Bay

of Islands” has distinct bands but shows the same tendency toward

fusion. Three of the shells from Terra Nova are bandless while four

have the formula (12345) and one the formula 1(1234)5.

Some specimens received only recently from Dr. Carl O. Dunbar,

Curator of Invertebrate Paleontology, Peabody Museum of Natural

History, Yale University, show the following characteristics: three

specimens from the mouth of Romaine Brook, 2 miles east of Port au

Port, are all typically banded; 12345. Four specimens from the dune

sand between Port Saunders and Pointe Riche differ from the others;

one is bandless and exhibits the typical canary yellow color while the

others are respectively 12345, (123) (45), and (12)3(45).

From my own findings and the findings of others there seems to be

no reason to believe that this species came to Newfoundland and

eastern America through any agency of man. They have, like the

majority of forms taken up here, come into these regions through

the natural growth of a species out from its center of origin. In this

case, due to the destruction of the ancient distributional channels,

we must accept Europe as the center of their dispersal. In view of the

scanty area occupied in North America I feel that here we have the

outer distributional fringe, or “dispersal fringe,” demarked by their

presence. Helix hortensis, in contrast with the more hardy Cochlicopa

lubrica, is an example of the slow and more sensitive migrant. The

distribution of this species in North America readily shows that it is

hampered in its progress by temperature. The rigorous winters of our

inland regions prevent it from spreading very far from the tempered

climate of the sea coast. I would not say that this is the only barrier

to this group, but it seems the obvious one in view of the fact of the

greater dispersal of other circumboreal forms. This condition has been

indicated in the writings of C. W. Johnson (1906), O. O. Nylander

(1908), W. W. Winkley (1904), and others. Attempts to start colonies

of this species in the comparative mildness of the Pittsburgh (Penn-

sylvania) region by Dr. George H. Clapp and the author have all

ended in failure. Dr. Clapp believes that rodents are the main cause

of their disappearance although I have been successful in keeping

a colony alive and fairly intact without protection until cold weather.

You will perhaps think of the cold winters of Newfoundland and the
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St. Lawrence valley. It is true that the populated areas have cold

winters, but it is also true that early and deep snowfalls blanket the

hills and valleys until the mild days of spring thus protecting the ani-

mals from extremes of temperature. In our region (Pittsburgh)

very little snow falls to protect them from the frequent freezes.

Western Stations: Bonne Bay; Tuckers Head, Lord and Lady Cove,

Killdevil Mountain, Main Arm, Southern Arm, Deer Arm, Beach at

Lomond, Gros Morne Mountain, (A. N. S. P. and C. M.). Bay of

Islands; Hannah’s Head, French Island, Lark Island, “Bay of Is-

lands.” Straits of Belle Isle; Doctor Hill, Bard Harbor Hill, High-

land of St. John, St. John’s Bay (A. N. S. P.). West Coast and south;

Robinson’s River, Serpentine River, Little Codroy and Great Codroy

Valley, East River, Hawkes Bay, Ingornachoix Bay at Pointe Riche

(A. N. S. P. and C. M.), Lewis Hills near Port au Port (M. C. Z.).

Easteryi Stations: Shoal Harbor, Terra Nova (C. M.).

Helicigona arbustorum (Linnaeus)

This species was reported by J. F. Whiteaves (1863) from St. Johns.

The specimens were found on the “grassy slopes facing the sea, near

the narrows of St. Johns’ Harbor” by Robert Bell in July, 1885. I

was over this area in June, 1934, but found nothing. As indicated in

the note this is probably an introduced form as it was found near the

scene of several wrecks. A patch of heather is nearby and it is thought

that this was from the discarded stuffing of bedding brought by the

immigrants; they discarded the bedding when it become spoiled from

moisture during their escape from their wrecked vessel.

Family ZONITIDZE

Zonitoides arborea (Say)

This species, common to Asia and America, has a wide distribution

on this island, occurring from the eastern coast to the Long Range and

north to the very tip of the peninsula. Its wide distribution in North

America is well known and from its appearance in Newfoundland it

seems to have populated this area at an early date. Although it is a

common form it is never collected in great numbers. At Grand Falls

it occurred with Cochlicopa lubrica under damp logs near pools along

a wood road. Back from the river it was not found, due, perhaps, to
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the acid bogs although the “flies” made the search for it in these

sheltered places a veritable nightmare.

Western Stations: Bonne Bay; Gros Morne Mountain, Beechy

Point, Stanleyville, Lomond. Bay of Islands; Hannah’s Head.

Straits of Belle Isle; Bard Harbor Hill, Doctor Hill, Burnt Cape at

Pistolet Bay, Pointe Riche. (A. N. S. P. and C. M.).

Central Stations: Banks of the Exploits River at Grand Falls (C. M.)

Eastern Stations: Shoal Harbor (C. M.).

Hawaii minuscula (Binney)

A new record for Newfoundland and a common circumpolar species

of Asia and America. This species was found in the siftings of forest

loam from Lorhond, Bonne Bay, west coast.

Striatura exigua (Stimpson)

This species was collected at Lumber Camp No. 31, near Lomond,

and at Gros Morne Mountain, Bonne Bay. It is new to the fauna

of this island but in America it is found from Maine and Quebec west

to the Rocky Mountains.

Striatura milium (Morse)

A new record for Newfoundland and collected at Shoal Harbor on

the eastern coast.

Euconulus fulvus (Muller)

This species, common to three continents, is wide spread in its

distribution in Newfoundland.

Western Stations: Bonne Bay; Tucker’s Head. Bay of Islands;

Hannah’s Head. Straits of Belle Isle; Cape Norman, Savage Cove,

Ha Ha Cape, Bard Harbor Hill, Doctor Hill, Schooner Island, Anse

aux Sauvages (A. N. S. P.).

Central Stations: Red Indian Lake and Banks of the Exploits

River, Grand Falls (C. M.).

Eastern Stations: Shoal Harbor (C. M.).
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Retinella electrina (Gould)

This typically American species is found from the eastern coast of

Newfoundland to Alaska.

Western Stations: Bonne Bay; Tucker’s Head, Lomond. Bay of

Islands; French Island, Middle Arm, Hannah’s Head. West coast and

north; Brig Bay, Schooner Island, Anse aux Sauvages, Cape Norman,

Ha Ha Cape, Bard Harbor Hill, Penguin Head (A. N. S. P. and C. M.).

Central Statiojis: Banks of Exploits River, Grand Falls (C. M.).

Eastern Stations: Shoal Harbor (C. M.).

Vitrina limpida Gould

So far, this species has been found only on the west coast (A. N.

S. P.) near Pointe Riche. In America it is a species confined to the

northeastern area. Its most southern range is along the Ohio River in

Allegheny County, Pennsylvania. It had been distributed by floods

originating in western New York state where it is a fairly common
species.

Family LIMACIDT:

Deroceras agrestris (Linnaeus)

The consensus of opinion would place this species among those

of the introduced forms. However, in Newfoundland it has been col-

lected from two widely separated localities; Bard Harbor Hill and

Doctor Hill (A. N. S. P.) on the west coast and on the banks of

Manuels River at Manuels, near St. Johns (C. M.).

Deroceras laeve (Muller)

This species dilTers from the above in being an endemic form. It

occurs in both Europe and America and in central and western New-

foundland. It is undoubtedly a species of the “original distribution.’’

More collections will greatly extend its range on this island.

Western Stations: Mauve Bay near Cape Bauld, Lark Harbor,

Savage Cove, Ha Ha Cape, Yankee Point, Flower’s Cove, Doctor

Hill (A. N. S. P.).

Central Stations: Banks of the Exploits River, Grand Falls (C. M.).
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Family ENDODONTID^
^

Helicodiscus parallelus (Say)

This species is distributed over the entire eastern United States and

southern Canada. In Newfoundland, it has been found on the west

coast at Hannah’s Head (A. N. S. P.), Lomond (C. M.), and in the

central area at Grand Falls on the banks of the Exploits River (C. M.).

Punctum pygmaeum minutissimum (Lea)

In the United States, this species has a range from Maine south to

Virginia and west to Arizona. In Newfoundland, it has been col-

lected at Tucker’s Head, Hannah’s Head, Bard Harbor Hill on the

west coast (A. N. S. P.) and from Shoal Harbor on the east (C. M.).

Gonyodiscus cronkhitei (Newcomb)

This form of western America is wide spread in Newfoundland. No
records at hand show that it has been collected at any place between

Newfoundland and the Rocky Mountains. In the collections of the

A. N. S. P., it is listed from Tucker’s Head, Hannah’s Head, Anse aux

Sauvages, Yankee Point, and in our collections from Beechy Point,

Lomond, and Gros Morne Mountain on the west coast, at Grand Falls

in the central region, and from Shoal Harbor on the eastern seaboard.

Gonyodiscus cronkhitei anthonyi (Pilsbry)

Although my collections contained none of this form it has been

collected (A. N. S. P.) in the western part of the island; Bard Harbor

Hill, Savage Cove, Brig Bay, Pointe Riche, Cape Norman, Ha Ha
Cape, Grassy Island, St. John’s Bay and Doctor Hill.

Family ARIONIDT:

Arion ater (Linnaeus)

Undoubtedly an introduced form, collected at Bay Bulls, east coast

(A. N. S. P.). It has been found only twice before on the American

Continent.
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• Arion hortensis Ferrusac

Another introduced species of a very localized distribution in

America. Collected in the western part of Newfoundland at Beechy

Point, near Lomond, Bonne Bay (C. M.), Lark Harbor, Bay of Is-

lands (A. N. S. P.), and on the eastern side at Manuels on the banks of

the Manuels River (C. M.).

Arion fasciatus Nils

Introduced: Reported from Trepassy and Whitbourne (A. N. S. P.),

both in the eastern part of the island.

Family SUCCINEID.F:

Succinea ovalis Say

Western Stations: Lark Harbor, Savage Cove, Flower’s Cove,

Eddies Cove, St. John’s Island, Bard Harbor Hill, Doctor Hill. Bonne

Bay; Tucker’s Head (A. N. S. P.), Lomond, Camp 31, Stanleyville,

Beechy Point, Gros Morne Mountain, “Bay of Islands’’ (C. M.).

Deer Lake, Nicholsville, Hawkes Bay (M. C. Z.). Baleana Bay

(No. 180190 U. S. N. M.).

Central Stations: Banks of the Exploits River at Grand Falls

(C. M.).

Eastern Stations: Shoal Harbor and Terra Nova (C. M.).

Succinea avara Say

Western Stations: Sandy Cove (Bay?), Cape Norman, Yankee

Point, Four Mile Cove, Big Brook, St. John’s Island, Flower’s Cove,

Savage Cove, Savage Point, Pointe Riche, Brig Bay. Bonne Bay;

Tucker’s Head (A. N. S. P.), Lomond (C. M.).

Succinea verrilli Bland

Anchor Cove, Flower’s Cove, Bard Harbor Hill, St. John’s Island,

Old Port au Choix, St. John’s Bay, Main River (A. N. S. P.), all

west coast.

Succinea groenlandica (Beck) M oiler

A surprising species to find and a new record for Newfoundland.

Collected at Lomond, Bonne Bay (C. M.).
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Succinea peoriensis “Wolf” Walker

Another new record from Lomond Depot, Camp 31, and Stanley-

ville, all on western coast (C. M.). Dr. Rehder says that these are

not all typical of the species and somewhat “similar to S. peoriensis

fultonensis F. C. Baker.”

Family PUPILLID^

Pupilla muscorum (Linnaeus)

Western Stations: Bonne Bay; Tucker’s Head. Straits of Belle

Isle and north; Doctor Hill, Pointe Riche, Ha Ha Cape, Ha Ha Bay,

Cape Norman, Anse aux Sauvages (A. N. S. P.).

Vertigo modesta (Say)

Western Stations: Tucker’s Head, Pointe Riche, Anse aux Sauvages,

Great (?) Sacred Island, Savage Cove, “Sandy Cove = Poverty Cove”

= Sandy Bay?, Bard Harbor Hill, Doctor Hill, Flower’s Cove, Ha Ha
Cape, Brig Bay, Yankee Point, Savage Point; there are two by this

name, this may be the more northern one in Cremaillere Harbor and

not the Savage Point at Great Goose Harbor (A. N. S. P.).

Vertigo modesta parietalis Ancey

Western Stations: Anse aux Sauvages, Great Sacred Island, Ha Ha
Cape (A. N. S. P.).

Vertigo modesta castanea Sterki

Western Stations: Schooner Island, Pistolet Bay, Cape Norman,

Flower’s Cove (A. N. S. P.).

Vertigo gouldi paradoxa Sterki

Western Stations: Bonne Bay; Tucker’s Head. Bay of Islands;

Hannah’s Head. Straits of Belle Isle; Ha Ha Cape, Bard Harbor Hill

(A. N. S. P.).

Mr. Vanatta writes that V. coloradensis and V. coloradensis hasidens

are now considered as the above species.
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Vertigo elatior Sterki

Schooner Island (A. N. S. P.) and Lomond, Bonne Bay (C. M.),

both on the west coast.

Columella edentula (Draparnaud)

Western Stations: Anse aux Sauvages, Sacred Island, Schooner

Island, Savage Point, Yankee Point, Ha Ha Cape, Doctor Hill.

Bonne Bay; Tucker’s Head (A. N. S. P.).

Family COCHLICOPID^

Cochlicopa lubrica (Muller)

This species is probably the most common of any of the shelled

snails in Newfoundland. It is surprising not to find it in the eastern

part of the island. The absence of the species at Shoal Harbor is

probably due entirely to oversight.

Western Stations: Bonne Bay; Beechy Point, Stanleyville, Lomond

(C. M.), Tucker’s Head. Bay of Islands; Hannah’s Head, Tweed

Island, Penguin Island (Bay of Islands?). Straits of Belle Isle;

Schooner Island, Ha Ha Cape, Eddies Cove, Eddies Cove Brook,

Bard Harbor Hill, Doctor Hill (A. N. S. P.).

Central Stations: Banks of the Exploits River, Grand Falls (C. M.).

Family VALLONIIDT:

Vallonia albula Sterki

From the records of the A. N. S. P.
;
Tucker’s Head in Bonne Bay,

Penguin Head, and at Pointe Riche on the northwestern coast.

Zoogenites harpa Morse

From the records of the A. N. S. P.
;
Ship Cove, Sacred Bay, Anse

aux Sauvages, Deer Pond Brook in Bard Harbor, and collected by

me at Shoal Harbor.

Planogyra asteriscus Morse

A new record for this species; collected at Lomond (C. M.).
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Family CARYCHIID^

Carychium exiguum (Say)

A new record from Lomond (C. M.).

The Aquatic Gastropoda

Family LYMN^ID^
Stagnicola palustris (Muller)

The following collections from the records of the A. N. S. P. may
be found to agree* with one of the varieties described by Dr. Baker

(1935)- Until this has been determined I shall list the localities

separately.

Western Stations: Straits of Belle Isle; Cook’s Point, Pistolet Bay,

Schooner Island, Sandy Cove, Flower’s Cove, Otter Pond near Plumb

Point, Brig Bay, Eddies Cove, Boat Harbor, Big Brook, Savage

Point, St. John’s Island and Bay of St. John.

Stagnicola palustris papyracea Baker and Brooks

This new variety was collected in Rocky Pond, near Whitbourne.

The descriptions as published in The Nautilus (1935) will be repeated

here for convenience sake.

“Shell differing from S. p. ungava F. C. Baker in being more ovate

with spire and aperture about equal in length, the whorls of the spire

not as high as those of ungava, the sutures less deeply indented; inner

lip narrow, the columellar plait quite distinct and the umbilical

chink small or absent; color light horn, interior of aperture light

or dark chocolate color; sculpture of finer lines than in ungava. All

apices are decollate and but four whorls remain, but there are ap-

parently six whorls in mature examples.

Length 18.6 diam. 10.5 aper. length 10
. 5 width 5.7 mm. Holotype

” 18. 1 ” 10. o
” ” 10.5 ” 5.7 ” Paratype

” 17. 1 ” 9.9
” ” 9.5 ” 5.1

”

This race of palustris at once suggests S. p. ungava, differing in the

shorter spire, narrower inner lip and distinct columellar plait. It

differs from S. p. elodes in its shorter, less acute and obese body
whorl. The shells are very thin which suggests the varietal name.
The race is very constant in form and does not appear to vary to any
extent toward typical palustris or its known varieties.’’

*Mr. Vanatta writes: “Could call all Lymnaea palustris from Newfoundland,

var. newfoundlandensis B. and B.’’
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Stagnicola palustris perpalustris Baker and Brooks

A new variety found inhabiting the pools along the Exploits River

at Grand Falls.

“Shell obese, with large ovate aperture and short, dome-shaped
spire, the latter shorter than the aperture; sutures well impressed;

outer lip thin with only a slight variceal thickening within the edge;

inner lip rather broad, appressed tightly to the columella leaving only

a slight umbilical chink; columella plait heavy, parietal wall with

distinct callus; color dark horn, interior of aperture dark chocolate

colored; sculpture of heavy growth lines and impressed spiral lines;

surface often malleated; only four whorls visible in mature shells, all

spires decollated. Young shells indicate that there are probably six

whorls in fully matured shells.

Length 19. i diam. 11.3 aper. length 12 . o width 6.6 mm. Holotype
” 17.6 ” 10.4

” ” ii.i ” 6.0 ” Paratype
” 17. I ” 10.5

” ” 10. 5 ” 5.8
”

This race of palustris is at once recognized by its broad form, de-

pressed spire and large aperture. It does not closely resemble any of

the described forms of this protean species, approaching most closely

to some short spired forms of S. p. nuttaliana from the Rocky Moun-
tain area.”

Stagnicola newfoundlandensis Baker and Brooks

This species inhabited the “steady” near camp 31, eight miles

from Lomond, Bonne Bay.

“Shell elongated with acute somewhat turreted spire as long as or

longer than the aperture; spire whorls rounded with well impressed

sutures; body whorl well rounded; aperture ovate, outer lip thin,

inner lip flattened and reflected over the umbilical region leaving a

small chink; the callus on the parietal wall is thin or absent; columellar

plait absent or but slightly developed; color dark horn, aperture coffee

colored within; sculpture of coarse growth lines and well developed

spiral lines; there are six whorls.

Length 20 .

0

diam. 9.9 aper. length 10. 0 width 5.3 mm. Holotype
” 22.0 ” 10.

0

” ” 10.

0

5.1 ” Paratype
” 18.8 9.2

” ” 9.0 4.7
”

” 17.0 ” 90 ” 9.2 5.1
”

This lymnaeid resembles some of the elongate forms of the Stag-

nicola emarginata complex, especially canadensis and ontariensis.

The color of the shell and aperture are different from canadensis

and the inner lip is not turned back to form so flat a projection over
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the umbilical region. Compared with specimens of ontariensis from

the St. Lawrence River below Quebec the shell is more elongated

with longer, narrower, more acute spire, the inner lip is not flattened

and the color is much darker. A few specimens of the new form
resemble certain forms of S. p. elodes but the typical forms have a

different and heavier sculpture, a more rounded body whorl, a more
acute spire, and the columellar lip is wider at the lower part and lacks

the heavy, twisted plait of typical elodes.

There is a great A^ariation in the height of spire and width of shell

but the greatest number of specimens are uniform and it seems best to

recognize this form as a species distinct from either the palustris

or emarginata complex.”

Fossaria obrussa (Say)

This species was collected at the same locality as the above. The

range of this form as given by Baker (1911) is “from the Atlantic to

the Pacific Ocean and from Mackenzie Territory and Quebec south to

Arizona and northern Mexico,” so it is not surprising that this species

is found in Newfoundland. However, this is the first time that this

species has been recorded from there. It was collected on exposed

sticks and stones and in the surface film covering deep muck of

vegetable origin, near the “steady” below the “little pond.” Within

a short distance there was a large bed of Margaritana margaritifera,

and in the shoal waters were the Helisoma and Gyraiilus mentioned

below. It was unusual to find areas supporting as many forms as did

this one.

Fossaria obrussa brooksi F. C. Baker

The type locality for this form is the same as that of newfotmd-

landensis. These were collected from the surface of the mud around

the swampy areas of the “steady.” As near as I could determine the

term “steady” applies to any enlarged, lake-like portion of the creek

or river. This also happened to be one of the favorite “salmon holes”

of the region.

“Shell differing from Fossaria obrussa decampi in having a longer,

more acute and turreted spire, a shorter, more obese body whorl, a

smaller, rounded aperture and a larger umbilicus; whorls shouldered;

color light or dark horn, the aperture chocolate or coffee colored

within; there are six whorls.

Length 11.5 diam. 6.0 aper. length 5 . i width 2
. 9 mm. Holotype

” 91 4-7 ” 4.6 ” 2.2
” Paratype

8.4 4.0 ” 3-8 ” 2.0 ” ”
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This distinct little lymnaeid is related to obrussa, approaching most
nearly to the race decampi. Its long scalariform spire, short, rounded
body whorl, and small rounded aperture, will at once distinguish it

from decampi."

Fossaria umbilicata (C. B. Adams)

Baker’s (1911) intimation that this form was an inhabitant of the

more northern regions (“of the Canadian and Nova Scotian regions”),

finds its proof in the discovery of this species in Newfoundland. It

was collected along the logging road to Deer Lake not far from Lom-

ond, Bonne Bay. It was found on damp sticks and stones in the

marshy drainage of a roadside spring.

Radix pereger geisericola (Beck)

This species was reported from Junction Pond, Whitbourne, by

Vanatta. My specimens came from Rocky Pond which is only a few

minutes down the railroad tracks from the former locality. This

species was originally described as living in “the hot waters of the

geysers of Iceland (vide Morch)”, according to Baker (l.c.), and it

is indeed a mystery how they came to the cold Newfoundland lakes.

Family PLANORBID^

Gyraulus parvus (Say)

Vanatta lists this species as occurring on the west coast; near the

Straits of Belle Isle, Otter Pond near Plumb Point, East Brook (? East

River on my map), at St. Barbe Bay, and Eddies Cove Brook in Eddies

Cove.

Gyraulus hornensis F. C. Baker

Collected in the “steady” near camp 31. This species has only

recently been described from Canada, and as Dr. Baker says, “This

is a long way from home but is certainly this species.” I shall repeat

the description as he gives it (1934).

“Shell depressed, the periphery rounded; color light corneous,

surface shining; sculpture of fine oblique lines of growth and with

very fine spiral lines, more or less conspicuous; nuclear whorls small,

rounded, spirally striate in sculpture; whorls about four, rapidly en-
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larging, the last somewhat expanded near the aperture, roundly angled

at the periphery of the last whorl, the upper part of the body whorl

slightly flattened; spire flat, the whorls coiled in the same plane; the

body whorl may be nearly in line with the spiral turns or it may be

deflected about a third of the distance from the aperture; sutures

deeply channeled; base concave exhibiting all of the whorls, the

umbilical region wide, but the body whorl well rounded, not flattened

or having a reamed-out appearance; aperture obliquely, ovately

rounded; lip thin, sharp, simple, or slightly thickened with a callus

deposit; parietal wall with a wide callus.”

Greatest height 2.0, greatest diameter 4.6 mm. Described from
Birch Lake, Horn River, 75 miles^above the Mackenzie River, Mac-
kenzie District, Canada. Collected by E. J. Whittaker in 1921.

This species ranges from Wisconsin and North Dakota north to the

type locality and east to Newfoundland.

Helisoma campanulata davisii (Winslow)

Collected along the road near camp 31, Lomond, Bonne Bay. This

species was described by Miss Minna Winslow (1926) from the

Pinnebog River, Huron County, Michigan. This variety dilTers,

according to Baker from rudentis (Dali) “in its -smaller size, much

less axial height, and particularly in the form of the umbilicus, which

in rudentis is distinctly cone-shaped or funnel-shaped.” This is the

first record of this variety from so easterly a region. Is it a case of

distribution by natural means or is it a convergent development due

to the similarity of habitat and climate? The latter seems the most

feasible.

Helisoma campanulata minor (Dunker)

This form of campanulata was collected in Stony Brook, across the

Exploits River at Grand Ealls. It is figured and commented upon by

Miss Winslow (l.c.), from Crooked Lake, Montmorency County,

Michigan.

Family PHYSID^

Physa gyrina Say

Mr. Vanatta lists this from “Otter Pond, near Plumb Point” and

from “Brig Bay,” west coast.
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Physa heterostropha Say

In the collections of the Museum of Comparative Zoology from

Nicholsville, Humber River, and in my collection from camp 31,

Lomond, Bonne Bay, on the west coast. In the central area I col-

lected it at Stony Brook, across the Exploits River from Grand Falls,

and in pools along Rushy Pond Road at Grand Falls.

Family VALVATID^

Valvata lewisii Currier

Vanatta lists this from Eddies Cove Brook, west coast, and I col-

lected it from the “steady,” camp 31, Lomond, Bonne Bay.

Valvata sincera nylanderi Dali

Collected by me in Rocky Pond, VVhitbourne, in the eastern area.

Family AMNICOLID/E

Amnicola limosa porata Say

Or near this species. Collected by me in Rocky Pond, Whit-

bourne, and in Stony Brook, across the Exploits River from Grand

Falls.

The Fresh Water Pelycypoda

Margaritana margaritifera (Linn sens)

Southwest River, Belvoir Bay, in Hare Bay (C. M.). Southwest

River (M. C. Z.), probably same locality; both southwestern. Dr.

Bryant Walker (1910) records it from St. Barbe Island, Birchy Brook

and Sandy Pond; probably western. Vanatta lists it from Junction

Pond, Whitbourne; eastern, and I collected the same from “Chitman’s

Water,” and Rocky Pond, Whitbourne; both probably of the same

drainage, and from the Exploits River, Grand Falls; central. I also

found it near camp 31, Lomond, Bonne Bay. Dr. Bartsch writes that

they have two sets. Nos. 86292 and 86288, U. S. N. M., labelled

“Newfoundland.”

From the above stations we can see that this species is wide-spread

over the island, occurring from the eastern portion at Whitbourne
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west to Lomond. It will probably be found to be distributed over the

entire island. Various Newfoundlanders, that I talked to, told me of

taking “pussels” during the spring and boiling and eating them. I

questioned them to determine whether these were the fresh water

forms, and they assured me that they were. I presumed that they

were speaking of this species; however, I marvelled at their gastronomic

prowess.

Anodonta marginata Say

Reported by Vanatta from Otter Pond near Plumb Point, and from

Junction Pond, Whitbourne.

Anodonta implicata Say

Collected by the son of Peter Pettipas for me at Whitbourne in

“Well’s Gully.’’ This is the first record of this species from New-

foundland. Its presence here supports Whiteaves’ findings (1863)

in the St. Lawrence River, and Marshall’s findings (1895) in the

Ottawa River, both findings questioned by Ortmann in his catalogue.
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EXPLANATION OF PLATE XII

1. Stagnicola newfoundlandensis Baker and Brooks.

2. Fossaria ohrussa brooksi F. C. Baker.

3. Stagnicola palustris perpalustris Baker and Brooks.

4. Stagnicola palustris papyracea Baker and Brooks.

Photographed on millimeter ruler.
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EXPLANATION OF PLATE XIII

Map showing the Polar Regions and the submerged (stippled) continental

shelf and shallows; the depths cross-lined. It is evident from the studies of Fernald

and others that this circumpolar area was not only a “pathway” but the dispersal

area for many of our present plants and animals of northern affinities. This back-

door “Garden of Eden” has probably been utilized from the Carboniferous to late

Pleistocene time, and during the long and warm interglacial periods.
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ART. XI. REMARKS ON A SKULL CAP OF THE
GENUS TROODON

By Charles W. Gilmore

Curator of Vertebrate Paleontology

U. S. National Museum

An incomplete skull in the paleontological collections of the Carnegie

Museum is of interest in being the second recognizable specimen found

of Troddon wyomingensis Gilmore.^

Since the entire top of the thickened skull cap is preserved, much

of which was missing in the type, it contributes to a better under-

standing of this curious, but little known dinosaur.

This specimen was collected by the late W. H. Utterbeck, but

unfortunately it is without data as to exact locality, though pre-

sumably from the Lance formation in Wyoming. It consists of the

greater portion of the dome-like part of the skull, see fig. i, and dis-

plays for the first time the precise shape of the top of the head in this

species.

Fig. I. Skull of Troddon wyomingensis Gilmore, Cat. No. 3180 C. M. Viewed

from the left side, P.f., postfrontal; Sq, squamosal. One-fourth natural

size.

The occipital border, and also the left side anterior to the top of the

infratemporal fossa, is essentially complete. Anteriorly, immediately

'Gilmore, Charles W., Proc. U. S. Nat. Mus., vol. 79, 1931, Art. 9, pp. 1-4.
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posterior to the junction of the frontals with the nasal bones, the skull

is abruptly broken.

The specimen differs from the type, with which it has been directly

compared, in being a fourth smaller, in having a more ornate orna-

mentation and a narrower median emargination of the occipital

border. In all other respects insofar as these specimens can be com-

pared they are in full accord. For the present, therefore, it seems safe

to refer it to T. wyomingensis.

The profile of the dome confirms the correctness of the restoration

of the missing parts of the type as originally published. The dome

surface throughout its whole area is smooth, being devoid of the

foramina and markings that characterize the Troodon validus skulls.

Viewed from above, see fig. 2, the posterior border is truncate with a

narrow median emargination devoid of ornamentation. The supra-

Fig. 2. Skull of Troodon wyomingensis Gilmore, Cat. No. 3180 C. M. Viewed

from above. One-fourth natural size.

temporal fossae as in the type specimen are entirely roofed over by

bone. On either side of the smooth emarginated median area, are

three parallel transverse rows of rounded node-like protuberances.

These nodes alternate in the three rows and form an ornate sculpture

for this portion of the skull. The tops of the most inferior row, how-

ever, are flattened and they lie principally upon the inner branch of the

squamosal, almost hiding it from a posterior view, see fig. i.

On the left side a portion of the coalesced postfrontal and squamosal
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bones have their surfaces ornamented by low bosses and lines marking

out scutal areas.

Fig. 3. Skull of Troodon wyomingensis Gilmore. Cat. No. 3180 C. M. Viewed

from below. O, orbital surface; S.t.f., supratemporal fossa; Sup.o., supra-

occipital. One-fourth natural size.

The ventral view is more broken and less complete than the type,

and for that reason contributes nothing to our further knowledge of

the structural details of this portion of the skull.

COMPARATIVE MEASUREMENTS

No. 3180 Type

C. M. U. S. N. M.

Greatest width of skull across the squamosals 240 310

Distance from center of orbital roof to rear of skull 190 244

Greatest width of dome mass 204 275

Greatest ventral thickness, about 125 180

The skull cap is all that is known of the skeletal structure of Troddo^i

wyomingensis.

In 1924, I published^ a description of a partial skeleton of the very

much smaller Troodon validus (Lambe) and at that time a preliminary

skeletal restoration was attempted. It was referred to the new family

Troodontidae, which in turn was assigned to the Ornithopodous

^Gilmore, Charles W., Bull. No. i, University of Alberta, 1924, pp, 5-43,

pis. 1-14.
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dinosauria. This disposition of the animal aroused strong criticism,

especially from the late Baron Franz Nopcsa,^ who at first contended

that it pertained to the armored dinosauria and later adopted the more

radical hypothesis that the skeleton was a composite, consisting of the

skull of an armored dinosaur, the skeleton of an unnamed ornithopod,

and some fish bones that formed the abdominal cuirass.

RusselF has made a full and adequate reply to these criticisms, in

which he gives support to Gilmore’s original contentions.

After a lapse of more than ten years I am still of the opinion these

materials were properly associated and properly classified. Mr.

George F. Sternberg who collected the specimen assures me that all

of the bones attributed to this skeleton were found in close association

within a small area of comparatively barren strata. It seems most

improbable, as pointed out by Russell, “that the skull of one animal,

the partial skeleton of another, and some fish bones” should have

been collected within this small area.” There was no duplication of

parts, and the proportionate size of skull to skeleton was in harmony.

Only by the discovery of supplemental and more complete materials

can the questions raised be settled for all time, and it is therefore with

great interest that we await the discovery of more complete specimens

of Troddon, which will disclose the structural peculiarities of this

interesting dinosaur.

^Nopcsa, F., Geol. Hungarica, Ser. Pal. fasc. 4, 1929, pp. 64, 65; Ann. and

Mag. Nat. Hist., 1931, Ser. 10, vol. VIII, pp. 70-72.

^Russell, L. S., Annals and Magazine of Nat. History, 1932, Ser. 10, vol.

IX, p. 334.
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ART. XII. NOTES ON A COLLECTION OF REPTILES

FROM BARRO COLORADO ISLAND,

PANAMA CANAL ZONE*

By M. Graham Netting

(Plate XIV)

During March 1934, Mrs. Netting and I spent twenty-six days on

Barro Colorado Island, which is situated in Gatun Lake in the Panama

Canal Zone. This island, which has been a natural reservation since

1922, is the seat of a Biological Station which is maintained under the

able directorship of Dr. Thomas Barbour, under the auspices of the

National Research Council. Every scientist who visits the island

leaves with a deep appreciation of the foresightedness of Dr. Barbour,

and the wisdom of the National Research Council, in initiating and

sponsoring the only biological station in tropical jungle under the

American flag. Similarly, every worker receives at the hands of Mr.

James Zetek, the very helpful and energetic Resident Curator, more

counsel and assistance than he can ever repay or adequately ac-

knowledge.

During our short stay I did not attempt to collect large series of

specimens since the herpetological fauna of the island is well known

from the previous work of Dr. Barbour, Dr. Dunn, Mrs. Gaige, and

others. I did endeavor, however, to collect one specimen of each

species at every spot on the island at which I encountered it. Since

my efforts were concerned especially with amphibians with a view

toward determining accurately the distribution of the various species,

most of my collecting was done at night, and the collecting of reptiles

was secondary to the main purpose. A large collection of frogs, in-

cluding twenty-two of the thirty-one island species, and representing

*I am indebted to my good friend and mentor, Dr. E. R. Dunn, who critically

determined the lizards and snakes, and who, from the time he first stirred my
interest in Barro Colorado, has given unstintingly from his wide knowledge of

tropical conditions and faunas.
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many localities, was assembled. Analysis of this collection indicates

that the streams of the island, on the bases of their distinctive frog

populations, may be divided ecologically into five zones. Since the

report on this collection is not yet ready for publication, it now ap-

pears desirable to report briefly upon the smaller reptile collec-

tion.

Surprisingly enough the collection of amphibians added no species

to the island faunal list whereas the collection of reptiles, which

totaled only sixty-four specimens, proved to contain new records.

Fifty-seven species of reptiles were previously known to occur on

Barro Colorado. My collection includes only sixteen species, but

of this number three of the nine species of snakes proved to be new

to the island. These additions increase the known reptile fauna to

sixty species, of which number exactly half are snakes. The high

percentage of unreported snake species in my collection, may be

attributed to night collecting since each of these additions was secured

at night. The collection is far too small to justify any statements as

to the distribution of most of the species involved, but definite stations

for each species are included here in the hope that this action will

stimulate future workers to carefully document their specimens so

that those which are added to museum collections in the future will

be available for distributional studies. Each of the existing trails

on the island has been named, and each trail has been marked at lOO

meter intervals, which greatly facilitates the location of collecting

spots. ‘‘Stations,” as referred to below, indicate the number of such

intervals from the origin of the trails named. It should be remarked,

in this connection, that the naming of each stream on the island would

be of inestimable benefit for future distributional work.

When Barro Colorado Island is compared with Trinidad, with which

the author is reasonably well acquainted, the extremely small lizard

population, considering numbers of individuals, of the former is little

short of amazing. Snakes are somewhat more common on thickly

populated, and mongoose-ridden, Trinidad than on Barro Colorado.

However, many habitats are not represented on Barro Colorado;

important rodent-attracting crops are not grown on the island; and

protection is accorded to all of the birds and mammals, many of which

are reptile predators.



1936 Netting: Reptiles from Barro Colorado 115

TESTUDINATA

Kinosternidae

Kinosternon leucostomum Dumeril

Three specimens, C.M. 7700-02, of this Atlantic slope form were

found in a steep-sided, leafy-bottomed pool near the headwaters of the

large stream which crosses Abram Conrad trail near station 2. These

turtles were taken after dark on March 21 in less than ten minutes

even though the water was murky and waist deep. I was surprised to

find the species so numerous and so easy to capture in a stream in-

habited by at least one large Caiman.

LORICATA

Crocodylidae

Caiman fuscus (Cope)

One young specimen was collected in the lowest pool of Allee Creek,

near the laboratory dock, on March 9. This specimen, which was kept

in a cage under our cottage, died while we were collecting at another

part of the island. On our return our attention was called to its

demise by circling vultures, which could not have seen the specimen.

Furthermore, decomposition was not far advanced for the specimen

preserved properly. Another small specimen was seen in the pool

with the turtles mentioned above, and a specimen over five feet in

length was observed about a hundred yards upstream from this pool.

SQUAMATA

Lacertilia

Gekkonidae

Sphaerodactylus lineolatus Lichtenstein

One specimen, CM 7672, was found on the wall of a building at the

laboratory on March ii at ii a.m. Several other specimens were

observed in the daytime moving about on the inner walls of buildings

in the vicinity. These geckos are more diurnal than Hemidactylus

or Thecadactylus but far less tolerant of direct sunlight than are some

species of Gonatodes.
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Iguanidae

Anolis frenatus Cope

A sub-adult specimen, CM 4667, of this large Central American

species was collected at Snyder-Molino trail, station 2, on the morn-

ing of March 10. A newly-hatched specimen, apparently referable

to this species, was found sleeping on a tree leaf on the bank of Lutz

Creek on the night of March 23. This young specimen, which has a

total length of 109 mm., was uniformly green in color. Dr. E. R.

Dunn informs me that this name must be used for the B.C.I. speci-

mens which have previously^ been referred to A. squamnlatus, A.

longipes, and A. purpurescens.

Anolis limifrons Cope

Thirty-two specimens of this extremely common lizard were col-

lected at ten stations in widely separated parts of the island. Many
specimens were taken at night while they were sleeping on leaves of

plants and trees.

Basiliscus basiliscus (Linnaeus)

The “moracho” probably occurs along the entire shoreline of the

island, and inland along the larger streams as well. Although only the

specimens listed below were collected, literally hundreds were observed.

Two nests of hatched eggs were found, which Sylvestre Aviles, an

excellent woodsman, insisted were those of this lizard. I was unable

to prove the connection, but the nest situations indicated Basiliscus

as the most probable species. The first nest, of seven eggs, was found

on March 7 in a small cavity, in an eastwardly-facing vertical red

clay bank, 56 inches above a dry stream bed and approximately ten

yards from the lake shore. The eggs measured approximately 20x12

mm. and were white-shelled. The following day seven egg shells were

found scattered on top of the ground beside the concrete steps leading

from the dock to the laboratory, and only a few steps above the dock.

1 CM 7661 Laboratory dock, March 8.

2 CM 7676-77 shore at Barbour House, March 12.

I CM 7679 Alice Creek, March 12.

^Barbour, T. 1934. Bull. M.C.Z., 77: 147.



1936 Netting: Reptiles from Barro Colorado 117

I CM 7698 Abram Conrad trail, near station 2, March 21.

I CM 7722 dock at Fuertes House, March 24.

Teiidae

Ameiva festiva Lichtenstein

This species was observed frequently on the edge of the laboratory

clearing, near the beginning of Barbour Lathrop trail, but because of

the proximity to the laboratory no specimens were shot.

Ameiva undulata (Wiegmann)

This species proved to be less common than I had expected it to be.

Only two specimens were collected, one, CM 7665, at Snyder-Molino

trail, station 4, on March 10, and the other, CM 7678, at Thomas

Barbour trail, station 13, two days later.

SERPENTES

Colubridse

Xenodontinae

Leptocalamus sclateri Boulenger

(Plate XIV, figure i)

One specimen, CM 7683, was found in a litter of leaves and trash

in a small depression in a steep bank about three feet above a wet

ditch. This ditch was beside Barbour Lathrop trail between stations

3 and 4. The specimen was collected in the early evening of March

14 and would most probably have escaped observation completely

had not the beams from our headlights picked up its striking white

head. This specimen is the first to be taken on Barro Colorado Island.

Urotheca dimidiata (Cope)

The Lake trail is bisected by a large stream which falls rapidly to-

ward the lake through a deep ravine with very steep clay banks and a

rocky bed. One specimen, CM 7684, was captured about 8 p.m.,

March 15, as it was crawling over the leaves in a dry section of the

stream bed. While I was engaged in grabbing and bagging this
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specimen, I saw another about fifteen feet above the stream bed on

one of the clay sides, and Mrs. Netting saw another high up on the

opposite bank. Unfortunately, in spite of our best efforts to scramble

up the slippery banks both of these specimens eluded capture. The

alternating rings of blue-black and coral red of these examples were far

too brilliant, in the light of our headlamps, for us to have any doubt

as to their conspecificity with the specimen captured. This mention

of the snakes ‘‘which got away” is included only to indicate that al-

though the specimen at hand is the first to be taken on the island, the

species cannot be considered rare.

Colubrinae

Dendrophidion dendrophis (Schlegel)

One specimen, CM 7711, was collected on a dry stream bed near

Fuertes House on the afternoon of March 24.

Imantodes cenchoa (Linnaeus)

Three specimens were found on bushes at night, as follows:

1 CM 7694 Donato trail, station 4, March 16.

2 CM 7720-21 along stream near Zetek House, March 29.

Imantodes elegans (Boulenger)

The first specimen to be secured on the island, CM 7723, was col-

lected at night along Allee Creek above Pearson trail, on March 30.

In addition to the difference in color, this species differs from the

preceding in having smaller vertebral scales, and in having three

labials in contact with the eye instead of two.

Leptodeira annulata annulata (Linn^us)

One specimen, CM 7682, was taken on the night of March 13 on a

stream bank near Raymond C. Shannon trail between stations 7 and

9. A second, CM 7685, was collected on the evening of March 15 on

the bank of the stream which bisects Lake trail.
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Phrynonax poecilonotus Shropshire! Barbour and Amaral

This was the only snake which I observed about the laboratory.

The specimen, CM 7662, was taken from an orange tree near the

laboratory on the morning of March 9, and CM 7680 was found

crawling through the grass in front of the laboratory on the morning

of March 13. Both of these specimens were of the reddish phase. A
third specimen, CM 7696, with yellow markings, was caught by

Cristobal Marquinez on the tiny island of Slothia on March 21. This

specimen was kept for some time in a cage with several examples of

Kinosternon where it frequently exhibited the defense reaction of the

species. At such times the neck was inflated for about eight inches,

thus displaying the yellow-marked scales, the neck was also flattened

vertically, the lower jaw was swung to one side, and the mouth was

held half open, and every few minutes the snake hissed or struck at

the moving turtle.

Oxybelis acuminatus (Wied)

(Plate XIV, figure 2)

Four specimens were collected, between nine o’clock and noon, at

the localities listed below. CM 7670, which measured 847 mm. in

body length, contained a Basiliscus hasiliscus which was 275 mm. in

length from the forelimbs (head digested) to the tip of the tail.

I CM 7660 Lake trail, March 8.

I CM 7670 Alice Creek below laboratory, March ii.

I CM 7695 David Fairchild trail, station 7, March 17.

I CM 7697 Wm. Morton Wheeler trail, station 8, March 20.

Spilotes pullatus pullatus (Linnaeus)

One “tigre,” CM 7668, was collected on the afternoon of March 10

on Donato trail. This snake was in very poor condition, possibly due

to a heavy infestation of ticks, of which over 200 were counted on its

body.
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EXPLANATION OF PLATE XIV

Photographs from life by M. Graham Netting

Fig. I. Leptocalamus sclateri Boulenger, C. M. 7683.

Fig. 2. Oxybelis acuminatus (Wied).
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ART. XIII. VERTIGO CLAPPI, A NEW LAND SNAIL
FROM WEST VIRGINIA

By Stanley T. Brooks and G. R. Hunt

Vertigo clappi sp. nov.

Shell brown, shining, striated, striae forming slight riblets on the

last two whorls; umbilicus open, deep; whorls five and one-half, the

last strongly constricted behind the lip; aperture biarcuate, small,

only slightly expanded; upper palatal fold long, blade-like, curved,

springing from the heavy ridge formed by the intersection of the two
arcs but beginning quite back of the lip; the two columellar lamellae

are blade-like, rounded, similar in shape and lie horizontally and close

together; infraparietal and angular lamellae prominent but due to the

small size of the aperture are close together and closely approach the

columellar and palatal margins of the aperture. Altitude of the

shell 1.5, diameter 0.8 mm.

Fig. I. Vertigo clappi

Type locality: Renick, Greenbrier County, West Virginia; Carnegie

Museum collection, holotype No. 62.28186. Collected by Mr. G. R.

Hunt during the summer of 1935. The authors designate this new

species as Vertigo clappi in honor of Dr. George H. Clapp, whose

erudition and enthusiasm is a constant inspiration to his admirers

and associates in his scientific work.
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ART. XIV. THE LAND SNAILS COLLECTED DURING
THE 1936 VOYAGE OF THE “VAGABONDIA” WITH THE
DESCRIPTIONS OF NEW SPECIES OF PLECTOSTYLUS

By Stanley Truman Brooks

During the winter and early spring of 1936, the Yacht “Vaga-

bondia” belonging to Mr. W. L. Mellon of Pittsburgh cruised the

waters of the Caribbean, then went through the Panama Canal to

the southern Pacific and south to Tierra del Fuego and the Straits

of Magellan. Through Mr. Mellon’s thoughtfulness and his realiza-

tion of the great scientific value of such a cruise, one of the staff of

the Carnegie Museum, Mr. Reinhold L. Fricke, accompanied him.

Collections were made at various points during the journey. The

land snails were sparse and hard to obtain but the findings in this

small collection indicate the necessity of more extensive and specialized

efforts within the areas encompassed by this voyage. However,

Mr. Fricke should be highly complimented for his efforts as this

collection of gastropods is only a minute fraction of the many speci-

mens obtained by him, including hundreds of birds, mammals, rep-

tiles, and several hundred crustaceans. The latter are now in the

hands of the proper authorities and will be reported upon in due

time. To Dr. H. A. Pilsbry, of the Academy of Natural Sciences of

Philadelphia, I wish to express my appreciation for his aid in the

proper allocation of the following forms. His great and profound

wisdom is constantly a source of wonder and inspiration to the other

students in this field of endeavor.

Lastly, as an acknowledgment of the interest of Mrs. W. L.

Mellon in the mollusca, and of her kind efforts in behalf of the

laboratory of Recent Invertebrates of the Carnegie Museum, I

propose that one of the following new species shall bear the name

Plectostylus maricE in her honor.

In the following list of specimens collected, the species are arranged

by localities.
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Locality: Beata Id., San Domingo

Brachypodella laterradii (Grateloup)

Chondropoma sp. indet.

Close to C. weinlandii Pfr. In the absence of more specimens it is

thought best not to describe this specimen as a new species.

Description: Shell waxy-bluish gray, clouded with white; apex
eroded, whorls five with two broken brownish-yellow bands, three

on the body whorl; sutures deep, crenulated by
the vertical striae; base of each whorl over-

lapped by the following one, distinctly sepa-

rated from the body whorl at the aperture

forming a long (i to 3 mm.) triangular groove;

striations well marked, vertical, an indication

of spiral striae may be seen on base with high

magnification but this is not very clear; umbi-
licus moderate, visible from the base; aperture

oval, oblique, pointed at its apex, reflected and
thickened within; lip bears a well defined sulcus,

deepest at the apical and basal extremities,

slight along the columellar border.

Altitude 16.2, diameter 9.4 mm.
Carnegie Museum no. 62.28175.

Locality: San Esteban, Chile

Plectostylus mariae sp. nov.

Named in honor of Mrs. W. L. (Mary)

Mellon. Shell imperforate, thin, ovate,

yellowish corneous with oblique, longitu-

dinal streaks of dark yellow and brown;

on the upper whorls irregular, vertical arcs

of dark brown appear, the last occurring

half way down the body whorl (as in

reflexus Pfeiffer)
;
surface smooth, shining,

under the lens it appears granulated by
very indistinct spiral lines; spire short,

pointed; whorls five, quite convex; aper-

ture long-ovate 19.6 mm. in altitude and

8.3 mm. in diameter, bluish white within,

peristome thin sharp, with brownish bor-

der; columella granular, rounded and thin.

Altitude 29.6, diameter 19.7 mm.
Carnegie Museum, holotype no. 62.28184.

Collected on trees; a much more convex shell than P. reflexus but

undoubtedly of this general group.

Chile
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Plectostylus vagabondiae sp. nov.

Another shell, presumably found at the same locality, differs from

P. maricB in so many particulars that I shall tentatively name it

Plectostylus vagahondicB.

Shell thin but heavier than preceding;

found living but with the shining

epidermis only along the columellar

border of the aperture, surface chalky

bluish white marked with brown bars

and patches and with few vertical bands
of brown; surface chalky, marked with

vertical growth wrinkles and indistinct

scattered spiral lines; sutures deep, ir-

regular, bordered by the constrictions

and lines of the following whorl; spire

long, conic; whorls six, convex {not as

convex as P. marice but more so than its

nearest relative, P. reflexus ) ;
columella

thickened, rounded, granular and almost
pustulate under the lens, appressed,

forming an angle with the peristome
which is slightly reflexed at the columel-

lar margin; aperture bluish-white within,

peristome thin with dark brown border. Size of aperture is i6.l in

altitude and 8.9 mm. in diameter.

Altitude of shell 34.2, diameter 14,8 mm.
Carnegie Museum, holotype no, 62.28185.
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Locality: Juan Fernandez Island, Chile

Fernandezia sp.

Juvenile specimens only.

Fernandezia bulimoides Pfeiffer

These are also very young and the identification is doubtful.

Helix aspersa Muller*

Oxychilus alliarium Muller*

Oxychilus cellarium Muller*

Tornatellina plicosa Odhner

Locality: Salado Bay, Chile

Lissoacme albicans Broderip

Locality: Cocos Island

Guppya pacifica (Pfeiffer)

Ochrodermella cumingiana (Pfeiffer)

Nesopupa cocosensis (Dali)

Guppya hopkinsi Dali

*First reported from Juan Fernandez in 1931, by Odhner, N. Hj., “Mol-

lusca from Juan Fernandez” (addenda), Nat. Hist. Juan Fernandez, and Easter

Island, Uppsala, Vol. 3, part 4, pp. 481-482.
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ART. XV. THE AMPHIBIANS OF THE PULITZER

ANGOLA EXPEDITION

By Karl Patterson Schmidt, Assistant Curator of Reptiles,

Field Museum of Natural History

Introduction

The collection of frogs and toads made in the course of the Pulitzer

Angola Expedition in 1930 and 1931, by Mr. and Mrs. Ralph Pulitzer

and Mr. and Mrs. Rudyerd Boulton, amounts to 442 specimens,

representing seventeen species. The reptiles of this expedition have

been reported upon in a previous paper by myself (Schmidt, 1933),

which includes a map of Angola with the collecting stations of the

expedition indicated.

While no new forms are represented in the collections listed below,

the number of references to synonymy, of revivals of names pre-

viously placed in synonymy, and of extension of range of forms well-

known in East Africa or in the Katanga, is sufficient to indicate the

important place of the Angolan fauna in the elucidation of the taxo-

nomic and distributional relations of the African forms. The large

collections made by Messrs. Rudyerd Boulton and Herbert Lang for

the American Museum of Natural History, on the Vernay Angolan

Expedition, in 1925, are still unreported.

The taxonomic maze in the African frog fauna presented by ffie

genus Hyperolius with its hundreds of species, can be clarified only

by the combination of work in field and laboratory exemplified in the

collections made by Mr. H. B. Cott (1932) in Mozambique and

reported upon by himself and Mr. H. W. Parker (1931). It may
be added that experience with the similarly difficult genus of American

frogs Eleutherodactylus points to the fact that many of the species will

prove immediately distinguishable by attention to their voices in the

breeding season.
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SALIENTIA

PIPIDiE

1 . Xenopus petersii Bocage

Xenopus petersii Bocage, 1895, Herp. Angola, p. 187.

Xenopus poweri Hewitt, 1927, Rec. Albany Mus., 3, p. 413, pi. 24, fig. 3.

Twenty-five specimens, Carnegie Museum Nos. 6601-6612, 6892-

6893, Gauca, Jan. 8-10, 1931; and 6699-6701, 6724-6728, 6852, 7010-

7011, Chitau, Jan. 11-15, 1931.

These specimens are all very heavily marbled with black beneath,

and are readily distinguishable by this character from Xenopus Icevis

Icevis. The largest specimen. No. 6601, measures 78 mm. from snout

to vent, and the smallest 23 mm. Juvenile specimens all exhibit a

striking dorsal pattern of ocellar spots, which tend to become obscure

in the adults.

I have no hesitation in referring Hewitt’s Xenopus poweri from

Northern Rhodesia to the Angolan petersii in view of the normal

east-west range of Angolan savanna forms south of the rain forest.

(Schmidt, 1919, p. 447, map 6; 1933, p. 10).

BUFONID^

2. Bufo regularis regularis (Reuss)

Bufo regularis Reuss, 1834, Mus. Senck., i, p. 60.

Bufo regularis regularis Loveridge, 1932, Occ. Papers Boston Soc. Nat. Hist.,

8 , p. 53-

Seventy-three specimens, Carnegie Museum Nos. 6613-6645,

6671-6673, 6681, 6685, 6689, 6897-6904, Gauca, Jan. 2-10, 1931;

6658-6666, 6694, 6809-6820, Chitau, Jan. 12-16, 1931; 7027, Angola,

1931-

I follow Loveridge, (1933, p. 354) in referring the Bufo regularis

of Angola to the typical subspecies, on the ground of geographical

probability.

RANID2E

3. Rana fuscigula angolensis Bocage

Rana angolensis Bocage, 1866, Jorn. Sci. Lisboa, i, p. 54.

Rana fuscigula angolensis Loveridge, 1933, Bull. Mus. Comp. Zool., 74, p. 362.
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Seventy-two specimens and seven lots of tadpoles and transforming

juvenile specimens, Carnegie Museum Nos. 6670, 6676, 6686-87,

6894-95, 7020, Gauca, Jan. 5-10, 1931; 6690-93, 6705-7, 6719, 6739-53,

6762, 6764, 6766-82, 6796-6808, 6821, 6826, 6834, 6856-61, 6869,

6874, 6891, Chitau, Jan. 12-15, I 93 i; 7024, 7028, Angola, 1931.

4. Rana mascareniensis subpunctata Bocage

Rana subpunctata Bocage, 1866, Jorn. Sci. Lisboa, 1, p. 54.

Rana anchietoc Bocage, 1867, Proc. Zool. Soc. London, 1867 , p. 843, fig. i.

Rana porosissima Steindachner, 1867, Reise, Novara, Amphib., p. 18, pi. i, fig. 9.

Rana mascareniensis uzungwensis Loveridge, 1932, Bull. Mus. Comp. Zool., 72 ,

p. 384.

Five specimens, Carnegie Museum No. 6647, Gauca, Jan. 8, 1931;

6714, 6763, 6823, 6825, Chitau, Jan. 12-16, 1931.

I have applied the oldest Angolan name to these frogs, whose final

definition will require the study of abundant material and com-

parison with the types. The specimens at hand agree excellently with

the description and figure of Rana anchietcB. Angola is included by

Loveridge in the range of uzungwensis, and it is clear that if this is

correct, one of the names based on Angolan material must be em-

ployed; a paratype of uzungwensis from Tanganyika Territory in

Field Museum agrees excellently With the Angolan frogs. In the small

series at hand two specimens have the spots of the posterior surfaces

of the thighs confluent into well-defined stripes.

5. Rana oxyrhyncha Smith

Rana oxyrhynchus Smith, 1849, Ulus. Zool. S. Africa, 3 ,
pi. 77, fig. 2.

Thirteen specimens, Carnegie Museum Nos. 6704, 6757-61, 6765,

6822, 6871-73, 7019, Chitau, Jan. 12-15, 1931; 6896, Gauca, Jan.

10, 1931.

6. Rana bunoderma Boulenger

Rana bunoderma Boulenger, 1907, Ann. Mag. Nat. Hist., (7) 19 , p. 214.

Twenty-eight specimens. Carnegie Museum Nos. 6708-9, 6711-13,

6715, 6737-38, 6824, 6827-33, 6866-67, 6870, 6875-77, 6881-82, 6886-

89, Chitau, Jan. 12-16, 1931.

These specimens agree with the original description of Rana buno-
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derma except for the presence of an outer metatarsal tubercle, and the

somewhat ill-defined tympanum. The specimens key out to buno-

derma in Witte’s key to the subgenus Ptychadena (Witte, 1921, p. 7).

Males have an extremely well-defined subgular vocal sac, which

expands exteriorly through a slit which extends to the base of the arm.

The species is readily distinguished from R. mascareniensis by the

short webbing of the toes and the rounded or elongate dorsal tubercles

which take the place of the regular folds of mascareniensis.

7. Rana albolabris Hallowell

Rana albolabris Hallowell, 1856, Proc. Acad. Nat. Sci. Phila., 1856 , p. 153.

Five specimens, Carnegie Museum Nos. 6754-56, 6788, 6793,

Chitau, Jan. 12-16, 1931.

8. Rana tuberculosa Boulenger

Rana tuberculosa Boulenger, 1882, Cat. Batr. Sal. Brit. Mus., p. 30.

Four specimens, Carnegie Museum Nos. 6862-65, Chitau, Jan. 15,

1931-

Rana cryptotis Boulenger (1907, p. 109) agrees in detail with tuber-

culosa except in its smaller size, hidden tympanum, and subequal

first and second fingers. It seems possible that it may prove to be

the young of tuberculosa.

9. Rana sp.

Five specimens, Carnegie Museum Nos. 6669, 6679, 6682, Gauca,

Jan. 2-6, 1931; and 7016-17, Chitau, Jan. ii, 1931.

These specimens clearly represent the young of a species of Rana

not otherwise represented in the collections. It is to be expected

that they will be identifiable when more Angolan material becomes

available.

10. Phrynobatrachus natalensis (Smith)

Stenorhynchus natalensis Smith, 1849, Illustr. Zool. S. Africa. 3 , App., p. 23.

Phrynobatrachus natalensis Gunther, 1864, Proc. Zool. Soc. London, 1864 , p. 480.

One hundred and sixty-five specimens, Carnegie Museum Nos.

6648-57, 6674, 6677-78, 6683-84, 6905-7009, Gauca, Jan. 4-10, 1931;

6710, 6716-18, 6720, 6731-36, 6783-86, 6789-91, 6835-51, 6868, 6878-

80, 6883-85, Chitau, Jan. 12-15, 1930 7023, 7025, Angola, 1931.
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11. Arthroleptis parvulus Boulenger

Arthroleptis parvulus Boulenger, 1905, Ann. Mag. Nat. Hist., (7) 16, p. 109, pi. 4,

fig- 3 -

Eighteen specimens, Carnegie Museum Nos. 6721, 6890 (4), 7012-

15, 7018, Chitau, Jan. 11-15, 1931; 6675 (5), 7021, Gauca, Jan. 4-5,

1931; and 7022, 7026, Angola, 1931.

A considerable variation in the dorsal rugosity in this series appears

to be due to differences in preservation. I am indebted to Mr. Arthur

Loveridge for the identification of this species.

POLYPEDATID2E

12. Leptopelis anchietae (Bocage)

Hylambates anchietce Bocage, 1873, Jorn. Sci. Lisboa, 4 , p. 226.

Leptopelis anchietce Noble, 1924, Bull. Amer. Mus. Nat. Hist., 49 , p. 234.

Four specimens, Carnegie Museum Nos. 6696-97, 6729, and 6795,

Chitau, Jan. 12-16, 1931.

13. Leptopelis angolensis (Bocage)

Hylambates angolensis Bocage, 1893, Jorn. Sci. Lisboa, (2) 3 , p. 119; 1895, Herp,

Angola, p. 179, pi. 17, fig. I.

Four specimens, Carnegie Museum Nos. 6695, 6722-23 and 6794,

Chitau, Jan. 12-16, 1931.

These specimens agree exactly with Bocage’s descriptions and

figures of angolensis. The species is referred to Hylambates hocagii

by Boulenger (1906, p. 166), and this species, retained provisionally

in the genus Hylambates by Noble, (1924, p. 247) has subsequently

been referred to Leptopelis by Loveridge (1925, p. 787). Until further

studies can be made, it is preferable to retain angolensis as distinct

from bocagii, since the original description of bocagii differs con-

spicuously from the specimens at hand.

14. Hyperolius marmoratus Rapp

Hyperolius marmoratus Rapp, 1842, Arch Naturg., 8
, pt. i, p. 289, pi. 6.

Four specimens, Carnegie Museum Nos. 6668, 6680, 6688, Gauca,

Jan. 6-8, 1931; 6854, Chitau, Jan. 15, 1931.

Three distinct types of coloration are included in these few speci-

mens, one of which corresponds well with H. decoratus Ahl (from



132 Annals of the Carnegie Museum VOL. XXV

Cameroon) and a second with H. graueri Ahl, (from Lake Tanganyika).

In the present state of taxonomic confusion in the genus Hyperolius

it is impossible to come to any satisfactory conclusions regarding the

forms deserving of recognition in any given area from laboratory

material; but it may be pointed out that these Varieties’ were named

long since by Bocage on the basis of Angolan specimens, (Bocage,

1895, p. 164).

15. Hyperolius nasutus Gunther

Hyperolius nasutus Gunther, 1864, Proc. Zool. Soc. London, 1864, p. 482, p. 33,

fig. 2.

A single specimen, Carnegie Museum No. 6667, Chitau, Jan. 14,

1931-

This specimen, a male with well-developed vocal sac, measures 19

mm. It exhibits the two dorsolateral light lines mentioned by Bocage

(1895, p. 169), as occasionally present in this species.

16. Hyperolius seabrai (Ferreira)

Rappia seabrai Ferreira, 1906, Jorn. Sci. Lisboa, (2) 7, p. 163, fig.

Three specimens, Carnegie Museum Nos. 6702-3, 6855, Chitau,

Jan. 12-15, I 93 i» are referred here. They are close to Hyperolius

cinnamome-ventris Bocage, but lack the lateroventral dark line which

appears to be very characteristic in specimens of undoubted cin-

namome-ventris from Cameroon which are available for comparison.

17. Kassina angeli Witte.

Cassina angeli Witte, 1933, Rev. Zool. Bot. Afr., 23, p. 172, 1934, Ann. Mus.

Congo Beige, Zool., (i) 3, p. 183, pi. 8, fig. 3, pi. 10, fig. 8.

Four specimens, Carnegie Museum Nos. 6646, Gauca, Jan. 8, 1931;

and 6730, 6792, 6853, Chitau, Jan. 12-16, 1931.

These specimens agree in their shorter hind limbs with the speci-

mens from the Katanga described by Witte, and females have the

curious denticulated anal flaps, which are less well developed in East

African K. senegalensis. Kassina modesta Ahl, described from Natal,

is also shorter-legged than the typical senegalensis. Without much

more South African material, it is impossible to attempt a subspecific

rearrangement of the forms of Kassina.
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ART. XVI. ARDYNOMYS AND DESMATOLAGUS IN THE
NORTH AMERICAN OLIGOCENE

By J. J. Burke

(Text figures 1-7)

Study of the fossil rodents and lagomorphs in the collections of the

Carnegie Museum reveals that the genera Ardynomys and Desma-

tolagiis, which have previously been known only from the Oligocene

of Asia, are also represented in deposits of that age in western North

America. Through the courtesy of Dr. Walter Granger I have been

able to compare the specimens described in this paper with fossil

material from Mongolia preserved in the collections of the American

Museum of Natural History. The illustrations which accompany

this article are taken from drawings by Mr. Sydney Prentice.

Order SIMPLICIDENTATA Lilljeborg

Eamily ISCHYROMYIDT: Alston

Genus Ardynomys Matthew and Granger

Ardynomys occidentalis sp. nov.

Holotype: Right ramus of mandible with incisor, P4, Mi_2 and

base of M3, Carnegie Museum No. 1056.

Referred specimens: Left ramus of mandible with broken incisor.

Fig. I. Ardynomys occidentalis Burke. Right lateral view of skull, C. M. No.

1055 and holotype right ramus of mandible, C. M. No. 1056. Squamosal

region of skull restored from left side. X 2.
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worn Mi_2, P4 and M3 broken off, C. M. No. 1105; partial skull lack-

ing on both sides and with LM^ missing, C. M. No. 1055; right

maxilla with root of Ph worn P^ and C. M. No. 1083.

Horizon: McCarty’s Mountain Oligocene.

Localities: C. M. Nos. 1056, 1105, “S. of McCarty’s Mt.”, C. M.
No. 1083 “McCarty’s Mt.’’; C. M. No. 1055 “S. W. McCarty’s

Mts.”^ Madison County, western Montana.
Diagnosis: Lower jaw essentially as in Ardynomys olseni Matthew

and Granger, but hypoconids of molars better developed, trigonid of

P4 less transverse, its cusps not as widely separated and the external

valley of P4 not as crowded. Species of smaller size than Ardynomys
chilli Matthew and Granger (P4^—M3 = 10 mm.).

Perhaps the most striking features of the skull (C. M. No. 1055)

which I am referring to this species are the robust construction

throughout, the flattened brain-case, the sharply constricted and

narrow interorbital region, and the antorbital breadth, coupled with

an angular and heavy type of rostrum.

Unfortunately, a great deal of the dorsal portion of the skull has

been broken away, but enough remains to show that the brain-case

was somewhat wider than the rostrum. The left squamosal is com-

plete to the extent of preserving some of the characters of the glenoid

fossa, 2 which is in general like that of Arctomys, broad and shallow.

A small postglenoid foramen is shown, postero-median to which

occurs a large subsquamosal foramen.

Despite the loss of the bones investing the brain-case dorsally, the

brain cast which remains indicates that this region of the skull must

have been flattened to a degree comparable with the same region in

the skull of Aplodontia. This cast shows broad cerebral lobes and a

fairly distinct superior longitudinal fissure, but the hemispheres have

not the heart-shaped anterior tapering which characterizes Cynomys

iThe locations included in quotation marks are taken directly from the field

labels of these specimens. I assume that C. M. Nos. 1056, 1105 and 1083 were

collected from the locality on the southeastern slope of McCarty’s Mountain,

about sixteen miles north and a little east of Dillon, Montana. But C. M. No.

1055 (the skull) coming from “S. W. McCarty’s Mts.” suggests the second locality

which Earl Douglass mentions in Mem. Carnegie Museum Vol. II, No. 5, p. 21 1,

1905—the locality two miles west of the main collecting area. The supposition is

also strengthened by the fact that of the two specimens found there, one was a

Colodon, the other “an apparently new rodent.”

2Part of this squamosal root of the zygomatic arch was accidentally shattered

after Mr. Prentice had made the drawings which accompany this article.



1936 Burke: Ardynomys and Desmatolagus 137

and Ischyromys and, but to a lesser degree, Aplodontia\ the outline

is decidedly more rounded and becomes almost truncate directly

behind the olfactory bulbs. Most of the dorsal surfaces of the olfac-

tory bulbs appear to be exposed; they are relatively large, apparently

foreshortened longitudinally, expanded laterally and inflated.

It is true that the absence of the bones of the dorsal surface of the

skull probably exaggerates the interorbital constriction to some

extent, but in any case it is quite pronounced. The lateral walls of

the brain-case round rather sharply forward to make the constriction,

anterior to which the skull again fans outward fairly rapidly to the

zygomatic region. There is no means of determining, from this

damaged skull whether postorbital processes were present or not;

in all likelihood they were absent.

The skull under description (C. M. No. 1055) has undergone some

damage in the lacrimal region; the extra-orbital part of the lacrimal

bone has been lost on both sides, and there has been crushing of the

skull walls within the orbits. However, on the right side, the naso-

lacrimal foramen is shown. The lacrimal does not enclose the canal

entirely (the condition noted by Hill^ in the porcupine)
;
in general

its construction seems to be as in Arctomys.

Of considerable interest, and particularly to be taken into account

when the relationships of Ardynomys and the later Oligocene genera

Tsaganomys and Cyclomylus are considered, is the possible incipient

development, in Ardynomys, of an antorbital crest such as Matthew

and Granger^ noted in Tsaganomys. In anterior view the skull of

Ardynomys shows the zygomatic region as widely expanded; even in

the absence of the malar, which is not preserved in our specimens,

this outjutting of the arch is pronounced. However, it is most evident

below, where it would probably be accentuated if the malar were

preserved. Above, the resemblance to Tsaganomys, as figured by

Matthew and Granger, is less evident. The skull, C. M. No. 1055,

upon which most of the present description is based, does not, as noted

before, preserve the orbital rim entire. The maxillary, C. M. No.

1083, preserves a little more of the rim. Judging from these two speci-

mens, the skull of this species had not yet developed an orbital ridge

John Eric, “The Cranial Foramina in Rodents.” Jour, of Mamm. Vol.

16, No. 2, p. 123, 1935.

^Matthew, W. D., and Granger, Walter, “New Bathyergidae from the Oligocene

of Mongolia.” Amer. Mus. Novit. No. loi, p. 3, 1923.



138 Annals of the Carnegie Museum VOL. XXV

comparable with that of Tsaganomys; there appears to have been no

marked or abrupt building out of the orbits above the zygomatic root,

but there seems nothing to preclude the development of the ridge in

the later history of a skull of this type.

The orbital and zygomatic regions of Ardynomys occidentalis m.

do not show a great deal in the way of specialization beyond the

same regions in, say, Aplodontia; there is a strong lateral expansion

of the anterior zygomatic root, but the latter is heavy and sturdy,

not thin and sharp as in Tsaganomys, In another feature the

zygomatic structure deviates from that found in either Aplodontia

or Tsaganomys] the upward tilt of the zygoma is more marked than

in either of these two genera. The infraorbital foramen is some-

what ovate, as in Tsaganomys. I cannot find any evidence that

the infraorbital foramen (which is not enlarged) transmitted a slip

of the masseter.

The rostrum, seen from above, appears unusually heavy; it is

quite broad posteriorly and tapers fairly uniformly anteriorly. The

premaxillaries reach to the interorbital region; the premaxillary-

frontal suture is shown on the right side of C. M. No. 1055, a little

posterior to the naso-lacrimal foramen.

The nasals are not preserved, but the right nasal must have been

broken away practically along the suture between it and the pre-

maxillary. Assuming that the nasals were flattened, or but slightly

arched, the rostrum must have presented a crudely hexagonal trans-

verse section (similar to that of Tsaganomys)] there is a prominent

incisive swelling produced by a sharp outward arching of the pre-

maxillaries; below the incisive swelling the sides of the rostrum have

a long slope downward and inward to the palatal surface.

Of the antero-posterior extent of the palate, the premaxillaries

constitute about a third. An interpremaxillary foramen is not

definitely indicated; if present it must have been quite small. The

palate narrows posterior to the incisors but expands again about the

middle of the rostrum. The incisive foramina are of fair size and con-

fined to the premaxillaries. The tooth rows diverge anteriorly; the

palate is broadest in the region of the premolars. The posterior palatal

notch extends anteriorly to the posterior region of M^; the palatines

are short. A median ridge extends the length of the palate anteriorly

as far as the anterior palatine foramina; it is flanked on either side by

rather vague ridges bordering the alveoli of the cheek teeth. In the
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Fig. 2. Ardynomys occidentalis Burke. Ventral view of skull, C. M. No. 1055.

Left side of rostrum restored from opposite side. X 2.

two channels separating these ridges the slit-like posterior palatine

foramina are located opposite the first molars.

Crushing and distortion makes the determination of some of the

cranial foramina rather tentative. From its position in what appears

to be the pterygoid fossa I take the foramen which shows in ventral

view to be the sphenopterygoid. A foramen showing external to the

fossa, and dorsal to the last, which is directed posteriorly in the alisphe-

noid, would appear to be the masticatory. In advance of the latter

appear two openings in the region of the sphenoid fissure; the posterior

of these must be the anterior exit of the sphenopterygoid canal, or

what is more likely, the sphenopterygoid -j- the alisphenoid canals. The

opening in advance of this seems to be the sphenoid fissure proper.

Further forward, and well separated from the last, is found the

prominent optic foramen.

The incisors of this form are especially large when compared with

the cheek teeth. The superior incisors are flattened along the anterior

surface (showing only a slight rounding) and are a little more extended

transversely than antero-posteriorly. On the sides of the rostrum the

courses of the incisors are indicated by well-defined incisive swellings.
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In the skull, C. M. No. 1055, the cheek teeth anterior to the molars

are not shown. However, in a maxilla, C. M. No. 1083, is preserved,

although somewhat broken, and the root of is also retained. The
latter tooth was quite small—merely a slender spike which rested

Fig. 3. Ardynomys occidentalis Burke. Occlusal view showing root of P^, and

worn Mi‘2 right, C. M. No. 1083. X 4.

along the antero-internal side of Pk P'^, on the other hand, was the

largest tooth in the maxilla. As exhibited in this specimen it is badly

worn, showing a broad shelf of wear on the internal side. Externally,

however, most of the original crown structure can be made out.

Traces of the anterior and posterior valleys remain; the posterior

valley (now represented by a shallow and small fossete) was ap-

parently the larger of the two. Worn cusps represent the paracone

and the metacone, from which converging lophs extend toward the

worn internal shelf. Separating these lophs appears a broad V-

shaped central valley, the outlet of which is blocked by two low

intermediate tubercles conjoined at their bases.

In the skull, C. M. No. 1055, the alveolus for P^ indicates a three-

rooted tooth commensurate in size with P^ of C. M. No. 1083. In

advance of the internal root socket of this tooth appears the alveolus

for a small tooth occupying the same position as P^ in C. M. No. 1083.

The cheek teeth of Ardynomys occidentalis m. combine unilateral

hypsodonty (by extension rootward of the crown enamel of the

protomere) with oblique implantation (the plane of the superior

tooth row slants outward, that of the inferior tooth row slants inward,

in both cases strongly oblique to the vertical plane of the skull).

The combined effect of these dental constructions is the conservation

of the enamel of the tooth with wear. With age, the teeth of Ardy-

nomys occidentalis m. show marked broadening of the protomere

shelf, the crown surface of which is worn away long before that of

the metamere.

The molars of the skull, C. M. No. 1055, show little wear. Seen

at the crown surface they are subrectangular in outline. They taper

somewhat rootward (especially M^) when viewed internally. At the



1936 Burke: Ardynomys and Desmatolagus 141

present stage of wear have the same crown dimensions, but M^,

being more rounded below, might be expected to vary from at a

later stage of wear. is reduced in size over

The molar pattern on the external side follows the same general

plan as that described for P^, consisting of anterior and posterior

Fig. 4. Ardynomys occidenlalis Burke. Occlusal view of C. M. No. 1055. X 4.

cingular crests, separated by anterior and posterior valleys from the

protoloph and the metaloph. The latter lophs converge and extend

to the internal shelf in the form of a sharp V, enclosing between them

the central valley. The shelf is not strongly bowed in outline at the

crown surface, though, a feature which contributes to the sub-rec-

tangular outline of these teeth. In all of the molars the metaloph

is somewhat oblique to the protoloph. The external outlets of the

anterior and posterior valleys are nearly completely dammed off

(except in M^, where the posterior valley exit cuts rather deeply),

and are short notches considerably above the level of the central

valley exit. The exits of the posterior valleys are in reality postero-

external, internal to the metacones. The posterior valley extends

further internally in these molars than does the anterior valley.

The paracone and the metacone are nearly the same size in but

the paracone is in excess of the metacone in There is a small

intermediate tubercle in the outlet of the anterior valley of RM^
which is not present in that place in LM^. There is an intermediate

tubercle in the outlet of the central valley of which forms a dam;

the same condition holds in M^. In the intermediate tubercle

is not present, but a small tubercle buds off the posterior flank of the

metacone, somewhat crowding the exit of the posterior valley. A
definite metaconule is not shown in or in although some

swelling of the metalophs probably indicates it. In it is indi-

cated as a vanishing tubercle on the unworn metaloph. Incidentally,

the metaloph in IVP sinks below the level of the triturating surface

before connecting with the internal shelf—-a condition which may
have held, to some extent, in the metalophs of before they were

worn down. On the internal side, the molars show slight anterior
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and posterior enamel grooves or notches, between which the proto-

cone swells internally.

The lower jaw, except for its smaller size, is remarkably close to

that of Ardynomys olseni M. & G. In both cases the jaws are heavy

and are deep anteriorly; the masseteric fossa is not in advance of Mi.

Ventrally the symphysis is extended downward to produce a sharp

flange-like projection. There is a large mental foramen, below and

just anterior to P4. The American form agrees with Ardynomys

olseni M. & G. and Ardynomys chihi M. & G., in showing the ramus

much pinched from the external side in the region of the diastema.

The diastema has about the same relative extent as in Ardynomys

olseni M. & G.

The lower incisor is very much like that of Ardynomys olseni

M. & Go It shows the flattened anterior face characteristic of the

genus, and the incisor of the holotype, C. M. No. 1056, shows the

shallow grooving or concavity on the anterior face, noted by Matthew

& Granger.® This grooving is not apparent in the incisors of the

referred specimen, C. M. No. 1105.

As in Ardynomys olseni M. & G. the mandibular cheek teeth are

not only oblique to the antero-posterior plane of the ramus, the

Fig. 5. Ardynomys occidentalis Burke, holotype. Occlusal view of P4. M1-2

right, C. M. No. 1056. X 4.

tooth rows converging posteriorly, in keeping with the maxillary

tooth rows, but also they are implanted obliquely to the vertical plane

of the ramus, and overhang on the internal side.

P4 of Ardynomys occidentalis m., as shown in the holotype, bears

on the trigonid two cusps, which are separated by a notch-like median

valley anteriorly. The internal of these two cusps is the larger and

doubtless was, before wear, the higher of the two, as in Ardynomys

olseni M. & G. Its posterior flank is considerably drawn out to meet

with the base of the postero-internal cusp, raising the internal outlet

®Matthew, W. D. and Granger, Walter, “New Creodonts and Rodents from

the Ardyn Obo Formation of Mongolia.” Amer. Mus. Novit. No. 193, p. 5, 1925-
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of the central basin high above the floor of the basin. The antero-

and postero-external cusps are connected by an ectolophid.

The hypoconid is an over-sized, jutting cusp, becoming a shelf

with wear. From it extends a hypoconulid crest which sweeps around

to join with the entoconid. The central basin is broad and rounded,

and there is no definite evidence of any crests from the trigonid cusps

within it. Also, at first glance, there appears to be no hypo-

lophid crest present. However, on close inspection it can be detected

forming the posterior boundary of the central basin. It is low, curl-

ing parallel with the hypoconulid crest, and is evidently being elimi-

nated, although it still shows a connection with the entoconid. The

posterior valley is little more than an entrenched shelf behind it. The

illustration of the type of Ardynomys olseni M. & G.® does not depict

a hypoiophid in P4. I have not checked the accuracy of the drawing,

but P4 of A. M. No. 20369, a specimen referred to Ardynomys olseni

M. & G. shows a hypoiophid very much like that in P4 of the specimen

under description—with the exception that it is perhaps better de-

veloped. I have at hand also one of the paratypes of Ardynomys

chihi M. & G., A. M. No. 20372, which shows a stubby but well-

defined hypoiophid in P4. The illustration of the holotype of this

species does not indicate a hypoiophid in P4 either.'^

The cheek teeth increase in size from P4 to Ms; M3 was considerably

smaller than Ms (M3 is represented only by the roots in both the

holotype, C. M. Nd. 1056, and in the referred specimen, C. M. No.

1105). The molars of C. M. No. 1105 are so worn as to obliterate all

details of the crown pattern at the occlusal surfaces. The holotype,

however, still preserves the central valleys on Mi-s; the valleys

have a V-shape with wear, and at their outlets are flanked by the

entoconids and metaconids; the entoconids, on P4, Mi and Ms, do

not extend as far internally as do the metaconids. On Mi of C. M.

No. 1056 I can detect the last traces of the posterior valley. Judging

from what is preserved of the pattern, though, and from the con-

figuration of the teeth in general, the unworn crown must have re-

sembled rather closely that of Ardynomys olseni M. & G. In general

construction the molars as now preserved, except for more transverse

trigonids, resemble P4. The oversized hypoconids are broad shelves,

which bore the brunt of wear. The hypoconid juts strongly externally

^Ibid, text fig. 8 (p. 6).

"^Ibid, text fig. 9 (p. 7).
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in Ml (more so than in P4) and still more prominently in M2. Not
only is the hypoconid a greatly enlarged element of the crown in these

teeth, but also the enamel extends disproportionately down along

its enlarged root; one is tempted to call this “unicuspal,” rather than

unilateral, hypsodonty.

The above characters might well serve as an enumeration of those

which also show in the worn lower cheek teeth of Ardynomys olseni

M. & G. or of A. chihi M. & G. To a considerable degree they also

apply to those of Pseudocylindrodon neglectus m. and to Sespemys

thurstoni Wilson. In a previous paper,® I have pointed out some of

the differences which exist between Ardynomys and Pseudocylin-

drodon :

“In some respects, Pseudocylindrodon is intermediate between

Cylindrodon and Ardynomys. The cheek teeth are nearer those of

Ardynomys in crown height and their tendency toward hypertrophy

of the hypoconid regions; the tooth pattern in general shows simi-

larities. The incisor of Pseudocylindrodon is not flattened, however,

as it is in Ardynomys] the central basins of the cheek teeth are deeper

in Pseudocylindrodon, have rounded floors, and are closed internally

by the upgrown intermediate cuspule. The jaw of Ardynomys is

deeper anteriorly than that of Pseudocylindrodon, the posterior basins

of the cheek teeth of Ardynomys have internal exits, and the pro-

tolophids are less transverse than in Pseudocylindrodon.'’'’

It might be added to the above, however, that Ardynomys chihi

M. & G. shows the central valley of M3 closed off on the internal

side. Matthew and Granger state that it is “closed by a marginal

inner crest.”® On M3 of one of the paratypes, A. M. No. 20371, the

intermediate tubercle is still indicated as an element in this crest

—

so that the closure of the central valley in this tooth has come about

in essentially the same manner as in the inferior molars of Pseu-

docylindrodon neglectus m. The intermediate tubercle is still indi-

cated on Mi_2 of A. M. No. 20371, also, where it is fused below with

the posterior flank of the metaconid. Incidentally, this same paratype

shows an accessory cuspule in the posterior valley of M3, and a spur

crossing the central valley from the hypolophid to the metaconid in

®Burke, J. J., “Pseudocylindrodon, a New Rodent Genus from the Pipestone

Springs Oligocene of Montana.” Ann. Cam. Mus. Vol. 25, Art. i, p. 3, 1935.

®Matthew, W. D. and Granger, Walter, “New Creodonts and Rodents from

the Ardyn Obo Formation of Mongolia.” Amer. Mus. Novit. No. 193, p. 7, 1925.
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the same tooth. This spur had its origin in two tubercles, a small

one on the anterior side of the hypolophid, a larger one at the base

of the metaconid; the two have fused, but are still indicated. In

M2 the tubercles are present but not joined. They are also apparent

in Ml, but are rather poorly shown. Another paratype, A. M. No.

20372, preserves P4, and as I have mentioned previously in this article,

a short hypolophid is present. The entoconid in P4 of this specimen

is quite well-defined and attenuated externally to meet the hypolophid.

Apparently Ardynomys chihi M. & G. is a well established species,

quite distinct from Ardynomys olseni M. & G., and probably, as re-

gards the pattern at least, even further removed from the latter

species than is Ardynomys occidentalis m.

At the time of the description of Pseudocylindrodon neglectus m.

I had not seen Wilson’s excellent description and illustrations of

Sespemys thurstonid^ Sespemys, in several respects, shares characters

with both Pseudocylindrodon and Ardynomys. Sespemys tends to-

ward hypertrophy of the hypoconid as do Pseudocylindrodon and

Ardynomys

\

in depth of lower jaw it seems nearer Pseudocylindrodon

than Ardynomys, it preserves the internal intermediate tubercle of

the molars, found also in Pseudocylindrodon and in Ardynomys chihi

M. & G., although the tubercle in Sespemys tends to be attenuated

into the central valley as a sort of spur—a condition which I have

not noted in Pseudocylindrodon and Ardynomys. The tubercle in

Sespemys does not appear to fuse with the metaconid and the ento-

conid to block the central valley as it does in Mi_3 of Pseudocylindrodon

and in M3 of Ardynomys chihi M. & G. Sespemys preserves the

protolophid in P4, the protolophid does not appear to occur in P4 of

Ardynomys, there are only traces of it in P4 of Pseudocylindrodon,

if it is indicated at all. Sespemys shows short molar protolophids

which compare better with those of Ardynomys than with the molar

protolophids found in Pseudocylindrodon. The hypolophid seems well

developed in P4 of Sespemys-, it is present, but shows poor develop-

ment, in P4 of Ardynomys-, it is absent in Pseudocylindrodon. The

posterior valley of the molars is open in Sespemys, open but crowded

in Ardynomys, definitely closed in Pseudocylindrodon. In depth of

valleys, the molars of Sespemys appear to be nearer to those of Ardy-

^°Wilson, Robert W. “Two Rodents and a Lagomorph from the Sespe of the

Las Rosas Hills, California.” Cam. Inst. Wash., Publ. 453, No. 2, pp. 13-16,

text fig. I, pi. I, figs. 2, 2a, 2b, 1934.
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nomys, the molar valleys of neither of those two forms seem as deep

as those of Pseudocylindrodon. The anterior face of the incisor is

flattened in Sespemys and in Ardynomys, rounded in Pseudocylindrodon.

All three genera agree in showing an enlarged central valley and re-

duced posterior valley, and in having hypolophid crests that are

transversely shortened.

From the above intermingling of characters I conclude that Sespe-

mys, Ardynomys and Pseudocylindrodon are rather closely related

genera. Wilson has observed, in Sespemys, and Matthew and

Granger have pointed out,^^ Ardynomys various Ischyromyid

features. Matthew and Granger, stated^^ of Ardynomys, that its

teeth “retain the partly subcircular outlines of Tillomys and have

not taken on the rectangular proportions of Ischyromys, but the

relationships of the genus are probably with this family, as Troxell

has also urged for Tillomys. When distinguishing Pseudocylindrodon

from Cylindrodon, I found the two genera had much in common with

Ardynomys, and remarked that ^^Cylindrodon, Pseudocylindrodon and

Ardynomys are probably Oligocene representatives of the stock of

rodents typified in the Bridger Eocene by the forms which Troxell

has included under Tillomys.^’’ To the “Oligocene representatives”

I believe that we should now add Sespemys.

In deriving these genera from the Tillomys stock, and in suggesting

their interrelationships, I am basing my conclusions on certain funda-

mental cusp-crest details of the tooth pattern which characterize

Tillomys and Tillomys-W^e rodents of the Eocene—characters which

in these Oligocene forms have undergone alterations, modifications

of the Tillomys dental mechanism that fitted the group for invasion

of certain environmental locales which during the Eocene appear to

have been generally the province of various rodents of the Paramys

group. Possibly, during the Eocene, the Tillomys stock was pre-

dominately arboreal, its diet principally one of seeds and fruits; the

same may have been true for the majority of the Paramyidce. But

i^Wilson, Robert W., “Two Rodents and a Lagomorph from the Sespe of the

Las Rosas Hills, California.” Cam. Inst. Wash., Publ. 453, No. 2, p. 15, 1934.

i^Matthew, W. D. and Granger, Walter, “New Creodonts and Rodents from

the Ardyn Obo Formation of Mongolia.” Amer. Mus. Novit., No. 193, p. 5, 1925.

^Hbid.

i^Burke, J, J., “Pseudocylindrodon, a New Rodent Genus from the Pipestone

Springs Oligocene of Montana.” Ann. Cam. Mus., Vol. 25, Art. i, p. 3, 1935.
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by Bridger time certain of the members of the Paramys stock de-

veloped specializations of the dental mechanism and skeleton which

point to a terrestrial life. In Matthew’s Mans group^^ characterized

by “broad robust molars” and wide incisors we find a departure from

the more typical Paramyid dentition, and an increase in body size,

which might indicate trends toward a coarser vegetable diet and

better adaptability for a semi-arboreal, perhaps terrestrial, existence.

Later, in the Uinta, we find Ischyrotomus (which Matthew suggested

may have been derived from the Mans group^*^) attaining maximum

size for the Paramyidce; its skeleton indicates not only a terrestrial

but also even a fossorial habitat. Ischyrotomus, incidentally, fur-

nishes an instructive comparison with Ardynomys. In both genera

the skulls are stoutly constructed and robust, and Matthew’s de-

scription of the muzzle of Ischyrotomus petersoni as “peculiarly

angular” might also apply to the skull of Ardynomys. The lower

jaws in both genera are heavy. Ardynomys olseni M. & G. and

occidentalis m. develop a flange-like downward extension in the

symphisial region of the mandible not altogether unlike that in

Ischyrotomus. The incisors are flattened in both genera. The broaden-

ing of the molar basins is of course evident in Ardynomys as well as in

Ischyrotomus, hypertrophy of the hypoconid region characterizes the

lower molars of Ischyrotomus, and I might add that there is some

unilateral heightening of the cheek tooth crowns in Ischyrotomus

also. Yet the possession of these characters by the two genera in

common seems nothing more than another interesting case of paral-

lelism; they are to be found in various combinations in a number of

terrestrial or fossorial rodents, both living and extinct. Ardynomys

is removed from any close relationship with Ischyrotomus through

the cusp-crest pattern of its cheek teeth, already complicated beyond

that of Ischyrotomus before being secondarily modified along the

same lines as in the Paramyid.

With the passing of the specialized Paramyidce at the close of the

Eocene it is reasonable to suppose that faunal places were open for the

invasion of the Ischyromyidce which, even in the Bridger, gave evidence

i^Matthew, W. D., “On the Osteology and Relationships of Paramys, and the

Affinities of the Ischyromyidae.” Bull. Amer. Mus. Nat. Hist. Vol. 28, Art. 6,

p. 50, 1910.

^^Ibid, phylogenetic chart, p. 51.

^Ubid, pp. 56-57.
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of considerable plasticity. Ardynomys and its relatives probably

replaced the hians group of the Paramyidce in the North American

Oligocene, at least, and Ardynomys seems particularly well fitted to

have superseded Ischyrotomus, with which it possessed a number of

habitus characters in common.

MEASUREMENTS

Holotype, Carnegie Museum No. 1056

mm.
Diastema 5.0

Incisor antero-posterior 3.2

Incisor transverse 2.6

P 4 antero-posterior 2.3

P 4 transverse 2.2

M 1 antero-posterior 2.2

Ml transverse 2.8

M 2 antero-posterior 2.6

M 2 transverse 2.7

Tooth row at alveoli lo.o

Molars at alveoli 7.7

Carnegie Museum No. 1105

Diastema - 5.2

Incisor antero-posterior 3.7

Incisor transverse 2.8

Ml antero-posterior 2.5

Ml transverse 3.1

Tooth row at alveoli 10.

o

Molars at alveoli 7.5

Carnegie Museum No. 1055

Height of skull measured at M^ 13-5+
Greatest width of muzzle 13 0

Width of interorbital constriction 6.9

Diastema 8.4

Width of palate at P® 4.9

With of palate at M^ 4.2

Length of palate from incisors to post-palatal notch 10.3

Incisor antero-posterior 2.4

Incisor tiansverse 2.5

M^ antero-posterior 2.1

Ml transverse 2.3

M2 antero-posterior 2.1

M2 transverse 2.3

M^ antero-posterior 1.6
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mm.
transverse i . 6

Tooth row at alveoli 9.1

Molars at alveoli 6.4

Carnegie Museum No. 1083

antero-posterior 2.5

transverse 3.8

Ml antero-posterior 2.0

Ml transverse 3.0

M2 antero-posterior 2.1

M2 transverse 2.8

Order DUPLICIDENTATA Illiger

Family LEPORID.F Gray

Genus Desmatolagus Matthew and Granger

Desmatolagus dicei* sp. nov.

Holotype: Left maxillary with P^"^, Mi"^; right ramus of mandible

with P4, Mi_3; left ramus of mandible with Mi_2; C. M. No. 814.

Horizon: Pipestone Springs Oligocene.

Locality: Pipestone Springs, Jefferson County, Montana.
Diagnosis: Species larger than Desmatolagus robustus M. & G.;

premolars not as well developed, molars less reduced; external outline

Fig. 6. Desmatolagus dicei Burke, holotype. Ventral aspect of left maxillary with

p3-4^ Mi'2
, occlusal view of P4, M1-3 right and lateral view of right ramus

of mandible, C. M. No. 814. X 2.

*This species is named in honor of Dr. Lee R. Dice, in appreciation of his

works on fossil Duplicidentates.
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of maxillary tooth row more evenly rounded; M2 the largest inferior

cheek tooth.

Desmatolagus gazini* sp. nov.

Holotype: Left maxillary with M^^^. q ]\/[^

Horizon: Oreodon Beds Oligocene.

Locality: Badland Creek, Sioux County, Nebraska.

Diagnosis: Species intermediate in size between Desmatolagus
gobiensis M. & G. and Desmatolagus robustus M. & G.; external outline

of maxillary tooth row less rounded than in Desmatolagus dicei m.
and premolar-molar proportions nearly as in Desmatolagus robustus

M. & G. and Desmatolagus gobiensis M. & G., but not as compressed
along its anterior side and M'^ with unusually short posterior wall

crest, external roots of superior cheek teeth stronger.

Fig, 7 . Desmatolagus gazini Burke, holotype. Ventral aspect of left maxillary with

P3-4, Mi-2, C. M. No. 37 . X 2 .

It would appear that species of Desmatolagus in the North American

Oligocene may be distinguished from contemporary species of Mega-

lagus by their lower-crowned and more transverse cheek teeth, re-

duced Mf and somewhat simpler P^. In the lower Oligocene the

excess in size of M2 over Mi and P4 may also prove characteristic of

Desmatolagus, but at present I am not inclined to place much trust

in this peculiarity. It may be anticipated that when the third lower

premolars of Desmatolagus dicei m. and D. gazini m. are found they

will also show more reduction and secondary simplification than in

Megalagus, while P^ may be expected to show more reduction

also.

While Desmatolagus in the lower Oligocene in general resembles

Megalagus, the two genera do not keep apace in their later develop-

ment. Middle and Upper Oligocene species of Megalagus strongly

*The specific name is in recognition of the fossil lagomorph studies of Dr.

C. Lewis Gazin.
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parallel Palceolagus in the “modernization” of their tooth structure.

Desmatolagus, however, continues the reduction of M| and if not

the reduction, certainly the simplification of P3; appears to be re-

duced and there are changes in the pattern of P^ (this tooth also under-

goes compression along its anterior face). There is some equalizing

of the proportions of P^”^ and perhaps better expressed as due

to the increase in size of the premolars concerned. There seems to

be, as regards the premolars at least, an increase in hypsodonty (Teil-

hard de Chardin^* even describes P| of his Desmatolagus pusillus as

of continuous growth). But it is noteworthy that Desmatolagus also

preserves, in the Upper Oligocene, an assemblage of characters which

are found in the Eocene Mytonolagus and also in specimens of Mega-

lagus from the lower Oligocene—curved superior cheek tooth shafts,

relatively poorly developed unilateral hypsodonty, transverse cheek

teeth and persistence of the crown pattern with wear. Certain of the

above characters have doubtless been interpreted by some authors as

indicative of Ochbtonid affinities of Desmatolagus. To my way of

thinking they are merely retained primitive characters, indicative of

the unprogressiveness of the genus as a whole.

That lower jaws of the type which VireP® describes and figures as of

Amphilagus antiquus closely resemble those of Desmatolagus goes

without saying, and judging from what I can learn of these forms

they must have a close relationship with Desmatolagus. But from

the same deposits Viret has also described and figured^*^ certain

maxillaries upon which he bases his genus Piezodus, and these maxil-

laries also resemble those of Desmatolagus. On the other hand,

the maxillaries which Viret refers to Amphilagus antiquus, and the

lower jaws which he includes under Piezodus brannsatensis Viret, do

not appear at all to be of the Desmatolagus type. Unfortunately, I

do not possess any of these European forms for comparison with

Desmatolagus, and I can only judge them from the scant literature at

my disposal. I have the feeling that there has been some confusion

of genera in Viret’s treatment of his material. The lower jaws which

i^Teilhard de Chardin, P., “Description des Mammiferes Tertiaries de Chine

et de Mongolie.” Ann. Pal. tome XV, p. 23, 1926.

i®Viret, J., “Les Faunes de Mammiferes de I’Oligocene Superieur de la Limane

Bourbonnaise.” Ann. Univ. Lyons, N.S. fasc. 47;tpp. 85-88, et seq. text fig. ii,

PI. 29, figs 12, 13a, 13b, 14, 1929.

^^Ibid, text fig. 14, b, b’, c, c’, d, e, PI. 29, figs. 15a, 15b, pp. 94-96.
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he refers to Amphilagus antiquus, and the maxillaries which he places

in Piezodus brannsatensis Viret might possibly belong in the same

genus or even species. The resemblance of this material to Desma-

tolagus is so well marked that I suspect that here we have European

representatives of the Desmatolagus stock. But it does not follow,

of necessity, that the mere presence of Desmatolagus-\\]^e. forms in the

European Oligocene presumes a “Lagomyid” and therefore Ochotonid

disposal of the Desmatolagus line. From present evidence, Desmato-

lagus (and Viret’s material mentioned immediately above) appear to

me to have far too many characteristics of the Leporidm to be ancestral

to any Ochotonidce or to warrant their inclusion in the latter

family.

Desmatolagus is already specialized along the lines of the Leporidce

in the pattern of its cheek teeth. Despite the marked persistence of

the internal valley in P4 and in the inferior molars (a condition which,

by the way, can be found in certain species of Palceolagus, even in the

Upper Oligocene) these inferior cheek teeth are thoroughly leporine

as regards their construction; they show the characteristic crowding

of the paramere cusps and a main valley extending transversely across

the tooth from the protomere which separates the trigonid from the

talonid. In the OchotonidcB the paramere cusps are widely separated,

and while both the internal and the external valleys appear to have

conjoined to form the separation between the trigonid and the talonid,

it is of note that the external valley is directed postero-internally,

while the internal valley is directed antero-internally, becoming con-

fluent with the external valley by cutting across the latter in advance

of its postero-internal channel. The superior molars of Desmatolagus

show a narrow internal notch or valley, such as characterizes the

Leporidce generally, and the course of the valley is postero-external,

or at the most transverse, not in advance of the “crescent”; the

external portion of the valley becomes isolated as an enamel island as

in Mytonolagus, Megalagus, and PalcBolagus. In the Ochotonidce the

internal cusps of the molars are well separated by a wide internal

valley which is antero-externally directed, and which in the earlier

forms is seen to be directed anterior to the “crescent.”^!

2iBut this “crescent,” or main lunate valley, in the Ochotonidce may be an en-

tirely different crown element from that called the “crescent” in the Leporidce.

J, Ehik, in Ann. Mus. Nat. Hungarici, Vol. 23, pp. 178-186, figs. 1-5, 1926, de-

{Continued on next page)
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The type of pattern torsion exhibited in the OcJiotonidcB is not

without parallels among the simplicidentate rodents; something very

much like it is found among the Castoridce, where it is associated with

considerable preservation of the original elements of a complex talon-

talonid pattern. I am inclined to think that the Ochotofiidce, too,

retained some of the talon-talonid elements of the crown pattern

longer than did the LeporidcB. Atrophy and fusion of the various

crown elements of these regions appear to have been early develop-

ments in the LeporidcB, and certainly must have had their initiation

well back in the history of the group, as a preliminary to the attain-

ment of the basic leporine pattern which is already well established

by Upper Eocene time.

(MEASUREMENTS ON FOLLOWING PAGE.)

scribes and figures as Titanomys fontannesi two maxillaries which preserve excel-

lent details of the crown pattern. In and of his material Ehik found

what appears to be the last trace of an anterior valley in advance of the main

lunate valley. The internal valley in his specimens is directed antero-externally,

as in Ochotonidce generally, and is anterior to the main lunate valley, but is pos-

terior to the presumed vestige of an anterior valley. I do not agree with Ehik’s

interpretation of molarization of the premolars in the Duplicidentata, and I am
not in accord with him in his cusp terminology in general as he has applied it in

this case, as I have stated in a previous article (Ann. Cam. Mus., Vol. 23, Art. 9,

p. 408, 1934). But if the structure anterior to the lunate valley in and of

Ehik’s specimens is a vestigial anterior valley, then it must correspond to the

anterior valley in the Leporidoe, and the wall which separates it posteriorly

from the main lunate valley may very well represent the paracone, with which

Ehik identifies it. Such a disposition of the paracone would seem to accord very

well with the evident pattern torsion in the Ochotonidce. If this construction, or

one similar to it, can be shown to have been a stage in the evolution of the pattern

of P^ and in the Ochotonidce generally I need not point out to students of the

Duplicidentata that it not only explains the chief differences in superior cheek tooth

pattern in the Ochotonidce and the Leporidee, hut also it emphasizes the early separa-

tion of the two Duplicidentate families.
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MEASUREMENTS *

Desmalolagus Desmatolagus

dicei gazini

C. M. No. 814 C. M. No. 37

antero-posterior 2.5

transverse 5.2

P4 antero-posterior 2.9

P'* transverse 6.3

Ml antero-posterior 2.5

M 1 transverse 6.5

M2 antero-posterior 2.6

M2 transverse 5.6

M2 transverse 5.6

P4 antero-posterior 3.9

P^ transverse 3.3

M2 antero-posterior 2.9

M„ transverse 3.1

M2 antero-posterior 3.3

M2 transverse 3.5

M2 antero-posterior 1.5

M2 transverse 1.6

Length of inferior molar series 10.6

2.15

3

-

6

2 .

2

4

-

3

2.15

4-3

1.8

3-4

3-4

'All measurements taken at triturating surfaces of teeth.
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ART. XVII. OCCURRENCE OF THE FAMILY
CARYCHIIDiT IN WEST VIRGINIA*

By Stanley Truman Brooks and Gordon M. Kutchka

(Text Figures 1-14)

Introduction: For several years the Laboratory of Recent In-

vertebrates of the Carnegie Museum has been increasingly active in

the study of the molluscan fauna of West Virginia. Usually a study

of the forms living within the boundaries of a political unit is value-

less in regard to the distributional features involved. West Virginia,

however, is unique. It is one of the last molluscan frontiers of the

eastern states, and has only been slightly investigated by conchologists.

But more important is the fact that West Virginia lies within two of

the areas of migration for the northern dispersal of the so-called

southern fauna. A full discussion of the distribution of the land

Gastropoda will be taken up in the final papers of this series and the

accumulated material will then be examined in the light of the ecology

of the region studied. We hope that these efforts will in no way

deter any student who wishes to take up a study of the molluscs of

West Virginia. On the contrary, it should stimulate him to make a

more precise survey of the field. Our methods of mass collecting are

painstaking and exhaustive, but they undoubtedly leave much to be

discovered in the future.

Acknowledgments

:

In the list issued in 1935 (Brooks), mention was

made of the Carnegie Museum Collection and those responsible for

its accumulation. Since that time other students have been active

and much more material has flowed into our hands. The greatest

advance was made during the summers of 1935 and 1936 when the

junior author made two trips of six weeks each with the University

of West Virginia Biological Expedition. Through his tireless efforts

of collecting and sifting forest loam, and through the regulation

*This is the first in a series of studies being prepared by the Section of Recent

Invertebrates. Others will follow covering the other families of the Land Gastro-

poda.

sued Feb. 3, 1937
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methods of collecting, Mr. Kutchka has added over 16,000 specimens,

mainly minute, to our collection. Professor G. R. Hunt of Fairmont

Teachers College, Fairmont, West Virginia, also visited a few locali-

ties during 1935 and his material has added several important stations

Fig. I. Greater Diameter.

Fig. 2. Lesser Diameter.

Fig. 3. Height or altitude.

Fig. 4. Greater Diameter.

Fig. 5. Counting the number of whorls.

Fig. 6. Aperture - L. = length, W. == width.

and records. Mr. Neil Richmond collected at several new stations

and has turned his material over to this laboratory for study. Others

responsible for additions to our collection, although not to the ma-

terial utilized in this individual paper, will be mentioned from time

to time as the need arises. The above collectors will be designated as

(GMK), (GRH), and (NDR), respectively, in the following pages.
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Genus Carychium Muller

Some of the smallest of the land snails belong to this group. The
shell is spiral, with an elongate or oval aperture; lip reflected, thick-

ened, and appears toothed. The columellar folds begin at the lip

and revolve within the whorls and in some species are visible ex-

ternally. The shells somewhat resemble those of the PupillidcB

but in the living animal the eyes occur below and behind the tentacles

near their base. All of the species are terrestrial in habit and may be

found living among damp leaves and at the roots of grasses. In some
localities they are found near springs and nearly submerged in the

water.

Carychium exile H. C. Lea

Shell ovate-conical, elevated, with five to five and one-half convex
whorls, striated longitudinally or ribbed; apex obtuse; suture deeply

impressed; aperture small, very oblique, one-third of the length of the

shell; outer lip more or less thickened but may be slightly flattened;

the columellar lamellae beginning at the aperture appear as two teeth,

the upper one the largest, the lower reduced to a mere denticle,

lamellae well developed within the body whorl; size of shell, altitude

1.70 mm., diameter 0.60 mm.
Type Locality: “Wissahickon Creek, Philadelphia, Pennsylvania”

(Lea, H. C. 1842).

Range: Ontario, south to Alabama and west to Minnesota.

West Virginia Records

Braxton County, Gassaway (GMK)
Greenbrier County, North Caldwell (GRH)
Greenbrier County, Alderson* (Muddy Creek Valley) (NDR)
Hampshire County, Romney (GMK)
Harrison County, near Bristol (NDR)
Kanawha County, Tornado (GMK)

*Alderson occurs on County line.
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Marion County, Kingmont (GRH)
Marshall County, Bannon (NDR)
Monroe County, Alderson* (GRH)
Monroe County, Peters Mountain (GRH)
Nicholas County, Summersville (GMK)
Nicholas County, Lockwood (Panther Mtn.) (GMK)
Pendleton County, Franklin (GMK)
Pendleton County, Ruddle (GMK)
Pendleton County, Judy Gap (GMK)
Pocahontas County, Marlinton (GMK)
Pocahontas County, Mill Point (GRH) (GMK)
Randolph County, Huttonsville (GMK)
Summers County, Talcott (GMK)

Remarks: In order to clarify the descriptions of the columellar

folds a part of Miss Winslow’s (1922) remarks may be appended here:

“The upper columellar fold is very large in proportion to the dia-

meter of the last whorl, almost touching the wall of the whorl at the

upper angle of the aperture. Typically it is bent sharply downward

at its widest part, the edge turning toward the columella. The lower

fold is leaflike, curling at its edge, wider than in exigimm, and con-

spicuously projecting from the columella beneath the upper fold.

Both lamellae are more persistent in the penultimate whorl than in

the case of exiguum, becoming wider in that whorl before disappear-

ing in the upper whorls.”

The typical northern Carychium exile (Brooks 1936) is not common
in West Virginia, its place being taken, in great part, by a narrower

form averaging 1.9 mm., in altitude, and 0.60 mm. in diameter.

At first, this was thought to be the large form described by Dr. G. H.

Clapp, Carychium exile canadense (1906), but dissection of the body

whorl showed that the lamellae were like those of exile. How^ever,

it was concluded that this form is a geographical race. The aperture.

*Alderson occurs on County line.
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texture of the shell and the proportions, all tend to separate it from

the broader exile of Pennsylvania. The lamellae vary from the “typi-

cal” exile form to one approaching that of canadense. The difference

in length causes the “dip” of the upper lamella to vary its position

relative to the aperture. It would almost seem that an addition of

several tenths of a millimeter to some of these shells would produce

the characteristic lamellae of canadense. The specimens from Prince-

ton, Alabama, mentioned by Dr. Clapp (1906), are not this form but

in their proportions and lamellae seem to be true exile.

Carychium exiguum (Say)

Shell tapering, oblong, with minute grooved lines; apex obtuse,

whorls five; suture deeply impressed; aperture with two teeth, the

superior one large, the lower reduced; lip flattened and reflected;

umbilicus distinct. Usually a shining, quite transparent shell. Size

of the average, altitude 1.75 mm., diameter 0.75 mm.
Type Locality: “Vicinity of Philadelphia” (Say, Thomas 1822).

Range: Ontario south to Alabama and west to Texas and Iowa.

Remarks: This species may be distinguished from exile by the more

inflated or “bellied-out” appearance of the body whorl and by the

upper lamella which is much “smaller in proportion to the diameter

of the last body whorl” than in exile, “and never deflected down-

ward,” Winslow (1922).

The shell when removed from the living animal is usually shining
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and transparent, but when found weathered is opaque. There is a

chemical change in the structure of the shell after the animal is gone

and the shell exposed to the elements. Those in the collection ob-

tained living have retained their transparency. The opaque shells

have become thinner and more brittle and are easier to open for the

observation of the lamellae.

West Virginia Records

Hampshire County, Romney (GMK)

Surprising as it may be, this species seems to be uncommon in

WTst Virginia. In this study, over forty large sacks of loam were

collected, sifted, and the siftings examined under a lens. It does not

seem possible that it has been overlooked by us. It will probably be

found in other localities with further collecting as it appears to be

fairly common in the surrounding areas.

Carychium nannodes Clapp

“In shape this species resembles C. exile, being long and slender,

but differs in being absolutely smooth, without any traces of growth

lines, even when magnified 6o diameters; under high magnification

the surface shows a faint granulation; color waxy-white, transparent,

the columellar fold showing distinctly through the shell; whorls

about four and one-half, regular, tapering from the body whorl to

the apex; sutures deep, whorls slightly shouldered; lip wide and well

reflected especially at the columella where it forms a distinct umbilical

chink, outer curve of the lip decidedly flattened, hardly thickened

within; viewed from the back the lip is more squared below than in

exile and exiguum; upper columellar fold of good size, lower one

almost obsolete.” Clapp (1905). Size 1.4 mm., in altitude, and 0.5 mm.,
in diameter.

Winslow (1922) describes the lamellae as follows: “Upper fold small

in proportion to the size of the last whorl, evenly sinuate. Lower
fold scarcely more than a cord, becoming somewhat flattened and
slightly projecting during the course of the first turn.”
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Type Locality: Monte Sano, near Huntsville, Alabama (Clapp

1905)-

Range: Alabama to West Virginia.

West Virginia Records

Greenbrier County, Renick (GRH)
Marion County, Kingmont (GRH)
Monroe County, Alderson (GMK)
Pendleton County, Franklin (GMK)
Pocahontas County, Mill Point (GRH)
Summers County, Talcott (GMK)
Summers County, Wolf Creek (GMK)

Remarks: This form is easily distinguished from the other species

by its size. It is smaller than any other American member of the

genus. The ribless, granulated appearance of the shell also dis-

tinguishes it from the other more northerly forms.

The finding of this species in West Virginia greatly extends its

range, the exact limits of which are unknown.

BIBLIOGRAPHY

Brooks, S. T.

1935. Annals of the Carnegie Museum, Vol. XXIV, p. 61-68.

1936. The Nautilus, Vol. 49 (4), p. 115.

Clapp, G. H.

1905. The Nautilus, Vol. XIX, p. 91, pi. Ill, figs. 7, 8, 9. (C.

nannodes)

.

1906. The Nautilus, Vol. XIX, p. 138-140, pi. VHI, figs. i-io.

(C. e. canadejise)

.

Lea, H. C.

1842. American Journal of Science, (i), Vol. XLII, p. 109, pi.

I, fig. 5. (C. exile).

Say, Thomas.

1822. Journal of the Academy of Natural Sciences, Vol. II, p.

375. (C. exiguum).

Winslow, Minna L.

1922. Occasional Papers of the University of Michigan, No.

128, p. 1-16, pi. 1-5.





HYBRIDIZATION AND THE PHYTOGENY
OF THE GENUS PLATYSAMIA

i

k

By W. R. Sweadner

Vi ^

r

'i I C 4

k/

r
. i

-

' sv:\

k- ! _r
- ‘ k

Reprinted from the Annals of the Carnegie Museum

Vol. XXV, p. 163-242, 1937

Issued May 15, 1937 ^





ART XVIII. HYBRIDIZATION AND THE PHYLOGENY
OF THE GENUS PLATYSAMIA

By W. R. Sweadner

(Text Figures 1-5; Charts I-III)

(Plates XV- XX)

TABLE OF CONTENTS

I, Introduction 167

Selection of the Problem 167

Resume of Previous Work on Lepidoptera Hybrids. 167

Work of Standfuss 167

Work with the Sphingid hybrids 168

Work of Harrison and his colleagues 168

Classification of hybrids. 169

Work of Pictet 170

The bearing of all these on the present problem. . . 170

Preceding work with the genus Platysamia 170

II. Material 171

The Genus Platysamia 171

Descriptions and Distribution of the Forms 173

P. cecropia (Linnaeus) 173

P. gloveri (Strecker) 176

P. Columbia (Smith) 179

P. nokomis (Brodie) 181

P. winonah (Brodie) 183

P. euryalis (Boisduval) 184

P. kasloensis (Cockerell) 185

P. cedrosensis {CoehereW) 187

Aberrations 187

Summary 188

HI. Methods 190

Methods of Collecting and Cross Breeding 190

Methods of Rearing 192

Methods of Pattern and Color Analysis 193

Methods of Genitalic Analysis 194

Summary 195

163

Issued May 15, 1937.



164 Annals of the Carnegie Museum vol. xxv

IV. Observations. 195

The Breeding Experiments 195

Time of flight and normal matings 195

Record of experimental cross matings 196

Cross matings in confinement 196

Cross matings in the field 198

Matings of hybrids and secondary hybrids 201

Summary 201

Viability of the Hybrids 201

Per cent of Hatch 201

Factors in larval mortality 202

Summary 204

Morphology and Biology of the Hybrids 204

Larval inheritance 204

Adult color and pattern 205

Size and vigor 205

Sex ratio and fertility 205

Summary 207

Zones of Contact and Intergradation 207

The northwestern contact 207

The southwestern contact 209

The Canadian contacts 210

Matching of intergrades with hybrids 212

Summary *
213

Genitalic Analysis 214

V. Discussion 216

VI. Conclusions 224

VH. Appendix,. 225

VHI. Bibliography 228



FOREWORD

It would require too much space to acknowledge individually all

of the many persons who have assisted in the work recorded in this

paper. The writer wishes to thank those hospitable people who helped

him during his survey trips, the many entomologists throughout the

United States and Canada who have supplied information and ma-

terial, and the scientific workers in the University of Pittsburgh

and the Carnegie Museum who have generously given their time

and advice.

The writer particularly wishes to acknowledge his indebtedness

to Dr. Andrey Avinoff who has directed this work and whose inspira-

tion, suggestions, and criticisms have been the principal forces in

shaping this research; also to express his gratitude for time, instruc-

tions, and criticisms graciously given and for material loaned by the

late Mr. Foster H. Benjamin and his associates in the United States

National Museum; and to declare his appreciation to Dr. Robert T.

Hance and his colleagues in the Department of Zoology of the

University of Pittsburgh for counsel and guidance during the progress

of the investigation.

165





I. INTRODUCTION

A. The Selection of the Problem

The work presented in this paper is a by-product of an investiga-

tion into the underlying principles involved in the wing patterns of

the Lepidoptera. Hybridization was proposed as a tool with which

to pry into the secrets of this tremendously varied expression of

nature’s art. The apparent duplication of homologous markings in

a hybrid between Mimas tilice and Smerinthus ocellata suggested this

line of attack. Accordingly a considerable number of species belong-

ing to the families Saturniidae and Sphingidae were used in attempts

to produce hybrids. The ease with which cross matings were ob-

tained in the genus Platysamia (Grote) = Sarnia (authors) of the former

family led to speculation as to what would happen if the ranges of

two species should overlap. A careful search of the literature and

examination of specimens in the local collections yielded clues which

might be construed as indicating that hybridization was taking place

in nature, but no concrete evidence was uncovered. A five year

study of this genus both in the laboratory and in the field has dis-

closed facts which may be of considerable importance in moulding

our concepts of the much debated “Species Problem.”

B. Resume of the Previous Work on Lepidoptera Hybrids

A very considerable amount of work has been done on hybridiza-

tion in the Lepidoptera covering a period of more than fifty years.

It can be grouped conveniently into three classes: first, the pioneer

work of Standfuss and his colleagues on hybridization in the genus

Saturnia; second, the very extensive work with the Sphingidae of

Europe and to a lesser extent of America; and third, the work of

Harrison and his colleagues with the Bistoninae and of Pictet with

the races of butterflies and moths in the Swiss Alps.

THE WORK OF STANDFUSS

Dr. Standfuss of Vienna crossed the various species of the Pale-

arctic genus Saturnia and obtained a low percentage of matings (they

167
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do not cross in nature) and even smaller percentages of fertile eggs

and of imagoes. A large number of his hybrid broods were composed

of only one sex. His general conclusions may be summarized as

follows, (i) The offspring tend to resemble the phylogeneticly older

parent in morphological and physiological characters. (2) There

appears to be a certain predominance of characters inherited from

the male. (3) The females are sterile and the males more or less

fertile. (4) The individuals of the second generation are very variable,

tend to approach the phylogeneticly older parent, and include a con-

siderable percentage of gynandromorphs.

THE WORK WITH THE SPHINGID HYBRIDS.

The principal workers with the Sphingid hybrids were Denso,

Standfuss, Lenz, Kysela, Dannenburg, and Rebel. The crosses were

made between the various species of the genera Celerio, Smerinthus,

Mimas and Chcerocampa. Practically all possible combinations within

the various genera were obtained and many intergeneric crosses made.

Among these were a number of interfaunal crosses such as those in-

volving Smerinthus ocellata or Amorpha populi of Europe as one

parent and Smerinthus jamaicensis, S. cerysii, Paonias myops or P.

astylus of North America as the other. Secondary and tertiary

hybrids in all combinations were produced in many cases, particularly

using the species Celerio galli and Celerio euphorhice. The principal

contributions to the knowledge of hybrids made by this group of

investigators were the production of intergeneric hybrids and the

filling in of the gaps in the knowledge of the types of hybrids.

THE WORK OF HARRISON AND HIS COLLEAGUES

Harrison has attacked the problem of hybridization principally

from the angle of phylogeny. By means of his experiments on the

Bistoninae he was able to demonstrate that the fertility of the hybrid

is a function of the specific divergence between the parents. It was

also demonstrated that the phenomena of dominance in the hybrid

depends on this same factor, being not evident when there is consider-

able divergence. Harrison correlated the data from geographic dis-

tribution with that obtained from hybridization to formulate the re-

lationships and probable origin of the species in the genera Lycia,

Pcecelopsis and Nyssia. Perhaps the most important contribution of

Harrison and his co-worker, Doncaster, was the finding of an irregular
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chromosome behavior in the hybrids. .This provides a possibile ex-

planation for the infertility of some, for the gynandromorphism and

for the queer sex ratios often obtained.

THE CLASSIFICATION OF HYBRIDS

As a result of these various experiments with hybrids of the Lepi-

doptera, a classification of hybrids was proposed by Raepke. This

classification, reported by Morgan in the American Naturalist,

Volume XLIII, is reproduced here with an additional class added to

each end.

0. Those hybrids which, although they undergo considerable

embryonic differentiation, fail to hatch, or hatching, fail to complete

the larval development, because of disharmony of parts.

1. “First, those hybrids that are so abnormal (atypic or sexless)

that their sex cannot be determined.

2. “Second, those hybrids in which only one sex developes, gener-

ally the male; females also rarely appear, but are so imperfect that

reproduction is impossible. The males also are sterile.

3. “Third, those hybrids in which both sexes appear in normal

proportions; the females sterile, the males crossed back to the parent

species fertile in various degrees. The offspring of such a union are,

however, very abnormal and monstrous both in their primary and

secondary sexual organs. In certain series gynandromorphs appear

in surprisingly large numbers.

4. “Fourth, those hybrids in which the females although appearing

normal lay either no eggs or abnormal eggs. The males are like those

of the last category or like those in the next.

5. “Fifth, those hybrids in which the females produce only embryos,

or if the caterpillar stage is reached at all, the young are weak. When
it has been possible to rear moths by back crossing these females to

the parent species (or from male hybrids of the same cross) only males

develope but in such scanty numbers that they have not been tested

further.”

To this we might add another class,

6. Those hybrids in which the fertility of both sexes approaches

that of the parent species in that secondary, tertiary, or other hybrids

can be obtained. Example: Celerio galli x Celerio eiiphorhicB.

It may be further stated that these classes, while they show the

manner in which the hybrids grade from one extreme to the other in
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viability and reproductivity, are artificial groupings of a more or

less uniform gradation.

THE WORK OF PICTET

The work of Pictet in his analysis of the Lepidopterous fauna

of the Swiss National Park, while not directly involving species-

hybridization is important in that he was able to show in a number of

cases that intermediate forms found on the barrier between two

subspecies could be duplicated by hybrid forms produced in the

laboratory. He appears to be the first to demonstrate by synthesis

the possible hybrid nature of an intergrade.

THE BEARING OF ALL THESE ON THE PRESENT PROBLEM

From the above incomplete and much abbreviated account of the

previous work, on hybridization, it is hoped that the reader may have

gleaned an understanding of the phenomena as they are manifested

in the Lepidoptera. The experiments described in the following

pages partake of the nature of all of those listed above, in that the

relationships between the various species and forms in the genus are

determined from the data obtained through hybridization as well

as from distribution and comparative morphology, as in Harrison’s

work; while the hybrid nature of certain intergrading forms is demon-

strated through synthesis in much the same way that Pictet analyzed

his intermediate forms in the Swiss Alps.

C. Preceding Work with the Genus Platysamia

The various species and forms of the genus Platysamia have been

crossmated and the hybrids reared to the imago many times as re-

corded in the literature. Every sizable collection in North America

contains one or more of these hybrids. As yet no secondary hybrids

have been reported. For a number of years after the publication of

the description of Platysamia Columbia (Smith) = Sarnia Columbia

(Smith), a controversy raged as to whether or not it was of hybrid

origin. Dr. H. A. Hagen of Cambridge, Massachusetts, suggested

that it might be a hybrid, possibly between P. cecropia (L) and

Callosamia promethea (Drury). ^ This was soon disproven. Most

of the published records of hybridization in this genus are mere

isolated notes to the effect that a hybrid had been more or less ac-

^Hagen, H. A. “On Attacus (Sarnia) Columbia and its Parasites.” Bulletin

of the Buffalo Society of Natural Science, Jan. 1875.
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cidentally obtained. To my knowledge, the only careful study was

made by Miss E. L. Morton of Newburg, New York.^ She had P.

cecropia and P. gloveri emerge and mate in the same cage. The

hybrids from this and from other crosses were reared to the imago

stage and all were reported to be completely sterile. The best sum-

mary of the early studies in this genus was made by Tutt in the third

volume of his work “A Natural History of British Lepidoptera” in

which he assigned names to Miss Morton’s hybrids and to those

produced by Heyer.^ The names which are not recognized under the

International code were P. griffithsi (Tutt) = P. cecropia cf x P.

gloveri $ ;
P. watsoni (Tutt) ==P. cecropia (T x P. euryalis 9 ;

P. ameri-

cana (Tutt)=P. Columbia cf x P. cecropia 9 ;
and P. heyeri (Tutt) =

P. euryalis cf x P. cecropia 9 .

II. MATERIAL

A. The Genus Platysamia

The forms of insects herein discussed are referable to the scaly

winged order Lepidoptera. Since they have bipectinate antennae

they belong to the suborder Heterocera, the moths. The hind wings

have the most posterior vein (3rd Anal or Ic) absent and the most

anterior one (Sc-Ri or 8 ) diverging from the cell at the base. The

fore wings have vein M 2 or 5 arising from above the middle of the

discocellular vein. In addition, they contain “no sensory organs of

radiating bristles behind the antennae, no tympanal cavity at the

base of the abdomen, no proboscis, no tooth on tarsal claw, and the

frenulum is completely absent,”"^ placing them in the family Saturniidae.

In the most recent check list of the North American Saturniidae^

they are placed in the genus Platysamia.^

The species of the genus Platysamia are characterized by having

^Morton, E. L. “Hybrid Saturniid Moths and their Larvae.” Proceedings of

The Entomological Society of London, 1895, PP- 34-35 -

®Tutt, J. W. A Natural History of British Lepidoptera, London, Vol. 3, pp.

292-293.

^Jordan, K. “Note on the families of moths in which M2 (vein 5) of the fore

wing arises from near the center or above the center of the cell.” Novitates Zoologica,

Vol. 30, 1923, pp. 163-166.

^Barnes, W. and Benjamin, F. H. “Check List of the Lepidoptera of Boreal

America, Superfamilies Sphingoidea, Saturnoidea and Bombycoidea of the Families

Syntomidae and Arctiidae.” Pan. Pacific Entomologist, Vol. 4, pp. 87-89, 1927.

®See Appendix 1 .
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bipectinate antennae, the pectinations of the male being much longer

than those of the female; heavy furry bodies; and large broad wings.

The markings common to all of the species consist of a basal and an

extradiscal white cross band and a curved discal spot on both wings

and an apical ocellus on the forewing. The eggs are ovate, white,

covered with a gummy brown cementing material and are laid in

groups of from three to six. The larvae are cylindrical and equipped

with eight rows of warty tubercles armed with spines. The first seg-

ment has six, segments two to five have eight, segments six to ten

have six, segment eleven has only five because of the fusion of the

tubercles representing the two dorsal rows, and segment twelve has

only four. In the last instar the dorsal tubercles of segments two,

three, four and eleven are large and swollen. The cocoon is densely

woven, composed of an inner and an outer shell, is open at one end, and

is rigidly attached to some support, usually a branch of the food plant.

The first to be described, of the species concerned in this report,

was PhalcBna cecropia (Linnaeus) 1758. Hiibner placed it in his generic

subdivision Sarnia"^ along with cynthia (Drury) and promethea (Drury)

in 1816. In 1855 Walker redescribed the genus Sarnia^ and dropped

cynthia’ (Drury) from the list of its species. In 1865 Grote fixed

cynthia (Drury) as the type of Sarnia, confirmed promethea (Drury)

as the type of Packard’s genus Callosamia^ and named cecropia (L.)

as the type of his new genus Platysamia.^^ The species cecropia (L.)

and its relatives were referred to a variety of genera in the succeeding

years including Attacus, Bombyx, Hyalophora, Sarnia and Platysamia.

On the whole, Platysamia predominated until about 1900. This

name was then replaced by Sarnia. The most recent check list, that

of Barnes and Benjamin, reestablishes the name Platysamia.

The forms included in the genus are:

Platysamia

1. cecropia Linn.

2. Columbia Smith.

nokomis Brodie.

winonah Brodie.

3. gloveri Strecker.

4. euryalis Bo\sd\iw3\ = ceanothi Behr = califor7tica Grote = rubra

N. & D.

kasloensis Cockerell.

cedrosensis Cockerell.

^ ^^See Appendix I.
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B. Descriptions and Distributions of the Forms

In the following descriptions no differentiation will be made be-

tween species, forms, etc., because the writer is not in accordance with

the accepted status of the organisms. Their relationships and tax-

onomy will be discussed later.

Platysamia cecropia (Linnaeus)

Original description in Systema naturae. Tome I, Carl Linnaei, 1758.

Cecropia

3. P. Bombyx elinguis, alis patulis subfalcatis griseis: fascia

fulva, superiorihus ocello subfenestrato ferrugineo. M.L.U.
Catesb. car. 2. p. 86. t. 86.

Habitat in America septentrionali.

Supplementary Description: Head, thorax and abdomen brick red,

tegula white, abdomen with white and black intersegmental bands,

spiracles red, ringed with white.

Ground-color of wings black suffused with white or yellow scales

giving it a grizzled appearance. Fore wings with basal area red;

basal line white, edged externally with black. Medial area usually

suffused with red, densely along the basal line and fading out distally.

The extradiscal line is white, edged outwardly with red. It may be

straight, angled, curved or scalloped, but always tapers towards the

costal margin of the wing, sometimes not reaching the costa. The

extradiscal line is bordered distally by a band of the ground color

which reaches to the ocellus and bears irregular black blotches between

the veins at its outer edge. There is a fine brownish gray subterminal

line much indented between the veins. This line is separated from

the band of ground color by a yellowish gray area and from the termi-

nal line by a pale cream area. The terminal line is narrow, uniform

in width and pale brown in color. The ocellus, located in cell R5

(or II2) is oval, black with a blue crescent whose horns point towards

the outer margin. A narrow red bar extends distally from the an-

terior edge of the ocellus parallel to the veins. A zigzag white line

extends from the ocellus to the costa and is bordered proximally by

a patch of lavender scales and distally by a red spot near the costa.

The discal spot which is shaped like an inverted comma with the

narrow end directed outwards parallel to the costa, varies greatly

in size. It is brick red, bordered with a narrow black line and usually

has a white center.
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The hind wing is marked much like the front wing with the fol-

lowing exceptions. The area between the costa and subcosta is

yellowish white. The red basal area is obsolete, the white basal band

extending to the wing base. The extradiscal line is wider, particularly

the red component, and does not taper. There is an additional pale

scalloped line which separates off small spots from the outer edge of

the band of ground color that is distal to the extradiscal line. There

is no ocellus. The discal spot is comma shaped with the point ex-

tending outwardly between veins m2 and m3 but never reaching the

extradiscal line. It is brick red with a fine black border and a white

center.

The undersides of both wings have the basal white band and the

red suffusion missing. Aside from this and the addition of a general

suffusion of white or yellow scales, the markings of the upper side are

reproduced below.

Variation: The ground color may vary from deep black to pale

speckled gray. The amount of red suffusion in the medial area may
vary from none, as in some eastern specimens, to almost entire red,

as in specimens from North Dakota. The white part of the extradiscal

line may be lost on the front wing and reduced to the width of a hair

on the hind wing. The red band may be reduced to a few scales or,

rarely, entirely lost. The discal spots vary greatly in size but always

retain their characteristic comma shape.

Larva: The larvae are black marked with yellow in the first instar,

yellow marked with black and with black tubercles in the’ second,

yellow or green in the third, and pea-green in the remaining instars.

In the third, fourth and fifth instars the side tubercles are blue or

blue tipped with white. In the third and fourth stages the dorsal

tubercles on segments two and three are bright cherry red while the

remainder are straw yellow. In the last instar (fifth) all of the dorsal

tubercles may be pale yellow, but usually those on segments two and

three are bright red while the others are pale yellow. Very rarely,

the dorsal tubercles may be a burnt orange on segments two and

three, smoky yellow on segments four and eleven and pale yellow on

the others. The shade of each dorsal tubercle varies from time to

time in the same instar but the fundamental color remains the same.

The amount of heavy black chitin on the tubercle also varies. All

of the species and hybrids of this genus that have been reared by the

writer have shown this variability in these two respects. The full
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grown larva of Platysamia cecropia attains a length of from four to

six inches and may be as thick as a man’s thumb.

Cocoon: The inner and outer cocoons are loosely connected. The

inner cocoon is a long ellipsoid with the head end closed as with a

draw string, while the outer may be one of two forms: either closely

applied to but easily separated from the inner, or a loose envelope

many times the size of the inner cocoon. The outer cocoon is usually

pointed at both ends and attached throughout its length. Both

cocoons are a light tawny color.

Food Plants: The larvae of P. cecropia may feed on almost any decidu-

ous tree or shrub and even occasionally on the broad leafed evergreens,

but the preferred hosts are the elderberry {Sambuciis), maple (Acer),

willow (Salix) and the wild cherries {Primus).

Distribution: Platysamia cecropia is found throughout the eastern

states from Maine to Florida and westward into the foothills of

the Rocky Mountains. In Canada, it occupies the Maritime Provinces

and extends an undetermined distance north into Quebec. Its north-

ern limit in Ontario appears to be a short distance south of Cochrane

in the east and the Lake of the Woods district in the west. In Mani-

toba the species is not found a dozen miles east of Winnepeg, but the

vanguard has pushed northward along the Red River to Lake Winne-

peg, perhaps farther, and west of Winnepeg extends only to the

Assiniboine River. While its western limit in general is the Rocky

Mountains, if the records of capture are accurate, P. cecropia has

replaced P. gloveri in eastern Montana within the past fifty years,

has become plentiful in southern Alberta within the past few years

and has invaded the Black Hills within the past decade. Cockerell

reported that P. cecropia had invaded the territory of P. gloveri at

Boulder, Colorado in 1929. The species is found in eastern and

southern Texas and there is a specimen in the United States National

Museum from Jalapa, Mexico. There appears to be a wave of P.

cecropia in numbers sufficient to completely defoliate trees pushing

across the northwestern part of its range. Whether this represents

a new invasion made possible by the tree planting activities of the

settlers, or to a temporary lack of parasite and disease control, there

is no way of determining.

Diagnostic characters: The grizzled ground color and tapering

extradiscal band on the fore wing and to a certain extent, the red part

of the extradiscal band will separate this species from all the others
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in the genus. The larva may be distinguished in the third and fourth

and usually the fifth instars by the fact that the dorsal tubercles on

segments two and three are red while the remainder are yellow. The

cocoon may be recognized by its tawny color, its long line of attach-

ment and the fact that it is pointed at both ends.

Platysamia gloveri (Strecker)

Original Description: P. gloveri was described by Herman Strecker

in his “Lepidoptera Rophaloceres and Heteroceres” in 1872.

“Platysamia gloveri: Male. Expanse, four and one-half inches.

“Antennae pectinated. Head and thorax dark brownish red;

collar white; abdomen alternately banded with dark brown and white.

“Upper surface, primaries, inner half dark reddish brown, with a

dirty white band near the base and a small white oval spot bordered

on the outer and inner sides with black; the dark red colored space is

bounded outwardly by a white transverse band extending from the

costa to the inner margin, widening at the latter termination; the

space immediately beyond the white band occupying fully two-

thirds of the exterior half of the surface, is dark gray,, composed of

black and white scales, the exterior portion being the darkest; the

remaining space between this and the exterior margin is dirty gray,

transversed by a serpentine black line; a short space in from the apex

on the costa is a small black spot, from which a zigzag white line

extends a short distance to another larger black spot of an oval shape,

which has within it a pale blue crescent; the space from this latter

black spot to the costa, and from the zigzag line almost to the white

transverse band is violet.

“Secondaries have a white basal patch, also a white transverse

band as in Cecropia; the color between this band and the base is

dark brownish red; in the center is a moderately large lunate discal

spot, white edged with black; of the remaining space, between the

transverse band and the exterior margin, the inner two-thirds is com-
posed of black and white scales, as in the primaries, and the outer

third is light, dirty gray, which latter is divided by a black line, on
the inside of which line, running parallel with it, is a row of irregularly

shaped black spots.

“Under surface same as above, with the exception of the ground
color of the secondaries between the transverse bands and the base

which is composed of black and white scales instead of being dark
red as on the upper surface.

Female. Expanse, five and one-quarter inches.

“Antennae not as broadly pectinated as in the male. Head and
thorax brownish or brick red, much the same as in ordinary forms of

Cecropia; abdomen alternately banded with the same color and white.
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“On the primaries the transverse white band is somewhat irregular

and rounded outwardly; the basal band also rounded; the discal spot

larger than in male, and slightly lunate; the ground color between

the transverse band and the base is brownish red, of a slightly dif-

ferent tint than the thorax; the portion beyond the transverse band,

light dirty gray as far as the serpentine line, the inner third of it

powdered with a band of reddish scales, broader near the exterior

margin, and narrowing towards the costa; margin outside of the

serpentine line dirty white, shaded slightly exteriorly; the black apical

spots and violet patch same as in male.

“Secondaries. Color same as in primaries; ornamentation same as

in male, except the discal spot which is double the size.

“Undersurface marked same as the upper; coloration same as in

underside of male.

“Habitat: Arizona.

i^Dr. Strecker stated further that he had received “examples of it, which were

said to come from lower California, but as L. weidermeyerii, Parn. smintheus,

and other northern montane species were sent in company with it, I expressed my
doubts regarding that locality, which have since been confirmed by my receiving

a female from Arizona.” Present knowledge of the distribution of the Platysamia

indicates that the specimen figured could not possibly have come from Lower

California.

With the assistance of Mr. Benjamin, the writer had the pleasure of tracing

the history of Strecker’s specimens at the United States National Museum. The

specimens in question (six) were received by Dr. Glover from a Dr. Edw. Smart

along with several Nemophila, a Syneda and the specimens listed by Strecker.

This happened before the establishment of the National Museum and so the letter

accompanying the donation has not been found. Dr. Glover recorded the speci-

mens as having come from “South Calif.” and made copper plate etchings of all

of the species. The plates were subsequently destroyed and never published, but

manuscript copies are deposited in the National Museum library.

The specimens accompanying the gloveri, particularly the Basolarchia weider-

meyerii, as delineated in the plates could only have come from the Rocky Moun-
tain region or from a colony of Rocky Mountain fauna in California. Such a colony

is not known to exist.

On searching through the files of the National Museum, a donation of a

portion of a fossil swan by a Dr. Edw. Smart of Hastings, Nebraska was found

recorded. In his letter. Dr. Smart stated that he had dug up the specimen from

an Indian mound in 1875. This would place him east of the Rockies about the

time that the gloveri were taken. In the handwriting of the letter, there appears

to be little difference between the o’s and the a’s.

It is quite possible that the donations of Lepidoptera and of the fossil swan

came from the same man, and that Dr. Glover mistook the longhand “South

Col.” to be “South Cal.”. This would make the type locality of the male figured

and described by Strecker to be South Colorado and this fits perfectly with sub-

sequent material from that district.
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Variation: In the central part of its range, in Colorado and Utah,

the ground color of P. gloveri is wine red. The discal spots are uni-

formly reniform, without any appreciable point and vary greatly in

size. Also there are no red scales bordering the extradiscal line

distally although there is an occasional purplish tinge to the gray

subterminal area. Neumoegon described a form, P. gloveri reducta,

from Gibson Gulch, Colorado at an altitude of ii,ooo feet that is

characterized by having only about half of the expanse of the normal

form and by having the gray subterminal band greatly widened at the

expense of the central red ground color, the gray band occupying the

entire terminal half of the wing. In Montana, Wyoming, South

Dakota (Black Hills) and in Alberta the moths approach the form

reducta in size, but have the normal gloveri markings, although one

specimen from Alberta has the markings as in reducta. The size is

apparently a function of the severity of the climate. At the southern-

most known limit of the range, in Pima County, Arizona, the char-

acters by which the female type specimen differs from the male type

specimen are accentuated. Thus, the discal spots have a long point

extending distally from the anterior end and sometimes reaching al-

most to the extradiscal line. The extradiscal line is edged outwardly

with pink scales. The gray subterminal band is more or less suffused

with rusty brown.

Larva: The larvae resemble those of P. cecropia with the following

exceptions. The green color usually has a bluish tinge. In the

third and fourth instars the dorsal tubercles are either all red or all

yellow, but all the same shade. In the third instar, there is a con-

siderable development of the black chitin which partially obscures

the red in some specimens or may even completely cover it. In the

last instar the dorsal tubercles are all straw yellow, but in a few ex-

ceptions, those on segments two, three and four are slightly deeper

in shade. The only Montana specimen that I have seen had the dorsal

tubercles of segments two and three a dull burnt orange, those on

segment four a dirty yellow while the remainder were pale yellow, but

this specimen was taken when full grown in Glacier Park on the edge

of the zone of intergradation with P. euryalis and is probably not pure

P. gloveri.

Cocoon: The cocoons are small in proportion to the moth that

emerges from them, and have the diameter larger in comparison with

the length than in P. cecropia. They are pointed only at the open end
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and are attached for less than half their length. The inner and outer

shells are so closely woven together that they can scarcely be separated.

The silk is white when woven and the outside of the cocoon is covered

with ridges. When the spinning is finished, the silk is impregnated

with a fluid that forms a blackish gum that does not reach the ridges

which remain silvery against a dark background.

Food Plants: In Utah P. gloveri feeds on the sand-bar willow

(Salix) and on the wild currant (Ribes). In Montana it feeds on the

wild currant and on alder {Alniis). Perhaps there are other hosts.

Distribution: Platysamia gloveri is found throughout the Rocky

Mountain region in the United States and its range probably extends

southward into Mexico. It extends westward to the deserts of the

Great Basin and in Montana to a line a few miles west of the Conti-

nental Divide. A specimen was taken in the Black Hills of South

Dakota in 1933 and the species was once found as far east as Miles

City in Montana but is no longer to be found east of the mountains.

In Alberta it tends to intergrade with the form P. nokomis from

which it can scarcely be distinguished.

Platysamia Columbia (Smith)

Original Description: Proceedings of the Boston Society of Natural

History, Vol. 9, December 2, 1863, by S. I. Smith, read by Mr. A. E.

Verrill. Printed in 1865.

“Description of a species of Sarnia supposed to be new, from Nor-

way, Maine.

Sarnia Columbia

Male—Antennae black and broadly pectinated. Palpi dark maroon
brown. Thorax with a white band before; upper side dark maroon,
with a short grey band behind; beneath black, the legs also black,

slightly tinged with brownish towards the extremities. Abdomen
annulated with alternate black and dirty white.

“Above. Primaries with a greyish white band near the base, ex-

tending from the inner nearly to the costal border, and enclosing a

reddish brown patch at the base. The middle area of the wing is

dark brown, tinged with reddish towards the center, and contains a

triangular white discal spot; bordered on the side towards the base
with black, and on the other sides with greyish brown. There is a

narrow white transverse band, wider towards the inner border, be-

tween the middle and the outer area. A sinuous black line on a grey

colored ground, crosses the posterior border. Near the apex there
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is a round black spot, containing a bluish white crescent, with its

horns toward the outer border; between this and another small ob-

long black spot at the apex there is a zigzag white line in the form of

a W, with the upper side toward the outer border. A space along

the costal border, extending from this zigzag line almost to the mid-
dle area is bluish white, growing darker and more indistinct as it

approaches the transverse band. A short band between the middle
area and the greyish outer border, extending from the inner border

a third of the way across the wing is dark greyish brown becoming
lighter as it leaves the inner border.

“Secondaries with a small dirty white spot on the shoulder and
the anterior border just edged with the same. A white transverse

band similar to the one on the primaries. The space between this

band and the base of the wing is dark brown, with the discal spot

large and white. The outer border is margined with clay color, bound-
ed on the inside with an arcuate black line. Just inside of this line

there is a band of black spots on a greyish ground; the space between
this band of spots and the transverse band is occupied by a wide
greyish brown band.

“Beneath, the markings of the upper side are repeated; but all the

reddish tints are wanting, so as to leave the ground color of the wings

black, intermingled with whitish scales. The discal spots are bordered

with black.

Female. The antennae are less broadly pectinated than in the

male and all the colors less intense. Discal spots on the primaries

almost obsolete; being only short lines bordered with black, and
parallel to the transverse band. Discal spots of the secondaries much
smaller than in the male and more rounded.

“Expanse of wings: cf 4"; 9 4.9" i & 19 .”

Variation: The discal spots of the hind wings may be oval, or

reniform with the upper end drawn out into a slight point. Out of

57 specimens in the writer’s collection, eight in the Redpath Museum
at Montreal, four in the Museum of Comparative Zoology at Cam-

bridge, three in the Carnegie Museum at Pittsburgh, and 23 in the

United States National Museum, 95 specimens in all, 42 have red

along the outer margin of the extradiscal band varying from a thin

line of scales visible only on the underside to a well defined band

wider than the red band of some P. cecropia.

Larva: The larvae of P. Columbia are characterized by the great

development of the heavily chitinized patches on the tubercles with

the result that these tubercles are more slender than those of the

other forms and the color is usually hidden. The dorsal tubercles of

the third and fourth instars, when they show any color, resemble those

of P. cecropia except that those of the fourth segment are a reddish
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orange instead of yellow. Also in the last instar, this set of tubercles

is the same shade of red as those on the second and third segments

while the remainder are yellow with a pink tinge. The larvae of P.

Columbia are smaller in all stages than those of P. cecropia or P.

gloveri.

Cocoon: The cocoon resembles that of P. gloveri in structure and

color but is slightly darker, smaller and more slender. The puckered

opening, however, is about the same size as that of P. gloveri, making

it much more conspicuous on the small cocoon.

Distribution: According to records from before 1900, P. Columbia

extended from western Ontario to Maine and down into southern

Michigan. At the present time, it is limited to the swampy region

east of Winnepeg, along the northern shore of Lake Superior and east

to the region of North Bay, Ontario. A small colony of the species

still remains in Michigan and it has been recently reported again from

Maine. No specimens are recorded as taken in southern or eastern

Ontario or in Quebec for thirty years. The principal cause for the

restriction of range in Canada appears to have been the almost com-

plete destruction of the larch {Larex americana), the food plant of P.

Columbia, by the. larch sawfly although disease may have been an

equally important factor.

Platysamia nokomis (Brodie).

Original Description: The form nokomis was first described by Mr.

William Brodie in a paper read before the Natural History Society

of Toronto. The paper was not published, and both it and the types of

P. nokomis and P. winonah were lost. Later Mr. Brodie redescribed

the forms in the Biological Review of Ontario, 1894. The type locality

is listed as Carberry, Alanitoba. The description follows:

“The following points of difference may be noted between the
Columbia nokomis form and the Columbia form, as represented by
Ontario specimens, and as compared with Smith’s description of

Columbia, parts of which are given in brackets. The standard of

colors is Ridgeway’s Nomenclature of Colors.

“Antennae, central shaft, bright reddish brown; pectinations

darker [black]; palpi, light liver brown [dark maroon brown]; dorsum
of thorax, bright reddish liver brown with a posterior pure white
band [dark maroon with a short grey band]; underside of thorax red-

dish liver brown [black]
;

legs, reddish brown, pile darker [black,

slightly tinged with brownish]; abdomen with alternate annulations,
bright liver brown and pure white [black and dirty white].
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“Primaries above with a rather sharply elbowed pure white line

[greyish white]
;
the middle area of the wing is bright reddish liver

brown [dark brown], and contains a central ovate white spot [triangu-

lar]; this bright area is separated from the costa by a moderately
wide longitudinal greyish stripe. Secondaries with a large white

spot at the shoulder [small dirty white]; the central area, bright

reddish liver brown [dark brown], having a central white spot, which
varies from kidney form to curved pear form and varying much in

size, but always larger that the corresponding spot on the primaries;

but no sexual difference could be observed either in the size or in

the form of these central spots.

“The primaries beneath have the space from the shoulder to the

median white crossband of a maroon brown [black], and generally

the underside of the wings of Columbia nokomis is brighter colored

than that of Columbia.^’’

Supplementary Description: The collar is white and the discal spots

(Brodie’s central white spots) are bordered with tan and outwardly

ringed more or less completely with black.

Variation: On the whole there is a tendency for the reddish por-

tions to be brighter than the “reddish liver brown” of Brodie’s de-

scription, usually as bright as the claret of P. gloveri or even brighter.

In three out of six specimens at the U. S. National Aluseum, in 15

out of 21 specimens in the writer’s collection and in about half of a

considerable number of specimens noted in the collection of Manitoba

entomologists there is a red band along the distal border of the

extradiscal white crossband ranging from a few scattered scales to a

solid band equal in width to the white band.

Distinguishing Characters: Platysamia nokomis can be separated

from its eastern neighbor, Columbia, much more easily than from its

western neighbor, gloveri. From the former it may be distinguished by

its lack of melanic suffusion, its wider extradiscal band and its wider

ovate discal spots. While an experienced lepidopterist can separate

most of the nokomis from gloveri, there is no single constant character

or combination of characters that can be listed as diagnostic of the

“species.” This opinion is based on examination of more than a hun-

dred of each “species” collected over almost their entire ranges.

Larva: The larvae of Platysamia nokomis differ structurally from

those of P. Columbia in that they lack the heavy black chitinization

of the tubercles in the third and fourth stages, resembling those of

P. gloveri or P. cecropia in this respect. The first instar is black show-

ing yellow spots when full fed. The second is a brilliant orange-
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yellow fading to a pale canary; the tubercles are black. The third

instar is a pale pea green with canary yellow at the base of all the

dorsal tubercles except the first. The fourth instar is bluish green,

the dorsal tubercles from segments two to eleven all bright yellow, the

side tubercles blue. The fifth stage is a greenish slate color as in P.

gloveri, the dorsal tubercles all being ochre yellow, those on segments

two, three and four having a patch of heavy black chitin on the

side towards the head.

Cocoon: The cocoon resembles that of P. gloveri except that it is

smaller and more silvery. It is slightly larger than that of P. Columbia

and is less slender.

Food Plants: The principal food plant of P. nokomis is the wolf

willow (Elceagnus). It also feeds to a certain extent on the willow

{Salix).

Distribution: P. nokomis is found in Manitoba west of Winnepeg

and north of the Assiniboine River. It is also found in Saskatchewan

and Alberta, although many, if not all, of the specimens from the

latter province may be P. gloveri.

Platysamia winonah (Brodie)

Original description: Platysamia winonah was described by Mr.

William Brodie along with P. nokomis. In his redescription of the

latter he makes the following comment:
“Early in 1883 I received a package of cocoons of P. Columbia

and T. polyphemus collected by W. G. A. Brodie near Pelley, N.W.T.
Only one imago emerged from this lot, from a P. Columbia cocoon,

and it dilTered so very much from the Manitoba form that I considered

it a well marked variety, being much less in size and of much brighter

colors, and the boundaries of the colors much more distinct . . . .

for the Pelley form [I proposed the name] P. Columbia winonah. . .

“As I have not seen but one specimen of the Columbia winonah
type, little need be said about it. My specimen may have been re-

presentative of an extreme northern group, or it may have been only

a strongly marked specimen of Columbia nokomis.^'

This is all that is known of P. winonah, and until more specimens

are collected at or near the type locality, the writer is unable to com-

ment further regarding the exact status of the organism represented

by the name.
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Platysamia euryalis (Boisduval)

This species of Platysamia from California was first described and

named by Boisduval in 1855. A month later Behr described it in

California, but applied no name and a descriptive adjective used has

crept into use as a name. A little later in the same year the name
ceanothi was indirectly attributed to Behr when specimens donated by

him were recorded under that name. Grote, refusing to recognize

Boisduval’s description, again described it in 1865, applying the name

californica.

Origmal Description: Boisduval in “Bulletin Entomologique,”

i" trimestre, 1855, Societe Entomologique de Erance.

“Tels sont entre autres la Saturnia euryalis, voisins de la cecrop(i)a,

de I’Amerique du nord, mais beaucoup plus petite et fort distincte

au premier coup d’oeil, par la longue lunules des ailes inferieures qui

traverse la bande mediane; . . .
.”

Grote’s description is somewhat more complete and will serve

much better than a supplementary description by the writer.

‘‘‘‘Platysamia californica’^

“Male and Female—smaller than P. cecropia. Primaries reddish-

brown shaded subterminally with a brighter plum-colored tinge,

with no gray scales whatever. [Italics mine] A broad basal white

arcuate band, running from the interior margin, at extreme base, to

just below the costa at basal fourth, narrowly lined outwardly with

dark scales. Beyond the disc a moderate, whitish, sub-luniform spot,

shaded with buff. A nearly straight sub-terminal whitish band
narrower than the basal band, lined outwardly with dark scales.

Subterminal space with a brighter, somewhat peach-colored shade,

which becomes less distinct outwardly. As in P. cecropia, the apical

interspace has a W-shaped pale mark preceded by lilac scales. Be-

low, in the post apical interspace, is a black ocellus, margined with

a blue annulus, obsolete outwardly. Terminal space dull pale wood-
color, much the same shade as in P. cecropia, but narrower. The
terminal line is narrow and but slightly waved.

“Secondaries resemble primaries in coloration. A few whitish

scales at extreme base. A larger, similarly colored sub-luniform

spot to that of the primaries, which is produced so as nearly to attain

to the outer transverse white band, which latter matches that on the

anterior wings. Under surface darker, but resembling upper surface

i^Augiistus R. Grote. “Notes on the Bombycene Moths of Cuba.’’ Pro-

ceedings of the Entomological Society of Philadelphia, Vol. 5, p. 229, 1865. (The

reference is to the footnote.)
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in ornamentation; secondaries with a white patch at base on costa.”

“Head, capital appendages, thorax and abdomen reddish-brown

very nearly concolorous with the wing. 'Collar’ entirely white.

Abdomen with long white hair fringing the segments posteriorly,

very distinct in female; in the male, bands are more confused. The
sexes resemble each other.

o' 9

“Expanse 3.85 in. 4.25 in.

Length of body i . 10 in. 1.85 in.

Habitat: California (San Francisco)”

Variation: The length of the discoidal lunules varies greatly; the

point often penetrates and extends beyond the extradiscal line. The

extradiscal line on specimens from high altitudes is usually bordered

on both sides with dark scales while that of lowland specimens is not.

Many of the Oregon specimens are darker than those of California.

Larva: The writer has never reared pure P. euryalis and the published

notes describing the larval stages do not check with data obtained

from hybrids. The first stage is black, becoming spotted with bees-

wax yellow when full fed. The second instar is straw yellow with

black tubercles. In the third instar, the body is green, the dorsal

tubercles are concolorous, and yellow, salmon or red, while the side

tubercles are turquoise blue. In the fourth and fifth instars the body

is pea green and the dorsal tubercles, as far as known, are concolorous

and straw yellow. The side tubercles are blue or blue tipped with white.

Cocoon: The cocoon of P. euryalis is a tawny brown color as in P.

cecropia and lacks the dark gummy impregnation found in P. gloveri.

It is flask shaped, the main body being ovoid, almost round, with a

slender neck at the open end. It is seldom fastened longitudinally to

a support as are the cocoons of the other members of the Platysamia.

Distribution: This species is found throughout California, western

Nevada, Oregon and Washington to Vancouver Island, British

Columbia. In eastern Washington, in Idaho and in British Columbia

it intergrades with P. gloveri, the mid-intergrade having been assigned

the varietal name, kasloensis, by Cockerell.

Platysamia kasloensis (Cockerell)

Original Description: The following description appears as a footnote

in Part III, page 226, of Packard’s “Monograph of the Bombycene

Moths of North America,” the third part of which was edited by Dr.

T. D. A. Cockerell after Dr. Packard’s death.

“S. rubra kasloensis, collected by Dr. H. G. Dyar at Kaslo. This
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is the form described by Mr. Cockle. ... It is a submelanic race,

darker above than the typical; much blacker and less red below.”

Mr. Cockle’s description follows. (It was never intended as a

scientific description and is consequently rambling. Only the de-

scriptive portions are quoted.)

“There is undoubtedly a local race of the species [rubra = euryalis]

to be found in the interior of British Columbia, the general color of

which is purplish-brown above on all wings, whilst the underside is

always greyish. . . . The markings of both forms [rubra and the

British Columbia form] are very variable, the only difference being

in the submarginal line which, instead of being deeply dentate as in

the California species, has a tendency to lose this dentation, the line

being a series of loops bent outwardly with, in some cases, a slight

dentation between the veins.”

Mr. Cockle continues with the following comment which will be

referred to later:

“I have frequently been met with remarks from collectors to whom
I have sent this form of rubra that it was nearer to gloveri than to

rubra, [Italics mine] but the two species are sufficiently distinct in

the median lines to prevent all possibility of mistake, but at the same
time the northern form of rubra is so different in appearance to

warrant a separation and possibly, when the investigation is carried

to completion, even a new name.”^^

It may be said in passing that judging from about two hundred

specimens of the forms involved, either specimens in the writer’s

collection or photographs of specimens in other collections, the shapes

of the submarginal and median lines upon which Mr. Cockle effects

his separation are not valid characters but subject to great variation

in all of the species.

Supplementary Description: The general tone of the ground color

may vary from red as bright as that of P. euryalis to a deep reddish

brown. The discoidal lunules may vary from comma-shaped spots

reaching to the extradiscal line on the hind wing to spots that are

almost obsolete. All of the specimens have a mixture of red and grey

scales in the band of ground color just outside the extradiscal line.

This last character may be considered as diagnostic of the form.

Larva and Cocoon: The writer has never seen either larva or cocoon,

all of his specimens having been taken on the wing, but the hybrid

larvae of the cross P. kasloensis cf x P. gloveri 9 in their last instar

have all of the dorsal tubercles a bright coral red whereas the homo-

i^Cockle, J. W. Entomological News, Vol. 19, July 1908, p. 340.
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logous tubercles of P. gloveri are always yellow. Further, the hybrid

larvae from the cross P. kasloensis d' x P. cecropia 9 in their last three

instars have the dorsal tubercles on segments two, three and four

bright red, and the remaining dorsal tubercles a bright pinkish-

orange, about the shade known as tango. This seems to indicate

that the dorsal tubercles of P. kasloensis are either red or reddish-

orange in all of the last three instars.

Distrihutiofi: Platysamia kasloensis is found throughout northern

Idaho, southeastern British Columbia and western Montana. It

intergrades with P. euryalis on the west and with P. gloveri on the

east. Later in this paper it will be shown that P. kasloensis itself is

the intergrade between these last two species.

Platysamia cedrosensis (Cockerell)

The variety cedrosensis was described in the same footnote as was

kasloensis.

“5. rubra cedrosensis
,
marked “Cedars I,” (evidently

Cedros I) Mexico. Male. Margins of upper side of wings broadly

and suffusedly blackened, the submarginal markings almost entirely

lost; ocellus of primaries smallish; discal mark on hind wings longer

and more slender than in kasloensis; beneath the wings are very black,

but the region basad of the bands is suffused with brownish vinaceous.”

Cockerell’s types were not marked because they were named after

he had left the Museum and there is no specimen in the U. S. National

Museum, where the type is supposed to be, that bears a label "Cedars

I.” The only specimen, unlabeled, that comes close to fitting the

description is one of the kasloensis type, whose wing tips appear to

have been blackened with soot as is characteristic of a moth that

has been flying around an oil lantern. In fact the microscope revealed

that the darkening of the outer third of the wings of this particular

specimen was due to soot. Whether the type has been destroyed or

this is it, we cannot say. Dr. Cockerell believes that it is not. LIntil

other specimens are obtained from the type locality or near it, the

form cedrosensis, like winonah, must remain merely a “list” name.

Aberrations

The usual color aberrations caused by somatic mutation or by the

failure of some developmental process occur in this genus. In P.

cecropia the red may be replaced by yellow, or the brown and black
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be replaced by yellow and orange. A fairly common aberration in

P. gloveri and P. nokomis is a general suffusion of white hairlike scales

over the surface of one or more wings, which gives them a mouldy

appearance. The discal spots may become obsolete in all of the

species. There also occur ‘breaks’ in which a part of the pattern

becomes distorted without a corresponding distortion of the wing

membrane. These ‘breaks’ appear more often in the hybrids than

in the pure species.

The effect of cold applied to the pupa at the time of scale forma-

tion results in a thinly scaled, semitransparent condition; in an in-

crease of red pigment and its migration towards the base of the wing;

and in an increase of black pigment and its migration towards the

margin. This produces a reduction or elimination of the white areas

and a general haziness of pattern. The mechanism of this shifting of

pigment, if indeed it takes place, is unknown, but the phenomena

have been observed in other forms, particularly the Nymphalidae.

Summary

If we still refrain from distinguishing between species and form,

there are eight names applied to the various forms of the genus

Platysamia; P.cecropia, P. Columbia, P. nokomis, P. gloveri, P. kasloensis

and P. euryalis representing groups of organisms found distributed

throughout temperate North America in the manner indicated

on the accompanying map. The other two names, P. winonah and

P. cedrosensis are represented by single specimens, both of which

have been lost. Until more specimens are taken, we may disregard

these two names.

The forms may be distinguished as follows: P. cecropia by its

grizzled ground color, by its tapering extradiscal line on the fore wing

and by the more or less wide red outside border to the extradiscal

line on the hind wing; P. Columbia by its submelanic ground color,

by its white extradiscal line reaching to the costa on the fore wing

and by the absence or near absence of red bordering this line on the

hind wing. While an experienced lepidopterist can distinguish be-

tween P. nokomis and P. gloveri, there is no character that can be

cited as separating them, although the former is much less variable

than the latter. Both forms have a red ground color inside the

extradiscal line and a pure grey ground color outside it. Both have
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Fig. I. Reproduced from “University of Pittsburgh Bulletin” (Graduate School

Abstracts, Vol. X), Vol. 31, 1934, p. 347.

approximately reniform discal spots. P. euryalis is distinguished by its

brick red ground color, by its long comma shaped discal spots and by

the absence of grey from the ground color outside of the extradiscal

line. P. kasloensis may be distinguished from both P. euryalis and

P. gloveri by the mixture of red and grey scales in the ground color

outside of the extradiscal line.
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The larvae are most easily separated in the fourth instar, the dis-

tinguishing character being the color of the dorsal tubercles, although

structurally, P. Columbia has a greater hard chitinization of these

tubercles than the others and P. cecropia has more spines. On P.

cecropia the dorsal tubercles of segments two and three are red, the

rest being straw yellow; on P. Columbia, they are red on segments two,

three and four while the remainder are yellow. On P. nokomis all

are bright yellow; on P. gloveri all are yellow or all red; and on P.

euryalis, all are yellow, or possibly salmon colored.

The cocoons are of three types. Those of P. cecropia are more or

less smooth, tawny and pointed at both ends, the inner and outer

shells being easily separated. Those of P. gloveri, P. nokomis and

P. Columbia are dark, covered with silvery ridges, pointed only at the

open end and impregnated with a dark gummy substance. The

cocoon of P. euryalis resembles that of P. cecropia in color and tex-

ture but is ellipsoidal, almost spherical and has a slender neck at the

open end.

III. METHODS

Methods of Collecting and Cross Breeding

In the' early part of the work, cocoons were collected in the Fall or

purchased from collectors in other localities. They were kept over

winter in a cold place in order that they would not emerge before

the wild moths around Pittsburgh. Males of one species were confined

with females of another in cheesecloth cages of about one cubic yard

capacity. This method, which was used by Miss Morton, yielded a

number of crosses but many refused to mate. A second method which

was more successful was the method known as ‘tying out.’ In it the

female to be mated is tied to a protecting bush by a piece of soft

string around the body between the primaries and secondaries. The

only variation in the use of this time honored method was that the

female was always of a species not occurring in the district. Females

‘tied out’ in this manner were seldom unmated.

It became evident early in the experiments that cocoons of the

species other than cecropia could not be obtained in sufficient quantities,

if at all. Also, a means for determining the nature of the insects in

the zones of contact between the species was imperative. The knowl-

edge that the females of any one species readily attract and mate with
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the males of any other species in the genus, as was learned the first

season, and the use of a truck for transportation of the insects solved

these problems. During 1932 and 1933, collecting, breeding, and the

analysis of the zones of contact, were combined into one operation.

A road was selected through the country to be explored, and virgin

females (usually P. cecropia) were tied in the shelter of bushes suf-

ficiently far back from the road so as to not be disturbed by traffic.

These ‘plants’ were spaced at intervals of from five to ten miles for a

distance of about a hundred miles, and camp was made in a par-

ticularly promising locality. The remaining females were placed in

a wire cage on the engine hood. If there were Platysamia males in

the neighborhood, the operator was awakened about an hour before

dawn by their flapping against the top and sides of the truck as they

tried to locate the females. He then caught them in his hands as

they fluttered against the cage, dropped those he wished to mate into

the cage and those he wished for specimens into a cyanide bottle.

The rejected ones were placed in a bucket covered over with netting,

to be released at dawn. The number of males dropped into the cage

must always be one less than the number of females there because

the attracting odor is not emitted after mating. Although the males

normally remain in coitus for from fifteen to twenty hours, it has been

found that two hours is sufficient for complete ensemination. At

the end of about two hours the cage was placed inside the truck and

the route of the previous day retraced. The jarring of the wheels

on the road soon dislodged the males and as soon as the union was

broken, the male was killed and given a number. The female was

placed in a small cardboard box or paper sack with the same number.

Notes must be taken concerning any peculiarity of color or pattern

before the female is placed in the box because she remains in there

five days and batters her wings to pieces. At the end of the egg lay-

ing period the female was killed and preserved and the eggs which

she had glued to the inside of the box were picked off and kept in vials

until they hatched. Along the ‘trapline’ all the females were found

mated if one was lucky. We thus got a sample male from each in-

terval of the district covered, and a fairly complete record from the

district of the camp. In this manner also, up to twenty-five cross

matings have been secured in a single night. Factors which prevented

mating or the securing of the males were (i) a cold night, (2) high

winds which forced early separation, (3) birds, mice or ants may have
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killed the female, and (4) the tied female may have been discovered

by some other human.

Methods of Rearing

The eggs hatch in from ten to twenty days, turning dark a day or

two before the larvae crawl from the shell. Experience has demonstrated

that wild cherry {Primus serotina) is best suited as a food plant for the

hybrids regardless of upon what plant their parents feed. If this is

not available, elderberry {Sambucus)

,

willow {Salix) or alder (Alnus)

may be used in the order named. As soon as the larvae emerged from

the shell, they were placed in a large vial with several leaves, and the

vial was plugged with cloth and put in a cool place. Fresh leaves were

substituted at six hour intervals, care being exercised that the tiny

larvae were not pulled from the old leaves but cut out on a small sec-

tion of the leaf to which they clung. After twenty-four to thirty-six

hours they were ready to be placed in the breeding cages.

The hybrids were too delicate to be reared on cut leaves in boxes and

cans as the parent species may be. They had to be fed on the living

food plant under ideal conditions. A cage was devised that gave the

larvae protection against all of the parasites and predators except boys

and the ants. The latter were excluded by banding the trunk of the

food plant with tanglefoot. The cage was constructed as follows:

thirty inch, sixteen mesh window screen was cut into thirty-six inch

lengths. Pieces of strong cloth twelve to fifteen inches wide were

sewn to the long sides. The short sides were then tacked to a stick of

wood so as to form a cylinder, the ends of which were cloth. The

edges of the cloth were then sewn together to complete the cylinder

which was open at both ends. In use, a branch was selected and

violently shaken and carefully inspected lest a spider or reduvid bug

remain and be confined with the larvae. The cage was then slipped

over the branch and the cloth tied firmly around the stem. The

larvae were then introduced through the free end and the end tied shut.

This arrangement permited the larvae to feed on the living host under

natural conditions with alP of the attendant advantages but at the

same time afforded complete protection against predators and insect

parasites. The cage was examined from day to day and when nearly

all of the leaves had been eaten, it was removed to another branch.

The caterpillars, which by that time were in the second instar and

had reached a length of about three-quarters of an inch, were trans-
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ferred by cutting out the pieces of the leaf to which they clung or by

rolling them off the twigs. Great care was exercised in order that the

delicate prolegs might not be torn. If the caterpillar was moulting,

the entire twig was cut off and carefully placed on the fresh foliage.

As the caterpillars grew, fewer and fewer were kept in a single cage,

until during the last instar, when they attained a length of from

three to live inches, no more than ten were kept in each cage.

Methods of Pattern and Color Analysis

Intergrades were found in the zones of contact, particularly in the

contact between P. euryalis and P. gloveri. When the specimens were

pinned to a large board according to their geographic distribution, the

way in which they intergraded immediately struck the eye. Such

a demonstration could not be put on paper, so a statistical method

was devised for illustrating this blending. The specimens were

classified according to the degree to which they resembled one or the

other of the supposed parent species. For instance, the two most

important differences between P. euryalis and P. gloveri are the shapes

of the discal spots on the hind wing and the color of the area just out-

side of the extradiscal line. The discal spots of P. gloveri are reniform

(except in its most southern range) while those of P. euryalis are

quite elongated. The area in question is red with no gray in P.

euryalis and the reverse in P. gloveri. In the analysis of the discal

spots, since the size varies greatly in both species, no single measure-

ment such as length or area was found to be of any value for com-

parison and a ratio of length to width, which would have eliminated

the factor of variable size was found to depend on from what points

the measurements were made. A satisfactory measurement, the ratio

of average width to longest length, was obtained in the following

manner. The spots were carefully traced using a camera lucida and

the areas thus obtained were measured with a planimeter. This

area divided by the square of its longest length gave the desired index

of the shape of the spots. The ratios thus obtained were plotted

against the geographic distribution as is shown in Chart II, page 208.

The other character (color) did not yield to so objective an analysis.

The gradations between the gray and red were divided into eighteen

approximately equal classes and the specimens plotted by classes

against geographic distribution as recorded in Chart I, page 207.

Because of the extreme variability of P. cecropia, and the small
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amount of intergradation detectable, no such comparison could be

made in the contacts between P. cecropia on one hand and P. Columbia

or P, nokomis on the other in the eastern zone of contact.

Method of Genitalic Analysis

Mr. Foster H. Benjamin of the United States Bureau of Entomology

and Plant Quarantine pointed out that there occur instances where

two species intergrade in color and pattern but are quite distinct in

their genitalia. He suggested that before any proof could be estab-

lished that intergradation was due to hybridization, this possibility

must be eliminated. He very generously devoted considerable time

to instructing the writer in the art of preparing slides of the genitalia

of Lepidoptera, the Saturniidae in particular.

The male genitalia were prepared as follows: The insect was re-

laxed and a scalpel inserted into the underside of the abdomen just

ahead of the genitalia. The latter was then pried off leaving the rest

of the body undisturbed. This ‘tip’ was then either soaked over night

or boiled for ten to fifteen minutes in a ten per cent solution of potas-

sium hydroxide. This treatment destroyed the soft tissues and to a

certain extent bleached the chitin. The genitalia were then placed in

water and all vestiges of soft tissues teased out under a binocular

microscope. When the dissection was finished, all scales and scale-

like hairs, all fat and other tissue had been removed leaving only the

chitin. The dissection was then dehydrated by dropping into 95

per cent alcohol where it remained half an hour. The valves were

then spread open as far as possible without distorting the parts and

oil of cloves dropped on. The oil of cloves serves the double purpose

of finishing the dehydration and hardening the tissue. After soaking

in this reagent for half an hour, the tissue was placed in xylol for a

similar period and then mounted in a deep balsam cell on a slide and

covered with a cover slip. Because of the comparatively large size

of the Platysamia genitalia the cell had to be made from one and a

half to two millimeters deep. So deep a cell would require years to

dry, so as soon as the slide became set, it was cleaned and the cell

sealed with celloidin.

The female genitalia were prepared in much the same way but have

not been used in this report because no clear cut differences were found

between the most divergent species.
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Summary

Since the color patterns, morphology and distribution of the various

forms of the Platysamia suggested hybridization, the following

methods were devised or borrowed from other workers for the purpose

of analyzing the genus. Cross matings were secured either by con-

fining the different forms together in wire screen or cheesecloth cages

or by tying out a female to a bush in the territory of another form.

The hybrids were reared in specially designed wire and cloth cages

on the living food plant. Samples of the indigenous males of the

zones of intergradation or zones of contact between two forms were

obtained by tying out congeneric virgin females at intervals in the

territory. Intergrades were analyzed by determining to what degree

the characters that differentiate the supposed parent forms were

present and plotting this against the geographic distribution. Identifi-

cations of the species were checked by examination of the male genitalia.

IV. OBSERVATIONS

A. Breeding Experiments

TIME OF FLIGHT AND NORMAL MATINGS

The moths of the family Saturniidae are elinguate in the adult

and consequently very short lived. A mated female will live about

five days, and seven or eight if unmated. The male lives a little

longer. The span of life is lengthened by cold and shortened by heat

as would be expected since temperature controls the rate of metabolism

and consequently the rate of depletion of stored food. A life of four-

teen days is recorded for Actias selene.^^

Because of the short period of flight, the eggs and sperm are fully

formed while the moth is in the pupa and are ready for fertilization

immediately after eclosure. Normally the female mates the first

night after emergence but can be mated on any night up to four or

five days of age. Mating of the species of Platysamia normally takes

place just before or just after dawn. Rau^^ reports that the time of

flight for P. cecropia in the latitude of St. Louis, Missouri, is sharply

i^Klaue, Dr. Wolfgang, “Die Winterzucht von Actias selene (Lep.),” Ento-

mologische Zeitschrift. Stuttgart. Vol. 44, pp. 40-42.

i^Rau, Phil, and Rau, Nellie L., “The Sex Attraction and Rhythmic Periodicity

in Giant Saturniid Moths.” Transactions of the Academy of Science of St. Louis,

Vol. XXVI, No. 2, 1929.
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confined between the hours of 3:30 and 4:30 A.M., except in a few

cases in which moonlight simulates the light conditions of early dawn.

Platysamia ettryalis, P. kasloensis and P. gloveri in Idaho and western

Montana also fly just before sunrise, the flight starting at or just be-

fore the first lightening of dawn and continuing until just before the

sun itself appears. Platysamia Columbia in Ontario and Manitoba

and P. nokomis in Manitoba fly under the same conditions. Platysamia

cecropia, on the whole, flies at dawn, but I have secured matings in

the early evening and have taken males at light (rarely), also in the

evening. The flight in these exceptional cases may have been in-

fluenced by moonlight; of this I have no record. On the fifth of

June, 1933, in a tamarack swamp in Claire County, Michigan, a few

P. cecropia females attracted a number of P. cecropia males about

two hours after dark. A dense fog had settled over the swamp.

The attracting medium is a chemical emanation, as proven beyond

doubt by Rau and others. It is unlikely that it is the characteristic

odor perceptible to man since the sexual emanation is stopped as soon

as coition begins, while the odor remains. The male flies against the

wind and usually goes past the female on the first try. Having thus

lost the scent he drops back until he is down wind from the female

and tries again. There is apparently no selection on the part of the

female. She takes the first male that reaches her. Coition usually

lasts until the following evening when the female becomes active and

dislodges the male which then flies away. This long union is due to

the daylight period of inactivity, an hour or so giving ample time for

complete insemination.

The mated female flies throughout the night laying her eggs in groups

of from three to six, usually on the top surface of a leaf or on twigs.

Record of Experimental Cross Matings

Cross Matings in Conflnement: In the attempts to secure crosses

between various Saturniidae and between various American and

Palearctic Sphingidae in 1930, three crosses were obtained between

Platysamia cecropia males and P. gloveri females confined together in

cheesecloth cages indoors. There was a slight current of air through

the cage.

I'^Collins, C. W. and Potts, S. F. “Attractants for the Flying Gypsy Moths

as an Aid in Locating New Infestations.” Technical Bulletin No. 335, U. S.

Department of Agriculture, 1932.
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In the Spring of 1931 with a larger and more varied supply of cocoons

a number of matings were secured using cheesecloth cages placed

out of doors. Two cages were placed together so that the wind would

blow from the female of one species past the female of another species

to the male of the first species. Before the weather became warm
enough to place the moths outside, a few were kept in cages in a room

having a single north window. On the seventh of May in this cage a

P. cecropia male mated with a P. gloveri female, whose wings had not

yet completed expanding, at 5:30 p.m., long before the light had de-

creased to the intensity normally required for activity in this genus.

In the outside cages the following cross matings were obtained:

P. gloveri cf x P. cecropia 9 (2) ;
P. cecropia cT x P. gloveri 9 (4)

;

P. nokomis (p x P. cecropia 9 ;
P. cecropia (p x P. nokomis 9 ;

P.

euryalis cp x P. gloveri 9 :
P- euryalis cP x Actias selene 9 ;

P. cecropia

(p X Sarnia walkeri advena 9 ; and Sarnia walkeri advena cP x Callosamia

promethea 9 .

All of the above matings proved fertile except the intergeneric

crosses, but because of inexperience in rearing and to other extrinsic

causes none were reared to maturity except the product of some of

the gloveri-cecropia crosses.

In connection with the survey trip through the zone of contact

between Platysamia euryalis and P. gloveri in Idaho and Montana

during 1932, many cross matings were secured between various

species while they were confined out of doors in a large cheesecloth

cage five by eight by three feet, or in wire cages measuring eighteen

inches on a side. Most of the matings involving hybrids reared the

preceding year were procured in this manner. The matings included:

P. cecropia cp x P. gloveri 9 (7) ;
P. gloveri cp x P. cecropia 9 (8)

;

P. cecropia-gloveri hybrid <p x P. cecropia 9 ;
P. cecropia cp x P.

cecropia-gloveri hybrid 9 (2) ;
P. gloveri cp x P. cecropia-gloveri hybrid

9 (4) ;
P. cecropia-gloveri hybrid (p x P. cecropia-gloveri hybrid 9 (2)

;

and P. cecropia c? x Telea polyphemus 9 •

Although the hybrid females were as large and active as the normal

P. gloveri and P. cecropia females and with fully as large abdomens,

the eggs laid were few, the maximum being seventy-eight as compared

with more than two hundred normally laid by the pure species. The

cross of a hybrid male to a P. cecropia female produced 203 eggs,

ninety per cent of which hatched.
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Matings in the Jield: Experiments at Slippery Rock, Pemisylvania.

It proved much easier to obtain matings between females of various

species and males of the local species by tying out the female and

permitting her to attract a wild mate than to secure the same type of

cross with the principals confined in a cage. The first of these ex-

periments took place near Slippery Rock, Pennsylvania, on June 19,

1931. Three females of Actias selene, two of Tropea lima, one of

Platysamia euryalis, one of P. nokomis, and three of P, gloveri were

anchored to shrubs at considerable intervals by tying soft string around

the thorax. Wild T. lima males mated with the T. lima females dur-

ing the night. P. cecropia males mated with two of the P. gloveri

just before daybreak, and to the P. nokomis and P. euryalis females

after the light had gotten quite bright. The Actias selene and one old

P. gloveri remained unmated. All of the mated pairs remained to-

gether during a forty-five mile automobile trip back to Pittsburgh.

Experiments in Utah, Idaho and Montana: The Slippery Rock

experiments demonstrated first, that cross matings could be obtained

in nature as easily as normal matings and second, that a female of

any segregation of the genus could be used as a “Bait” to obtain a

sample of the congeneric male indigenous to any given area. Ac-

cordingly, an extended motor trip was undertaken to explore the most

promising zone of contact between the various species of the genus

Platysamia, namely the contact between P. euryalis and P. gloveri

in northern Idaho and western Montana.

The writer left for Utah on the twenty-second of March, 1932,

with about 300 cocoons of P. cecropia, those of the hybrids reared the

preceding season and some cocoons of other Saturniidae. The month

of April was spent in collecting cocoons of P. gloveri in Utah, and in

other pursuits not directly connected with the present work. One bit

of information gleaned stated that the P. gloveri of southern Utah

around Panguitch and Zion Park were different from those of the

Salt Lake region. Acting upon this information, three P. gloveri and

three P. cecropia female cocoons were sent to Ranger Harold Russell

of Springdale, Utah, with instructions as to how to secure cross mat-

ings and take care of the eggs. Five matings were secured in spite of

the lateness of the season, and the eggs along with the dead parents

were shipped to Idaho where the larvae were reared with those bred

from crosses in that region. The P. gloveri males thus obtained from

southernmost Utah together with a female caught in Zion Park by
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a boy scout and given to me (unfortunately dead) differ so slightly

from the Salt Lake P. gloveri that separation is impractical.

The main objective of the expedition was the region centering

around the Bitterroot Mountains in northern Idaho and Montana.

The weather was much too severe in early May for breeding, so two

base camps were set up, one along Pine Creek near Enaville, Idaho,

at an elevation of 2400 feet and one at an abandoned mine near

Lookout Pass in the Bitterroot Mountains close to the Idaho-Montana

line at an elevation of 4500 feet. The Platysamia began to fly during

the last week of May.

The plan was to collect samples of the Platysamia population along

a line coinciding approximately with U. S. highway No. 10 from a

point at the western end where the males caught would prove to be

Platysamia eiiryalis to an eastern terminus where the males caught

proved to be purely P. gloveri. This plan was carried out as closely

as conditions permitted. The western terminus proved to be Lake

Coeur d’Alene in Idaho and the eastern one about twenty miles east

of Helena, Montana. The route and collecting stations are shown on

the map in connection with Chart 11 .

The first cross mating was secured on May 18, at Enaville and the

last on July third at Lookout Pass. At each of the stations along

the route one or more wild males were taken except along the section

between Turah and Drummond, in Montana, where high winds sepa-

rated the mated pairs before they could be collected in the morning.

That mating took place was proven by the fertility of the eggs laid

by the females. A few of the moths tied out were lost to birds and

ants. On the eastern slope of the continental divide near Helena,

Montana, a female of P. cecropia and one of P. gloveri were tied in a

clump of willows. Next morning the P. cecropia had a P. gloveri

mate while the P. gloveri female remained unmated. The males

taken in this manner are listed with an analysis of their specific char-

acters in Charts I and II on pages 207-208. They mated with P.

cecropia from Pennsylvania (26 matings), P. gloveri from Utah (10

matings), Callosamia angulifera (2 matings), P. cecropia-gloveri hybrid

(2 matings) and a Sarnia walkeri advena.

Experiments in Michigan, Minnesota, Manitoba and Ontario: In

the Spring of 1933 a survey was made along the contact between

Platysamia cecropia, P. Columbia and P. nokomis. Special permits

from the Canadian and United States Departments of Agriculture
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Fig. 2. Route of the survey of the Canadian Zone of Contact showing collecting

stations.

were collected to permit tentative conclusions. Nine matings be-

tween Platysamia Columbia males and P. cecropia females, one be-

tween a P. Columbia male and a P. gloveri female and four between

P. nokomis males and P. cecropia females were secured. About ten

miles west of Winnepeg two P. cecropia females were tied to opposite

sides of the same bush. In the morning one had mated to a male

P. cecropia and the other to a male P. nokomis. Again, about twelve

miles north of North Bay, Ontario, a single P. Columbia male and

nine P. cecropia males came to the female P. cecropia in the emergence

cage. Except for these two instances, the males attracted at any

given place were always of one species only. Near Whitemouth,

Manitoba, P. Columbia males came in great numbers from a tamarack

swamp and in their frenzied efforts to reach the caged P. cecropia

females, two mistook each other for females and were found in the

morning with their claspers interlocked.
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In Michigan and Minnesota, even though tests were made in ex-

tensive tamarack bogs, no P. Columbia were taken. In northern

Ontario only two P. Columbia were collected in two of the few places

where moderate sized tamarack {Larix americana) remains. Ac-

cording to the men in the forestry service, the tamarack had been all

killed by the larch sawfly about thirty years before. This may par-

tially account for the extreme scarcity of P. Columbia. The males col-

lected were 59 P. Columbia, 21 P. nokomis and 57 P. cecropia.

Further Matings of Hybrids and Secondary Hybrids: In the Spring

of 1934, males of the hybrids P. Columbia-cecropia and P. nokomis-

cecropia were crossed with P. cecropia females and the offspring reared

to maturity. The eggs of the reciprocal crosses were sterile.

In the season of 1935, the secondary hybrids thus produced were

reciprocally crossed with P. cecropia and P. Columbia. They were also

inbred. All proved sterile except two matings involving secondary

hybrids as both parents. From sixty-three eggs a total of thirteen

caterpillars hatched. Of these, ten reached the third instar and one

reached the fourth instar, but all died, presumably of the disease

that killed ninety per cent of the 1935 caterpillars of pure species as

well as hybrids. The other cross matings numbered thirty-three and

involved P. cecropia, P. Columbia, P. gloveri and P. kasloensis.

Summary of Breeding Experiments

The moths of the genus Platysamia mate during the two hours

preceding dawn, the male being attracted to the female by a chemical

emanation analogous to scent. A female Platysamia will attract any

congeneric male and also a few of the males of related genera. Taking

advantage of these facts, sixty-one cross matings were made in the

various zones of contact between the species. In the process of secur-

ing these cross matings samples of the moths found in each locality

were also obtained. Seventy-four cross matings, some of which in-

volved primary or secondary hybrids were made in confinement to

supplement the crosses made in natural surroundings.

B. Viability of the Hybrids

PER CENT OF HATCH

In the crosses between the various natural forms of the genus

Platysamia only a few (four) were infertile. That is, in only four cross
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matings did the eggs collapse two or three days after oviposition as

normally occurs with the eggs of unmated females. Early collapse of

the eggs also indicated that the Sarnia walkeri advena x Platysamia

cecropia cross, the Callosamia promethea x S. walkeri advena cross, the

Actias selene x Platysamia euryalis cross and the Telea polyphemus x

P. cecropia crosses were also infertile.

The eggs of the remaining crosses underwent at least some dif-

ferentiation. In about 30 per cent of the crosses between natural

forms of Platysamia, in all of the crosses involving primary hybrid

females, in about half of those involving secondary hybrids and in the

Callosamia a^igulifera x Platysamia kasloensis cross, the eggs developed

almost to the hatching point. They did not immediately collapse,

the normal depression in the top of the egg appeared, and in from

ten to fifteen days they turned dark, but no larvae emerged from the

shells. (Normally the larva eats its way out of the shell on the day

following that on which the egg becomes dark.) After about fifteen

days the eggs slowly collapsed.

With few exceptions, the remaining broods produced larvae from

about 95 per cent of the eggs. This is the normal expectancy for pure

species matings. One particular exception was the cross between a

Platysamia gloveri cT from Zion Park, Utah, and a P. cecropia 9 from

New York. From the eggs of this cross only 18 larvae emerged.

FACTORS IN LARVAL MORTALITY

When this work was first undertaken, the writer had had no ex-

perience in rearing Lepidopterous larvae in confinement, and as a

result most of the early hybrids were lost through (i) overcrowding,

(2) too moist or too wilted food, (3) lack of ventilation, and (4) dis-

ease. When reared out of doors in the conventional cheesecloth

sleeves, the larvae fell prey to ants, spiders, reduvid bugs and birds.

The use of the wire cage described previously practically eliminated

all of these hazards except disease.

Many of the hybrid larvae refused to eat, some not touching the

leaf, others merely biting holes in it. The loss from this source

amounted to an average of about ten per cent of all the larvae that

hatched. Sometimes the larva would feed almost to the first ecdysis

and then stop.

Even under ideal conditions, the hybrid larvae were less resistant

than the larvae of pure species reared in adjacent cages. They were
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subject to three presumably epidemic diseases, the names and causes

of which are unknown to me. In the first or second instars, the larva

would be found flattened down to the leaf or stem with a film of liquid

extending out from in under it, or the caterpillar would lose hold with

its prolegs and stop feeding. In such broods few of the larvae reached

the fourth instar and none pupated, even when the apparently healthy

larvae were segregated when the first symptoms appeared in the brood.

A second disease that claimed heavy toll usually appeared in the fourth

or fifth instars. The apparently healthy larva regurgitated a greenish

liquid which soon turned brown, stopped eating and then either dried

up or became liquified. One larva, kept in a humid container, lived

several weeks but did not resume feeding. In 1935, a brood of P.

kasloensis (T x P. gloveri 9 was separated into four parts before hatch-

ing and each part reared on trees separated by at least a quarter of a

mile. A few were also permitted to feed unprotected exactly in the

manner that the wild larvae feed. All of these larvae developed the

symptoms described above at the same time. The disease also de-

stroyed broods of typical P. cecropia and the way in which it appeared

almost simultaneously in all members of a brood seemed to indicate

that the causal agent was transmitted with the egg, probably in the

cementing material on the outside. The third disease was char-

acterized by the appearance of dark blotches along the sides of the

larva and developed only in full grown specimens. All of these

“diseases,” as is to be expected with caterpillar sicknesses, ended

fatally.

In addition to the greater susceptibility to disease, the hybrid

larvae had thinner, more delicate cuticula than the pure species, re-

sulting in a greater proportion of deaths by tearing during ecdysis.

Other irregularities included a failure to even attempt to molt. In

this case the first stage caterpillar continued to feed after the others

had molted until it had more than doubled the size normally attained

by that instar, and finally had to stop because its skin would not

stretch any farther.

In 1932, the hybrids were reared at Lookout Pass in the Bitter-

root Mountains and had only reached the last instar when the time

arrived for the return to Pittsburgh. Several thousand larvae, three

to four inches long were transported more than two thousand miles

by truck, a ten day trip. Four different species of willow were used

to feed the caterpillars along the way. The mortality, as would be
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expected, was enormous and the hybrids that did survive were of

small size. Imagoes of almost all of the broods were secured, how-

ever, except the one that was most important to the study, namely

the F 2 back cross between a P. gloveri-cecropia hybrid male and a

P. cecropia female. The larvae of this cross fed normally, had a low

rate of mortality and went into the last instar in apparently perfect

condition, but did not survive the ten day truck ride.

In 1934 ,
other back crosses were successfully reared. They were

{P. Columbia cf x P. cecropia 9 ) cf x P. cecropia 9 and (P. nokomis cf x

P. cecropia^ ) cf x P. cecropia 9 . The imagoes from these crosses

were partially fertile in both sexes, but the offspring did not reach the

fourth instar.

Summary

In a very few of the hybrid crosses fertilization was not secured and

in about thirty per cent, development stopped just before the time of

hatching. With few exceptions, the broods that hatched produced

the same percentage of viable larvae as did the pure species broods,

but they had a slightly greater susceptibility to disease. Most of

the hybrid larvae, as well as a similar proportion of the pure species,

were lost through causes independent of the genetic composition of the

animals, such causes as improper feeding and epidemic disease.

C. Morphology and Biology of the Hybrids

LARVAL INHERITANCE

When first hatched and throughout the first instar the hybrids are

indistinguishable from the first stage larvae of the species of the

female parent. In the second, third, and fourth instars, the hybrid

may resemble one or the other of the parents, usually alternating from

one to the other. The resemblance is seldom complete. In the last

instar the color has the appearance of being caused by the super-

position of the larval patterns of both parent species. One cannot

rely strongly on larval colors as a criterion for distinguishing the

species of the genus Platysamia and even less for the hybrids, in spite

of the excellent descriptions and beautiful illustrations in Dr. Packard’s

monograph. There is a great deal of variability. Two full grown

larvae were collected on the University of Pittsburgh campus that had

the characters of P. gloveri-cecropia hybrids, in fact, had they been

taken near my rearing grounds, I would have thought that they had
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escaped from a hybrid cage, but the one that emerged was a typical

P. cecropia. There is also the example from Glacier Park cited in the

general description of the form P. gloveri, which had neither the ap-

pearance of P. gloveri, or that of a P. gloveri-P. kasloensis hybrid, but

emerged a typical Montana P. gloveri.

ADULT COLOR AND PATTERN

The adult hybrids are intermediate between the parents in color

and pattern. The individuals of a particular brood are remarkably

uniform, so uniform that the specimens may be sorted as to brood

without recourse to the labels. The variation between the broods,

however, is quite marked; it is much greater than the variation within

either parent species. This variability makes the assignment of a name

to the offspring of a particular cross^^ impractical, even if it were

desirable to do so. There does not appear to be any character that

shows dominance. There is a slight disposition towards a greater

inheritance from the male than from the female, particularly in the

shape of the discal spots. In reciprocal crosses between P. cecropia

as one parent and P. gloveri as the other, the shape of these spots

has been very close to that of the spots of the male. The same has

been true of other crosses.

SIZE AND VIGOR

Imagoes of hybrids reared in Pittsburgh were equal to normal

specimens of the parent species in size and vigor. Hybrids between

P. cecropia and either P. Columbia or P. nokomis were intermediate in

size between the parents. The mating reactions, periods of activity,

and length of life were normal for the genus. Only those that were

improperly fed were small and weak.

SEX RATIO AND FERTILITY

The sex ratio of the pupae was approximately one to one. Most

of the male pupae of hybrids reared in 1931 were sent to Italy to Dr.

H. Bytinsky-Salz for cytological study so that females predominated

among those that emerged in Idaho. Among the other hybrids that

have emerged to date, there has been a slight, but not significant

excess of females.

i^The hybrid P. cecropia cf x P. gloveri 9 has been named P. griffithsi by

Tutt.



206 Annals of the Carnegie Museum VOL. XXV

Among the P. cecropia (p x P. gloveri 9 hybrids to emerge in 1932

was a gynandromorph. (plate.XVIII, fig. i). The antennae were those

of a male. There was a distortion in the pattern of the right fore wing,

the extradiscal band having spread proximally in its middle portion.

The external genitalia were poorly developed and covered with a

cheesy substance. They were more female than male. There was a

suggestion of an ovipositor and a chitinized tube leading into the

abdomen from beneath it that resembled the tube of the bursa copula-

trix, but there was no bursa inside and no guide plate outside. On
either side of these central structures were slight out pocketings that

were in the position of the male harpe. Internally, the genitalia were

as poorly developed as externally. There was a small ovoid structure

resembling the testis of a third instar caterpillar attached to the dorsal

wall on the left side but with no ducts connected to it. On the right

side was a system of ducts resembling those of a male but ending in an

organ that resembled a small ovary in that it appeared to be a bundle

of tubes tapering to a point.

The hybrid females so far produced that have not been stunted by

improper feeding have had abdomens fully as large as females of the

parent species, but they have laid few or no eggs. The largest number

laid has been seventy-eight as against a normal two hundred to two

hundred and fifty for the pure species. This failure to lay eggs has

not been due to a retention of the eggs, because the hybrid moth

usually laid one or two “runts” after she had laid the normal sized ones,

indicating that all had been laid. Females of the hybrid P. cecropia

cf X P. gloveri 9 were mated to P. gloveri, P. cecropia, P. kasloensis and

brother hybrid males but, although the eggs always began to develop,

none hatched. On the other hand, the male hybrid, when crossed

back to one of the parent species (P. cecropia), produced offspring

that reached the last instar and were then lost through circumstances

that destroyed even the pure species larvae.

The females of the hybrids P. Columbia cT x P. cecropia 9 and P.

nokomis cf x P. cecropia 9 as well as the single female from the cross

P. Columbia <T x P. gloveri 9 were also sterile, in fact, only a few con-

tained any eggs whatever. The males, though, were fertile and several

broods were reared from back crosses to P. cecropia females. The

imagoes cecropia, 34 Columbia or yiokomis) from these crosses

were normal in size and mating reactions. Most of them were

partly sterile, the eggs developing part way but not hatching, but
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thirteen of the twenty-eight eggs produced from this cross

{Columbia cf x cecropiaQ ) cf „ {Columbia d' x cecropia9 ) d
P. ^ d X P. ^ 9

cecropia 9 cecropia 9

hatched and one reached the third instar.

Summary

The hybrids, when properly reared, were as large and active as the

parent species and had normal reactions. The females of the primary

hybrids were all sterile, or at least none of their eggs hatched, but the

males were fertile. Both sexes of the secondary (back cross) hybrids

were quite variable as to fertility but a male and a female proved

fertile. This was in hybrids between species that meet but do not

intergrade in nature.

D. Zones of Contact and Intergradation

THE NORTHWESTERN CONTACT

Where ever the various forms of the genus Platysamia come into

contact there occurs hybridization and intergradation to a greater or
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Chart I. Intergradation between Platysamia euryalis and P. gloveri as indicated

by the color at the distal area.
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Chart II. Intergradation between Platysamia euryalis and P. gloveri as indicated

by the shape of the discal spots.
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less degree. There is continuous intergradation from the bright

California P. euryalis through the darker Oregon form, through the

quite dark P. kasloensis in Idaho, southeastern British Columbia and

western Montana to typical P. gloveri in Montana. This intergradation

is shown in Charts I and II. Chart I is based on one distinguishing

character between P. euryalis and P. gloveri, namely the color of the

distal area, all the specimens being either in the collection of the

writer or in the Carnegie Museum. Chart II is based on the other

character, the shape of the discal spot of the hind wing. In addition

to the specimens used in Chart I, there are included measurements

made from photographs of material in the collections of the United

States National Museum, the Redpath Museum of Montreal, the

University of Montana and of Mr. Otto Huellemann of Wallace,

Idaho. The charts are arranged so as to indicate geographical posi-

tion from west to east, but the chart distances have no relation to

actual mileage. Specimens representing approximately the mid-

intergrade were taken at Kaslo, British Columbia and were named

Sarnia rubra kasloensis by Dr. T. D. A. Cockerell.

The charts are a feeble attempt to put on paper the intergradation

that is apparent to the eye when the specimens are pinned out in ap-

proximately their geographic position. If one were to remove the

labels and rearrange into a P. euryalis group and a P. gloveri group,

it would be found that four of the P. kasloensis specimens would move

over into the P. gloveri group, a number would be placed with the P.

etiryalis group, and the remainder would not fit into either. The

P. kasloensis differ from all the other naturally occurring groups in

that the extradiscal band often appears to be composed of two bands

superimposed with the matching not quite exact.

THE SOUTHWESTERN CONTACT

Although no definite survey has been made, the meager information

available seems to indicate that there is a similar intergradation in

southern Arizona and southern California, between the same two

species. The locale of the contact consists of isolated, parallel

i®There is a gap between Turah, Montana and Drummond, Montana. A
storm developed early in the morning following the night the survey was made in

this district. As a result, although the females that were tied out had been mated

as was indicated by their fertile eggs, no native males were obtained because they

had been shaken loose by the wind before I could reach them. The two towns are

in the same river valley, however, and there is no barrier whatever between them.
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mountain ranges across the desert. The evidence is as follows: eight

specimens of P. gloveri from Pima and Cochise Counties in Arizona,

close to the Mexican border, that have discal lunules almost as long

as those of P. euryalis and have pink scales in the distal area; a similar

specimen (Plate XVI, fig. i), but with shorter discal lunules, taken at

Temecula, California, west of the Coast Range, within twenty-five

miles of the Pacific, by Mr. Hans Christian; a specimen from Palm

Springs in Imperial Valley on the west slope of the Sierra Madres that

cannot be distinguished from P. kasloensis and another from Azusa,

in Los Angeles County also having the characters of P. kasloensis.

Dr. John A. Comstock has written reporting a specimen from San

Fernando, California, that has gray in the distal band, and assures me
that it is entirely possible that P. euryalis of California and P. gloveri

of Arizona may come into contact across the Sonora Desert zone of the

United States or in northern Mexico.

THE CANADIAN CONTACTS

The next most important zones of contact are those between

Platysamia nokomis and P. cecropia, and between P. Columbia and

P. cecropia in southern Canada. There is no continuous intergrada-

tion, but if we consider P. Columbia and P. nokomis as coming from

the same stock as P. gloveri, then the shape of the discal lunules

(slightly elongated and pointed) and the presence of red scales in

greatly varying quantities along the distal edge of the white extradiscal

band in the same position as the red band of P. cecropia are both

characters that could have been introduced into the stock by hybridi-

zation with P. cecropia. Because of the great variation of P. cecropia,

no possible influence of P. nokomis or P. Columbia on it can be de-

termined. Also because of this great variability, no clear cut dif-

ferences exist between the species upon which to base an analysis of

the type shown in Charts I and II. The following observed facts are

of importance in a consideration of these zones of contact; (i) cross

mating occurs as freely as normal matings; (2) the hybrids can be

reared to the imago stage, the male hybrids are fertile and the second

generation backcross hybrids may be fertile in both sexes; (3) except

for very narrow zones and a few very limited eastern colonies, the

three species are mutually exclusive; (4) neither P. nokomis or P.

Columbia occupies the entire range of its food plant, the southern parts

being exclusively occupied by P. cecropia; (5) P. Columbia has not been
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taken for about thirty years in eastern Ontario, Quebec or New York;

(6 ) the writer has a specimen sent from the Riding Mountains of

Manitoba as P. nokomis that is identical with a backcross hybrid of a

P. nokomis-cecropia male with a P. cecropia female. In addition to

these personal observations, the following presumably accurate ob-

servations of others have been gleaned from the literature: (6 ) a

P. cecropia cocoon intermediate between the cocoons of P. cecropia

and P. Columbia was reported from the type locality of P. columbiap^

( 7 ) “One small and very dark colored male also presented by Mr.

Smith from the same locality (as type of P. Columbia) I considered

first to be an intermediate form, but on comparing carefully the de-

tails I find it to be a cecropia, although a somewhat remarkable

variety” ( 8 ) a cocoon collected from larch with P. Columbia cocoons

and very similar to them that eventually produced a P. cecropia—
hybridization suggested by the worker reporting itp (9) a P. cecropia

type cocoon taken on maple in Montreal that produced a P. Columbia.

Platysamia Columbia and P. nokomis do not at the present time

come into contact, a narrow spear head of P. cecropia having pushed

down the Red River of the North between them, but some of the

specimens of the former species taken at Whitemouth, Manitoba,

might be considered to be intermediate between the usual P. Columbia

and P. 7iokomis, but such specimens are nearer to the Montana form

of P. gloveri than to P. nokomis. In fact there are three specimens in

my collection, one a P. Columbia from Whitemouth, Manitoba, an-

other a P. nokomis from Two Creeks, Manitoba, and the third a P.

gloveri from Helena, Montana, that are identical in color and dis-

tribution of colors, differing in pattern to a less extent than do speci-

mens taken in one locality. To be sure, not one of these specimens is

quite typical of its district, but each is included within the normal

range of variation of its species. P. nokomis is much brighter than

either the Montana P. gloveri or the P. Columbia to the east of it and

so cannot be considered to be an intergrade between those two species.

Platysamia nokomis meets P. gloveri somewhere in Alberta and the

i®Hagen, H. A. “On Attacus (Sarnia) Columbia and Its Parasites,” Bull.

Buffalo Soc. Nat. Set., Jan. 1875.

20Cook, J. A., in the Proceedings of the Annual Meeting of the Entomological

Society of Ontario. Canadian Entomologist, Vol. 14, p. 177.

2iPearson, C. W. Correspondence. Canadian Entomologist, Vol. 6, p. 119,

1874.
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intergradation is complete. Since the larval stages of the two forms

are practically identical, and the food plants overlap, while both the

larvae and the food plants of P. nokomis differ from P. Columbia, I

believe that P. nokomis should be placed as a sub-species of P. gloveri

rather than as a sub-species of P. Columbia.

Dr. Cockerelh^ has recently reported an invasion of P. gloveri

territory at Boulder, Colorado, by P. cecropia and I have specimens of

both of these species taken during consecutive years in the same part

of the Black Hills of South Dakota. What the effect of these invasions

will be remains to be discovered. The two species freely interbreed.

MATCHING OF INTERGRADES WITH HYBRIDS

Many of the specimens taken in these zones of contact have been

matched by known hybrids reared in confinement. The only hybrid

between P. euryalis and P. gloveri that has been reared by the writer

to the imago stage is matched exactly as to pattern and color by a

specimen taken at Pine Creek, Shoshone County, Idaho, and by an-

other taken at Lookout Pass, Mineral County, Montana, both speci-

mens typical P. kasloensis. In each locality other specimens were

taken that are intermediate between the hybrid and P. euryalis and

between the hybrid and P. gloveri. In other words, the hybrid is well

within the range of variation of the specimens of P. kasloensis taken

at the two localities.

Ten of the P. gloveri-cecropia hybrids can be superficially matched

by Platysamia Columbia taken at Whitemouth, Manitoba; six others

match except for size; and two can be matched by a P. nokomis

specimen. True, neither the P. Columbia or P. nokomis involved are

typical but they are wild stock. This comparison is not made to

show that P. Columbia or P. nokomis are the result of crossing P.

cecropia and P. gloveri for the evidence as a whole does not warrant it,

but as a suggestion as to the possible origin of certain P. cecropia

characters present in both P. Columbia and P. nokomis.

Primary hybrids between P. cecropia and either P. Columbia or

P. nokomis have too wide a red extradiscal band to be considered

P. Columbia and lack the tapering of this band on the fore wing which

excludes them from being considered aberrant P. cecropia, but, the

22Cockerell, T. D. A. “The Westward Spread of Sarnia cecropia.” Journal

of Economic Entomology, August 1929 and “The Spread of Sarnia cecropia,” same

journal, December 1929.
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backcross hybrids P. cecropia, 34 P- Columbia or P. nokomis) are

distinguished from the typical P. cecropia only by the lack of taper

in the extradiscal band and are matched exactly by a specimen from the

Riding Mountains of Manitoba. With the exception of this last speci-

men, none of the caught intergrades can be considered to be of as

simple a genetic constitution as the hybrid with which they were

matched.

SUMMARY

There are six possible points or zones of contact between the vari-

ous forms of the genus Platysamia: (i) in northern Idaho, south-

eastern British Columbia and western Montana, between P. euryalis

and P. gloveri; (2) in southern Arizona and southern California, be-

tween the same two species
; (3) in southern Manitoba and Saskatchewan,

between P. nokomis and P. cecropia; (4) in eastern Manitoba, Ontario

and in localized areas of Michigan and Maine, between P. Columbia

and P. cecropia; (5) in Alberta between P. gloveri and P. nokomis;

and at Boulder, Colorado, and the Black Hills of South Dakota, a

recently established contact between P. gloveri and P. cecropia. There

is complete intergradation in zones one and five, indicated intergrada-

tion in zone two, hybridization but only partial intergradation in

zones three and four, while the contacts between P. gloveri and P.

cecropia, listed as zone six, are too recent to have had much effect.

E. Genitalic Analysis

I. MALE GENITALIA

General Description: The male genitalia are much alike for the en-

tire genus. The sacculus (S), clasper (C), and harpes (H) are com-

posed of one curved chitinous piece without sutures. When closed,

the harpes cover the uncus (U) which is in the shape of a wide fork.

The claspers are long and narrow and meet across the center of the

genitalia leaving an approximately round opening between their

ventral edges and the sacculi through which opening the sedoea-

gus (A) protrudes. When the harpes are closed, the external surfaces

of the sacculi are in contact. The anellus (An) is membranous on

its dorsal side, the transtilla (T) fairly broad in the middle and ar-

ranged in the form of a flattened W, the arch serving as a dorsal guide

for the aedoeagus. The uncus also serves as a dorsal and lateral guide

for the aedoeagus. The vinculum (V) is produced into a rounded
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pocket which opens posteriorly. The aedoeagus is heavily chitinized

and the membranous penis three lobed, one or two of which lobes

bear short heavily chitinized spines.

Fig. 3. Male genitalia of Platysamia cecropia.

A aedoeagus; An annelus; C clasper; H harpe; S sacculus; T transtilla;

U uncus; V vinculum.

When the harpes are opened, the sacculus folds against the inner

side of the harpes, and its medial border is seen to be jointed to the

lower edges of the shield shaped anellus. There is a ridge running

from the base of the clasper diagonally across the dorsal lobe of the

harpe on the inside which meets a similar ridge running from near the

base of the transtilla. This second ridge is fringed with long hairs

that extend across the opening between the ridges. A thinly chitinized

membrane lines this opening and the inside of the central part of the

harpe and the sacculus.

Specific Differences: As would be expected in a genus whose species

freely interbreed and in certain sections intergrade, there are very

slight constant differences between the genitalia of the various species.

The most constant difference occurs in the spining of the aedoeagus.

On this basis we may separate the species into two groups, those with

one spine which include P. cecropia, P. euryalis, P. kasloensis, and

the hybrids, and those with two spines including P. gloveri, P. nokomis,

and P. Columbia.

In the single spined group P. cecropia has a long, narrow clasper

while P. euryalis and P. kasloensis have shorter broader claspers.

While the shape of the sacculus varies greatly, on the whole that of

P. cecropia is rounded on the tip in a circular curve while that of P.

euryalis and P. kasloensis is rounded in a parabolic curve.
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In the double spined group, P. gloveri from Utah has two well de-

veloped spines, one larger than the other while P. gloveri of Montana,

especially those specimens from Bradley and Ellistofi in the zone of inter-

gradation have the second spine much reduced and in one case barely

discernible. A specimen from Elliston, Montana, has only one spine

but the membrane is torn, and although it appears to be all present,

there is a possibility that the spine has been lost. Of seven P. nokomis

examined four had two spines, the second one small, and three had

one well developed spine and a minute trace of the second. Of eight

Columbia examined three had two well developed spines, three had

one large spine and a trace of a second, while two had one spine only.

The clasper is essentially the same in all the groups, and the sacculus

is quite variable but tends to be intermediate in shape between the

two single spined groups.

CHART III
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Chart III. Comparison of the male genitalia of the Platysamia.

None of the characters are very strong, that of the spines of the

sedoeagus being the only one upon which reliance may be placed. Upon
the basis of this and the shape of the clasper, we may divide the forms

into three groups: (i) P. cecropia, (2) P. gloveri, P. nokomis and P.

Columbia, and (3) P. euryalis and P. kasloensis. This grouping is by

no means clear cut and is essentially that made on the basis of color

and pattern. It will be noted that in zones where cross mating may
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occur and where color and pattern intergrade, the genitalia also

intergrade. On the basis of wild specimens alone it would appear

that kasloensis is truly a subspecies of euryalis, but when we consider

the gloveri 9 x kasloensis cf hybrid and find that it also has but one

spine we again open up the possibility of hybrid intergradation.

V. DISCUSSION

In the preceding parts of this report we have attempted to show

the characteristics and distribution of the various forms included in

the genus Platysamia; we have shown that intergrades exist at the

points where two forms come together, that they freely interbreed

when opportunity is given, and that the hybrid offspring are partly

fertile.

We assume on the basis of the well established theory of descent

that all of these forms have been derived from a common stock, and

since they do not diverge greatly from one another, that the differentia-

tion has been fairly recent. If we consider the data as presented we

have three alternate hypotheses as to the origin of the intergrades.

Let us consider particularly the intergrades present in Idaho and

Alontana, intermediate forms between Platysamia gloveri and P.

euryalis. We may consider first that P. euryalis evolved from P.

gloveri or vice-versa and that the intergrade P. kasloensis remains as a

transition step from one species to the other. Second, we may con-

sider that the two species arose in some other way and that the inter-

grades in the zone of contact are due to convergent evolution. Third,

we may assume that the already diff'erentiated species have come into

contact in that particular section and that the intergrades are due to

hybridization. If we do not consider the past history of the genus,

any one of these explanations can be successfully defended. We must

delve into the past for a solution to our problem.

We need go no farther back in geologic time than the last Glacial

Age to find the key to the distribution of the genus Platysamia. At the

beginning of the Ice Age and even earlier, the Great Plains region was

covered with grass and consequentially then, as until recently, offered

a barrier to the migration of moths dependent for food on trees and

shrubs. We may conclude, then, that at the beginning of the advance

of the ice, the progenitors of our present Platysamia were more or less

isolated into an eastern group, east of the Great Plains and a western
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group in the Rockies and Sierras. When the ice sheet reached its

most southern limit, this isolation became more complete.

At its greatest extension the ice sheet reached to the sea in New

England, across part of New Jersey, around the northern end of the

Pennsylvania mountains, and ended approximately in a line parallel

to and slightly north of the Ohio River, and parallel to and slightly
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south of the Missouri River to the Rocky Mountains. The British

Columbian ice sheet extended down into Montana and covered a part

of the state of Washington. In addition there were local glaciers

throughout the Rocky Mountains to southern Colorado and along

the Sierras along the coast. There was also an immense neve field

(perpetual snow) that extended down the Rocky Mountain system to

southern Colorado and along the Sierras almost to the thirty-sixth

parallel and not quite so far south along the coast ranges. This cover

of perpetual ice and show is well illustrated in the map. Immediately

south of this frozen area was a belt of tundra in which the climate

was about midway between that of Greenland and Alaska today. 23

Such a climate would be too rigorous for Saturniid moths. During

the Pleistocene also the Gulf of Mexico extended to Nashville, Tennes-

see, in a narrow arm a hundred miles or more wide, the Mississippi

Embayment. This formed an excellent addition to the Great Plains

barrier. The belt of tundra that extended along the ice front probably

reached down to this widened river and completed the isolation of the

eastern and western regions.

We may surmise then that the home of the progenitors of the

Platysamia during the last extension of the glaciers was limited to the

southeastern states and to the extreme southern section of the Rocky

Mountains, northern Mexico, and southern California. Although the

Great Basin was arid before the Ice Age and alternately more or less

arid than at present during the Ice Age, 2^ it may have been possible

that the Platysamia could have lived there during the more humid

times. If this has been the case, there was a good connection between

the western forms of the genus at least intermittently during the

great glaciation.

If these reconstructions of the geography and climate of North

America during the Ice Age are correct, we would have the following

distribution of the Platysamia. The progenitors of Platysamia

cecropia were completely isolated in the southeastern section of what

is now the United States. The forerunners of P. gloveri, P. Columbia,

and P. nokomis occupied the southern Rocky Mountain system and

probably all of northern Mexico, possibly extending across the Sonoran

desert region during periods of decreased aridity even to the coast.

The ancestors of P. euryalis either ranged through the southern half

23Harshberger, John W. Phytographic Survey of North America, 1911.

2Wright, G. F. The Ice Age in North America, p. 498, New York, 1902.
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of California as a distinct form or formed a continuous gradation into

the forerunner of P. gloveri.

As the ice retreated, the deciduous forests followed and with them

went the Platysamia. The arid regions of the Great Basin formed a

more or less complete barrier between P. gloveri and P. eiiryalis, at

least in the latitude of Nevada. In the region of northern Idaho and

British Columbia, the Sierras and Rocky Mountain systems come

together and the desert disappears. When the two forms following

these paths of migration reached this region, there was no longer any

barrier between them and each spread into the territory of the other.

A hybrid intergradation resulted. The matching of a hybrid by

caught specimens, the ease of cross mating, and the survival of the

progeny of this cross mating indicate that the intergradation is hybrid

rather than due to convergence. This hybrid intergradation is known

as Platysamia kasloensis (Ckll).

The fact that many of the specimens taken in this zone of intergrada-

tion have the extradiscal band appearing to have been made of two

superimposed lines not quite coinciding, a characteristic of hybrids, is

further evidence of their hybrid origin. This phenomenon is most

evident when there is a distortion of the pattern as in the specimen

figure 12, plate XVIII. In this hybrid, the extradiscal bands of the fore

wings are distorted, but faint bands are visible through the ground

color in the normal position. Such duplications are not so obvious in

the P. kasloensis and are not to be found at all in the other

forms.

In southern California and Arizona there is no continuous forested

region, merely a series of parallel, isolated, sparsely covered mountain

ranges with desert between them. Consequently the opportunity for

free migration and interbreeding is much restricted and continuous

intergradation, hybrid or otherwise, less easily established.

When the forms migrating up the Rocky Mountain system reached

Canada there appeared* a bridge to the eastern forests in the form of

the wolf willow {Elceagnus) and a portion of the group became adapted

to this food plant and spread over Saskatchewan and Manitoba.

This portion, more or less isolated from the main species through food

plant specialization, developed into the form P. nokomis.

There is considerable uncertainty as to the mode of origin of Platy-

samia Columbia. On the basis of color, pattern, and male genitalia

it is an offshoot of the Rocky Mountain {gloveri) stock. It is un-
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doubtedly a melanic race. Either the form P. nokomis adopted a new

host plant (Larix) when it reached the end of the alkaline plains or

the form P. Columbia arose separately from the parent stock at a

more northern point where the Larch reaches to the Rocky Moun-
tains.

If we accept the first alternative we must somehow account for

an abrupt change from the bright P. nokomis to the dark P. Columbia,

for they do not intergrade to the extent to be expected if one arose

from the other. A possible explanation is that at the time of adop-

tion of the new host the insects were near to the parent stock in color

and pattern, and the isolation due to the fact that the two major

hosts do not exist together, in time, permitted the divergence to the

present forms. In the alkaline section where the form P. nokomis

is found, the Platysamia Sive brighter than in neighboring regions.

It is a well established fact that the forms found in the alkaline deserts

of the southwest are paler than similar forms in less humid, less alka-

line regions. Whether this is indirectly due to the aridity or the

alkalinity we do not know. In the species of Lepidoptera in which

the inheritance of melanism has been worked out, it is on the whole

dominant and caused by a small number of factors, so the dark P.

Columbia could develop from the parent stock in a relatively short

time through mutation. A less likely explanation for the dark color

lies in the observed fact that, particularly in the Geometridse, the forms

of Lepidoptera that feed on conifers tend to be dark.

The alternative that P. Columbia arose from the main stem at a

point north of the P. nokomis territory is rendered unlikely by the

fact that P. winonah, the most northern form known, is even brighter

than P. nokomis.

While there is complete hybrid intergradation in the northern zone

of contact between Platysamia gloveri and P. euryalis, in the zones of

contact between P. cecropia and P. nokomis or P. Columbia, the change

from one species to the other is rather abrupt, only traces of the

influence of P. cecropia being present in P. nokomis and P. Columbia.

Since cross breeding occurs as freely in this zone of contact as in the

other, and since the hybrids have been reared to maturity, the survival

of the hybrids or secondary hybrids under normal ecological conditions

must be extremely limited. This may be due to a wider physiological

divergence between P. cecropia and P. Columbia or P. nokomis than

between P. euryalis and P. gloveri. This greater physiological di-
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vergence in turn may be due to a longer period of isolation before con-

tact was re-established.

We have established, it is hoped, the manner in which a genus com-

posed of three lines of descent has diverged into six forms that have

been described as species or subspecies. We have demonstrated that

one of these forms (P. kasloensis) is a hybrid intergrade and that at

least two others (P. nokomis, P. Columbia) show hybrid influence. A
question may be raised that we are not dealing with several species,

but with forms of one species, with, in fact, a Rassenkreise or Formen-

kreise.25 Into what classification does our group fit? Let us review

briefly the various concepts of species in the Lepidoptera and the

bases for their determination.

Man has always tried to classify the many and diverse forms of life

into discrete groups. These groups he calls species. When the species

determined on any particular basis, tend to intergrade so that it be-

comes difficult or impossible to fix the limits of any one, a new basis

for differentiation is proposed.

The earliest basis for separation of species in the Lepidoptera was

that of markings and the color of the vestiture. As long as collections

remained small, this was held to be sufficient, but as more and more

specimens were taken from more and more localities, the gaps between

some of the species became filled in and new bases for differentiation

became necessary or new concepts proposed. At the present time both

avenues of escape are in use. One is the employment of the chitinous

structure of the male or female genitalia as the criteria for differentiat-

ing species. As yet it has been possible to fit the material into this

system, but as in the case of Platysamia Columbia, examples will be

found that do not conform. Another system is the conception of

Rassenkreise or Formenkreise in which the various local races of a

diverging group are placed together in a sort of super species. The

basis of differentiation is physiological unity, the standard of measure-

ment being the tendency to pair.

In the group of forms studied in this work there is considerable

intergradation in color and pattern, so much that speciation must be

made partly on the basis of locality and the lines of division become

arbitrary and inconsistent. Similarly the very minute differences in

^i^Goldschmidt, Richard. “Some Aspects of Evolution,” Science, Vol. 78,

P- 539. 1933. and Stresemann, Erwin. “Scientific Nomenclature,” The Auk, Vol.

XLI, 1924.
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genitalia are intermediate in the zones where color and pattern inter-

grade. The forms freely interbreed and the offspring can be reared

to the imago. If this were all, the entire genus would make an excel-

lent Formenkreise, but the female hybrids are all sterile, and the con-

tinuance of the hybrid race dependent on backcrossing to the parent

species by the males. This fact makes it impossible that the various

forms be included under a single species or super species such as a

Formenkreise, because, while the production of fertile hybrids is no

longer prima facie evidence that the interbreeding forms are the same

species, the failure to produce any fertile females remains a definite

basis for their separation.

The genus Platysamia, then, is neither a group of separate, distinct

species nor a Formenkreise of geographic races. It is half way between.

It is not even homogenous in this respect, for P. euryalis and P.

gloveri are nearer to the Formenkreise concept than P. nokomis and

P. cecropia or P. Columbia and P. cecropia.

We are forced to include the past history of the insects and return

to the concept that all living forms merely represent the present day

cross section through the development and differentiation of life

through the ages. In this concept, the distinct species or the Formen-

kreise are merely accidents dependent upon where the cross section is

made. The analogy of the tree admirably illustrates the idea. In

this analogy the discrete species would be the ends of branching twigs

that were cut at some distance from the fork, while the Formenkreise

would be the ends of the twigs if cut as close to the fork as possible.'

But the concept of the twig alone illustrates only one phase of the

divergence. Often two forms may be morphologically distinct but

physiologically alike as in the case of subspecies and the various

groups of a Formenkreise. These forms or subspecies freely interbreed

and produce fertile offspring. Usually physiological differentiation

lags behind morphological differentiation so we may diagram it by

surrounding the twigs representing the related forms by larger cylin-

ders.

We find cases like the Platysamia in which the forms may inter-

breed naturally but produce offspring with varying degrees of fertility.

The extreme limit of production of hybrids fertile to any degree may

be represented by a still larger cylinder. The picture would then be

like the bottom part of figure 5.

To represent the conditions in the Lepidoptera more exactly it
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would be necessary to replace the sharply defined cylinders of the

illustration with ones that become progressively weaker and more dif-

fuse as the distance from the axis increases. The relative sizes of the

cylinders may be varied to fit the characteristics of the forms studied.

Often the cylinder representing the limit of fertility will coincide with

that indicating physiological divergence. Sometimes, as in the case

of insects specialized to diverse food plants without morphological

change, the cylinder representing physiological divergence will be

smaller than that showing morphological differentiation. On the

whole, the relative proportions will be much as indicated in the

diagram.

If the above analogy gives a true picture of the manner in which

evolution is taking place in the Lepidoptera, then there should be found

groups varying from isolated monotypic genera, through genera com-

posed of single aggregations of subspecies, through the single Formen-

kreise, through intermediate phases such as shown by the Platysamia

to genera composed of discrete species; from there to genera made up

of groups of subspecies or Formenkreises, depending on at what level

in the differentiation the present geological moment cuts the family

tree. Such a gradation can be shown by groups selected from the

North American fauna. The monotypic genus may be represented

by Macronoctua onusta, the group of subspecies by Parasemia Planta-

ginis, the intermediate group by the Platysamia, the genus of discrete

species by the genus Vanessa and the genus composed of a number of

aggregates of subspecies by the genus Argynnis.

If we analyze the genus Platysamia on the basis of the augmented

twig concept, we get a diagram as in figure 5. We find that while the

forms may be distinct morphologically and physiologically, they are

not separated beyond the point where hybrid intergradation can

occur. That this hybridization has occurred is indicated on the

diagram by the converging lines.

What shall we call the hybrid intergrade? If we give a name to

the primary hybrid, we must give another name to the secondary

hybrid, etc. This is further complicated by the fact that the various

hybrid broods having the same species as parents differ greatly. In

the case of the Celerio galli x C. euphorbicE crosses there are at least

eleven names applied to the various hybrids. If the crossings of these

two species occurred in nature and all of the various hybrid inter-

grades flew together as do the Platysamia gloveri x P. euryalis inter-
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Q.. Q.- 0.* Q.- a-

PHYLOGCNETIC TREE OF THE PLATYSAMIA

Fig. s. Reproduced from “University of Pittsburgh Bulletin” (Graduate School

Abstracts, Vol. X), Vol. 31, 1934, p. 353.

grades, it would be impossible to apply the proper names to the

specimens caught. The problem has been solved for the natural

hybrid intergrades by Lotsy^^ who applies one name to the entire

intergradation. According to his system the euryalis-glover

i

inter-

grades would be called Platysamia kasloensis populus hyhridogemis or

abbreviated Platysamia kasloensis p. h.

VI. CONCLUSIONS

I. The genus Platysamia as analyzed here is an excellent example to

illustrate the futility of attempting to set up rigid universal criteria

26Lotsy, J. P. and Goddyn. “Voyages of Exploration to Judge of the Bearing

of Hydridization upon Evolution.” Genetica, Vol. 10, 1928.
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for defining the limits of species or other taxonomic concepts even

for such relatively homogeneous groups as the Lepidoptera.

2. Intergrades can and do arise in nature through the process of

hybridization.

3. Intergradation through hybridization is not necessarily the

same as the hybridization that occurs during and after the differentia-

tion of one subspecies from another, because, as in the case presented,

there may not be complete fertility between the parent stocks.

4. Without a knowledge of the geologic history of the forms studied

it would be difficult, if not impossible, to distinguish between hybrid

intergradation and the transition stages between geographical sub-

species, for these transition stages necessarily involve hybridization.

5. Platysamia kasloensis is not a true species or subspecies but a

hybrid aggregate, an example in the Animal Kingdom of the “populus

hybridogenus” of Lotsy. It is a definite, naturally occurring group

of animals and must therefore be recognized in systematic zoology,

but not as species, subspecies or variety.

6. Hybridization is an excellent tool for the analysis of intergrades

and for the determination of the relative physiological divergence be-

tween species.

VH. APPENDIX I

The Original Description of the Genus Samia—Hubner, iSib^^

2 Verein

Samien

Coitus 2 •

Samiae

Die Mittezierde aller flugel sehr nachlassig, aber am Ende der

Schwingen ein deutlicher Schwarzes. Ungen: fleetken

1629 Samia Cynthia Cramer 39a

1630 Samia cecropia Cramer 42 AB
1631 Samia Promethea Cramer 76 AB and 75 AB

Walker’s Redescription of the Genus Samia, 185528

Samia Hubner Verz Schat. 156
Phalana Attacus P. Linn., etc.

Bombyx P. Fabr.

Hyalophora P. Duncan Nat. Libr. VII
Saturnia, P. Westwood

2’’Hubner, Jacob, Verseichniss Bekannter Schmettlinge, 1816.

2sWalker, Catalogue of Lepidoptera Heterocera in the Collections of the British

Museum, 1855.
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Male body hardly stout. Antennae very deeply pectinated; branches

of equal length, slender, ciliated, in pairs. Abdomen extending to

about one-third of the breadth of the hind wings. Fore wings falcate

at the tips, undulating and very oblique along the exterior border;

interior angle rounded; discal areolet open; three inferior veins; first

and second contiguous; third very remote. Hind wings very much
broader than the fore wings. Female.—Body stout. Antennae

deeply pectinated, otherwise like those of the male. Abdomen ex-

tending to half the breadth of the hind wings. Fore wings hardly

falcate; exterior border much less oblique and undulating than that

of the male. Hind wings not so broad.

In this genus the coloring of the wings much resembles in design

that of Attacus, but the hind wings of the females are not dilated, and

there is no trace of a vitreous spot.

1. Sarnia promethea Drury

2. Sarnia auguliferi Wlk.

3. Sarnia cecropia Linn.

4. Sarnia calleta Westwood.

The Original Description of the Genus Callosamia, 18642^

“CALLOSAMIA Nov. Gen.”

“Front of the head narrow compared with Sarnia and not so hairy.

Antennae broadly pectinated, in female two-thirds as broad as in

male. Mandibles obsolete. Maxillae very short. Mentum and labrum

coalesced, short and rounded in front, bearing the small short depressed

cylindrical clavate palpi, which are thinly clothed with long scales.

Fore wings more than twice the length of the whole body, falcate.

Hind wings much produced at the anal angle. The first median

nervule in the primaries subdivides a little beyond its origin.

“I should here state that soon after beginning my studies upon

this family. Professor Agassiz indicated to me that S. promethea should

form the type of a separate genus from Sarnia.

“Differs from Sarnia in its lighter form, more falcate primaries,

in having the hind wings much longer behind, while in the middle

of the wings are partially transparent triangular spots.”

“Callosamia promethea”

“Callosamia augulifera”

^sPackard, A. S. “Synopsis of the Bombycidae of the United States, Part

II.” Proceedings of the Entomological Society of Philadelphia, Vol. 3, pp. 379-380,

1864.
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Original Description of the Genus Platysamia—Grote, 186530

“PLATYSAMIA Nov. Gen.”

“The clypeus, which is narrower than in Sarnia and broader than

in Callosamia is clothed with longer hair which descends downward,
hiding the very small labial palpi, still further hidden by an inferior

long tuft of hair. Maxillae wanting. Head small and sunken into

prothoracic parts. The antennae are long and strongly bipectinate.

In the male the pectinations are full twice as long as in the female

and densely ciliated. Mesothorax broad and stout, longly and loosely

haired. Abdomen stout, and heavier and longer than in Sarnia.

Wings broad and ample; primaries hardly falcate, since there is a very

slight depression in the external margin at the extremity of the third

s. c. nervule. Nervules long and arcuate; third s. c. arcuate (thus

opposed to Sarnia) so also the second median nervule. Discal space

centrally narrower than in Sarnia; sub-costal nervure bent downward
at base. Secondaries broad and ample; external margin rounded;

anal angle less prominent than in either Sarnia or Callosamia. The
neuration of the secondaries affords distinctical differences compared
with Sarnia, particularly in the course of the median nervules which
are more bent. The species are:

Platysamia cecropia Linn.

Platysamia Columbia Smith
Platysamia californica Nov. Sp.”

3 °Grote, A. R. “Notes on the Bombycidae of Cuba,’’ Proceedings of the En-

tomological Society of Philadelphia, Vol. 5, pp. 227-229 (1865).
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EXPLANATION OF PLATE XV

1

2

3

4

5

6

7

9 ,

10 .

11.

12 .

13 -

14.

15 -

16.

17 -

18.

19.

20.

21.

22.

23 -

24.

25 -

26.

27.

SPECIES AND HYBRIDS OF THE GENUS PLATYSAMIA

Platysamia gloveri Salt Lake County, Utah.
“ “ Springdale, Utah.

Platysamia cecropia Pittsburgh, Pennsylvania.
“ “ 9 , Dickinson, North Dakota.
“ “ cf, Pittsburgh, Pennsylvania, normal form.

Platysamia hybrid {cecropia cf x gloveri 9)9.

Platysamia euryalis 9 , Bred from San Francisco, California, stock.

Platysainia Columbia cf, Whitemouth, Manitoba.

Platysam-ia nokomis cf , Miniota, Manitoba.
“ “ cf. Two Creeks, Manitoba.

Platysamia kasloensis cf. Lookout Pass, Mineral County, Montana,
“ “ d^, Martina, Montana.
“ “ cf'. Lookout Pass, Mineral County, Montana.
“ “ cf, Martina, Montana.
“ “ cf, Martina, Montana.

Platysatnia gloveri? cf, Helena, Montana.

Platysamia hybrid {cecropia d' x gloveri 9) cT.

“ “ {gloveri d x cecropia 9 ) 9 .

“ “ {Columbia d x gloveri 9)9. Pattern somewhat diffused

because of exposure to cold.

“ “ {cecropia d x gloveri 9) d. No red in extradiscal band.
“ “ {gloveri d x cecropia 9)9.
“ “ {euryalis d x cecropia 9) d.

{nokomis d x cecropia 9 ) d
cecropia 9

{Columbia d x cecropia 9) d.

{Columbia d x cecropia 9) 9 •

{nokomis d x cecropia 9) d.

{nokomis d x cecropia 9) 9 .

9 .
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EXPLANATION OF PLATE XVI

VARIATION IN THE GENUS PLATYSAMIA

I. Platysa7nia gloveri 9 , Temecula, California.

2.
u

d, Arizona. Not quite typical, discal spot too short.

3-
a

9 , Fort Wingate, New Mexico.

4 -

u u
9 , Salt Lake County, Utah.

5- d, Salt Lake County, Utah.

6.
a

9 , Salt Lake County, Utah.

7 -

a
d, Salt Lake County, Utah.

8.
u

d. Salt Lake County, Utah.

9- d, Bradley, Montana.

10.
u LL

d, Helena, Montana.

II.
u a

cf’, Helena, Montana.

12.
u a

d. Salt Lake County, Utah.

13-
u u

d, Gold Creek, Montana.

14.
u

d, Custer, South Dakota.

15- Platysamia nokomis 9 , Miniota, Manitoba.

16.
u

d, Miniota, Manitoba.

17- d. Two Creeks, Manitoba.

18.
a “

d, Miniota, Manitoba. Showing whitish suffusion.

19. Platysamia colinnbia d', Whitemouth, Manitoba. Light form.

20. d, Whitemouth, Manitoba.

21.
U a

cf , 12 miles north of North Bay, Ontario.

22.
a

d, Whitemouth, Manitoba.

23.
u u

d, Whitemouth, Manitoba. Practically black.
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EXPLANATION OF PLATE XVII

VARIATION IN THE GENUS PLATYSAMIA

Figures i to 14 show the variation in the shape of the discal spot in the form

P. kasloensis.

1. Platysarnia

2. “

3 -

“

4 -

u
5 -

6.

9 -

10.

11.
“

12.

13.

14. Platysarnia

15. Platysarnia

16.
“

17.

18. Platysarnia

19.
“

20.
“

21.
“

22.
“

23.

24.
“

25 -

“

26.
“

kasloensis cT, Pine Creek, Shoshone County, Idaho.

“ cf. Lookout Pass, Montana.
“ cf. Lookout Pass, Montana.
“ cf. Lookout Pass, Montana.
“ (T, Martina, Montana.
“ cf. Pine Creek, Shoshone Count3u Idaho.

“ cf. Cabin City, Mineral County, Montana.
“ cf’, Martina, Montana.
“ cf. Lookout Pass, Montana.
“ (T, Lookout Pass, Montana.
“ cf, Enaville, Idaho.

“ cf. Pine Creek, Shoshone County, Idaho.

“ Lookout Pass, Montana.

glover i ? d', Helena, Montana.

euryalis 9 , Middle California. Shows extreme length of discal spot.

“ d, Reno, Nevada.
“ d, Middle California.

cecropia 9 , Pittsburgh, Pennsylvania. Aberration caused by cold.

“ 9 , Dickinson, North Dakota. Extreme red form.

“ 9 . Riding Mountains, Manitoba. Probably secondary

hybrid.

“ 9 , New York. Normal.

“ d

,

New York. Red band practically absent.

“ d, Martin River north of North Bay, Ontario.

.

“ d, Ninette, Manitoba.

“ 9 , Penns^dvania. Extremely dark form.

“ 9 Pennsjdvania.
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EXPLANATION OF PLATE XVIII

PLATYSAMIA HYBRIDS

1. Platysarnia cecropia rf, (Pa.) x Platysamia gloveri 9, (Utah), Gynandro-

morph.

2.
“ “ 6^, (Pa.) X “ “ 9, (Utah) 9.

3.
“ “ c^, (Pa.) X “ “ 9, (Utah) 9.

4-
“ “ (Pa.) X “ “ 9, (Utah) 9.

5.
“ “ o^, (Pa.) X “ “ 9, (Utah)

6.
“ “ d^, (Pa.) X “ “ 9 ,

(Utah) 9

.

7-
“ “ c^, (Pa.) X “ “ 9, (Utah) 9.

8. Platysarnia gloveri cf, (Utah) x Platysamia cecropia 9, (N. Y.) cf.

g.
“ “ cf, (Mont.) x “ “ 9, (Pa.) 9.

10.
“ “ (T, (Utah) X “ “ 9, (Pa.).

11.
“ “ cT, (Mont.) X “ “ 9, (Pa.).

12. Platysamia nokomis cT (near Winnepeg, Man.) x Platysamia cecropia 9 (Pa.)

(d’. Note the duplication of the extradiscal band on the fore wing, one

normal and one distorted.

13. Platysamia nokomis d', (Miniota) x Platysamia cecropia 9. (Pa.) d.

14.
“ “ cf, (Miniota) X “ “ 9 ,

(Pa.) 9

.

15. Platysamia Columbia d, (Whitemouth, Man.) x Platysamia cecropia 9 , (Pa.) d.

16. {Platysamia Columbia cd’ x P. cecropia 9) cf x P. cecropia 9 (Pa.) 9.

17. {Platysamia nokomis d x P. cecropia 9) cf x P. cecropia 9 (Pa.) cf.

18. Platysamia Columbia d, (Whitemouth) x Platysamia cecropia 9 (Pa.) d.
\

19. Platysamia Columbia d, (Ontario) x Platysamia cecropia 9, (Pa.) 9.

20. Hybrid 9 same brood as No. 18 but subjected to freezing at scale forming time.

21. Platysamia kasloensis d, (Montana) x Platysamia cecropia 9, (Pa.) 9.

22. Platysamia cecropia d x Platysamia euryalis 9, cf.

23. Platysamia kasloensis cf, (Idaho) x Platysamia gloveri 9, (Utah) cf.
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EXPLANATION OF PLATE XIX

(Reproduced from Entomological News, Vol. XLV, Plate II)

PLATYSAMIA CROSS MATINGS

1. Platysamia cecropia cf, (Pittsburgh, Pennsylvania) with Sarnia walkeri advena

9, (Pittsburgh, Pennsylvania).

2. Platysamia cecropia cT, (Slippery Rock, Pennsylvania) with Platysamia

enryalis 9, (California).

3. Platysamia euryalis cf, (California) with Platysamia gloveri 9, (Salt Lake

City, Utah).

4. Platysamia cecropia cf, (Pittsburgh, Pennsylvania) with Platysamia gloveri 9,

(Salt Lake City, Utah).
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EXPLANATION OF PLATE XX
PLATYSAMIA CROSS MATINGS

1. Platysamia kasloensis d', (Enaville, Idaho) with Platysamia hybrid

P. cecropia <d
9

,

P. gloveri 9

2 . Platysamia cecropia d, (New York State) with Platysamia gloveri 9, (Salt

Lake County, Utah.)

3 . Platysamia Columbia d, (Whitemouth, Manitoba) with Platysamia cecropia 9 ,

(Pittsburgh, Pennsylvania).

4 . Platysamia kasloensis d, (Enaville, Idaho) with Platysamia gloveri 9, (Salt

Lake County, Utah).

5 . Platysamia gloveri d, (Salt Lake City, Utah) with Platysa^nia cecropia 9,

(New York vState).

6 . Platysamia cecropia d, (Pittsburgh, Pennsylvania) with Telea polyphemus 9.

(Pittsburgh, Pennsylvania).

7 . Platysamia cecropia d, (Slippery Rock, Pennsylvania) with Platysamia

nokomis 9, (Miniota, Manitoba).
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ART. XIX. NEW SOUTH AMERICAN BIRDS.

By W. E. Clyde Todd.

Introduction.

In dealing with the collection of birds in the Carnegie Museum I

presently adopted the plan of working it up family by family, making

a list of the species and specimens represented in each. New forms

were described from time to time, and copious critical notes were

filed for use in the preparation of certain contemplated faunal papers

on the several major collections involved. This plan seemed to work

satisfactorily in so far as systematic identihcation of the families

prepared the way for intensive investigation of the avifauna of certain

regions. But before even all the Passerine families had been covered,

it became advisable to interrupt this work and devote all available

time to the completion of a long-projected treatise on local birds.

Meanwhile other ornithologists have been at work and have described

many new forms which in our collection had already been marked for

critical study. Among the faunal papers being held in abeyance until

the systematic identihcation of the entire collection should have been

completed was that pertaining to the splendid Amazonian collections

made some years ago by Mr. Samuel M. Klages. Now the Museum
of Comparative Zoology has recently acquired a large collection from

the same region and Messrs. Ludlow Griscom and James C. Green-

way have worked it up, a preliminary report having already ap-

peared (Bulletin Museum Comparative Zoology, LXXXI, May, 1937,

417-437). Since they are now ready to bring out their hnal report,

it has been decided to put our material at their disposal in order that

the report may be as comprehensive as possible. By joint agree-

ment of the authorities of both museums, the right has been reserved

by the Carnegie Museum to name the new forms not represented in

the collection of the other institution. The present paper is the ful-

fillment of this agreement. Advantage has been taken of the oc-

casion to present some critical remarks on allied forms and some

descriptions of new forms from other regions in South America.
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Measurements, where given, are in millimeters; the length of bill

is that of the exposed culmen. Ridgway’s “Color Standards and Color

Nomenclature” has been freely used in drawing up descriptions.

Acknowledgments are due the American Museum of Natural History

(through Mr. John T. Zimmer) for the loan of certain material for

comparison.

Remarks on Hydropsalis climacocerca von Tschudi.

Our series of this species comprises thirty-five specimens. It has

been examined by Messrs. Griscom and Greenway (/.c., p. 425), but

my conclusions are not quite the same as theirs. Taking the series

as a whole, we find that, individually, males vary more than females

in the amount of buffy suffusion on the breast, in the extent of white

on the tail and the exact character of its dark markings, and in the

color and spotting of the upper parts. At least four races are re-

cognizable: (i) a richly colored buffy race from the Rio Purus; (2)

a pale grayish race from Santarem; (3) a dark grayish race from

Manacapuru and the west bank of the Rio Tapajoz; and (4) a dull

grayish race from the islands near Obidos. In addition, we have four

specimens from Bolivia which do not appear to fit in any of these

categories, and may constitute a fifth form.

The type of Hydropsalis climacocerca von Tschudi came from the

lower Ucayali River, Peru, from which locality I have seen no speci-

mens. Our four specimens from Hyutanahan, Rio Purus, however,

certainly agree with von Tschudi’s description and figure (Fauna

Peruana, Aves, 1846, 128, pi. 6, fig. i)—so closely, indeed, that with-

out direct comparison with topotypical material I do not care to

describe them as new. They represent a strongly marked form,

characterized by the general buffy tone of the coloration of both the

upper and under parts in both sexes. One would expect, judging by

analogy, that the Bolivian birds would belong here, but apparently

they do not.

Messrs. Griscom and Greenway selected as the type of their re-

cently described race canescens a bird from west of the Rio Tapajoz

(Lago Grande). Our single male from Itaituba, on the west bank of

that stream, may therefore be considered typical; it agrees precisely

with three males from Manacapuru, on the north bank of the Amazon.

But nineteen specimens from Santarem, on the east bank of the Rio
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Tapajoz, obviously are not the same. As distinctions go in this

group, they deserve a name, and may be called

Hydropsalis climacocerca pallidior, subsp. nov.

Type, No. 72,691, Collection Carnegie Museum, adult male; San-

tarem, Brazil, May 12, 1919; Samuel M. Klages.

Subspecific characters.—Similar to Hydropsalis climacocerca canes-

cens Griscom and Greenway, but still paler, more grayish above,

with less rusty-buff color intermixed; the dark markings both above

and below less distinct; and the white areas on the wings and tail

averaging more extended.

Range.—At present known only from the type-locality.

Remarks.—The differences between this race and canescens are

hard to formulate in exact terms, but are perfectly obvious upon

comparison of series, after allowance for individual variation has been

made. The gray of the upper parts in the male is of a lighter shade

than it is in the other form; the dark mottling is less pronounced; the

bars on the tail average narrower; the buffy mottling is also paler,

less rusty in tone; and the dark barring below is less distinct, giving

a lighter-colored effect. The female, however, is apparently indis-

tinguishable from our single specimen of the same sex of canescens.

The Obidos race may be called

Hydropsalis climacocerca intercedens, subsp. nov.

Type, No. 84,459, Collection Carnegie Museum, adult male;

Islands in Amazon River opposite Obidos, Brazil, April 28, 1921;

Samuel M. Klages.

Subspecific characters.—The male is intermediate in general colora-

tion between H. c. canescens and H. schomburgki—darker above

and below than the former; lighter-colored than the latter. It is,

moreover, definitely separated from schomburgki by the greater

amount of white on the outer rectrices, and by the short rectrices

being pure white at the base instead of black, as in the other form.

Females of canescens and intercedens are very much alike, both being

distinct, however, from the same sex of schomburgki, which is a com-

paratively dark-colored form.

Range.—At present known only from the type-locality.

Remarks.—One male and three females of this race are in the Car-

negie Museum Collection. Intergradation with schomburgki is indi-



246 Annals of the Carnegie Museum VOL. XXV

cated, but not proven. If it takes place it must be somewhere in the

area north of the Amazon, towards the Guiana frontier.

A NEW Motmot from Brazil.

Electron platyrhynchum orientale, subsp. nov.

Type, No. 75,219, Collection Carnegie Museum, adult male; Villa

Braga, Rio Tapajoz, Brazil, December i, 1919; Samuel M. Klages.

Subspecific characters.—Similar to Electron platyrhynchum platy-

rhynchum (Leadbeater) of western Ecuador and Colombia, but bill

smaller; head, neck, and breast deeper orange rufous; and chin-spot

large and decidedly bluish (motmot blue).

Range.—West bank of the Rio Tapajoz, Brazil.

Remarks.—The occurrence of a race of this species as far east as the

Rio Tapajoz has heretofore been unsuspected. Our two specimens

from Villa Braga (a pair) represent a strongly marked race, which in

the general depth of its coloration approaches true platyrhynchum

from west of the Andes. The color of the head and breast, however,

is decidedly deeper (auburn instead of amber brown)
;
the bill is much

smaller; and the chin-spot is more extensive and more decidedly

bluish than in any other form of this specific group. In the size

of the bill the new race agrees with pyrrholcemum, but it is very

different in general coloration, and its rectrices are bluer toward

their tips.

A NEW Hummingbird from Brazil.

Phaethornis superciliosus insignis, subsp. nov.

Type, No. 77,635, Collection Carnegie Museum, adult male;

Itaituba, Rio Tapajoz, Brazil, March 26, 1920; Samuel M. Klages.

Wing, 59; tail, 64; bill, 39.

Subspecific characters.—Similar to Phaethornis superciliosus super-

ciliosus (Linnaeus), which ranges from Guiana to the north bank of

the Amazon, but slightly darker and duller in general coloration, and

all the rectrices except the central pair broadly tipped with cinnamon

buff (not white).

Rafige.—West bank of the Rio Tapajbz (to the Rio Madeira?),

Brazil.

Remarks.-—This new form is based on seven specimens from the
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left (west) bank of the Rio Tapajoz (Villa Braga and Itaituba), but

probably ranges to the Rio Madeira. Dr. Hellmayr’s measurements

of and remarks on a female from Calama, on the right bank of that

river (Novitates Zoologicae, XVII, 1910, 373) would suggest that

it belonged to this race and not to ochraceiventris, with which he

places it. The latter race, as represented by nine specimens in our

collection, is uniformly larger than the new race, and much more

cinnamon buffy below as well as more bronzy above. Both these

forms have the cinnamon buff tips to the shorter rectrices well de-

veloped, in which respect they differ from true superciliosus. The

right bank of the Rio Tapajoz is inhabited by P. superciliosus muelleri

Hellmayr, a very strongly marked race in which the buffy suffusion of

the under parts is reduced to a minimum, giving a general dull buffy

grayish effect. In muelleri the under tail-coverts and tips of the

shorter rectrices are grayish white, with occasionally a slight buffy

tinge. Perhaps it is entitled to rank as a species, although in some

respects its characters are those of the new race carried a step further.

Two NEW South American Puff-birds.

Monasa nigrifrons canescens, subsp. nov.

Type, No. 32,845, Collection Carnegie Museum, adult male; Santa

Cruz de la Sierra, Bolivia, July 16, 1909; Jose Steinbach.

Suhspecific characters.—Similar to Monasa nigrifrons nigrifrons

(Spix) of the Amazon Valley and Brazil in general, but coloration

decidedly paler, more grayish, less blackish.

Range.—Bolivia, east of the Andes (Tropical Zone).

Remarks.—With a good series of fifty skins of true nigrifrons

available from the Amazon Valley (various localities from the Peruvian

frontier east to Santarem), it is obvious that Bolivian birds belong to a

different race, easily told by its paler general coloration. In true

nigrifrons the upper parts are slate black, and the under parts slate-

color (of Ridgway’s “Color Standards,” pi. 53), whereas in the new

form they are slate-color and slate gray respectively. The black

of the crown and throat does not extend so far back, giving a much
lighter general effect. The size is the same: wing (type), 131; tail,

127; bill, 34.

The only other name requiring consideration in this connection is

the alleged race itapurana of von Ihering (Catalogos Fauna Brazileira,
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1907, 413), described from northern Sao Paulo, solely on the basis of

its supposed larger size. It is discounted by Dr. Hellmayr (Field

Museum of Natural History Publications, Zoological Series, XII,

1929, 429), and in our series from the Amazon are some individuals

approaching its measurements. The characters of the Bolivian race

are those of color rather than size. Should the Sao Paulo bird re-

semble it in coloration the name here given would doubtless have

to give way.

Nonnula rubecula simplex, subsp. nov.

Type, No. 76,152, Collection Carnegie Museum, adult male; Villa

Braga, Rio Tapajdz, Brazil, January 8, 1920; Samuel M. Klages.

Suhspecific characters.—Similar to Nonnula rubecula cineracea

Sclater, but general coloration duller and more uniform, the throat

and breast dull tawny olive, this color overspreading the posterior

under parts as a wash. Lores and eyelids whitish; a dark spot at the

base of the gape. Wing, 64; tail, 52; exposed culmen, 21; tarsus, 12.

Range.—East bank of the Rio Tapajbz (east to the Rio Tocantins?).

Remarks.—A single specimen from the above locality cannot be

referred to any known form. While here described as a conspecies of

N. rubecula of southern Brazil, it is very different from the typical

race of that form, and may eventually have to stand as a distinct

species. Sclater (Monograph Jacamars and Puff-birds, 1882, pi. 45,

fig. i) figures a specimen (supposedly from Para) which may turn out

to be the same; in any case, this figure is very far from correctly repre-

senting true rubecula, as a comparison with specimens at once shows.

Three new races of Piculus chrysochloros.

Piculus (formerly Chloronerpes) chrysochloros (Vieillot) is an ex-

ceedingly variable species of wide range in South America, and it is

no surprise to find representatives of three undescribed races in our

collection. Of these the most strongly marked is

Piculus chrysochloros guianensis, subsp. nov.

Type, No. 64,966, Collection Carnegie Museum, adult male; Pied

Saut, Oyapock River, French Guiana, November 26, 1917; Samuel

M. Klages.
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Subspecific characters.—Similar to Piculus chrysochloros capistratus

(Malherbe), but darker-colored throughout, the upper parts and wings

externally near olive green (instead of dark citrine)
;
the sides of the

head (postocular region) olivaceous black (No. i of Ridgway’s “Color

Standards”); mystacal stripe dull olive green (instead of dark citrine);

and the barring of the under parts darker (dark greenish olive to

blackish). The pale bars also are lighter-colored, producing more

contrast.

Range.—French Guiana (Oyapock River).

Remarks.—Our single specimen from French Guiana is so decidedly

different from a series of capistratus from north Brazil that I have

no hesitation in describing it as a new subspecies. Whether British

Guiana birds belong to the same race is uncertain; Dr. Hellmayr

(Novitates Zoologicae, XIV, 1907, 79) intimates that they have cer-

tain peculiarities. The species seems to be rare in the Guianas, and

Mr. Klages secured but the one specimen.

Piculus chrysochloros laemostictus, subsp. nov.

Type, No. 95,771, Collection Carnegie Museum, adult female;

Sao Paulo de Olivenga, Rio Solimoes, Brazil, March 10, 1923; Samuel

M. Klages.

Suhspecific characters.—Similar in general to Piculus chrysochloros

capistratus (Malherbe), but averaging brighter yellow below; throat

more or less spotted, but without regular bars.

Range.—Upper Rio Purus, thence north to the Amazon in western

Brazil (and eastern Ecuador?).

Remarks.—The plain-throated, yellowish race of this species which

ranges west in Brazil at least to the lower Rio Purus is replaced still

farther west by a different form, which oddly enough closely re-

sembles capistratus of the north bank of the Amazon, but is readily

distinguished therefrom by the spotted (instead of regularly barred)

throat, and the more yellowish tone of the under parts. In the type-

specimen the upper throat is immaculate, and only the lower throat

is spotted, but in three females from Hyutanahan (upper Rio Purus)

the whole throat is more or less spotted. I refer a single skin from

Tonantins, on the north bank of the Amazon, to this race provision-

ally, but it may really represent still another race, having the throat

dull yellowish olive, the spotting very obscure.
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Piculus chrysochloros hypochryseus, subsp. nov.

Type, No. 92,670, Collection Carnegie Museum, adult female;

Arima, Rio Purus, Brazil, September 6, 1922; Samuel M. Klages.

Subspecific characters.—Similar to Piculus chrysochloros paraensis

(Snethlage) of the region east of the Rio Tapajoz to Maranhao, etc.,

but general coloration below deeper, the ground-color of the under

parts primuline yellow; the throat between yellow ocher and primu-

line yellow, with slight darker spotting posteriorly. The upper parts

are about the same in both.

Range.—-Om two adult specimens are both females, and indicate

a range stretching from the Rio Tapajoz to the lower Rio Purus.

The locality Calama, on the Rio Madeira, from which Dr. Hellmayr

records this species (Novitates Zoologicae, XVII, 1910, 381) would

thus be included in this range.

Remarks.—We have three specimens of this race, from as many
different localities. Villa Braga and Miritituba, on the Rio Tapajbz,

being the other two. The yellow tone in these birds is almost as pro-

nounced as in Colombian skins of aurosus. A young bird (No. 75,529,

Villa Braga), however, is much darker, and is referred here mainly

on geographical grounds.

Tripsurus rubrifrons and Tripsurus cruentatus.

Tripsurus rubrifrons (Spix).

This form exactly resembles T. cruentatus in size and general

coloration, except that it lacks the white superciliaries and yellow

nape-spot of the latter. It is found from the Guianas to the Para

region of Brazil, from which latter part it was originally described

by Spix. Both species occur together throughout this area, but

crtientatus has a much more extensive range, reaching westward to

, the Andes and southward to Bolivia. We know of no place where

rubrifrons occurs alone. The two forms are so closely allied that they

might be expected to interbreed, and the material now available

shows that they do. There is in fact a complete series of specimens

from Pied Saut showing various degrees of intermixture between the

two. Most of our specimens from this locality are typical rubrifrons,

but No. 65,718 is just as typical of cruentatus

.

No. 68,219 has a few

white feathers above the eye-—traces of the superciliaries, which in
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Nos. 68,218 and 65,600 are further developed, and complete in No.

65,720, with a narrow nuchal band in addition. From Benevides we

have two perfectly typical cruentatus, one typical rubrifrons, and one

intermediate.

The question arises, are these intermediates hybrids or intergrades?

Or is rubrifrons merely a color-phase of cruentatus, localized in a

particular portion of the latter’s range? I incline to the hybridity

theory—largely on the ground of the constancy of the characters

exhibited by cruentatus over the greater part of its extensive range,

and because rubrifrons has also been able to maintain the constancy

of its characters to such a large extent even while associated with a

closely related form.

A young bird (No. 68,162, March 28) is duller than the adults, but

otherwise similar.

Tripsurus cruentatus cruentatus (Boddaert).

Cayenne is the type-locality of this form. We have a pair from

Pied Saut (the female not quite typical) and two males from Benevi-

des. They resemble the series of rubrifrons in the comparative re-

striction of the crimson abdominal patch as compared with the form

I propose to call

Tripsurus cruentatus extensus, subsp. nov.

Type, No. 93,571, Collection Carnegie Museum, adult female;

Arima, Rio Purus, Brazil, October 7, 1922; Samuel M. Klages.

Subspecific characters.—Similar to Tripsurus cruentatus cruentatus,

but crimson area of the under parts averaging larger and slightly

deeper in tone.

Range.—All of the range of the species except the Guianas and the

Para region of Brazil.

Remarks.—This form is not strongly marked, but is obvious on

comparison of series, and is recognizable on that ground. Specimens

from the Rio Tapajoz are more or less intermediate. Bolivian skins

are provisionally referred here, but are not quite the same, and may
eventually prove to be separable. A young male (No. 86,790, De-

cember 28) already shows all the characters of the adult, and the red

crown-patch is even more extensive.



252 Annals of the Carnegie Museum VOL. XXV

Two NEW RACES OF CeLEUS GRAMMICUS (MaLHERBE).

Our series of twenty-six specimens of this species falls readily into

three lots, representing as many different subspecies. Birds from the

north bank of the Rio Solimoes (Manacapuru to Tonantins) and from

the upper Rio Purus (Hyutanahan) are the largest; they have greenish-

tinged under-plumage and greenish or buffy greenish rumps and

flanks. These I take to be typical grammicus, the type-locality for

which has been fixed by Mrs. Naumburg (Bulletin American Museum
Natural History, LX, 1930, 183, note) as Marabitanas, Rio Negro.

The barring of the upper and under parts, streaking of the crown, and

exact shade of coloration, however, are matters of individual variation.

South of the Amazon, from the Rio Tapajoz (both banks) to the

lower Rio Purus (Nova Olinda and Arima), there lives a race in which

the rump, flanks, and under-plumage is buffy or rufescent buff, with

little or no greenish tinge. The barring below seems to average a

little blacker, too. The size is about the same. Rio Purus specimens

are a little smaller, probably because of their more worn condition.

This race I propose to call

Celeus grammicus subcervinus, subsp. nov.

Type, No. 76,440, Collection Carnegie Museum, adult male; Villa

Braga, Rio Tapajbz, Brazil, January 23, 1920; Samuel M. Klages.

Then there is a single specimen from the Caura River, Venezuela,

which does not fit in either of the other groups. It is a male in fresh

plumage, but is very small (wing, 117; tail, 68; bill, 21). Moreover,

it differs in having the barring of the upper and under parts much

reduced, and in the decided yellow color of the rump, flanks, inner

webs of the remiges, and under wing-coverts. It undoubtedly repre-

sents still another race of this species, which may be called

Celeus grammicus undulatus, subsp. nov.

Type, No. 32,433, Collection Carnegie Museum, adult male; Rio

Mocho, Rio Caura, Venezuela, December 3, 1909; M. A. Carriker, Jr.

The rump in this form is saffron yellow (between yellow ocher and

primuline yellow of Ridgway)
;
the under wing-coverts are mustard

yellow; and the inner webs of the remiges paler (Naples yellow).

The range of this form is possibly confined to the Caura River. Al-
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though Mrs. Naumburg {l.c.) remarks on the yellow rump of Orinoco

specimens, their measurements as given by von Berlepsch and Hartert

(Novitates Zoologicae, IX, 1902, 94) indicate larger birds than the one

here described.

Mrs. Naumburg believes that verreauxii of Malherbe is not recog-

nizable even as a subspecies, while Count von Seilern (Annalen

Naturhistorischen Museums in Wien, XLVII, 1936, 37) uses this name

indiscriminately for the birds of Brazil south of the Amazon, this

range thus embracing the region which I assign in part to the new race

subcervinus. A re-examination of Malherbe’s types is indicated; I

have seen no specimens fitting his description and plate. Incidentally,

it may be noted that Count von Seilern was evidently unaware of Mrs.

Naumburg’s fixing of the type and type-locality, since he proceeds to

do it all over again!

A NORTHERN RACE OF THE YeLLOW-BROWED TyRANT.

Satrapa icterophrys septentrionalis, subsp. nov.

Type, No. 46,864, Collection Carnegie Museum, adult male; El

Trompillo, Carabobo, Venezuela, May ii, 1914; Samuel M. Klages.

Suhspecific characters.—Similar to Satrapa icterophrys icterophrys

(Vieillot), but under parts and superciliaries paler yellow, sex for sex,

and wing-edgings duller, more grayish, and more extensive, in less

contrast with the rest of the feathers.

Range.—Venezuela, from the Orinoco Valley to the north coast.

Remarks.—The type and only specimen is sexed as a male—cor-

rectly, we believe. It cannot be matched in our series of twenty-

two skins of this species from Bolivia and Argentina. The yellow

color of the under parts is as pale as that of the Bolivian females,

while the wing-edgings are broader, duller, and more grayish. In

the southern birds these are pale whitish or yellowish gray and form

two conspicuous bars across the wing. It is not surprising to find

that the Venezuelan bird is different in view of its isolation, and I

venture to separate it on the strength of the single specimen at hand,

taking into account Dr. Hellmayr’s remarks on the specimen he has

examined from the Orinoco Valley, and which he says is “much paler

beneath than any others examined.” Our male bird, however, is no

smaller (wing, 86; tail, 71).
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Geographical Variation in Todirostrum latirostre.

Our two skins of this flycatcher from Santa Cruz de la Sierra, Bo-

livia (one of which Dr. Hellmayr has handled and marked as typical

latirostre), agree well with skins from Matto Grosso (Chapada, topo-

types of Euscarthmus ochropterus Allen; and Descalvados), except

that in the latter the bill is uniformly dark-colored, while in the

Bolivian skins it is light-colored below. Dr. Hellmayr has compared

Chapada skins with von Pelzeln’s type (from Borba, on the Rio

Madeira) and found them identical. I cannot understand, however,

why von Pelzeln should have described his bird as “pileo plumbeo

induto” instead of “pileo brunneo induto”—as all the above certainly

are. The distribution thereby involved is also hard to understand,

if it is true that this light-colored, brownish-headed bird ranges north

to Borba, with a darker-colored, grayish-headed form on either side.

Todirostrum latirostre caniceps (Chapman) was described from

Amazonian Colombia, but actually has a much more extensive range,

as shown by the Carnegie Museum series of nineteen specimens from

the Amazon River in Brazil—Santarem, Obidos, Islands near Obidos,

and Tonantins. These have been compared with four skins from

eastern Ecuador (Collection American Museum of Natural History)

and found to be the same. I cannot find any difference between

specimens from the upper Amazon on the one hand and those from

Obidos and Santarem on the other, although I am at a loss to under-

stand the distribution indicated, since it is unusual for an upper

Amazonian race confined to one bank of the river to be found on both

banks lower down.

On the south side of the Amazon, and extending thence (at least)

to the Rio Purus, is another race, which I propose to call

Todirostrum latirostre difficile, subsp. nov.

Type, No. 92,395, Collection Carnegie Museum, adult male; Nova

Olinda, Rio Purus, Brazil, August 3, 1922; Samuel M. Klages.

Subspecific characters.—Intermediate between true latirostre (as

represented by Matto Grosso and Bolivian specimens) and caniceps.

In latirostre the back is dark citrine; the pileum is lightly washed with

Dresden brown; and the under parts are white, with a little grayish

green shading on the breast. In the new race the back is yellowish

olive (rather brighter than in canescens); the pileum is definitely gray-
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ish (but not so decidedly as in canescens)
;
and the under surface is

whitish with more or less yellowish tinge (instead of dull grayish

olive). Seen in series, these differences are sufficiently obvious, but

single specimens might not always be easy to place.

This is of course the race to which belong the specimens from

Teffe, Rio Solimoes, alluded to by Dr. Hellmayr (Field Museum of

Natural History Publications, Zoological Series, XIII, pt. 5, 1927,

304, note). One would suppose directly from von Pelzeln’s descrip-

tion of Euscarthmus latirostris, and inferentially from the locality

(Borba, Rio Madeira), that he had an example of the present form

before him, but we accept Dr. Hellmayr’s statement on this point.

All our specimens (sixteen) come from the Rio Purus (Hyutanahan,

Nova Olinda, Arima) and the south bank of the Rio Solimoes (Sao

Paulo de Olivenga, and opposite Tonantins).

A NEW Gnatcatcher from the Para region of Brazil.

Polioptila paraensis, sp. nov.

Type, No. 69,338, Collection Carnegie Museum, adult male (?);

Benevides, Para, Brazil, September 16, 1918; Samuel M. Klages.

Description.—Above plain neutral gray; wings blackish with neutral

gray outer edgings; tail blackish, the outer rectrices white except on

the inner web basally, the next pair similar, but the white area smaller,

the third pair broadly tipped with white; below white, the throat and

breast shaded with pale neutral gray; sides of the head without any

distinct markings; bill and feet blackish. Wing, 45; tail, 48; bill,

10; tarsus, 16.

Range.—Para region of Brazil.

Remarks.—This new form, unfortunately, is represented by only

a single specimen. It bears a remarkable resemblance to the North

American Polioptila coeriilea, from which it differs in its shorter, more

rounded wings, darker-colored bill, and more grayish throat and

breast. In the latter respect it is very like the female of P. guianensis,

from which it differs otherwise in the proportions of the wings and

tail, in the tail-pattern, and in the color of the upper parts. It appears

to represent a species distinct from either P. ccerulea or P. guianensis.

Further specimens are awaited with interest. There is a possibility

(judging by analogy) that the type-specimen is wrongly sexed.
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ART. XX. ECHINOCARIS CROSBYENSIS, A NEW SPECIES

FROM THE UPPER DEVONIAN OF NEW YORK.

By E. R. Eller

In a previous paper, 1935, the writer described three species of

Echinocaris from the Alfred Shale, a local facies of the Gowanda Shale,

Canadaway Group of the Upper Devonian at Alfred Station, New
York. The present paper describes an additional species from possibly

the same horizon but from a locality near Crosby Creek, Hornell

Quadrangle, New York, a distance of about four miles northeast from

the Alfred Station locality. The specimen, which is of large size,

consists of two well preserved valves of the cephalothorax. The

abdomen and telson are missing.

Genus Echinocaris Whitfield, 1880

Echinocaris crosbyensis sp. nov.

The valves are broadly sub-ovate, the greatest width being pos-

teriorly, with the length related to the width about as 4 to 3. The
length of the carapace is 22 mm., and the width 15.3 mm. The hinge-

line is straight and is about as long as the width of a valve and makes
up about seventy per cent of its length. The anterior end curves very

gently from the hinge-line and bears a row of large tubercles. The
ventral side is slightly curved while the posterior end is broadly

rounded. The margin is wide and highly elevated, especially at the

anterior part.

The Carina is long and elevated, beginning well forward in the

anterior area of the carapace, and extends nearly to the posterior end.

It has the form of a sigmoid curve, not angular, and is surmounted
with round tubercles of a large size. Near the hinge-line in the pos-

terior area is a short, highly elevated ridge or carina which widens at

the anterior end and joins the raised margin at the posterior end.

This ridge bears a single row of tubercles at the middle part and a

double row at each end.

Parallel to the hinge-line in the anterior half of the valve is a row
of three highly elevated nodes which are about 1.5 mm. in height.

The first or most anterior one is sub-rounded, followed by a second

node which is triangular in outline and becomes rounded, toward the
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apex. The third node is oval in shape, the widest and highest part

nearest the hinge-line. Three other nodes are distributed in the

central part of the anterior area. The frontal one of them is large,

having a diameter of about 4,5 mm. but it is low and not well defined.

The second node in this group is small but prominent and is situated

on the posterior edge of the first node. The third node is flattened

and oval in shape with the greatest length parallel and close to the

Carina. All six nodes bear a number of prominent tubercles often

arranged in a circle.

Fig. I. Echinocdris crosbyensis Eller, X 2, from the Upper Devonian of

New York. The type is in the Carnegie Museum, no. 11572, Section of Inverte-

brate Paleontology.

The posterior area is swollen and covered with small tubercles.

The surface of the valves lacks definite pitting common in many other

species of Echinocaris. The posterior area has a chagrined appearance.

Echinocaris crosbyensis m. does not correspond to any other species

of the genus except in a general way. Its hinge-line, in reference to

the length of the carapace, is very long. The scattered distribution

of the nodes on the carapace is not commonly found in other forms.

The general outline compares roughly to Echinocaris whidbornei

Jones and Woodward, 1889. Echmocaris crosbyensis m. is similar to

Echinocaris condylepis Hall and Clarke, 1888, in its outline but in the

latter form the proportions of the length to width is greater. The

ridge near the hinge-line, which appears to be a continuation of the

posterior margin, is also found in Echinocaris socialis Beecher, 1884.

The form of the carina of Echinocaris crosbyensis m, is like that of

Echinocaris condylepis Hall and Clarke, and Echinocaris turgida

Eller, 1935. The ornamentation is comparable to Echmocaris turgida

Eller.
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INTRODUCTION

The fluviatile origin of the Chadron formation in South Dakota has

been thoroughly established by Hatcher, Fraas, Sinclair, Wanless,

Darton, and others.

Osborn,^ basing his conclusions primarily upon Hatcher’s field

work, has accepted Hatcher’s division of the Chadron into three

faunal zones, designated as A, B, and C. These faunal zones are not

related to any lithologic division of the formation. Collectors have

found the local variations in lithology so extreme that no widespread

order of succession could be discovered, and have, therefore, relied

upon measurements upward from the base of the Chadron to determine

the relative ages of specimens.

It is the purpose of this study to determine the actual order of super-

position within the Chadron of the Big Badlands, and the relationship

of the fossils to the stratigraphic succession. From this information, a

coherent interpretation of local Chadron history may be drawn, and a

standard faunal section for comparison with lower Oligocene faunas

from other areas may be proposed.

Since the fluviatile origin of the Chadron sediments was first gener-

ally accepted, the deposits have been variously regarded as subaerial

deltas, confluent alluvial fans, and flood plain sediments. Fan de-

position implies extensive reworking, erosion of earlier deposits and

redeposition downstream, and a general order of succession in which

the older sediments lie near their source and the younger ones farther

^Osborn, H. F., Titanotheres of Ancient Wyoming, Dakota, and Nebraska.

U. S. Geol. Surv., Monograph 55, 1929.
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downstream. Flood plain deposits, on the other hand, might be ex-

pected to be more regular, with a normal, vertical order of superposition

of widespread members. «

It is essential, therefore, to learn the method of deposition of the

formation in order to discover the true order of superposition. The

evidence bearing upon this problem will be presented in the sections on

Stratigraphy and Lithology.

The area studied is shown in the maps, figures 2 and 3. It lies in

Pennington, Washington, Jackson, and Custer Counties, South

Dakota, and follows the outcrop of the Chadron from the town of

Interior on the east to Fairburn on the west.

STRATIGRAPHY

In 1893, Hatcher^ divided the “Titanotherium beds” of South

Dakota into A, B, and C levels, on the basis of the evolution of

Titanotheres represented by the skulls which he found. His strati-

graphic table is reproduced here (table I) for reference. Osborn in

1929 expanded Hatcher’s brief faunal characterization of the three

levels into a highly detailed description of the evolution of five sepa-

rate phyla of Oligocene Titanotheres.^

Obviously this subdivision is stated so clearly, and the levels are so

adequately characterized faunally, that a student may expect to go

into the field and find a series of beds 180 feet thick (maximum, vide

Hatcher; Osborn allows a range of 150-200 feet, loc. cit., p. 443),

having small Titanotheres in the lower fifty feet, medium-sized ones

with medium-sized horns in the next hundred feet, and large, long-

horned forms in the uppermost thirty feet. The datum plane em-

ployed^ is the Pierre-Chadron contact. Hatcher,^ Darton,® and

Osborn,’^ have all stated that the subdivision is based solely on the

fauna, and that lithology (and by implication, paleogeography) is of

no assistance in determining the levels.

^Hatcher, J. B., The Titanotherium Beds; Amer. Nat., vol. XXVII, 1893,

pp. 204-221.

^Osborn, H. F., loc. cit., pp. 114-115, 443-581.

*Osborn, H. F,, loc. cit., p. 113, 117, et al.

^Hatcher, J. B., loc. cit., p. 207.

®Osborn, H. F., loc. cit., p. 115. Darton, quoted by Osborn.

^Osborn, H. F., loc. cit., pp. 113, 116.
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As such a system of faunal horizons might be of great significance in

determining the time relationships of depositional phenomena, it seems

wise to re-examine the evidence for the subdivision, both in the litera-

ture and, directly, in the field. To this end I have prepared table II,

giving a list of all the specimens whose measured position above the

Pierre shale is quoted by Osborn, together with the stratigraphic posi-

tions to which he assigns them. Table III lists the ii skulls which I

have observed in the field, gives their actual positions above the Pierre

shale, and the theoretical positions assigned to those species.

Certain features of table II are worthy of note. Brontotherium

ramosum and Megacerops copei, both C forms, were collected respec-

tively twelve and fifteen feet higher than Allops marshi, an A form.

One might wonder if this indicates that the B zone is only fifteen feet

thick in places. Also, accepting Hatcher’s figures of A = 50 feet, B =

100 feet, C = 30 feet, none of the specimens listed would occur higher

than the middle of the B zone. Yet it is apparent that C forms are

present, so we must ask, do all three members thin locally, or is one

or another absent, and further, what is the basis for assuming either

of these alternatives?

Among those specimens which I have observed, the discrepancies

from theoretical levels are even more striking. Allops serotinus, which

should occur in the Chadron from about 150 feet to 180 feet above the

Pierre (B3-C), is here found fifteen feet above the Pierre, fifty-four

feet below the Brule, and therefore certainly within the A zone. If

Allops serotinus is characteristic of the upper fifth of a 180 foot section,

how can it occur in the lower fifth of a 70 foot section? Also, how does

Brontotherium platyceras, typically C3, come to rest at exactly the same

level as Brontops brachycephalus, A? Most noticeable of all, how did

Brontotherium platyceras, “the climax of the evolution of the long-

horned titanotheres” ever come to be buried twenty-two feet above

the Pierre shale, overlain by fifty feet of clays and widespread lime-

stone bands?

From a study of these two tables, it appears that the only way to

recognize a stratigraphic horizon in the Chadron is to find aTitanothere

skull, identify it, and then say that the sediments in close proximity

to it are in the A, B, or C zone, regardless of the thickness of the sec-

tion and of how high in the section the skull occurred. This procedure

is unsatisfactory because the phylogenetic lines are based upon a

stratigraphic succession which, in turn, can be determined only by
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reference to the same phylogenetic lines. Use of an evolutionary se-

quence as the basis for the stratigraphic subdivision upon which it de-

pends for the time sequence of forms is, in the absence of supporting

evidence, open to serious question.

FI&URE 3

WESTERN PART OF THE
BIG- BADLANDS
— COUNTr LINE5

^ RED RIVER VALLEY FILL
- VALLEY WALL (OBSERVED)

VALLEY WALL (INFERRED)

SCALE OF HIL£S

In view of the possibility of errors arising from application of the

foregoing method, it seems best to study the Chadron without reference
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to the subdivision into A, B, and C levels, leaving the relationship of

those levels to the depositional phenomena to be discovered in the

course of the study.

Stratigraphic setting of the Chadron: The general stratigraphy of the

Big Badlands, as described by Wanless,^ is summarized in the fol-

lowing stratigraphic column:

Rosebud 50' + (top eroded)

Brule
/Leptauchenia beds 162'

\Oreodon beds 215'

Chadron 12'-165'

Pierre
/“Interior” phase 0-70'

\ Unweathered Pierre, base not exposed

The Tertiary group has a regional dip of i°-2° SE, and the edges of

the tilted strata are bevelled by the Missouri Plateau® erosion surface.

Outliers forming hills on the plateau surface, deep incision of the pre-

sent rivers and their tributaries, and occasional local structures cause

the formations to outcrop in highly irregular patches.

The Chadron is easily distinguishable from the Brule by its weather-

ing, as Wanless has mentioned—the Chadron weathering to hills

convex outward, and the more firmly cemented Brule clays weathering

to serrate spurs and ridges concave outward. Occasionally in the ex-

posures west of Quinn Draw, there is a gradational zone five or ten

feet thick rather than a sharp contact between the Chadron and the

Brule; and in the scattered, unfossiliferous outcrops near the Black

Hills it is frequently impossible to distinguish between the two, but

these cases are exceptions to a widely applicable rule.

Detailed description of the Chadron: The Chadron of the Big Bad-

lands is divisible into an eastern facies, which extends from Bear

Creek drainage basin (
= “Scenic Basin”) to the town of Interior, and

a western facies, which reaches from Scenic Basin southwestward to

Fairburn. (See map, figure 2. Using the Chadron-Brule contact as

datum plane, negative contours were drawn on the Pierre-Chadron

contact on ten foot intervals, and hence show the thickness of the

Chadron throughout the area. Thus the thirty foot contour line

connects those places where the Chadron is thirty feet thick, etc.)

®Wanless, H. R., Stratigraphy of the White River Beds of South Dakota;

Proc. Am. Phil. Soc., vol. LXII, no. 4, 1923.

^Fenneman, N., The Physiography of Western United States; McGraw-Hill

Book Co., 1931. p. 61.
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The eastern facies is made up of three sharply defined members:

(i) restricted basal channel fills (see map, also fig. 3); (2) a widespread

series of massive clays with intermittent limestone bands; (3) lenses of

evenly bedded fine sand, silt, and limestone.

The basal channel fills are chalky white, sandy, and cross-bedded. A
basal gravel, composed almost entirely of quartz, quartzite, and pati-

nated chert pebbles, rests in irregular, dark festoons across the faces

of the outcrops. No fossils have been found in these channel fills.

Over most of the eastern area, the formation consists of a series of

massive, silty clays, i2'-7o' thick, colored various pastel shades of

green, lavender, pink, and blue-gray. Freshwater limestones, rangin'^

from concretionary bands to massive limestones 2' thick and 400 yards

in diameter, occur so frequently that any vertical section will include

two or three of them. Fossils are extremely rare and fragmentary; a

few scraps of Titanothere, Oreodon, Mesohippus, and Hycenodon have

been found at various places.

Laminated lenses showing a notable absence of cross-bedding con-

stitute the third lithologic member of the eastern facies. (See map,

figure 4, for distribution.) Individual laminae are one inch to two feet

thick, composed of fine green sand, greenish to gray-white silt, and

limestone. The bases of the lenses are always well above the base of

the Chadron, and wherever they occur, the tops of the lenses form the

top of the Chadron; individual beds of the lenses interleave with the

surrounding massive clays, indicating that deposition of the lenses and

of the upper part of the clay series proceeded contemporaneously.

Omitting, for the present, discussion of the somewhat anomalous

section in Spring Draw between Hart and Kube Tables, the next area

to be described is the great Badlands region of Indian Creek-Corral

Draw and westward, Hatcher’s favorite collecting ground and his

standard section for the subdivision into A, B, and C levels.

In contrast with the definite lithologic division of the east, the

western facies is characterized, at first sight, by extreme heterogeneity.

Gravels, sands, clays, and limestones anastomose, intersect, grade into

one another, wedge in and pinch out, and contain local belts of con-

cretions. It seems hopeless to seek any recognizable order on which

to base stratigraphic conclusions, but study of a large number of ex-

posures reveals a stratigraphic succession which, once it is recognized,

is general and easily applied.

The lower member is the great lens of red and green sands and clays
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Figure 4.
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described by Wanless.^° It is characterized by its color, its position

in a hollow cut into the “Interior,” by conglomerates in which the

ratio of feldspar pebbles to silica pebbles is generally not more than

20% and usually much less, and by an extreme scarcity of fossils.

Fragments of Titanothere bone, a few Mesohippiis, Trigonias, and

Oreodon teeth, and occasional scraps of turtle shell are the only fossils

that have been observed. A coarse gravel, with almost all the boulders

composed of quartz, quartzite, or chert (see figure 5), forms the base

of the member. Near the top, the sediments are in general finer and

not so heavily streaked with red as are those near the bottom; in many
places a layer, ten feet thick, of buff clay with occasional thin lime-

stone bands, forms the top of the member. The areal distribution of

the lower member, and its confinement within a great depression in

the Pierre surface, is indicated on the map, figs. 2, 3.

The middle member rests upon the lower and, where the latter is

absent, upon the “Interior” phase of the Pierre. Its basal ten feet form

the most striking faunal horizon in the Chadron, and this layer ranks,

with the Lower Nodular of the Brule, as one of the important faunal

horizons of the White River series. The entire middle member, 40'-

50' thick, contains Titanothere bones in some quantity, but its lower

portion is marked by great “graveyards” in which bones are exceed-

ingly abundant. More will be said concerning this faunal level later;

plate XXII shows one of the “graveyards.” Briefly, the middle mem-

ber may be described as a 4o'-5o' series of clays and sands, predomin-

antly greenish, bearing Titanotheres, rhinoceroses, Mesohippus, and

Archesotherium as characteristic fossils. Conglomerates are highly

arkosic; feldspar ratios of 30%-50% are common. Red sediments

are absent.

Overlying the middle member, a massive clay series 2o'-3o' thick,

bearing many discontinuous limestone lenses and occasional sharply

restricted greenish sandstone lenses, forms the upper member. The

silty clays are generally buff-colored, resembling the overlying Oreodon

beds. However, in an extensive area between Big Corral and Battle

Creek draws they are red; there is some evidence (see section on

lithology) that the red color is diagenetic rather than inherited or

syngenetic. Faunally, the upper member is marked by the almost

complete absence of Titanotheres, and the presence of Oreodon and

Hyracodon. Sandstone lenses are very much smaller and less numer-

loWanless, H. R., loc. cit., p. 200.
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ous than in the middle member. The Chadron-Brule contact is al-

most everywhere marked by limestone bands.^^

It must not be supposed from this brief description that the con-

tact between two members is always well defined. The contact be-

tween the lower and middle members is usually easy to detect by the

cessation of red sediments and by the "graveyard” immediately above

it. In some places, however, where “graveyards” are not present and

where the upper part of the lower member is a massive clay, the con-

tact may be a limestone between two clays, and can be found only by

tracing carefully from the nearest place where a “graveyard” occurs.

The middle-upper contact is usually recognizable at once by a great

diminution of sandstone in the series (see figure 8) and by the dis-

appearance of Titanothere bones. Here again, a local clay facies in

both members, or a local sandstone facies of both, may cause trouble

and require careful tracing of individual stratigraphic horizons for

positive determination of the contact. Also, in places, the Chadron-

Brule contact is a gradational zone of intercalated clays and limestones

up to ten feet thick, which makes the establishment of one particular

plane as a “contact” impossible. All of these difficulties are very local,

and can be solved by a brief period of detailed work. None of them

essentially affect the fundamental features of the stratigraphy.

Fortunately, the eastern and western facies interfinger in Scenic

Basin, in such a way that correlations between them are possible. The

north border of the depression which holds the lower member (western)

is exposed a mile and a half east and northeast of Scenic. Here a

limestone, which locally forms the contact between typical western

lower and middle members, can be traced northeastward to where it

comes to lie on the “Interior,” while the overlying fossiliferous middle

member grades into the massive, barren clay series of the eastern

facies (see Bear Creek cross sections, plate XXV). Two white basal chan-

nel fills, typically eastern, underly the limestone a half-mile north of

where the western lower member “pinches out,” and hence are to be

correlated with it rather than with the middle or upper western mem-
bers. Widespread erosion in Scenic Basin precludes determination of

the upper member’s relationships. However, in the head of Cain

Creek drainage, one and a half miles to the southeast, an eastern

laminated lens directly overlies the most easterly expression of the

western fossiliferous, cross-bedded middle member. Also, bones of

“Wanless, H. R., loc . cit ., p. 209.



272 Annals of the Carnegie Museum VOL. XXV

Oreodon, Mesohippus, and Hyracodon have been collected from the

laminated lenses and Titanothere remains have not, and as has been

mentioned before, the laminated lenses form the top of the Chadron

wherever they occur.

Therefore, on the basis of lithology and superposition, the following

correlation is proposed:

Western Eastern

Upper Member Laminated lenses

Middle Member
Lower Member

Massive
Clays

White Channel Fills

LITHOLOGY

Pierre Shale: The Pierre shale is a massive, dark gray marine shale,

very soft, and high in soluble salts, organic matter, and iron.

^‘‘Interior Formation”

:

To Wanless’^^ excellent summary of opinions

and evidence regarding Ward’s “Interior Formation,” I wish to add

certain details bearing upon Chadron paleogeography.

Any theories regarding the “Interior” must take into account the

great hollow, seventy to eighty feet deep and eight miles wide from

north to south (see figure 2), in which the lower member of the Chad-

ron rests. Wanless assumed that this hollow was a valley, cut by a

stream which had previously wandered on a peneplained surface (the

“Interior peneplain”), and which later filled its valley. Discovery of

the south rim of the hollow, of its east-west elongation, and of the

tributary exposed in Cedar Creek, establishes his assumption beyond

reasonable doubt. East of the area where the hollow is mapped, it is

carried beneath the surface by the regional dip, and to the west the

outcrops become scattered and inadequate, or it could undoubtedly be

traced farther in both directions.

The present study has added but one significant feature to the evi-

dence given by Wanless in his demonstration that the “Interior” is a

weathered zone of the Pierre, and not a separate formation correlative

with the Fox Hills as Ward^^ believed. In the region around the town

of Interior and the Sage anticline, where the “Interior” zone is 50-70

feet thick, the section is as follows:

i^Wanless, H. R., loc. ciL, p. 194.

^^Ward, F., (i) Geology of a Portion of the Badlands; S. Dak. Geol. and Nat.

Hist. Surv., Bull, ii, 1921.

(2) Position of the Interior Formation; Amer. Jour. Sci., 5th ser.,

vol. II, 1926.
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Chadron
Red 0-3'

“Interior”
j
Yellow-brown) Sometimes one absent and

50-70' Purple [ the other very thick.

[Gray
Pierre

(unweathered)

At many places underlying the Lower Alember of the Chadron,

there are sections of “Interior” a few inches to several feet thick.

These abbreviated sections show the following color series:

Chadron
[Green—a few inches

“Interior” I Brown
15'

!

Purple

[Gray
Pierre

(unweathered)

Except for the uppermost zones, the two sections are similar. Such

a condition would be almost impossible under the assumption that the

color is primary in a formation deposited upon the Pierre, but accords

very nicely with the theory that the color is due to weathering of the

Pierre, with a deep weathering profile developed on the old upland and

a shallow profile, checked by deposition, in the old valley.

The chemical analyses which Wanless gives, in addition to two pre-

sented here, show clearly the weathering features which Wanless

pointed out, i. e., increase in proportion of alumina, iron, and potassium,

and decrease in lime and magnesia. It is obvious that a fairly selected,

large sample of “Interior,” including some of the numerous limonitic

veins, would show a much higher iron content than do these hand-

picked clay samples.

Sample i. Sample

Si02 60.72 62.99

AI2O3 18.94 17-51

Fe203 3-97 4-55

FeO 0.26 0.29

CaO 0.75 0.77

MgO 1.25 1. 19

H20-iio°. .

.

3.66 5-34

H20+iio°. . 6.78 5-53

Total 96.33 98.17

A. H. Phillips, analyst.
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A cursory examination of the voluminous literature upon laterites
j

and the growing literature on soils shows that the changes mentioned

above are characteristic of weathering which produces laterites. In

the typical laterites of India and Cuba, however, those changes are

so much more extensive that it seems best to call the “Interior” a

weathered zone rather than a laterite, recognizing at the same time
I

that processes similar to lateritization have formed the “Interior.”
j,

The general climatic factors favorable for lateritization and forma-
J

tion of red earths are semitropical to tropical temperatures and sub--
?

humid to humid climates. Recognizing this, Wanless^^ suggested
|

that the deep weathering took place during and after peneplanation of '

the area, and that cutting of the great valley (which will be referred to
|

hereafter as Red River Valley, in reference to the color of the Chadron
|

Lower Member sediments which fill it) occurred later. Davis^® speaks

definitely in favor of the theory of peneplains being sites of origin of
I,

laterite. Other authors, however, either state that lateritization
(

occurs in the zone of intermittent saturation or describe processes
|

which take place only in that zone.
!

Therefore, it seems justifiable to advance an hypothesis alternative
j

to that of Dr. Wanless. It is not improbable that development of the
i

large, mature Red River Valley proceeded contemporaneously with
j

deep chemical weathering of the neighboring uplands. Under these
i

conditions, the uplands would be in the zone of intermittent satura- i

tion, rather than below the water-table, where they would probably

lie if they represent a peneplain formed by Red River and intrenched i

by it after weathering. The white basal Chadron lenses would repre- f

Robinson, G. W., Soils, Their Origin and Classification; Thomas Murby
& Co., London, 1932, pp. 270-283, 300, 305. ji

(2) Leith and Mead, Metamorphic Geology; Henry Holt & Co., New York. 1

1915, pp. 25-44.

(3) Ramann, E., The Evolution and Classification of Soils (Translated by

Whittles, C. L.); W. Heffer & Sons, Ltd., Cambridge, 1928, p. 109,

table opposite p. 118. '

^Wanless, H. R., loc. cit., p. 202.
ji

i®Davis, W. M., Geol. Mag., vol. LVH, p. 429, 1920.
j

i"(i) Campbell, J. M., Laterite, Its Origin, Structure, and Minerals; Mining

Magazine, vol. XVII, no. 3, p. 121, Sept., 1917.

(2) Twenhofel, W. H., Treatise on Sedimentation, 2nd edition, 1932, pp.

440-442.

(3) Leith and Mead, loc. cit.; (4) Ramann, loc. cit.; (5) Robinson, loc. cit. i
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sent former tributary or meander channels left hanging as Red River

lowered its valley. The age of these white lenses will be more fully

discussed later.

The thin, bright red zone at the top of the thicker sections of

“Interior” may very well represent an upland surface soil, more highly

oxidized and leached than the underlying brown, purple, and gray

clays. Certainly there is no evidence against this idea, although it is

equally true that I have no conclusive evidence in its favor.

The greenish zone at the Pierre-Chadron contact bears important

paleoclimatological implications. Disseminated through the greenish

clay are numerous tiny cubes of pyrite; in places the basal Chadron

gravel is firmly cemented into a conglomerate band a few inches thick,

with a pyrite matrix. This pyrite could, of course, have been formed

either by the action of Red River waters upon the ferruginous Pierre

or by later ground waters following the gravel as an aquafer.

On the southwest slope of Hart Table, and again in upper Battle

Creek Draw, beneath pond limestones of late lower and early middle

Chadron age, which locally form the basal Chadron, the greenish re-

duced zone of “Interior” is from eight to twelve feet thick. As these

impure, massive, unjointed limestones and clays are almost impervi-

ous, this seems satisfactory evidence that the greenish pyritiferous

zones were formed by Chadron waters, and not by later ground water.

Red River had cut to the granite core of the Black Hills by the be-

ginning of Chadron time, and hence was flowing over all the Black

Hills from the Pre-Cambrian to the Pierre. It is probable, therefore,

that its waters bore a strong chemical resemblance to the present

Belle Fourche river, an analysis of which, on a sample taken at Nis-

land, has been made by Clarke. As might be expected in river

waters which have crossed Cretaceous shales, the amount of dissolved

sulphates is very large. A river high in sulphates would, especially if

it were slightly acid, dissolve considerable iron from a ferruginous

shale. As ThieF^ has shown, presence of natural organic matter is

effective in reducing ferrous sulphate to sulphides. Hence abundant

organic matter in the early Chadron waters would combine with

organic matter in the Pierre shale to precipitate pyrite or marcasite.

i®Clarke, F. W., The Composition of the River and Lake Waters of the United

States; U. S. Geol. Surv., Prof, Paper 135, 1924, pp. 95, 96.

i®Thiel, G. A., Experiments Bearing on the Biochemical Reduction of Sulphate

Waters; Econ, Geol., vol. XXV, no. 3, 1930, p. 242.
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It would also acidify the waters, aiding in the original solution of the

iron. The pyrite, forming within the clay and sands at the bottom,,

would be protected from solution in the acid waters above it. Why
pyrite formed rather than marcasite is at present unknown. Also, it is

unknown why there is no greenish zone beneath the white lenses.

This interpretation of the “Interior” as indicative of warm, sub-

humid to humid climate with abundant vegetation differs sharply from

Russell’s^® interpretation of the pre-Chadron surface to the north and

east as a “fossil desert.” It is almost impossible that there could be a'

desert within thirty or forty miles of a warm, humid area having

abundant vegetation, in the absence of a mountain barrier between.

Russell’s evidence consists of a red, deeply weathered zone in the “pre-

\ATite River” rocks, and of wind-facetted pebbles. Deep chemical

weathering is not characteristic of deserts, and red color occurs in

deserts chiefly where it is transmitted from red bedrock {e.g., desert

areas on the Chugwater in various parts of the western United States).

In his discussion of the pre-Chadron water table of the Big Badlands,

Russell has apparently been unaware of the very important paleogeo-

graphic conditions indicated above. Russell’s first point seems to

favor Wanless’ interpretation of humidity, leaving only the presence

of wind-facetted pebbles in favor of the desert hypothesis. Therefore,

the theory of a humid pre-Chadron climate appears more satisfactory

than the desert hypothesis. Wind-facetted pebbles have not been

observed in the Chadron of the Big Badlands.

** TITANOTHERE BONE
oo COARSE &RAVEL

Fig. 5. Generalized cross-section, showing relative abundance of Titanothere

remains in the different members of the Chadron.

20Russell, W. L., A Fossil Desert in South Dakota; Amer. Jour. Sci., 5th series,

vol. 15, no. 86, 1928.
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Lower Chadron: The outstanding lithologic features of the Lower

Chadron have already been mentioned, i.e., (i) presence of red sedi-

ments; (2) basal conglomerates and other conglomerates low in feld-

spars; (3) general gradation from coarse sediment at the base to fine

at the top; and (4) restricted white channel fills with basal conglome-

rates but lacking red sediment.

Apparently the red silts and clays were red when they were de-

posited. Fragments of red clay are enclosed in greenish clays, little

bands of red clay are interbedded with green sands and silts, and many

other lithologic details point to the deposition of the beds with their

present colors rather than to diagenetic color changes. There are two

possible sources of red sediment; the Spearfish and Opeche forma-

tions, whose outcrop encircles the Black Hills, and the highly fer-

ruginous “Interior” zone. Wanless believed that the “Interior” was

the probable source of red sediment, pointing out that red sedimenta-

tion had ceased by the end of lower Chadron time, when the Red

River Valley was completely filled. There are two phenomena some-

what opposed to this view; (i) absence of red in the white channel

fills, which should have been abundantly supplied if the red were

washed from local “Interior” top-soil; and (2) greater concentration

of red sediment in the western part of the Red River Valley fill than

in the east, possibly indicating an approach to the source of supply.

This last is a notable feature; from Big Corral Draw westward, the

red clay becomes more and more concentrated in the lower part of the

Lower Member, until in Shoemaker Draw, it is limited to a single

massive bed overlying the basal conglomerate. However, it seems

that there is no conclusive evidence in either direction, and the matter

must remain unsettled. Lithologic study of the sediment itself might

be of assistance, but the technique of studying clay minerals is so

specialized that it lies beyond the scope of the present research problem.

Age relationships of the white channel fills to the Red River Valley

fill are not entirely clear. As stated above, both are older than the

Middle Member of the Chadron. Both have basal conglomerates

composed of pebbles up to five inches in diameter, 90-100% quartz,

quartzite, and chert, the latter coated with a brown patina. Char-

acteristically, the white channel fills have pure, noncalcareous white

clay, both in pellets and mixed with the sand and gravel. Only very

rarely can a faint pinkish or greenish streak a few inches long be found

in them. The Red River fill, on the other hand, is dominantly red and
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green, and I have observed white sediment at but one place, a re-

stricted basal lens in Little Corral Draw drainage basin.

To state that a main stream with its headwaters in the central

Black Hills would carry red sediment and no white, while its tribu-

taries, also with their headwaters in the central Black Hills, carried

white and no red, would require unwarranted physiographic assump-

tions. Therefore, the white lenses are probably either older or younger

than the red. If they are younger, then one must assume that after

the filling of most of Red River Valley with red sediments, the source

of red was cut off and white was transported. In that event, the re-

juvenation necessary to make the tributaries carry coarse gravel and

white sediment should be represented by high, coarse gravels and

white sediments in the Red River fill. Instead, there is in the Red

River fill a notable gradation toward fine sediments at the top,

while the upper ten feet are usually composed of buff silty clay and

thin limestone. If, on the other hand, the white channel fills are

tributary or old meander channels cut and filled before Red River

cut its valley to its final depth, and before a source of red sediment was

available, most of the theoretical difficulties are obviated. The Spring

Draw section, which is the only one in which red sediments are asso-

ciated with a white channel, has the red overlying the white. This

may be a meander abandoned later than the others, and hence cut

so low that some of the red fill washed over the older white.

Most of the coarser sediments in the lower Chadron are very poorly

sorted, and are green in color due to a matrix of greenish-gray clay.

The heavy minerals of White River sands have been discussed by

Wanless.^^ The lower Chadron sands are characterized by low per-

centages of garnets, black tourmalines, staurolite, and chlorite, with

subordinate quantities of biotite and very rarely with zircon.

There are two sharply defined groups of quartz grains in the coarser

grades; (i) angular fragments with fresh, hackly fractures, and (2)

highly rounded, somewhat frosted spherules. In the finer grades the

two groups intergrade by a series of less and less rounded, but usually

frosted, grains.

As Hatcher indicated, the sandstones are cemented by calcium

2^Wanless, H. R., Lithology of the White River Sediments; Proc. Am. Phil.

Soc., vol. LXI, no. 3, 1922, p. 192.

^^Hatcher, J. B., The Titanotherium Beds; Amer. Nat., vol. XXVII, 1893, P-

207.
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carbonate, by clay, or are loosely held together by compaction alone.

Near the base of the Red River fill, there is a horizon a few inches

thick and several miles in diameter, in which the cementing calcite

is well crystallized. The crystals weather into spherules (see plate XXI)

usually a millimeter or two but up to a centimeter in diameter.

Crystals six to eight centimeters long and three centimeters in diameter

occur at this level in Shoemaker Draw. This detail is of no known

stratigraphic significance; I mention it simply to place on record

another horizon and locality for sand calcite crystals, in this case

very imperfect ones.

N

Fig. 6. Sage Creek: Cross-section about four miles long, extending NE-SW in

Sage Creek drainage basin. Shows basal white channel fill, Sage Anticline, Sage

Fault, and thinning of the Chadron over Sage Ridge.

The Red River Valley fill exhibits marked changes as one proceeds

westward from Corral Draw toward the Black Hills.

Concomitantly with the concentration of red clay and silt near the

bottom of the Member, the percentage of feldspar in the coarse green-

ish sands increases. In figure 8, it is plain that the Lower Member
samples taken in Big Corral Draw and Indian Creek have less than

10% feldspar grains in any one grade size. Number 4, from Quinn

Draw, has a percentage up to 28% in the coarser grades. Those

samples taken farther west have much higher feldspar percentages,

in fact as high as the samples from the Middle Member.

Samples 5 and 9 were taken in Dry Creek, at the westernmost

outcrop where the Lower-Middle contact can be recognized, about

fourteen miles from the flanks of the Black Hills. Their very similar

constitution would indicate a similarity in quantities of quartz and

feldspar supplied during Lower and Middle Chadron times. It also

suggests that the climate during Lower Chadron time favored rapid

weathering, causing marked diminution in amount of feldspar in

thirty miles of transportation (to the present Corral Draw-Indian

Creek area), while during Middle Chadron time there was little

weathering of feldspars in the same distance.
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The quantity of fossil ‘‘bone” within the Lower Member is roughly

proportional to the amount of feldspar in the sands, grading from al-

most a total absence of fossils in Indian Creek to a fair amount of

scrap in upper Shoemaker Draw. This would seem to indicate that

the fluvial and ground waters became increasingly powerful weathering

agents as they advanced; there is strong evidence that the “bone”

has not, in most cases, been transported very far, and hence the ex-

planation given for the decrease in feldspars cannot be applied

here.

The coarse basal conglomerate shows no increase in feldspars or in

quantity of “bone” in the western part of its area of outcrop. It is

uniformly unfossiliferous and is composed almost exclusively of quartz,

quartzite, and chert pebbles.

The white channel fills are uniformly nonfeldspathic, unfossilifer-

ous, and low in heavy minerals. Their lithology does not change

noticeably near the Black Hills; a sample taken on French Creek,

fifteen miles from the Hills (see figure 8, no. 8), is actually slightly

lower in feldspar than one from near Interior, forty-five miles farther

east.

Middle Chadron: Absence of red sediment and a high percentage

of feldspar pebbles in the conglomerates form distinctive lithologic

characteristics of the Middle Member of the Chadron.

The reason for the cessation of deposition of red sediment cannot

be known until the source of the red is known. Wanless suggested that

the cessation of red at the top of the Red River Valley fill indicates a

local source cut off by burial of the valley walls. However, there was

above the valley wall an upland topography (see discussion below,

and map, figure 2) of sixty feet, which could have given rise to appreci-

able amounts of red if the red were locally derived. Therefore, al-

though the stronger evidence is certainly in favor of Wanless’ sug-

gested interpretation, it seems best to retain an alternative hypothesis

of a source of red near the Hills, cut off just previous to deposition of

the Middle Chadron.

The graph (figure 8) shows the contrasting feldspar ratios in the

Middle and the Lower Members. Possible reasons for these differ-

ences have already been discussed. It should be added that most of

the Middle Member sands have a composition more nearly like that of

sample no. 9 than that of sample no. 10.

The quartz grains show the same division into two types in the
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coarser sands and gradation in the finer grades, as do the quartz

grains in the Lower Member.

Black tourmalines, pink garnets, staurolite, and chlorite make up

the bulk of the heavy minerals in the Middle Member, as they do in

the Lower Member. Subordinate quantities of blue and brown tour-

malines, biotite, muscovite, and (rarely) zircon occur. Heavy minerals

form a larger proportion of the whole than they do in the Lower

Member; they reach 8% to io% of the total sample in some grain

counts from the upper part of the Middle Member.

In the field, the Middle Member is characterized by extreme

heterogeneity. Pond limestones, bands of algal balls, massive clays,

micaceous sandstones, calcareous sandstones, green, clayey sand-

stones, and conglomerates pink with feldspars, mingle with each other

in great complexity. The numerous channel fills and the prevailing

green color of the sediments, together with the fauna, indicate a moist

climate with decaying vegetation sufficiently abundant to keep the

iron in the sediments reduced. Although hackberry seeds are the

only identifiable plant fossils which I have found, a humus zone one

to two feet thick and several hundred yards in areal extent near the

head of Battle Creek Draw indicates that there was abundant vegeta-

tion and locally very slow sedimentation at the beginning of Middle

Chadron time.

All observed details of lithology and stratigraphy indicate that the

Middle Member was deposited by the same stream which cut and later

filled Red River Valley, deprived of its red sediment and flowing under

different climatic conditions, but otherwise essentially unchanged.

Upper Chadron: Extensive reduction in the number and size of

channel sandstones is everywhere apparent in passing from Middle to

Upper Chadron (see figure 7). This may be interpreted as showing a

reduced volume of water traversing the area, and hence an increased

aridity in the Black Hills. Wanless^^ has demonstrated that the local

climate underwent increased aridity at the end of Chadron time,

using as his evidence the increase in percentage of calcite cement in

the basal Brule clays. The decrease in amount of water present in

the area during Upper Chadron time is also suggested by the faunal

change toward a plains facies (see below), culminating with the typical

plains fauna of the Lower Nodular horizon of the Brule.

2^Wanless, H. R., Stratigraphy of the White River Beds of South Dakota,

loc, cit., p. 205 .
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Figure 7.

COLUMNAR

SECTIONS



1937 Clark; Chadron Formation of South Dakota 283

Over the large area shaded in the map, figure 4, the Upper Chadron

clays are orange-red instead of their usual buff or green. This red

color transcends local lithologic boundaries, extends in places up into

the lower Brule and down into the Middle Chadron, and is com-

pletely surrounded by sediments of different color, with no apparent

avenue of entry. Therefore, the red color is in this case possibly

diagenetic.

The greenish-gray, cross-bedded Upper Chadron channel sands

mapped in figure 4 were evidently deposited by Red River. Feldspars

make up 30% to 50% of the grains; the familiar Red River assemblage

of heavy minerals is present, in quantities up to 15% of the total in

some samples; in a few places. Middle Member sands can be traced

directly upward into Upper Member sands.

The banded Upper Chadron lenses, extending the length of Spring

Draw and thence eastward, are strikingly different from the Red

River Upper Chadron. Their horizontal lamination and generally

fine grade suggest deposition in sluggish waters. Two samples, one

from a quarter mile south of Scenic and one from near Interior, are

Figure 7.

1 . Upper Battle Creek Draw. Shows a basal white channel fill incised in the

“Interior” upland south of Red River Valley.

II. West branch of Big Corral Draw. Shows the Red River Valley fill, with

basal conglomerate and gradation to finer sediments at the top of the fill.

Local clay facies of Middle Member.

.III. West side of Quinn Draw. Local sandstone facies of Middle Member.

IV. East scarp of Finney Flats. The main section shows the Red River Valley

fill near the north wall of the valley; the inset, taken 200 yards north of

the main section, shows the north valley wall of “Interior,” and the Red

River fill pinching out against it.

V. North flank of “Cedar Butte,” in Indian Creek drainage basin.

VI. One mile south of Hart Table, east branch of Indian Creek.

VII. Southwest slope of Hart Table. Shows the wall of Red River Valley, with

the Lower Member absent, and a series of clays making up the Middle and

Upper Members, indistinguishable here.

VIH. Southwest slope of 71 Table. Tj^pical eastern facies of Middle and Upper

Member clays.

IX. Spring Draw, between Hart and Kube Tables. Shows the anomalous

thickness of the Chadron, the white basal channel fill overlain by a red clay,

and the 45 foot series of laminated Upper Chadron sediments of the eastern

facies.

X. Dillon Pass, | mile south of the Sage Anticline.

XL Dillon Pass, 400 yards north of the crest of the Sage Anticline.
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very similar lithologically (see figure 8, nos. 12 and 13), helping to

confirm the correlation made on stratigraphic and faunal grounds.

Both are much higher in a peculiar, greenish-white microcline than are

any of the Red River sands in their flesh-colored and yellowish-green

microcline. Both are relatively high in staurolite, biotite, and zircon,

with subordinate tourmaline (mostly brown) and garnet. Both in-

clude tiny, white, noncalcareous pellets, which contain slender, al-

most acicular zircons, fresh sanidine, angular flakes of biotite, and

sharply euhedral cleavage flakes of biotite. This assemblage suggests

that the pellets are water-transported grains of a pre-existing volcanic

ash. Certainly they are entirely different from anything which has

been observed in the Red River sediments.

On the basis of these lithologic data, and also of the geographic

distribution of the horizontally laminated lenses, it seems justifiable

to postulate that they are deposits brought in from the northwest,

from a different part of the Black Hills than that area which supplied

Red River.

The Chadron-Brule contact has been so thoroughly discussed by

Sinclair^^ and by Wanless^® that little need be added here. I have no-

where seen satisfactory evidence of the “moderate erosion between the

close of Titanotherium deposition and the algal limestone and Oreodon

beds” which Wanless mentions. The changes in level which he cites,

fifteen to twenty feet in a quarter of a mile, seem to me rather the

normal irregularity of deposition to be expected on a flood plain.

Plate XXIII shows the present alluvial “plain” at the mouth of Quinn

Draw, with a slope of five feet in one hundred, developed on fine silt

and clay.

The Chadron-Brule contact is not recognizable along the valley

walls of Spring Draw. Between definite Titanothere beds and equally

definite Oreodon beds (but with the Lower Nodular zone either ab-

sent or not developed) is a zone of forty-five feet of horizontally banded

sediments. The lower part of this zone is certainly within the Chadron.

However, the great thickness of the lens and the absence of the Lower

Nodular make it seem probable that at this place sedimentation was

almost continuous from Upper Chadron into Lower Brule time. In

25Sinclair, W. J., The Turtle-Oreodon Red Layer; Proc. Am. Phil. Soc., vol.

LX, 1921.

26Wanless, H. R., loc. cit., p. 208.
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drawing the map, figure 2, the top of the lens was used as the top of

the Chadron; this is the most plausible explanation of the anomalous

thickness of Chadron recorded at that place. It must, of course, be

admitted that everywhere else the lenses of banded sediments stop at

the top of the Chadron; this, however, does not absolutely eliminate

the possibility of continous deposition at one place.

With the exception of Spring Draw between Hart and Kube Tables,

the Chadron-Brule contact is a depositional plain of such almost per-

fect flatness that the contours of figure 2, if read as negative contours,

show the topography of the surface on which the Chadron was de-

posited. The significant features of topography will be discussed in

the interpretative summary which follows.

General: In concluding the section on lithology, certain general

statements may be useful. The source of the fine silts and clays is

not surely known. Certainly the Upper Chadron clays could not be

locally derived, because they cover the Sage Ridge (see figure 2, and

text below), which is the highest local pre-Chadron elevation known.

Abundant iron and clay could have been derived either from weather-

ing of the Black Hills igneous rocks, or erosion of the encircling

Paleozoic-Mesozoics, or erosion of local hills of Pierre shale. The

chemical condition of the iron would be controlled by depositional

factors, irrespective of source. Therefore, Hatcher’s original statement,

“The clays of the Titanotherium beds were probably derived from two

sources, viz., from the Cretaceous clays and shales, and from the

kaolinization of granitic feldspars,” covers the situation adequately.

Lack of sorting or lamination is a striking feature, both of the

finer massive clays and of the sands. If a sample, either clay or sand,

is thoroughly dissociated in water and allowed to settle, the sediment

shows an excellent gradation of coarse to fine, a series of which would

produce laminations. The best explanation at present for the absence

of lamination in the silty clays is that they were deposited by highly

overloaded sheet-floods under atmospheric conditions favoring evapo-

ration. The resulting rapid deposition of the entire load would mask

any incipient lamination. Poor sorting in the channel fills is, of course,

very common in fluviatile deposits.

The reasons for the varying degrees of cementation in adjacent

sandstone lenses are not known. It is obvious that those sands and

gravels with a large admixture of clay would not favor the circulation

^^Hatcher, J. B., The Titanotherium Beds; Amer. Nat., vol. 27, 1893, p. 207.
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Figure 8.

Sample

Number Locality

Lower
Member

M IDDLE

Member

1 Basal Red River fill, Big Corral Draw.

2 Basal Red River fill, northeast Indian Creek.

3 Sand crj^stals, lower Red River fill. Shoemaker Draw.

4 Sand crystals, lower Red River fill, Quinn Draw.

5 Red River fill. Dry Creek.

6 Basal white lens, 4 miles southwest of Interior.

7 Basal white lens, southeast Sage Creek.

8 Basal white lens, French Creek.

9 Middle Member, lower Dry Creek.

10

Base of Middle Member, upper Indian Creek.

Upper
Member

11 Base of Upper Member, Quinn Draw.

12 Laminated lens. Upper Member, % mile southeast of Scenic.

13 Laminated lens. Upper Member, 4 miles southeast of Interior,



1937 Clark: Chadron Formation of South Dakota 287

of solutions as would the cleaner lenses, and it is in general true that

the cleaner sands are more often cemented than are the clayey ones.

However, one of the cleanest sands in the Chadron, the lowest in the

Big Corral Draw section (see figure 7), is so completely uncemented

that it can be dug out with the fingers, and several very poorly sorted

sands are well cemented. The cement is calcite in all cases observed

except at the very bottom of the basal conglomerate in Quinn Draw,

where it is pyrite, as mentioned above.

The presence of occasional, well-rounded grains of glauconite in

sands from the Lower and Middle Members is perhaps to be expected

with the Deadwood formation^^ only thirty miles away. Inasmuch as

the glauconite is the only Paleozoic material whose parent formation

has been identified, it is worth mentioning.

Considerable manganese is present locally in the Upper Chadron.

The marrow cavities of many bones from the “microfauna locality”

(see below) are filled with rhodochrosite; and small, black nodules of

pyrolusite, up to a half inch in diameter, are disseminated through the

base of an Upper Chadron clay in Big Corral Draw. The marrow cavi-

ties were filled diagenetically. Whether the pyrolusite nodules formed

during deposition of the clays or afterward, and what might be their

stratigraphic significance, is not known.

In conclusion, it may be said that the weight of evidence which

has been observed in the Big Badlands favors flood plain deposition

rather than alluvial fan deposition as the method of accumulation of

the Chadron.

The fact that there is a vertical succession of members, which can

be demonstrated over the entire area from Dry Creek eastward to

Scenic Basin, is difficultly compatible with fan deposition. Further-

more, were it not for the present regional dip and topography causing

burial of the Chadron southeastward from Scenic, the three members

of the western facies could probably be traced several miles farther

to the southeast.

The relationship of the lithologic phases of the Chadron to the pre-

Chadron topography is easily explainable if the Chadron is assumed

to be built of flood plain deposits, as in the interpretative summary
of this paper. No satisfactory explanation of the Chadron lithologic

phases is evident if the sediments are assumed to be fan deposits.

2*Darton, N. H., and Paige, S.
;
Geological Atlas of the United States, Central

Black Hills Folio, Folio No. 219, U. S. Geol. Surv., 1925, pp. 5, 6.
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Finally, the Lower Nodular zone of the Brule, which overlies the

Chadron, extends over the entire area, rests upon a surface which has

almost no relief, and lies with entire conformity upon the Upper Mem-
ber of the Chadron. The top of the Chadron is, therefore, probably

a depositional plain, which extends an observed distance of seventy

miles east-west and twenty miles north-south. Such a surface could

be formed as a flood plain of a single river or of confluent rivers. A
plain formed by confluent fans might be expected to truncate those

portions of the fans near the source of sediment, and to show wide-

spread irregularities producing a relief of several feet or tens of feet.

Therefore, until opposing evidence is found, the Chadron of the

Big Badlands may be assumed to be a series of flood plain deposits

which is known to exhibit a recognizable vertical succession of mem-

bers. This interpretation has been used throughout the present paper.

STRUCTURE

The i°-2° regional southeast dip has already been mentioned.

Several local structures, e.g., low domes, and normal faults with a few

feet of throw, occur. Most prominent of these are a very low dome,

with a normal fault on the south side, in the northeast part of Scenic

Basin, and a small anticline, trending N 70° W, exposed in the bad-

lands which form the south side of Dry Creek drainage basin.

The only structure worthy of detailed consideration is the faulted

anticline which first becomes apparent in Sage Creek drainage basin

and extends S 70° E from there, roughly coinciding with the Wall of

the Badlands, at least as far east as the town of Interior.

-200 yards-

Brule

10 ft.

^

Chadron

Fig. 9. Sketch of the intercalation of red and buff clay in the basal Brule, men-

tioned by Ward as an angular unconformity.

The anticline is highly asymmetrical: dips on the north side are 3°

to 8°, usually nearer 3°, while on the south side either the dips are 10°

to 14° or the south limb is down-faulted. Where faulting occurs, as
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at Dillon Pass (see plate XXII, lower fig., also map, figure 2), the fault

is normal, dipping 50° to 55° SW, downthrown SW about thirty to

sixty-five feet, usually nearer sixty-five feet. The faulting and fold-

ing affect the Leptauchenia beds, and probably the lower Rosebud

also, although this has not been positively demonstrated. Frequently,

minor normal faults with throws of from ten to fifteen feet form minia-

ture horsts and graben paralleling and close to the main fault line.

The contour map (figure 2) shows that the thinnest sections of the

Chadron lie immediately north of the crest of the anticline (which

will be referred to as the Sage anticline, and the fault as the Sage

fault, taking as the type locality the southeast portion of the Sage

Creek drainage basin) while the white basal channels run toward the

anticline and then turn rather than cross it. As the Chadron-Brule

contact surface in this area is a good depositional plain, the contours

reveal the existence of a pre-Chadron ridge paralleling and lying

about a hundred yards north of the Sage fault.

The region, then, is a post-Oligocene uplift at present topographi-

cally high, which forms the White River-Bad River and White River-

Cheyenne River divides. During the Chadron it was also a ridge,

which will be called “Sage Ridge” for convenience, apparently form-

ing a divide, and not buried until almost the end of the Chadron.

The similarity between these conditions and those described by

Fath^® and by Powers^® suggests that the Sage Anticline is a structural

line along which movement has taken place at least twice, pre-Oli-

gbcene and post-Oligocene, and hence very possibly reflects a structural

line in the basement rocks of the area. Such a structural line might be

related either to the NW-SE trends of the northern Black Hills or to

the WNW-ESE anticlinal axis described by Thom^^ in eastern South

Dakota.

The evidence for the “dome” near Conata, described by Ward,^^ may

2®Fath, A. E., Origin of the Faults, Anticlines, and Buried Granite Ridge of

the Northern Part of the Midcontinental Oil and Gas Field; U. S. Geol. Survey,

Prof. Paper 128-C.

30Powers, S., Reflected Buried Hills in the Oil Fields of Persia, Egypt, and

Mexico; Bull. Am. Assoc. Petrol. Geol., vol. 10, no. 2, 1926.

®Thom, W. T., Jr., Oil Possibilities in South Dakota; Bull. Am. Assoc.

Petrol. Geol., vol. 6, no. 6, 1922, p. 551.

^^Ward, F., The Possibilities of Oil in Eastern Pennington County; S. Dak.

Geol. and Nat. Hist. Surv., circ. 8, 1921.
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be more naturally attributed to physiographic than to structural

causes. He admitted that no dip readings were possible, and used the

rather circular outcrop of “Interior” and Pierre surrounded by Chad-

ron as evidence of a dome. The area of outcropping “Interior” is not

circular in the field, but follows White River for some distance up and

down stream; the circularity is a generality of reconnaissance mapping.

As the “Interior” is a weathered phase of the Pierre, local variations

in depth of weathering might allow exposure of a few feet of Pierre

with “Interior” on both sides. It is obvious that a river describing a

great quarter circle in a northwest quadrant, with a high ridge lying

to the north, must of necessity expose an inlier of older rocks if the

regional dip is southeast. Therefore, as this inlier is perfectly ex-

plainable on physiographic grounds, and as there is no evidence of a

structure, it is my belief that there is no dome there.

A careful study of the outcrop figured by Ward^^ as evidence of an

angular unconformity between the Chadron and the Brule reveals

the condition shown in the sketch, figure 9—an interfingering of

sediments within the basal red clay of the Brule, with buff clay com-

ing probably from the southwest and red clay from the north and

northwest. There is no sign of an angular unconformity between the

bottom of the red clay and the Chadron, nor is there an angular un-

conformity at the Chadron-Brule contact anywhere in the area dis-

cussed in this paper.

PALEONTOLOGY

Lower Chadron

The fauna is very restricted, due at least in part to the fact that

the member is almost unfossiliferous. The formal list is as follows:

Reptilia

Order Chelonia

1. Family Emydidae Gen. et sp.?—scraps of Emyd shell

2. Family Testudinidae Gen. et sp.?—scraps, probably Testudo

^^Ward,F., The Geology of a Portion of the Badlands; S. Dak. Geol. and Nat.

Hist. Surv., Bull, ii, 1922, pp. 23, 24, plate XIIIB.
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Mammalia

Order Perissodactyla

3.

Family Equidae

Mesohippus celer Marsh

Portion of a right maxilla, with P^~^, M\ Princeton Museum no.

13829; agrees with type^^ in general size.

4.

Family Brontotheriidae

Gen. et sp.?—fragments recorded from various localities.,

5.

Superfamily Rhinocerotoidae

Family Rhinocerotidae?—three tooth fragments, probably Trigonias.

6.

Family Hyracodontidae

Hyracodon cf. arcidens Cope

Fragment of maxilla, with P^~^, M^“^, Princeton Museum no.

14062. Collected near the top of the Lower Member, east side of

Quinn Draw, one mile south of the Indian Reservation fence.

This specimen is the only Hyracodon observed in the Lower or Middle

Members. In general, the genus Hyracodon may be considered typical

of the Upper Member; this specimen is of value in proving the earlier

existence of the genus. In dental characters it stands about midway

between H. arcidens and H. nehraskensis; the specific reference is,

therefore, questionable.

Order Artiodactyla

7.

Family Agriochoeridse

Oreodon? sp? Two palates, weathered beyond generic recognition,

observed in Shoemaker Draw.

These two palates, together with the premolar listed from the Mid-

dle Member, constitute the known Agriochoerid fauna below the

Upper Member, in which Oreodonts are relatively numerous.

^^Osborn, H. F., Equidae of the Oligocene, Miocene, and Pliocene of N.

America, Iconographic Type Revision; Mem. Amer. Mus. Nat. Hist,, (n.s.) II, p.

37. 1918.
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Middle Chadron

Reptilia

Family Testudinidae

Testudo brontops Marsh

Fragmentary plastron in a green channel sand, Indian Creek

drainage basin. Comparative in size and all observable characters

with Marsh’s type of T. brontops^^ which Hatcher collected from the

Titanothere beds of Indian Creek.

Family Emydidae

Trachemys antiqua sp. nov. Figure lo

Type: Plastron, right bridge, right posterior border of carapace.

Princeton Museum no. 13839.

Horizon: Middle Chadron, channel sand.

Locality: Two miles southeast of “Cedar Butte,” Indian Creek

drainage basin, Pennington County, South Dakota.

Specific Characters: Size and general anatomy of plastron like that of

Trachemys hilli (Cope).^^ Differs from T. hilli in having the entoplas-

tron markedly hexagonal, with the border back of the epihyoplastral

sutures composed of two lateral edges directed almost antero-pos-

teriorly, and a very slightly curved posterior edge. Notch in the edge

of the plastron at the femoral-anal sulcus is less prominent that in

r. hilli. Median sulcus and suture vary notably from the midline,

rather than following it closely as in T. hilli. The shell is sculptured

with rather fine, vermiculate furrows.

The other characters of the specimen are evident from the table

of measurements and the drawing, fig. 10 The small extra scute at

the postero-median corner of the left abdominal is very apparently an

individual variation.

It is probable that future careful studies upon Tertiary Emydidae

will show that this species is not Trachemys at all. Relatively few

Oligocene and Miocene Emyds are known, and the tendency has been

to place them in Pleistocene and recent genera if at all possible.

^^Hay, O. P., Fossil Turtles of North America; Cam. Inst, of Wash., 1908,

p. 398.
3®Hay, O. P., op. cit., p. 348.
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Until a thorough revision is made this seems the conservative course,

and as the present specimen cannot be separated generically from

Fig. 10. Trachemys antiqua sp. nov. Plastron.

Amer. Mus. Nat. Hist. no. 2425, the type of Pseudemys hilli Cope,

which Hay has referred to Trachemys, the species antiqua is referred to

Trachemys also.

Measurements of Trachemys antiqua

Plastron: (note: “length” is always antero-posterior; “width” is transverse.)

mm.
Length along midline 190

Length of anterior lobe 64

Length of bridge 62

Length of posterior lobe 64

Width at axillary notches 108

Width at inguinal notches 96

Length of : epiplastron 36

entoplastron at midline 26

hyoplastron “ “ 44

hypoplastron “ “ 58

xiphyplastron “ “ 42
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mm.
Width of: epiplastron 43

entoplastron 35
hyoplastron 70

hypoplastron 70

xiphyplastron 52

Length of: gular scutes at midline 32

humeral “ “ “ 19

pectoral
“ “ “ 22

abdominal “ “ “ 47

femoral “ “ “ 30

anal “ “ “ 38

Width of: gular scutes 25

humeral “ 48

pectoral “ 62

abdominal “ 66

femoral “ 54

anal “ 40

Family Emydida?

Graptemys (?) cordifera sp. nov. Figures 11-12

Type: Carapace and plastron, both somewhat restored, Princeton

Museum no. 13838.

Horizon: Middle Chadron, channel sand.

Locality: West side of Quinn Draw five miles from the mouth of

Quinn Draw, Washington County, South Dakota.

Specific characters: Somewhat smaller than Graptemys (?) inornata

(Loomis), entoplastron heart-shaped rather than roughly quadrangu-

lar, neural 7 more compressed antero-posteriorly than neural 8. Other-

wise very similar to Graptemys inornata.

The specimen at hand is so crushed, and judging from Hay’s re-

marks the type of G. inornata is also, that several other apparent dis-

tinctions worthy of mention are not included as specific because they

may be due to post-mortem injury. The gular-humeral sulci meet

the midline at a considerably smaller angle in G. cordifera than in

G. inornata. The lateral borders of the anterior lobe of the plastron

almost parallel the midline in G. inornata, while they diverge from

it in G. cordifera. Both species show traces of a rounded, obsolete

dorsal keel on the midline of the carapace. The pygal of G. cordifera

^^Hay, O. P., op. cit., p. 358.



1937 Clark: Chadron Formation of South Dakota 295

is rounded up into a half-cone shaped eminence pointing backward;

this may be a sexual or an individual character. The lateral borders of

the first vertebral scute are concave outward in G. inornata and con-

vex outward in G. cordifera, but here again the difference may con-

ceivably be due to crushing. The lateral sulcus of the first vertebral

scute meets the costo-marginal sulcus on the nuchal bone in G. inornata

and on the first peripherals in G. cordifera; the taxonomic value of such

a character is doubtful.

The generic reference in this case is as questionable as that of

Trachemys antiqua. Hay’s only reasons for referring inornata to

Graptemys are the “low rounded dorsal carina and. . . . elongated

first suprapygal.” In the absence of any better characters he was
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forced to use those, but he himself expressed doubt as to the truth of

the results.

Fig. 12. Graptemys cordifera sp. nov. Plastron.

The specific name cordifera’^ refers to the heart-shaped ento-

plastron.

Measurements of Graptemys cordifera

Note: Crushing and weathering have distorted or destroyed many of the

parts whose measurements are usually given. Only those measurements which

can be made with reasonable accuracy are given here. “Length” is always antero-

posterior; “width” is always transverse.

Carapace

Length along midline 267

Length of: nuchal bone 40
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mm.
neural 3 25

neural 4 22

neural 5 21

neural 6 15

neural 7 10

neural 8 15

suprapygal i 27

suprapygal 2 27

pygal 23

Width of: nuchal bone 50

neural 3 20

neural 4 ' 22

neural 5 24

neural 6 26

neural 7 26

neural 8 21

suprapygal i 33

pygal 31

Length of : nuchal scute 9

vertebral 3 46

vertebral 4 43

vertebral 5 56

Width of : nuchal scute 8

vertebral 3 47

vertebral 4 59

vertebral 5 73

Plastron

mm.
Length along midline 212

Length of anterior lobe 65

Length of bridge 85

Length of posterior lobe 87

Width at axillary notches ii6

Width at inguinal notches iii

Length of: epiplastron 36

entoplastron 34

hyoplastron 50

hypoplastron 66

xiphyplastron 56

Width of : epiplastron 43

entoplastron 38

hyoplastron 59

hypoplastron 55

xiphyplastron 52
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mm.
Length of

:
gular scutes at midline 40

humeral “ “ “ 24

pectoral
“ “ “ 25

abdominal “ “ “ 54

femoral “ “ “ 44

anal “ “ “ 22

Width of: gular scutes 25

humeral “ 53

pectoral “ 61

femoral “ 57

anal “ 41

Order Crocodilia

Family Crocodilidae

Alligator prenasalis (Loomis)

Princeton Mus. no. 13799; almost perfect skeleton, with the

dermal armor in place, was collected from the great faunal horizon at

the base of the Middle Chadron by the 1933 Expedition. Locality

was the east scarp of “Finney flats,” between Spring Creek and Battle

Creek, one mile north of Cheyenne River. This is the only prominent

Chadron badlands locality near Folsom post office, so it is probable

that Loomis’ type is from the same badlands pocket. The skeleton

agrees closely in all essentials with those described by Mook,^^ differ-

ing only in such details as might be expected to show individual varia-

tion.

Two features of the individual’s physiology deserve mention. The

right humerus shows a great callus patch more than twice the di-

ameter of the bone, slightly distal to the middle of the shaft. As the

shaft is bent about fifteen degrees at the callus area, it is certain that

the animal suffered a fracture which subsequently healed. While

trimming the block containing the skeleton in the field, collectors un-

covered several pebbles }/i inch to 3^ inch in diameter, interspersed

among the gastralia in a restricted area along the midline. They

picked out and saved a few of these, separately; the others are still

associated with the skeleton, which has been mounted in relief. The

association, together with the fact that the greenish sandy lens in

^*Mook, C. C., A study of the osteology of Alligator prenasalis (Loomis)

;

Bull. Mus. Comp. Zool., vol. LXX, no. 2, 1932.
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which the specimen was entombed was uniformly fine-grained and

contained no pebbles at all, suggests that the pebbles are “stomach

stones” swallowed by the animal to aid in its digestive processes.

Mammalia

Family Felidae

Subfamily Machaerodontinae

Hoplophoneus o’harrai Jepsen

South Dakota School of Mines Museum no. 2417. The 'type of H.

o'harrai is recorded^® as coming from 46 feet below the Chadron-

Brule contact, Big Corral Draw. Such a measurement would place it

well within the Middle Chadron, no matter where in Big Corral Draw

the specimen was found, so the type is referred to the Middle Chadron

without doubt. For an evolutionary discussion of the White River

Hoplophonids and Eusmilids, the reader is referred to Jepsen’s recent

paper. The referred specimen, Princeton Mus. no. 13593, comes

from the Upper Chadron (see below).

Order Perissodactyla

Family Equidse

Subfamily Anchitheriinae

Mesohippus portentus Douglass

Princeton Mus. no. 13828, an upper cheek tooth dentition lacking

right P"^ and left and Princeton Mus. no. 13827, a group of asso-

ciated upper molars and premolars.

Osborn^^ has listed twelve Chadron species of Mesohippus, many
of them based on trifling differences exhibited by single molar teeth

as types. The multiplicity of species combined with the inadequacy of

^®Jepsen, G. L., The Oldest Known Cat, Hoplophoneus oharrai; The Black

Hills Engineer, vol. XIV, no. 2, 1926, p. 91.

^®Jepsen, G. L., American Eusmiloid Sabre-tooth Cats of the Oligocene Epoch;

Proc. Am. Phil. Soc., vol. LXXH, no. 5, 1933.

^^Osborn, H. F., Equidae of the Oligocene, Miocene, and Pliocene of North

America, Iconographic Type Revision: Mem. Amer. Mus. Nat. Hist., new series,

vol. II, part I, 1918, pp. 36-44.
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types makes identification of any specimen difficult. The two speci-

mens at hand (no. 13827 may represent more than one individual)

agree better in size and anatomical details with M. portentus than with

any others listed, so they are referred to that species. Both of them

lack the “small conule in the posterior valley of the tooth” which is

present in the type.

Family Brontotheriidae

It is not within the scope of this paper to discuss the taxonomy of the

Titanotheres. Table 3 gives a list of the specimens whose exact locality

in the field I have observed. None of these specimens agrees exactly

with the types of the species to which they have been referred; in-

asmuch as no two Titanothere skulls are exactly alike, the reference

has been made in each case to the species which the specimen most

nearly resembles.

Table 3 illustrates definitely the impossibility of using the Pierre-

Chadron contact as a datum-plane for stratigraphic measurements,

and also the impracticability of the A-B-C “levels” of Hatcher and

Osborn. All of the specimens except no. 8 and no. 10 came from the

bottom few feet of the Middle Chadron; no. 8 was half-way up in the

Middle Member, and no. 10 at the top of it. The species assemblage

at this one level is, with the notable exception of no. 7, distinctly

typical of the upper B or the C zone. The distribution of Titanothere

bones within the Chadron of the Big Badlands (see figs.) is very

striking. As indicated before, there are only occasional fragments in

the Lower Member; great piles of bones associated with the channel

phases of the Middle Member, especially in its lower ten feet; only

exceedingly rare scraps in the Upper Member clays, and none yet

observed in the associated sandstone lenses.

The “graveyards” have certain uniform characteristics. Bones are

always dissociated and tumbled about and skulls are on their sides or

even up-ended. I have seen but three cases where bones were articu-

lated. Titanothere bones are always associated with those of Meso-

hippus, rhinoceros (Trigonias?), and Archceotherium, about in the

proportion iooo:io:io;i. Other forms, even turtles, are not common.

Any one “graveyard” is generally not over two feet thick and fifty

yards in diameter, although it may cover an area up to | mile in

diameter. “Graveyards” do not occur in the thoroughly cemented,



1937 Clark: Chadron Formation of South Dakota 301

resistant sandstones, but rather in the clayey sands. They may
occur in almost any type of sediment. The great one at the head of

Battle Creek Draw extends from a silty clay into a pond-limestone

and a humus zone. Isolated bones, even occasional skulls, may be

found in the resistant sandstone ledges, but true “graveyards” have

not been discovered. The bones may be encrusted with algal balls,

but they are never enclosed in any other form of concretion. The

“graveyards” are notably concentrated in the slight basal Middle

channels cut in upper Lower Member clays, which are more prominent

in the western part of the Big Corral Draw area than in the east.

The “graveyards,” then, are concentrations of bones, most of which

have undergone some transportation by streams previous to deposi-

tion; the fact that only a few bones are battered and stream-worn

shows that the distance travelled was usually in the magnitude of

yards and hundreds of yards rather than of miles. Concentration

probably occurred wherever back-waters or obstructions in the chan-

nels slowed the transporting waters.

The extreme scarcity of Titanotheres, and indeed of all fossils,

in the widespread clays of the Middle Chadron is peculiar. It is dif-

ficult to believe that the entire fauna lived along the swamps and

stream-banks, and never ventured on the low alluvial plain which

those steams traversed. The occurrence of some fossils shows that

chemical conditions favorable for replacement existed. Therefore,

the most probable explanation is that the plains away from the

streams were well-populated, but that sedimentation there was suf-

ficiently intermittent to allow the bones to distintegrate before

burial.

In conclusion, it can be demonstrated that many, if not all, of the

forms referred to the A, B, and C life zones occur at this one strati-

graphic horizon. Therefore, any evolutionary lines or family trees of

Chadron Titanotheres must be regarded as founded upon no strati-

graphic evidence. It is, of course, possible that the Titanotheres de-

veloped along the lines sketched by Hatcher and Osborn, previous to

Middle Chadron time, and that by the beginning of the Middle

Chadron all forms, primitive and advanced, were living together.

This is logically a possibility, but as there is not a trace of evidence for

it, it seems a most radical and dangerous assumption. In either case,

use of the suggested evolutionary stages of Titanotheres as strati-

graphic horizon-markers is impossible.
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I do not regard the demonstration of the inapplicability of Hatcher’s

and Osborn’s subdivision and evolutionary conclusions as a reflection

upon Hatcher’s ability at field stratigraphy or Osborn’s powers of

anatomical generalization. A brief review of the history of the sub-

division shows that its use and extension result from a most unfor-

tunate combination of unavoidable circumstances.

Hatcher first proposed the subdivision in 1893.“*^ At that time he

still believed in the lacustrine origin of the White River group and not

until nine years later did he indicate a complete acceptance of the

fluviatile origin.^^ Obviously, a lacustrine origin argues a continuity

of levels parallel to the bottom, quite different from the implications

derivable from a fluviatile theory. Thus he was led to use the Pierre-

Chadron contact as his datum plane, and so his great collections, on

which the later work was based, were made with reference to that con-

tact. Measurements upward from an erosional unconformity having

a 130 foot relief into a formation with a usual maximum thickness of

140 feet and an extreme of 160, will, as in Table 3, place specimens

stratigraphically contemporaneous in quite different horizons. The

necessity of producing specimens, the need for reconnaissance geol-

ogy, the limitations of physiographic concepts of his day, physical

difficulties immeasurably greater than those at present, and very

poor health, combined to rob Hatcher of the freedom and possibility

of detailed study which most students now enjoy. It is, therefore, no

cause for wonder that later work should expose oversights in his con-

clusions regarding stratigraphic details.

Hatcher himself felt extremely doubtful about the stratigraphic

position of many of his specimens. Before his doubts could mature,

he died, a brief two years after the publication of his paper in favor

of a fluviatile origin of the White River beds.

His death left Osborn with a great group of Titanothere skulls, all

labelled in accordance with the A, B, C subdivision, and with no good

evidence for doubting that subdivision. Osborn’s subsequent deter-

minations of evolutionary trends, able and painstaking though they

'‘^Hatcher, J. B., The Titanotherium Beds; The American Naturalist, vol.

27, 1893, P- 204.

^^Hatcher, J. B., Origin of the Oligocene and Miocene Deposits of the Great

Plains; Proc. Amer. Philos. Soc., vol. XLI, p. 113, 1902.

^^Osborn, H. F., Titanotheres: U. S. Geol. Surv. Monograph 55, p. 114, 115,

1 17. See notes on specimens listed in tables.
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were, could be no more accurate than the determinations of field re-

lationships of the specimens upon which they were based. In the ab-

sence of the field check, which Hatcher would probably have supplied

could he have lived, Osborn was forced into the unknowing perpetua-

tion and expansion of the original error in stratigraphy.

Family Rhinocerotidae

Subfamily Diceratheriinae

Trigonias osborni Lucas

A complete skull, Princeton Mus. no. 14050, from twenty feet

above the base of the Middle Member, west side of Quinn Draw, i]/2

miles south of the Indian Reservation boundary fence. Also a fair

skull with a good palate, Princeton Mus. no. 13793, from the base of

the Middle Member, Y2 mile east of the “Cedar Butte” in Indian Creek

drainage basin.

The dentition in these skulls agrees closely in size and cusp ar-

rangement with the figures of other specimens referred to this species.

As Wood, Gregory and Cook, and Matthew have shown, there is

good reason to expect considerable individual variation within the

species of the Rhinocerotidae; since the present specimens show only

the most trifling variations from others referred to T. oshorni, they

are here referred to that species.

As nearly as could be determined by a field examination of specimens

too fragmentary to merit collection, this is the genus characteristically

associated with the Titanotheres. It has not yet been observed in the

Upper Member of the Chadron.

^^(a) Wood, H. E., Some Early Tertiary Rhinoceroses and Hyracodonts;

Bull, of Amer. Paleont., vol. 13, no. 50, 1927.

(b) Gregory, W. K. and Cook, H. J., New Material for the Study of Evolu-

tion; A series of Primitive Fossil Rhinoceros Skulls (Trigonias) from

the Lower Oligocene of Colorado; Proc. Colo. Mus. Nat. Hist., vol.

8, no. I, 1928.

(c) Matthew, W. D., Critical Observations on the Phylogeny of the Rhinoc-

eroses; U. of Calif. Publ., Bull. Dept. Geol. Sci., vol. 20, no. i, 1931.

(d) Wood, H. E., Lower Oligocene Rhinoceroses of the Genus Trigonias;

Jour. Mammalogy, vol. 12, 1931, p. 414.



304 Annals of the Carnegie Museum VOL. XXV

Order Artiodactyla

Family Leptochoeridae

Stiharus sp? Lower jaw with P3, 4, Mi_3, Princeton Mus. no.

13782. Larger and more robust than S. montanus, it is probable that

this specimen represents a species as yet undescribed. However, as

there seems to be some confusion in the taxonomy of the Leptochoeridae

which would be increased rather than abated by description of an-

other species based upon a fragmentary type, it will probably be ad-

vantageous to await revision of the family before erecting a new

species.

Stiharus sp? or Leptochcerus sp? Fragment of a lower jaw, with

P4, All, Princeton Mus. no. 13598. Middle Member, northeast

branch of Indian Creek. About the size of 5 . montanus, but with the

principal cusp of P4 much higher and more acute than in 5 . montanus.

Family Elotheriidse

Archaeotherium cf. crassum

Pair of lower jaws, with most of the teeth, Princeton Mus. no.

13623, from a channel sandstone near the base of the Middle Member,

in the upper part of Indian Creek drainage basin. This is a typical

A. crassum except that the canines are very large, which may very

well be a sexual character.

Archaeotherium scotti

Pair of lower jaws, lacking most of the teeth, Princeton Mus. no.

13621. Middle Titanothere beds, channel sandstone, ^ mile south

of Taylor’s old ranch house (see map, Wanless, loc. cit., p. 192),

Indian Creek drainage, Pennington County, South Dakota. These

jaws compare very closely with those of the type.'^® The original index

card of the type, in Hatcher’s handwriting, gives the horizon as

“Upper Titanotherium Beds, White River Miocene,” and states that

the specimen was “purchased of H. F. Wells.” It is, of course, per-

fectly possible that A. scotti might occur both in the Middle Member
and the Upper Member as I have delineated them. However, in

^®Sinclair, W. J., Entelodonts from the Big Badlands of South Dakota in the

Geological Museum of Princeton University: Proc. Amer. Philos. Soc., vol. LX,

1921, p. 467.
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view of the fact that no entelodonts have been observed in the Upper

Member, while many fragments have been found in the Middle, and

also that much of what I term the “Middle Member” might have been

“upper Titanothere beds” to one of Hatcher’s collectors, the type can-

not be regarded as a definite record of ArchcBotherium from the Upper

Member of the present subdivision. Certainly the referred specimen,

no. 13621, and all other entelodont remains observed, was in the

Middle Member.

Family Agriochoeridae

One broken lower premolar, about the size of a large Merycoidodon

{Oreodon) culhertsonii. In a channel sand. Middle Member, Indian

Creek drainage. This generically indeterminable specimen was not

collected. It is the only record of Oreodonts in the Middle Member.

Family Hypertragulidae

Leptomeryx? sp?; a few fragments, probably Leptomeryx, in channel

sands near the base of the Middle Member. Not specifically identifi-

able.

Upper Chadron

Sixteen of the thirty forms listed from this member are from one

locality; fourteen of them, or all except Leptomeryx and Pseudocyno-

dictis, have not been collected from other localities in the Upper

Member. The extremely fossiliferous locality was found by Professor

G. L. Jepsen. It was an area a few feet across in a massive buff clay,

eleven feet below the Chadron-Brule contact, in a northerly draining

pocket which lies about 600 yards NNE of the most northwesterly

outcrop of Protoceras channel no. 5 on Wanless’ sketch map,^^

separated from that outcrop by one valley and one low ridge; head

of the west fork of the east branch. Big Corral Draw, thirteen miles

SSW of Scenic, South Dakota. In the following descriptions, the

locality will be referred to simply as “microfauna locality.”

Reptilia

Family Anguidae

Peltosaurus} sp? Fragment of reptilian maxillary, probably Pel-

tosaurus or Glyptosaurus. Microfauna locality.

^Wanless, H. R., loc . cit ., p. 223, fig. 7.
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Family Testudinidae

Several fragments of Testudo and some questionable Stylemys at

various localities. As Stylemys is particularly abundant in the Lower

Nodular immediately above, and has been reported from the Chadron

of Saskatchewan,^* its occurrence in the Upper Chadron in South

Dakota is almost to be expected.

Aves

Two scapulae and three ulnae, apparently of passerine birds about

the size of large sparrows. Microfauna locality. This record of

Oligocene passerines is interesting, but the material is so inadequate

that it is of no significance.

Mammalia

Family Didelphidae

Peratherium sp? Fragmentary left mandible with M4 in place.

The generic reference is unquestionable, but the specimen is too frag-

mentary for specific identification. It is almost twice as large as the

type of P. titanelix Matthew, and is, therefore, probably not re-

ferable to that species.

Superfamily Tenrecoidea

Family Apternodontidae

Apternodus altitalonidus Clark Plate XXVI, figs. 3-4*

Apternodus altitalonidus Clark (Ms.) in Scott and Jepsen; Trans. Am. Philos.

Soc., n. s., vol. XXVIII; p. 12; 1936.

Type: Fragment of left mandible, with P4, Mi_2-3 in place, Prince-

ton Mus. no. 13774.

Locality: Microfauna locality.

^®Lambe, L. M., Vertebrata of the Oligocene of the Cypress Hills, Saskatche-

wan; Contrib, to Canad. Paleont., vol. Ill, part 4, 1908, pp. 9, 18.

^•Matthew, W. D., Fauna of the Titanotherium Beds at Pipestone Springs,

Montana; Bull. Amer. Mus. Nat. Hist., vol. 19, no. 6, 1903, p. 202.

*Preliminary descriptions of this and a number of following species were pub-

lished by Scott and Jepsen (Scott, W. B., and Jepsen, G. L. The Mammalian

Fauna of the White River Oligocene—Part I, Trans. Am. Philos. Soc., n. sen,

vol. XXVIII, part I, April, 1936); the full descriptions are published here for the

sake ot completeness.
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Horizon: Upper Member, Chadron formation, lower Oligocene.

Specific characters: Extremely minute, about half as large as Apterno-

dus mediaevus and less than half as large as A. gregoryi and A. brevi-

rostris. Talonid of M3 very strongly developed, almost equalling the

trigonid in antero-posterior length. Posterior cusp of M3 talonid

( = hypoconulid?) very high, point falling in line with points of pro-

toconids on P4, Mi_2-3, rather than with points of paraconids of those

teeth as it does in the other Apternodi. Although this tiny jaw

differs from the mandibles of the three described species of Apterno-

dus®° more than they do from each other, it is plainly congeneric with

them. Unfortunately the material is so scanty that it cannot be de-

termined whether small size and large M3 talonid are primitive char-

acters or specializations. Therefore, any “family tree,” or any con-

clusions regarding relative ages of the Upper Member of South Dakota

and the Chadron of Pipestone Springs based on such a family tree, are

out of the question.

The taxonomic scheme which is employed above is that used by

Hay,^^ which differs from that of Schlaikjer. The relative significance

of the similarities between Apternodiis and Solenodon as listed by

Schlaikjer^^ and the differences between the two, e. g., in development

of the auditory plate, and in development of the lower incisors, is

largely a matter of personal opinion. In the absence of any upper

Tertiary forms as connecting links, it seems to me best for the present

to keep the two genera in separate families, as did Matthew and

Gregory in 19 and Hay in 1928.

Measurements of Apternodus altitalonidus
mm.

Length of molar series 3.9

Depth of mandible i . i

Approximate height, alveolar border to tips of protoconids i .0

^“(a) Matthew, W. D., loc. cit., p. 202.

(b) Schlaikjer, E. M., A Detailed Study of the Structure and Relationships

of a New Zalambdodont Insectivore from the Middle Oligocene;

Bull. Mus. Comp. Zool., Harvard, vol. LXXVI, no. i, 1933.

(c) Schlaikjer, E. M., A New Fossil Zalambdodont Insectivore; Amer.

Mus. Novit., no. 698, 1934.

^^Hay, O. P., Second Bibliography and Catalogue of the Fossil Vertebrates of

North America; Carnegie Inst, of Wash. Publ. no. 390, p. 426, 1928.

^^Schlaikjer, E. M., 1933, loc. cit., p. 17.

^^Osborn, H. F., The Age of Mammals; MacMillan & Co., 1910, p. 519. Foot-

note “The present arrangement (of the Insectivora) is by Matthew and Gregory.”
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Family Solenodontidae

Clinopternodus* gen. nov.

Clinodon (gen nov.) Clark (Ms.), in Scott and Jepsen, Trans. Am.
Philos. Soc., n.s., XXVIII, 1936, p. 22. Type, Clinodon gracilis

Clark, sp. nov.

Preoccupied by Clinodon, Regan, 1920, Annals and Magazine of

Natural History, ninth series, Vol. V, p. 45.

In a footnote (page 45) in his paper, “The classification of the fishes

of the family Cichlidse— I. The Tanganyika Genera,” Ann. and Mag.

Nat. Hist., 1920, ser. 9, vol. V, pp. 33-53, C. Tate Regan described

Clinodon, gen nov. (type Hemitilapia bayoni, Bouleng.); structure of

Ilaplochromis, dentition of Hemitilapia.”

Since this previous usage of Clinodon” makes necessary a new name

for the present genus. Professor W. B. Scott has, in correspondence,

suggested the above emendation.

Type of genus: Clinodon gracilis Clark.

Clinopternodus gracilis (Clark) Plate XXVI, figs. 5-6

Clinodon gracilis Clark (Ms.) in Scott and Jepsen, Trans. Am. Philos. Soc., n. s.,

vol. XXVIII; p. 13; pi. II; 1936.

Type: Anterior portion of left mandibular ramus, bearing C, P3, 4,

Ml. Princeton Mus. no. 13835.

Locality: Microfauna locality.

Horizon: Upper Member, Chadron formation, lower Oligocene.

?

Generic and specific characters: Dental formula 77“^ ^^ I?-C-Po-2-3-4-Mi-?

Teeth strongly procumbent, closely set, no diastemata except possibly

between P2-3. Canine small, laniary. P2 probably single-rooted. P3

anterior cusp pointed, conical, ovoid in cross section with long axis

antero-posterior; small, sharp postero-external cusp touching principal

cusp of P4 and lateral to anterior cusp of P4. P4 tri-cuspidate: (i) small

anterior cusp which is median with respect to P4 but internal with

respect to P3; (2) large principal cusp, very broad transversely and

highly compressed antero-posteriorly, curving mesially as it rises from

the alveolar border to the triturating surface; (3) a short, sharp pos-

terior cusp like an upward extending wing from the lower posterior

surface of the principal cusp. Mi with high, antero-posteriorly com-

*From kXlvm, to incline, Trrep, wing, and Sov?, tooth.
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pressed trigonid and much lower talonid. Protoconid highest, notably

higher than metaconid; paraconid small, little higher than talonid,

very slightly internal to a position directly anterior to metaconid.

Talonid about one-half as high as trigonid; hypoconid highest, ento-

conid and weakly developed hypoconulid about equal. Mi curved

mesially like P4. Mental foramen below posterior part of P3.

In its cuspidation, Clinopternodus strongly resembles Micropternodus

Matthew.^^ It differs from Micropternodus chiefly in having the teeth

strongly procumbent and incurved rather than vertical to slightly

recumbent, and in having the cheek teeth crowded and compressed

rather than well spaced. Also, it is about one-third larger than

the type and only reported specimen of Micropternodus. As the speci-

men was broken between the P2 alveolus and P3, the presence or ab-

sence of a tiny posterior root of P2, such as Schlaikjer^^ has described

on the type of Micropternodus, cannot be determined. There does

not seem to be room for an alveolus between the one present and P3,

but this is not conclusive.

Measurements of Clinopternodus gracilis

mm.
Length of P series 5.0

Height of C alveolar border to tip 1.9

Height of P3, alveolar border to tip of principal cusp 2.0

Height of P4, alveolar border to tip of principal cusp 3.0

Height of Ml, alveolar border to tip of principal cusp 3.6

Length of P3, antero-posteriorly 1.8

Length of P4, antero-posteriorly 2.0

Length of Mi, antero-posteriorly 2.5

Superfamily Erinaceoidae

Family Leptictidae

Ictops dakotensis Leidy

A series of six partial maxillae and five mandibular rami, none asso-

ciated, from the Microfauna locality. One mandibular ramus is num-
bered Princeton Mus. no. 13605; the other specimens are no. 13773.

Most of the specimens agree quite closely with the typical Brule

®^Matthew, W. D., loc. cit., p. 204.

^^Schlaikjer, E. M., loc. cit., 1933, p. 20.
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I. dakotensis. There is a noticeable size range among the maxillae,

and a diverse spacing of premolars in the mandibles. The variations

and inconstancies among these contemporaneous and almost certainly

co-specific individuals illustrate Matthew’s contention that when

syntaxial “quarry” suites are collected, a species will be found to con-

tain variants sufficiently different to be classified as separate species

or even genera were they known from isolated specimens. If the species

of Ictops described by Douglass and Matthew^® are valid, then the

presence in the Upper Member of /. dakotensis rather than of those

species would indicate that the Upper Member is somewhat younger

than the Chadron of Montana.

Family Leptictidae

Metacodon* magnus Clark. Plate XXVI, figs. 1-2

Metscodon magnus Clark (Ms.) in Scott and Jepsen, Trans. Am. Philos. Soc., n. s.,

vol. XXVIII; p. 22; pi. II, figs. 5, 5a; 1936.

Type: Partial lower jaw with P4, Mi, 2, 3. Princeton Mus. no.

13835a.

Locality: Microfauna locality.

Horizon: Upper Member, Chadron formation. Lower Oligocene.

Generic and specific characters: In general character much like

Leptacodon Matthew and Granger.^^ One-third to one-fourth larger

than the species of Leptacodon. Angle of jaw almost completely ab-

sent, condyle almost in line with lower border of ramus. P4 sub-

molariform; metaconid directly lingual to protoconid rather than pos-

tero-lingual to it as in L. packi. Molars similar to those of Leptacodon;

protoconid is higher than metaconid which is higher than paraconid.

®®(a) Douglass, E., Fossil Mammalia of the White River Beds of Montana-

Amer. Philos. Soc., vol. XX, no. 5, 1901, p. 245.

(b) Douglass, E,, The Tertiary of Montana; Mem. Cam. Mus., vol. II, pp.

203-223, 1905.

(c) Matthew, W. D., Fauna of the Titanotherium Beds of Montana; Bull,

Amer. Mus. Nat. Hist., vol. XIX, 1903, p. 204.

^^(a) Matthew, W. D., and Granger, W., New Genera of Paleocene Mam-
mals; Amer. Mus. Novit., no. 13, 1-7, 1921.

(b) Jepsen, G. L., Stratigraphy and Paleontology of the Paleocene of North-

eastern Park County, Wyoming; Proc. Amer. Philos. Soc., vol, LXIX,

no. 7, 1930, p. 510.

*From [xerd, late; dur], sharp; and ^ovr, tooth.
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Hypoconulid of M3 set well posterior to hypoconid and entoconid, as

in L. tener rather than L. packi.

Future discoveries may show that this genus is synonymous with

Leptacodon. The characters listed above admittedly are not very

satisfactory. The specimen is placed in a new genus because the ex-

treme reduction of the angle and lowering of the condyle until it falls

in line with the tooth row may be reflections of skull differences more

striking than would be indicated by the conservative Leptictid lower

molars. It seems undesirable to extend the range of an Insectivore

genus from the Paleocene to the Oligocene on the basis of imperfect

lower jaws, so the Oligocene specimen is placed in a separate genus.

All the evidence on the type would indicate that Metacodon, if it is a

valid genus, is derived directly from Leptacodon.

Measurements of Metacodon magniis

Depth of mandible below M2

Length of M series

Height of: P4, alveolar border to tip of principal cusp

Ml, alveolar border to tip of protoconid

M2, alveolar border to tip of protoconid

M3, alveolar border to tip of protoconid

Length (antero-posteriorly) of : P4

Ml

M2

Ms

mm.
2.9

6.0

2 .

2

2 .

2

2 .

2

1-9

2.0

2 .

1

1-7

Family Apatemyidae

Sinclairella Jepsen; see Jepsen’s paper^^ for a complete discussion

of this form.

Family Hyaenodontidae

Hyaenodon cruentus Leidy

A lower jaw, Princeton Mus. no. 12745. The label gives the horizon

as “upper ^ of the Titanotherium Beds,” 1922 collection. A visit to

^sjepsen, G. L., A Revision of the American Apatemyidae and the Description

of a New Genus, Sinclairella, from the White River Oligocene of South Dakota;

Proc. Amer, Philos. Soc., vol. LXXIV, no. 4, 1934.
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the exact locality, accompanying Professor Sinclair, demonstrated

that the specimen is from the Upper Member. The jaw is a typical

H. cruentus, and needs no special description.

HycEnodon cruentus (?); a skull, Princeton Mus. no. 12970. In-

termediate in size between H. cruentus and H. crucians, nearer H.

cruentus. Resembles the individual from the Duchesne River in

size.^^ The posterior portion of the basicranium, between the glenoid

fossae and the occipital condyles, is notably longer in proportion to the

palatal length than is the corresponding region, in typical adult H.

cruentus and H. crucians. Study of a series of skulls shows that a long

basicranium is a common juvenile character in H. cruentus. Al-

though no. 12970 seems to be full-grown, it is very young adult, and

this coupled with its small size, suggests that the long basicranium is

merely an adolescent feature held over, rather than a valid specific

character. The specimen is, therefore, referred with question to H.

cruentus.

Family Canidae

Subfamily Cynodictinae

Pseudocynodictis gregarius (Cope)

Two specimens: (i) right lower jaw with P4, Mi, 2, 3, from the

Microfauna locality, Princeton Mus. no. 12620; (2) right lower jaw

with C, P4, Ml, 2, 3 ,
associated with Hoplophoneus o'harrai Princeton

Mus. no. 13593. These jaws compare very closely with several typical

P. gregarius jaws in the Princeton Museum Brule Collection. They do

not compare with Matthew’s description (he gives no figure)®^ of

P. Paterculus.

Subfamily Cynodontinae

Parictis dakotensis Clark. Plate XXIV

Parictis dakotensis Clark (Ms.) in Scott and Jepsen, Trans. Am. Philos. Soc., n. s.,

vol. XXVIII; p. 106; pi. XIV, figs. I, la; 1936.

Type: Right mandible with P2, 3, 4, Mi, 2, and alveoli for C, Pi,

M3. Specimen in South Dakota School of Mines Museum.

®*Peterson, O. A., New Species from the Uinta Oligocene; Ann. Cam. Mus.,

vol. XXI, no. 2, 1932, p. 64.

^‘'Matthew, W. D., Fauna of the Titanotherium Beds of Pipestone Springs,

Montana; Bull. Amer. Mus. Nat. Hist., vol. XIX, 1903, p. 209.
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Horizon: Probably Upper Member, Chadron Formation, lower

Oligocene. Position given (in personal communication) is “somewhere

between the type of Hoplophoneus o'harrai and the Chadron-Brule

contact.” As the type of H. o'harrai is from 46 feet below the contact,

and the Upper Member is there 25-30 feet thick, Parictis dakotensis

is from the Upper Member or the upper part of the Middle Member.

Locality: Big Corral Draw, Washington County, South Dakota.

Specific characters: Tooth-row somewhat longer than that of Parictis

primcevus:^^ P3 larger than P2 and much expanded posteriorly, while

in P. primcevus P3 is slightly shorter than P2 and not expanded pos-

teriorly. Jaw very much deeper and more robust, actually and pro-

portionally, than that of P
.
primcevus.

Measurements of Parictis dakotensis mm.
Depth of mandible below Mi ii

.

Depth of mandible below P2 9.5

Length of P series 21.5

Height of: P2, alveolar border to tip of principal cusp 4.

P3, alveolar border to tip of principal cusp 4.

P4, alveolar border to tip of principal cusp 5 .

Ml, alveolar border to tip of protoconid 6.

M2, alveolar border to tip of protoconid 1.5

Length (antero-posteriorly) of: P2 5.5

P3 6.

P4 7-5

Ml 9.

M2 5-

Length of M series 17.

The information borne by the present specimen far transcends the

mere addition of knowledge of a few more characters to the very

imperfectly known genus Parictis. Comparison of Plate XXIII with

Wortman and Matthew’s type figure of Phlaocyon^'^ shows at once

®fia) Scott, W. B., On a New Musteline from the John Day Miocene; Amer.

Naturalist, vol. XXVII, p. 658.

(b) Hall, E. R., Description of a New Mustelid from the Later Tertiary of

Oregon, with Assignment of Parictis primcevus to the Canidae; Jour.

Mammal., vol. 12, no. 2, 1931, p. 156.

®2Wortman, J. L., and Matthew, W. D., Ancestry of Certain Members of the

Canidae, the Viverridse, and Procyonidae; Bull. Amer. Mus. Nat. Hist., vol. XII,

no. VI, 1899. P. 135.
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TABLE SHOWING COMPARISON BETWEEN
PARICTIS AND PHLAOCYON

Parictis dakotensis, type

Pi alveolus about equals alveolus in Phla-

ocyon.

P2 Long, subquadrangular (marked) an-

terior and posterior cingulum.

P3 Subquadrangular, antero-internal and

postero-external angles sharply ex-

panded,

P4 Long antero-posteriorly
;
almost quad-

rangular; complete cingulum, very

prominent antero- and postero- in-

ternally.

P series. Longer by half of P4. All teeth

tend to be subquadrangular with pos-

tero-external angle expanded.

Ml Little larger than P4. Very slight indi-

cation of fossa in posterior rim of heel.

M2 Small, cusp pattern partly masked by

wear.

M3 Alveolus about K the size of alveolus in

Phlaocyon.

M series. Not as long as P series by

length of Pi and X of P2.

Phlaocyon leucosteus, type

Small, subconical, small heel.

Slightly shorter anterior-posterior-

ly, rounded in front; cingu-

lum smaller, especially in

front.
j

Tooth not nearly so large as in 1

Parictis, corresponding angles
|

not strongly expanded.
|

I

About X as long as in Parictis;
'

tooth much narrower an-
|

teriorly than posteriorly; cin-
j

gulum developed weakly if at

all on sides of tooth.
j

Reduced, all teeth tend to be sub-
|

quadrangular with antero-ex-

ternal corner retracted.
j

Much larger and more robust than
i

P4. Well developed fossa in

posterior rim of heel. Tooth

somewhat broader, very little
j

longer, than Mi of Parictis.
j:

Much larger, subquadrangular, '

cusp pattern partly masked by f

wear.
i*

Fully as long as P series. Longer

than Parictis M series by

length of M3, and much
stouter.

Jaws: Parictis not quite so high or so heavy as Phlaocyon. Position of mental

foramina the same in the two.

Tooth row, P1-M3, equal length in the two.
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that the two forms are closely related. The table following this dis-

cussion gives all the differences observed in a careful comparison of

the types. Briefly, the table shows that Parictis dakotensis is a rather

generalized form, with molars and premolars about equally developed.

Phlaocyon, with almost exactly the same cuspidation, has the pre-

molars reduced and the molars enlarged. The only differences in

cuspidation are trivial differences of relative development in M2, de-

velopment of fossae in the posterior rim of the heel of Mi, and stronger

cingulum in Parictis. Therefore, Parictis dakotensis or some yet un-

known and very closely allied species may be regarded as the Chadron

ancestor of Phlaocyon, and hence {vide Wortman and Matthew) of

all the Procyonidae. The small and imperfectly known Parictis

primcevus cannot be regarded as ancestral to Phlaocyon because it is

from the John Day, and hence nearly contemporaneous with the

latter genus.

Wortman and Matthew^^ suggested Cynodictis as a possible an-

cestor of Phlaocyon; Teilhard in 1915®^ believed that Pachycynodon

was possibly the ancestral form. Parictis dakotensis resembles the

Princeton Museum specimens of Cynodon and Teilhard’s figures of

Cynodon and Pachycynodon in the general tooth cuspidation, in the

tendency toward sub-quadrangular premolars, and in the tendency

toward a prominent cingulum on the premolars. There are slight dif-

ferences in the pattern of M2, the teeth of Parictis are broader, heavier,

and more blunt than in most of the species of the European genera,

and the jaw is more massive in Parictis. Cynodictis has sharp, high,

blade-like premolars. Mi much larger than P4, and is in general of a

lighter, more delicate build than is Parictis. Such evidence as the

lower jaws can offer, then, indicates a relationship between Parictis

and Cynodon-Pachycynodon, rather than between Parictis and Cyno-

dictis.

As Parictis and its European relatives are approximately contem-

porary, it would be unjustifiable to derive either form from the

other; all that can be said is that both are probably descended from a

common ancestral stock not far removed from them in time. Teilhard’s

complicated family trees®^ show polyphyletic origins, put different

®3Wortman, J. L., and Matthew, W. D., loc. cit.

^^Teilhard de Chardin, Pierre, Les Carnassiers des Phosphorites du Quercy;

Annales de Paleontologie, 9, 1914-15, p. 41. >

®^Teilhard de Chardin, Pierre, loc. cit.
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species of one genus into different major groups, and in general are

not in accord with American ideas about the method of evolution, so

I regard the ancestry of Parictis, Cynodon, and Pachycynodon as a

matter still unsettled. It is not even demonstrated satisfactorily that

those genera are of European ancestry; the recorded occurrence of

Cynodon {Pachycynodon) in Asia®® and possibly in North America®'^

throws the question of the place of origin open. However, the abun-

dance of Cynodon and related forms in the Phosphorite and their ap-

parent scarcity elsewhere suggests a European place of origin.

Subfamily Simocyoninae

Daphcenus dodgei Scott

A pair of broken lower jaws with C, P3, a, Mi; associated skeletal

fragments, Princeton Mus. no. 13601. Upper Member, Chadron

formation, in a gray clay, about 25 feet below the Chadron-Brule

contact, east slope of Hutenmacher Table. This specimen compares

very closely with the lower jaws of the type. It is very slightly larger

than the type, and P4 is more robust. P3 on the left is much more

robust than is P3 in the type, but its counterpart on the right is the

same as the type P3, clear indication of the amount of individual varia-

tion which must be expected.

D. vetus has not yet been found in the Chadron, nor D. dodgei in

the Brule. The fragment on which Lambe®^ based his identification

of D. felinus in the Cypress Hills Chadron is a maxillary bit with P^

in place; no specific comparison is possible as the upper dentition of

D. dodgei is unknown. Also, Russell has referred the Cypress Hills

fragment to a new species, D. canadensis. For the present, therefore,

D. dodgei may be considered characteristic of the Upper Member of

the Chadron, and D. vetus {=felinus) characteristic of the Brule.

®®Matthew, W. D., and Granger, W., New Carnivora from Mongolia; Amer.

Mus. Nov., no, 104, p. 8, 1924,

®^Cook, H. J., Faunal Lists of the Tertiary Mammals of Sioux County, Ne-

braska; Nebr. Geol. Surv., VII, 1914, p. 34.

®*(a) Lambe, L. M., Vertebrata of the Oligocene of the Cypress Hills, Sas-

katchewan; Contrib. to Canad. Paleont., vol. Ill, part IV, 1908, p. 62.

(b) Russell, L. S., Revision of the Lower Oligocene Vertebrate Fauna of the

Cypress Hills, Saskatchewan; Trans. Roy. Canad. Inst., vol. XX,
part I, 1934, p. 56.
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Family Mustelidae

Subfamily Mustelinae

Mustelavus priscus Clark. Plate XXIV

Mustelavus priscus Clark (Ms.) in Scott and Jepsen, Trans. Am. Philos. Soc.,

n. s., vol. XXVIII; p. 107; pi. XIV, figs. 2, 2a; 1936.

Type: A skull, somewhat crushed, with lower jaws in occlusion

(separated during preparation); Princeton Mus. no. 13775.

Referred material: Partial lower jaw with P4, Mi, 2, Princeton Mus.

no. 13776. Fragment of maxillary with P^, M\ Princeton Mus. no.

13777-

Locality: Microfauna locality (both type and referred material).

Horizon: Upper Member, Chadron formation, lower Oligocene.

Generic and specific characters: Skull long and slender. Very faint

parietal crests, close to midline. Basicranium long, palate rather

broad relative to entire skull. Bullse moderately inflated. Dentition

3- I-4-2
7 P smallest, P largest, all very slender, h slender, slightly
.'^-1-4-2

curved, pointing anteriorly. P^ single-rooted. P^ double-rooted. P^

simple, sub-conical, strongly compressed laterally with a well defined

posterior basal cusplet. P'^ rather small, protocone very little higher

than that of P^, tritocone not extended very far inward. M^ rather

high-cusped, parastyle prominent, set external to paracone. M^

alveolus small. Mandible long, delicate, laterally compressed. Con-

dyle in line with tooth row and internal end directed antero-ventrally.

C short, sharp, conical. Pi small, single-rooted, cusp directed anteriorly

and heel vertically. P2 simple, two-rooted, with anterior and posterior

cingula and rather long heel. P3 like P2, but slightly larger. P4 slightly

larger than P3, with small but distinct deuterocone. Mi trigonid dis-

tinctly higher than P4, protoconid over-topping the equal paraconid

and metaconid, and set slightly anterior to the metaconid; talonid

low, slightly basined. M2 small, sharply cusped, having an anterior

and a posterior basin separated by a low elevation connecting the

protoconid and metaconid.

Comparison of the type’s lower jaws with those specimens of

Plesictis in the Princeton Museum and with Teilhard’s description

and figures®^ shows no good basis for a generic separation. In fact, the

®®Teilhard de Chardin, P., loc. cit.
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Measurements of Mustelavus priscus

Skull mm.
Length along midline, ventral 62.

Length of palate 32

.

Length of basicranium 30.

Length of auditory bullae, antero-posteriorly 13 .

Width between canines 6.5

Width between parastyles 23.

Length of C ' 3

.

Length of C '
. ; . y •/

. : 7 . .
. 7

.

Length of P series .' 18

.

Length (antero-posteriorly) of : 4

.

' : '..:c.A 6.

Ml V 3.1

Height of P^ alveolar border to tip of principal cusp. ....... . .
.‘ 3.

Height of P^, alveolar border to tip of principal cusp 4.

Greatest width of Mi 6

.

Mandible

Length of mandible, C alveolus to condyle 42.

Length of tooth row, C alveolus through M2 26,

Height of ascending ramus, angle of jaw to tip of coronoid process 16.5

Height of mandible below Mi trigonid 5.5

Length of P series 15.

Length (antero-posteriorly) of : Pi 2 .

P2 3-5

P3 3.5

P4 4-

Height of : Pi 2

.

P2 3.

P3 3-1

P4 4-

Ml, protoconid 4.

M2, protoconid 2.

resemblance to Plesictis pygmmis is so close that it is almost impossi-

ble to find ground for a specific distinction in the lower jaws.

Comparison of the skull with Filhol’s figures of Plesictis^^ reveals

^opilhol, H., Etude des mammiferes Fossiles de Saint-Gerand le Puy (Allier).

Annales de Societe Geologique de Paris, XXI, 1879, plates 20, 21, 22, 27.
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one sharp difference—retention of in Mustelavus and its absence

in Plesictis. Also, the parietal crests of Plesictis are more strongly de-

veloped than are those of Mustelavus. Otherwise the two are ex-

tremely similar in dentition, in skull configuration, and in basicranial

anatomy.

In keeping with its stratigraphic position, Mustelavus exhibits many

primitive and generalized characters. Retention of M^, parastyle

of relatively small, internal basin of not extending anterior

to protocone, metaconid of Mi as large as paraconid, M2 long antero-

posteriorly and sub-rectangular, are all characters which may be re-

garded as primitive within the subfamily Mustelinae. The recent

genera have all lost M^, have the parastyle of M^ large, the internal

basin of M^ encircling the protocone, the metaconid of Mi very small

or absent, and M2 sub-rectangular to round although with essentially

the same cuspidation as M2 of Mustelavus. The same dental speciali-

zations are present in Gulo as in the Mustelinae.

The dentition of Oligohunis is, except for its much greater size and

massiveness, extremely similar to that of Mustelavus. Reduction of

the metaconid of Mi to a small tubercle on the inner side of the pro-

toconid is the only real advance toward a specialized cuspidation.

Mustelavus is, therefore, representative of the ancestral stock from

which Oligohunis, the recent Mustelinae, and the recent Guloninae

were derived. Plesictis, lacking M^, is much less satisfactory as the

ancestral stock, inasmuch as M^ is present in the American Miocene

Mustelinae' {Oligohunis, Paroligohunis, Brachypsalis). Buncelurus,

with the protocone of M^ a simple, transverse blade lacking any en-

circling basin, the metaconid of Mi absent, the heel of Mi trenchant

rather than basined, and M2 trenchant rather than basined, is marked-

ly different from the other American Mustelinae, and cannot be re-

garded as ancestral to them.

Family Felidae

Subfamily Machaerodontinae

Deinictis cf. fortis Adams

A group of skeletal fragments and left q, P4, Mi, Princeton Mus.

no. 13638. The teeth closely resemble those of referred specimens

(the type has no lower teeth preserved) in Princeton Museum. The
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type is labelled “Upper Titanothere beds, Corral Draw”; the present

specimen is merely a definite record of D.fortis from the Upper Mem-
ber in the present system of stratigraphic subdivision,

Hoplophoneus o’harrai Jepsen

Skeleton with skull and lower jaw, Princeton Mus. no. 13593.

Upper Member, 28 feet below the Chadron-Brule contact; east side

of Hutenmacher Table, Pennington County, South Dakota.

The present specimen has been discussed by Jepsen. As the type

is from the Middle Member, this specimen extends the geologic range

of H. o'harrai into the Upper Member.

Hoplophoneus mentalis Sinclair

Type of species, Princeton Mus. no. 12515. The field label gives

the locality as “2-23^ feet below Oreodon beds contact”; also. Pro-

fessor Sinclair kindly indicated the exact position from which he

collected the specimen, so there can be no doubt that it comes from

the Upper Member.

Hoplophoneus robustus Adams

Skull, lower jaws, and skeleton, Princeton Mus. no. 13635. From

20 feet below the Chadron-Brule contact, west side of Hutenmacher

Table, Pennington County, South Dakota. It compares very closely

with the specimens in the Princeton Museum. H. robustus is typi-

cally a Brule species; this record of its occurrence in the Upper Mem-
ber of the Chadron is a downward extension of its geologic range.

Family Equidae

Subfamily Anchitheriinae

Mesohippus cf. latidens Douglass

A partial cheek-tooth series, P^’ Mb 2, 3^ Princeton Mus. no.

13830, from a bluish clay. Upper Member of the Chadron; Quinn

Draw, Washington County, South Dakota. These teeth compare

with M. latidens in size, but differ in several of the characters listed by

^Uepsen, G. L., loc. cit.
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Osborn. As they do not exactly agree in tooth characters with any

of the Chadron species listed by Osborn, they are referred with ques-

tion to M. latidens on the basis of similar size. The most marked char-

acter is the presence of a large hypostyle.

Family Brontotheriidse

Six unidentifiable fragments of Titanotheres have been observed in

the Upper Member clays during the course of three field seasons.

None have been seen in the sandstone lenses. The reason for the com-

plete reversal of the Middle Member association, where Titanothere

bones are found predominantly in the sandstone lenses and- are almost

absent in the clays, is not known.

Family Helaletidae

Colodon occidentalis (Leidy)

Palate with £,
pi' 2

,
3

,
4

^
associated lower jaw with P2, 3, 4,

Ml, 2, 3, associated Ii, 2, 3; Princeton Mus. no. 13595. Top of the Upper

Member, head of Big Corral Draw, about 3^ mile northeast of the

Microfauna locality, Washington County, South Dakota. A typical

C. occidentalis dentition; the canine perhaps indicates that the indi-

vidual was a male. The specimen comes from a few feet below the

Chadron-Brule contact.

Family Hyracodontidae

Subfamily Hyracodontinae

Hyracodon sp?; specifically indeterminable fragments of Hyracodon,

about the size of H. nehraskensis, have been observed at several places

in the Upper Member: (a) Various localities in the Indian Creek-

Corral Draw area; (b) Horizontally banded lens along the south flank

of Kube Table; (c) Horizontally banded lens south of Conata.

Family Leptochoeridae

Stibarus sp?; pair of fragmentary maxillae with much
worn; Princeton Mus. no. 13781. Microfauna locality. Identification

^^Osborn, H. F., Equidae of the Oligocene, Miocene, and Pliocene of North

America, Iconographic Type Revision; Mem. Amer. Mus. Nat. Hist., New Series,

Vol. Ill, part I, 1918, p. 39.
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of this, as of the other Leptochoerids, must await revision of the

family.

? Leptochcerus sp?; jaw fragment with P4, Mi; Princeton Mus. no.

13598. From a buff clay, Upper Member, ^ mile south of the rim of

Hart Table, Pennington County, South Dakota.

Family Anthracotheriidse

.®pinacodon americanus (Leidy)

Skull, somewhat crushed, with complete upper dentition, Princeton

Mus. no. 13691. Upper Member, 6 feet below the Chadron-Brule

contact, head of Cain Creek along the south flank of 71 Table, Penning-

ton County, South Dakota. The dentition compares very closely

with that figured by Leidy, and does not exhibit the characters de-

scribed by TroxelP^ as characteristic of A. deflectus.

Family Suidse

Subfamily Paleochoerinae

Perchoerus cf. nanus (Marsh)

A group of associated teeth, very fragmentary, including M^,

M2, 3, and scattered premolars and incisors; Princeton Mus. no.

13599* Upper Member, near the top of the Chadron, head of Big

Corral Draw, about ]/2 northeast of the Microfauna locality.

The specific identification is based entirely upon size. The teeth

are slightly larger than the measurements given by Cook’^^ for P.

minor, and agree very well with a referred specimen of P. nanus

in the Princeton Museum.

Family Oreodontidae

Oreodon? (Eporeodon) bullatus? (Leidy)

Two palates have been collected from the Upper Member. Com-

parison of a good skull of Oreodon culhertsoni and a good skull of

'^^Leidy, J., Extinct Mammalian Fauna of Dakota and Nebraska; 1869,

Plate XXL
'^Troxell, E. L., American Bothriodonts; Amer. Jour. Sci., 5th series, vol. i,

1921, p. 337.

^^Cook, H. J., Oldest Known Peccary from North America; Pan-Amer. Geol.,

vol. 37, 1922, p. 357.
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Eporeodon hullatus in the Princeton Museum fails to reveal any palatal

characters which seem to me of positive value for distinction, there-

fore the two palates are here regarded simply as “Oreodonts.”

Oreodont bones are relatively common in the Upper Member, in

marked contrast to their almost complete absence in the Middle and

Lower Members. They occur scattered through the massive clays

and, while never in the tremendous abundance characteristic of the

Lower Nodular zone of the Brule, can usually be found in half an

hour’s search almost anywhere in the Big Corral-Indian Creek area.

They have also been found in the horizontally banded lenses, asso-

ciated with Mesohippiis and Hyracodon, and also, but very rarely, in

the bluish and greenish clays of the eastern part of the area.

Family Hypertragulidae

Leptomeryx esulcatus Cope

A lower jaw with I3, C, Pi, 2, 3, 4, Mi, 2, 3; Microfauna locality. Upper

Member, Chadron formation; Princeton Mus. no. 13834.

This specimen agrees with L. esulcatus as described by Matthew in

1903^^® in size and general anatomical characters, but the specialization

of P3 is somewhat more extreme. As in L. esulcatus, the internal

posterior ridge of P3 connects with the heel; however, the external

ridge in the Princeton specimen is reduced almost to extinction, pres-

ent merely as a tiny postero-external swelling on the protoconid,

while in Matthew’s specimen it is a definite ridge.

Many specimens of L. evansi in the Princeton Museum verify

Matthew’s statement that in that species the external posterior ridge

of P3, rather than the internal ridge, connects with the heel. The pres-

ent specimen, therefore, is definitely L. esulcatus.

Family Leporidae

Paleolagus cf. triplex Cope

Two sets, each of two associated lower molars. Microfauna locality.

These are the only specimens of Paleolagus which have been observed

in three summers’ collecting. They compare closely with the descrip-

^®Matthew, W. D., Fauna of the Titanotherium Beds of Montana; Bull.

Amer. Mus. Nat. Hist., XIX, 1903, p. 224.
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tions of P. triplex, and are referred to that species, or to P. turgidus

if Matthew^^ is correct in declaring P. triplex a synonym of P. turgidus.

Family Adjidaumidae

Adjidaumo (Gymnoptychus) minutus (Cope)

Two lower jaws, Princeton Mus. no. 13832; Microfauna locality.

Paradjidaumo (Adjidaumo) minor (Douglass)

Eight lower jaws, Princeton Mus. no. 13831; Microfauna locality.

These agree with the specimen figured by Matthew^* and hence are

but an extension of the range of the species to South Dakota.

Family Eutypomyidae

Eutypomys sp? near thomsoni Matthew

Two molar teeth, comparable in size to E. thomsoni; Microfauna

locality.

These teeth are not quite so complex as are the teeth of Matthew’s

type, but differences in stage of wear so change rodent molars that it

is impossible to determine whether the differences are actual or merely

due to age differences. The teeth are much larger than Lambe’s E.

parvus, and are if anything slightly larger than the type of E. thomsoni.

REGIONAL CORRELATIONS

Matthew in 1924 published a table^^ in which he placed the Chadron

in the upper Eocene. Most other authors would include the Chadron

in the Oligocene. If, as Matthew stated, the Equidae are to be used

as the chief guides in Tertiary continental stratigraphy, then the

presence of Mesohippus in the Lower Member would seem sufficient

evidence to place the South Dakota Chadron, with the possible ex-

^^Matthew, W. D., A Horned Rodent from the Colorado Miocene, with a Re-

vision of the Mylagauli, Beavers, and Hares of the American Tertiary; Bull. Amer.

Mus. Nat. Hist., vol. XVI, 1902, p, 309.

^^Matthew, W. D., Fauna of the Titanotherium Beds of Montana; Bull. Amer.

Mus. Nat. Hist., vol. XIX, 1903, p. 215.

^®Matthew, W. D., Correlation of the Tertiary Formations of the Great

Plains; Bull. Geol. Soc. Am., vol, XXXV, 1924, p. 747.

soMatthew, W. D., loc. cit., p. 745.
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ception of the white basal channel fills, in the Oligocene. As the white

channel fills have not yielded any identifiable bones, they are referred

to the Oligocene with the rest of the Chadron until they are proven

otherwise.

In order to test the applicability of the lithologic subdivision into

Lower, Middle, and Upper Members, reconnaissance trips were made

to the Chadron of Harding County, South Dakota, and to the Chadron

near Crawford and Adelia, Nebraska.

The Harding County Chadron consists typically of 20-40 feet of

greenish white, indurated sandstone, occasionally with conglomerates

bearing Black Hills pebbles, overlain by 20-30 feet of bluish gray silty

clays which look and weather almost exactly like the Middle and

Upper clays of the Big Badlands. The Chadron rests upon the Lance

except in the Cave Hills, where it lies on the Fort Union. The Chadron

pinches out westward in the West Short Pine Hills, and seems to be

absent in the Long Pine Hills, although extensive slumping makes

exact determination difficult. In the South Cave Hills, the Chadron

consists of sixty feet of clays, with occasional local sandstones at

the base.

The Chadron near Crawford, Nebraska, consists of a series of red

and green sands and clays with a basal conglomerate of silica pebbles,

very similar in appearance to the Lower Member of South Dakota.

Overlying this is a series of indurated buff clays which look extremely

like lower Brule, but have intercalated greenish sandstone lenses

bearing Titanothere bones in abundance.

Obviously, the lithology in these two areas is so different from that

in the Big Badlands that no regional correlations are possible on

lithologic grounds. This is to be expected when dealing with con-

tinental sediments. However, the subdivision does apply over a suf-

ficiently large area in the Big Badlands to make possible the collec-

tion of usable faunules from all three members. When such collec-

tions are made (the faunule of the Upper Member is the only one

determined to my satisfaction at present, and it could be expanded to

advantage), detailed correlations will be possible with lower Oligocene

sediments wherever they occur, and the Chadron of the Big Badlands

may be used as a standard section of the American lower Oligocene.

Due to the restricted faunules known from the Lower and Middle

Members, regional correlations will be attempted only with the Upper

Member at present.
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Table no. 12 reveals that the Upper Member fauna is a mixture of

species related to those of the “Titanothere Beds” of other localities

and Lower Nodular (Brule) species.

Colodon occidentalis and the rodents, except perhaps the species of

Eutypomys, appear in all the columns, and are hence of no value for

detailed correlations.

The fauna of the Upper Member strongly resembles the Lower

Nodular (Brule) fauna in many respects. Ictops dakotensis, Hycenodon

cruentus, Pseudocynodictis gregarius, Perchoerus nanus, and Eutypomys

thomsoni are all Brule species, rather distinct from their “Titano-

therium Beds” relatives of Montana and Saskatchewan. The presence

of abundant Machaerodonts, Oreodonts of the Oreodon-Eporeodon type,

and Hyracodonts also produces a Brule faunal facies.

Although the presence of Daphcenus and of the Machaerodonts

creates a resemblance to the Brule fauna, the species of the two forma-

tions are distinct from each other. With the exception of Hoplophoneus

robustus, none of the Machaerodonts listed have been found in the

Brule; they have not been surely identified from the Chadron of

Montana and Canada.

The Upper Member fauna definitely resembles the other “Titano-

therium Beds” faunas and the older. Eocene faunas in four points:

(l) Presence of Titanotheres; (2) Presence of the genera. Clinopternodus,

Metacodon, and Sinclairella, which are related to Eocene and Paleocene

forms rather than to any known later genera; (3) Presence of Lep-

tomeryx esulcatus rather than L. evansi; (4) Presence of Mesohippus

latidens rather than one of the Brule species.

The strong admixture of a Brule element in the fauna, which is al-

most or totally lacking in the faunas of Montana and Saskatchewan,

seems adequate evidence that the Upper Member is somewhat younger

than the “Titanotherium Beds” of those areas. It does not, of course,

prove that the whole of the South Dakota Chadron is younger than

the Montana and Saskatchewan “Titanotherium Beds.”

On the other hand, the specific differences shown in the genera

Daphcenus, Demictis, Hoplophoneus, Mesohippus, and Leptomeryx, all

of which are common to the Upper Member and the immediately

overlying Lower Nodular, are very definite evidence that there was

an appreciable lapse of time between the deposition of the Upper

Member and the deposition of the Lower Nodular. The contact can

no longer be said to be marked by a sudden disappearance of Ti-
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tanotheres. They diminished in importance during later Middle

Chadron time, decreased very sharply at the end of the Middle

Chadron, and were relatively rare during the Upper Chadron. The

Chadron-Brule contact marks that gap in the depositional history of

the region during which the almost extinct race became totally ex-

tinct.

Correlation of the Upper Member with Oligocene formations of

other continents is considerably aided by the discovery of Parictis

dakotensis and Mustelavus prisons . Parictis is sufficiently close to

Cynodon and Pachycynodon from the Phosphorites of Quercy so that

an intimate relationship is evident. Mustelavus is similar to Plesictis

pygmceus from the Phosphorite. These two forms added to the al-

ready long list of families common to Europe and North America,

strengthen Osborn’s statements regarding a lower Oligocene land

connection between Eurasia and North America, and his suggested

correlation of the Chadron with the Sannoisien.

Correlations between the three members of the Chadron and the

Mongolian lower Oligocene seem premature in the light of the in-

adequate faunas known from both. The general correlations by Mat-

thew, Granger, and Simpson are as detailed as the evidence war-

rants.

The Duchesne River of Utah and the lower Sespe of California are

known to be older than the previously known South Dakota Chadron

fauna, which is composed of a mixture of Middle Member and Upper

Member forms. The time relationships of the Duchesne River and the

Sespe with the South Dakota Lower Member must remain conjectural

until a satisfactory fauna is collected from the Lower Member.

Schlaikjer*^ has recently described a series of red and green sands

and clays, underlying “typical Chadron” near Yoder, Wyoming,

and has stated that this series is a distinct, pre-Chadron formation,

which he names the “Yoder Formation.”

The “Titanotherium Beds” of Meek and Hayden and of Hatcher

have as their type section the Big Badlands of South Dakota. Here

the lower portion of the beds is composed predominantly of red and

*iOsborn, H. F., Cenozoic Mammal Horizons of Western North America;

U. S. Geol. Surv. Bull. 361, pp. 57-61.

s^Schlaikjer, E. M., A New Basal Oligocene Formation; Bull. Mus. Comp.
ZooL, vol. LXXVI. no. 3, January 1935.
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green sands and clays.®^ Darton in 1898®^ chose as his type section

for the Chadron formation the area around Chadron and Crawford,

Nebraska, and stated that the lower part of the Chadron is red. This

was confirmed recently by a visit to Darton’s localities under the

guidance of Mr. C. Bertrand Schultz of the Nebraska State Museum.

Therefore, since Schlaikjer’s “Yoder formation” is lithologically

similar to the lower part of the Chadron at its type localities, there is

no lithologic evidence in support of the contention that it is a sepa-

rate formation.

As no fauna has ever been collected and labelled as coming defi-

nitely from the red lower beds, either in South Dakota or in Nebraska

(except for the almost useless group of scraps discussed in this paper

as “Fauna of the Lower Member”), Schlaikjer cannot compare his

fauna with the fauna of the type section, and so can have no faunal

evidence for supposing that the “Yoder” is pre-Chadron rather than

merely early Chadron.

Therefore, in view of the lithologic resemblance to lower Chadron

beds elsewhere, and the impossibility of comparison with lower Chad-

ron faunas, I regard the beds described by Schlaikjer under the name

“Yoder formation” as Chadron until proved otherwise.

The comparison of lower Chadron red sediments in South Dakota

with those in Nebraska and Wyoming, given in the preceding para-

graphs, must not be construed as an attempt at correlation. The rela-

tive ages of the “lower” and “upper” portions of the formation in its

various areas of exposure are not known; lithologic similarities in the

stratigraphic sequences are interesting and suggestive, but nothing

more.

INTERPRETATIVE SUMMARY

The following brief interpretation of Chadron history is founded

upon the evidence presented in the more or less unrelated chapters

on stratigraphy, lithology, structure, and paleontology. It is offered

Hatcher, J. B., The Titanotherium Beds; Amer. Nat., Vol. XXVII,

1893, P- 206.

(b) Wanless, H. R., Stratigraphy of the White River Beds of South Dakota;

Proc. Amer. Philos. Soc., vol. LXII, no. 4, 1923.

®^Darton, N. H., Preliminary Report on the Geology and Water Resources of

Nebraska West of the One Hundred and Third Meridian; U. S. Geol. Surv., 19th

Annual Report, Part IV, 1897-1898, p. 736, 759.
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in order to disclose the unity and sequence of depositional phenomena

which the disjunct data reveal.

Following the Laramide revolution, Red River flowed southeast-

ward from the Black Hills, south of Sage Ridge, which formed the

northern border of its drainage system. During the Paleocene, Eocene,

and perhaps part of the Oligocene, it cut a wide, flat-bottomed valley

through the soft Pierre shale, leaving behind local meander or tribu-

tary channel fills of gravel and white clay, hanging above the low part

of the valley bottom. Chemical weathering, under the prevailingly

warm, humid or subhumid climatic conditions, produced the “In-

terior” weathered zone of the Pierre, with a red upland topsoil.

A sudden change, probably either an uplift in the Black Hills or

some climatic change, caused Red River to cease cutting its valley

and to begin to fill it rapidly. The overloaded stream brought in masses

of gravel, then greenish and gray sands and red clay, and filled its

valley to the level of the top of the valley wall. As it built up, the

current ran more slowly and less coarse material was deposited, so

the last few feet of sediment were fine clays spread over the alluvial

plain, which stretched from valley rim to valley rim. Deposition

ceased for a while when the former valley was completely filled, with

the exception of precipitation of calcareous mud in local ponds on

the alluvial plain. During all this deposition, relatively few bones

were buried due probably to conditions unfavorable for their pre-

servation.

After a short period of non-deposition, and even of slight incision

in its own deposits. Red River, free now to meander over its alluvial

plain and over the former upland, began depositing again. The change

from non-deposition to deposition was due either to stream captures

in its headwaters, to climatic changes, or to renewed uplift in the

Black Hills. This time it entombed within its greenish sands the

bones of innumerable Titanotheres, especially during the first brief

part of the depositional cycle. Wandering over its everbroadening

alluvial plain, untrammelled by valley walls and ever building higher

toward the side of Sage Ridge, it laid down a complex series of green-

ish sands and clays.

A sudden, sharp diminution in the amount of water traversing the

area, and possibly even a short time of non-deposition, brought to a

close this stage in the depositional history. The swamp-loving Ti-

tanotheres decreased almost to extinction; the Archaeotheres and true
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rhinoceroses also practically disappeared. In their place came a fauna

characteristic of open grass-lands and local, restricted woodlands.

Red River, probably split into several widely spaced and shifting

channels as it had been before, slowly deposited thirty feet of fine

clay over its earlier sediment, leaving sand only in the immediate

channels.

Meanwhile, Sage Ridge had been buried and transgressed some-

where northwest of the area under observation. A very sluggish,

swampy river from the northwest, more a connected train of lakes than

a river, flowed southeastward over the present course of Spring Draw,

then turned eastward and mingled its sediments with those of Red

River. Within its course it left a series of very evenly banded, calcare-

ous, ash-filled sediments; its clays were bluish-gray and greenish,

rather than buff as were most of those which Red River was carrying

at the same time.

Finally Sage Ridge was completely buried. The two streams slowly

covered its highest hillocks with a few feet of clay, and then ceased

depositing, at the end of Chadron time. Thus the Chadron may be

considered a single great depositional cycle, with coarse sediment pre-

dominant at the bottom and fine at the top, composed of two sub-

cycles, the Lower Member constituting the first, and the Middle and

Upper Members the second.

The locality cited by Ward as showing an angular unconformity be-

tween the Chadron and Brule gives interesting evidence of a mingling

of sediments from two sources, continuing the drainage conditions of

the Upper Chadron although with sediments different lithologically.

The basal Brule of the Indian Creek-Corral Draw area is the typical

rusty to buff Lower Nodular, differing from the Upper Chadron clays

chiefly in the amount of cement, as Wanless has shown. Starting in

Sage Creek drainage basin and continuing southeastward from there

over all the area around Conata, Interior, and eastward, the basal

Brule member is the red clay already described. The outcrop which

Ward figures, as I mentioned in the section on structure, shows clearly

the interfingering of buff clay from the west and red clay from the

northwest.

Certain objections to the stratigraphic subdivision proposed in this

paper, and hence also to the paleogeographic interpretation given

above, should be mentioned.

First, it is impossible to separate the Middle and Upper Members
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east of upper Cain Creek and Bear Creek. However, as the easily

divisible sections west of there are abundantly fossiliferous while

the clays of the eastern area are almost totally barren, this does not

damage the usefulness of the subdivision. Also, slow and intermittent

clay and limestone deposition on the alluvial plain, away from the

main course of Red River, during most of Middle and all of Upper

Chadron time would produce just such an indivisible clay series as is

present. Therefore, the paleogeographic interpretation is apparently

consistent with the facts.

Second, there are at least two places where the subdivision is not

satisfactory.

At the head of the north branch of Indian Creek, near Hart Table,

Titanotheres occur abundantly to within fifteen feet of the top of the

Chadron. It would be perfectly justifiable to point out that over a

plain of fluviatile deposition many square miles in area a topography

of 10-15 is to be expected, and hence the Middle-Upper contact

should rise a few feet, causing thinning of the Upper, in places. Never-

theless, I prefer to let this stand as an anomalous situation and say

that I do not know how to interpret this particular restricted locality.

In the valley of Spring Draw, as mentioned before, there is another

anomalous section. The division into three members is perfectly

definite and, by assuming that deposition of the banded sediment con-

tinued into lower Brule time, the section can be brought into agree-

ment with the rest of the paleogeography. Once more, however, it

seems better to admit that I do not understand the section than to

make it fit by means of an assumption which, however plausible and

possible, is not supported by evidence.

Finally, Titanotheres occur abundantly within eight feet of the

Chadron-Brule contact, in a pocket about six miles southeast of In-

terior. This area is close to the base of an extension of Sage Ridge, and

there is no indication that the immediate valley of Red River lay near

by to the south; it may have been several miles away. The Middle

and Upper clays are indistinguishable here, the whole Chadron sec-

tion is only twenty to forty feet thick, and deposition was probably

very “spotty,” with areas of Middle clay never covered by Upper

clay, etc. This indivisibility of sediments in the eastern area has been

admitted from the outset; as I have stated above, it does not neces-

sarily invalidate the subdivision or the paleogeography.

The evidence presented in the foregoing study intimates that the
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general course of fluviatile deposition may, under certain conditions,

be divided into four stages, recognition of which might be useful in

studies of other areas. These stages represent youth, maturity, and

old age in the progress of deposition, even as certain assemblages of

degradational features represent youth, maturity, and old age in the

cycle of erosion. Age terms will be avoided in relation to the deposi-

tional stages, however, in order to preclude possible confusion with

erosional stages in future discussions.

The first depositional stage consists of the deposits which fill the

lakes and hollows characteristic of a youthful drainage system. It is

characterized by extreme discontinuity, generally by trenching with

deposition of younger sediments in the channels, and by a high degree

of evanescence. No deposits of the first stage have been recognized in

the Chadron.

The second depositional stage consists of typical alluvial plain de-

posits, extending from the bottom of the valley upward until deposi-

tion covers the rim of the valley walls. Obviously, deposits of this

stage are limited areally by the valley walls, and consist of a mixture

of foreign and locally derived material. This stage constitutes the

Lower Chadron.

The third stage includes deposition from the level of the rim of the

valley wall upward to the level of the crest of the divide. Depending

upon the topography and relief of the old upland, deposits of the third

stage may vary from appreciable amounts of locally derived material

to little or none. The deposits are much more widely spread than those

of the second stage. Due to sheet flooding and desiccation, concre-

tionary zones are frequently developed. The Middle and at least part

of the Upper Chadron represent the third stage.

Following burial of the crests of the divides, flood waters from dif-

ferent drainage systems spread their sediments of the fourth stage upon

the depositional plain. These sediments, of course, contain no locally

derived material. They show an admixture of material foreign to the

drainage system which deposited the sediments underlying them.

Part of the Upper Chadron and probably all of the Brule are fourth

stage deposits.

The division into four stages is suggested with the hope that it may
be of assistance in the interpretation of other Tertiary sediments.

In any study, the order of succession of beds must be established on

stratigraphic and lithologic grounds before the fossils contained within
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those beds can be arranged into accurate phylogenetic lines or can be

used for regional correlations. Use of the division has permitted more

detailed work within the Chadron than had been done before. It is

possible that certain other favorably situated Tertiary formations

might yield delicate determinations upon application of the same

technique.

Obviously, continued uplift, several sources of sediment, absence

of an appreciable basement topography, and other factors might

absolutely preclude its application. Also, in the absence of good ex-

posures, it might be impossible to know just when a divide was trans-

gressed, etc. However, the difficulties of unravelling fluviatile de-

positional history are so great that suggestion of any once-tested

method of attack seems justifiable.

CONCLUSIONS

(1) The A, B, C, levels of Hatcher and Osborn are inapplicable.

(2) The Chadron of the Big Badlands is divisible into Lower, Middle,

and Upper Members, as characterized in this paper.

(3) The Chadron may be considered as including the sediments re-

presenting one major sedimentary cycle, with two subcycles, the

first consisting of the Lower Member, and the second of the

Middle and Upper Members.

(4) There is both faunal and lithologic evidence of a change toward

Brule environment during or before Upper Chadron time.

(5) The fauna of the Upper Member is a mixture of forms related to

the Montana and Saskatchewan faunas and forms related to the

Brule, best interpreted as somewhat younger than the “Titano-

therium Beds” of Montana and Saskatchewan, and appreciably

older than the Brule.

(6) Several species from the Upper Member are very closely allied

to forms from the Phosphorite of Quercy.

(7) Parictis is probably ancestral to Phlaocyon, and is related to

Cynodon and Pachycynodon.

(8) Mustelavus may be ancestral to the Miocene and Recent Mus-

telinae, and is related to Plesictis.

(9) The progress of fluviatile deposition, under certain conditions,

may be divided into four stages, recognition of which may prove

useful in interpreting the history of a group of sediments.
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Table I.

HATCHER’S STRATIGRAPHIC TABLE

(Published in The American Naturalist, vol. 27, 1893, page 218.)

Reddish brown clays, with occasional concretionary layers. Remains of Oreodon,

Hyracodon, Hycenodon, Elotherium, etc. About 500 feet thick.
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Characterized by Titanotheriidce of large size. Horns 10-18 in. long,

elliptical to sub-ovate in cross-section. Nasals very short and pointed.

Incisors never more than 2. Internal cingulum on upper premolars not

strongly marked in either sex. Posterior inner cone on last upper molar.

Third trochanter present. Trapezium absent. General form of skull

shown in fig. i.

Characterized by Titanotheriidce of medium size. Horns 4-10 in. long,

circular to subtriangular in cross-section. Nasals of moderate length,

with broad or pointed extremities. Incisors never more than 2. Strong

internal cingulum on upper premolars of males only. Posterior inner cone

on last upper molar. Third trochanter present. Trapezium absent.

General form of skull represented in fig. 2.

H
b
o Characterized by Titanotheriidce of small size. Horns rudimentary or

from 1-4 in. long, circular in cross-section. Nasals long and pointed. In-

cisors occasionally as many as 3. Strong internal cingulum on upper pre-

molars in males only. No posterior inner cone on last upper molar.

Third trochanter somewhat rudimentary. Trapezium present in earliest

forms. General form of skull shown in fig. o.

O Vi

Z Q
JT M4 Represented by various formations from Laramie to Archean.

Note—Hatcher’s figures are not reproduced here.
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TABLE II

DATA GIVEN BY OSBORN ON SPECIMENS STUDIED BY HIM

Page
reference Specimen Species

Height above
Pierre-Chadron

contact

(feet) Range!
Level of

specimen'^

114 USNM 2151

Allops

serotinus 80
B3
C? B (lower)

USNM 4251 U
77

a

USNM 4259
Brontops
brachycephalus 55.6 A A or B

USNM 4258 71.4 A3 B (lower)

USNM 4947 14.4 A A

AE 327

Diploclonus

tyleri 35

B
A? a

U USNM 4711
Megacerops
copei 65.4

B
C? B (lower)

USNM 4705
Megacerops
hucco 46.7 B A

USNM 4256
Brontotherium
medium 81 C B (lower)

USNM 1211

Brontotherium
curtum 93.3 « B

u USNM 4946 U
89 U “

117 AMNH 1447
Brontotherium
ramosum 62.3 “ B (lower)

489 USNM 4703
Brontops
dispar 62 B U

USNM 4290 “ “ “ B (lower)

511 FMP 6900
Allops

marshi 50 A or B A or B

Page references are to page numbers in U. S. Geological Survey Monograph 55.

Specimens: USNM—U. S. National Museum;Am—Amherst College; AMNH

—

American Museum of Natural History; FM—Field Museum of Natural History.

Range; Range given by Osborn for each species in his detailed descriptions.

USNM 4258 is variously mentioned as coming from A and B levels.

Level of Specimens; Level at which specimen actually occurred, figured from
Hatcher’s original subdivision, A-50 ft., B-lOO ft., C-30 ft. Osborn also men-
tions a field division into three 60 ft. levels, each of those divided into three 20 ft.

levels, used for convenience in field labels, and from his text it is not always clear

to which of these subdivisions he is referring. However, as most of the specimens
discussed bear Hatcher’s labels, it is assumed that Hatcher’s stratigraphic table

is the one referred to in the formal descriptions of species.
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Table III

SPECIMENS PERSONALLY OBSERVED BY THE AUTHOR

Specimen Species

Height above

Pierre-Chadron

contact

(feet) Range

Level of

specimen

ILL P6413 Allops

serotinus 15

B3

C?

A
(lower)

CM 11839 Brontops

dispar 60 B
B

(lower)

CM 11840 60

CM 11841
U 60 U a

1

W 1534 Brontotherium

platyceras 65 c “

P 13840 22

A
(lower)

P 13785 Brontops

brachycephalus 65
1

A
B

(lower)

P 12971 Brontops

dispar 70

!

j

i

B i B
i

P 13620 Brontops

robustus

1

60 C
B

(lower)

P 12791
“

90
U B

P 13778 Menodus

giganteus 70 ,

U

111.—University of Illinois, Natural History Museum; C.M.—Carnegie Mu-
seum, Pittsburgh; W.—Walker Museum, University of Chicago; P.—Princeton

University Paleontological Museum. Other notes as in Table 11.
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Table IV

Canada.

Pipestone Springs

and other Montana

localities.

Upper Member.

South Dakota.

Lower Nodular or

higher Oligocene.

Peratherium titane- Peratherium sp. P. huntii et al.

lix

A. medicevus Apternodus altitalon- A. gregoryi, brevi-

Micropternodus

borealis

I. major, intermed-

idus

Clinopternodus

Metacodon

Ictops dakotensis

rostris

I. dakotensis

H. cruentus

ius, et al.

H. montanus?

Sinclairella

Hycenodon cruentus H. cruentus

D. canadensis

Pseudo-pterodon

minutus

Daphcenus dodgei D. vetus et al.

D. felina

Parictis dakotensis

Pseudoplesictis gra-

cilis

Deinictis cf. fortis

Oligobunis

D. felina et al.

M. westoni et M. latidens

Hoplophoneus oharrai

Hoplophoneus mentalis

Hoplophoneus robustus

Mesohippus cf. latidens

H. primcevus et al.

M. bairdii et al.

al. Thompson’s

Titanotheres

Creek)

.

Titanotheres sp? Titanotheres sp?

C. occidentalis? Colodon occidentalis C. occidentalis?

H. priscidens H. sp. Hyracodon sp. H. nebraskensis et

“Ancodus”

5. montanus Stibarus sp.

Leptochoerus sp.

jEpinacodon ameri-

al.

^pinacodon rostra-

0. culbertsoni Oreodonts, several

canus

Perchoerus cf. nanus

Oreodon ?

tus

P. nanus

Oreodon culbertsoni

L. esulcatus

genera.

L. esulcatus Leptomeryx cf. esulca-

et al.

L. evansi

P. turgidus P. triplex}

tus

Paleolagus cf. triplex P. triplex, turgidus

A. minutus Adjidaumo minutus A. minutus

A. minor Adjidaumo minor A. minutus, A. tri-

E. parvus Eutypomys sp. (near

lophus

E. thomsoni

P. lippincotti- P. Paterculus

thomsoni)

Pseudocynodictis gre- P. gregarius et al.

amis garius
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EXPLANATION OF PLATE XXL

Upper Figure

Upper Indian Creek, showing the three members of the Chadron, with an

outlier of Brule in the distance. A heavy channel sandstone here forms the

top of the middle member.

Middle Figure

Brick-red, Lower Chadron clay with a very thin basal conglomerate, rest-

ing on Pierre shale, in Quinn Draw. The conglomerate is here cemented by

pyrite.

Lower Figure

Sand-calcite crystals. Lower Member, in Shoemaker Draw.
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EXPLANATION OF PLATE XXIL

Upper Figure

A typical “graveyard,” containing chiefly Titanothere remains with some

Trigonias and Archceotherium, in upper Big Corral Draw.

Middle Figure

Close-up view of same subject as the upper figure.

Lower Figure

Sage Fault, in Dillon Pass. Displacement about sixty-five feet. This

figure is in error to the extent that the horizontal broken line in the upper left-

hand corner, indicating the upper limit of the “Chadron Interior,” should be

lowered about one-sixteenth of an inch, and the similar line in the lower right-

hand corner should be lowered about an eighth of an inch.
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EXPLANATION OF PLATE XXIIL

Upper Figure

Chadron in the valley of White River, three miles west of Conata.

Lower Figure

Lower course of Quinn Draw, an intermittent stream which is filling up its

valley at present. Note the very shallow, flat-bottomed stream bed, the low

natural levees, and the broad, very gently sloping, almost perfectly flat, flood

plain.
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EXPLANATION OF PLATE XXIV

Upper Figure

Parictis dakotensis Clark, X 3.

Horsfall.

Photograph of a drawing by Mr. R. B.

Lower Figure

Mustelavus prisons Clark. Natural size. Photograph of a drawing by

Mr. R. B. Horsfall.
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EXPLANATION OF PLATE XXV

Section I.

Cross-section iK miles long, extending southward from the southwest cor-

ner of 71 Table. Shows the edge of Red River Valley, paralleled by a local

normal fault; also shows the basal white channel fills and overlying clay series

of the eastern facies.

Section 1 1.

Cross-section 2 miles long, extending southward from the southeast side of

Kube Table. Shows a limestone separating the Lower and Middle Members

(western facies) and extending northward to overlie a basal white channel fill

and underlie the massive clay series (eastern facies). Also shows gradation of

the Middle and Upper Members into the clay series.

Section III.

Cross-section 2 miles long, extending NW-SE in upper Battle Creek Draw.

Shows the south wall of Red River Valley, also a basal white channel fill.
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EXPLANATION OF PLATE XXVI

Figs. 1-2. Metacodon magnus Clark. Type specimen, crown and mesial

views, X 5. Scale shows millimeters.

Figs. 3-4. Apternodus altitalonidus Clark. Type specimen, crown and

lateral surfaces, X 5. In the lateral view, P4 is toward the left; in the crown view,

it is toward the right. Units of the scale are millimeters.

Figs. 5-6. Clinopiernodus gracilis Clark. Type specimen, crown and lateral

views, X 5. Anterior end to the left in the lateral view, and to the right in the

crown view. Scale shows millimeters.
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ART. XXII. A CONTRIBUTION TO THE CLASSIFICATION OF
SOUTH AMERICAN AGALLIAN LEAFHOPPERS

By P. W. Oman
Bureau of Entomology and Plant Quarantine,

United States Department of Agriculture.

(Plates XXVII-XLV)

Introduction

During the preparation of “A Classification of North American

Agallian Leaf Hoppers”^ the writer found it necessary to prepare a

preliminary classification of the South American species of the same

group, and to investigate the identity of a number of previously

described species from that region. Those studies, made from rather

meager material, indicated that the South American fauna, and

especially that of the tropical regions, was extremely rich in agallian

leafhoppers. Consequently, the work was continued with considerable

enthusiasm following the acquisition of two rather extensive collec-

tions from Argentina, one of which contained material connected with

studies of the “curly-top” of sugar beets.

Although approximately three thousand specimens have been

examined during the course of this study, there has been very little

material available from the mountainous regions of western South

America. It seems safe to assume, therefore, that probably a con-

siderable number of the total species occurring in South America are

not known at this time, in spite of the fact that the present paper adds

fifty-four forms to the twenty-five already recorded from that region.

The purpose of this paper is to sum up, so far as possible, the pres-

ent knowledge of the species of Agallia and related genera which

occur in South America, and to establish a sound working basis for

future investigations in the group. A part of the results of this work

has already been published in a paper entitled “South American Leaf-

hoppers of the Genus AgallianaA'^

^U. S. Dept. Agric. Tech. Bull. 372, 1933.

-Revista de Entomologia, vol. 4, fasc. 3, p. 333-340, 1934.
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Sources of Material and Acknowledgments

The material examined during the course of this study was made

available through the courtesy of the United States National Museum,

the Carnegie Museum, the Bureau of Entomology and Plant Quaran-

tine of the United States Department of Agriculture, and Dr. E. D.

Ball. The National Museum and the Carnegie Museum collections

are especially rich in material from Brazil, Bolivia, and Colombia,

and the material probably constitutes a fairly representative collec-

tion for that region. Most of the specimens from Argentina were col-

lected by Mr. C. F. Henderson of the Bureau of Entomology and

Plant Quarantine, while searching for parasites of the beet leafhopper;

the remainder were obtained from Mr. A. A. Ogloblin of Santa Ana,

Prov. Missiones, Argentina.

The writer is indebted to Mr. H. G. Barber, of the Bureau of Ento-

mology and Plant Quarantine, for many helpful suggestions made dur-

ing the preparation of this paper. Dr. E. Seguy of the Paris Museum
of Natural History, France, has, upon request, kindly supplied draw-

ings of the type of Agallia major Lethierry. Dr. Hugo Kahl, Curator of

Entomology at the Carnegie Museum, rendered valuable assistance

during the time the writer was examining types at that institution.

Dr. O. Lundblad, director of the Experimentalfaltet, Sweden, has

on several occasions made comparison with types of Stal’s species in

the Stockholm Museum, and has also supplied valuable notes con-

cerning certain of those species. To these, and all others who have

assisted in the preparation of this paper, the writer expresses sincere

thanks.

Illustrations

The outline drawings accompanying this paper were made by the

writer on co-ordinate paper with the aid of a micrometer disk ruled

in squares and placed in the ocular of a binocular microscope. Unless

otherwise stated in the explanation of the plates, all drawings of

external characters show an enlargement of approximately 30 diame-

ters; all drawings of male genital characters shown in the genital

capsule, approximately 60 diameters; the detail drawings of internal

structures of the male, approximately 90 diameters. Drawings of the

male genital capsule and internal structures are of the lateral view

unless otherwise indicated.
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The excellent photographic enlargements were made by J. G. Pratt

of the Bureau of Entomology and Plant Quarantine. Most of the

prints have been worked over with pencil to emphasize color patterns.

All these photographs are of approximately the same magnification

(X lo) and therefore give an accurate idea of the relative sizes of the

various species.

The illustrations in Plate XLV are of Stabs types in the Natur-

historiska Riksmuseet at Stockholm, Sweden, and are reproduced

from drawings made by Madame Therese Ekblom for the Carnegie

Museum. These illustrations were first published in connection with

Osborn’s paper on the Neotropical Homoptera of the Carnegie Mu-

seum.^

Taxonomic Position of Agallian Leafhoppers

Agallian leafhoppers belong to the subfamily Bythoscopinae, which

is distinguished from other subfamilies of the Cicadellidse by the char-

acter of the head, which is short and broad and has no distinct carina

between vertex and front, and by the position of the ocelli, which are

always present on the front, below the vertex rather than on the

vertex or the vertex margin. The species treated in this paper are all

characterized by the robust form, short, broad vertex, shallow an-

tennal pits, absence of appendices in the elytra, and the position of

the ocelli, which are not close to the eyes. In a previous publication^

the writer has presented a key for the separation of the genus Agallia

and related genera from others of the subfamily. In the same paper

will be found a discussion of the characters thought to be of most im-

portance in the separation of the species of the group.

Key to the Genera and Subgenera

I Distance between ocelli equal to or less than distance from ocellus to eye.

Lateral margins of genae not sinuately curved below the eyes.

Agalliota, p. 392

Distance between ocelli always greater than distance from ocellus to eye.

Lateral margins of genae sinuately curved below the eyes 2

2 (i) Surface of pronotum finely granulated, neither coarsely pitted nor trans-

versely rugulose 3

Surface of pronotum either coarsely pitted or transversely rugulose 5

3Ann. Cam. Mus., vol. XV, plate LV, figs. 2, 3, and 4; plate LVI, fig. 4.

^U. S. Dept. Agric. Tech. Bull. 372, p. 2, 1933.
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3 (2) Posterior margin of vertex sinuately curved laterally and vertex distinctly

produced behind the eye. Length of vertex medially always less than

next the eye; eyes not bulbous Agalliopsis, p. 354
Posterior margin of vertex smoothly rounded and vertex only narrowly pro-

duced behind the eyes laterally. Length of vertex uniform, or, if

shorter medially, eyes somewhat bulbous 4

4 (3) Vertex shorter medially than next eyes, eyes somewhat bulbous, face

rather flat, pronotum short, seventh ventral segment of female very

short and exposing underlying membranes, styles of male genitalia

not forked or with forks obsolete Euragallia, p, 397

Vertex of uniform length, face distinctly convex, pronotum not twice as

wide as median length, genital characters not as ahove . A gallia, p. 363

5 (2) Surface of pronotum coarsely pitted Agalliana, p. 406

Surface of pronotum transversely rugulose .6

6 (5) Styles of internal male genitalia forked.

AceratagalUa Quhgenns BergalUa, p. 407

Styles of internal male genitalia not forked.

AceratagalUa subgenus AceratagalUa, p. 407

The Genus Agalliopsis

Agalliopsis Kirkaldy, Hawaii Sugar Planters Association Experiment Station,

Division of Entomology, Bulletin 3, p. ii, 30-31, 1907.

Vertex very short medially, usually distinctly longer next the eyes,

the hind margin sinuately curved laterally and extending some dis-

tance behind the eyes. Surface of pronotum finely granulated.

Styles of male internal genitalia forked posteriorly, sedeagus often

with accessory processes, pygofer with hook-like processes in some
species.

Type of the genus, Jassus novellus Say.

There appear to be relatively few species of Agalliopsis in South

America, and these mostly from the tropical regions, if we may judge

from the material at hand. The species treated in the following pages

do not form a homogeneous group, and the writer feels that segregates

worthy of generic rank will be recognizable when the fauna of tropical

America is better known.

Most of the species treated have been represented by short series

of specimens. Only the female sex of ornata, elegans, and peruviana

and the male sex of tincta and vonella are known to the writer.

Key to the Species of Agalliopsis

I Species without dark oval spots on posterior one-half of pronotum, pronotal

markings consisting of dark areas along anterior border with extensions

which barely reach or slightly exceed disk 2
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2 (l)

3 (2)

4 (2)

5 (I)

6 ( 5 )

7 ( 5 )

8 ( 7 )

9 (8)

Species with dark oval spots on posterior one-half of pronotum, pronotal

markings not limited to anterior one-half 5

Pronotum unmarked on median line, with anterior dark areas laterally

only 3

Pronotal markings not interrupted along median line 4

Species large, rather robust, dark markings on pronotum without lobe-like

extensions posteriorly. Length 5 mm. or more peruviana, p. 355

Species slender, dark areas on pronotum extended posteriorly next middle.

Length about 4.5 mm tincta, p. 356

Pronotal marking with three distinct lobes on posterior margin. Face

piceous. Length 3.5 mm. or less pulchella, p. 358

Pronotal marking not lobed on posterior margin. Face pale. Length 4

mm. or more ornaticollis, p. 359

Pronotum with four black spots in a transverse row across' disk and pos-

terior submargin, lateral ones smaller than median pair, no median

dark line 6

Pronotum with only two black spots on posterior one-half, these sometimes

circled, or partly so, by black to fuscous, but if so, a median dark line

always present 7

Ground color of pronotum bright yellow. Median pair of black spots al-

most touching posterior margin of pronotum. First sector of elytra

not brown basally. Length 3.75 mm. or more ornata, p. 359

Ground color of pronotum dull brownish yellow. Median pair of pronotal

spots on disk. First sector of elytra distinctly brown basally. Length

3.25 mm. or less elegans, p. 360

Costa and first sector of elytra brown or fuscous at least to middle of ante-

apical cells; cells of corium not infuscated disparilis, p. 357

Costa and first sector concolorous with elytral cells; corium fuscous or brown

along commissural line and often at base, with a hyaline or subhyaline

area on costal margin opposite first cross-vein 8

Male internal genitalia without pj^gofer hooks. Plates small, pygofer

narrow (PI. XXVIII, fig. 2A) vonella, p. 361

Male internal genitalia with pygofer hooks. Plates large, pygofer in-

flated 9

Male pygofer distinctly pointed and produced well beyond plates. Pygofer

hooks broad, extending only caudad and dorsad from base.

novella var. vicosa, p. 362

Male pygofer and pygofer hooks not as above. . novella var. ernidata, p. 361

Agalliopsis peruviana n. sp. (Plate XXVII, figs, i, lA)

A large, rather slender species, with a yellow head and pronotum

and brown elytra. Not closely related to any previously described

species. Length of female 5.5 mm.
Color: General ground color of body bright yellow. Face variously

marked with fuscous to brown; vertex with a round fuscous spot
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above each ocellus and a fuscous dash next each eye. Pronotum
entirely yellow except for depressed anterior margin laterally which
is marked with brown to fuscous. Basal one-half of scutellum in-

fuscated except for median pale area. Elytra brown subhyaline with
a hyaline area on middle of costa. Below mostly yellow, legs brown.

Structure: Vertex very short medially; anterior lateral margins of

pronotum distinctly depressed. Elytra long and comparatively
slender, second cross-vein between sectors absent.

External genitalia: Last ventral segment of female long, lateral

angles rounded, median portion of posterior margin broadly produced
and rounded.

The size and the female genital characters, together with the

distinctive color, should easily separate this species from others of

the genus.

Holotype, female from Callanga, Peru. No other data. Type in

the collection of E. D. Ball.

Agalliopsis tincta n. sp.

(Plate XXVII, figs. 3, 3A; plate XXXVII, fig. 9; plate XLIII, fig. 4)

Resembling peruviana but much smaller, more slender, with dif-

ferent markings and with veins of elytra not concolorous with cells.

Length of male 4.5. mm.
Color: Head yellow; face marked with fuscous on lori, on clypeus

laterally and apically, and in antennal pits. Arms of inverted Y
fuscous, base brown, spots above ocelli fuscous. Pronotum orange-

yellow, anterior margin laterally marked with fuscous, these spots

concavely excavated on posterior margin. Basal triangles of scu-

tellum fuscous. Claval cells fuscous, veins pale, cells of corium
brownish-subhyaline, veins brown except apically.

Structure: Face elongate triangular, lateral margins of gense slightly

convex. Head and thorax comparatively narrow, general form elon-

gate and slightly wedge-shaped. Elytra long, tapered apically,

second cross-vein between sectors absent.

External genitalia: Male valve large, not clearly separated from
genital capsule, about two-thirds as long as plates. Plates broad

basally, tapering to narrow, bluntly pointed tips, each with a mem-
branous extension curved backward and upward.

Internal male genitalia: ^E^deagus broad basally, with a dorsal

process for muscular attachment and a pair of slender tapered pro-

cesses on each side ventrally, these extending directly caudad. Shaft

of aedeagus slender, apical portion bent abruptly upward. Con-
nective long and rather slender. Style broad on posterior one-half,

lightly sclerotized along median line and appearing to be forked near

middle, but actually forked near apex, with forks short and blunt.
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Posterior margins of tenth segment tapered, apically with a dorsal

projection. Posterior margins of pygofer tapered, bearing on each

side a pair of inwardly projecting, spine-like extensions. Dorsal

surface of plates thickly set with long, filamentous hairs.

In the coloration and internal male genital characters, quite dis-

tinct from other species known to the writer.

Holotype, male and one male paratype from Chapada, Brazil,

April. Also two male paratypes from the same locality, one col-

lected in May and one in August. All specimens from the C. F.

Baker collection. Types in the collection of the U. S. National

Museum, cat. no. 50804.

Agalliopsis disparilis n. sp.

(Plate XXVII, figs. 2, 2A, 2B; plate XXXVII, fig. 10)

Quite distinct from other species of the genus in the shape of the

apically rounded male plates and the small female genital segment.

Length 3 -25 -3-75 mm.
Color: General ground color of head and thorax pale yellowish white.

Face with fuscous to brown marks as follows: Antennal pits and su-

tures below, clypeus apically and a row of short transverse bars

laterally, inverted Y, and a dash from each eye including the adjacent

ocellus. Vertex with a large black to fuscous spot above each ocellus

and a small often indistinct brown point next each eye. Pronotum
with brown to fuscous marks as follows: Anterior margin laterally,

a narrow median line, and a pair of indefinite spots on disk. Basal

triangles of scutellum dark. Elytra subhyaline, clavi often em-
browned. Veins of corium brown. Wings opaque.

Structure: Distinctly wedge-shaped, more so than is usual in the

genus. Elytra strongly tapered, second cross-vein absent.

External genitalia: Last ventral segment of female short, posterior

margin with a small quadrangular projection medially. Male valve

large, plates together appearing rounded distally and extending up-

ward at the caudal end of the capsule.

Internal male genitalia: ^deagus in lateral view stout, extending

directly upward and terminating in a pair of long slender processes

which extend caudad at right angles to the basal portion. Style

stout, forks of almost the same size and pincer-like in appearance.

Posterior margins of pygofer with two pairs of projections, a small

pair next anal tube and a larger pair below, both bearing short setae.

Male plates slightly pointed apically when examined after treatment.

Holotype, female, allotype male, and one male paratype from

Cacagualito, Colombia, May, collected by the late Herbert H. Smith,
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Carnegie Museum, accession no. 1999. Holotype and allotype in the

Carnegie Museum, paratype in the collection of the U. S. National

Museum, cat. no. 50805. The two males are somewhat teneral but

the female is fully colored and well marked.

Agalliopsis pulchella n. sp.

(Plate XXVIII, figs. 4, 4A; pi. XXXVII, fig. 8; pi. XLIII, fig. i)

A small species with strongly contrasted pronotal colors and with

elytral veins punctate basally. Not closely related to any previously

described species. Length 3-3.5 mm.
Color: Face piceous except for a reddish brown spot in the middle;

vertex yellow to white with piceous to reddish-brown marks in the

form of a median line, a broad extension from face above each ocellus,

and a narrow extension next each eye. Pronotum yellow to white

on posterior one-half, anterior one-half reddish brown to piceous with

three lobe-like extensions posteriorly. In the male the colors are

white and piceous, in the female the pale areas are yellow and the

piceous has a tendency to fade out to reddish brown. Scutellum

piceous with a pale spot at apex and one on each lateral margin.

Elytra irregularly black and brown with two white spots on com-
missural line, one on middle and one at apex of clavus, a hyaline

spot on middle of corium next claval suture, and another on costal

margin next apical cross-vein. Below reddish brown, legs pale.

Structure: General form distinctly wedge-shaped; pronotum arched.

Elytra distinctly punctate basally along veins, venation obscure,

second cross-vein between sectors absent.

External genitalia: Last ventral segment of female long, posterior

margin produced and rounded. Male valve large, as long as plates;

plates tapering to a blunt point.

Internal male genitalia: iTdeagus extending upward, then back-

ward, then obliquely upward, apex with a slender process extending

downward and to the right. In lateral view the sedeagus is broadened

along the horizontal portion. Connective very short. Style short,

forks short, outer fork blunt and stout, inner fork more slender,

pointed and curved downward and outward. Pygofer with posterior

dorsal margins produced and angled.

Holotype male, allotype female, and one, female paratype from

Loreto, Prov. Missiones, Argentina, A. A. Ogloblin, the holotype taken

on December 3, the allotype on December 12, and the paratype on

December 10, 1931. Types in the collection of the U. S. National

Museum, cat. no. 50806.
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Agalliopsis ornaticollis n. sp.

(Plate XXVII, figs. 5, 5A, 5B; pi. XXXVIII, fig. 7; pi. XLIII, fig. 2)

Related to, and resembling, pulchella, but larger, with the anterior

fuscous area on the pronotum not trilobed posteriorly and with the

elytral veins impunctate basally. Length 4 mm.
Color: Face pale yellowish white, antennal pits and lateral margins

of clypeus, except basally, fuscous. Inverted Y on vertex and minute
spots next ocelli pale fuscous, spots on vertex above ocelli black

and spots next eyes fuscous to brown. Pronotum with anterior

margin and broad rounded projection posteriorly on disk fuscous,

remainder white. Basal triangles and apex of scutellum fuscous.

Elytra brown to fuscous, subhyaline on basal one-half, a white spot

on commissural line before apex of clavus, and a hyaline area on costa

even with this. Apical cells smoky to fuscous, veins of elytra mostly

concolorous.

Structure: Similar in general form to pulchella but proportionally

larger. Basal veins of elytra not punctate as in pulchella, venation

mostly obscure, second cross-vein absent.

External genitalia: Last ventral segment of female short laterally,

median portion triangularly produced, apex very faintly notched.

Male valve not definitely separated from plates; plates tapering to

middle, apices slightly wider and diverging.

Internal male genitalia: ^Fideagus in lateral view broad basally,

extending first upward, then narrowed and bent caudad, slightly

widened apically, apex blunt. Connective short. Style short, outer

fork blunt and stout, inner fork longer and more pointed. Spine of

tenth segment straight, apical portion bent posteriorly at right angles.

The size, color pattern, or genital characters of either sex will sepa-

rate this species from pulchella, the only one with which it is likely

to be confused.

Holotype, male; allotype, female; and one female paratype from

Loreto, Prov. Missiones, Argentina, A. A. Ogloblin. The holotype

was taken on November 29, the allotype on November 25, and the

paratype on December 14, 1931. Types in the collection of the U. S.

National Museum, cat. no. 50807.

Agalliopsis ornata n. sp. (Plate XXVII, figs. 6, 6A)

Related to ornaticollis in general form, but with fuscous spots on

the posterior margin of the pronotum and the female genital segment

broader. Length of female 4 mm.
Color: General ground color yellow. Antennal pits and clypeus
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laterally marked with fuscous, inverted Y narrowly fuscous and
ocelli margined with fuscous. Vertex with a median line, a small

spot above each ocellus, and one next each eye, all fuscous. Anterior

margin of pronotum narrowly and irregularly fuscous, posterior sub-

margin with four fuscous spots, the inner pair much larger than the

outer pair and extending anteriorly beyond middle of pronotum.
Basal triangles of scutellum fuscous. Elytra basally intermittently

fuscous and yellow, apically with cells smoky-subhyaline and veins

yellow except for elongate hyaline area along outer margin of corium.

Structure: Anterior margin of vertex evenly rounded, pronotum
evenly convex. Elytra tapered, without second cross-vein between
sectors.

External genitalia: Last ventral segment of female broad, lateral

margins short, posterior margin broadly rounded to shallow median
incision.

Although described from a single female, the color and markings

are so distinct that there should be no trouble in recognizing this

species.

Holotype, female from Chapada, Brazil, January, C. F. Baker

collection. Type in the collection of the U. S. National Museum,

cat. no. 50808.

Agalliopsis elegans n. sp. (Plate XXVIII, figs, i, lA)

Resembling pulchella in size, but with the general form more de-

pressed and the general ground color brownish. Easily distinguished

from pulchella by the four velvety-black spots on the pronotum.

Length of female 3.25 mm.
Color: Ground color of head and thorax dull brownish yellow.

Antennal pits, sutures along clypeus, and a dash below each antennal

pit fuscous. Vertex with a round black spot above each ocellus and a

smaller fuscous one next each eye. Pronotum with four round,

velvety-black spots, a small pair next lateral margins and a larger

pair closer together and anterior to these. Posterior margin of

pronotum faintly infuscated. Basal triangles of scutellum black.

Claval cells embrowned, veins yellow or pale; cells of corium sub-

hyaline except along claval suture, veins concolorous except first

sector which is brown to base of anteapical cells. Costa brown
basally.

Structure: Vertex evenly rounded anteriorly, pronotum truncate

posteriorly. Elytra tapered, second cross-vein between sectors

absent.

External genitalia: Lateral margins of last ventral segment of female

short, posterior margin produced and narrowing, median portion

subtruncate or slightly excavated.
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Holotype, female from Chapada, Brazil, January, C. F. Baker

collection. Also one female paratype in poor condition from Corumba,

Brazil, May, C. F. Baker collection. Types in the collection of the

U. S. National Museum, cat. no. 50809.

Agalliopsis vonella n. sp.

(Plate XXVIII, figs. 2, 2A; plate XXXVII, fig. 6)

Resembling a small novella but easily distinguished from that species

by the small plates and pygofer and the absence of pygofer hooks in

the male. Length of male 3-3.25 mm.
Color: Markings of head and thorax indistinguishable from those

of the males of novella. Females may be expected to be much paler.

Elytra uniformly smoky fuscous except for three small hyaline marks
along commissural line and a hyaline area on costal margin opposite

the first cross-veins.

Structure: As in novella but proportionally smaller, second cross-

vein between sectors of elytra absent.

External genitalia: Male valve small, quadrangular. Plates small,

narrower than valve, tips blunt. Pygofer not inflated as in novella.

Internal male genitalia: Tideagus in lateral view V-shaped, lower

arm longer and carrying the ejaculatory duct, upper arm for muscular
attachment. Tip of lower arm ending in a pair of short, flaring lateral

processes. Inner fork of style with a long tooth on lower surface,

style thus appearing to be trifurcate. Tenth segment ending in three

short, stout teeth on each side. Posterior margins of pygofer thickened

above styles but not produced into processes which could be referred

to as pygofer hooks.

The small size and the shape of the male plates will separate this

species from any other South American form known to the writer.

Holotype, male from Minca, Colombia, May, 1898, Carnegie Mu-
seum accession number 1999, collected by the late Herbert H. Smith.

Type in the Carnegie Museum. Paratype, a male in poor condition,

labeled La Esperanza, Colombia, in the collection of the U. S. National

Museum, cat. no. 50810.

Agalliopsis novella var. emulata n. var.

(Plate XXXVII, fig. 5)

Superficially identical with typical novella but with less difference

between the colors and size of the two sexes and with a narrower fe-
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male genital segment. Larger than typical tropicalis. Length

3.5-4 mm.
Color and structure: As in typical novella but lacking the extremely

dark forms of the males and the pale forms of the female.

External genitalia: Last ventral segment of female not so broad as

in typical novella, posterior margin shallowly excavated. Male
genitalia as in novella.

Internal male genitalia: ^deagus similar to that of novella but with

posterior portion longer and straighter, basal portion for muscular
attachment shorter, and lateral basal processes shorter. Pygofer

hooks much larger than in novella and lying more nearly horizontal

than vertical. Tenth segment with posterior margins foot-shaped in

lateral view, toe pointed downward instead of upward as in novella.

Holotype, male, and allotype, female, from Loreto, Prov. Missiones,

Argentina, December 18, 1931, A. A. Ogloblin. Paratypes, ten speci-

mens representing both sexes from the above locality and collector,

taken on various dates from November 29 to December 18, 1931.

Types in the collection of the U. S. National Museum, cat. no. 50811.

Agalliopsis novella var. vicosa n. var.

(Plate XXVIII, figs. 3, 3A, 3B; pi. XXXVII, fig. 4; pi. XLIII, fig. 3)

Superficially identical with novella var. emulata but with the male

pygofer much longer and the pygofer hooks broad. Length 4 mm.
Color and structure: As in emulata.

External genitalia: Female genital segment as in emulata. Male
plates as in typical novella but pygofer much longer and pointed

apically.

Internal male genitalia: T^deagus somewhat as in emulata but with

the posterior portion even broader in lateral view and with basal

lateral processes extending slightly downward and inward as well as

backward. Posterior margins of pygofer pointed, pygofer hooks very

broad, produced only caudad and upward from base, margins next

median line coarsely serrate. Tenth segment similar to that of

emulata.

Holotype, male, allotype, female, and three female paratypes

from Vicosa, Minas Geraes, Brazil, collected on Leguminosae by

E. J. Hambleton in June, 1933, and sent to the writer for identifi-

cation by F. W. Poos of the Bureau of Entomology and Plant Quaran-

tine, United States Department of Agriculture. Types in the col-

lection of the U. S. National Museum, cat. no. 50812.
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The Genus Agallia

Agallia Curtis, Entomologist’s Magazine, vol. i, p. 193, 1833.

Vertex short and of uniform length, posterior margin evenly curved

and not sinuated laterally and vertex not produced laterally behind

the eyes. Surface of pronotum finely granulated. Styles of internal

male genitalia forked posteriorly.

Type of the genus, Agallia consohrina Curtis, which is a synonym

of puncticeps Germar.

The genus as here defined contains considerable diversity of form

and structure. At present, however, none of the groups within the

genus are considered distinct enough for separation under a new name.

Because of the great variation in colors, and the fact that numerous

species are described from a single sex, it has been impossible to

indicate a phylogenetic arrangement in the key which follows. The

usefulness of the key can be greatly increased by frequently con-

sulting the illustrations, especially those referred to specifically in the

key. At present only the female sex of dorsata and incerta, and the

male sex of basalis, inornata, extensa, fumida, and abjiormis, are known

to the writer.

Key to the Species of Agallia

1 Second cross-vein between sectors of elytra absent 2

Second cross-vein between sectors of elytra present 51

2 (i) Vertex unusually short medially; pronotum strongly arched, with distinct

depressed areas next the anterior margin laterally. Large species,

4.5 mm. or more in length, usually over 5 mm. in length 3

Vertex normal; pronotum not as above. Species smaller, either distinctly

less than 4.5 mm. in length or quite slender 5

3 (2) Clavus adjacent to claval suture yellow or white; corium fuscous or black

(in teneral specimens brown) except for narrow costal area; venation

of corium obscure incongrua, p. 369

Clavus and corium not as above, veins of corium distinct and brown 4

4 (3) Clavus with a transverse white stripe across disk; pronotum without a pair

of large brown spots on posterior submargin next median line.

dorsata, p. 369

Clavus without a transverse white stripe across disk; pronotum with a pair

of large brown spots on posterior submargin next median line.

incisa, p. 368

5 (2) Color yellowish testaceous or pale brownish-yellow without distinct dorsal

markings except a pair of black to fuscous spots on the vertex above

ocelli and a similar pair behind these on the posterior half of the pro-

notum, the four marking the corners of a quadrangle 6

Color and markings not as above 10
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6

(5) Males 7

Females 9

7 (6) Male plates broad basally, abruptly narrowing to less than one-half their

basal width and produced in slender, slightly tapering processes which

end in sharp, spine-like points (PI. XXXIII, fig. 5A) .abnormis, p. 391

Male plates not as above : 8

8 (7) Male plates elongate, gradually tapering from base to blunt tips (PI.

XXXII, fig. 4B) quadrata, p. 382

Male plates not elongate, roughly triangular in general outline and com-

paratively small (PI. XXXII, fig. 5B). modesta, p. 387

9 (6) Posterior margin of female genital segment broadly and shallowly exca-

vated (PI. XXXII, fig. 4A) quadrata p. 382

Posterior margin of female genital segment truncate (PI. XXXII,
fig. 5A) modesta, p. 387

10 (5) Elytron approximately twice as long as greatest width; species small

and robust; color chiefly black nigerrima, p. 390

Elytron three or more times as long as greatest width; species not un-

usually robust II

11 (10) Males 12

Females 34

12

(i i) Pygofer large and swollen, broader and usually longer than plates, ventral

opening to genital capsule exposed (PI. XXXI, figs. iB,2B) 13

Pygofer normal, opening to genital capsule covered by plates 16

13

(12) Pronotum with black to fuscous marks at base only. . . .basifusca, p. 374

Pronotum with dark marks on disk as well as base 14

14 (13) Anterior two-thirds of pronotum dark except for a median pale spot (PI.

XXX, fig. 5), posterior one-third without markings.

atromaculata, p. 37 5

Pronotal markings not as above 15

15 (14) Pygofer extending beyond tip of plates about twice the length of the

plates (PI. XXXI, fig. iB). ^Edeagus without lateral processes.

brevicauda, p. 377

Pygofer extending beyond tip of plates only about one-half the length

of the plates (PL XXXI, fig. 2B). ^Edeagus with lateral processes.

clara, p. 379

16 (12) Tips of male plates pointed, plates together triangular or subtriangular . 17

Tips of male plates bluntly rounded or truncate, plates together not

triangular 28

17 (16) ^deagus with a pair of long lateral processes arising much anterior to

apex of aedeagus and extending posteriorly beyond apex of aedeagus

(PI. XL, fig. 7A) bifurcata, p. 386

^deagus not as above, lateral processes, if present, arising near apex. . . 18

18

(17) Pygofer with a pair of processes arising next tenth segment and extending

downward and backward, the apices of these serrate (PL XXXIX,
fig. i) hyalina, p. 376

Processes of pygofer, if present, not as above 19



1938

19 (i8)

20 (19)

21 (20)

22 (21)

23 (21)

24 (23)

25 (24)

26 (24)

27 (26)

28 (16)
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Posterior portion of sedeagus straight and slender, apex with a pair of

slender lateral processes. Posterior margins of pygofer with one

pair of processes extending upward and one pair extending backward

(PI. XXXIX, fig. 8) extensa, p. 385

^deagus not as above, posterior margins of pygofer with one pair of

processes or none 20

Posterior margins of pygofer with one pair of slender processes curving

upward, backward and slightly inward (PI. XL, fig. i)

.

caudata, p. 384

Posterior margins of pygofer lacking processes or with processes extend-

ing downward 21

^deagus with short processes near the apex, these usually extending to-

ward the base of the sedeagus 22

iEdeagus without processes near apex 23

Pygofer extending further caudad next tenth segment than next plates.

Small species, 3.5 mm. or less in length modesta, p. 387

Pygofer longer next plates than next tenth segment. Species large, 4.25

mm. or more in length fumida, p. 380

^deagus slender and narrowly U-shaped in lateral view (PI. XL, fig. 8).

manaosa, p. 388

^deagus stout; if U-shaped, broadly so, with depth of U not more than

width between arms 24

Colors dull brown with little contrast between ground color and mark-

ings. Veins of elytra brown or hyaline. Length 3.25 mm. or

less 25

Color varied, but with sharp contrast between ground color and markings.

Veins yellow or orange at least basally. Length 3.75 mm. or more . 26

Arms of U-shaped aedeagus of nearly equal width in lateral view (PL

XL, fig. 5). Pronotal markings very faint minuenda, p. 388

Posterior arm of U-shaped aedeagus much stouter than anterior arm (PI.

XL, fig, 6). Pronotal markings distinct corumba, p. 389

Pronotum with fuscous to black marks on base only (PI. XXX, fig. 4).

basalts, p, 375

Pronotum with varied markings on disk and near posterior margin,

or none 27

Pronotal markings consisting of an irregular anterior border of fuscous

to black and a similarly colored transverse mark behind disk, the

latter with three projections anteriorly, the median one sometimes

reaching anterior border (PI, XXX, fig. 2) . . . .interrogationis, p. 373

Pronotal markings consisting primarily of spots, or sometimes wanting.

blanda, p. 381

Pronotal markings consisting of a broad, elongate median spot, some-

times reaching anterior border, and a large, partly divided spot on

each side (PI. XXIX, figs. 2, 3). Markings usually brown, some-

times faint 29

Pronotal markings not as above 30
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29 (28)

30 (28)

31 (30)

32 (31)

33 (32)

34 (ii)

35 (34)

36 (35)

37 (36)

38 (37)

39 (34)

Male plates short and stout, length barely equalling, or less than basal

width (PL XXIX, fig. 3B) albidula, p. 372

Male plates elongate, distinctly longer than basal width (PI. XXIX,
fig. 4B) conjigurata, p. 373

^deagus with long, slender lateral processes arising much before the

apex and extending caudad, diverging posteriorly (PI. XXXIX,
fig. 7A) inornata, p. 385

^deagus without long slender lateral processes 31

Tenth segment with a pair of slender spines; posterior margins of pygofer

produced in stout spine-like processes next plates (PI. XXXIX,
fig. 5) depleta, p. 383

Tenth segment without spines; pygofer not produced in spine-like proces-

ses 32

Posterior margins of pygofer truncate and slightly serrate (PI. XXXIX,
fig. 4) repleta, p. 383

Posterior margins of pygofer not truncate or serrate 33

^deagus with short lateral processes before apex; apex blunt.

modesta, p. 387

^deagus without lateral processes; apex pointed in lateral view.

lineata, p. 378

Posterior margin of last ventral segment angularly excavated or incised
. 35

Posterior margin of last ventral segment truncate or sinuate, or pro-

duced 39

Posterior margin of genital segment with a very small median notch,

sometimes almost obsolete. Notch about one-third as wide as

whole segment. Species small, length 3.25 mm. or less.

minuenda, p. 388

Median notch in posterior margin of genital segment either broad or

shallow (PI. XXX, fig. 3A), or deep (PI. XXX, fig. 2A), or very

narrow (PI. XXXI, fig. 2A). Species large, length 3.75 mm. or

more 36

Median notch in genital segment very narrow (PL XXXI, fig. 2A).

clara, p. 379

Median notch in genital segment not as above 37

Pronotum with markings only basally basifusca, p. 374

Pronotum with markings on disk 38

Elytron with a hyaline area along costal margin at middle. Median

notch in genital segment broad and shallow (PL XXX, fig. 3A).

hyalina, p. 376

Elytron without a hyaline area along costa. Median notch in genital

segment deep and not so broad (PL XXX, fig. 2A).

interrogationis, p. 373

Posterior margin of genital sement with a median ligulate process (PL

XXIX, fig. 5A) lineata, p. 378

Genital segment not as above 40
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40 (39) Posterior margin of genital segment bluntly but distinctly triangularly

produced (PI. XXX, fig. 5A; pi. XXXII, fig. lA) 41

Posterior margin of genital segment not triangularly produced 42

41 (40) Broad posterior margin of pronotum without dark markings.

atromaculata, p. 375

Posterior margin of pronotum with dark markings bifurcata, p. 386

42 (40) Posterior margin of genital segment with a faint notch medially and

sinuated each side of this (PI. XXIX, fig. 2A) . . . .configurata, p. 373

Posterior margin of genital segment not as above 43

43 (42) General color rich brown with smoky fuscous markings; elytra brown,

veins concolorous incerta, p. 380

Color not as above 44

44 (43) Basal portion of elytra mostly yellow to yellowish-white; pronotal mark-

ings consisting of large, pale brown spots, ground color yellowish-

white albidula, p. 372

Color not as above 45

45 (44) Posterior margin of genital segment produced and broadly and smoothly

rounded, a narrow border usually embrowned.

depleta, p. 383 and caudata, p. 384

Posterior margin of genital segment truncate or very shallowly and

smoothly excavated 46

46 (45) Species long and slender; ground color yellowish-white with a distinct

greenish tinge; pronotum usually unmarked except for a pair of

spots anteriorly. Length 4 mm. or more blanda, p. 381

Species not unusually long and slender; color not as above. Length

3.8 mm. or less, usually less than 3.5 mm 47

47 (46) Median two-thirds of posterior margin of genital segment slightly pro-

duced beyond remainder of segment, this slightly concavely excavated

and the margin embrowned (PL XXXI, fig. lA) .

brevicauda, p. 377

Genital segment not as above 48

48 (47) Pronotal markings consisting of a fuscous to black anterior border later-

ally, a median elongate spot, and an elongate spot each side of this,

the spots sometimes obsolete 49

Pronotal markings not as above 50

49 (48) Ground color with a distinct brown tinge; posterior margin of genital

segment usually slightly sinuate repleta, p. 383

Ground color lacking a distinct brown tinge; posterior margin of genital

segment truncate manaosa, p. 388

50 (48) Species distinctly brown in color, pronotal markings distinct.

corumba, p. 389

Species sordid yellowish-brown in color, without distinct pronotal color

pattern minuenda, p. 388

31 (i) Color chiefly black; species small, length 3 mm. or less, .nigricans, p. 390

Color chiefly brown or yellowish brown; species large, length 3.75 mm.
or more 52



368 Annals of the Carnegie Museum VOL. XXV

52 (51) Elytral veins marked with bright yellow basally. Female genital seg-

ment produced posteriorly, male plates narrowed abruptly on basal

third neoalbidula, p. 371

Elytral veins not marked with yellow. Female genital segment truncate

posteriorly, male plates not narrowed abruptly lauta, p. 370

Agallia incisa n. sp.

(Plate XXVIII, figs. 5, 5A, 5B; pi. XXXVIII, fig. 2; pi. XLIII, fig. 6)

Resembling lauta in size but not closely related to any previously

described species known to the writer. Pronotum with unusually

conspicuous depressions on antero-lateral submargins. Length of

male 5 mm., of female 5.25 mm.
Color: Ground color of head, pronotum, and scutellum yellowish

white. Clypeus black except for median portion, base of inverted Y
on vertex fuscous. Vertex with a fuscous area above each ocellus,

these extending downward to include ocelli below, broadening and
becoming paler. Pronotum with a pair of elongate black spots on
anterior margin, a brown median line and a pair of triangular reddish

brown spots near posterior submargin. Basal triangles of scutellum

fuscous. Clavus brown, claval veins yellow medially, claval suture

yellow, corium subhyaline, veins brown.

Structure: Head very short, pronotum strongly arched medially

and with a conspicuous depressed area each side of median line an-

teriorly. Elytra long, slightly tapered, second cross-vein between
sectors absent.

External genitalia: Last ventral segment of female about equal to

preceding segment in length, posterior margin with a median V-shaped
notch reaching over half way to base of segment. Male valve truncate

posteriorly, length about equal to posterior width. Plates short,

widened about middle, tips together broadly rounded.

Internal male genitalia: iEdeagus in lateral view roughly crescent-

shaped with a sharp, triangular projection in the middle. Connective

short. Style stout, inner fork thin and truncate posteriorly, outer

fork stouter, shorter, and bluntly pointed. Pygofer bearing near anal

tube a pair of long processes, broad basally but tapering to slender

filaments, which loop anteriorly and then extend backward and down-
ward, one on each side. Posterior margins of pygofer produced into

two pairs of lobes, the upper pair bluntly pointed, the lower pair

broader, quadrangular, and set with fine hairs.

This species and the following two, dorsata and incongrua, are quite

distinct from others of the genus in the large size, arched pronotum,

and general structure. Superficially they bear considerable resem-

blance to large species of Agalliopsis such as similis, longipennis, and
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gracilis of the North American fauna. The genitalia should easily

separate incisa from closely related species.

Holotype, male, from Chapada, Brazil, September. Allotype,

female, from the same locality, October. Both specimens from the

C. F. Baker collection. Types in the collection of the U. S. National

Museum, cat. no. 50813.

Agallia dorsata n. sp. (Plate XXVIII, figs. 6, 6A)

Closely related to incisa but lacking the triangular basal spots on

the pronotum and with the female genital segment only shallowly

notched. Length of female 5 mm.
Color: Ground color of head and pronotum sordid white, sometimes

tinged with yellow. Apical portion of clypeus marked with reddish-

brown medially, basal portion of clypeus and outer margin of lori

below margined with reddish-brown, antennal pits and arms of in-

verted Y on vertex fuscous, base of inverted Y reddish brown, vertex

with a pair of irregular fuscous quadrangles which touch the ocelli

and have an extension to posterior margin of vertex above each

ocellus. Pronotum with a pair of elongate fuscous-black spots on
anterior margin, a fuscous dash near each lateral margin posteriorly,

a brown median line, and a reddish-brown spot on disk each side of

median line, these connected with the anterior dark spots. Scutellum

with basal triangles fuscous-black. Clavus mostly brown with a

transverse band of yellowish white across middle. Cells of corium
smoky-subhyaline, veins brown.

Structure: Slightly more robust than incisa, vertex very short,

pronotum strongly arched and with traces of transverse rugae. Second
cross-vein between sectors of elytra absent.

External genitalia: Last ventral segment of female slightly longer than

preceding segment, posterior margin broadly and shallowly notched.

Holotype, female, and a female paratype from Loreto, Prov. Mis-

siones, Argentina, both taken by A. A. Ogloblin in 1931, the holotype

on December 3, the paratype on December i. Types in the collection

of the U. S. National Museum, cat. no. 50814.

Agallia incongrua n. sp.

(Plate XXVIII, figs. 4, 4A; pi. XXXVIII, fig. i; pi. XLIII, fig. 5)

Related to incisa and dorsata but easily separated from either of

these by the strongly contrasted black and yellow coloration and the

form of the female genital segment, which is slightly produced pos-

teriorly rather than excavated. Length of male 4.5 mm., of female

5-5.25 mm.
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Color: General ground color yellow, varying from pale greenish-

yellow in poorly colored specimens to orange-yellow in dark males.

Clypeus margined with black, sometimes wholly black except for

median area of basal portion. Vertex with inverted Y black to brown,
quadrangle next eye usually incomplete, lines usually black when
present. Pronotum with black markings as follows: Anterior border,

median stripe not reaching posterior margin, and a transverse, elon-

gate spot just back of disk, this made up of a spot on each side fused

with apex of median stripe and sometimes connected laterally with

anterior border. In pale specimens the pronotal markings are brown
to fuscous. Basal triangles, and usually disk, of scutellum black to

fuscous. Clavus black to brown except for yellow inner vein and broad
yellow to white stripe along claval suture. Corium wholly black to

fuscous except for yellow to white costal margin extending from even
with fork of outer sector to outer apical cell. Veins of corium con-

colorous.

Structure: More slender than dorsata, general form about as in

incisa, but with pronotal depressions less evident than in either of

those species. Elytra long, scarcely tapered, apices broadly rounded,

second cross-vein absent, venation obscure.

External genitalia: Last ventral segment of female distinctly longer

than preceding segment, posterior margin slightly produced and
broadly rounded, sometimes faintly notched medially. Male valve

short, posterior margin truncate. Plates comparatively small, lateral

margins rounded, apices together bluntly rounded, length distinctly

greater than greatest width.

Internal male genitalia: ^^^deagus in lateral view rather stout,

roughly V-shaped, extension for muscular attachment shorter than

posterior portion carrying ejaculatory duct. Inner fork of style

much longer than blunt outer point, curved and with a tooth on

ventral surface about the middle. Dorsal spines with both dorsal

and ventral extensions posteriorly, these slender and bearing a number
of rather coarse teeth. Pygofer incised below.

Holotype, male, and allotype, female, from Loreto, Prov. Mis-

siones, Argentina, December lo, 1931, A. A. Ogloblin. Paratypes, 5

females from the above locality and collector, 2 taken on November 29,

1931, I on December i, 1931, i on December 12, 1931, and i on

December 14, 1931. Types in the collection of the U. S. National

Museum, cat. no. 50815.

Agallia lauta (Stal)

(Plate XXIX, figs i. lA, iB; pi. XXXVIII, fig. 4; pl- XLIII, fig. 7)

Bythoscopus lautus Stal, Bidrag till Rio Janeiro-Traktens Hemipter-fauna, Pt. 2,

K. Svensk. Vet. Akad. Handl., vol. 3, no. 6, p. 55, i860.
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Related to liturata Van Duzee, but longer and more slender and

without extra cross-veins in the elytra. Length of male 4-4.5 mm., of

female 4.5-5.25 mm.
Color: General ground color pale yellowish brown. Face marked

with pale brown, frontal sutures and antennal pits fuscous. Vertex

with an elongate black spot above each ocellus, these obliquely set and
larger next the median line. Pronotum marked with brown on an-

terior margins laterally, median line, and posterior margin, the marks
on posterior margin triangular, bases fused and apices of triangles

reaching nearly to anterior brown areas. Elytra brown, veins mostly

pale white.

Structure: Comparatively slender, head and pronotum short.

Elytra long, tapering to rounded apices, second cross-vein present.

External genitalia: Last ventral segment of female long, posterior

margin subtruncate or slightly produced. Male valve quadrangular,

posterior margin faintly sinuate and slightly narrower than anterior

margin. Plates long and narrow, slightly tapered and curved upward
along posterior margins of rather short pygofer, apices bluntly rounded.

Pygofer constricted near posterior margins.

Internal male genitalia: iF^deagus long and slender except basally,

in lateral view broad U-shaped with tip reflexed. Style long, forks

short and stout. Pygofer thickened along posterior margins and pro-

duced into spine-like processes next plates.

Specimens of the species here described were compared with the

type of StM’s Bythoscopus lautus by Dr. O. Lundblad, and reported to

be identical. This is not the same species referred to by the writer

in a previous publication^ as lautus, that species being described in this

paper as depleta. There are specimens of lauta at hand from the

provinces of Matto Grosso, Pernambuco, Rio de Janeiro, and Rio

Grande do Sul, Brazil; and Missiones, Argentina. One specimen in

the Carnegie Museum collection is from Chapada, Brazil, collected by

the late Herbert H. Smith.

Agallia neoalbidula n. sp.

(Plate XXIX, figs. 4, 4A, 4B; pi. XXXVIII, fig. 7)

Resembling alhidula in color and shape, but larger, with the female

genital segment narrower and more produced and the male plates

much longer. Length 4-4.25 mm.
Color: General ground color yellowish white. Pace irregularly

tawny, antennal pits fuscous. Vertex with a fuscous spot above each

®U. S. Dept. Agric. Bur. Ent. Tech. Bull. 372: 30-31, 1933.
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ocellus and indefinite tawny marks medially and next the eyes.

Pronotum with faint golden-brown marks as follows: A median elon-

gate spot posteriorly, an irregular area anteriorly behind each eye,

sometimes extending to the posterior margin laterally, and a spot

posteriorly each side of median spot, these sometimes fused posteriorly

with extensions of basal spots. Scutellum with basal triangles fuscous.

Elytra tawny subhyaline, with faint yellow marks on basal one-third.

Veins yellowish.

Structure: About as in albidula but slightly more elongate. Elytra

slender, apices bluntly rounded, second cross-vein usually present.

External genitalia: Last ventral segment of female narrowed ab-

ruptly from base to triangularly produced median portion, which
equals remainder of segment in length. Male valve large, posterior

margin trisinuate. Plates broad on basal one-third, then narrowing
abruptly to slightly over one-half basal width, apices bluntly rounded.

Plates exceeding pygofer in length.

Internal male genitalia: ^Edeagus in lateral view broad U-shaped,

broad basally, tip pointed; in dorsal view bowed laterally just beyond
middle. Styles small, forks short and stout. Pygofer short, posterior

margins below armed with several stout spines, usually 3 or 4 longer

than the rest. Tenth segment with lower margins bearing 7 or 8

similar spines.

Holotype, male, allotype, female, and 37 paratypes representing

both sexes from Chapada, Brazil, labeled January, C. E. Baker col-

lection. Types in collection of the U. S. National Museum, cat. no.

50816. Also eleven paratypes as follows in the Carnegie Museum: 7

males and 3 females from Chapada, Brazil, November; and i female

from Santarem, Brazil, July, all collected by the late Herbert H.

Smith, Carnegie Museum accession no. 2966.

Agallia albidula Uhler

(Plate XXIX, figs. 3, 3A, 3B; pi. XXXVIII, fig. 5)

Agallia albidula Uhler, Zoological Society of London, Proceedings, p. 83, 1895.

Agallia basijlava Van Duzee, Bulletin of the Buffalo Society of Natural Science,

vol. 8, no. 5, p. 97, 1907.

Length 3.25-3.75 mm. This rather common species may be easily

distinguished by the pronotal color pattern and the short male plates.

The female genital segment is also quite distinctive but subject to

some variation. The species occurs throughout the Antilles and

Trinidad and many specimens are at hand from numerous localities

in northern South America. The Carnegie Museum material is from
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Province del Sara, Bolivia, collected by Steinbach; Rio Bermejo,

Province Salto, Argentina, collected by Steinbach; and from Para,

Chapada, and Jacare, Brazil, collected by J. D. Haseman.

Agallia configurata Oman

(Plate XXIX, figs. 2, 2A, 2B; pi. XXXVIII, fig. 3)

Agallia configurata Oman, U. S. Department of Agriculture Technical Bulletin

372, p. 36, 1933.

Length 3.5-3.75 mm. The pronotal color pattern, which is some-

what similar to that of albidula, the long male plates, and the trisinu-

ate posterior margin of the female genital segment will serve to dis-

tinguish this species. There is one female in the Carnegie Museum
collection from Taperina, Brazil, collected by the late H. H. Smith;

and a male from Janarie, Minca, Brazil, collected by J. D. Haseman.

Agallia interrogationis Osborn

(Plate XXX, figs. 2, 2A, 2B; pi. XXXVIII, fig. 8; pi. XLIII, fig. 9)

Agallia interrogationis Osborn, Annals of the Carnegie Museum, vol. XV, part i,

pp. 11-12, 1923.

Resembling lauta in general form but smaller, with contrasting

black and yellow color and with a deeply excavated female genital

segment. Length of male 3.75-4 mm., of female 4-4.25 mm.
Color: Ground color yellow. Face sometimes wholly black except

median portion of frons, spots next antennal pits, and spots below
and laterad of ocelli. Vertex with a black spot above each ocellus,

one next each eye, and a dark median line. Anterior margin of pro-

notum black with posteriorly converging extensions of this area each

side of median line; posterior submargin with a transverse black spot

which has three triangular projections on the anterior margin, the

median one often connected by a median black line with the anterior

black marks. Scutellum with basal triangles and sometimes median
portion black. Elytra blackish subhyaline; veins, except apically,

yellow.

Structure: Similar to lauta but less robust and more wedge-shaped.
Second cross-vein of elytra absent.

External genitalia: Last ventral segment of female long, widening
posteriorly from attachment, posterior margin with a deep V-shaped
notch. Male valve produced medially on posterior margin. Plates

together triangular, shorter than those of lauta.

Internal male genitalia: iEdeagus short, U-shaped in lateral view.
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tip pointed. Styles long, forks short and stout. Pygofer with pos-

terior margins produced above and curved downward.

Described by Osborn from specimens from Chapada, Brazil. Speci-

mens are at hand from Chapada, Brazil, C. F. Baker collection, and

from Tumupasa, Bolivia, W. M. Mann. The months of collection are

April, September, November, and December. The type, which is in

the Carnegie Museum, has been examined by the writer. One speci-

men, labeled “paratype,” is Agallia hyalina Oman. Also one specimen

of this species was standing as a paratype of lineata Osb.

Agallia basifusca n. sp.

(Plate XXX, figs, i, lA, iB; pi. XXXVIII, figs. 9, 9A, 9B;

pi. XLIII, fig. 12)

Resembling interrogationis in size and general form, but with the

marks on the pronotum limited to the anterior margin and the male

plates broad basally and bluntly rounded apically. Length 3.75-4 mm.
Color: General ground color dirty yellowish brown. Face infus-

cated, except genae, median portion of frons, areas below and laterad

of ocelli, and margins next antennal pits. Vertex with a black spot

above each ocellus. Anterior margin of pronotum black to fuscous,

with rounded projections posteriorly each side of median line, these

not reaching disk of pronotum. Scutellum with black to fuscous

triangular spots basally. Elytra with cells, except apically, fuscous.

Structure: Slender, as in alhidula; elytra scarcely curved on costal

margins, apices bluntly rounded, venation indistinct, second cross-

vein absent.

External genitalia: Last ventral segment of female produced and
narrowed slightly from basal attachment, lateral angles rounded,

posterior margin with a broad V-shaped notch medially. Male valve

short, broad, posterior margin rounded. Plates broad basally, lateral

margins abruptly concave, apices bluntly rounded. Pygofer much
longer than plates, constricted slightly at the middle, posterior mar-

gins thick and rounded.

Internal male genitalia: T^deagus in lateral view nearly straight,

slender except basally, with a pair of slender processes arising on under

side about one-fourth the distance from the apex and extending ventro-

cephalad; in dorsal view apex forked, inner forks short and straight,

outer ones extending laterally and then bent more caudad, with an-

other short projection arising at the outside of the bend. Styles with

forks bluntly pointed. Pygofer with two pairs of stout spine-like

processes extending inward from posterior margins.

Holotype, male, allotype, female, and 26 paratypes representing
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both sexes, from Tumupasa, Bolivia, December, VV. M. Mann. Also

12 paratypes from Huachi Beni, Bolivia, September, W. M. Mann.

All specimens are labeled Mulford Biological Exploration, 1921-22.

Types in collection of the U. S. National Museum, cat. no. 50817.

Agallia basalis n. sp.

(Plate XXX, figs. 4, 4A; pi. XXXIX, fig. 3)

Superficially identical with hasifusca but with a reddish-brown

band across the face between the antennae and the male plates slender

and pointed. Length of male 3.75 mm.
Color: Indistinguishable from hasifusca except for the pattern of

the face, which is unmarked with black on a curved band between the

antennae and has the black areas around the ocelli more extensive.

Structure: As in hasifusca.

External genitalia: Male valve broad, posterior margin truncate.

Plates small, together slender triangular, tips pointed.

Internal male genitalia: ^Edeagus simple, slender except where
broadened for muscular attachment. Styles simple, forks short and
rather stout. Posterior margins of pygofer produced next anal tube.

Holotype, male, and two male paratypes from Las Juntas, Bolivia,

December, 1913, collected by Steinbach, Carnegie Museum accession

no. 5066. Holotype and one paratype in the Carnegie Museum; a

paratype in the collection of the U. S. National Museum, cat. no.

50818.

Agallia atromaculata n. sp.

(Plate XXX, figs. 5, 5A, 5B; pi. XXXIX, fig. 6; pi. XLIII, fig. 10)

Related to and resembling, hasifusca, but with the anterior two-

thirds of the pronotum almost wholly black and the female genital

segment unnotched. Length 3.5-4 mm.
Color: General ground color sordid yellowish brown. Face in-

fuscated as in hasifusca. Vertex with an irregular black spot above
each ocellus. Pronotum with anterior two-thirds wholly black ex-

cept for a yellowish spot near the anterior margin medially, this vari-

able in size and sometimes absent. Basal triangles of scutellum black

to fuscous. Cells of elytra, except apically, fuscous to brown, apical

cells smoky.
Structure: Slightly more robust than hasifusca but otherwise very

similar. Elytra slightly broader than in that species, venation in-

distinct, second cross-vein absent.
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External genitalia: Last ventral segment of female triangularly

produced, lateral margins sinuate, apex bluntly rounded. Plates

broad basally, then tapering to one-half their basal width at about
middle, apices bluntly pointed, slightly divergent. Pygofer broad,

extending beyond plates.

Internal male genitalia: iP^deagus slender, with tip forked; in

lateral view broadly bowed upward; in dorsal view both eedeagus

and connective deviating from median line, first curved to right, then

to left, with tip of aedeagus on median line. Styles small, forks bluntly

pointed. Pygofer with a pair of long, curved, spine-like processes

arising next anal tube and extending inward and downward.

Holotype, male, allotype, female, and 14 paratypes representing

both sexes from Tumupasa, Bolivia, December, W. M. Mann, Mul-

ford Biological Exploration, 1921-22. Types in collection of the

U. S. National Museum, cat. no. 50819.

Agallia hyalina n. sp.

(Plate XXX, figs. 3, 3A, 3B: pi. XXXIX, fig. i; pi. XLIII, fig. ii)

Related to interrogationis but smaller, with a large hyaline spot on

the costal margin of each elytron and the female genital segment very

shallowly notched. Length 3.5-4 mm.
Color: General ground color yellow, sometimes tinged with sordid

greenish. Face with clypeus, margins of frons, frontal sutures, and
antennal pits black to fuscous. Vertex with a median line and spots

above ocelli black. Pronotum with black to fuscous marks as follows;

Anterior margin and a pair of posterior extensions near median line;

posterior one-half except lateral margins and narrow posterior margin;

and median line connecting the two areas. In dark males the pronotum
is sometimes wholly black except for the narrow posterior margin.

Scutellum with basal triangles, and sometimes entire base, fuscous.

Elytra uniformly fuscous and subhyaline except for a large oval

hyaline spot on costal margin before cross-veins, and yellow marks
along commissural lines, claval veins, and second sectors; in dark

specimens these much reduced.

Structure: Similar to basifusca, second cross-vein of elytra absent.

External genitalia: Last ventral segment of female over twice as

long as preceding segment, posterior margin with a broad, shallow,

V-shaped notch. Male valve large, angularly rounded behind, plates

comparatively small, together subtriangular, lateral margins slightly

curved outward, tips blunt.

Internal male genitalia: Tideagus short, U-shaped in lateral view.

Forks of style rather short and strongly curved, inner fork slender

and subtruncate, outer point stout basally and tapering to a rather

sharp point. Extensions of pygofer appearing as spines of tenth
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segment, boot-shaped in lateral view, stout, with apex and toe coarsely

serrate.

Specimens of this species were compared with the type of phalerata

(Stal) by Dr. O. Lundblad, who reports that phalerata is distinctly

larger and has entirely different color pattern and different genitalia.

Holotype, male, allotype, female, and seven paratypes from Cha-

pada, Brazil, C. F. Baker collection. The holotype was collected in

April, the allotype in May, four paratypes in April, and one each

in January, March, and November, also one paratype from Chapada,

Brazil, November, Carnegie Mus. acc. no. 2966, collected by the late

H. H. Smith. Types in the collection of the U. S. National Museum,

cat. no. 50820; paratypes in the Carnegie Museum.

Agallia brevicauda n. sp.

(Plate XXXI, figs, i, lA, iB; pi. XXXIX, fig. 2; pi. XLIII, fig. 13)

Resembling pale specimens of hyalina in color and size but with the

male plates very short and not covering the opening to the genital

capsule. Length 3.5-4 mm.
Color: General ground color brownish yellow. Face marked with

brown on clypeus and along sutures, antennal pits fuscous. Vertex

with an oval fuscous to black spot above each ocellus and usually

a brown median line. Pronotum with five brown or fuscous spots, an
elongate spot on disk, an irregular one each side of median line near

anterior margin, and two larger triangular ones near posterior margin.

Anterior margin of pronotum, especially behind eyes, also sometimes
dark. Basal triangles of scutellum fuscous. Elytra with veins dirty

yellow, cells mostly brownish to fuscous subhyaline. Posterior margin
of female genital segment embrowned.

Structure: Typical of the group related to basifusca and hyalina.

Second cross-vein of elytra absent.

External genitalia: Posterior margin of last ventral segment of

female sinuate, slightly excavated medially. Male valve short,

transverse. Plates short and broad basally, together triangular, tips

blunt. Pygofer about three times as long as plates, ventral margins
broadly separated and with the plates not covering the opening into

the genital capsule.

Internal male genitalia: iEdeagus small, broadened medially for

muscular attachment, posterior portion slender and pointed. Con-
nective short and comparatively stout. Forks of styles short and
stout, inner fork curved downward, outer fork curved inward and end-

ing in a blunt point which extends upward toward the apex of inner

fork. Pygofer with posterior margins next anal tube thickened and
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bearing on each side a slender, triangular, spine-like process which
extends downward and caudad.

Holotype, male, and allotype, female, from Chapada, Brazil, April,

C. F. Baker collection. Paratypes, one female with the above data,

one female from the above locality and collection dated January, one

male from the above locality and collection, dated September, and one

female from Tumupasa, Bolivia, December, W. M. Mann, Mulford

Biological Exploration, 1921-1922. Types in collection of the U. S.

National Museum, cat. no. 50821.

Agallia lineata Osborn

(Plate XXIX, figs. 5, 5A, 5B; pi. XXXVIII, fig. 6; pi. XLIII, fig. 8)

Agallia lineata Osborn, Annals of the Carnegie Museum, vol. XV, p. ii, 1923.

Resembling producta in size, but darker, the female genital segment

with a median ligulate process on posterior margin and the male

plates resembling those of deleta. Length 4-4.5 mm.
Color: General ground color dull yellowish brown. Face variously

marked with fuscous, mostly along sutures. Vertex with a large

black spot above each ocellus and a median brown line. Pronotum
marked with black to fuscous as follows; Anterior margin laterally

with a lobe-like extension next the median line, a transverse elongate

spot on posterior submargin, and a median line from this to the

anterior margin, the last two marks occasionally very faint. Basal

triangles of scutellum fuscous to black. Elytra mostly subhyaline

brown, veins yellowish.

Structure: About as in producta. Pronotum rather short; elytra

extending well beyond abdomen, second cross-vein absent.

External genitalia: Last ventral segment of female very short later-

ally, posterior margin with a stout ligulate process medially. Male
valve large, posterior margin truncate. Plates short, constricted near

base, apices bluntly rounded.

Internal male genitalia: TIdeagus short, in lateral view extending

first upward, broadened at point of attachment of muscles to tenth

segment, then tapering abruptly to slender pointed shaft which ex-

tends backward and downward. Connective very short. Styles

very short, forks short and blunt. Pygofer barely exceeding plates

in length.

Described by Osborn from a single male from Province del Sara,

Bolivia. There are specimens at hand from Chapada, Brazil, C. F

Baker collection, and Tumupasa, Bolivia, W. M. Mann. The type

which is in the Carnegie Museum, has been examined by the writer



1938 Oman: South American Agallian Leafhoppers 379

One specimen labeled “paratype,” and standing with the type, is

interrogationis Osborn. Other specimens in the Carnegie Museum
are: a male and a female from Las Juntas, Bolivia, December 1913

(Steinbach, coll.), Carnegie Museum accession no. 5066; a male from

Villa Bella, Bolivia, October 1909, Haseman, coll., Carnegie Museum
accession no. 4043; and a female from Chapada, Brazil, October,

(H. H. Smith, coll.), Carnegie Museum accession no. 2966.

Agallia clara n. sp.

(Plate XXXI, figs. 2, 2A, 2B; pi. XL, fig. 3)

Related to brevicauda but more slender and with a narrow V-shaped

notch in the female genital segment. Length 4 mm.
Color: Ground color of head and thorax sordid yellowish white.

Face variously embrowned, antennal pits and apex of clypeus fuscous.

Vertex with the usual pair of fuscous spots above ocelli; pronotum
with an indefinite anterior border of dark and a pair of spots back of

the disk, these apparently being part of a transverse fuscous area. In

one female these spots are entirely absent, in the male the transverse

mark is more evident. Basal triangles of scutellum faintly brown.

Veins of clavus and second sector of corium yellow; basal cells of

corium embrowned, remainder hyaline, veins concolorous.

.
Structure: Comparativly slender, head and pronotum short,

scutellum larger than usual in the genus. Elytra tapering, second

cross-vein absent.

External genitalia: Last ventral segment of female broad, posterior

margin broadly rounded with a narrow median incision extending al-

most halfway to the base. Male valve large, posterior margin slightly

produced medially. Plates moderately broad basally, abruptly

narrowing on the posterior one-half to blunt tips. Pygofer extending

beyond plates, posterior margins bent inward and ending in sharp

spines.

Internal male genitalia: ^Edeagus with a pair of lateral processes

arising before the apex and extending anteriorly, slightly diverging

from base. Forks of style strongly curved, about equal in size,

inner fork a little more slender. Posterior margins of pygofer as

described above.

Holotype, female, and one female paratype from Chapada, Brazil,

September, C. F. Baker collection. A much mutilated male, labeled

Chapada, Brazil, October, Carnegie Museum accession no. 2966, and

collected by the late Herbert H. Smith, is designated as a paratype and

described and figured. Holotype and a paratype in the U. S. National

Museum, cat. no. 50822, one paratype in the Carnegie Museum.
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Agallia fumida n. sp.

(Plate XXIX, figs. 3, 3A; pi. XL, fig. 2)

Size and general appearance of a large, dark, producta, but differing

from that species in the pronotal markings and the slender male plates,

as well as the short, stout sedeagus. Length of male 4.5 mm.
Color: Ground color sordid yellowish white. Face heavily marked

with black to fuscous except medially. Vertex with black spots above
ocelli; a black median line, and a dark area next each eye. Pronotum
with black anterior margins laterally, a dark median line, a black spot

on each side of median line anterior to disk, and a pair of broad,

smoky triangles on posterior margin. Scutellum with basal triangles

oblique and black. Cells of elytra blackish, veins mostly pale.

Structure: Head and pronotum short compared with rest of body;
elytra long, second cross-vein absent.

External genitalia: Valve nearly quadrangular, posterior margin
produced medially. Plates small and slender, lateral margins straight,

tips pointed.

Internal male genitalia: ^deagus in lateral view roughly U-shaped,

posterior portion longer and much stouter than anterior portion,

tip with a pair of hook-like processes extending outward, downward
and forward. Connective slender. Style very short and blunt with

converging tips.

The size and genital characters should easily distinguish this species,

described here from two males in excellent condition.

Holotype, male, received from La Esperanza, Colombia, 1,230

meters altitude, Mauro Hernandez Mesa collector. Type in the col-

lection of the U. S. National Museum, cat. no. 50823. Paratype, one

male in the Carnegie Museum from Puerto la Cruz, Dist. Federal,

Venezuela, December 10, 1928, E. Holt, accession no. 8497.

Agallia incerta n. sp. (Plate XXVHI, fig. 7)

Apparently most closely related to hidigitata from Central America,

but with the color brown and the female genital segment subtruncate.

Length of female 4-4.25 mm.
Color: Ground color of head and pronotum yellowish brown. Face

with numerous fuscous markings, the most distinctive being a trans-

verse stripe between eyes, including the ocelli, and with a dorsal ex-

tension above each ocellus. Vertex with traces of a fuscous spot

above each ocellus and with a brown line medially and next each eye.

Pronotum with a fuscous border on anterior margin laterally, a pair

of paler spots between these and the median line, a faint brown median
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vitta, a large brownish triangular area each side of this, and a brown
dash next each lateral margin. All these markings are indefinite and
variable. Scutellum brown except for a pair of spots anterior to

transverse furrow and a pair on lateral margins. Elytra uniformly

brown, sometimes with irregular fuscous patches on basal one-half.

Veins concolorous.

Structure: Similar to bidigitata but with elytra broader and scarcely

tapering. Second cross-vein between sectors of elytra absent.

External genitalia: Last ventral segment slightly longer than pre-

ceding, posterior margin subtruncate or very shallowly excavated.

The general form and rich brown color will best distinguish this

species from others of the genus. The males may be expected to be

much darker.

Holotype, female, and two female paratypes from Loreto, Prov.

Missiones, Argentina, December 3, 1931, A. A. Ogloblin. Types in

the collection of the U. S. National Museum, cat. no. 50824.

Agallia blanda n. sp.

(Plate XXXII, figs. 2, 2A; pi. XL, fig. 10; pi. XLIII, fig. 14)

Related to clara and brevicauda but even more elongate and slender,

with the female genital segment subtruncate and entire and the male

plates small and slender.

Color: General ground color yellow to yellowish white, sometimes
with a distinct greenish tinge. Face mostly pale, tip of clypeus and
antennal pits brown. Vertex with a black spot above each ocellus.

Pronotum with a black spot each side of median line near anterior

margin and a fuscous dash near each lateral margin. In pale females

these are sometimes obsolete, in males they are always present and
usually accompanied by a smoky median stripe and a pair of smoky-
brown triangles on the posterior submargin. Basal triangles of

scutellum brown to fuscous, sometimes obsolete. Elytra subhyaline

but appearing dark because of the smoky hind wings. Veins yellow

to orange basally, apically usually concolorous.

Structure: Long and comparatively slender, not so distinctly wedge-
shaped as is usual in the group. Head and pronotum short, elytra

unusually long and scarcely tapered. Second cross-vein between
sectors of elytra absent.

External genitalia: Last ventral segment of female with lateral

angles rounded, posterior margin subtruncate or very slightly exca-

vated. Male valve nearly as long as plates, posterior margin produced
medially.^^Plates slender, lateral margins nearly straight, tips bluntly

pointed.

Internal male genitalia: ^deagus broad and short in lateral view,

curved first upward and then backward, basal projection for muscular
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attachment short. Style short, forks short and stout, tips blunt and
converging. Posterior margins of pygofer narrowed to a blunt point

in lateral view.

This appears to be a rather common species in northern Argentina

and is easily separated from others of the genus by the elongate form,

peculiar markings, and characters of the male genitalia.

Holotype, male, and allotype, female, from Loreto, Prov. Mis-

siones, Argentina, December 3, 1931, A. A. Ogloblin. Paratypes, 59

specimens from the above locality, all collected by Ogloblin on various

dates from November 27 to December 18, 1931. Types in the col-

lection of the U. S. National Museum, cat. no. 50825.

Agallia quadrata n. sp.

(Plate XXXII, figs. 4, 4A, 4B; pi. XLIV, fig. i)

Resembling modesta in color, but more closely related to lingula and

constricta. Flavo-testaceous with a pair of black spots on vertex and

pronotum. Length 4 mm.
Color: Uniformly pale yellowish brown with a pair of oval black

spots on the vertex above the ocelli and a pair of irregular fuscous to

black spots behind these on the posterior submargin of the pronotum.
Vertex and pronotum sometimes with a golden tinge.

Structure: Comparatively slender with head and pronotum rather

short. Elytra long, extending well beyond tip of abdomen; second

cross-vein absent.

External genitalia: Last ventral segment of female with lateral

angles well produced, posterior margin broadly and shallowly exca-

vated. Male plates rather broad basally, tapering gradually to

slender, bluntly pointed apices; plates united except apically and curved

upward behind the rather short pygofer.

Internal male genitalia: ^Edeagus very long, broad basally in lateral

view but narrowing abruptly and U-shaped as in lingula. Connective
long and slender. Styles short, forks blunt, outer fork much broader

than inner fork. Pygofer with posterior margins short and rounded
and bearing a pair of triangular projections which extend inward and
slightly caudad.

Holotype, male, allotype, female, and three male and one female

paratypes from Chapada, Brazil, collected in April, C. F. Baker col-

lection. Other paratypes, a female from the same locality as the type,

collected in January, two females from Chapada, Brazil, November,

H. H. Smith, Carnegie Museum accession no. 2966, a female from

Ixiamas, Bolivia, W. M. Mann, December, 1921, and a male from
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Tumupasa, Bolivia, W. M. Mann, December, 1921. The last two speci-

mens were taken on the Mulford Biological Exploration, 1921-1922.

Types in collection of the U. S. National Museum, cat. no. 50826;

paratypes in the Carnegie Museum.

Agallia repleta Van Duzee

(Plate XXXI, figs. 5, 5A, 5B; pi. XXXIX, figs. 4, 4A)

Agallia repleta Van Duzee, Bulletin of the Buffalo Society of Natural Science,

vol. 8, no. 5, p. 57, 1907.

Length 2.75-3.5 J^rn* Positive identification of this species should

be made from the characters of the male genitalia whenever possible.

From closely related species it can be separated by the truncate and

slightly serrate posterior margins of the male pygofer and the shape

of the apex of the aedeagus. There are numerous specimens at hand

from the Carnegie Museum collection labeled Minca, Cacagualito,

and Bonda, Colombia, collected by the late H. H. Smith; also a speci-

men from Port of Spain, Trinidad, collected by the late W. J. Holland.

Agallia depleta n. sp. (Plate XXXIX, fig. 5)

Superficially identical with repleta but with the posterior margins

of the male pygofer narrowed and attenuate and the sedeagus incised

at tip. Length 3-3.5 mm.
Color: Extremely variable, as is repleta, but apparently not reach-

ing the black extremes which are found in that species. General

ground color light olivaceous brown. Spots on vertex above ocelli

fuscous. Spots on pronotum usually indefinite, the median one and
posterior pair frequently obsolete. Elytra without definite markings,

veins concolorous or slightly paler.

Structure: As in repleta.

External genitalia: Last ventral segment of female with posterior

margin slightly produced and rounded, usually narrowly embrowned.
Male valve large, lateral margins converging, length equal to that of

plates. Plates similar to those of repleta but with apices a trifle

broader.

Internal male genitalia: iTdeagus simple, shaft slightly arched in

lateral view, apex notched. Connective short. Style with forks

short and stout, apices converging. A slender spine extending caudad
from junction of tenth segment and pygofer, slightly curved down-
ward in lateral view. Posterior margins of pygofer short dorsally,

produced next plates and ending in blunt, slightly hooked points.
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This is the species referred to and figured by the writer® as By-

thoscopus lautus StM, but subsequent studies have shown that Stal’s

species is quite different from the one here described. A. depleta

differs from lauta in the smaller size, different color pattern, and char-

acter of the genitalia of both sexes.

Holotype, male, allotype, female, and many paratypes of both

sexes collected in the botanical gardens at Georgetown, British Guiana,

September 26, 1918, by Harrold Morrison (A 706). There are also

specimens at hand from Rio de Janeiro, Santarem, Manaos, Para,

Pernambuco, and Chapada, Brazil; Riberalta, Bolivia; and Loreto,

Prov. Missiones, Argentina. Types in the collection of the U. S.

National Museum, cat. no. 50827; paratypes in the Carnegie Museum.

Other specimens in the Carnegie Museum collection are from Taperino,

Rio de Janeiro, and Chapada, Brazil, collected by the late Herbert H.

Smith; Cumanacoa, Sucre, Venezuela, collected by M. Graham Net-

ting; and Bahia and Cachoeira, Brazil, collected by J. D. Haseman.

Agallia caudata n. sp.

(Plate XXXI, figs. 3, 3A, 3B; pi. XL, figs, i, lA)

Resembling pale specimens of depleta but slightly more robust and

with the male plates slender rather than broad and truncate as in that

species. Length 3.5-3.75 mm.
Color: General ground color sordid yellow. Face lightly marked

with brown and fuscous, vertex with the usual black spot above each

ocellus. Pronotum with a faint pair of small dark spots near anterior

margin and traces of a larger pair near posterior margin laterad of the

anterior pair. Elytra mostly subhyaline, cells sometimes faintly

infuscated, veins sometimes pale yellow.

Structure: Similar to repleta and depleta, slightly larger than typical

specimens of the former.

External genitalia: Last ventral segment of female with posterior

margin produced and evenly rounded. Male valve broad, posterior

margin slightly produced medially. Plates small, tapering posteriorly,

lateral margins straight, apices bluntly pointed.

Internal male genitalia: /Edeagus much broadened anteriorly for

muscular attachment, posterior portion curved upward in lateral

view, apex in caudal view bluntly sagittate with a pair of very slender

processes hooked downward posteriorly. Inner fork of style extend-

ing upward and hooked, outer fork blunt, with a pair of blunt teeth

on dorsal surface before apex. Posterior margins of pygofer on each

®U. S. Dept. Agric. Tech. Bull. 372: 30-31, fig. 15, C, D, 1933.
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side with a long ligulate process which curves upward, backward,

and sometimes inward.

The characters of the male genitalia must be examined for the

positive identification of this species.

Holotype, male, allotype, female, and five female and three male

paratypes from Las Juntas, Bolivia, December, 1913, collected by

Steinbach, Carnegie Museum accession no. 5066. Also a female

paratype from Quatro Ojos, Bolivia, November, 1913, collected by

Steinbach, Carnegie Museum accession no. 5065. Holotype, allotype,

and five paratypes in the Carnegie Museum, four paratypes in the

U. S. National Museum, cat. no. 50828.

Agallia extensa n. sp.

(Plate XXXII, figs, i, lA; pi. XXXIX, fig. 8)

Superficially identical with caudata but with the male plates shorter

and with two pairs of extensions on the posterior margins of the

pygofer. Length of male 3.25 mm.
Color: As in caudata but with a very faint median spot on the

pronotum.
Structure: Similar in size and structure to repleta.

External genitalia: Male valve comparatively large, posterior mar-

gin sinuately curved. Plates small, together triangular.

Internal male genitalia: Shaft of aedeagus straight, slender apically,

apex with two pairs of lateral processes, the anterior pair slender and
extending forward and downward. Inner fork of style slender, apex
blunt; outer fork stout, with two stout teeth on dorsal surface near

apex. Posterior margins of pygofer with a pair of pointed extensions

next anal tube, these extending upward, and a pair of blunt, stout

extensions below these, extending backward. Tenth segment un-

usually long and slender.

The peculiar male genital characters will separate this species

from any other known to the writer.

Holotype, male, from Las Juntas, Bolivia, December, 1913, col-

lected by Steinbach, Carnegie Museum accession no. 5066. Type in

the Carnegie Museum.

Agallia inornata n. sp.

(Plate XXXI, figs. 4, 4A; pi. XXXIX, figs. 7, 7A)

Resembling munda in the lack of definite markings but larger and

with larger male plates. Somewhat similar to bifurcata in the shape

of the aedeagus. Length of male 3.4 mm.
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Color: General ground color pale sordid yellow. Face with ir-

regular brown and fuscous marks; spots on vertex above ocelli black.

Pronotum without definite markings; a faint pair of small spots near

anterior margin and traces of more extensive dark marks posteriorly.

Basal triangles of scutellum faint brownish. Elytra subhyaline, veins

sometimes pale yellow.

Structure: Similar to repleta.

External genitalia: Male valve broad, lateral margins converging,

posterior margin produced medially. Plates short and rather broad,

apices subtruncate.

Internal male genitalia: ^deagus with a pair of long, flaring pro-

cesses posteriorly, tube carrying ejaculatory duct extending back-

ward and curved upward. Style stout, inner fork slender and ap-

pearing as a process of the broad outer fork. Posterior margins of

pygofer folded inward and produced into two pairs of lobes dorsally.

The characters of the internal male genitalia must be examined to

separate this species from others in the genus.

Holotype, male, from Santerem, Brazil, December ii, 1909, col-

lected by J. D. Haseman, Carnegie Museum accession no. 4043.

Type in the Carnegie Museum.

Agallia bifurcata n. sp.

(Plate XXXIII, figs, i, lA, iB; pi. XL, figs. 7, 7A)

Form and general appearance of constricta but differing from that

species in the markings of the pronotum, in having long lateral pro-

cesses on the aedeagus, and in other important details. Length of

male 3-3.5 mm., of female 4 mm.
Color: General ground color of head and pronotum sordid yellowish

brown. Face with irregular fuscous marks, vertex with a fuscous

spot above each ocellus and a faint brown line medially and next each

eye. Pronotum with brown to fuscous marks as follows: Anterior

margin laterally, an oblong discal spot, a pair of oval marks on pos-

terior margin, and a dash near each lateral margin. Basal triangles

of scutellum fuscous. Elytra with a smoky-brown area extending

obliquely across disk of corium and three inner apical cells, veins

mostly pale to yellow, costal area subhyaline.

Structure: Comparatively robust, head short, pronotum broadly

notched behind. Second cross-vein between sectors of elytra absent.

External genitalia: Last ventral segment of female with lateral

margins short, posterior portion triangularly produced and apex

excavated. This excavated area was originally filled with a minute

flap-like portion as indicated by a broken line (PI. XXXIII, fig. lA)

but this was broken off in cleaning the specimen. Male valve com-
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paratively large, posterior margin produced medially. Plates slender,

together triangular.

Internal male genitalia: /Edeagus in lateral view broad at middle,

portion carrying ejaculatory duct curved upward. A pair of long

processes arise from ventral side of aedeagus slightly posterior to middle

and extend caudad, diverging posteriorly. In the type these are

pointed in lateral view, but in a specimen from Argentina they are

distinctly broadened distally. Forks of styles short and blunt, tips

converging.

The male holotype of this species is distinctly smaller and less defi-

nitely marked than a pair of specimens which are placed with it with

some doubt. These two specimens may represent a distinct species,

but because of the similarity of the male genitalia it is desirable to

study additional material before another name is added.

Holotype, male, labeled “Piedra Blanca, Bolivia, near Corumba,

Brazil, April,” C. F. Baker collection. Other specimens at hand: a

male from Tigre, Prov. Buenos Aires, Argentina, January 30, 1927,

C. F. Henderson, and a female from Asuncion, Paraguay, November,

C. F. Baker collection. Type in collection of the U. S. National

Museum, cat. no. 50829.

Agallia modesta Osborn and Ball

(Plate XXXH, figs. 5, SA, 5B; pi. XL, fig. 4)

Agallia modesta Osborn and Ball, Davenport Academy of Natural Science, Pro-

ceedings, vol. 7, p. 51, 1898.

Agallia mexicana Baker, Psyche, vol. 8, p. 200, 1898.

Length 3-3.75 mm. This extremely protean form can usually be

distinguished by the markings of the head and pronotum, the truncate

female genital segment, and the shape of the male plates. A critical

examination of the South American material at hand reveals several

segregates which may eventually be found to be worthy of specific

rank. However, in view of the wide distribution of the species and the

extreme variation of the Central American forms, the writer hesitates

to apply names to any of these segregates until more material is

available for examination. Carnegie Museum specimens are from

Cacagualito, Bonda, and Chapada, Brazil, collected by the late

H. H. Smith; and from Largo Feia, Sao Paulo, and Cachoeire, Brazil,

collected by J. D. Haseman.
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Agallia manaosa n. sp.

(Plate XXXII, figs. 6, 6A, 6B; pi. XL, fig. 8; pi. XLIV, fig. 2)

Resembling modesta O. and B., but differing from that species in

the pattern of the pronotal markings, in the smaller size, and in the

genital characters, particularly the U-shaped aedeagus. Length

3-3.5 mm.
Color: General ground color dirty yellowish white. Face marked

with brown and fuscous, especially the lower portion. Vertex with

an oval black spot above each ocellus. Pronotum marked with

black to brownish as follows: Anterior margin laterally, this broader

and lobed next the median line; transverse spot on posterior sub-

margin, this made up of a pair of fused spots, one each side of median
line; and an elongate-ovate spot on disk. Basal triangles of scutellum

black to fuscous. Elytra fuscous subhyaline except for hyaline costal

area and yellowish veins of remainder.

Structure: More robust than bicolor, about as modesta but slightly

shorter and more wedge-shaped. Elytra tapering to bluntly rounded
apices, second cross-vein absent.

External genitalia: Last ventral segment of female with posterior

margin truncate. Male valve almost quadrangular, posterior margin
slightly narrower than anterior and produced medially. Plates to-

gether almost triangular, apices pointed.

Internal male genitalia: iEdeagus in lateral view narrowly U-shaped,

posterior arm longer than anterior. Connective short. Styles with

forks very short and strongly curved, inner fork pointed and curved

downward, outer fork bluntly curved upward.

Holotype, male, allotype, female, and thirty-six paratypes repre-

senting both sexes from Manaos, Brazil, H. B. Merrill. Types in col-

lection of the U. S. National Museum, cat. no. 50838; paratypes in

the Carnegie Museum.

Agallia minuenda n. sp.

(Plate XXXIII, figs. 2, 2A, 2B; pi. XL, fig. 5)

Related to manaosa, but smaller, with slender, elongate male plates,

few distinct markings, and the aedeagus shorter and stouter. Length

2.5-2.75 mm.
Color: General ground color dull brown. Vertex with a round

black spot above each ocellus, pronotum marked with faint irregular

dark areas. Basal triangles of scutellum fuscous. Elytra mostly

hyaline, sometimes embrowned; veins pale brown.

Structure: Distinctly wedge-shaped, comparatively slender. Re-
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sembling repleta but much smaller. Elytra with second cross-vein

absent.

External genitalia: Last ventral segment of female with posterior

margin subtruncate, slightly notched medially. Male valve with

posterior margin produced medially, plates narrow, together elongate

triangular, apices bluntly pointed.

Internal male genitalia: ^deagus in lateral view rather broad and
roughly U-shaped. Connective slender and curved. Forks of style

short, inner blunt and curved downward, outer broader basally but

tapering to a point and curved upward.

Holotype, male, and allotype, female, from Corumba, Brazil, C. F.

Baker collection. The holotype is labeled March, lowlands, and the

allotype. May. Paratypes, one male from Corumba, Brazil, January,

and six females and one male labeled “near Alenquer, Para, Brazil,”

all from the C. F. Baker collection. Also two male paratypes from

Chapada, Brazil, November, collected by H. H. Smith, Carnegie

Museum, accession no. 2966. One female in the Carnegie Museum
collection from San Antonio de Guapore, Brazil, July 1909, collected

by J. D. Haseman, is placed here with some doubt. Types and

paratypes in the collection of the U. S. National Museum, cat. no.

50839; paratypes in the Carnegie Museum.

Agallia corumba n. sp.

(Plate XXXIII, fig. 3; pi. XL, fig. 6)

Related to manaosa but with the markings chiefly brown and the

distal portion of the aedeagus very broad in lateral view. Length 3 mm.
Color: Ground color of head and pronotum yellowish brown. Face

marked with brown to fuscous, especially below. Vertex with a

fuscous spot above each ocellus, a brown line next each eye, and a

faint brown line medially. Pronotum with brown marks in the

form of a median line, anterior border laterally with posterior ex-

tensions next the middle and on each side, and a pair of triangular

spots posteriorly. Basal triangles of scutellum fuscous, remainder
yellowish brown to brown. Elytra hyaline, heavily embrowned along

veins and tips of clavi; apical cells lightly embrowned.
Structure: Comparatively slender, vertex shorter and less rounded

anteriorly than that of manaosa and general form more wedge-shaped
than in that species. Second cross-vein between sectors of elytra

absent.

External genitalia: Last ventral segment of female about twice as

long as preceding segment, lateral angles rounded, posterior margin
subtruncate. Male plates slender, together triangular.
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Internal male genitalia: i^^deagus roughly U-shaped in lateral view
but with posterior portion much broader than anterior portion.

Styles short, forks short and blunt, in lateral view with tips con-
verging.

This species may be separated from both manaosa and minuenda,

which it most closely resembles, by the less rounded vertex, different

markings, and the internal male genitalia. It is not likely to be con-

fused with any other South American species known to the writer.

Holotype, male, and allotype, female, from Corumba, Brazil,

highlands, March, C. F. Baker collection. Types in the U. S. Na-

tional Museum, cat. no. 50840.

Agallia nigricans Uhler

(Plate XXXIII, figs. 4, 4A, 4B; pi. XL, fig. 9)

Agallia nigricans Uhler, Zoological Society of London, Proceedings, p. 82, 1895.

Length 2.5-2.75 mm. This species may be distinguished from all

others known to the writer by the small size, general black appearance,

and the long, tapering male plates which are clothed with setae. Five

males from the Carnegie Museum collection are labeled Minca and

Bonda, Colombia, collected by the late H. H. Smith.

Agallia nigerrima n. sp.

(Plate XXXIII, figs. 6, 6A, 6B; pi. XLIV, fig. 3)

Superficially resembling 7iigra but slightly smaller, more robust,

and with very small male plates. Color chiefly black, usually with a

white spot on median line dorsally. Length 2.5 mm.
Color: Black with yellowish-white to ivory markings. Face en-

tirely black except for irregular yellowish spots next antennal pits and
a spot between these on median line. Vertex with pale areas each

side of median line and next eyes. Pronotum sometimes wholly

black, usually with a broken transverse pale line on each side of

median line slightly before middle from which irregular, longitudinal,

finger-like lines of yellowish white extend posteriorly and the inner

pair a short distance anteriorly. Scutellum black except for a small

white spot on each lateral margin. Elytra uniformly black sub-

hyaline, sometimes with a broken transverse vitta of ivory before the
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middle, this narrowing laterally and just crossing the claval sutures.

Below dark, rostrum, tibiae, and tarsi usually yellowish white.

Structure: Short and robust. Vertex very short, pronotum short

with posterior margin truncate. Elytra short, apices broadly rounded,

second cross-vein between sectors absent.

External genitalia: Last ventral segment of female about as long

as preceding segment, posterior margin subtruncate or slightly exca-

vated. Male valve short and transverse, plates very small and taper-

ing to bluntly rounded tips, plates and valve together about equal

to preceding abdominal segment in length. Pygofer short and broad.

Internal male genitalia: ^deagus short and broad, connective short.

Inner forks of styles hooked downward and outward.

Holotype, male, allotype, female, and one pair of paratypes from

Chapada, Brazil, C. F. Baker collection. The holotype and allotype

are labeled “April” and the paratypes “January.” Types in the col-

lection of the U. S. National Museum, cat. no. 50841.

Agallia abnormis n. sp. (Plate XXXIII, figs. 5, 5A)

Superficially resembling a small, pale constricta, but with the male

plates extremely slender except basally and ending in sharp points

distally. Length of male 3.3. mm.
Color: General ground color pale yellowish brown. Vertex with

a small fuscous spot above each ocellus, pronotum with a larger

fuscous spot behind each of these near posterior margin. Traces of

golden-brown markings on vertex and pronotum. Elytra subhyaline.

Structure: More slender than constricta and with the ocelli closer

together than is usual in the genus. Second cross-vein between
sectors of elytra absent.

External genitalia: Male valve very short and broad, almost parallel

margined. Plates comparatively broad basally but abruptly nar-

rowed near base with remaining five-sixths of length (approximately)

narrow, slightly tapering, and ending in dark, spine-like points which
diverge slightly. Pygofer slightly longer than plates, posterior mar-
gins separated so that the plates do not cover the opening to the

genital capsule.

Internal male genitalia: A^deagus heavy basally, tapering to a long

slender process which is bowed downward in lateral view. Connec-
tive rather long and slender, extending well toward dorsum of capsule.

Styles with forks short and stout, apices converging.

Holotype, male, from Loreto, Prov. Missiones, Argentina, Decem-

ber 10, 1931, A. A. Ogloblin. One paratype male from the above

locality, collected December 12, 1931. Types in the collection of the

U. S. National Museum, cat. no. 50842.
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The Genus Agalliota

Agalliota Oman, University of Kansas Science Bulletin, vol. XXIV, no. i6,

P. 351. 1937 -

Related to Agallia in general structure but with the lateral margins

of the genae not strongly sinuate and the ocelli close together.

Face triangular, clypeus strongly convex, lateral margins of genae

nearly straight, sometimes slightly concave, not strongly sinuate next

eyes. Distance between ocelli equal to distance from ocellus to eye.

Pronotum strongly arched, anterior margins laterally depressed,

surface finely granulose and sometimes faintly pitted. Elytra mem-
branous, veins, at least basally, appearing finely granose under high

magnification. Venation of elytra and wings as in Agallia but with

second cross-vein between sectors of elytra absent in all species known
to the writer. Styles of internal male genitalia forked.

In the species known to the writer the color is pale yellowish white

with markings of pale brown to fuscous. The vertex has the usual

pair of dark spots and the pronotum usually has markings on the

median line and more or less definite spots on each side of this pos-

teriorly. Clavus usually marked with brown and corium usually

with an oblique brown stripe from costal margin basally to inner

anteapical cells.

Type of the genus, Agallia punctata Oman.

In addition to the genotype and the species described in the

succeeding pages, the genus will include a number of Central American

species known to the writer at present only from meager material.

The distribution of the genus appears to be limited to the tropical

and subtropical regions of the Western Hemisphere.

Key to the Species of Agalliota

1 Median marking on pronotum consisting of a narrow brown V, sometimes

faint 2

Median marking on pronotum consisting of a narrow brown line or a broader,

indistinct stripe on anterior one-half, or absent 4

2 (i) Veins of elytra set with numerous minute white hairs. . . scutaria, p. 393

Veins of elytra not as above 3

3 (2) Elytron without a distinct brown stripe arising from base at costa and

crossing outer branch of first sector uninterrupted. All apical veins

distinctly brown dentata, p. 394

Elytron with a distinct brown stripe arising from base at costa and crossing

outer branch of first sector uninterrupted. Apical veins only partially

embrowned parma, p. 396

4 (i) Median marking on pronotum consisting of a very faint, broad stripe of

yellowish brown on basal one-half, or absent. punctata, p. 392
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Median marking on pronotum consisting of a narrow, but distinct, brown

line 5

S (4) Brown stripe on elytron bent abruptly toward claval suture just before disk.

Male plates elongate, slender, not constricted near middle (PI. XXXIV,
fig. 3A) parallela, p. 395

Brown stripe on elytron not bent abruptly toward claval suture. Male

plates shorter, lateral margins constricted at about the middle (PI.

XXXIV, fig. 5A) clavata, p. 394

Agalliota scutaria n. sp.

(Plate XXXIV, figs, i, lA, iB; pi. XLI, figs, i, lA; pi. XLIV, fig. 5)

Not closely related to any of the previously described species.

Easily distinguished by the large male plates and the shield-like fe-

male genital segment. Length of male 4 mm., of female 4.5 mm.
Color: General ground color pale yellowish white. Face faintly

tinted with brown, sutures along clypeus fuscous, and lateral margins

of clypeus with short, transverse, brown bars. Spots on vertex small

and round, fuscous in color. Vertex usually with a brown area next

each eye. Pronotum with a narrow, poorly defined V of pale brown
medially, a fuscous-brown dash each side of this anteriorly, and a

pale brown spot on each side posteriorly. Basal triangles of scutellum

fuscous. Elytra without definite markings, clavus usually embrowned,
disk of corium with irregular brown to fuscous areas in cells, basal

cells along costa embrowned, veins pale.

Structure.: Head and thorax broader and pronotum less arched than

in the rest of the species of the genus. Surface of pronotum faintly

pitted. Veins of elytra set with minute white hairs.

External genitalia: Last ventral segment of female attached only

medially, triangular in shape and shield-like in appearance, lateral

margins flaring, posterior margin with three small incisions. Male
valve not differentiated from genital capsule. Plates large, broad
basally and tapering gradually on basal two-thirds, apices blunt.

Pygofer broad.

Internal male genitalia: .^deagus broad basally, with a dorsal

projection for muscular attachment and a ventral projection pos-

teriorly, shaft slender and extending upward. Connective short.

Style very short, outer fork thick basally, tapering to a blunt point,

inner fork slender and sharply pointed, exceeding outer fork in length

and with a blunt tooth on inner ventral surface near apex of outer

fork. Plates each ending in a pair of thickened, spine-like projections

which extend upward, the outer of these spines much smaller than
the inner pair.

Holotype, male; allotype, female; and five female paratypes from
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Loreto, Prov. Missiones, Argentina, A. A. Ogloblin. The holotype was

collected on December lo, the allotype on December i, and the para-

types from November 25 to December 18, 1931. Types in the col-

lection of the U. S. National Museum, cat. no. 50843.

Agalliota dentata n. sp. (Plate XXXIV, figs. 4, 4A)

Closely related to scutaria but with the female genitalia segment

attached along its entire basal width and the pronotal markings larger.

Length of female 4.5 mm.
Color: General ground color and markings of face as in scutaria.

Pronotum with anterior lateral depressions marked with brown to

fuscous; arms of brown V on median line much broadened anteriorly;

a large brown spot each side of median line, these much larger than in

scutaria and darker around the edges. Basal triangles of scutellum

small and black. Elytra hyaline, irregularly marked with pale

iridescent brown except along costal margin, apical veins brown,

apical cells hyaline. Median portion of female genital segment
fuscous.

Structure: Very similar to scutaria but with head and pronotum
a little narrower, pronotum longer and with minute pits on surface

more distinct.

External genitalia: Last ventral segment of female large, posterior

margin slightly excavated medially, with a small tooth at the base

of the excavation. Base of segment medially with an elevated tri-

angular area.

Holotype, female, from San Antonio de Guapore, Brazil, July 26.

1909, collected by J. D. Haseman, Carnegie Museum accession no.

4043. Type in the Carnegie Museum.

Agalliota clavata n. sp.

(Plate XXXIV, figs. 5, 5A; pi. XLI, fig. 4)

A pale yellowish species with fuscous spots on head and pronotum

and longitudinal brown stripes on elytra. Length of male 3.75 mm.
Color: General ground color pale yellowish white. Clypeus marked

laterally with short, transverse brown bars; sutures along clypeus

brown. Vertex with a pair of round, fuscous spots on posterior mar-
gin, these more widely separated than the ocelli. Pronotum with a

narrow median brown line, a pair of brown dashes on anterior margin,

and a pair of fuscous spots a little behind the disk. Basal triangles of

scutellum fuscous brown. Clavus, except apically, brownish-sub-

hyaline, veins pale. Corium with costa brown except apically and
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with a narrow brown stripe from base of costa across base of forks of

first sector, becoming obsolete about base of inner anteapical cell.

Structure: Comparatively slender, vertex short and evenly rounded,

pronotum narrow and truncate posteriorly. Elytra hyaline or sub-

hyaline, veins indistinct except apically.

External genitalia: Male valve not differentiated from genital

capsule, plates nearly twice as long as basal width, lateral margins

constricted just before middle, apices bluntly pointed.

Internal male genitalia: iE^deagus in lateral view extending first

upward, then bent backward and downward, apex in ventral view

triangular, base of triangle with diverging processes. Shaft of aedeagus

before apex with a flange-like extension on each side dorsally. Con-
nective short. Style with outer fork blunt, inner fork curved and
pointed. Dorsal spine broad, extending posteriorly beyond aedeagus,

apex bifurcate in lateral view. Posterior margins of pygofer pro-

duced next plates.

Holotype, male, from Corumba, Brazil, highlands, March, C. F.

Baker collection. Type in the collection of the U. S. National Mu-

seum, cat. no. 50844.

Agalliota parallela n. sp.

(Plate XXXIV, figs. 3, 3A; pi. XLI, fig. 3)

Closely related to clavata but more heavily marked with brown and

with the male plates slender and not constricted. Length of male

3.5 mm.
Color: Very similar to that of clavata but with the markings of the

face more conspicuous, the inverted Y on vertex brown, a brown dash
next each eye, the brown stripe on corium bent toward the claval

suture just anterior to disk, and apical veins of corium brown except

along costa.

Structure: As in clavata but proportionately smaller.

External genitalia: Male valve short, plates long and slender,

lateral margins nearly parallel, tips bluntly pointed. Pygofer con-

stricted about middle.

Internal male genitalia: T^deagus extending upward to union with
ejaculatory duct, then extending directly caudad. Apex in dorsal

view with a pair of short processes extending laterally and a longer

pair extending cephalad parallel with shaft. Connective short.

Style short, inner fork pointed and much longer than blunt outer fork.

Posterior margins of pygofer bent inward and ending in short spines

dorsally.

The male genital characters should easily distinguish this species

from others of the genus.
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Holotype, male, from Corumba, Brazil; May, C. F. Baker col-

lection. Type in collection of the U. S. National Museum, cat. no.

50845.

Agalliota parma n. sp.

(Plate XXXIV, figs. 2, 2A, 2B; pi. XLI, fig. 2; pi. XLIV, fig. 4)

Closely related to clavata but the pronotum with a narrow V-shaped

brown mark medially and the elytra with the oblique brown stripes

bent upward just anterior to disk. Length 3.75 mm.
Color: General ground color creamy white. Sutures next clypeus,

and a row of short dashes next each lateral margin of clypeus basally,

brown. Vertex with an inverted V of pale brown with base on pos-

terior margin medially and arms flared outward below ocelli. Spots

on vertex above ocelli black. Pronotum with a pair of transverse

fuscous dashes on anterior margin, a narrow, elongate, median V-

shaped mark of pale brown, and a large pair of similarly colored spots

on posterior submargin. Basal triangles of scutellum fuscous.

Clavus pale iridescent brown, except veins. Corium with costal mar-

gin narrowly brown basally and the oblique brown stripe curved up-

ward across sectors just before disk as in parallela.

Structure: About as in clavata, but with anterior pronotal depres-

sions more clearly defined and elytra more slender.

External genitalia: Last ventral segment of female narrow, lateral

margins produced, posterior margin with three notches, a faint median
one and a deeper one between middle and each lateral margin. Pos-

terior portion of segment iridescent brown medially. Male plates

about as in clavata but smaller and with tips rounded. Pygofer con-

stricted near apex.

Internal male genitalia: T^deagus small, extending directly upward,

a projection near base anteriorly for muscular attachment and with

posterior portion bent caudad, this portion flattened dorso-ventrally

and spatulate in dorsal view. Style about as in clavata but outer

fork with a tiny hook on inner margin of apex. Dorsal spine short and
broad, ending in two points apically. Posterior margins of pygofer

produced next plates, each with a hook-like projection extending

outward and cephalad; above these each margin with a smaller hook
which extends upward and slightly inward.

Holotype, male, from Corumba, Brazil, highlands, April, C. F.

Baker collection. Allotype, female, from Chapada, Brazil, October,

(H. H. Smith, coll.), Carnegie Museum accession no. 2966. Type in

the U. S. National Museum, cat. no. 50846; allotype in Carnegie

Museum.
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The Genus Euragallia

Euragallia Oman, University of Kansas Science Bulletin, vol. XXIV, no. i6,

P. 351. 1937-

Related to Agallia but differing in having the vertex and pronotum

shorter and broader, in having the eyes appearing more bulbous, and

in the modified genital characters of both sexes.

Face triangular, rather flat, distinctly less convex than in Agallia.

Ocelli situated as in Agallia. Vertex very short, widened slightly next

the eyes, posterior margin not sinuated next eyes as in Agalliopsis

and, if produced behind eyes laterally, appearing as a narrow line.

Eyes more bulbous than in Agallia. Pronotum short, median length

usually less than one-half the width, surface finely granulose. An-
terior depressions on pronotum usually present, typically rather nar-

row and nearly transverse rather than oblique. Elytra usually broad,

often appearing coriaceous; veins conspicuous, numerous cross-veins

sometimes present. Venation of elytra and wings as in Agallia.

Seventh abdominal segment of female very short ventrally, exposing

the underlying membranes and frequently the base of the ovipositor.

Male plates united, at least basally, frequently small, exposing apices

of styles. Styles not forked or with forks obsolete. Tenth segment
of male usually large. Typical colors are various shades of brown
and fuscous.

Type of the genus, Agallia fiirculata Osborn.

In addition to the species treated in the following pages the genus

will also include Agallia nervata Oman'^ from Mexico and four or five

Central American species which are at present known to the writer

only from very meager material. The genus as here defined may be

divided into two quite distinct groups. In one of these, represented by

albopunctata, lata, declivata, and furculata, the elytra appear distinctly

coriaceous; in the other, which includes the remainder of the species

known to the writer, the elytra are distinctly membranous. The

species included are all from the tropical or subtropical regions of the

Western Hemisphere.

Key to the Species of Euragallia

1 Elytra not coriaceous, cells distinctly membranous 2

Elytra coriaceous, sometimes subcoriaceous along costa distally 6

2 (i) Length 3.75 mm. or less attenuata, p. 399

Length 4.25 mm. or more 3

'^Annals Ent. Soc. Amer., vol. XXVII, no. 3, p. 455-456, 1934.
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3 (2) Anterior depressions on pronotum obsolete. Pronotum heavily marked

with fuscous. Face more convex and vertex narrower than is common
in the genus magnicauda, p. 398

Anterior depressions on pronotum distinct and narrow. Pronotum with

only median line, a pair of spots on posterior margin and anterior de-

pressions fuscous. Vertex usually very short and broad 4

4 (3) Female without a median ligulate process from beneath sixth ventral ab-

dominal segment. Male plates slender and parallel margined, pygofer

slender, but little wider than plates nervata, p. 397

Female with a median ligulate process from beneath sixth ventral ab-

dominal segment. Male plates and pygofer both tapered apically,

pygofer broad basally 5

5 (4) Base of oviposjitor with a stout protuberance ventrally. Inverted Y on

vertex and short bars on clypeus fuscous major, p. 400

Base of ovipositor without a ventral protuberance. Face almost unmarked.

major var. hreviata, p. 402

6

(i) Elytral venation normal, or at most with 2 or 3 extra cross-veins 7

Elytral venation reticulate or with numerous extra cross-veins 8

7 (6) Species with a conspicuous white spot back of first cross-vein between

sectors of elytron. Posterior margin of pronotum white.

albopunctata, p. 403

Color not as above furculata, p. 402

8 (6) Inner margins of eighth ventral segment of female with extensions cephalad

and caudad (PI. XXXV, fig. 6). Length 5.5 mm. or more, .lata, p. 404

Eighth ventral segment of female not produced as above (PI. XXXV, fig.

7A), Length 4.75 mm. or less declivata, p. 405

Euragallia magnicauda n. sp.

(Plate XXXIV, figs. 6, 6A; pi. XLI, fig. 8)

Less robust than the other species of the genus known to the writer.

Genital capsule of male proportionally very large, plates rudimentary.

Length of male 4.75 mm.
Color: Clypeus with a median fuscous line, broader apically.

Frontal sutures and inverted Y on vertex fuscous. Vertex with a

fuscous spot above each ocellus and an interrupted, longitudinal

fuscous line next each eye. Pronotum irregularly infuscated, darker

behind eyes, along median line, and on disk; lateral margins pale.

Basal triangles and disk of scutellum fuscous. Cells of clavus and base

of corium embrowned, veins pale, remainder of corium hyaline,

veins brown.
Structure: Head slightly narrower and pronotum more arched than

in typical species of the genus; pronotal depressions obsolete. Elytra

long, comparatively slender, second cross-vein between sectors

present.
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External genitalia: Genital capsule very large, length nearly equal

to that of remainder of abdomen. Lateral margins of valve not reach-

ing eighth segment of abdomen, apex of valve subtruncate. Plates

united, lateral margins nearly parallel, posterior margin with a broad

V-shaped median incision, lateral margins produced and curved up-

ward and outward, appearing to be forks of the styles, apices blunt.

.Style visible beyond plates. Pygofer with a finger-like extension on

each posterior margin next plates.

Internal male genitalia: ^P^deagus in lateral view extending horizon-

tally above connective, posterior to connective bent obliquely down-
ward and then directly upward, apex extending above level of basal

portion. Connective short and stout. Style unforked, comparatively

slender. Plates curved upward and outward around inner margins

of styles and appearing as inner forks of styles. Pygofer very short

dorsally; tenth segment very long, extending beyond apex of pygofer.

Spine of tenth segment long and sword-shaped, curved inward api-

cally.

In general structure this species is somewhat intermediate in char-

acter between Agallia and Euragallia but is placed in the latter genus

because of the short vertex and the type of male genitalia. When
both sexes are available for stud}^ its generic position will be more ap-

parent. The slender form and genital characters will easily distin-

guish it from other species.

Described from a single specimen, the holotype male from Chapada,

Brazil, January, C. F. Baker collection. Type in the collection of the

U. S. National Museum, cat. no. 50847.

Euragallia attenuata n. sp.

(Plate XXXV, figs, i, lA, iB; pi. XLI, fig. 7)

Not closely related to any other species of the genus known to the

writer. Quite distinct because of the small size and elongate male

plates. Length 3-3.5 mm.
Color: General ground color pale brownish yellow. Frontal

sutures brown; basal portion of clypeus marked with brown laterally.

Vertex with a fuscous spot above each ocellus, a faint brown median
line, and a brown dash next each eye. Pronotum with a faint brown
median line and traces of elongate brown spots on disk behind spots

on vertex. Anterior depressions sometimes faintly embrowned.
Elytra basally faintly embrowned, veins pale; remainder hyaline,

veins brown.
Structure: Vertex slightly longer and face more convex than is

typical of the genus. Pronotal depressions usually present but not
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deep. Posterior margin of pronotum convex, slightly notched
medially. Second cross-vein between sectors of elytra either present

or absent.

External genitalia: Seventh ventral segment of female with posterior

margin broadly, concavely excavated almost to preceding segment,

eighth ventral segment appearing laterally as triangular projections.

Male valve appearing laterally as a subtriangular projection from
genital capsule, apex narrow and truncate. Plates elongate, tapering

on apical one-half to narrow rounded tips, appearing separated for

entire length but actually united to tips. Pygofer with a lateral

extension each side of plates, these appearing hood-like in ventral

view.

Internal male genitalia: ^deagus in lateral view broad basally,

tapering abruptly and curved downward and backward, then bent

abruptly upward. Style stout, apex blunt. Pygofer short dorsally;

tenth segment long, equalling apex of pygofer in length. Spine of

tenth segment long, similar to that of magnicauda but swollen at the

middle.

Although not closely related to magnicauda, this species also bears

some relation to Agallia, especially in the convexity of the front and

the length of the vertex. However, the bulbous eyes and structure

of the genitalia clearly place it in Euragallia.

Holotype, male; allotype, female; and two female paratypes from

Chapada, Brazil, July, C. F. Baker collection. Types in the collec-

tion of the U. S. National Museum, cat. no. 50848.

Euragallia major (Lethierry) (Plate XXXV, figs. 2, 2A)

Agallia major Lethierry, Annales de la Societie Entomologique de France, vol. 10,

6th series, p. 156, 1890.

Agallia major Osborn, Annals of the Carnegie Museum, vol. XV, p. 9, 1923.

Agallia sara Baker, Philippine Journal of Science, vol. 23, no. 5, p. 531, 1923,

nom. nov. for Agallia major Osborn 1923, not Agallia major Lethierry 1890.

Related to nervata from Mexico but larger, with a shorter vertex

and broader male plates. Length 5-5.5 mm.
Color: General ground color pale yellowish brown. Apex of clypeus

and inverted Y on vertex fuscous, frontal sutures brown and marks
laterally on clypeus fuscous brown. Vertex with a fuscous median
line, a fuscous spot above each ocellus, and an indefinite brown area

next each eye. Pronotum with median stripe and a pair of spots

each side of this near posterior margin fuscous, anterior depressions

sometimes dark. Basal triangles of scutellum fuscous. Claval cells

along commissural line and cells of corium next claval suture faintly
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embrowned, remainder of elytra hyaline to subhyaline, veins con-

colorous.

Structure: Vertex very short medially, widened slightly and with a

small, oval depression next each eye. Pronotum distinctly less than

one-half as long as greatest width, posterior margin faintly notched

medially, anterior depression distinct and comparatively narrow.

Second cross-vein between sectors of elytra usually absent.

External genitalia: Seventh ventral segment of female visible only

laterally, although a long, slender, fleshy extension coming from
beneath the sixth ventral segment may represent the seventh segment.

Eighth ventral segment visible laterally as irregular, triangular pro-

jections, upper margin connected with base of ovipositor. Base of

ovipositor visible and with an overhanging projection ventrally which

is convex on the anterior surface. Male valve short and transverse,

not clearly separated from plates. Plates comparatively slender,

tapering slightly for two-thirds of their length, then narrowing to a

bluntly pointed tip, appearing to be separated on apical two-thirds

but actually united to tip. Tips of styles visible laterally before

apex of plates.

Internal male genitalia: ^Eideagus broad at base for muscular at-

tachment, remainder very slender, in lateral view extending down-
ward and then curved upward and backward, apex in dorsal view
bifurcate, forks parallel. Connective appearing membranous, not

heavily sclerotized. Style stout, apex truncate, apical one-third

hollow with opening on inner ventral side. Pygofer not shortened

dorsally, tenth segment proportionally smaller than in magnicauda
or attenuata.

The specimens upon which this description is based are in poor

condition but the genital characters will easily distinguish the species

from others of the genus.

The species was first described by Lethierry from a single male

from San Esteban, Venezuela. Osborn used the name major for a

species described as new from Province del Sara, Bolivia. A careful

study of the material at hand and comparison of the type of major

Osborn with drawings of the type of major Lethierry, together with the

original description of the latter species, convinces the writer that

major Osborn is a synonym of major Lethierry. The drawings of the

type of major Lethierry were sent to the writer by Dr. E. Seguy of the

Entomological Laboratory of the Natural History Museum of Paris.

Material examined, aside from the type of major Osborn, is from Para,

Brazil, P. R. Uhler collection, and Bonda, Colombia, May, 1898,

Carnegie Museum accession no. 1999, collected by the late H. H.

Smith.
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Euragallia major var. breviata n. var.

(Plate XXXV, figs. 3, 3A)

Differing from typical major in lacking a protuberance on the base

of the ovipositor and in having the median process of the female

genitalia short. Length of female 5.25 mm.
Color and structure: As in major but with face very faintly marked

and markings of vertex and pronotum more definite. Second cross-

vein between sectors of elytra present in type.

, External genitalia: Seventh ventral segment of female not visible

laterally, median process short and rather slender, not appearing
membranous. Ovipositor without ventral protuberance at base.

Examination of the males of this form may establish it as a distinct

species, but its relation to major appears so close that it is here de-

scribed as a variety of that species.

Holotype, female, from Loreto, Prov. Missiones, Argentina, De-

cember I, 1931, A. A. Ogloblin. There are also at hand three females

from Corumba, Brazil, C. F. Baker collection, which are placed here

with some doubt. Type in collection of the U. S. National Museum,

cat. no. 50849.

Euragallia furculata (Osborn)

(Plate XXXV, figs. 4, 4A, 4B; pi. XLI, figs. 6, 6A; pi. XLIV, fig. 7)

A galUa furculata Osborn, Annals of the Carnegie Museum, vol. XV, p. 9-10, 1923.

A large, robust brown or brownish-fuscous species with few extra

cross-veins in the elytra, which are subcoriaceous or opaque. Male

plates large. Length 5-5.25 mm.
Color: General ground color yellowish brown. Face variously

marked with fuscous, the most constant marks being a series of in-

definite spots between the eyes. Vertex with a faint median fuscous

line and a small fuscous dash above each ocellus. Pronotum with a

fuscous median line, a brownish-fuscous spot on each side of this near

anterior margin, and a large fuscous pair back of these and farther

from median line. In pale specimens these marks may be pale or

obsolete. Basal triangle of scutellum fuscous to pale brown. Cells

of clavus and disk of corium brown, veins pale, remainder of cells

pale, veins light brown.

Structure: Vertex with a distinct transverse depression next each

eye, this deeper next eye. Anterior depressions of pronotum distinct.
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Elytra subcoriaceous or opaque except for subhyaline costal areas

next anteapical cells. Venation typical but usually with two or three

extra cross-veins between sectors.

External genitalia: Seventh ventral segment of female very short

laterally, with a short median projection occupying the median one-

half of the width of the segment, this slightly concavely excavated on

posterior margin. Eighth ventral segment appearing as very short

triangular projections laterally. Male valve short and transverse.

Plates rather broad basally, gradually tapering to narrow, slightly

notched tips, united for entire length but sulcate medially, length of

plates about equal to posterior width of valve. Apices of styles visible

laterally beyond plates.

Internal male genitalia: ^E^deagus in lateral view roughly U-shaped,

with a projection for muscular attachment on posterior margin.

Style comparatively long and slender, apex blunt, curved outwardly
and downward. Tenth segment very short, with a pair of angular

projections on each lateral margin.

The characters of the genitalia of both sexes are quite distinct

from those of any other species known to the writer.

Described by Osborn from a single female from Bom Fim, Bahia,

Brazil. Numerous specimens are at hand from Chapada, Brazil;

March, April, and May, C. F. Baker collection. Also a specimen from

Corumba and two from Santarem, Brazil, C. F. Baker collection.

The type, which is in the Carnegie Museum, has been examined bv

the writer.

Euragallia albopunctata n. sp.

(Plate XXXV, figs. 5, 5A; pi. XLIV, fig. 6)

Related to furculata but smaller, darker colored, and with a distinct

white spot on the disk of each elytron. Length of female 4 mm.
Color: General ground color of head and thorax pale brownish

yellow. Face variously marked with fuscous; base of inverted Y
on vertex broadly fuscous to near posterior margin of vertex. Vertex
with a large fuscous spot above each ocellus. Pronotum with an-

terior margin and median line fuscous, posterior margin pale yellowish

white, disk each side of median line with indefinite brown spots. Basal

triangles of scutellum fuscous. Elytra, except apically, brown and
somewhat coriaceous, with veins of clavus and claval suture pale and
an elongate white spot back of first cross-vein between sectors. Apical

cells subhyaline, veins brown.

Structure: Front slightly flattened between ocelli; vertex shorter

medially. Pronotum distinctly shorter medially than one-half its
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width. Elytra broad, costal margins strongly bowed, usually one or

two extra cross-veins apically between sectors of elytra.

External genitalia: Seventh ventral segment of female very short,

posterior margin broadly, concavely excavated. Eighth ventral seg-

ment visible laterally.

Known to the writer only from the female sex. The size and char-

acter of the markings should easily distinguish it from others of the

group.

Holotype, female, and one female paratype from Corumba, Brazil;

lowlands, March, C. F. Baker collection. Types in the collection of

the U. S. National Museum, cat. no. 50850.

Euragallia lata n. sp. (Plate XXXV, fig. 6)

A robust brown species with numerous elytral cross-veins and rudi-

mentary male plates. The largest species of the genus known to the

writer. Length of female 5.5-6 mm.
Color: General ground color yellowish brown. Face sparingly

marked with brown; vertex with a small brown spot above each

ocellus. Pronotum with a faint brown median line, a brown spot each

side of this anteriorly, and irregular brown markings on posterior

margin, these interrupted by four narrow, longitudinal, pale stripes.

Basal triangles of scutellum faintly brown. Claval cells brown, veins

pale; veins of corium pale but margined with brown, cells of corium

pale.

Structure: Head and pronotum very short; pronotal depressions

anteriorly small. Elytra large and somewhat coriaceous, with numer-
ous cross-veins, sometimes reticulate.

External genitalia: Seventh ventral segment of female broad;

deeply, concavely excavated from lateral angles two-thirds of the

distance to the base. Eighth ventral segment extending from lateral

margins almost to median line, with angular projections on inner

margins both anteriorly and posteriorly.

Although the female genital characters are somewhat similar to

those of declivata, the shape of the various structures is distinctly

different. These differences, as well as the larger size of lata, will

serve to separate the two species,

Holotype, female, and two female paratypes from Chapada, Brazil,

C. F. Baker collection. Holotype taken in January, one paratype in

April, and the other in May. Types in the collection of the U. S.

National Museum, cat. no. 50851.
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Euragallia declivata (Osborn)

(Plate XXXV, figs. 7, 7A, 7B; pi. XLI, fig. 5; pi. XLIV, fig. 8)

Agallia declivata Osborn, Annals of the Carnegie Museum, vol. XV, p. 8-9, 1923.

Closely related to lata but distinctly smaller and differing also

in the shape of the seventh and eighth ventral abdominal segments of

the female. Length 4.75 mm.

Color: As described for lata.

Structure: As described for lata but proportionally smaller.

External genitalia: Seventh ventral segment of female shorter

laterally than in lata, posterior margin concavely excavated but not

so deeply as in lata. Eighth ventral segment visible laterally, without

angular projections of inner margins. Male ninth segment large,

valve not differentiated from segment; plates united, small, widened
slightly about the middle, then constricted abruptly, apically appear-

ing widened and rounded in external aspect. Apices of styles curved

downward and visible laterally at constriction of plates. Posterior

margin of pygofer extended posteriorly along plates.

Internal male genitalia: Aideagus proper in lateral view rather small,

broad basally, extending first backward and downward, then bent

abruptly upward and cephalad. Above and cephalad of the portion

just described, and connected to the base of that portion by a slender

U-shaped connective, is a heavy structure which in dorsal view is

Y-shaped, the arms of the Y extending caudad. All this is evidently

a part of the sedeagus but the ejaculatory duct appears to enter only

the posterior portion which is between the connective to the styles

and that to the dorsal Y. Connective to styles short. Style rather

long, posterior portion curved outward and downward along the lateral

margin of the plates. Plates with the posterior lateral angles blunt

and curved upward and outward over the styles, appearing as inner

forks of the styles. Tenth segment not extremely elongated as in

attenuata, but large, with a pair of blunt projections ventrally on each

side.

The peculiar male genitalia, as well as the size and characters of the

female genitalia, will distinguish this species from all others known

to the writer.

Described by Osborn from a single male from San Antonio de

Guapore, Brazil. Specimens at hand are from Corumba, Brazil,

March and April, C. F. Baker collection. Two specimens from

Bolivia are placed here with some doubt. The type, which is in the

Carnegie Museum, has been examined by the writer.
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The Genus Agalliana

Agalliana Oman, United States Department of Agriculture Technical Bulletin

372, p. 70, 1933.

Vertex short and of almost uniform length. Surface of pronotum
with numerous round or slightly transversely elongate pits. Styles

of internal genitalia of male forked posteriorly.

Type of the genus, Bythoscopus sticticollis Stal.

In 1934^ the writer published a classification of the then known
species in the genus. Since that time, in examining the Carnegie Mu-
seum material, two additional species have been found, making a

total of seven. The species thus far known form a closely related and

homogeneous group. Two of the species, namely ancora and puella,

are known to the writer from the male sex only.

Agalliana puella n. sp.

(Plate XXXVII, fig. 3; pi. XLII, fig. 7)

General appearance of a small ensigera but with the male plates

proportionally larger and the aedeagus with slender processes apically.

Length of male 2.3 mm.
Color: As in typical males of ensigera. This species may be ex-

pected to vary greatly, as do all the others of the genus.

Structure: As in ensigera except for the smaller size. Second cross-

vein between sectors of elytra present.

External genitalia: Male plates resembling those of grossa but
proportionally smaller, shape typical of the genus.

Internal male genitalia: T^deagus slender, in lateral view U-shaped,

apically with a slender process (apparently one of a pair, the right

one having been broken off) arising from the cephalic margin and
extending cephalad and slightly laterad and ventrad. Inner fork of

style much longer and sharper pointed than outer fork. Dorsal spine

nearly straight, apical one-half more slender than basal portion.

Sternal apodemes at base of abdomen rather small, slender, and
diverging posteriorly.

The small size and characters of the internal male genitalia will

easily separate this species from all others in the genus.

Type in the Carnegie Museum; male, from Bonda, Colombia;

July, 1898, collected by the late Herbert H. Smith, C. M. accession

no. 1999.

^Revista de Entomologia, vol. 4, fasc. 3, p. 333-340, 1934.
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Agalliana mediana n. sp. (Plate XLII, fig. 6)

Resembling fusca somewhat in general appearance, but smaller,

less robust, and with the color more like that of sticticollis. Length

2.75-3*25 mm.
Color: General color about as in sticticollis, extremely variable, the

males much darker than the females.

Structure: As in sticticollis but smaller and slightly more robust.

External genitalia: Last ventral segment of female with posterior

margin shallowly notched medially and sinuately curved each side of

notch. Male plates typical of the genus, a little more slender than

those of sticticollis but similar in size.

Internal male genitalia: ^Edeagus in lateral view V-shaped, without

a keel and with the apex hooked backward as in grossa. Inner fork

of style slender, apex somewhat foot-shaped; outer fork short and
blunt. Dorsal spines, in caudo-lateral view, broadened abruptly at

apical third, then abruptly narrowed to a rather slender point. Sternal

apodemes at base of abdomen very short.

From grossa, ensigera, puella, and sticticollis this species may be sepa-

rated by the shape of the dorsal spine, and ivomjusca and ancora by the

smaller plates as well as the characters of the internal male genitalia.

Holotype, male; allotype, female; and twenty-two paratypes repre-

senting both sexes from Rio Bermejo, Prov. Salto, Argentina; May,

1914, J. Steinbach collector. Types and paratypes in the Carnegie

Museum, paratypes in the collection of the U. S. National Museum,

cat. no. 50852.

The Genus Aceratagallia

Aceratagallia Kirkaldy, Hawaii Sugar Planters Association Experiment Station,

Division of Entomology, Bulletin 3, p. ii, 30-31, 1907.

Vertex short, usually distinctly longer medially than next the eyes;

posterior margin not noticeably produced behind the eyes. Surface of

pronotum transversely striated or rugulose.

Type of the genus, Bythoscopus sanguinolentus Provancher.

The males of the North American species have the styles of the

internal genitalia unforked. In the males of all the South American

species examined by the writer the styles of the internal genitalia are

forked posteriorly as in Agallia.

Aceratagallia, subgenus Bergallia

Acertagallia, subgenus Bergallia Oman, University of Kansas Science Bulletin,

Vol. XXIV, No. 16, p. 350, 1937 -

External characters as in Aceratagallia. Styles of internal genitalia

of males forked posteriorly as m Agallia, spines of tenth segment show-
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ing modifications useful in specific separation. Sternal apodemes at

base of abdomen well developed. Female genital segment not of the

conventional type found in typical Aceratagallia.

Type of the subgenus, Bythoscopus signatus Stab

The writer attaches considerable significance to the fundamental

structure of the male genitalia of agallian leafhoppers, especially the

character of the styles. For this reason the following species are given

subgeneric rank in spite of the fact that no satisfactory characters,

aside from those of the genitalia, have been found to separate them

from typical Aceratagallia.

Key to the Species of the Subgenus Bergallia

1 Lori swollen, outer margins at dorsal extremities overlapping genae 2

Lori not as above 3

2 (i) Clypeus greatly swollen; ocelli visible from above; costal margins of elytra

broadly white lateralis, p. 409

Clypeus not greatly swollen; ocelli not visible from above; elytra without

white costal margin unica, p. 410

3 (i) Veins of corium brown, intermittently interrupted with whitish; corium

faintly mottled with brown chileana, p. 410

Veins of corium, at least on disk, not interrupted with white; corium not

mottled 4

4 (3) Species heavily marked with black, elytra with a conspicuous creamy white

mark on fork of first sector; pronotum with transverse striations faint,

surface with numerous minute pits alternata, p. 41

1

Species not as above, if heavily marked with black or fuscous always with

pronotal striations distinct and marks on forks of elytral sectors in-

conspicuous 5

5 (4) Species small, very robust; length 2.75 mm. or less. Elytra short and broad,

greatest width approximately one-half of length catalina, p. 414

Species not unusually robust, length usually 3 mm. or more. Elytra elon-

gate, greatest width approximately one-third of length 6

6 (5)® General ground color with a distinct brownish cast. Length 3.5 mm. or

more. Dorsal spine of male genitalia with apex coarsely serrate in

lateral view signata, p. 412

General ground color with a grayish appearance. Length 3.5 mm. or less.

Dorsal spine of male genitalia not serrate apically 7

7 (6) ^deagus without lateral processes, dorsal spine of male genitalia not

notched apically neosignata, p. 413

.^deagus with lateral processes on ventral side near tip, dorsal spine of male

genitalia with apex notched confusa, p, 414

^External characters are unreliable for the separation of signata, neosignata,

and confusa. The characters of the internal male genitalia should be used when-

ever possible.
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Aceratagallia (Bergallik) lateralis n. sp.

(Plate XXXVI, figs, i, lA, iB; pi. XLII, fig. i; pi. XLIV, fig. 9)

Not closely related to any other species in the group. Quite dis-

tinct because of the robust form, swollen clypeus, and broad white

costal margin on elytra. Length of male 3 mm., of female 3-4 mm.
Color: Males with darker marking than females. General ground

color yellowish white. Face marked with reddish brown; clypeus

black in males, marked with brown in females, lateral margins pale.

Vertex with fuscous to reddish brown marks as follows: A dash next

each eye with an extension to ocellus, a round spot above each ocellus,

and a dash each side median line with paler extensions laterally.

Pronotum with fuscous to brown markings in the form of a median
line, anterior border, a pair of dots anteriorly, and a pair of large tri-

angular spots posteriorly, these with extensions forward to anterior

border. Clavus marked with fuscous to brown, mostly in cells.

Veins of corium fuscous; costa to first sector broadly yellowish white,

inner margin bordered with a broad fuscous stripe. Cells opaque.

Structure: Very robust, head broader than pronotum. Clypeus

greatly swollen so that ocelli are visible from above. Lori swollen

and with outer margins at dorsal extremities overlapping gense.

Pronotum short, scarcely twice as long as vertex. Scutellum small.

Elytra short and broad, sometimes barely extending to tip of abdo-

men, second cross-vein between sectors present, apical cells very

short.

External genitalia: Last ventral segment of female with posterior

margin excavated medially nearly to base, excavation narrow, broader

anteriorly than posteriorly. Male valve short and transverse. Plates

rather long, jointed about middle, posterior portions separated

medially and moveable, apices together bluntly rounded.

Internal male genitalia: Aideagus simple, posterior portion bent

upward. Connective short. Style with forks short and blunt.

Posterior margins of pygofer slightly produced next plates and greatly

produced dorsally, the dorsal projections each terminating in a hook
downward. Dorsal spine broad, also terminating in a hook down-
ward. Sternal apodemes at base of abdomen small.

Holotype, male, and allotype, female; from Guatrache, Prov. La

Pampa, Argentina, February 18, 1927, C. F. Henderson. Paratypes,

numerous specimens of both sexes from the above locality and Al-

pachiri, Prov. La Pampa; Colonia Alvear, La Llave, Las Paredes, and

Goudge, Prov. Mendoza; and Bahia Blanca and Lujan, Prov. Buenos

Aires, Argentina, all collected by Mr. Henderson from December 13,

1926 to February 21, 1927. Types in the collection of the U. S.

National Museum, cat. no. 50853, paratypes in the collection of the
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Bureau of Entomology and Plant Quarantine Sugar-beet Leafhopper

Laboratory at Twin Falls, Idaho, and the Carnegie Museum.

Aceratagallia (Bergallia) unica n. sp.

(Plate XXXVI, figs. 2, 2A; pi. XLII, fig. 2; pi. XLIV, fig. 10)

Related to lateralis by the swollen lori but differing from that

species in the much less swollen clypeus and less robust form. Related

to alternata in general structure but more robust and without definite

black markings. Length of male 3.75 mm.
Color: General ground color pale yellowish cinereous. Face ir-

regularly marked with fuscous and pale brown, vertex with a small

black spot above each ocellus. Pronotum with an indefinite arc of

brownish-fuscous spots near anterior margin, a faint brown median
line, and a pair of very faint brown areas next the posterior margin.

Claval cells faintly embrowned, cells of corium subopaque, veins

brown except basally.

Structure: Broader than lateralis but less robust, head and prono-

tum much broader than those of alternata. Clypeus normal, lori

swollen and with outer margins at dorsal extremities overlapping

gense. Elytra broad, second cross-vein between sectors, and one to

three extra cross-veins beyond anteapical cells present in type.

External genitalia: Male valve short and transverse, posterior mar-

gin slightly produced medially. Plates large, tapering distally to one-

half the basal width, united except distally and with lateral margins

indented just beyond middle. Plates, medially, and pygofer with

numerous short fine hairs.

Internal male genitalia: /Ldeagus broad basally, extending caudad,

with posterior one-third bent upward. Connective short. Style

short and stout, inner fork foot-shaped distally, outer fork tapered and

slightly hooked at apex. Dorsal spine curved, forked distally, upper

fork much heavier than lower fork and curved upward. Sternal

apodemes at base of abdomen small, almost obsolete.

Holotype, male, from Loreto, Prov. Missiones, Argentina; Novem-

ber 25, 1931, A. A. Ogloblin. Type in the collection of the U. S.

National Museum, cat. no. 50854.

Aceratagallia (Bergallia) chileana n. sp.

(Plate XXXVI, figs. 3, 3A)

Resembling signata in size and form but with the vertex more nearly

angled and the elytra opaque. Length of female 3.75 mm.
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Color: General ground color pale cinereous yellow. Antennal pits

and broken bars on clypeus fuscous, arms of inverted Y and marks
on disk of clypeus brown. Vertex with a fuscous spot above each

ocellus and a fuscous dash next each eye, all these fused with indefi-

nite areas of reddish brown. Pronotum variously marked with

fuscous to reddish brown, the fuscous limited to the loops back of the

eyes and to small portions of the dashes on disk; median line, pos-

terior triangles, and lateral dashes of various shades of reddish brown.

Scutellum fuscous except for apex, a pair of spots on disk, and one on

each lateral margin. Elytra opaque, clavus marked with faint brown
areas, veins of corium intermittently marked with brown, appearing

somewhat punctate. Legs with indefinite brownish bands.

Structure: Similar to signata but more flattened dorso-ventrally

and with vertex produced medially and subangular. Second cross-

vein between sectors of elytra present.

External genitalia: Last ventral segment of female with posterior

margin broadly excavated from lateral angles, base of excavation

margined with brown.

Holotype, female, from Angol, Chile, D. S. Bullock. Type in the

collection of the U. S. National Museum, cat. no. 50855.

Aceratagallia (Bergallia) alternata n. sp.

(Plate XXXVII, fig. i; pi. XLIV, fig. ii)

Related to signata but darker colored, more robust, and with the

excavation in the posterior margin of the female genital segment

narrow. Length of female 3.75 mm.
Color: General ground color yellowish white. Face heavily marked

with fuscous along sutures and lateral margins of clypeus. Vertex
with a black spot above each ocellus, a pair of black to brown stripes

medially, and a fuscous to black spot next each eye with an extension

below to ocellus. Pronotum marked with black as follows; An-
terior margin with a broken loop behind each eye, median line, broad
posterior margin except laterally, and a spot each side median line

on disk. Scutellum black except for a pair of creamy dots on disk

and one on each lateral margin. Clavus fuscous, veins intermittently

marked with white, especially along commissural line. Corium with
a conspicuous white spot at fork of first sector, veins black, cells

smoky-subhyaline.

Structure: Similar to that of signata but more robust; elytra broader

and shorter, usually with an extra cross-vein between sectors.

External genitalia: Posterior margin of last ventral segment of

female incised medially about one-half the distance to the base,

incision irregular but not broad.

Holotype, female, from Loreto, Prov. Missiones, Argentina; No-
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vember 29, 1931, A. A. Ogloblin. Paratype, a female with the above

data but collected on December 6, 1931. Types in the collection of

the U. S. National Museum, cat, no, 50856.

Aceratagallia (Bergallia) signata (Stal)

(Plate XXXVI, figs. 5, 5A, 5B; pi. XLII, fig. 3; pi. XLIV, fig. 12)

Bythoscopus signatus Stal, Hemiptera. K. Svenska Fregatten Eugenics resa

omkring Jorden under befal af C. A. Virgin aren 1851-1853, v. 2, Zoologi, pt,

4, Insekter, p. 291, 1859.

A rather large species, resembling the North American sanguino-

lenta in general form and coloration. Dorsal spine broadened apically,

apical margin coarsely serrate. Length 3.5-4 mm.
Color: Face yellowish white, tinged with brown and marked with

brown to fuscous on clypeus, in antennal pits, and in sutures next

clypeus. Vertex with a pair of longitudinal brown to fuscous lines

medially and a round fuscous spot above each ocellus, these sometimes
fused laterally with the brown to fuscous area next each eye. PrO-

notum marked with pale reddish brown to fuscous on median line,

along anterior margin, and laterally on disk and near posterior mar-
gin, markings extremely variable and often indefinite. Scutellum

with basal triangles fuscous and with irregular fuscous marks medi-

ally. Clavus irregularly marked with brown to fuscous; veins of

corium brown to fuscous except basally, where they are interrupted

with white.

Structure: Relatively slender, much less robust than in lateralis,

clypeus not swollen beyond normal curve. Elytra slender, tips bluntly

pointed, second cross-vein between sectors present.

External genitalia: Posterior margin of last ventral segment of

female with a broad V-shaped excavation reaching half way to base

of segment, margins of excavation slightly sinuate and embrowned.
Male valve short and transverse; plates broad, nearly parallel mar-

gined, tips together subtruncate, length not twice basal width.

Internal male genitalia: iEdeagus in lateral view roughly V-shaped,

apically with a pair of short lateral projections extending somewhat
downward. Connective short and straight. Style stout, outer fork

very short, inner fork roughly foot-shaped and minutely serrate ex-

cept on apical margin, exceeding outer fork in length. Dorsal spine

broad, apical margin coarsely serrate. Sternal apodemes at base of

abdomen large, reaching to posterior margin of fourth segment with

abdomen distended.

Because of the variation in size and coloring, the male genitalia are

the most reliable characters for the identification of this species.

Stabs specimens upon which the original description was based were
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from Buenos Aires and are now in the Stockholm Museum at Stock-

holm, Sweden. Specimens from Buenos Aires were sent to Dr. O.

Lundblad for comparison with Stal’s types and he reports them to be

identical. Specimens at hand, most of which were collected by Mr.

C. F. Henderson, are from Bahia Blanca, Caseros, Quilmes, San

Isidro, Tigre, La Plata, and Buenos Aires, Prov. Buenos Aires; Goudge

and La Llave, Prov. Mendoza; Media Aqua, Prov. San Juan; and

Loreto, Prov. Missiones, Argentina.

Aceratagallia (Bergallia) neosignata n. sp.

(Plates XXXVI, figs. 4, 4A, 4B; pi. XLII, fig. 5; pi. XLIV, fig. 13)

Closely related to, and easily confused with, signata, but slightly

smaller, less heavily marked with fuscous, and with the apical margin

of the dorsal spine of the male not serrate. Length 3.25-3.5 mm.
Color: Very similar to that of signata but with markings usually

less definite and general appearance more cinereous and less brown
than in that species.

Structure: As in sig7iata but proportionately smaller.

External genitalia: Last ventral segment of female excavated as in

signata but with margins not so distinctly sinuated and only base of

excavation with margins embrowned. Male plates as in signata but
more nearly truncate apically.

Internal male genitalia: Aideagus small, anterior portion much
broadened, posterior portion short, with a pair of flange-like exten-

sions laterally before apex. Connective straight, longer than that of

signata. Style similar to that of signata but inner fork more slender.

Dorsal spine curved posteriorly near apex, pointed posteriorly and
with a spur extending anteriorly. Sternal apodemes at base of

abdomen small, reaching about to middle of third segment with

abdomen distended.

Holotype, male; allotype, female; and numerous paratypes of both

sexes from Guatrache, Prov. La Pampa, Argentina, February 18,

1927, C. F. Henderson. Other specimens at hand, also collected by

Mr. Henderson, are from Alpachiri, Prov. La Pampa; Bahia Blanca

and Guatreros, Prov. Buenos Aires; and Media Aqua, Prov. San Juan,

Argentina. Judging from the material collected by Mr. Henderson,

this species is more abundant than signata. Types in the collection

of the U. S. National Museum, cat. no. 50857; paratypes in the col-

lection of the Bureau of Entomology and Plant Quarantine Sugar-

beet Leafhopper Laboratory at Twin Falls, Idaho, and the Carnegie

Museum.



414 Annals of the Carnegie Museum VOL. XXV

Aceratagallia (Bergallia) confusa n. sp.

(Plate XLII, fig. 4)

Superficially identical with neosignata but with the male plates a

little longer and the dorsal spine of the internal male genitalia bifur-

cate distally. Length of male 3.25 mm.
Color and structure: Identical with those of neosignata but with

median longitudinal lines on vertex narrower and definite and spots on

vertex and pronotum more clearly defined.

External genitalia: Male plates as in neosignata but slightly longer

and tapered apically.

Internal male genitalia: ^Lideagus in lateral view broadly U-shaped,

with a pair of slender finger-like processes on ventral side before apex,

these extending downward and cephalad. Connective straight and
rather stout. Style similar to that of signata. Dorsal spine long,

apex bifurcate in lateral view and with a short tooth on inner surface.

Sternal apodemes at base of abdomen large, extending to posterior

margin of fourth segment with abdomen distended.

This species was not differentiated from neosignata until the slight

difference in the male was noticed. The internal structures are very

distinct, especially in the characters of the dorsal spines, sedeagus,

and sternal apodemes. The female sex is not known to the writer

and may be still confused with neosignata.

Holotype, male, from Alpachiri, Prov. La Pampa, Argentina;

February 24, 1927, C. F. Henderson. Paratypes, three males; one

from Bahia Blanca, Prov. Buenos Aires, February 12, 1927; one from

Guatreros, Prov. Buenos Aires, February ii, 1927; and one from San

Juan, Prov. San Juan, November 26, 1926, all collected by C. F.

Henderson. Types in the collection of the U. S. National Museum,

cat. no. 50858.

Aceratagallia (Bergallia) catalina n. sp.

(Plate XXXVII, figs. 2, 2A)

Resembling confusa in the markings of the vertex but smaller than

any other species of the group and more robust than any except

lateralis. Length of female 2. 6-2. 7 mm.
Color: Color and markings as in confusa, very variable.

Structure: Very robust, vertex produced medially, ocelli barely

visible from above. Pronotum short, posterior margin slightly con-

cave. Elytra very short and broad, sometimes not covering tip of
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abdomen, second cross-vein present, apical cells sometimes very short.

External genitalia: Last ventral segment of female broad; pos-

terior margin broadly, angularly excavated from lateral margin half

way to base.

Holotype, female, and three female paratypes from Guatreros,

Prov. Buenos Aires, Argentina; February ii, 1927, C. F. Henderson.

Also a female paratype from Guatrache, Prov. La Pampa, Argentina,

February 18, 1927, C. F. Henderson. Types in the collection of the

U. S. National Museum, cat. no. 50859; a paratype in the collection

of the Bureau of Entomology and Plant Quarantine Sugar-beet Leaf-

hopper Laboratory at Twin Falls, Idaho.

Unidentified Species

The following species, and possibly a few others described by Stal

and Blanchard as Bythoscopus, appear to belong in Agallia sens. lat.

Most of these are so poorly characterized that it is impossible to

determine the genus to which they belong; consequently it will be

necessary to examine the types before they can be definitely identi-

fied. To make this paper as complete as possible, and for the benefit

of those workers who do not have access to many of the older publica-

tions, the original descriptions of the various species are given below,

followed by references to any subsequent descriptions which seem

of value.

Agallia phalerata (Stal) (Plate XLV, figs, i, a-d)

Bythoscopus phaleratus Stal, Bidrag till Rio Janeiro-traktens Hemiptera-fauna,

Part II; K. Svenska Vetensk. Akad. Handl., vol. Ill, no. 6, p. 54, i860.

The description referred to above is as follows:

“Pallide subsordide testaceo-flavescens, pedibus saepius purius

flavescentibus; faciei parte dimidia apicali (excepto margine genarum),
fascia insequali inter oculos maculisque duabus basalibus magnitudine
variantibus, saepe cum fascia ilia confluentibus, thoracis margine
antico, vitta media maculaque utrimque saepe cum vitta connexa,

maculis tribus haud raro confluentibus scutelli et tunc hoc totum
occupantibus, disco dorsali abdominis tegminibusque nigricantibus

aut nigro-fuscis, venis suturaque clavi, vena corii ad suturam clavi

nec non macula utrimque subapicali oblonga marginali pallide sordide

testaceo-flavescentibus. 9. Long. 43/2 »
lat. 1F3 millim.—(Mus. Holm,

et Stal).

“B. fructicola angustior. Caput supra visum brevissimum, late

rotundatum, medio brevius, facie levissime convexa, paullulum re-
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clinato-decliva. Thorax antice rotundatus, longitudine plus duplo
latior, scutello nonnihil longior. Tegmina abdomine nonnihil longi-

ora, venis subtilibus.”

Two almost identical descriptions under the above name were

published by St^l at practically the same time. The longer of the

two is given above; the other description appears in “Kongliga

Svenska Fregatten Eugenies resa omkring Jorden under befal af

C. A. Virgin aren 1851-1853. vol. II, Zoologi, pt. 4, Insekter, p. 292,

1859,” the locality given in this latter description being Rio Janiero

also. It is obvious that the descriptions were written for but one

species.

The color, as described by Stal, and figured by Madame Ekblom,^®

places this species in the group relatd to hyalina and lineata. It

resembles hyalina especially in the coloration of the elytra but differs

in the pronotal markings, which are quite distinct from those of any

species known to the writer. The pronotal markings may be expected

to vary considerably within the species.

Agallia peregrinans (Stal) (Plate -XLV, figs. 2, a-c)

Bythoscopus peregrinans Stal, Kongliga Svenska Fregatten Eugenies resa omkring

Jorden under befal af C. A. Virgin aren 1851-1853, vol. 2, Zoologi, pt. 4,

Insekter, p. 291, 1859.

The original description is as follows:

“Pallide griseo-flavescens; maculis 2 superis verticis, maculis 3

scutelli pectoreque nigricantibus; venis tegminum ultra medium
subalbidis. (T 9 . Long. lat. i millim.

“Var. vitta utrimque inaequali fronds, clypeo maculisque ocellorum

nigro-fuscis.

“Patria: Insulse Taiti et Oahu, California, Rio Janeiro; var. e Rio

Janeiro.

“Caput obtuse rotundatum, vertice supero ubique aequilongo, facie

nonnihil reclinata, fronte latitudine nonnihil longiore, prope basin

utrimque sinuata, dein leviter angustata. Thorax vertice ter longior,

longitudine duplo et dimidio latior. Tegmina baud marginata.”

The position of the ocelli is not indicated in Madame Ekblom’s

illustration of the type of this species, first published by Osborn^^ in

1924, but the general aspect of the face is similar to that of AgalUota.

In size and form the species is close to Aceratagallia {Bergallia) unica,

^®Ann. Carnegie Mus., vol. XV, pi. LXI, fig. 4, 1924.

iiAnn. Carnegie Mus., vol. XV, pi. LV, fig. 2, 1924.



1938 Oman: South American Agallian Leafhoppers 417

but differs in several details. If peregrinans is correctly placed

generically in Agallia or Agalliota, its identification should be facilitated

by the presence of the second cross-vein between sectors of the elytra,

an unusual character in the South American representatives of those

genera.

Agallia punctaticollis (Stal) (Plate XLV, figs. 3, a-d)

Bythoscopus punctaticollis Stal, Bidrag till Rio Janeiro-Traktens Hemipter-fauna,

pt. II., K. Svensk. Vet. Akad. Handl., vol. Ill, no. 6, p. 54-55, i860.

The original description is as follows:

“Pallide testaceo-flavescens; maculis duabus parvis basalibus

verticis, limbo interno lororum, maculis duabus anterioribus trans-

versis thoracis, angulis basalibus scutelli et basi femorum nigro-

fuscis; frontis lituris duabus elongatis, linea media longitudinali

maculaque utrimque magna irregulari thoracis mediaque scutelli

testaceis; tegminibus testaceo-, nigro-fusco- et sordide albido-variis.

d' Long. 53^, Lat. millim.— (Mus. Holm.).

“Caput leviter reclinato-declivum, vertice basi sursum libere pro-

minente,' lineola media suturaque frontali testaceis; fronte triangulari,

latitudine basali nonnihil (quarta fere parte) longiore, a basi vix ad

medium subito valde, dein apicem versus magis sensim et minus
angustata, sutura frontali obtuse angulata. Thorax longitudine plus

duplo latior, distincte punctatus, scutello nonnihil longior. Tegmina
abdomen nonnihil superantia, testaceo-venosa, areis duabus internis

clavi testaceis, tertia nigra, macula ante medium apiceque albidis;

corio areolis nigro-fuscis, discoidalibus et costalibus macula media
sordide albida notatis.”

This species appears to belong in either Agallia or Agalliopsis. The

presence of the second cross-vein between the sectors of the elytra,

together with the peculiar tapering male genitalia and the color pat-

tern, should make identification easy when specimens of the species

are obtained.

Agallia assimilis (Stal) (Plate XLV, figs. 4, a-d)

Bythoscopus assimilis Stal, Bidrag till Rio Janeiro-Traktens Hemipter-fauna, pt.

II, K. Svensk. Vet. Akad. Handl., vol. Ill, no. 6, p. 55, i860.

The original description is as follows:

“Dilute testaceo-flavescens, pedibus, abdomine tegminibusque
sordide pallidioribus; maculis tribus basalibus verticis, sutura frontali

clypeoque fere toto nigricantibus; thoracis linea media longitudinali

maculaque utrimque arcuato-oblonga, ilia cum angulis basalibus
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scutelli dilutius, his valde obscure fusco-testaceis; tegminibus dilute

fusco-testaceo-venosis, venis clavi, macula obliqua ad suturam clavi

prope apicem nec non macula basali areolae basalis mediae corii sub-

albidis. 9 . Long. 6, Lat. millim—(Mus. Holm.).

“Praecedenti [punctaticollis] affinis, statura similis, praeter colorem

pallidiorem picturamque differt fronte proportionaliter latiore,

utrimque minus profunde sinuata, a basi vix ad medium nonnihil,

dein apicem versus parum angustata, vitta utrimque lineolis trans-

versis fusco-testaceis formata; sutura frontali recta. Thorax im-

punctatus.”

This species undoubtedly belongs in Agallia sens, strict. The large

size, elongate pronotal spots, and faintly notched female genital seg-

ment appear to be distinctive characters.

Agallia mutilata Breddin

Agallia mutilata Breddin, Ergebnisse der Hamburger Magalhaensischen Sam-

melreise, Band II, p. 20-21, 1897.

The original description is as follows:

“Corpus parvulum. Vertex levissime angular!ter productus, apice

rotundato, medio longior quam prope oculos. Frons media sat

deplanata, ocellis duplo fere longius inter se quam ab oculis distanti-

bus. Clypeus basi longe sequilatus, apice subito rotundato-angusta-

tus. Pronotum vertice plus quam dimidio longius, transversim

aciculato-rugulosum. Tegmina coriacea, decurtata, apicem segment!

dorsalis quinti baud attingentia, postice rotundata; alse omnino
desunt.

“Grisescenti-lutea, parum nitida. Verticis maculis 2 magnis,

rotundatis, antice dilutis, fronds suturis circa scrobes antennales,

pronoti punctis nonnullis minutis anticis, latera versus utrimque in

lineam transversalem dispositis, venis tegminum pone partem tertiam

basalem (lineolis nonnullis distinctioribus intermixtis), dorsi ab-

dominis basi tota, apicisque vittis angustis tribus macularum (duabus
lateralibus percurrentibus, unaque mediana postice abbreviata),

pectoris majore parte, in feminis abdominis macula parvula circa

vaginae basin, tibiarumque posticarum punctis basi spinularum positis

fuscescentibus vel fuscis.

“Feminae segmentum ventrale (cf. Fig. 10) quintum medio late pro-

fundeque sinuato-excisum (ibique plus tertia parte brevius quam
segmentum quartum) et utrimque postice rotundato-productum.

“Long. fern. mm.
“Facillime distinguitur haec parva species a congenericis eandem

terrae partem incolentibus cum tegminibus decurtatis, turn structura

partium genitalium femininarum.
“Coll. Mich. 12. Valparaiso, Garten; 14. V. 93 (i 9 ).”

From the above description it appears certain that this species is
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properly placed in the subgenus Bergallia of Aceratagallia. It may

prove to be the species described in this paper as catalina, although

Catalina differs from the above description in several respects and is at

present known only from Argentina, while mutilata is recorded from

Chile.

The locality of the type of mutilata is not definitely known. Doctor

Wagner reports that it is not in the Hamburg Museum and suggests

that Breddin may have returned it to the collector, Professor Michael-

sen.

Agallia valdiviana Berg

Agallia valdiviana Berg, Anales de la Sociedad Cientifica Argentina, Tomo XII,

p. 271-272, 1881.

The original description is as follows:

“9
;
Lurido-testacea, luteo-irrorata et obsolete maculata, maculis

quattuor verticis, maculeolis obsoletis lineolisque brevibus literalibus

frontis, maculis indistinctis vel lituris plurimis pronoti, venis tegmi-

num ex parte, nec non maculis obsoletis femorum tibiarumque an-

teriorum, plus minusve luteis, scutelli maculis duabus triangularibus

basali-lateralibus punctisque duobus minutis disci, pectore abdomine-
que, apice marginibusque exceptis, nigris; vertice brevi, arcuato,

oculo transverse quadruple latiore, densissime punctulato; ocellis

inter se quam ab oculis quasi quarta parte longius remodentis et ab
margine verticis sat longe positis; fronte sissime punctulata, utrimque
modice et apice valde sinuata, lineolis luteis medio, prsesertim apicem
versus, valde distantibus; clypeo medio longitrorsum elevate et cum
marginibus perparum infuscato; pronoto antice utrimque subtilissime

impresso, ante impressionem dense punctulato, praeterea ubique

transversim punctato-ruguloso, margine punctoadmodum sinuate;

scutello medio impresso, parte antica punctata, parte postica elevata,

rugulosa, apice valde producto et acuminato; tegminibus subopacis

et fere subcoriaceis, hie illic albido et lutescenti-irroratis, areis dis-

coidalibus quinque, apicalibus quattuor et marginali vel subapicali

una instructis; alis lutescenti-hyalinis, fusco-venosis; segmento anali

utrimque late sinuate, medio producto et anguste excise.—Long,
corp. cum tegm. 3^-4; lat. pron. mm.

“Patria: Chile (Valdivia).

“Poseo un solo ejemplar femenino que he recojido en San Juan de
Valdivia, a fines de Enero de 1879.

“Se acerca por varies caracteres al Bythoscopus antarcticus Spin.,

distinguiendose del mismo por la carencia de la pubescencia, por el

vertice mas ancho, por las manchas y puntos negros que lleva el

escudillo y por su extremidad mas saliente y por las tegminas casi

opacas y coriaceas.”
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Agallia rubicundula Berg

Agallia rubicundula Berg, Addenda et Emendanda ad Hemiptera Argentina, p.

177-178. [Reprinted from Anales de la Sociedad Cientifica Argentina, vol.

17, 1884].

The original description is as follows:

“9
: Ferruginea, capite, thorace, pedibusque ex parte sordide fulvis;

punctis duobus apicalibus et mediis frontis alterisque duobus verticis,

marginibus ocellorum, punctis duobus antemediis parteque postica

pronoti ex parte, nec non macula subarcuata media corii, maculis

duabus parvis marginalibus clavi, una in angulo, altera pone medium
sita, lineolisque longitudinalibus indistinctis tegminum, fuscis vel

luteis; alis vitreis, venis fuscescentibus.—Long. corp. 2, 5, cum tegm.

3, 5; lat. I mm.^
“Vertex brevis, fere omnino perpendicularis, late rotundatus, vix

punctulatus, marginibus antico et postico parallelis. Frons convex-

iuscula, admodum pentagonalis, apicem versus angustata, utrimque

sinuata. Clypeus basin versus satis angustatus. Pronotum con-

vexiusculum, antrorsum parum declive, margine postico leviter

sinuato. Scutellum retrorsum declive, mox pone medium valde im-

pressum. Tegmina subcoriacea, venis parum conspicuis ex parte

albidis, macula fuscescenti media corii utrimque in lineolas nonnullas

obsoletas effluente. Venter ad apicem flavidus; segmento ultimo

quam paenultimo tertia parte longiore, late leviterque sinuato.

“Patria; Buenos Aires.

“Es caracteristica por la coloracion de la cabeza y del pronoto y
sus dibujos, por las tegminas casi coriaceas y provistas de manchas
fuscescentes y por la forma de la frente y del clipeo.

“Poseo un solo ejemplar, que recogi en una huerta de Buenos Aires.”

Agallia insularis Berg

Agallia insularis Berg, Addenda et Emendanda ad Hemiptera Argentina, p. 176-

177. [Reprinted from Anales de la Sociedad Cientifica Argentina, vol. 17,

1884].

The original description is as follows:

“cf’ et 9 . Sordide testacei, fusco-variegati; verticis punctis quattuor,

duobus interioribus magnis, et lineolis duabus mediis longitudinalibus,

frontis infuscationibus basalibus lineisque lateralibus, clypei puncto

subbasali, pronoti margine antico, punctis vel maculis sex minutis

antico-mediis saepe obsoletis aut confluentibus et maculis quattuor

triangularibus, quibus interioribus mayusculis, scutelli punctis duobus
basalibus valde separatis et alteris duobus mediis approximatis im-

pressioneque transversa, aut maculis vel infuscationibus, pectore

dorsoque abdominis ex parte, nec non maculis pedum, nigricantibus
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aut fuscis; tegminis fusco-reticulatis vel marmoratis.—Long. corp.

cum tegm. 3-3, 3; lat. i-i, 2 mm.
“Caput obtusissime productum; vertice angusto, punctulato, mar-

ginibus antico et postico parallelis; fronte basi et ad latera distincti

punctata, medio punctulata, subplana; clypeo oblongo, apice rotundato.

Ocelli margine antico capitis admodum appropinquati, ab oculis

valde remoti. Pronotum vertice triplo longius, transversim striola-

tum et ex parte indistincte punctatum. Tegmina subpellucida, valde

fusco-reticulata, in margine suturali ssepissime nigricanti flavidoque

alternata, triente apicali interdum multoareolato vel cellulis inter-

mediis instructo. Dorsum abdominis venterque, connexivo mar-

ginibusque segmentorum exceptis, nigra vel fusca; ventre aliquando

seriebus duabus lateralibus punctorum flavidorum ornato; maris

segmento ultimo paenultimo aeque longo, margine recto; feminae

angustissime profundissimeque sinuato-exciso.

“Patria: Staten Island (Fuegia).

“Es muy parecida a la signata (Stal) Berg, pero mucho mas
ancha y robusta, y bien caracteristica por los dibujos de los diferentes

organos, sobre todo por las tegminas muy reticuladas, y por la escota-

dura profunda y angosta del ultimo segmento ventral de la hembra.
**De esta especie trajo el Dr. Spegazzini algunos ejemplares, que

habia coleccionado en la Isla de los Estados, durante la expedicion a

las Tierras Australes, en el mes de Febrero de 1882.”

An additional description of this species is given by Breddin.^^

Judging from the description of the pronotum, this species belongs

in the subgenus Bergallia of Aceratagallia. It may prove to be the

species treated in this paper as lateralis but it hardly seems possible

that the broad white costal margin of the elytra of that species could

escape notice by a describer. In addition, lateralis lacks the reticu-

lated elytra described for insularis.

Agallia obscuripennis (Blanchard)

Bythoscopus obscuripennis Blanchard, in Gay, Historia Fisica y Politica de Chile,

Zoologia, vol. VII, p. 298-299, 1852.

The original description is as follows:

“B. piceus, fronte aurantiaca; elytris piceis postice infuscatis,

maculis quatuor vel quinque hyalinis; pedibus anticis flavis, mediis
posticisque fuscis, genibus' flavis. Long, corp., i lin.; extens. alar.,

2 lin. I^ lin.

“Notablemente mas pequeno que las especies precedentes pero muy
semejante. Enteramente de un moreno negruzco bastante brillante.

Frente de un amarillo naranjado. Torax y escudo enteramente

^^Ergebnisse der Hamburger Magalhaensischen Sammelreise, p. 20, 1897.
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negruzcos. Elitros solamente ahumados y obscuros en la extremidad
con cuatro 6 cinco manchas transparentes. Patas anteriores amarillas;

las medianas y las posteriores morenas con las rodillas amerillentas.

“Se halla en el sur, a Chiloe, Carelmapu, etc.”

Berg has published^^ an additional description of what he con-

siders to be this species.

Species Excluded

Agallia multipunctata Osborn

Agallia multipunctata Osborn, Annals of the Carnegie Museum, vol. XV, p. lo-ii

1923.

The writer has examined the type of this species and finds that it

belongs to the Jassinae rather than the Bythoscopinae. The tips of the

elytra are somewhat damaged but one elytron shows a very distinct

appendix. The ocelli are near the eyes and just below the margin of

a short, blunt vertex. The species appears to be more closely related

to Thamnotettix sordidus Osborn than to any other described species.

®Anales de la Sociedad Cientifica Argentina, vol. XII, p. 270-271. 1881.
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EXPLANATION OF PLATE XXVII

1. Agalliopsis peruviana, head and thorax (X 15); and lA, female genitalia.

2. Agalliopsis disparilis, head and thorax; 2A, female genitalia; and 2B, male

plates.

3. Agalliopsis tincta, head and thorax; and 3A, male genitalia.

4. Agalliopsis pulchella, head and thorax; and 4A, female genitalia.

5. Agalliopsis ornaticollis, head and thorax; 5A, female genitalia; and 5B, male

genitalia.

6. Agalliopsis ornata, head and thorax; and 6A, female genitalia.



Plate XXVII.ANNALS CARNEGIE MUSEUM, Vol. XXV.
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EXPLANATION OF PLATE XXVIII

1. Agalliopsis elegans, head and thorax; and lA, female genitalia.

2. Agalliopsis vonella, head and thorax; and 2A, male genitalia (X 60).

3. Agalliopsis novella var. vicosa, head and thorax; 3A, female genitalia; and

3B, male genitalia.

4. Agallia incongriia, head and thorax (X 15); and 4A, male genitalia.

5. Agallia incisa, head and thorax (X 15); 5A, female genitalia (X 15); and 5B,

male genitalia.

6. Agallia dorsata, head and thorax (X 15); and 6A, female genitalia,

7. Agallia incerta, head and thorax.



ANNALS CARNEGIE MUSEUM, Vol. XXV. Plate XXVIIL
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EXPLANTION OF PLATE XXIX

1. Agallia lauta, head and thorax; lA, female genitalia; and iB, male genitalia.

2. Agallia conjigiirata, head and thorax; 2A, female genitalia; and 2B, male

genitalia (all X 25)

3. Agallia albidula, head and thorax; 3A, female genitalia; and 3B, male geni-

talia (all X 25).

4. Agallia neoalbidula, head and thorax; 4A, female genitalia; and 4B, male

genitalia.

5. Agallia lineata, head and thorax; 5A, female genitalia; and 5B, male genitalia.



ANNALS CARNEGIE MUSEUM, Vol. XXV. Plate XXIX.
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EXPLANATION OF PLATE XXX

1. Agallia basifusca, head and thorax; lA, female genitalia; and iB, male geni-

talia.

2. Agallia interrogationis, head and thorax; 2A, female genitalia; and 2B, male

genitalia.

3. Agallia hyalina, head and thorax; 3A, female genitalia; and 3B, male genitalia.

4. Agallia basalis, head and thorax; and 4A, male genitalia.

5. Agallia atromaculata, head and thorax; 5A. female genitalia; and 5B, male

genitalia.
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EXPLANATION OF PLATE XXXI

1. Agallia brevicauda, head and thorax; lA, female genitalia; and iB, male geni-

talia.

2. Agallia clara, head and thorax; 2A, female genitalia; and 2B, male genitalia.

3. Agallia caudata, head and thorax; 3A, female genitalia; and 3B, male genitalia.

4. Agallia inornata, head and thorax; and 4A, male genitalia.

5. Agallia repleta, head and thorax; 5A, female genitalia; and 5B, male genitalia

(all X 25).



ANNALS CARNEGIE MUSEUM, Vol. XXV.
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EXPLANATION OF PLATE XXXII

1. Agallia extensa, head and thorax; and lA, male genitalia.

2. Agallia blanda, head and thorax; and 2A, male genitalia.

3. Agallia fumida, head and thorax; and 3A, male genitalia.

4. Agallia quadrata, head and thorax; 4A, female genitalia; and 4B, male genitalia.

5. Agallia modesta, head and thorax; 5A, female genitalia; and 5B, male genitalia

(all X 25).

6. Agallia manadsa, head and thorax; 6A, female genitalia; and 6B, male genitalia.



ANNALS CARNEGIE MUSEUM, Vol. XXV.

5 - MODESTA 5B
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EXPLANATION OF PLATE XXXIII

1. Agallia hifurcata, head and thorax; lA, female genitalia; and iB, male geni-

talia.

2. Agallia minuenda, head and thorax; 2A, female genitalia; and 2B, male genitalia

(X 60).

3. Agallia corumba, head and thorax.

4. Agallia nigricans, head and thorax; 4A, female genitalia; and 4B, male genitalia

(all X 25).

5. Agallia ahnormis, head and thorax; and 5A, male genitalia.

6. Agallia nigerrima, head and thorax; 6A, female genitalia; and 6B, male geni-

talia (X 60).



ANNALS CARNEGIE MUSEUM, Vol. XXV.

6- NIGERRIMA
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EXPLANATION OF PLATE XXXIV

1. Agalliota scutaria, head and thorax (X 15); lA, female genitalia (X 15); and

iB, male genitalia,

2. Agalliota parrna, head and thorax; 2A, female genitalia; and 2B, male genitalia.

3. Agalliota parallela, head and thorax; and 3A, male genitalia.

4. Agalliota dentata, head and thorax; and 4B, female genitalia.

5. Agalliota clavata, head and thorax; and 5A, male genitalia.

6. Enragallia magnicauda, head and thorax (X 15); and 6A, male genitalia.



ANNALS CARNEGIE MUSEUM, Vol. XXV. Plate XXXIV.
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EXPLANATION OF PLATE XXXV

1. Eiiragallia attenuata, head and thorax; lA, female genitalia: and iB, male

genitalia.

2. Euragallia major, female genitalia: and 2A, male genitalia.

3. Euragallia major var. breviata, head and thorax (X 15); and 3A, female geni-

talia.

4. Euragallia furculata, head and thorax (X 15); 4A, female genitalia (X 15);

and 4B, male genitalia.

5. Euragallia albopunctata, head and thorax (X 15); and 5A, female genitalia

(X 15).

6. Euragallia lata, female genitalia (X 15).

7. Euragallia declivata, head and thorax (X 15); 7A, female genitalia (X 15);

and 7B, male genitalia.



ANNALS CARNEGIE MUSEUM, Vol. XXV. Plate XXXV.





'

• W’tt



442 Annals of the Carnegie Museum VOL. XXV

EXPLANATION OF PLATE XXXVI

1. Aceratagallia {Bergallia) lateralis, head and thorax; lA, female genitalia; and

iB, male genitalia.

2. Aceratagallia {Bergallia) unica, head and thorax (X 15); and 2A, male genitalia.

3. Aceratagallia {Bergallia) chileana, head and thorax; and 3A, female genitalia.

4. Aceratagallia {Bergallia) neosignata, head and thorax; 4A, female genitalia;

and 4B, male genitalia.

5. Aceratagallia {Bergallia) signata, head and thorax; 5A, female genitalia; and

5B, male genitalia.



ANNALS CARNEGIE MUSEUM, Vol. XXV.

4 - NEOS/GNATA
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EXPLANATION OF PLATE XXXVII

1. Aceratagallia {Bergallia) alternala, head and thorax.

2. Aceratagallia (Bergallia) catalina, head and thorax; and 2A, female genitalia.

3. Agalliana puella, head and thorax.

4. Agalliopsis novella var. vicosa, internal male genitalia.

5. Agalliopsis novella var. emulata, caudo-ventral view of right pygofer hook

(X 60).

6. Agalliopsis vonella, internal male genitalia.

7. Agalliopsis ornalicollis, internal male genitalia.

8. Agalliopsis pulchella, internal male genitalia.

9. Agalliopsis tincta, internal male genitalia (X 30).

10.

Agalliopsis disparilis, internal male genitalia.



ANNALS CARNEGIE MUSEUM, Vol. XXV. Plate XXXVII.

9- TiNCTA lO-DISPARILIS
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EXPLANATION OF PLATE XXXVI 1

1

Internal male genitalia.

1. Agallia incongrua.

2. Agallia incisa (X 30).

3. Agallia configurata (X 45)

4. Agallia laiita (X 30).

5. Agallia albidula (X 45).

6. Agallia lineata.

7. Agallia neoalhidida.

8. Agallia interrogationis.

9. Agallia basifusca (X 30); 9A, ventral aspect of plates and pygofer (X 30); and

9B, ventral aspect of apical portion of aedeagus.



ANNALS CARNEGIE MUSEUM, Vol. XXV. Plate XXXVIII.
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EXPLANATION OF PLATE XXXIX

Internal male genitalia

1. Agallia hyalina.

2. Agallia brevicauda.

3. Agallia basalis.

4. Agallia repleta (X 45); and 4A, ventral aspect of apex of aedeagus (X 55)

5. Agallia depleta (X 45).

6. Agallia atromaciilata (X 30).

7. Agallia inornata; and 7A, dorsal view of aedeagus (X 60).

8. Agallia extensa.



ANNALS CARNEGIE MUSEUM, Vol. XXV. Plate XXXIX.

7-INORNATA 8- EXTENSA
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EXPLANATION OF PLATE XL

Internal male genitalia

1. Agallia caudata; and lA, caudal aspect of apex of aedeagus.

2. Agallia fumida.

3. Agallia clara.

4. Agallia modesta (X 45).

5. Agallia minuenda, lateral aspect of aedeagus.

6. Agallia coriunba, lateral aspect of aedeagus.

7. Agallia hifiircata, lateral aspect; and 7A, dorsal aspect of aedeagus (both

X 60).

8. Agallia manaosa.

9. Agallia nigricans (X 45).

10.

Agallia blanda.



ANNALS CARNEGIE MUSEUM, Vol. XXV. Plate XL.

8-MANAOSA lO-BLANDA
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EXPLANATION OF PLATE XLI

Internal male genitalia

1. Agalliota scutaria (X 30); and lA, ventral aspect of right style (X 60).

2. Agalliota parrna.

3. Agalliota parallela, dorsal aspect of apex of sedeagus.

4. Agalliota clavata.

5. Euragallia declivata (X 30).

6. Euragallia furculata, dorsal aspect of tenth segment (X 60); and 6A, lateral

aspect of aedeagus (X 60).

7. Euragallia attenuata.

8. Euragallia magnicauda.



ANNALS CARNEGIE MUSEUM, Vol. XXV. Plate XLI.
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EXPLANATION OF PLATE XLII

Internal male genitalia

1. Aceratagallia (Bergallia) lateralis.

2. Aceratagallia {Bergallia) unica.

3. Aceratagallia {Bergallia) signata.

4. Aceratagallia {Bergallia) confusa.

5. Aceratagallia {Bergallia) neosignata.

6 . Agalliana mediana, caiido-lateral aspect of left dorsal spine.

7. Agalliana puella.



ANNALS CARNEGIE MUSEUM, Vol. XXV. Plate XLII.
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EXPLANATION OF PLATE XLIII

1. Agalliopsis pulchella.

2. Agalliopsis ornaticollis.

3. Agalliopsis novella var. vicosa.

4. Agalliopsis tincta.

5. Agallia incongrua.

6 . Agallia incisa.

7. Agallia lanta.

8 . Agallia lineata.

9. Agallia interrogationis.

10. Agallia atro^naculata.

11. Agallia hyalina.

12. Agallia basifusca.

13. Agallia hrevicauda.

14. Agallia blanda.
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EXPLANATION OF PLATE XLIV

1. Agallia quadrata.

2. Agallia manaosa.

3. Agallia nigerrima.

4. Agalliota parma.

5. Agalliota scutaria.

6 . Euragallia alhopunctata

7. Euragallia furculata.

8. Euragallia declivata.

9. Aceratagallia (Bergallia) lateralis.

10. Aceratagallia {Bergallia) unica.

11. Aceratagallia {Bergallia) alternata.

12. Aceratagallia {Bergallia) signata.

13. Aceratagallia {Bergallia) neosignata.



ANNALS CARNEGIE MUSEUM, Vol. XXV. Plate XLIV.







460 Annals of the Carnegie Museum VOL. XXV

EXPLANATION OF PLATE XLV

Reproduced from Annals of the Carnegie Museum, vol. XU, pis. LV and LVI

1. Agallia phalerata (Stal) a, dorsal view; b, face; c, female genitalia; d, elytron.

2. Agallia peregrinans (Stal) a, dorsal view; b, face; c, elytron.

3. Agallia punctalicollis (Stal) a, dorsal view; b, face; c, male genitalia; d, elytron.

4. Agallia assimilis (Stal) a, dorsal view; b, face; c, female genitalia; d, elytron.
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