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INTRODUCTION: 

The Illinois State Laboratory of Natural History, under whose auspices 

these bulletins are published, had its origin in 1862, as the museum of the old 

State Natural History Society of Illinois, and was continued in that relation 

until 1871, when, with the practical dissolution of the society, the museum was 

made over to the State. This action was taken in pursuance of an act of the State 

legislature making the continuance of certain appropriations previously granted 

in aid of the society contingent upon the transfer of the entire property to the 

State. 

From the time of this transfer the establishment performed the functions 

of a State Museum of Natural: History as far as its limited resources and 

restricted quarters would permit, until 1877, when it was converted, in accord- 

ance with the law establishing a State museum at Springfield, into a natural 

history laboratory. By this law it was relieved from the necessity of maintain- 

ing a display of specimens, and charged with the collection, preservation, and 

determination of all zodlogical and botanical material for the museum, with the 

supply to the state educational institutions of the natural history material 

needed for the proper performance of their work, and to the State Museum of 

a series of specimens illustrating the botany and zodlogy of the State. By sub- 

sequent laws it was made the source of supply of zodlogical specimens to the 

public high schools, and was charged with the elaborate investigation of vari- 

ous zo0logical and botanical subjects having especial economic or educational 

relations. 

The operations of the laboratory now naturally took on the character of a 

more thorough and methodical natural history survey of the State than had 

been previously possible; and with a view to the publication of partial and 

preliminary reports of the results of this survey, and also for the purpose of 

giving to active local naturalists the encouragement afforded by a medium of 

prompt publication, this series of bulletins was begun in 1876. 

The first number was issued as the bulletin of the Illinois Museum of Nat- 

ural History, but the second, and succeeding numbers, as bulletins of the labor- 

atory. 

The series has now reached a size and importance which makes it desirable 

. that the plan of their publication be changed for one more systematic and uni- 

form. ‘The six bulletins thus far published are consequently considered to form 

a single volume, and a new volume has been commenced, which will be paged 

continuously, and divided, not into “bulletins,’’ but into articles, usually to be 

issued separately, as fast as ready. 
S, A. FORBES, Director. | 



BULLE-TIN 

OF THE 

Illinois State lraboratory 

OF 

INATURAL FI ISTORY 

Index to Wol. I. 

(BULLETINS 1-6.) 

’ 

Normal, Illinois. 

1884 





eek ©) CONE IN ES 

BULLETIN Novi 

INTRODUCTION 
List oF ILLINOIS Ont te WITH Decerieanoe OF ew Shane 

Key to the Species Mentioned in the Preceding Paper 

Appendix ; 
THE TREE IN WINTER 

Sopre PInaTE AS A TEST FOR LIME 

A PartraL CATALOGUE OF THE FISHES OF Taine 
Family Percide, 34.—Family Aphredoderide, 38.—Family Sorin e, 

40.—Family Cottide, 40.—Family Gadide, 42.—Family Gas- 

terosteidee, 42.—Family Atherinidie, 42.—Family Cyprinodonti- 

die, 42.—Family Umbride, 43.—Family Esocide, 45.—Family 

Percopside, 45.—Family Salmonide, 43.—Family Hyodontidie, 

44.—Family Clupeide, 44.—Family Cyprinide, 44.—Family 

Catostomide, 48.—Family Siluride, 50.—Family Anguillide, 
51.—Family Amiide, 51.—Family Lepidosteide, 51.—Family 

Polyodontide, 51.—Family Acipenseridie, 51.—Family Petromy- 

zontide, 52. 

Upon Parasitic Funetr 
A List oF THE ORTHOPTERA OF Terenors 

Family Forficulidee, 59.—Family Blattidie, 59 namnily Mantid: e, 60.- = 

Family Phasmide, 60.—Family Acrididie, 61. 

BULLETIN No. 2: 

INTRODUCTION . 

A List OF THE ees OF THE Tare eas candi, Maahancn. 
Found in the United States, which have been heretofore Named, 

with Descriptions of some New Species. 

A New Species oF APHIS, OF THE GENUS COLOPHA 

A List or tHE Mosszs, LIVERWoRTS, AND LicHENS OF ILLINOIS 

Musci, 18.—Hepatice, 24.—Lichenes, 27.—Index to Genera, 35. 

A CATALOGUE OF THE FisHES OF ILLINOIS 

Sub-class Teleostei, 38.—Order Teleocephali, 58. gor der Vege 

teri, 38.—Family Etheostomatide (the Darters), 58.—Family 

Percidie (the Perches), 43.—Family Labracidee (the Bass), 44.— 
Family Centrarchide (the Sun-fishes), 44.—Family Elassomatidie 



4 CONTENTS. 

(the Elassomes), 47. — Family Aphredoderide (the Pirate 

Perches), 48.—Family Sciwnidie (the Maigres), 50.—Family 

Cottidee (the Sculpins), 50.—Sub-order Anacanthini, 51.—Fam- 
ily Gadidie (the Cod-fishes), 51.—Sub-order Hemibranchii, 51.— 

Family Gasterosteide (the Sticklebacks), 51.—Sub-order Per- 
cesoces, 51.—Family Atherinide (the Silversides), 51.—Sub-order 

Haplomi, 51.—Family Cyprinodontidee (the Toothed Minnows), 

51.—Family Umbride (the Mud Minnows), 52.—Family Eso- 

cide (the Pikes), 52.—Family Amblyopside (the Blind Fishes), 

53.—Sub-order Tsospondyli, 53.—Family Percopside (the Trout 

Perches), 53.—Family Salmonide (the Salmon) 54.—Family Hy- 

odontide (the Moon-eyes), 54.—Family Dorosomatide (the Giz- 

zard Shad), 55.—Family Clupeide (the Herrings), 55.—Sub- 

order Eventognathi, 55.—Family Cyprinide (the Minnows), 55. 

—Family Catostomidee (the Suckers), 63.—Order Nematognathi, 

»  66.—Family Siluride (the Cat-fishes), 66.—Order Apodes, 68.— 

Family Anguillide (the Eels), 68.—Sub-class Ganoidei, 68.— 

Order Cycloganoidei, 68.—Family Amiide (the Bow-fins), 68.— 
Order Rhomboganoidei, 68.—Family Lepidosteide (the Gar- 

pikes), 68.—Order Selachostomi, 69.—Family Polyodontide (the 
Spoonbills), 69.—Order Chondrostei, 69.-—Family Acipenseridee 

(the Sturgeons), 69.—Class Marsipobranchii, 70.—Order Hyper- 
oartia, 70.—Family Petromyzontide (the Lampreys), 70. 

Tne Foop or Ixutnors FisHzes . 71 
Purposes of the Investigation, 71. Saeihons: 73. Resale oe Details 

of Food, 74.—Recapitulation, 83. 

Appendix. On the Crustacea Eaten by Fishes’. ; ar 3. 

DrscRiIrTION OF A NEw SprEcrES OF ASELLUS. i ; 90 

BULLETIN No. 3. 

STuDIES OF THE Foop or Brrps, INSEcTS, AND FISHES, MADE AT THE 

Intinoris State LABORATORY oF NaturAL History, av 

NorMaAt, ILLINOIS 1 

INTRODUCTION ; ; 2 

On Some INTERACTIONS OF Oueawreuns 3) 

Tue Foop or FisHEes 18 

Order Teleocephali, 21.—Sub-or. oe ea rinpten. 21. Fanaa Bibeor: 

tomatidie (the Darters), 22.—Details of the Food of the Etheos- 

tomatide, 27.—Family Percid (the Perches), 28.—Table of the 

Food of the Percide, 35.—Family Labracide (the Bass), 36.— 

Family Centrarchide (the Sun-fishes), 38.—Table of the Food of 

Micropterus, 43.—Table of the Food of Ambloplites and Cheeno- 

bryttus, 45.—Table of the Food of Apomotis and Lepiopomus, 

51.—Table of the Food of Eupomotis and Centrarchus, 55.—Table 

of the Food of Pomoxys, 60.—Table of the Food of Young Cen- 
trarchidie, 62.—Table of the Food of Adult Centrarchide, 63. 

On THE Foop or Youne FisuxEs : 66 
Introduction, 66.—Acanthopteri, 67.—Esoscide, 68. = Clupaiet 68. — 

Cyprinide, 70.—Catostomide, 70. Silane, 74.—Amiide, 75. 



or CONTENTS. 

--Lepidosteidie, 75.—Summary, 75.—Table of the Food of Young 

Fishes, 78. 

THE Foop oF Brrps : 4 , : 7280 

Introduction, 80.— Methods, 86. 

Family Turdide (the Thrushes), 89.—Turdus migratorius, L. (the 

Robin), 89.—Recapitulation, 97.—Economicai Relations, 101.— 

Table of the Food of the Robin, 104.—Mimus carolinensis, L. 

(the Cat-bird), 107.—Recapitulation, 112.—The Cat-bird and the 
Robin, 113.—Economical Relations, 114.—Table of the Food of 

the Cat-bird, 116.—Harporhynchus rufus (the Brown Thrush), 
118.—Summary for the Year, 122.—Recapitulation, 123.—Econ- 

omical Value, 124°—T able of the Food of the Brown Thrush, 

125.—Turdus mustelinus, Gm. (the Wood Thrush), 127.—Hylo- 

cichla pallasi, Cab. (the Hermit Thrush), 129.—Turdus aliciz, 

Bd. (the Alice Thrush), 180.—Turdus swainsoni, Cab. (Swainson’s 

Thrush), 151.—Mimus polyglottus, L. (the Mocking-bird), 131.— 

Conclusion, 132.—Table of the Food of the Thrushes in April 

and May, 155.—Table of the Food of the Thrushes, 136. 

Family Saxicolide (the Stonechats), 137.—Sialia sialis, L. (the Blue- 

bird), 187.—Summary for the Year, 144.—Economical Relations, 

145.—Table of the Food of the Bluebird, 147. 

Norges upon THE Foop oF PREDACEOUS BEETLES . : . 149 

Novres oN INsSEcTIVOROUS COLEOPTERA 153 

Mouth Structures of Carabide, 153.—Food of the arabic Pr, 154. -- 

Food of Podabrus, 158.—Food of Coccinellide, 158. 

BULLETIN No. 4. 

A Revisep CATALOGUE OF THE Brrps ASCERTAINED TO Occur IN ILLI- 
NOIS : ! : = : 2 1G) 

Preface . 163 

Table of Panilies of Birds Pe in the Av or ianen of Tania: 

given in Order of Number of Species P 167 
‘The Number of Species belonging to each Family which Bees in fhe 

State . ; : ; ; ; ae (ys 

Bibliography : ‘ : ; i 168 

Catalogue of the Birds of iginee 171 

Order Passeres, 171.—Family Turdide (Thrushes), ie —Wamily Sam 

icolidz (Stonechats and Bluebirds), 172.—Family Ptilogonatidie 

(Fly-catching Thrushes), 172.—Family Silviide (True Warblers), 

172.—Family Paridze (Titmice or Chickadees), 172.—Family 

Sittide (Nuthatches), 172.—Family Certhiidée (Creepers), 173.— 

Family Troglodytidz (Wrens), 173.—Family Motacillidee (Wag- 

tails and Titlarks), 173.—Family Mniotiltide (American Warb- 

lers), 173.—Family Vireonidie (Vireos or Greenlets), 176.—Fam- 

ily Laniide (Shrikes), 176.—Family Ampelidiee (Wax-wings), 

176.—Family Hirundinide (Swallows), 177.—Family Tanagri- 

dw (Tanagers), 177.—Family Fringillide (Finches, Sparrows, 

and Buntings), 178.—Family Icteridz (American Starlings), 182. 
—Family Corvide (Crows and Jays), 183.—Family Alaudidie 



6 CONTENTS. 

(Larks), 183.—Family Tyrannide (‘Tyrant Flycatchers), 184.— 

Order Trochili, 184.—Order Cypseli, 185.—Order Caprimulgi, 

185.—Order Pici, 185.—Order Anisodactylie, 186.—Order Coccy- 

ges, 186.—Order Psittaci, 187.—Order Striges, 187.—Order Ac- 
cipitres, 188.—Order Sarcorhamphi, 190.—Order Columbie, 190. 

—Order Gallinze, 191.—Order Herodiones, 192.—Order Limicolze, 

194.—Order Geranomorphee, 197.—Order Anseres, 198.—Order 

Steganopodes, 201.—Order Gaviwe, 202.—Order Pygopodes, 203. . 

Appendix . : : : é i . 204 

BULLELT EN WN os. 

DESCRIPTIVE CATALOGUE OF NortTH AMERICAN BaTRACHIA AND REP- 

TILIA, FOUND Hast or Mississrprr River ; ; 3 

Synopsis of Classes : ; : ; : 4 
BAatTRACHIA . 5 5 

Synopsis of Orders, 5.—Order Trachystomata, 5.—Family Sirenidee, 5. 

—Order Proteida, 6.—Family Proteidee, 6.—Order Caduci- 
branchiata, 6.—Synopsis of Families, 6.—Artificial Synopsis of 

Families, 7.—Family Amphiumidie, 8.—Family Menopomide, 

8.—Family Amblystomidie, 8.—Family Plethodontidxe, 11.— 

Family Desmognathidie, 14.—Family Pleurodelidee, 15.—Order 
Anura, 15.—Synopsis of Sub-orders and Families, 15.—Artificial 

Synopsis of Families, 16.—Sub-order Bufoniformia, 16.—Fam- 

ily Bufonidie, 16.—Order Firmisternia, 18.—Family Engystom- 

ide, 18.—Order Arcifera, 18.—Family Hylidee, 18.—Family Cys- 

tignathidie, 21.—Family Scaphiopidie, 21.—Order Raniformia, 

22.—Family Ranidee, 22. 
REPTILIA : ; : ; , : Bere 03 

Synopsis of Orders, 26.—Order Ophidia, 27.—Synopsis of Families, 
27.—Artificial Synopsis of Families, 27.—Family Crotalide, 27. 

—Family Elapidee, 29.—Family Colubridee, 29.—Order Lacer- 

tilia, 44.—Synopsis of Families, 44.—Artificial Synopsis of Fam- 

ilies, 45.—Family Amphisbienidie, 45.—Family Scincide, 46.— 

Family Teidee, 47.—Family Anguidie, 47.—Family Iguanide, 

48.—Family Anolid, 48.—Family Gecconide, 49.—Order Tes- 

tudinata, 49.—Synopsis of Families, 49.—Famuily Sphargidideey 
50.—Family Chelonidee, 51.—Family Trionychidee, 51.—Family 

Chelydridee, 52.—Family Cinosternide, 53.—Family Emydide, 

54.—Family Testudinidxe, 58.—Order Crocodilia, 58.—Family 

Crocodilidee, 58. 
Faunal Regions of the United States. é ; ‘Agee 

Glossary : : A ; ; : _ 60 

Index : , . ; ; : oe ued 

BULLETIN No. 6. 

STUDIES OF THE Foop or Brrps, Insects, AND FisHEs, MADE AT THE 

Inurinors State LAworarory or Naturau History, at 

NormMat, IuniNors i ‘ : : ? 1 



CONTENTS. 

Tut ReeuLativeE Action OF Brrps upon INsEcT OscILLATIONS 

Turdidz (Thrushes), 5.—Saxicolide (Bluebirds), 8.—Paridz (Chica- 
dees), 8.—Troglodytidse (Wrens), 8.—Mniotiltidze (Warblers), 9. 

—Vireonide (Vireos), 10.—Ampelidie (Wax-wings), 11.—Hirun- 

dinidze (Swallows), 11.—Fringillide (Finches), 11.—Icteridie 

(Blackbirds), 13.—Tyrannide (Flycatchers), 15.—Cuculidze 

(Cuckoos), 16.—Picidee (Woodpeckers), 16.—Columbidie (Doves 

and Pigeons), 16.—Perdicidie (Quails and Partridges), 17.—Dis- 

cussion, 17. 

Tables of the Food : 

Genera and Species Recognized in the Food. 

THE Foop RELATIONS OF THE CARABID® AND COCCINELLID® 

Introduction, 35.—Family Carabidee, 37.—The Family as a Unit, 46.— 

Family Coccinellidie, 51.—The Family as a Unit, 54.—Sufliciency 

of Data, 55.—Relations to Birds, 56.—List of Genera and Spe- 

cies of Cicindelide and Carabidie eaten by 423 of the Thrushes 

and the Bluebird, 57.—T ables of Food, 59. 

THE Foop or THE SMALLER FRESH WATER FISHES 

Introduction, 65.—Family Aphredoderidx, 66.—Family Cottidie, 67. — 

Family Gasterosteidee, 68.—Family Atherinidse, 69.—Family 

Cyprinodontid, 70.—Family Umbridee, 75.—Family Cyprinide, 

74.—Food of the Young, 76.—Summary for the Family, 90.— 

Comparison of the Groups, 91.—Table of Food, 93. 

THE Frrst Foop or THE Common Wutte-I'IsH (COREGONUS CLUPE- 

1FoRMIs, Mrrcu.) 

-] 

We 

22 
27 
33 

65 



ERR Aaa 

BULLE NEN ae : 

“Page 33, line 5, after Report, read 1853 and "4. 
Page 34, insert Genus Poecilichthys, Ag. between numbers | and 2. 

Page 38, second line, for 2 1-6 read 2. Wherever, in this paper, two fig- 

ures are separated by a hyphen, they should be written in the form of a com- . 

mon fraction. 
Page 40, line 11, for Aphredodereus read Aphredoderus; under No. 40, for 

gruuniens read grunniens. 
Page 44, No. 71, for chrysochrous read chrysochloris; for J. N. read J. W. 

Page 45, No. 74, for E. L. read F. L. 
Page 47, after 103 insert the following:—1033. C. analostona, Grd., Sil- 

ver-fin. Evérywhere abundant through Central Ilimois. Occurs less commonly 

further north. 

Page 52, Note 2, for der read den; for Archiev. read Archiv. 

Note 3, for des read der; for Wein read Wien. 

Page 53, 8th line, for M. Bary read DeBary. 

Note 7, for der (Brandpilze) read die. 

Page 54, for Peronosporie read Peronosporee. 
Page 55, 8th line, for hawptoria read haustoria. 

14th line, insert (12) after six, and add one to each of the three 

reference numerals following. 

5th line from bottom, omit (15). 

2d line from bottom, insert (16) after Common. 

Page 56, 10th line, 2d paragraph, instead of ’75-6 read °74-5.. 

15th line from bottom, for pappillate read papillate. 

11th line from bottom, for Poltactis read Polyactis. 

Page 57, 7th line, for Peronosporie read Peronosporee. 

21st line from bottom, insert European before vine. 

Page 58, 8th line, for Peronosporie Peronosporece. 
- 2d line, 2d paragraph, for 3 read 5. 

7th and 8th lines, 2d paragraph, for one to three read twelve to 

fifteen. 

4th line from bottom, for bignouioides read bignonioides. 

Page 68, No. 40, reduce Acridium differentiale, etc., to a synonym, and 

insert above it C. differentialis, Thos. 

Page 72, Plate II, fig. 1, for Melanispora read Melampsora. 

Page 73, Plate III, fig. 3, for 3 read 5. 

Plate ITI, fig. 5, for 5 read 3. 

Plate ILI, fig. 7, for Plycinidia read Pyenidia. 
Plate IV, fig, 12, for fresii read friesii. 
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BULL EP TN Nand 

In the preparation of the paper on The Food of Birds in this Bulletin, 
Uhler’s *‘List of Hemiptera West of the Mississippi River’ (1876) was followed 
with respect to the arrangement of the species mentioned; but through an un- 
fortunate misunderstanding of the intention of the author of that list, the Pen- 
tatomide were all included under the Cydnidwe. For the latter name, the for- 
mer should consequently be substituted, as follows: 

Page 90, line 3 from bottom; page 92, line 11 from bottom; page 94, line 
5, and line 5 from bottom; page 105, line 5 from bottom; page 108, line 13 
from bottom; page 117, line 9 from bottom; page 126, line 14 from bottom : 
page 130, line 16; page 131, line 7 from bottom; page 132, line 13; page 138, 
lines 16 and 24; page 139, line 10; page 141, last line; page 143, line 2; page 
145, line 5; page 148, line 12 from bottom. 

BULLETIN Noss 

Page 6. After description following Family PROTEID A read: 

Genus Necrurus, Raf. 
3. N. lateralis, (Say) Bd. Mud Puppy. Above brownish, with darker sub- 

circular spots; generally a dark stripe from snout back to eyes. A more or less 
distinct lateral band in young. Below dusky. Large, bushy, bright red gills, 
forming three tufts on each side of head. Head depressed; snout truncated; 
gular fold well developed; tail much compressed. 114 feet. Eastern region, 
except New England and Eastern Middle States, and from a few points in Aus- 
troriparian. 

4. N. punctatus, (Gibbes) Cope. Above nearly uniform dark olive, with 
numerous small orange or yellowish dots irregularly distributed over the whole 
surface, and large, dark, ill-defined spots at distant intervals. No lateral band. 
Beneath pale flesh color. Smaller and more slender than the preceding species. 
Eastern 8. Carolina. 

Page 18. Before Frrmisrernra and ArcrrErA,for ORDER read SUB-ORDER. 
Page 22. Before RANrrormra, for ORDER read SuB-ORDER. 

BULLE TLN No. ‘6. 
Page 6, line 12 from bottom; page 8, line 15; page 11, line 2; for Cydni- 

de read Pentatomide. 

Page 17, line 9, before Vireo omit and. 

Page 23, above Arachnida, for Cydnidw read Pentutomide. 

Pages 25 and 27, above Orthoptera, for Cydnide read Pentatomide. 
Page 28, lines 2 and 8, for Graphorhinus vadosus read Epicerus imbricatus. 
Page 64, under Hemiptera, for Siphonophora granarie read Aphis maidis. 
Page 69, line 5 from bottom, for fresh-water read local. 

Page 78, line 1, after all insert the. 

Page 82, line 7, for character read characters. — 

Page 91, line 5, for consisted read consists. 

Page 92, line 2 from bottom, for move read most. 

Page 97, line 11, for fory-six read forty-six. 

Page 99, line 2, for witn read with. 

Page 101, lines 12 and 13 from bottom, for structure read structures. 

Page 105, line 28, for aération read aération. 
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In the following index, the numbers of the bulletins are indicated by Roman 

numerals, and the pages by Arabic. 

Where reference is made to an item relating to the food of a species or other 

group, an asterisk (*) has been placed after the page number; a dagger (+) has 

been used to indicate that the object has been eaten. 

A Acipenseridx, I, 51, II, 69. 

Acolium, II, 33. 

abacura, Farancia, V, 32. Acorns, III, 119+, 127+. 

Abastor, V, 29, 32. Acrida brevicornis, I, 61. 

erythrogrammus, V, 32. Acridide, I, 61, III, 105+, 117}, 126, 

Abbott, C. C., Observations on Birds, 142+, 148+,-VI, 25+, 27+, 88+. 

IiVEs207 Acridine, I, 61. 

Observations on Fishes, II, 71, VI, | Acridini, I, 66. 

66. Acridium ambiguum, I, 69. 
abbreviatus, Gryllus, III, 110+, 138}. americanum, I, 69. 

abortiva, Chloéaltis, I, 61. damnificum, ‘i, 69. 

Academy of Sciences, Chicago, V, 4. differentiale, I, 68. 

acadica, Nyctale, IV, 187. emarginatum, I, 69. 

acadicus, Empidonax, IV, 184. ensicornu, I, 61. 

Acanthopteri, IT, 38, III, 20*, 21*, 31+, hemipterum, I, 62. 

dof, 43+, 59+, 60+, 63+, 67*, 78, marginatum, I, 62. 

VI, 65*. pheenicopterum, I, 66. 
Acaulon, II, 18. rubiginosum, I, 69. 

Accipiter, IV, 189. rusticum, I, 69. 

cooperi, IV, 189. sordidum, I, 64. 

fuscus, IV, 189. spretum, I, 68. 

Accipitres, IV, 188. sulphureum, I, 63. 

accipitrinus, Asio, [V, 187. tuberculatum, I, 66. 

Acephala, III, 51+, 55+, 64+. verruculatum, I, 64. 

Acer, I, 27, 30, 31. virginianum, {, 62. 

dasycarpum, I, 29, II, 4. xanthopterum, I, 63: 

pennsylvanicum, II, 14. Acris, V, 18. 

saccharinum, I, 29. gryllus, var. crepitans, V, 18. 

acerifolize, Siphonophora, II, 4. var. gryllus, V, 18. 
aceris, Aphis, II, 14. Acroperus, VI, 72+. 
aceroides, Negundo, II, 10. leucocephalus, VI, 84+. 
Acipenser, I, 51, II, 69. Acrospores of Dematiei, III, 158}. 

maculosus, I, 51, II, 69. of Fungi, IIT, 155+, 156+, 158+, 159+. 
rubicundus, I, 51, II, 69. Acrydium carolinum, I, 64. 
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femorale, I, 68. 

femur-rubrum, I, 68. 

laterale, I, 69. 

ornatum, I, 69. 

viridifasciatum, I, 62. 

Actodromas, IV, 195. 

bairdi, IV, 195. 

fuscicollis, IV, 195. 

maculata, IV, 195. 

minutilla, [V, 195. 

aculeata, Forficula, I, 59. 

acuminata, Difflugia, III, 72+. 

acus, Kuglena, VI, 77+. 

acuta, Dafila, IV, 199. 

acutus, Cambarus, I, 3, 18. 

adamanteus, Crotalus, V, 27. 

adamantinus, Litholepis, I, 51, II, 69. 

Adder, Blowing, V, 43. 

admirabilis, Stenobothrus, I, 61. 

Aichmophorus, 1V, 208. 

occidentalis, 1V, 208. 

aédon, Troglodytes, IV, 173. 

Aigialites, IV, 194, 207. 

melodus, IV, 207. 

var. circumcinctus, IV, 194. 

semipalmatus, IV, 194. 

AXgiothus, IV, 178. 

canescens, var. exilipes, IV, 178, 

linaria, IV, 178. 

elurus, Amiurus, I, 50. 

geneus, Quiscalus, [V, 183, VI, 14*, 29*, 

30*, 32*. 

equale, Spharagemon, I, 63. 

wequalis, Gryllus, I, 63. 

Hymenarcys, VI, 28+, 32+. 

Locusta, I, 63. 

(EKdipoda, I, 63. 

Stenobothrus, !, 61. 

Trimerotropis, I, 63. 
aérea, Dibolia, VI, 29+, 31t. 

AXsalon, IV, 188, 207. 

columbarius, IV, 188. 

richardsoni, IV, 207. 

esalon, Falco, IV, 207. 

Aisculus, I, 27, 28, 29, 30, 31. 

estiva, Dendreeca, IV, 174, VI, 9*, 28*, 

30*, 31*. 

Pyranga, IV, 177. 

wsfivalis, Peuczea, IV, 169, 206. 

eestivus, Cyclophis, V, 36. 

Atthya, IV, 200. 

americana, [V, 200. 

vallisneria, IV, 200. 

affinis, Fulix, IV, 200. 

Agapestemon, VI, 29+, 30. 

Agassiz, Louis, V, 3. 

Agassiz’s Soft-shelled Turtle, V, 52. 

Ageleus, IV, 182. 
pheeniceus, JV, 182, VI, 13*, 29%, 

30*, 31*; 32*. 

agilis, Oporornis, IV, 175. 

Agonoderus, III, 95+, 119}, 139}, 146*, 

1538, VI, 48*, 50*, 57+, S8t, 59%, 

61*, 62*, 63*. 

comma, III, 141+. 

pallipes, II, 77+, VI, 58+. 

partiarius, ILI, 94+, VI, 58f. 

agrestis, Spizella, VI, 12*, 29*, 30*, 
31*, 32*. 

Agrion larve, II, 757, III, 72+, VI, 72+, 
73+, 9387. 

pupe, II, 76+, III, 27+. 
Agrionine larve, II, 76+, 78+, 81+, III, 

231, 29+, 35+, 41+, 43+, 44+, 46t, 

49+, 50+, 52¢, 55, 59+, 6OF. 

Agrostis vulgaris, seeds, III, 151t. 

Agrotis annexa, VI, 61+, 62+. 

larve, VI, 37, 41+. 

messoria, III, 92+. 

Aix, IV, 200. 

sponsa, [V, 200, 201. 

Ajaja, IV, 192. 

rosea, LV, 164, 192. 

alata, Ulmus, I, 26. 

Alaudide, IV, 167, 183. 

alba, Carya, I, 29, 30. 

Ibis, IV, 170. 

Pezotettix, I, 67. 

albatus, Chen, IV, 198. 

albeola, Clangula, IV, 200. 

albicoullis, Zonotrichia, 1V, 180. / 

albidus, Amiurus, I, 50, II, 67. 

albilora, Dendrceca, LV, 175. 

albipennis, Bibio, III, 90. 

Alburnellus rubrifrons, VI, 75. 

Alburnops, II, 56, 62, 78+. 

fretensis, II, 57. 

hematurus, IT, 57. 

hudsonius. IJ, 56. 

microstomus, II, 57. 

nubilus, II, 56. 

storerianus, II, 56. 
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stramineus, I], 57. 

tuditanus, I]. 56. 

volucellus, II, 57. 

albus, Coregonus, I, 44, IT, 54. 

Eudocimus, IV, 192. 

Lagopus, IV, 164, 191. 

Nabalus, I, 55. - 

Alcedinide, IV, 167, 186. 

alcyon, Ceryle, IV, 186. 

Alectoria, II, 27. 

alectorides, Geranomorphe, IV, 198. 

alectoropodes, Gallinz, IV, 191. 

Alge, II, 75t, 79+, 80+, 81+, 82t, III, 

QA+, 26+, 414, 43+, 46+, 524, 544, 

55+, 67+, 69+, 71+, 72+, 78t, 79t, 

VI, 41+, 59¢, 63+, 69+, 72+, 77H, 

79+, 80+, 81+, 82+, 83t, 84t, 87t, 

89+, 90, 93+, 94t, 101+, 107+. 

filamentous, II, 76+, 79+, 80+, 81t, 

82+, IIT, 27+, 50+, 70¢, 72+, 157t, 

VI, 67+ 69+, 71}, 72+, 73+, 76t, 
77+, 78+, 80+, 82+, 83+, 85+, 86, 

87+, 89+, 9Ot, 101+, 102, 103f, 

105, 107t. 
unicellular, III, 69+, 70+, 71+. 75+, 

VI, 74t, 79+, 87+, 98t, 107+. 

Alice Thrush, III, 89%, 130*, 152*, 135*, 

136%. 

alicia, Hylocichla, IV, 171. 

Turdus, III, 130*. 

allegheniense, Menopoma, V, 8. 
Allen, J. A., Catalogue of the Birds of 

Iowa, cited, IV, 204, 207. 

Observations on Birds, IV, 204, 205, 

206, 207. 

alleni, Helicops, V, 45. 

Alligator, V, 58. 

Common, V, 58. 

mississippiensis, V, 58. 
Alligator Gar, I, 51, II, 69. 

Snapper, V, 50. 

Allorchestes, II, 75+, 78+, III, 30+, 36+, 
39+, 43+, 44+, 50+, 52+, 53+, 54+, 

oot, 56+, Tot. 

dentata, II, 75+, 77+, 87+, III, 24+, 
27+, 29+, 38+, 41+, 49+, 74+, VI, 

67t, 71+, 84t, 85+. 

Alnus, I, 27, 58. 

Alona, III, 69}, 71+, 72+, 73+, 741, VI, 70+. 
Alosa, I, 44, II, 55. ; 

sapidissima, I, 44, II, 55. 

alpestris, Eremophila, IV, 188. ° 

alternata, Corixa, I, 4, II, 75+, 76+, 77+, 

III, 29+, 35+, 40t, 45+, VI, 75+. 

alternifolia, Cornus, I, 27, 28, 31. 

altissima, Lactuca, I, 55. ° 

altus, Bubalichthys, II, 66. 

Aluco, IV, 187. 

flammeus, var. americanus, IV, 187. 

alvordi, Pegedichthys, I, 41, I, 50. 

Potamocottus, II, 50. 

Alvordius, II, 39, ITI, 23*, 24*, 27*. 

maculatus, II, 39, 74*, 84%, IIT, 25*. 

phoxocephalus, II, 39, III, 23*. 

Alvord’s Bull-head, II, 50. 

Alydus, III, 148+. 

eurinus, VI, 28+, 32+. 

amabilis, Diadophis, V, 39. 

Minnilus, I, 47, IT, 60. 

Notropis, II, 60. 
Amara, III, 93+, 95+, 129+, 188+, 139+, 

146*, 149*, 153, VI, 42%, 49%, 

57+, 59*, 60*, 61*, 62%, 63*. 

angustata, III, 151, 153, 156*, VI, 

42%, 
carinata, VI, 42*. 

impuncticollis, VI, 42*. 

amara, Carya, I, 29, 31. 

Amaranthus retroflexus, I, 57. 

amarus, Hybopsis, I, 46. 

ambiguum, Acridium, J, 69. 

Amblodon bubalus, I, 49. 

Ambloplites, I, 37, II, 44, III, 45*, 48, 

62*, 63*, 68*. 
rupestris, I, 37, II, 44, 78+, III, 44*. 

amblops, Ceratichthys, II, 62. 

Amblyopside, II, 53. 

Amblystoma, V, 8. 

bicolor, V, 9. 

cingulatum, V, 11. 

conspersum, V, 9. 

jeffersonianum, var. fuscum, V, 10. 

var. jeffersonianum, V. 10. 

var. laterale, V. 10. 

var. platineum, V. 11. 
microstomum, V, 11. 

opacum, V, 9. 

punctatum, V, 9. 

talpoideum, V, 9. 

tigrinum, V, 10. | 

xiphias, V, 10. 

Amblystomide, V, 7, 8. 
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Ambrosia, VI, 59+. 

artemisifolia, I, 57, III, 150+. 

seeds, III, 151+. 

pollen, III, 157+, VI, 63+, 64+. 

psilostachya, IT, 5. 

trifida, II, 4. 

ambrosiw, Siphonophora, II, 4. 

Amelanchier, I, 28, 30. 

American Avocet, IV, 197. 

Bittern, IV, 194. 

Brown Creeper, IV, 175. 

Coot, IV, 198. 

Crossbill, Red, IV, 178. 

White-winged, IV, 178. 

Eared Grebe, IV, 203. 

Egret, IV, 193. 

Hider, IV, 200. 

Entomologist, cited, III, 152. 

Golden-eye, IV, 200. 

Goldfinch, IV, 178, VI, 11*, 24*, 25*. 
Goshawk, IV, 189. 

Hawk Owl, IV, 188. 

Herring Gull, IV, 202. 

Kestril, IV, 188. 

Magpie, Black-billed, IV, 183. 

Naturalist, «cited, II, 71, III, 22, 

IV, 189, 204, 206, VI, 105. 

Osprey, IV, 188. 

Philosophical Society, cited, VI, 74. 

Pochard, IV, 200. 

Raven, IV, 183. 

Red-necked Grebe, IV, 203. 

Redstart, [V, 176. 

Robin, IV, 171. 

Starlings, IV, 182. 
Titlark, IV, 173. 

Vultures, IV, 190. 

Warblers, IV, 173, 204. 

White Pelican, IV, 201. 

Widgeon, IV, 199. 

Woodcock, IV, 195. 

americana, Aithya, IV, 200. 

Blatta, I, 60. 

Clangula, IV, 200. 

Fraxinus, I, 31. 

Fulica, IV, 198. 

Grus, IV, 198. 

Kakerlak, I, 60. 

Loxia, IV, 178. 

Mareca, IV, 199. 

Meleagris, IV, 191. 

(Edemia, IV, 200. 

Parula, IV, 174. 

Pelidna, IV, 195. 

Perea, II, 48, 75*, 84*, III, 28*, 67*. 

Periplaneta, 1, 60. _ 

Recurvirostra, IV, 197. 

Silpha, III, 1197. 
Spiza, IV, 181, VI, 12%, 18*, 19*, 

29*, 30*, 31*, 32*. 

americanum, Acridium, I, 69. 

Schistocerca, I, 69. 

Stizostedium, I, 36, IT, 44. 

americanus, Aluco, IV, 187. 

Asio, IV, 187. 

Bufo, V, 17. 

Coccyzus, IV, 186. 

Crocodilus, V, 58. 

Gryllus, I, 69. 

Hister, VI, 287, 307. 

Mergus, IV, 200. 

Notemigonus, I, 48, IT, 61. 

Olor, IV, 198. 

Picoides, IV, 207. 

Simocephalus, III, 297, 39+, 45+, 

48+, 547, 587, 697, 747, VI, 70T, 

103. 

Amia, I, 51, IT, 68, III, 75*, 79%. 

calva, I, 51, II, 68, 82*, 86*. 

Amiide, I, 51, II, 68, 82*, 86*, III, 75*. 

Amiurus, I, 50, II, 66, II], 32+, 35+, 46, 

747, 79%. 

elurus, I, 50. 

albidus, I, 50, II, 67. 

atrarius, I, 50, IT, 67. 

catus, II, 67, ITI, 46. 

confinis, I, 50, IJ, 67. 

cupreus, I, 50, II, 66. 

dekayi, I, 50. 

marmoratus, IJ, 67. 

melas, II, 67, 82%, 86*, 87*. 

natalis, II, 66. 

nebulosus, IT, 67. 

nigricans, II, 66. 
pullus, I, 50, II, 67. 

vulgaris, J, 50, II, 66. 

xanthocephalus, I, 67. 

Ammocecetes, IT, 70. 

argenteus, IT, 70. 

hirudo, IT, 70. 

niger, I], 70. 

Ammodromi, IV, 179. 
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Ammodromus, IV, 179, 205. 

caudacutus, IV, 205. 

var. nelsoni, IV, 169, 179. 

maritimus, IV, 205. 

Ammocrypta, IT, 38. 

Amnicola, II, 50+, 517, 54+, 55+. 

amcenus, Carphophiops; V, 31. 

Amorpha, I, 28, 30. 

fruticosa, I, 27. 

Ampelide, IV, 167, 176, VI, 11*, 24*, 28*. 

Ampelis cedrorum, IV, 177, VI, 28*, 

30*, 31*. 

garrulus, IV, 170, 176. 

Ampelopsis, I, 27, 30, III, 118+. 

Amphasia, III, 153, VI, 45*, 49%, 59%, 

60*, 62*, 63*. 

interstitialis, III, 140+, VI, 45*. 

Amphipoda, I, 20, II, 75+, 78+, IIT, 247, 

27+, 29+, 367, 397, 43+; 46+, 48+, 

49+, 524, 55+, 68+, 72+, 74+, 78+, 

79+, VI, 67+, 71+, 73+, 84+, 934, 

94+, 100+. 

Amphisbenide, V, 44, 45. 

Amphiuma, V, 8. 

means, V, 8. 

Amphiumide, V, 6, 7, 8. 

Amyda, V, 51, 52. 

mutica, V, 52. 

Anacamptodon, II, 23. 

Anacanthini, IJ, 51. 

anagallinus, Ichthelis, I, 38, II, 46. 

Lepiopomus, IT, 45. 

anaglypticus, Conotrachelus, III, 131+. 

analostana, Cyprinella, II, 57, errata, | 

p. 6. 

analostanus, Luxilus, II, 76+, 80*, 85*. 

Photogenis, II, 57, VI, 75, 87*, 94%. 

Anas, IV, 199. 

boseas, 1V, 199. 

obscura, LV, 199. 

Anatide, IV, 167, 198, 208. 

Ancistrodon, V, 27, 28. 

atrofuscus, V, 28. 

contortrix, V, 28. 

piscivorus, V, 28. 

Ancylus rivularis, III, 247, 27+. 

andersoni, Hyla, V, 19. 

Aneura, II, 25. 

anglica, Sterna, IV, 202. 

Anguide, V, 45, 47. 

Anguilla, I, 51, II, 68. 

rostrata, II, 68. 

vulgaris, war. rostrata, I, 51. 

Anguillide, I, 51, II, 68. 

angulata, Ceriodaphnia, II, 76+, 81+, 88+. 

Daphnia, IT, 89+. 

Populus, IT, 10. 

angulatus, Chorophilus, V, 19. 
angusta, Salix, I, 29. 
angustata, Amara, III, 151, 153, 156%, 

eal es 

angusticornis, Truxalis, I, 61. 

anhinga, Plotus, IV, 168, 201. 

Anhingas, IV, 201. 

Animal food, II, 75+, 81+, III, 64+, 155+, 

158+, 159+, VI, 6+, 7+, 22+, 24t, 

26+, 38+, 39¢, 40+, 41+, 42+, 43f, 

44+, 45+, 46+, 47+, 484, 49+, 50H, 
52+, 537, Sot, 56, 59+, 6Ot, 61F, 

62+, 64+, 677, 68t, 69+, TOF, 714, 

72+, 73+, 77+, 78t, 80t, 83t, 84t, 

86+, 877, 88t, 89+, 904, 917, 92H, 

93+, 947, 102+. 3 

Anisodactyle, IV, 186. 

Anisodactylus, III, 957, 120+, 128+, 1314, 

1387, 141}, 153, VI, TH, 287; 

297, 301, 44*, 47%, 49%, 51*, 577, 

58T, 59*, 60*, 61%, 62*, 63*. 

baltimorensis, III, 937, 1107, 1417, 

150, 151*, 155*,) Vislas sie 

307, 44%, S87. 

discoideus, III, 507, 1297, VI, 44%, 

58T. 

harrisi, VI, 44*. 

opaculus, VI, 44*. 

rusticus, IIT, 1407, 155*, VI, 44%, 587. 

sericeus, IIT, 151*, 155*, VI, 44*. 

Anisomorpha buprestoides, I, 60. 
Anisopteryx vernata, VI, 227, 247, 267, 

27t, 28+, 29+, 30¢, 60+, 62+. 

Anisotarsus, ITI, 153. 

anisurum, Myxostoma, II, 64. 

anisurus, Teretulus, I, 49, II, 64. 

Annales des Sciences Naturelles, cited, 

I, 53. 
Annals of the Lyceum of Natural His- 

tory of New York, cited, IV, 

163, 204. 

annexa, Agrotis, VI, 61+, 627. 

annularis, Pomoxys, I, 37, II, 47, 76%, 

84*, IIT, 56.* 
| Annulata, II, 827. 
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Annulate worms, II, 807, 817. 

_ Anodonta, II, 807, 817, III, 657. 

Anolide, V, 45, 48. 

Anolis, V, 48. 

principalis, V, 49. 

Anomala, VI, 77, 127, 147, 157, 187, 19+, 

297, 31r. 

binotata, ITI, 45+, VI, 67, 77, 81, 

113s 1A Wot, -16F; 18%, 

19%, 20};, 227, 24fF, 267, 28t, 

PA ad 

lucicola, VI, 287, 31+. 

anomalum, Campostoma, I, 44, II, 55, 

GO; 767, 18i, (9*, S5*, VE, TT*: 

94*, 

Anomodon, IT, 22. 

Anomoglossus pusillus, IIT, 1527. 

Anorthura, IV, 173. 

troglodytes, var. hiemalis, IV, 173. 

Anser, IV, 198. 

albifrons, var. gambeli, IV, 198. 

gambeli, [V, 199. 

Anseres, IV, 198. 

Antennaria, I, 58. 

Anthers of blue-grass, I11, 155+, VI, 407. 

of grass, ITI, 1557, 1567, 1597, VI, 

40y. 

of plants, VI, 847, 877. 

anthicum, Bascanium, V, 38. 

Anthoceris viscosa, I, 55. 

Anthoceros, IT, 25. 

Anthocerotez, IT, 25. 

anthracinus, Eumeces, V, 46. 

Anthus, IV, 173. 

ludovicianus, IV, 173. 

antillarum, Sterna, IV, 202. 

Antrostomus, IV, 185. 

carolinensis, IV, 185. 

Ants, ITT, 507, 957, 96+, 977, 1077, 108+, 

1097, 1107,. 1117, 1127, 113F, 

1147, 1157, 1197, 

123, 123t, 124 

0; Walt, 1327, iaR 14- 

135f, 186+, 139+, 140+, 141f, 

142+, 144+, 156+, VI, 6+, 7+, St, 

9+, 10+, 14+, 15+, 16+, 194, 414, 

43+, 45+, 46+, 49+, 60+. 

winged, ITT, 96+, 141+, 143#. 

wingless, II, 78+. 
Anura, V, 5,. 15. 

Anurea, ITT, 72+, 73+, VI, 107¢. 

128+, 1294, 
1207, 1217, | 

striata, VI, 106+, 107+. 
Apeltes, II, 88*. 

Aphanorrhegma, IJ, 22. 

Aphelocoma, IV, 206. 

floridana, IV, 206. 

Aphidide, Il, 3, VI, 23+, 40+, 41+, 54+, 
59+, 61+, 62+, 64t. 

A list of the species of the tribe 

Aphidini, family of, found in 

the United States, IT, 3-16. 

A synoptical table of the sub-fami- 

lies of, as given by Buckton, 

IT, 3. 
Aphidine, IT, 3. 

Aphidini, I, 3. 
A list of the species of the tribe, 

family Aphidide, found in the 

United States, II, 3-16. 
Aphidius, VI, 29+, 30+. 

Aphis, IT, 9, 10, 17. 
aceris, IT, 14. 

avene, II, 5. 

beccabunge, II, 11. 

berberidis, II, 14. 

betulecolens, I, 15. 

brassice, IT, 12. 

candicans, IT, 14. 

caryella, IT, 14. 

*  cephalanthi, LI, 11. 

cerasi, LI, 9. 

cerasicolens, II, 9. 

cerasifolie, II, 9. 

cerealis, IT, 5. * 

circezandis, IT, 15. 

Corn, VI, 51t. 

cornifoliz, II, 13. 

crategifolie, IT, 15. 

euphorbie, I, 6. 

floris-rapx, II, 12. 

famipennella, I, 14. 

gossypii, IT, 14. 

granaria, II, 5. 

hordei, II, 5. 

humuli, I, 9. 

impatientis, IT, 12. 

institia, I, 9. 

lactuce, I, 7. 

maculella, IT, 14. 

maidis, II, 12, VI. 644. 

mah, L, 11. 

malifoliz, IT, 11. 
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marginella, II, 14. 

persica, LI, 9. 
persiceecola, IT, 9. 

persicophila, II, 9. 

pinicolens, II, 14. 

polygoni, II, 8. 

populifolizw, II, 14. 

pruni, IT, 9, 15. 

prunifoliz, II, 15. 

punctatella, II, 14. 

pyri, I, 11. 

ribis, II, 9. 
rose, IT, 5. 

rumicis, [I, 15. 

salicicola, II, 8. 

salicti, IT, 8. 

sambuci, II, 13. 

sambucifolie, IT, 13. 

symphoricarpi, IJ, 12. 

vernoniz, II, 10. 

viburni, II, 12. 

vitis, IT, 5. 

Aphodius, ITI, 93}, 131+, 139+, 140+, 
141}, 142+, 1444, 145+, 147+, VI, 

Ot, 11+, 20F,) 12+ 13 tot, 274, 
28t, 29+, 31t. 

femoralis, VI, 28}, 31+. 

fimetarius, ITI, 50+, 92+, 120+, 138+, 

140+. 

granarius, III, 120}. 

inquinatus, II, 77+, ILI, 50+, 90+, 

92+, 120+, 188+, 140+, VI, 11}, 
15}, 27+, 28f, 29+, 31+. 

Aphredoderidee, I, 38, II, 47, 48, 77%, 

84*, VI, 65, 65*, 66%, 93*. 

Aphredoderus, I, 39, II, 47, 48, 87*, 
III, 47, VI, 68. 

cookianus, II, 49. 

isolepis, I, 39, II, 48, 77*. 
mesotrema, IT, 49. 

sayanus, I, 39, II, 48, 49, 84*, VI, 

66*, 93*. 

apiculata, Locusta, I, 66. 

Apidee, IIT, 104+. 

Apodes, II, 68. 

Apomotis, IT, 45, IIT, 51*, 62, 62%, 63%, 
68*. 

cyanellus, IT, 45, ITT, 46*, 48. 
Apple, II, 11. 

Apples, ITI, 97}, 114+. 

Apple-worm, ITI, 138}. 

| Arachnida, II, 75+, 

Aquatic Coleoptera, III, 46+, 63+, 64+, 

VI, 88+, 90}, 94+. 

larvee, III, 41+, VI, 67+. 

Hemiptera, II, 79+, III, 63+, VI, 

72+, 83+, 90+, 93+, 94+. 

larve, II, 75+, 81+, 824, VI, 68 

69+, 92+, 93t, 94+. 

pupa, IIT, 55}. 

vegetation, II, 79+, 82+, ILI, 41, 51}, 
VI, 80+, 82+, 83+; 86+, 91}. 

aquaticus, Asellus, I, 11, 12. 

Aquila, IV, 190. 

chrysaétus, var. canadensis, IV, 190. 

aquilensis, Ichthelis, I, 37, II, 45. 

Pomotis, II, 45. 

77+, 84+, 85+, 864, 

III, 46+, 52+, 55+, 62+, 63+, 64+, 

94+, 95+, 101+, 1054, 112}, 113+, 

114+, 115+, 117+, 121, 123}, 126+, 

128}, 1338+, 185+, 136+, 142+, 

143+, 148+, VI, 7+, 194, 20, 23, 

25+, 49+, 59+, 601, 62+, 644, 90}; 

93+, 94+. 

aquatic, III, 48+. 

terrestrial, VI, 93+. — 

Aradide, VI, 237. 

Araneide, I], 84+, 85}, 86}. 

Arboreal birds, VI, 18*. 

Arcella, III, 70+, 71+, 72+. 

discoides, III, 72+. 

vulgaris, I11, 72+. 

Archibuteo, IV, 189. 

ferrugineus, IV, 190. 

lagopus, var. sancti-johannis, IV, 

189. 

Archidium, II, 18. 

Arcifera, V, 15, 18. 

Arctic Tern, IV, 208. 

arctica, Sialia, IV, 172. 

arcticus, Colymbus, IV, 205. 

Picoides, IV, 186. 

Arctiine larvee, III, 92+, 934, 104+, 138}, 

145*, 147+. 

Arcyptera gracilis, I, 62. 

Ardea, IV, 193. 

herodias, IV, 193. 

occidentalis, IV, 193. 

rufa, IV, 169. 

wurdemanni, IV, 198. 

Ardeide, IV; 167, 193, 208. 

ardens, Lythrurus, IT, 59, 
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Ardetta, IV, 194. 

exilis, IV, 194. 

arenaria, Calidris, IV, 196. 

arenarius, Elymus, I, 52. 

Arenetra, IIT, 138, 139+. 

nigrita, ITI, 158f. 

arenosa, Tetrix, I, 69. 

areolata, Rana, V, 22, 28. 

arge, Notropis, IT, 60. 
argentatus, Larus, IV, 202. 

argenteus, Ammoccetes, IT, 70. 

Ichthyomyzon, I, 52, IT, 70. 
Argyreus atronasus, VI, 75*. 

nasutus, VI, 75*, 

argyritis, Hybognathus, I, 45, II, 56, 

79*, 85*. 

Argyrosomus, I, 44. 

cisco, I, 44. 

clupeiformis, I, 44, IT, 54. 

hoyi, I, 44, II, 54. 

nigripinnis, I, 44, II, 54. 

ariomma, Cliola, II, 60. 

Episema, II, 60. 

aristosa, Coreopsis, II, 7. 
Aristus bucephalus, ITI, 150*. 

Arma, II, 77+. 

Army-worm, III, 14, 84, 139}. 

arnyl, Diadophis, V, 35. 

aromatica, Rhus, I, 28, 31. 

Aromochelys, V, 53. 

carinatus, V, 53. 

odoratus, V, 53. 

Arphia sanguinaria, I, 63. 

sulphurea, I, 63. 

tenebrosa, I, 63. 

xanthoptera, I, 63. 

Arquatella, IV, 195. 

maritima, IV, 195. 

artedi, Coregonus, IT, 54. 

artemisiefolia, Ambrosia, I, 57, IIT, 150+. 

Arthonia, II, 32. 

Arthoniei, I], 32. 

asclepiadis, Siphonophora, II, 7. 

Asclepias cornuti, II, 7. 
Ascomycetes, VI, 60+, 63+. 

Asellide, I, 21. 

Avellos oT, 21. 17, 215 IT, 754; 77; 87h: 

90, III, 30+, 36+, 37+, 41+, 43t, 

D0+, 52+, 58+, 54+, 55+, 65+, 67+, 

68+, 93t. 

aquaticus, I, 11, 12. 

brevicauda, I, 8, 10, 11, 22. 

communis, I, 8, 10, IT, 88. 

Description of a new species of, 
IT, 90-92. 

intermedius, I, 10, 22, IT, 87+, 92. 

microcephalus, I, 11. 
militaris, IT, 87+, 90. 

stygius, I, 11, 22. 

Asimina, I, 27, 28, 29, 30, 31. 

Asio, IV, 187. 

accipitrinus, IV, 187. 

americanus, IV, 187. 

asio, Scops, IV, 187, 191. 

asper, Aspidonectes, V, 52. 

Aspidoglossa subangulata, VI, 57+. 
Aspidonectes, V, 51, 52. 

asper, V, 52. 

ferox, V, 52. 

nuchalis, V, 52. 

spinifer, V, 52. 

asprellus, Pleurolepis, II, 38, III, 22*. 

asprigenis, Peecilichthys, II, 41, 75*, 

84*, III, 23%. 

Astacide, I, 18. 

Asterella, II, 25. 

Aster puniceus, I, 59. 

Astomum, II, 19. 

Astragalinus, IV, 178. 

tristis, IV, 178, VI, 11*. 

Astur, IV, 189. 

atricapillus, IV, 189. 

Asturina, IV, 189. 

plagiata, IV, 169, 189. 

nitida, var. plagiata, IV, 189. 

Atenius, ITT, 143+. 

ater, Molothrus, 1V, 182, VI, 13*, 29*, 

ol*, a2. 

Atherinidee, I, 42, II, 51, 78*, 85*, VI, 

65*, 69%. 

atherinoides, Minnilus, VI, 86*, 94%. 

Notropis, IT, 60, 80*, 85*. 

atlanis, Caloptenus, I, 68. 

atmodes, Heterodon, V, 44. 

atrarius, Amiurus, I, 50, II, 67. 

atrata, Catharista, IV, 190. 

atricapillus, Astur, IV, 189. 

Paras, IV,.172;. VI, 8*, 26*, 30°; 

oles 

Atrichium, II, 21. 

atricilla, Larus, IV, 202. 

atripes, Lythrurus, II, 59. 
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atriventris, Loxopeza, III, 155*, VI, 

40*, 50*. 

atrofuscus, Ancistrodon, V, 28. 

atromaculata, Boleosoma, I, 35. 

atronasus, Argyreus, VI, 75*. 

Rhinichthys, I, 45, IT, 63. 

atropurpureus, Euonymus, I, 31. 

atrox, Cdipoda, I, 66. 

Audubon, IV, 205. 

angusticornis Truxalis, I, 61. 

Aulacomnion, II, 21. 

aura, Cathartes, IV, 190. 

auratus, Carassius, I, 48, II, 63. 

Colaptes, IV, 186, VI, 16*. 

aureolum, Myxostoma, II, 63, 71*, 81*, 

86*. 
aureolus, Teretulus, I, 49, IT, 63. 

Xenotis, II, 46. 

aureus Eupomotis, II, 43, 46, 77*, 84*, 

88*, III, 44*, 53%. 

auriculata, Desmognathus, V, 14. 

auritus, Dytes, IV, 203. 

Monocrepidius, III, 120+, VI, 28+, 

alt. 

Pomotis, I, 38, II, 46. 

aurocapillus, Siurus, IV, 175. 

aurora, Catostomus, I, 48. 

avene, Aphis, II, 5. 

Siphonophora, II, 5. 
Avocet, American, IV, 197. 

Avocets, IV, 197. 

B 

Bachelor, II, 47. 

bachmani, Helminthophaga, IV, 204. 
Bachman’s Warbler, IV, 204. 

Bacillaria, VI, 107+. 
Bacteria, III, 156+. 

Bacunculus sayi, I, 60. 

cadipes Staphylinus, VI, 27+, 30t. 

Baétis, larvee, III, 44+, 46+, 49+, 52+. 
Betisca, pupze, II, 75t. 

Baird, Brewer, and Ridgway, on the 

food of the Catbird, III, 107. 

bairdi, Actodromas, IV, 195. 

Centronyx, IV, 205. 

Baird’s Bunting, IV, 205, 

Sandpiper, LV, 195. 
Baird, Spencer F., V, 3, 4, VI, 99, 109. 

Baird, W., The Natural History of the 
British Entomostraca, I, 16. 

Bald Eagle, TV, 190. ~ 

-pate, IV, 199. 

baltimorensis, Anisodactylus, III, 937, 

110}, 141}, 150, 151*, 155*, VI, 

8T*, 287, 50F, 44*, 587. 

Baltimore Oriole, TV, 182, VI, 14*, 24*, 

25*. 

Banded Darter, II, 74*. 

Three-toed Woodpecker, IV, 207. 

Bank Swallow, IV, 177. 

Barbula, II, 20. 
Bar-Fish, IT, 47. 

Baris, VI, 287, 297, 31f. 

confinis, VI, 28+, 32t. 

Barley, II, 5. 

Barnard, W. S., III, 72. 

Barn Owl, IV, 187. 

Swallow, LV, 177. 

Barnyard Turkey, IV, 191. 
barratti, Boleichthys, I, 34, 35. 

Barred Darter, I, 36. 

Killifish, 1I, 51, 78*, VI, 71%, 

Minnow, I, 42. 

Owl, IV, 187. 

Barrow’s Golden-eye, IV, 200. 

Bartramia, II, 21, 1V, 196. 

longicauda, LV, 196. 

Bartram’s Tattler, 1V, 196. 

Bary, A. De, Morphologie and Physiol- 

ogie der Pilze, cited, I, 53. 

Ueber die Brandpilze, cited, I, 53. 

Bascanium, V, 30, 38. 

anthicum, V, 38. 

constrictor, V, 38. 

flagelliforme, V, 388. 

Bass, II, 44, 75+, III, 21, 36%, 76*. 

Black, IT, 75}*, 767, 7872 aue ate 

25*, 32+, 38*, 40*, 42, 45, S577, 

61, 66*, 76*. 

Large-mouthed, I, 36, II, 44, III, 

38*, 42, 61*. 

Small-mouthed, I, 37, II, 44, III, 

40*, 61%. 

Brassy, III, 36*, 37*. 

Butter, III, 56*. 

Calico, I, 37, II, 47. 
Grass, II, 47. 

Moss, II, 44. 

Oswego, IT, 44. 

River, III, 40*. 

Rock, I, 37, II, 44, III, 38, 44*, 61*. 
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Shining, I, 37, II, 47. 

Short-striped, I, 36. 

White, IT, 44. 

Silver, III, 21, 56*. 

Striped, ITI, 37*. 
Tiger, III, 40*. 

White loo. Lh 44 75*, IT, Qi, 

36*, 37*. 
Yellow, U7, 75*. 

Batrachia, V, 4, 5-25. 

and Reptilia found east of the Mis- 

sissippi river, Descriptive cata- 

logue of, V, 1-64. 

Bay-breasted Warbler, IV, 175. 

-shouldered Bunting, IV, 179. 

Bean, II, 13. 

beccabunge, Aphis, II, 11. 

Bee, IJ, 79+, III, 1107. 

‘-bird, IV, 184. 
-martin, IV, 184. 

Beech, I, 26, 27, II, 13. 

Beef, VI, 99t. 

Bees, IT, 79+, 81+. 

Beetle, VI, 9+. 12+. 

Brown, III, 157t. 

larva, VI, 43+. 

Long-horn, III, 141+, VI, 11+, 18f. 

Potato, III, 94+. , 

Soldier, III, 92+, 138*, 144+, 146*. 

Two-lined, larvee, III, 138+. 

Spring, IJ, 78+. 

Beetles, IIT, 90+, 92+, 93+, 94+, 95+, 98t, 

103}, 108}, 112+, 119+, 1237, 

130+, 149, VI, 7+, 13+, 20t. 

Carrion, ITI, 1197. 

Click, VI, 77. 
larve, VI, 7+. 

Colorado Potato, IIT, 50+, 84+. 
Dung, I], 93+, 138+, 140+. 
Flea, III, 50+. 

Ground, ITI, 146, VI, 83}. 

June, ITT, 98}, 119+, 120+, 123+, 1247, 
128}, 134}, 140+, 141+, 142t, 

Waly 19F: 
May, III, 93+, 109+. 

Notes upon the Food of Predaceous, 
TI, 149-152. 

Plant, III, 108+, 111+, 112}, 115+, 

120+, 121+, 129+, 130+, 131f. 
Predaceous, IIT, 93+, 98+. 102+, 103, 

110+, 112+, 115}, 120}, 122+,130+, 

144+, 146, 149*, VI, 7+, 13+, 36*. 

‘Rose, III, 128+. 

Scavenger, III, 90t, 92+, 94+, 98t, 
A107; 112% 1294, VI, 11f, 124; 

20+. 

Snout, Ili, 98+, 102+, 108+, 112+, 

113}, 114}, 115+, 1197, 120f, 

PAT) 122+, LO3t, 1247, 128f, 

134+, VI, 7t. 

Spring, IIT, 120+, 121+, 122+, 123+, 

124+, 129+, 181+, VI, 16t. 

Water, II, 82+, III, 44}, 53+, 54, 

dot, 93+, 108t, 129+. 

larve, II, 65}. 

Beet, leaves of, III, 149+. 

belfragii, Eidipoda, I, 65. 
belli, Vireo, IV, 169, 176. 

Bell’s Vireo, LV, 176. 

Belted Kingfisher, IV, 186. 

Piping Plover, IV, 194. 
Bembidium, IIT, 150*. 

lampos, ITI, 150*, 

monticola, III, 150*. 

Beneficial Insects, III, 92+, 93¢, 102+, 
115}, 1317, 135+, 138+, 1394, 

142+, 145+, 146+. 

berberidis, Aphis, II, 14. 

Rhopalosiphum, Ii, 14. 

Berberis, I, 58+. 

vulgaris, II, 14. 

Berkley, Rev. M. J., Introduction to 

Cryptogamic Botany, cited,I,53. 

Outlines of British Fungology,cited, 

I, 53. 

Bernicla, LV, 199. 

brenta, IV, 199. 

canadensis, IV, 199. 

var. hutchinsi, IV, 199. 

var. leucoparia, IV, 199. 

Berries, III, 114}, 124+. 

Holly, III, 144+. 

Mistletoe, IIT, 97+, 106+, 144+. 
Mountain Ash, III, 96+, 106+, 121f, 

127. 
Scarlet Thorn, III, 144. 
Sumach, III, 93+, 94+, 106+, 108t, 

113}, 118}, 138}, 139+, 144}. 

Betula, I, 27, 31. 
betulecolens, Aphis, I, 13. 

bewicki, Thryomanes, IV, 173. 

Bewick’s Wren, IV, 178, 



20 INDEX. 

Biatora, II, 31. 

Bibio, III, 107}. 
albipennis, III, 90. 

larvee, III, 97+, 128+, VI, 87t. 

larvee, ITI, 82+, 91+, 92t, 93+, 94t, 

1027, 130+, 182+, 135+. 

Bibionide, III, 93+, 104+, 116+, 1857, 

136t. 

Bibliography of Illinois Ornithology, 
IV, 168-170. 

Bibron, G., V, 3. 

bicolor, Amblystoma, V, 9. 

Calamospiza, IV, 205. 

Lophophanes, IV, 172. 

Quercus, I, 26. 

Tachycineta, 1V, 177. 

bifasciata, Candona, III, 747. 

Big Black-head, IV, 200. 

-eyed Chub, I, 62. 

-eyed Shiner, IJ, 60. 

-mouthed Buffalo Fish, II, 65. 

Sapsucker, IV, 185. 

Bignonia, I, 27. 

bignonioides, Catalpa, I, 58+. 

biguttatus, Ceratichthys, I, 45, II, 60, 

62, VI, 89%, 94*. 

Colymbetes, III, 108+. 

bilineata, Tetrix, I, 69. 

bilineatus, Spelerpes, V, 138. 

Telephorus, III, 92+, VI, 9+, 28+, 
alt, 152t. 

Bill Fish, II, 82*. 

binotata, Anomala, III, 45+, VI, 6+, 7+, 

8t, It, 13}, 14f, 15+, 16+, 18t, 
197, 20t, 22+, 247, 26+, 28+, 
29+, Olt. 

bipustulata, Clivina, VI, 57}. 

Birch, Canoe, I, 26. 

Bird feather, III, 59+. 

louse, III, 109}. 

of Paradise, IV, 206. 

of Washington, IV, 190. 

Bird, Qua, IV, 193. 

Birds, II], 80*, 154*. 

arboreal, VI, 18*. 

frugivorous, ITT, 99. 

Indigo, VI, 20*. 

insectivorous, III, 14, 101. 

List of, probably occurring in IIli- 
nois, [V, 204-208. 

Number of species which breed in 

Illinois, IV, 167. 

of Illinois, Catalogue of, IV, 171- 

208. 

of prey, III, 103. 

orchard, VI, 19*, 20*. 

Relations of Carabide and Cocci- 
nellidze to, VI, 56-58. 

Table of families of, IV, 167. 

The Food of, III, 80-148. 

The Regulative Action of, upon In- 

sect Oscillations, VI, 3-32. 

bison, Carpiodes, II, 65. 

Ichthyobus, I, 49, II, 65. 

Bitter-head, II, 47. 

Bittern, American, IV, 194. 

Least, IV, 194. 

Bitternut Hickory, I, 26. 

Bittersweet, I, 55+. 

bivittata, Caloptenus, IIT, 142+. 

bivittatum, Spectrum, I, 60. 

Black and White Creeper, IV, 175. 

and Yellow Warbler, IV, 174. 

-backed Gull, Great, IV, 202. 

Three-toed Woodpecker, IV, 186. 

Bass, IJ, 75{*, 76*, 78}, 11. 2. 

25*, 327, 38%, 40*, 42, 45, 57, 

61, 66*, 76%. 

Large-mouthed, I, 36, II, 44, III, 

38%, 42. 
Small-mouthed, I, 37, I, 44, III, 

40*, 
-bellied Plover, IV, 194. 

-billed American Magpie, IV, 183. 

Cuckoo, IV, 187, VI, 16*, 26*, 

eas 

Buffalo Fish, I, 65, 81*. 

Bull-head, I, 50. 

Caddis-fly, III, 49+. 

-capped Chickadee, IV, 172, VI, 8*, 

DOS EES. 
Yellow Warbler, IV, 175. 

Cat Fish, II, 67, 82*. 
Cricket, III, 110+. 

Croppie, II, 76*, IIT, 56*. 

-crowned Night Heron, IV, 193. 

Eagles, IV, 190. 

-eyed Top Minnow, II, 52, VI, 72*. 

-fin, I, 44, IT, 54. 

-head, I, 45, IT, 55, [V, 200, VI, 78*. 

Big, IV, 200. 

Little, 1V, 200. 
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-headed Goldfinch, Mexican, IV ,205. 

Grosbeak, LV, 205. 

-horse, I, 50, II, 64. 

Lamprey, Small, I, 52, II, 70. 

Loon, IV, 201. 

Mallard, IV, 199. 

Moccasin, V, 28. 

-necked Stilt, IV, 197. 

-nosed Dace, I, 45. 

Oale u26: 

-poll Warbler, IV, 175, VI, 9*, 22*, 

DBRS. 

Rail, Little, IV, 197. 

Salmon, IT, 75*. 

Scoter, IV, 200. 

-sided Darter, I, 35, II, 39, 74*. 

Stickleback, IJ, 51, VI, 68*. 

Sucker, III, 71*. 

Sun Fish, I, 37, Il, 45. 

Tern, LV, 202. 

White-winged, 1V, 208. 

-throated Blue Warbler, 1V, 174. 

Banting, IV, 181, VI, 12*, 18*, 

19%, 24%, 25%. 

Diver, IV, 203. 

Green Warbler, IV, 175, VI, 10*, 

DOr eee 

Vulture, IV, 190. 

Warrior, IV, 189. 

-winged Red-bird, IV, 177. 

Woodcock, IV, 186. 

Blackberries, III, 95+, 967, 98+, 1027, 

1038t, 106+, 109+, 111f, 

Hise eG ahs eae 

15h 126k, T2657, 13th 

1347, 136+. 

Blackberry, II, 8. 

Blackbird, IV, 183. 

Brewer’s IV, 183. 

Cow, LV, 182. 

Red-winged, IV, 182, VI, 13*, 24*, 

29%, 

Rusty, IV, 182. 
Yellow-headed, IV, 182. 

Skunk, IV, 182. 

Blackbirds, IV, 182, VI, 13*. 

blackburniz, Dendroeca, IV, 175. 

Blackburnian Warbler, IV, 175. 

blackburnii, Geotrupes, III, 1447. 

Blades of grass, III, 151+. 

Blanding’s Tortoise, V, 57, 

122t, 
152f, 

112+, | 

Blatta americana, I, 60. 

culinaris, I, 60. 

germanica, I, 59. 

orientalis, I, 60. 

pennsylvanica, I, 59. 

Blattidee, I, 59. 

Blechrus, III, 153. 

blennioides, Diplesium, IT, 40. 

Etheostoma, I, 35, IT, 39. 

Blenny Darter, II, 59. 

Blepharostoma, IT, 26. 

Blepharozia, IT, 26. 

Blight, IJ, 9. 

Blind Fishes, II, 53. 

Snake, Floridan, V, 45. 

Blissus, III, 105}, 117}, 126f. 

leucopterus, VI, 28+, 52+. 

bliti, Cystopus, I, 57. 
Blob, II, 50, VI, 68*. 

Blossoms of plants, III, 152+, VI, 85+. 

rag-weed, III, 156y. 

trees, II, 76+. 

Blowing Adder, V, 43. 

Blue and Green Sun Fish, IJ, 46. 

and Orange Sun Fish, I, 38, II, 46. 

-bill, IV, 200. 

-breasted Darter, IJ, 41. 

Buffalo Fish, I, 49. 

Cat Fish, II, 66. 

-cheeked Sun Fish, I!, 77*. 

Chicken Hawk, IV, 189. 

Darter, I, 34, II, 41. 

Striped, I, 34, 11, 41. 

-fin, II, 54. 

Goose, IV, 198. 

-grass, anthers of, IIT, 155+, VI, 40. 

pollen of, III, 155+, VI, 40f. 

-gray Gnat-catcher, IV, 172. 

-green Sun Fish, II, 46. 

Grosbeak, IV, 181. 

Heron, Great, IV, 195. 

Little, IV, 193. 

Jay, IIT, 114*, 1V, 183, VI, -17*, 20*. 

Pike, IT, 44. 

-spotted Sun Fish, II, 45, ILI, 46%. 

Sun Fish, I, 37, II, 45, 76*. 

Warbler, Black-throated, IV, 174. 

-winged Yellow Warbler, IV, 174. 

Meals TVi," 199: 

. Yellow-backed Warb er, IV, 174. 

Bluebird) UW 95. 9G | bikie: Sie: 
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137*, 147*, IV, 172, 182, VI, 

8*, 18%, 22*, 23*, 56%, 57*. 
List of Cicindelide and Carabide 

eaten by, VI, 57, 58. 

Rocky Mountain, IV, 172. 

Bluebirds, IV, 172, V1, 8*, 56*. 

Blunt-jawed Minnow, I, 45, Il, 56, VI, 

79%, 
-nosed Minnow, I, 45, II, 55, 79*, 

VI, 79*. 

Bob-o-link, IV, 182. 
Bolbocerus farctus, III, 110+. 

Boleichthys, I, 34, II, 42, III, 27*. 

barratti, I, 34, 35. 

elegans, I, 35, If, 43, 75*, 84*, III, 

24*, 
eos, I, 34, 35, IT, 40. 42. 

erochrous, I, 34. 

exilis, I, 34, 35. 

fusiformis, I, 34. 

warreni, I, 34, 35. 

boleoides, Uranidea, I, 41. 

Boleosoma, I, 35, II, 40, III, 23*, 26*, 

27*, 60t. 
atromaculata, I, 35. 

brevipinne, I, 35, IT, 40. 

camurum, II, 40, III, 23*. 

maculatum, II, 40, 41, 74*, 84*, IIT 

23%, 58t. 

olmstedi, I, 35, IT, 40, III, 23*. 
Bonaparte’s Gull, IV, 202. 

Sandpiper, IV, 195. 

Bonasa, IV, 191. 

umbellus, IV, 191. 

borealis, Buteo, IV, 189. 

Contopus, IV, 184. 

Epilachna, IIT, 152, 

Lanius, LV, 176. 

Numenius, IV, 196. 

Borer, VI, 18+. 

boreus, Esox, I, 43, IT, 53. 

boscas, Anas, IV, 199. 

Bosmina, II, 76, 787, 81+, 88+, III, 36+, 
43+, 46+, 69+, VI, 70+, 76+, 77+, 
87t. 

longirostris, III, 29}, 39+, 44+, 45+, 

48+, VI, 87}. 

Boston Society of Natural History, Me- 
moirs cited, IV, 206. 

Proceedings cited, 1V, 206. 

Botaurus, IV, 194. 

lentiginosus, IV, 194. 

Botryopium pulchrum, I, 59. 

Bow-fin, IT, 68. 

Box Turtle, V, 57. 

Three-toed, V, 57. 

Brachyacantha, VI, 64*. 

ursina, IIT, 159*. 

Brachycera, VI, 98f. 
Brachyiobus lithophilus, III, 93+, VI, 

57. 

Brachynus, VI, 57+, 59}, 62}, 63+. 

fumans, VI, 39*. 

Bracteria sayi, I, 60. 
Bradycellus, III, 128+, 129+, VI, 45*, 

59*, 62*, 63*. 
dichrous, III, 158*, VI, 45*. 

rupestris, III, 152,*, VI, 45*. 

Branchipodide, I, 22. 

Brant, IV, 199. 

White, IV, 198. 

Brant Goose, IV, 199. 

brassice, Aphis, II, 12. 

Brassy Bass, III, 36*, 37*. 

Bread, VI, 98t, 99+. 

Bream, II, 61, 77*, III, 53*. 

Copper-nosed, II, 45. 
Brendel, Frederick, The Tree in Winter, 

I, 26-32. 
brenta, Bernicla, IV, 199. 

Brenthide, III, 1267. 
brevicauda, Asellus, I, 8, 10, 11, 22. 

breviceps, Xenotis, II, 45. 

brevicornis, Acrida, I, 61. 

Gryllus, I, 61. 

Pyrgomorpha, I, 61. 

Truxalis, I, 61. 

Tryxalis, I, 61. 

brevipinne, Boleosoma, I, 35, II, 40. 

brevipennis, Opsomala, I, 61. 

Brevirostres, III, 92, 105}, 108+, 112+, 

117}, 119}, 120}, 1267. 
Brewer,T. M.,Note on the Food of Birds, 

ITI, 82. See Baird, Brewer, 

and Ridgway. 

Brewer’s Blackbird, IV, 183. 

Briggs, S. A., VI, 99. 

Broad-nosed Gar, II, 82*. 

-winged Hawk, IV, 189. 
Broun, H. G., Classen und Ordnun- 

gen des Thier-Reichs, cited, 

III, 66, 
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Bronzed Grackle, IV, 183, VI, 14*, 26*, 

: ae 

Brook Silversides, III, 21, 69. 

Stickleback, IT, 78*. 

Broscus cephalotes, ITI, 150*. 

Brown Beetle, III, 1577. 

Buffalo Fish, I, 49, IT, 65. 

Cat Fish, I, 50. 

Creeper, American, IV, 173. 

-headed Nuthatch, IV, 204. 

-nosed Dace, II, 63. 

Pelican, IV, 201. 

Snake, DeKay’s, V, 40. 

Thrasher, IV, 171. 

Thrush, III, 89*, 96*, 118*, 125*, 

’ 128%, 132%, 184*, 135*, 136*, 

Vileen ota Oat: 
Bruchia, IJ, 19. 

brunnea, Colaspis, IJ, 121+. 

Brunnichia, I, 27. 

Bryant, Dr. H., Note on Birds, IV, 206. 

Bryun, JJ, 21. 

Bubalichthyine, IT, 80*. 

Bubalichthys, I, 50, IT, 65. 

altus, IT, 66. 

bubalinus, IJ, 66. 

bubalus, II, 66. 

cyanellus, IT, 66. 

niger, I, 50, II, 65, 81*, 86*. 

urus, II, 65. 

bubalinus, Bubalichthys, II, 66. 

bubalus, Amblodon, I, 49. 

Bubalichthys, II, 66. 

Ichthyobus, I, 49, II, 65, 81*, 86*, 
III, 48t. 

Bubo, IV, 187. 

virginianus, IV, 187. 

var. subarcticus, IV, 187. 

buccata, Ericymba, I, 45, LI, 61, 80%, 
€5*, VI, 7a*. 

buccinator, Olor, IV, 198. 

bacephalus, Aristus, III, 150*. 

Buckton, G. B., A synoptical table of the 

sub-families of Aphide, II, 3. 

on Siphonophora lactuce, II, 7. 
Buckwheat, III, 127+. 

Buellia, II, 32. 

Buffalo Carp, I, 49. 

Carp-Sucker, II, 65. 

Fish, I, 50, II, 65, 80*, 88*, 88%, 

89*, III, 47+, 73*. 

Big-mouthed, IT, 65. 

Black, IT, 65, 81*. 
Blue, I, 49. 

Brown, I, 49, II, 65. 

Red-mouth, I], 65, 81*. 

Small-mouthed, II, 66. 

Buff-breasted Sandpiper, LV, 196. 

Sheldrake, IV, 201. 

Buffle-head, IV, 200. 

Bufo, V, 16. 

lentiginosus, var. americanus, V, 17. 

var. fowleri, V, 17. 

var. lentiginosus, V, 17. 

quercicus, V, 17. 

valliceps, V, 17. 
Bufonide, V, 15, 16. 

Bufoniformia, VY, 15, 16. 

Buffon’s Jaéger, IV, 202. 

Bugs, IIT, 98+. 
June, VI, 7t. 

Plant, IT, 81+, IIT, 507, 138+. 
Predaceous, III, 1027, 1397, 144f, 

146. 

Soldier, III, 90+, 92+, 111}, 120}, 
188+, 141}, 144+, 146*. 

Water, I]; 7of, 76}, 77, Sl}, S24 
IIT, 29+, 39}, 61+. 

Bulletins of the Bussey Institution, cited, 
I, 55. 

Census, cited, VI, 97. 

Essex Institute, cited, IV, 172, 184, 

192, 193. 

Illinois State Laboratory of Nat- 
ural History, cited, LI, 87, VI, 

35, 65, 88, 98. 
Museum of Comparative Zodlogy, 

cited, LV, 205, 207. 
Nuttall Ornithological Club, cited, 

IV, 179, 180, 189, 190, 198, 199, 

201, 202, 208. 

U.S. Geological and Geographical 

Survey of the Territories, cited, 

IV, 193. 

U.S. National Museum, cited, V, 3. 

Bull Frog, V, 25. 

-head, IT, 67, III, 46. 
Alvord’s, II, 50. 

Black, I, 50. 

Cave, IT, 50. 

Hoy’s, I, 41. 

Kumlien’s, I, 41, II, 50. 
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Northern, I, 50. 

Wilson's. IT, 50. 

Snake, V, 38. 
bundyi, Eubranchipus, I, 25. 

Bundy, W. T., I, 14. 
Descriptions of Illinois Crustacea, 

I, 3, 5, 24. 

Bunting, IV, 197. 

Baird’s 1V, 205. 
Bay-shouldered, IV, 179. 

Black-throated, IV, 181, VI, 12%, 

18*, 19*, 24*, 25*. 

Henslow’s, IV, 179. 

Lark, IV, 179, 205. 

Leconte’s, 1V, 179. 

Nelson’s Sharp-taile1, LV, 179. 

Nonpareil, 1V, 181. 

Snow, IV, 178. 

Varied, LV, 205. 

Yellow-winged, LV, 179. 

Buntings, 1V, 178 
Buprestidee, III, 125+. 

buprestoides, Anisomorpha, J, 60. 

Phasma, I, 60. 

Burbot, II, 51. 

Burmll, tT. J:, V1, 36. 

Upon Parasitic Fungi, I, 52-59. 

Burrowing Owl, 1V, 207. 

Bussey Institution Bulletin, cited, I, 55. 

Buteo, IV, 189. 

borealis, IV, 189. 

var. calurus, 1V, 169, 189. 

harlani, IV, 189. 

lineatus, LV, 189. 

pennsylvanicus, IV, 189. 

swainsoni, LV, 189. 

Butorides, 1V, 193. 

virescens, LV, 193. 

Butter-ball, 1V, 200. 

Bass, ITI, 56*. 

Buzzard, Turkey, IV, 189, 190. 

Byrrhide, III, 120+, 125+, 147t. 

C 

Cabbage, I, 57+, II, 12, ILI, 90r. 

Cabbage worms, VI, 37, 42, 46, 61. 

Caddis Fly, Black, III, 49+, 

larvee, II, 82+. 

Caducibranchiata, V, 5, 6. 

Ceecidotea, I, 11. 

stygins, I, 11. 

microcephalus, I, 11. 

cerulea, Dendrceca, LV, 174. 

Florida, 1V, 193. 
Guiraca, 1V, 181. 
Polioptila, IV, 172. 

ceerulescens, Chen, | V, 198. 

Dendreeca, IV, 174. 

ceruleus, Poecilichthys, I, 34, I], 41. 

Calamospiza, IV, 205. 

bicolor, 1V, 205. 

Calandridie, VI, 9+. 

Calanide, I, 25. 
Calathus, VI, 40*, 50*, 59%, 60*, 62*, 63*. 

gregarius, IIT, 151, 155*, VI, 40*. 

latus, I1I, 150*. 
calendula, Regulus, IV, 172. 

Caliciei, IT, 33. 

Calicium, IT, 33. 
Calico Bass, I, 37, I, 47. 

Calidris, LV, 196. 
arenaria, LV, 196. 

calidum, Calosoma, III, 146*, VI, 14f, 

291, 307, 38*. 

California Salmon, I, 43. 

californicus, Dytes, 1V, 203. 
caliginosus, Harpalus, III, 150*, 151*, 

156*, VI, 45*, 46*. 

Callida punctata, III, 95}. 

calligaster, Ophibolus, V, 34. 
Callimorpha, III, 92. 

lecontei, III, 188, 139+. 

Calliptervs, II, 12, 13. 

Caloptenus, I, 67. 

atlanis, I, 68. 

differentialis, I, 68. 

femur-rubrum, I, 68. 

occidentalis, I, 68. 

spretus, I, 68. 

Calosoma, VI, 16+, 38%, 51*, 59%, 60*, 

62*, 63*. 
calidum, III, 146*, VI, 14t, 29+, 

30+, 88*. 
scrutator, VI, 38*. 

calurus, Buteo, 1V, 169, 189. 

calva, Amia, I, 51, II, 68, 82*, 86%. 

Calypogeia, II, 26. 
Cambarus, I, 3, 18, 24, III, 30+, 36+, 49, 

46}, 527. 

acutus, I, 3, 18. 

debilis, I, 24. 

gracilis, I, 5, 18. 
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immunis, I, 4, 19, II, 82+, 87f, ILI, 

a ANT. 

obesus, I, 5, 19. 

placidus, I, 4, 19. 
propinquus, I, 4, 19, LIT, 42¢. 

sloani, I, 24. 

stygius, I, 5, 19. 
troglodytes, I, 4, 18. 

virilis, I, 4, 19, ILT, 50f. 
wisconsinensis, I, 4, 19. 

Camnula pellucida, I, 66. 

tricarinata, I, 66. 

Campbellite, I}, 47. 

Campephilus, LV, 185. 
principalis, IV, 185. 

Camponotus, VI, 29+, 30+. 

Campostoma, I, 44, IJ, 55, IIT, 45+, VI, 

75*, 76, 81*. 

anomalum, I, 44, II, 55, 60, 761, 

78}, 79*, 85*, VI, 77*, 94*. 

Campylopus, IT, 19. 
camurum, Boleosoma; II, 40, III, 25%. 

camurus, Nothonotus, IT, 41. 

Canace, LV, 207. 

“ eanadensis, LV, 207. 

Canada Goose, IV, 199. 

Jay, IV, 206. 

canadense, Stizostethium, II, 43" 15T,, 

84) Sal *s33"5 

canadensis, Aquila, 1V, 190. 

Bernicla, LV, 199. 

Canace, LV, 207. 

Erigeron, IT, 7. 

Grus, 1V, 198. 

Myiodioctes, IV, 175. 

Perisoreus, LV, 206. 

Polydesmus, IIT, 108}. 

Sitta, LV, 172. 

Canadian Fly-catching Warbler, 1V,175. 

candicans, Aphis, IT, 14, 

Populus, IT, 14. 

candida, Salix, J, 31. 

candidissima, Garzetta, IV, 193. 

candidus, Cystopus, I, 57. 

Candolle, C. de, memoire sur la famille 

des Juglandees, cited, I, 29. 

Candona, III, 74+, VI, 71. 

bifasciata, IIT, 747. 

Canker- worms, VI, 6+, 77, St, 9+, 10f, 

11}, 12}, 13},.14}, 15+, 164; 17t, 

18}, 197, 20+, 214, 37+, 38+, 39F, 

25 

40+, 41+, 42, 43+, 461, 477, 494, 

60f. 
eggs, VI, 17, 187. 
larve, VI, 17*t. 

Canoe Birch, I, 26. 

cantabrigensis, Rana, V, 25. 

Canthocamptus, IJ, 28, IJ, 81+, III, 727, 

73, VI, 70t, 84+, 105+, 104+t. 

illinoisensis, I, 14, 23, II, 89+, VI, 

103+. 
staphylinus, J, 15. 

Canthon, VI, 16f. 

hudsonias, VI, 29}, 50+. 

canutus, Tringa, IV, 195. 

Canvas-back Duck, 1V, 200. 

caouana, Thalassochelys, V, 51. 

Cape May Warbler, IV, 174. 

capito, Rana, V, 22, 23, 24. 

Capnodium, I, 58. 

Caprimulgi, 1V, 185. 
| Caprimulgide, 1V, 167, 185, 206. 

| Caprimulgus, LV, 185. 

vociferus, IV, 185. | 

caprodes, Percina, I, 36, II, 39, III, 23*, 

At. 

capucina, Fragilaria, VI, 99+. 

Caralide, II, 77+, 79+. IIE, 90+, 92+, 94, 
95+, 96+, 101+, 104+, 10°, 109f, 

112+, 1134, 1144, 116+, 1194, 
1204, 1214, 122+, 123+, 1244, 
1254, 128+, 129+, 1307, 131f, 
1334, 134+, 185+, 136+, 138t, 
140}, 1414, 142+, 144F, 146*, 
1474, 149%, 150*, 151*, 153, 
Paste Vii Gye ts st oT L6t, 

134, 144, 15+, 16f, LTt, 22, 247; 
26+, 37*, 5o*, 56*t, Off, 99*, 

60*, 61*, 62*, 63*, 94f. 

and Coccinellidz, The food relations 

of the, VI, 33-64. 

fossorial, VI, 50. 

larvee, III, 92+, 967, 188+, VI, 117. 

phytophagous, V1, 56t. 
vegetarian, IIT, 150+ 

Carabus palustris, 1II, 140+, VI, 57+. 

Carassius, I, 48, II, 65. 

auratus, I, 48, IT, 63. 

carbonata, Perissoglossa, 1V, 204 

Carbonated Warbler, LV, 204. 

Cardinal Grosbeak, IV, 181. 

Cardinalis, IV, 181. 
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virginianus, IV, 181. 

carinata, Amara, VI, 42*. 

(Edipoda, I, 63 

carinatus, Aromochelys, V, 53. 

Placopharynx, I, 49, II, 63. 

Tomonotus, I, 63. 

carnifex, Phanzeus, III, 1207. 

carnivorus, Corvus, LV, 185. 
Carnivorous Cyprinidz, VI, 74. 

Cyprinodontide, VI, 70. 

insects, III, 1157, 1307, 146, 152, 159. 

Thousand-legs, III, 111+ 

Carolina Chickadee, IV, 172. 

Parakeet, 1V, 187. 

Rail, IV, 197. 

Wren, Great, IV, 173. 

carolina, Gryllus, J, 64. 

Locusta, I, 64. 

Mantis, J, 60 

(Edipoda, I, 64, 65. 

Porzana, IV, 197. 

Stagmomantis, I, 60. 

Testudo, V, 58. 

carolinense, Engystoma, V, 18. 

carolinensis, Antrostomus, IV, 185. 

Conurus, IV, 187. 

Galeoscoptes, IV, 171. 
Hyla, V, 21. 

Mimus, III, 107*, 116*, VI, 6*,: 

98*, 380*, 31%, 32*, 57*, 58". 

Nettion, IV, 200. 

Pandion, 1V, 188 

Parus, 1V, 172: 

A Sittay hv, U2. 

Tyrannus, IV, 184, VI, 15*, 29%, 
30*, 31*. 

Zenaidura, LV, 190, VI, 16*, 29*, 32*. 

caroliniana, Locusta, I, 64. 

carolinum, Acrydium, I, 64. 

carolinus, Centurus, IV, 186. 

Gryllus, I, 60, 64. 

Locusta, I, 64. 

Carp. II, 80*, 88*, 89*. 

Buffalo, I, 49. 

Lake, I, 49. 

Carp Mullet, I, 49. 

-sucker, Buffalo, II, 65. 

Deformed, II, 65. 

Lake, II, 65. 
Long-finned, II, 65 

Moon, II, 65. 

Olive, I, 49. 

River, II, 65. 

Silvery, IT, 65. 

-suckers, II, 81*, III, 73*. 

Carphophiops, V, 29, 31. 

amcenus, V, 31. 

helene, V, 31. 

vermis, V, 3l. 

Carpinus, I, 58. 

carpio, Carpiodes, II, 65. 
Ichthyobus, I, 49, II, 65. 

Myxostoma, II, 63. 

Teretulus, I, 49, IT, 63. 

Carpiodes, I, 49, II, 65, 81*, 86*, III, 

73*, 79%. 

bison, II, 65. 

carpio, II, 65. 

cutisanserinus, II, 65. 

cyprinus, II, 65. 

difformis, IT, 65. 

selene, II, 65. 

thompsoni, IJ; 65. 

velifer, II, 65. 

Carpodacus, IV, 178. 

purpureus, IV, 178. 

Carrion, III, 151+. 

Carrion Beetles, III, 119+. 

Crow, IV, 190. 

Carya, I, 28, 30; 31. 

alba, I, 29, 30 

umara, |, 29, 31.. 

oliveformis, I, 29, 31. 

caryella, Aphis, II, 14. 

Case- flies, III, 50+. 

larvee, ILI, 380+, 44+, 54+. 
-worms, III, 23+, 50+, 53+, VI, 75t, 

84+, 87+, 88+, 89t. 

caspia, Sterna, 1V, 202. 

Caspian Tern, IV, 202. 

cassini, Peuczea, IV, 205. 

Cassin’s Finch, LV, 205. 

King-bird, IV, 206. 

castagnel, Sphwrotheca, I, 58 

castanea, Dendreeca, IV, 175. 

castor, Diaptomus, I, 16. 

Cataipa, I, 27, 28, 30. 
bignonioides, I, 58. 

Catalogue of the Birds of Illinois, IV, 

171-208. 

Fishes of Illinois, A, I], 37-40. 

Fishes of J]linois, A partial, 1,85-52. 
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North American Batrachia and Rep- 

tilia found east of Mississippi 

river, Descriptive, V, 1-64. 

cataractie, Rhinichthys, IJ, 62. 

Catbird, III, 89*, 100, 107*, 113*, 116%, 

MSF OF 1 23%. a4 

128132" 154 135F, 1386*; LV, 

171, VI, 6*, 18*,.19*, 22*, 23%, 

Catfish, II, 66, 75t, 81*, 83*, 87*, ITT, 

21, 32t, 407, Gi, 15%, 76*, VI, | 

68. 

Black, IT, 67, 82*. 

Blue, II, 66. 

Brown, I, 50. 

Channel, I, 50. 

Common, II, 66, 81*. ”* 
Chubby Stone, IJ, 68. 

Chuckle-headed, II, 66. 

Duck-billed, I, 51. 

Forked-tailed, II, 66. 

Great, I, 50, II, 66. 

Great Lake, II, 66. 

Great Mississippi, II, 66 
Long-jawed, II, 66. 

Marbled, II, 67. 

Margined, I, 50. 

Mud, I, 50, IT, 67. 

Saw-spined Stone, IT, 68. 
Slender, I, 51. 

Slender Stone, IT, 67. 

Spoon-billed, II, 82*. 

White, II, 66. 

Yellow, I, 50, II, 66. 

Yellow-headed, IJ, 67. 

Yellow Stone, II, 67. 

Caterpillars, II, 77+, III, 45+, 50+, 82t, 

90+, 92+. 93+, 95+. I6F, 97+, IBt, 
« 101. 102+, 103+, 1087, 109+, 

110+, 111}, 116+, 1197, 120+, 121+, 

122+, 123}, 125}, 130}, 1317,132t, 

137+, 138+, 13897, 140+, 1414, 

142}, 143+, 144+, 145}, 146, 1557, 

156f, 157+, VI, 6+. 9+, 10+, 12+, 

13t, 14+, 16+, 18+, 197, 20+, 21+. 

397, 40+, 41+, 42+, 43+, 45+, 46+, 

527, 53+. 61t. 

eatesbiana, Rana, V, 25. 

Catharista, IV, 190. 

atrata, IV, 190. 
Cathartes, IV, 190. 

aura, LV, 190. 

27 

Cathartide, IV, 167, 190. 

Caton, J. D., on the Wild Turkey, IV, 

191. 

Catonotus, I, 34. 

Catostomide, I, 46, 48, II, 63, 80*, 86*, 

ILI, 26*, 65+, 70*, VI, 77*, 98*. 

Catostomine, IT, 80*. 

Catostomus, I, 48, IT, 64, 

aurora, I, 48. 

commersoni, II, 64, III, 73*. 

eyprinus, I, 49. 

hudsonius, I, 48, [I, 64. 

longirostrum, II, 64. 

nigricans, IT, 64. 

teres, I, 48, II, 64. 

catus, Amiurus, II, 67, ILI, 47. 

caudacutus, var. nelsoni, Ammodromus, 

_ AV, 179; 205: 

Caudisona, V, 27, 28. 

miliaria, V, 28. 

tergemina, V, 28. 

Cave Bull-head, IT, 50. 

Salamander, V, 15. 

| Cecropia, cocoons, III, 87+. 

Cedar Wax-wing, IV, 177, VI, 11%, 
alo Oasis 

cedrorum, Ampelis, IV, 177, VI, 28%, 

BOF pel 

Celastrus, I, 28, 29, 30. 

celata, Helminthophaga, IV, 174. 

Celtis, I, 27, 29, 30, 31, IIT, 106f. 
Cemophora, V, 30, 33. 

coccinea, V, 33. 

Census Bulletin, cited, VI, 97. 8 

Centaurea, I, 56. 

Centrarchide, II, 44, 75}*, 83*, 84*, 

EET 2h) 23%, 32), cath ort 38", 

G20 Ot ios 

Centrarchus, I, 37, II, 47, III, 46, 55*, 

61*, 62*, 63%, 68*. 

inideus, I, 37, IL, 47, TIE, 56*. 

macropterus, IT, 47. 

Centrinus, III, 94+. 

Centronyx, IV, 205. 
bairdi, IV, 205. 

Centrophanes, IV, 178, 205. 

lapponicus, IV, 178. 

ornatus, IV, 205. 

pictus, IV, 178. 
Centropyxis, VI, 85+. 
Centurus, [V, 186, 
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earolinus, 1 V, 186. 

cepedianum, Dorosoma, II, 55, 72*f, 

85%, ILL, get, ait. 

cephalanthi, Aphis, I, 11. 

Cephalanthus, I, 27, 28, 30, 31. 

occidentalis, II, 12. 

cephalotes, Broscus, III, 150*. 

Cephalozia, I], 26. 
Cerambycide, III, 148+, VI, &t, If, 

15},) 224; 247, 26+. 

cerasi, Aphis, IT, 9. 

Miyzus, Il, 9. 

cerasicolens, Aphis, II, 9. 

Myzus, IT, 9. 

cerasifolize, Aphis, iI, 9. 

Myzus, II, 9. 

Cerasus serotina, II, 9. 

virginiana, IJ, 9. 

Ceratichthys, 1, 45, II, 62, VI, 75*, 76, 

86. 

amblops, II, 62. 

biguttatus, I, 45, II, 60, 62, VI, 89*, 

94%, 

dissimilis, I, 45, II, 62. 

melanotus, J, 45. - 

Ceratodon, II, 19. 

Ceratophyllum, II, 75+, 82+, III, 40, 

oot. 

demersum, II, 77+, III, 59+. 

Cercis, I, 27, 28, 30. 

cerealis, Aphis, II, 5. 

Ceriodaphnia, II, 81}, IIT, 74f. 

angulata, II, 76+, 81+, 887. 

dentata, IIT, 69t. 

Certhia, 1V, 173. 
familiaris, var. rufa, 1V, 178. 

Certhiidee, IV, 167, 173. 

Cerulean Warbler, IV, 175. 

Ceryle, IV, 186. 

aleyon, LV, 186. 

Cetraria, IT, 27. 

Cheenobryttus, I, 37, Il, 45, ILI, 45*, 

62*, 63%, 68%. 

gulosus, I, 37, 44, IT, 45, LIT, 44*. 

Cheetopoda, VI, 95+. 
Cheetura, IV, 185. 

pelasgica, IV, 185, VI, 17. 

Chain-sided Sunfish, IT, 45. 

Chain Snake, V, 33. 

Chaitophorus, II, 10, 14. 

negundinis, II, 10. 

populicola, II, 10, 14. 

Chaleidide, ILI, 104+, VI, 70+. 

Chameleon, Floridan, V, 49. 

Channel Catfish, J, 50. 

Common, II, 66, 81*. 

Chara, IT, 79+, 80}; III, 54+, 557. 

Charadriide, 1V, 167, 194, 207. 

Charadrius, IV, 194. 
dominicus, | V, 194. 

Chat, Yeilow-breasted, LV, 175. 

Chaulelasmus, IV, 199. 

streperus, IV, 199. 

Chauhiognathus, larva, IIT, 90}. 

pennsylvanicus, IIT, 152*. 

Checkered Woodpecker, IV, 186. 

Chelonia, V, 51. 

mydas, V, 51. 

Chelonide, V, 49, 51. 

Chelopus, V, 54, 56. 

guttatus, V, 57. 

insculptus, V, 57. 
muhlenbergi, V, 57. 

Chelydra, V, 53. 

serpentina, V, 53. 

Chelydridz, V, 50, 52. 

Chen, LV, 198, 208. 

cerulescens, LV, 198. 

hyperboreus, 1V, 198. 

var. albatus, LV, 198. 

rossi, 1V, 208. 

Chermesinze, II, 3. 
Cherries, I11, 95+, 96+, 103+, 106}, 1094, 

Lil}, 114}, 118} Oe 

1224, 1244, 1277, Tastee eed 

134+, 136+. 

tame, IIT, 98+, 112+. 

wild, IIL, 967, 1117, 4a. 

143}. ; 

Cherry, IJ, 9. 

cultivated, leaves, I, 58. 

Chestnut-collared Longspur, IV, 205. 

-sided Warbler, LV, 174, VI, 9%, 

BES RY 3 

Chewink, IV, 179, 181. 

Chicago Academy of Sciences, V, 4. 

Exposition Company, VI, 109. 

Chickadee, Black-capped, IV, 172, VI, 

Omen. eam 

Carolina, 1V, 172: 

Hudson’s Bay, LV, 172. 

Chickadees, IV, 172, VI, 8*. 
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Chicken Hawk, Blue, IV, 189. 

Snake, V, 37. 

Chicken, Prairie, lV, 191. 

Chilopoda, III, 117+. 

Chiloscyphus, II, 25. 

Chimney Swallow, IV, 185. 

Swift, IV, 185. 

Chinch bugs, III, 14, 84, 111}, 112, 

113, 1157, 121+, 1238+, 124+, VI, 

9+, 23+, 37+, 438, 49+, St, 52, 

58t, 54, 55, 61+, 62+, 647. 

Chipping Sparrow, IV, 180, VI, 12*, 

DAS OD ae 

Chironomid, VI, 88+, 937, 947. 

Chironomus, III, 511, 547. 

larve, [l, 75}, 81+, IT; 23t,, ITI, 

23+, 24+, 25+, 27+, 29+, 85+, 37+, 

Alt, 43+, 447, 457, 47+, 48+, 497, 

53+, 547, 55+, 56+, 571, S87, 607, 

61+, 62+, 63+, 64+, 65+, 67f, 

68t, 69+, 70+, 71+, 72+, 73+, 74t, 

Tot, 78+, 79+, VI, 67+, 69+, 70t, 

T+, 72+, 73}, (6, Ti+, (8t, Sat, 

85+, 88t, 9Ot, I1t, 92t, 93+, 94t, 

101}, 106+. 

pupe, III, 29+, 37+, 757. 

Chlenius, III, 94+, VI, 7+, 28+, 30+, 42*, 
HOF ols Outeoot 0s Gls Gers 

63*. 

diffinis, III, 158*, VI, 42%, 43*. 

erythropus, VI, 43*. 

nemoralis, VI, 42*. 

tomentosus, III, 1397, 140+, 158%, 

VATA Dare itis 

Chloéaltis abortiva, I, 61. 

conspersa, I, 61. 

curtipennis, I, 61. 

viridis, I, 61. 

Chondrostei, IT, 69. 

Chordeiles, IV, 185. 

popetue, IV, 185. 

var. henryi, LV, 169, 185. 

Chondestes, 1V, 179. ; 

grammica, IV, 179. 

Chorophilus, V, 18, 19. 

angulatus, V, 19. 

nigritus, V, 19. 

ocularis, V, 19. 

ornatus, V, 19. 

triseriatus, V, 19. 

var. corporalis, V, 19. 

Chro6coccus, ITT, 72+. 

Chrosomus, I, 47, IJ, 61, VI, 75*, 76, 

92*. 
erythrogaster, I, 47, II, 61, VI, 

80*, 94*. 

Chrysemys, V, 54, 56. 

picta, V, 56. 

reticulata, V, 56. 

chrysochloris, Pomolobus, I, 44, II, 55, » 

(otc? 

Chrysochraon conspersum, I, 61. 

viridis, I, 61. 

chrysoleucus, Notemigonus, II, 61, VI, 

Sits gae. 

Chrysomela 10-lineata, III, 947. 

similis, III, 131}. 

suturalis, III, 120}, 130+, 1314, VI, 

28t, 29+, 31t. 

Chrysomelidee, II, 77+, Ill, 53+, 94f, 

101+, 105+, 108+, 117+, 126¢, 

135t, 136+, 149, 151, VI, 8t, 

17+, 22+, 24+, 26t. 

chrysomelus, Gryllus, I, 62. 

Locusta, I, 62. 

Chrysomitris, IV, 178, 205. 
magellanicus, [V, 205. 

notata, 1V, 205. 

pinus, IV, 178. 

chrysops, Roccus, I, 36, II, 44, 75*, 84*, 

WE SbF ois 

chrysoptera, Helminthophaga, IV, 174. 
Chub, LE, 62)-VE, 88%: 

Common, II, 80*. 

Big-eyed, II, 62. 

Creek, II, 62, III, 33+. 

Horned, I, 45, II, 62, VI, 89*. 

Lake, II, 62. 

River, II, 62. 

Chub Minnow, III, 46, 70*. 

Sucker, I, 48, II, 64, 81*, III, 72*. 

| Chubby Stone Catfish, II, 68. 
Chuck, IV, 186. 

Chuckle-headed Catfish, II, 66. 

Chuck-will’s-widow, LV, 185. 

Chydorus, III, 24+, 27+, 29+, 36+, 39}, 

45+, 467, 47+, 48+, 54+, 587, 69¢, 

72+, 74+, VI, 69+, TOt, 72+, 84+, 

87t. 

Cicindela, III, 116+. 

lecontei, III, 110+, VI, 57f. 

Cicindelidee, VI, 57+. 
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Ciconiidze, IV, 167, 192. 

cincta, Mestobregma, I, 65. 

(dipoda, I, 65. 

cinctus, Philhydrus, III, 93}. 

cinerea, Juglans, I, 31. 

Piesma, VI, 10}, 28}, 32+. 
Ulula, IV, 187. 

cinereus, Plethodon, V, 12. 

cingulatum, Amblystoma, V, 1. 

Cinnamon Teal, IV, 199. 

cinnamopterus, Staphylinus, III, 152*. 

Cinosternum, V, 53, 54. 

pennsylvanicum, V, 54. 

circeezandis, Aphis, JI, 13. 

cirevezans, Galium, II, 15. 
circulosa, Rana, V, 22, 23. 

circumcinctus, Aigialites, IV, 194. 

Circus, IV, 189. 

hudsonius, IV, 189. 

ciris, Cyanospiza, IV, 169. 

Passerina, IV, 181. 

cisco, Argyrosomus, I, 44. 

Cisco, Lake Michigan, I, 44, IT, 54. 

Moon-eyed, I, 54. 

Cistothorus, 1V, 173. 

stellaris, IV, 173. 

Cistudo, V, 54, 57. 

clausa, var. clausa, V, 57. 

var. triunguis, V, 57. 

citrea, Protonotaria, 1V, 174. 

Cladocera, I, 22, II, 73+, 75+, 76+, 78+, 

81}, 88, III, 24+, 25+, 27+, 25t, 
36}, 39}, 43t, 44+, 46+, 47+, 484, 
52t, 55t, 57+, 58+, GOt, 62+, 63H, 

64+, 67+, 68+, 69+, 72+, 73t, 744, 

tpt, (St, (ote Vi O9t, WOt, 71+, 

72+, 80+, 81t, 85+, 87+, 90F, 93F, 
94+, 103+, 105+, 106+. 

Cladonia, II, 31. 

Cladoniei, IT, 31. 

Cladophora glomerata, VI, 84+. 
Cladosporium, VI, 44+, 52+, 53+, 59+, 

637, 64t. 
clamitans, Rana, V, 24. 

Clangula, IV, 200. 

albeola, IV, 200. 

glaucium, var. americana, IV, 200. 

islandica, LV, 200. 

Clark, F. N., VI, 99, 108, 104, 109. 
Clasmatodon, II, 22. 

clausa, Cistudo, V, 57. 

Claus, C., I, 14. 

Die Freilebenden Copepoden, cited, 
1, 15; 

Clay, VI, 78+. 

Clay-colored Sparrow, IV, 180. 

Clepsine, II, 82+. 

Click beetles, V1, 7+. 

larvee, VI, 7}. 

Cliff Swallow, IV, 177, VI, 11*, 24*, 25*. 

Climacium, IT, 23. 

Climbing cricket, IIT, 132+. 

Cliola, IT, 61. 

ariomma, II, 60. 

scabriceps, IT, 60. 

Clivina bipustulata, VI, 57}. 

striatopunctata, VI, 28+, 30}. 
Clod-hopper, IV, 182. 

Closterium, III, 71}, 72+, 73+, VI, 76+, 

ip ots 

Clupeide, I, 44, 1,55, 79*, 85*, ILI, 

68*, 

clupeiformis, Argyrosomus, I, 44, II, 54. 

Coregonus, II, 54, VI, 95*. 

clypeata, Spatula, IV, 199. 
Cnemidophorus, V, 47. 

sexlineatus, V, 47. 

Cnemidotus, 12-punctatus, ITT, 55t. 

Coale, H. K., IV, 163, 170, 173, 179, 180. 
Coal Skink, V. 46. 

coccinea, Cemophora, V, 33. 

Quercus, I, 29. 

Coccinella, VI, 53*, 64*. 

d-notata, VI, 53*. 

9-notata, LIT, 158*> Va, ere 

Coccinellide, III, 117+, 152*, 158*, VI, 
50*, 51*, 56+, 64*. 

and Carabidze, The food relations of 

the, VI, 33-64. 

coccineus, Ophibolus, V, 34. 

Coccyges, IV, 186. 

Coccyzus, LV, 186. 

americanus, IV, 186. 

erythrophthalmus, IV, 

16%, 29%) 30rd ee 

Cock, Log, 1V, 186. 

Cod fishes, IT, 51. 

Ccenus delius, II], 927, 94+, 96+, 143+, 

VI, 284, 324. . 
Colaptes, IV, 186. 

auratus, IV, 186, VI, 16*. 

Colaspis brunnea, III, 121+. 

187: 
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Coleoptera, II, 76+, 77+, 84+, 85t, 86f, 
ITI, 46+, 517, 55}, 63+, 644, 90F, 

92+, 93t, 95+, 96t, 101F, 1047, 
108+, 109+, 110+, 111+, 113}, 

114}; 1164; 120+, 121}; 122f, 

124+, 125+,- 128+, 129+, 130f, 

151%, 1324, Lesy, 1344; 135t, 

136+, 140+, 1417, 142t, 143}, 

147}, 152, VI, 6+, 7t, 8t, 9+, 10t, 

11}, 12+, 13+, 14+, 15}, 16+, 19+, 

20+, 22+, 24+, 26+, 48, 49+, 594, 

60+, 62+, 93+, 944. 

aquatic, III, 46+, 68+, 64+, VI, 8&t, 

90+, 94+. 

larvee of, VI, 98+. 

insectivorous, III, 153*, VI, 35. 

larvee, III, 43+, 60+, 797, 157+, VI, 

10+, 41+, 59+, 617, 62+. 

Notes on Insectivorous, IJ, 153-160. 

predaceous, III, 130+, ‘VI, 38*. 

terrestrial, III, 45}, 63+, 64+, VI, 

987, 94+. 

Coleosporium, VI, 43+, 53}, 59+, 63+. 

collare, Spharagemon, I, 64. 

collaris, Fulix, 1V, 200. 

(Edipoda, I, 64. 

Collema, IT, 29. 

Collemei, I], 29. 

Colopha, II, 3, 17. 

A new species of Aphis, of the 
genus, IJ, 17. 

eragrostidis, II, 17. 

Caloptenus bivittatus, III, 142+. 

femur-rubrum, IIT, 142f. 

Colorado Grasshopper, III, 14. 

Potato Beetle, IIT, 50}, 84. 

colossus, Evarthrus, III, 121+, 157*, 57, 
VI, 41%, 577. 

Coluber, V, 30. 

emoryi, V, 36. 

guttatus, V, 37. 

lindheimeri, V, 36. 

obsoletus, var. confinis, V, 37. 

var. obsoletus, V, 36. 

quadrivittatus, V, 37. 

vulpinus, V, 36. 

Colubride, V, 27, 29. 

colubris, Trochilus, 1V, 184. 

Columbe, IV, 190. 

columbarius, A‘salon, IV, 188. 

Columbide, IV, 167, 190, VJ, 16*,26*, 29*. 

Colymbetes biguttatus, ILI, 108+. 

Colymbide, 1V, 167, 203. 

Colymbus, IV, 203. 

arcticus, IV, 203. 

septentrionalis, LV, 203. 

torquatus, IV, 203. 

comma, Agonoderus, III, 141+. 

commersoni, Catostomus, II, 64, ILI, 

13°. 

Common Alligator, V, 58. 
Channel Catfish, II, 66, 31*. 

Chub, IJ, 80*. 

Crow, IV, 183. 

Eel, I, 51, II, 68. 

Frog, V, 24. 

Garter Snake, V, 39. 

Lake Herring, II, 54. 

Moon-eye, II, 54. 

Mullet, II, 63. 

Perch, I, 36, II, 75+, II], 21, 28%, 

67%. 

Pike, III, 68. 

Rail, IV, 197. 
Red-horse, II, 63. 

Red-poll, 1V, 178. 

Shad, I, 44, II, 55. 

Skink, V, 47. 
Snapping Turtle, V, 59. 

Snipe, IV, 195. 

Snowbird, IV, 180. 

Soft-shelled Turtle, V, 52. 

Sucker, J, 48, II, 64, I1I, 73*. 
Sun Fish, I, 38, IJ, 46, 76*, III, 38, 

48%, 

Tern, LV, 202. 

Toad, V, 17. 

Tree Toad, V, 20. 

White Fish, II, 54, VI, 95*. 

Yellow Perch, II, 43, III, 28*. 

communis, Asellus, I, 8, 10, IT, 88. 

complanata, Moniana, IT, 57, 58. 
Composite, I, 55, III, 110, 158f. 

pollen, III, 156+, 157+, 159}, VI, 
45+, 46+, 52+, 534, 54+, 554, 59t, 

63+, 64+. 
seeds, VI, 137, 17+, 25+, 27t. 

Compressed Red-fin, IJ, 59. 

compressicaudus, Tropidonotus, V, 42. 

compsolemus, Tropidonotus, V, 41. 

concavus, Lixus, III, 130. 

concinna, Pseudemys, V, 59. 
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confertus, Tanymecus, VJ, 14}, 28+, 29+, | 

Silche 
confinis, Amiurus, J, 50, II, 67. 

Baris, VI, 28+, 327. 

Coluber, V, 37. 

Congo Snake, V, 8. 

Conifer, pollen, VI, 647. 

Coniocybe, II, 33. 

Coniomycetes, I, 52. 

conjunctus, Stenolophus, VJ, 28+, 30+. 

conloniana, Ischnoptera, I, 59. 

Connecticut Warbler, 1V, 175. 

Conocephalus, IT, 25. 

Conomitrium, il, 19. 

Conotrachelus anaglypticus, III, 151f. 
nenuphar, larve, III, 152t¢. 

Conotrema, IT, 30. 

conspersa, Chloéaltis, J, 61. 

conspersum, Amblystoma, V, 9. 
Chrysochraon, I, 61. 

conspersus, Tryxalis, I, 61. 

conspurcata, Mantis, I, 60. 

constricta, Difflugia, III, 72¢. 

constrictor, Bascanium, V, 38. 

Contia, V, 30, 32. 
pygea, V, 39. 

Contopus, IV, 184. 
borealis, IV, 184. 

virens, IV, 184, VI, 15*, 29*, 30%, | 

ole: 

contortrix, Ancistrodon, V, 28. _ 

contracta, Meracantha, III, 140+. 
Conurus, IV, 187. 

carolinensis, LV, 187. 

convergens, Hippodamia, II], 159*, VI, 

RD, Sie, 

Cooke, M. C., Rust, Smut, Mildew, and 

Mould, cited, 1, 54. 

cookianus, Aphredoderus, II, 49. 

cooperi, Accipiter, LV, 189.- 
Cooper’s' Hawk, IV, 189. 

Coot, American, IV, 198. 

Coots, IV, 197. 

Copelandia, IT, 46. 

eriarcha, IJ, 46. 

Cope, E:. Da' ball V,'3; 

Check List of North American 

Batrachia and Reptilia, cited, 

Veo 4, 

Cyprinidz of Pennsylvania, quoted, 
VI, 74. 

INDEX. 

Faunal Regions of the United 

States, V, 59, cited, V, 4. 
on Boleichthys, I, 54. 

on Rana areolata areolata, V, 22. 

Copeland, H. E.,1,46. See Jordan and 

Copeland. . 

copelandi, Rheocrypta, II, 40. 

Copeland's Varter, IT, 40. 

Copepoda, I, 25, II, 75+, 76+, 784, 81t, 

III, 24+, 25+, 27+, 29+, 36+, 43+, 
A6t, 47+, 52+, 55+, 60+, 62+, 63F, 

641, 67+, 687, 69+, 70+, T1t, 72t, 
T3t, Tot, 78h, 79, Visite tor 
72+, 81t, 85+, 87+, 90+, 93+, 944, 

103+, 105+, 108+. 

larvee, III, 72+. 

Cope’s Sucker, I, 49. 

Copper-head, V, 28. 

-nosed Bream, II, 45. 

Coprinus, VI, 42+, 59+, 63. 

coprophagous Scarabeeide, III, 125+ 
Coptotomus, ITT, 51. 

interrogatus, II, 82, III, 50f. 

corallina, Locusta, I, 66. 

(Edipoda, I, 66. 

corallipes, Hippiscus, I, 65. 

(Edipoda, I, 65. 

Coregonus, I, 44, II, 54. . 

albus, I, 44, II, 54. 

artedi, II, 54. 

clupeiformis, IT, 54, VI, 95*. 
hoyi, IJ, 54. 

nigripinnis, II, 54. 

quadrilateralis, II, 54. 

tullibee, II, 54, 

Coreidee, IIT, 105+, 132+, VI, 6t, 23F. 
coreopsidis, Siphonophora, II, 7. 

Coreopsis aristosa, II, 7. 
Corethra, larve, III, 57+, 58+, 60f, 

78+, VI, 67+, 93t. 

pictipennis, IT, 74t. 
coriacea, Sphargis, V, 50. 

Coriscus, IIT, 105+, 139+. 

ferus, III, 92+, 94+. 

Corixa, J, 4, 5, IT, 75t, 77+, 82f,‘11I, 25+, 

27+, 29, 35+, 39+, 40¢, 41+, 42+, 
43+, 44+, 45+, 46+, 47¢, 49+, 524, 
58t, 55, 56+, 57+, 584, 59, 6OF, 
61t, 62+, 63t, 64+, 68+, 75+, 78t, 
79+, VI, 67+, 72f, 84+, 87+, 88+, 
90+, 93+, 94+. 
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alternata, I, 4, II, 75+, 76+, 77+, 

III, 29+. 35+, 40+, 45+, VI, 73+. 

larvee, II, 77+, ILI, 27+. 

signata, III, 41+. 
tumida, ITT, 23+, 247, 27+, 297, 35t, 

39+, 407, 417. 

Cormorant, Double-crested, IV, 201. 

Florida, IV, 201. 

Mexican, IV, 201. 

Cormorants, IV, 201. 

Corn, II, 12, IIT, 1067, 119+, 120, 121%, 

123+, 127+, 150+, VI, 13t, 14, 

16}, 17}, 25¢, 27+, 29+, 32+. 

Corn Aphis, VI, 51+. 

Snake, V, 34. 

cornifoliz, Aphis, IT, 13. 

Cornus, I, 27, 28, 29, 30, 31. 

alternifolia, I, 27, 28, 31. 

paniculata, IT, 13. 
sericea, I, 31. 

cornuti, Asclepias, II, 7. 

cornutus, Hypsilepis, VI, 75*. 
Luxilus, I, 47, Il, 57, 60, 80*, 85*, 

VI, 75, 84*, 94*. 

coronata, Dendrceca, IV, 174. 

Tantilla, V, 32. 

Zonotrichia, IV, 180, 205. 

corporalis, Chorophilus, V, 19. 

Semotilus, I, 45, II, 60, 62, 80%, 

85*. IIT, 33¢, 70*, VI, 88%, 94*. 

Corsicus, IIT, 139+, 140+, 148¢. : 

Corvidee, IV, 167, 183, 205. 

Corvus, IV, 183, 205. 

corax, var. carnivorus, LV, 183. 

cryptoleucus, IV, 205. 
frugivorus, IV, 183. 

ossifragus, IV, 183, 206. 

Corydalis cornutus, larve, ITI, 47}, 52t, 

59+, 60+. 

Corylus, I, 29, 31, 58. 

Corymbetes, III, 120+. 

Cosmarium, III, 727, VI, 76+, 77t. 

Cotile, IV, 177. 
riparia, LV, 177. 

Cottide, I, 40, IT, 50, VI, 65*, 67*. 

Cotton, II, 14. 

Cotton mouth, V, 28. 

-wood gall lice, III, 152+. 

Cottopsis, I, 40. 

ricei, I, 40, II, 50. 

Cottus, Rice's, I, 40. 

Coturniculus, IV, 179. 

henslowi, IV, 179. 

lecontei, TV, 169, 179. 

passerinus, IV, 179, VI, 12*, 

Bree 

Coues, Elliott, Birds of the Northwest, 

cited, IV, 207. 

Check list, cited, IV, 208, 

On Archibuteo ferrugineus, IV, 190. 

Couesius, II, 62. 

prosthemius, IT, 62. 

couperi, Spilotes, V, 37. 

Cowbird, VI, 13*, 24*, 25*. 

Cow Blackbird, IV, 182. 

-faced Sculpin, IT, 50. 

Crane flies, ITI, 90, 94+, 108+, 109+, 112+, 

1197, 1287, 180+, 131+, 132t. 

larve, ITI, 131}. 

Crane, White, IV, 193. 

Sandhill, LV, 198. 

Whooping, IV, 198. 

Cranes, IV, 198. 

Crangonyx, I, 3, 6, 17, 21, LIT, 27+. 

gracilis, J, 6, 8, 21, II, 78+, 87+, III, 

Aye Vil, Tat, (Ate 

mucronatus, I, 6, 13, 21. 

Cratacanthus, VI, 57+, 59+, 62+, 63f. 

dubius, III, 95+, 110¢, 121, 141+, 

BES WAG ie e 

crateegifolie, Aphis, II, 13. 

Crategus, I, 28, 29, 30, 31. 

berries of, III, 144+. 

punctata, IT, 13. 

Crawfish, I, 5, 24, IT, 81+, 82+, 87+, III, 

30+, 31+, 407, 42+, 447, 47+, 484, 

50+, 67+, VI. 144, 277, 29¢, 32+, 

887, 897, 90t, 944, IBF. 

Crawl-a-bottom, II, 64. 

Cream, VI, 99t. 

Creek Chub, IT, 62, III, 33+. 

fish, IT, 64. 

Creeper, American Brown, IV, 173. 

Black and White, IV, 173. 

Creepers, IV, 173. 

Creeping Pine Warbler, IV, 175. 

crepitans, Acris, V, 18. 

Crested Flycatcher, Great, IV, 184. 

Red-bird, IV, 181. 

Cricket, Black, ITI, 110+. 

Climbing, ITI, 132t. 

White, ITI, 108+. 

29*, 
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Cricket-bird, IV, 179. 
Crickets, I], 77+, II], 14, 507, 84+, 95t, 

96+, 98t, 102+, 113+, 121+, 1387, 

139}, 142}, 146. 

crinitus, Myiarchus, IV, 184. 

cristata, Cyanocitta, IV, 183. 

cristatus, Cyanurus, VI, 17. 
Podiceps, IV, 163. 

Cristivomer, II, 54. 

namaycush, II, 54. 

Croaker, II, 50. 

Crocodile, Floridan, V, 58. 

Crocodilia, V, 26, 58. 
Crocodilide, V, 58. 

Crocodilus, V, 58. 

americanus, V, 08. 

Croppie, I, 37, II, 47, 76*, 89*, III, 21, 38, 

Black, II, 76*, III, 56*. 

Lake, III, 56*. 

Timber, III, 56*. 
White, II, 76*, ITI, 56*. 

Crossbill, American Red, IV, 178. 

White-winged, IV, 178. 

Crotalide, V, 27. 

Crotalus, V, 27. 

adamanteus, var. adamanteus, V, 27. 

horridus, V, 27. 

Crow, IV, 183, 205. 

Carrion, IV, 190. 

Common, LV, 183. 

Fish, 1V, 183. 
Rain, IV. 186. 

Crow Duck, IV, 198. 

Cruciferous plants, I, 57. 

crus-corvi, Panicum, II, 6. 

-galli, Panicum, III, 151+. 

Crustacea, I, 3, 17, 18, II, 72+, 76+, 77t, 

78+, 79+, 8It, 83t, 844, 857, 86t, 
87+, LIT, 23t, 24+, 27+, 28+, 29+, 

30F, 81t, 82t, 36+, 887, 894, 41t, 

43+, 46+, 477, 507, 51+, 524, 544, 

55+, 60+, GIT, 62+, 63t, 64+, 66, 
68+, 69+, 78t, 79+, VI, 27+, 674, 
68+, 69+, 70+, 71+, 72t, 73+, 75t, 

82+, 83+, 84t, 85, 87+, 887, 89, 

90+, 91f, 93+, 94+, 100t, 102+, 

108. 

Descriptions of extralimital species, 
1, 24. 25: 

Descriptions of New species of, I, 

3-20, 

eaten by Fishes, On the, IT, 87-89. 

Key to Illinois species of, I, 17-24. 

List of Ilinois, I, 3-25. 

Cryptocephalus 4-maculatus, III, 50. 

cryptoleucus, Corvus, LV, 205. 

Ctenoid Fishes, I], 76+, 78+, 84+, 85+, 86+. 

cubicus, Cystopus, I, 57. 
Cuckoo, Black-billed, 1V, 187, VI, 16*, 

26F 2a 
Yellow-billed, TV, 186. 

Cuckoos, IV. 186, VI, 16*. 
Cuculide, IV, 167, 186, VI, 16*, 26*, 

29%. 
cucullatus. Lophodytes, IV, 201. 

Culicidee, VI, 60}, 627, 677. 
larvee, IIT, 487, VI, 93+. 

culinaris, Blatta, I, 60. 

cupido, Cupidonia, IV, 191. 

Cupidonia, IV, 191. 

cupido, IV, 191. 

cupreus, Amiurus, I, 50, II, 66. 
cupripennis, Platynus, III, 151*. 

Curculionidae, III, 50+, 90+, 123+, 129¢, 
130}, 131+, 139+, 1407, 1414, 

146, 1487. 
Curlew, Eskimo, LV, 196. 

Hudsonian, IV. 196. 

Long-billed, IV, 196. 
Currant, Red, II, 5, 9. 

Currants, III, 95+, 98+, 103+, 106+, 109F, 
112, 1144, 118}. 1347, 136F. 

curtipennis, Chloéaltis, I, 61. 

Locusta, I, 61. 

Stenobothrus, I, 61. 

Curtis, John, Farm Insects, cited, III, 
152, 

curvicauda, Phaneroptera, IJ, 77+, III, 

SOF. 
Cusk, TE, 51. ; 

cutisanserinus, Carpiodes, II, 65. 

Cut-worm, purple, VI, 18t. 
speckled, TIT, 90+. 

Cut-worms, III, 90+, 92+, 93+, 95, 98t, 
102+, 103+, 108+, 110t, 120f, 
128+, 132+, 135+, 138+, 1397, 
1407, 1417, 145*, 146, VI, 6t, 

39, 4387. 
grass-eating, II], 138}. 

cyanea, Passerina, IV, 181, VI, 13%, 

18*, 20*, 29%, 30*, 31*, 32*. 

cyanellus, Apomotis, I1, 45, ITT, 46*, 48. 



INDEX. 35 

Bubalichthys, IT, 66. 
Ichthyobus, 1, 49, II, 66. 

Telipomus, I, 37, II, 45. 

cyanocephalus, Lythrurus, J, 47, II, 59. 

Scolecophagus, LV, 183. 

Cyanocitta, IV, 183. 

cristata, LV, 183. 

cyanoptera, Querquecdula, IV, 199. 

Cyanospiza ciris, [V, 169. 

Cyanurus cristatus, VI, 17. 

Cyclas, IIT, 30, 35+, 65¢. 
- Cycleptus, I, 50, II, 64. 

elongatus, I, 50, II, 64. 

Cycloganoidei, IT, 68. 

Cycloid fish, LI, 76+, 77+. 787. 
fishes, II, 84+, 85+, 86+, III, 60t. 

Cycloneda, V-I, 54*, 64*. 

sanguinea, VI, 54*, 

Cyclophis, V, 30, 31, 35. 

estivus, V, 36. 

vernalis, V, 36. 

Cyclopide, I, 28, II, 78+. 

cyclopium, Tropidonotus, V, 45. 

Cyclops, I, 23, II, 74+, 79+, 817, 83, 89t, 
IIT, 23+, 24+, 27+, 28+, 297, 36+, 
37+, 394, 43+, 44+, 45, 47+, 48t, 
56+, STH, 58+, St, 69+, TOF, TH, | 
73+, 744, VI, 67+, 69+, 72+, 84, | 
88t, 101+, 103+, 104+, 105+, 106+, 

107+. 

thomasi, VI, 70+, 105+, 106}, 107t, 

108+. 

Cydnide, III, Errata, VI, Errata, (See 

Index, 9), See Pentatomidee. 

Cylindrical Suckers, III, 76*. 

Cylindrothecium, II, 23. 

Cymatopleura, VI, 77t. 

cyparissie, Siphonophora, II, 7. 

cypho, Esox, I, 43, II, 55. 

Cypridide, I, 23, III, 277, 30+, 32+, 47+, 
49+, 54+, 56+, 72t, VI, 67t. 

Cyprinella, I, 47, II, 57, 58. 

analostana, I, Errata, (See Index, 

8), II, 57. 
forbesi, II, 57, 58. 

galactura, I, 47, II, 57. 

Cyprinide, I, 44, II, 40, 55, 72, 75+, 76+, 
78+, 79*, 838%, 85*, II], 30, 32¢, 

33t, dot, 4387, 47+, 51+, 59+, 60F, 
63+, 69, 70*, 75+, 78*, VI, 65*, 

66+, 67+, 74*, 88+, 94*, 98%. 

carnivorous, VI, 74. 

graminivorous, VI, 74. 

insectivorous, VI, 74. 

Cyprinodontide, I, 42, II, 51, 78*, 85*, 

VI, 65*, 70*, 98*. 

carnivorous, VI, 70. 

herbivorous, V1, 71. 

Cyprinoids, IT, 72. 
cyprinus, Carpiodes, II, 65. 

Catostomus, I, 49. 

Cypris, II, 77+, 78+, 79+, 81t, 82+t, 89+, 

LIT, 274, 367, 58t, 69+, VI, 697, 

71+, 72+, 79+, 84+, 101t. 

vidua, VI, 69+, 837. 

Cypseli, LV, 185. 

Cypselide, IV, 167, 185. 
Cyrtacanthacris differentialis, I, 68, 

Cystignathide, V, 16, 21. 

Cystopus, I, 55, 57. 
candidus, I, 57. 

cubicus, I, 57. 

bliti, L, 57. 

Cytilus sericeus, III, 120+. 

D 

Dace, Black-nosed, I, 45. 

Brown-nosed, II, 63. 

Fork-tailed, I, 46. 

Horned, I, 45, II, 62. 

Long-nosed, I, 45, IT, 62. 

Mud, II, 52. 

Red-bellied, II, 61, VI, 80*. 

Sharp-nosed, I, 45. 

Silver-mouthed, I, 45, IT, 61, 80*. 

Dafila, IV, 199. 

acuta, LV, 199. 

Dale, E. T., 111, 150. 

damnificum, Acridium, I, 69. 

Dandelion, pollen of, I[I, 152+, 159f, 

AV bg Sp 

Daphnella, III, 24+, 27+, 58+, VI, 94+. 

Daphnia, IT, 78, 81¢, 89+, IlI, 24+, 27t, 

28+, 29+, 36+, 37+, 46+, 47+, VI, 

72+, 105+, 1064, 108+. 

angulata, II, 89f. 

galeata, II, 89f. 

hyalina, VI, 70+, 106+, 107f. 

pulex, IT, 89+, III, 29+, 45+, 48+, 69¢, 

VI, 70t. 

retrocurva, VI, 70+. 

Daphniide, I, 22, II, 78+, 887, III, 27+, 
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29+, 32+, 36+, 43+, 44+, 47+, 48t, 

52+, 54+, 60, 68, 70+, 73+, 74T, 

78+, 79t, VI, 81t, 93t, 94t. 

Dapti, III, 153. 

Darning-needles, larvee, IIT, 41+, 58t. 

Darters, II, 38, 74*, 75t, III, 21, 22*, 

304, 48, 58t, 71*, 71, IV, 201, 

VI, 65, 88*. 

Banded, II, 74*. 

Barred, I, 36. 

Big-headed, II, 39. 
Black-sided, I, 35, II, 39, 74*. 

Blenny, II, 39. 

Blue, I, 34, II, 41. 

Striped, I, 34, II, 41. 

Blue-breasted, IJ, 41. 

Copeland’s, II, 40. 

Fan-tailed, I, 34, II, 42. 

Gilded, IT, 39. 

Green-sided, II, 40. 

Johnny, II, 40, 74*. 

Least, I, 34, IT, 43. 

Lined, IT, 42. 

Manitou, II, 39. 

Red-sided, I, 34, II, 42. 

Rough-cheeked, II, 75*. 

Sand, I, 35, II, 38, 74*. 

Rough, II, 38. 

Scaly-headed, II, 42. 

Sharp-nosed, II, 39. 

Slim, I, 35. 

Striped, I, 34, II, 75*. 

Tessellated, I, 35, II, 40. 

Trout, I, 34. 

Zoned, II, 41. 

dasycarpum, Acer, I, 29, II, 4. 

Davis, N.8., Jr., and Rice, Frank L, 

Descriptive Catalogue of North 

American Batrachia and Rep- 

tilia found east of Mississippi 

river, V, 1-64. 

De Bary, A. see Bary, A. De. 

De Candolle, C. see Candolle, C. De. 

debilis, Cambarus, I, 24. 

Decapoda, I, 18, II, 84}, 85, 86+, IIT, 

36+, 43+, 46+, 47+, 52+, 63+, 64+, 

VI, 94+. 

10-lineata, Chrysomela, III, 94+. 

decidua, Ilex, III, 144. 

decisa, Melantho, III. 65+. 

decorus, Platynus, VI, 40*. 

Deep-water Sculpin, I, 41, II, 50. 

deflectus, Planorbis, VI, 81+. 
Deformed Carp-Sucker, IT, 65. 

dekayi, Amiurus, I, 50. 

Storeria, V, 40. 

DeKay’s Brown Snake, V, 40. 

delawarensis, Larus, LV, 202. 

Delectable Minnow, I, 47. 

delius, Coenus, III, 92+, 94+, 96+, 1497, 

Dematiei, I, 57, VI, 42+, 597, 63+. 

acrospores of, III, 158t. 

demersum, Ceratophyllum, II, 77+, III, 

oot. 

Dendrocyena, IV, 208. 

fulva, IV, 208. 

Dendreeca, IV, 174, 204. 

zstiva, LV, 174, Vike 9* 328" o0e 

OL. 
blackburniz, IV, 175. 

czrulea, IV, 174. 

ceerulescens, IV, 174. 

castanea, LV, 175. 

coronata, 1V, 174. 

discolor, IV, 175. 

dominica, var. albilora, IV, 175. 

kirtlandi, IV, 204. 

maculosa, IV, 174. 

palmarum, IV, 175. 

pennsylvanica, IV, 174, VI, 9*, 28*, 

B0F, 317: 

pinus, IV, 175. 

striata, EV, 175; VI, oF -28e re oum 

aL. 

virens, LV, 175, VI, 10*, 28*, 30*, 

a ot 

dens-leonis, Taraxacum, III, 152+. 

dentata, Allorchestes, II, 75+, 77+, 877, 

III, 24+, 27+, 29+, 387, 41+, 494, 

74+, V1, 67+, 714, 847, 85f. 

Ceriodaphnia, III, 69f. 

Hyalella, I; 5, 20. 

dentatus, Pleuroxus, III, 48+, 74. 
Description of a new species of Asellus, 

II, 90-92. 
Descriptive catalogue of North Amer- 

ican Batrachia and Reptilia, 
found east of Mississippi river, 

V, 1-64. 

Desmatodon, II, 20. 

Desmids, II, 79+, III, 71+, 72+, VI, 82+, 

101}. 
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Desmognathide, V, 7, 14. 

Desmognathus, V, 14. 

fuscus, var. auriculata, V. 14. 

var. fuscus, V. 14. 

nigra, V, 14. 

ochrophea, V, 14. 

Deutsche Entomologische Zeitschrift, 

cited, III, 152. 

Diabrotica 12-guttata, II, 77+, I11, 50+, 

121}. 

vittata, IIT, 111+, VI, 28+, 31+. 

Diadophis, V, 30, 35. 

arnyi, V, 30. 

punctatus, var. amabilis, V. 35. 

var. punctatus, V. 35. 

Diamond-back Turtle, V, 56. 

Rattlesnake, V, 27. 

diaphanus, Fundulus, I, 42, Il, 51, 78*, 

Ses Vil Ts 98%. 

Diapheromera, III, 117t. 

femorata, I, 60, ITF, 108+. 

sayi, I, 60. | 
vélii, I, 60. 

Diaptomus, I, 23, II, 76+, III, 29+, 36+, 

VI, 70+, 87+, 103, 105+, 106+, 

107. 

castor, I, 16. 

sanguineus, I, 15, 23, II, 89+, VI, 

108. 

sicilis, VI, 106}, 107+, 1087. 

Diatoms, II, 79+, 81+, 82+, III, 66+, 717, 

AE AeA tsrt Gls GUTIOlTs 29% 

101+, 103+, 105, 107+, 108. 

Dibolia aérea, VI, 29+, 31+. 

Diceelus, VI, 42*, 59*, 60*, 62*, 63*. 

elongatus, VI, 42*. 

Dichelyma, II, 22, 

Dichromanassa, IV, 193. 

rufa, IV, 164, 193. mm 
dichrous, Bradycellus, ITI, 

145*. 

Dick-cissel, IV, 182. 

Dicranum, IJ, 19. 

Di-dipper, IV, 200. 

Didymodon, II, 20. 

Diemyctylus, V, 15. 
miniatus, var. miniatus, V. 15. 

var. viridescens, V. 15. 

differentiale, Acridium, I, 68. 

differentialis, Caloptenus, I, 68. 

Cyrtacanthacris, I, 68. 

158*, VI, 

diffinis, Chlzenius, IIT, 158*, VI, 42*,43*. 

Diffiugia, TEL, 70f, Tt, 72, VI, tt; 
78+, 85t. 

acuminata, ITI, 72t. 

constricta, III, 72+. 

globosa, III, 727. 

globulosa, III, 72+. 

lobistoma, III, 727. 

pyriformis, III, 72+. 

difformis, Carpiodes, II, 65. 

Ichthyobus, I, 49, II, 65. 

dilectus, Minnilus, I, 47, I, 60. 

Notropis, IT, 60. 

dilophus, Phalacrocorax, IV, 201. 

dinemus, Minnilus, 1, 48, II, 60. 

Notropis, Il. 60. 

Diospyros, I, 28, 31. 

dipleemius, Lythrurus, I, 47, II, 59, 80*, 

85*. 

Diplesium, IT, 40. 

blennioides, II, 40. 

Diplopoda, III, 118+. 

Diplotaxis, VI, 7t. 

georgie, VI, 28+, 3lt. 
Diptera, IL, 74+, 75+, 76+, 77+, 78t, 79+, 

80+, 844, 85+, 86+, ILI, 27+, 45F, 

d1t, 95t, 101t, 104+, 110+, 1127, 

113}, 114+, 116+, 120+, 122f, 

123+, 124}, 125+, 128+, 129+, 

1324, 133t, 1344, 135+. 136t, 
144}, 145+, 147+, 157+, VI, 6, 7, 
St, 16+, 19, 19+, 20, 22+, 24¢, 

26+, 394, 44+, 45+, 46+, 484, 494, 
59+, 60+, 61+, 627, TOt, 93+, 94t. 

larvee, II, 74+, 75+, 76+, 77+, 78+, 79+, 

80f, 814, 82+, ILI, 28+, 24+. 26+, 

Q7t, 31+, 35¢, 43+, 45+, 55t, 57, 

60+, 62+, 634, 64+, 73+, TSt, 79t, 

119+, VI, 98t. 

aquatic, III, 75+, VI, 69+, 79+, 93¢, 

94+. 

pupe, II, 78+. 

terrestrial, VI, 93+, 94+. 

Direa, I, 27, 29, 30. 

Dirt, II, 79+, III, 73, VI, 100+. 

Discelium, II, 22. 

Discoderes, III, 153. 

discoidea, dipoda, I, 66. 

discoides, Arcella, III, 72+. 

discoideus, Anisodactylus, IIl, 50+, 129+, 

VI, 44*, 58+. 
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Hippiscus, I, 66. 

discolor, Dendreeca, IV, 175. 

discors, Querquedula, IV, 199. 
dispar, Zygonectes, I, 42, IT, 52, 78*, 85*, 

Wan fone 
dissimilis, Ceratichthys, I, 45, I, 62. 

Gastrophysa, III, 130+. 

distans, Elaps, V, 29. 

Distillery slops, II, 80. 

Diver, Black-throated, IV, 203. 

Great Northern, IV, 203. . 

Red-throated, IV, 203. 

Dock, II, 13. 

~ dodgei, Pezotettix, I, 68. 
Dog Fish, I, 51, II, 52, 68, 82*, ITI, 75*. 

doliatus, Ophibolus, V, 34. 

Dolichonyx, IV, 182. 

oryzivorus, LV, 182, 197. 

domestica, Spizella, IV, 180, VI, 12%, 

29F 00" Ok ton. 

domesticus, Troglodytes, VI, 8*, 28*, 30*, 

Bilieweoees 

dominicus, Charadrius, IV, 194. 

Nomonyx, IV, 208. 

Dorcus, VI, 14. 

parallelus, VI, 29+, 30+. 
Dorosoma, I, 44, II, 55, 75+, 78+, 83%, 

88*, ILI, 33+, 84t, 857, 377, 407, 

43+, 63+, 68*, 78*+, VI, 102*. 

cepedianum, IT, 55, TAA 5 eis 

LT, Set ort. 

var. heterurum, II, 55, 79*. 

notatum, I, 44, IJ, 55. 

Dorosomatide, II, 55. 

dorsalis, Euteenia, V, 40. 

Plethodon, V, 12. 

Tetrix, I, 69. 

Dory, II, 44. 

Doryphora, III, 105+. 

Double-crested Cormorant, IV, 201. 

dougalli, Sterna, IV, 208. 

Dove, Mourning, IV, 190, VI, 16*, 26*, 

PAF 

Doves, IV, 190, VI, 16*. 

Downy Woodpecker, ITI, 87*, IV, 

Dragon Flies, larvee, II, 75+, 76t, 

82+, III, 23+, 29+, 30+, 49t, 

59+, 65+. 

pupe, II, 76t. 

Drepanosiphum, II, 4. 

Dromicus, V, 30, 35. 

185, 

787; 
Sof, 

INDEX. 

flavilatus, V, 35. 

| Drum, IJ, 50. 

Drummondia, JI, 20. 

dubius, Cratacanthus, III, 95+, ia 

121+, 141}, 157*, VI, 57t. 

Duck-bill, IT, 69. 

-billed Catfish, I, 51. 

Hawk, IV, 188. 
Duck, Canvas-back, IV, 200. 

Crow, LV, 198. 

Dusky, IV, 199. 

Fulvous Tree, IV, 208. 

Harlequin, IV, 200. 

Long-tailed, 1V, 200. 

Masked, IV, 208. 

Pin-tail, IV, 199. 

Ring-necked, LV, 200. 

Ruddy, IV, 201. 

Scaup, IV, 200. 
Lesser, IV, 200. 

Spoon-bill, [V, 199. 

Summer, IV, 200, 201. 

Surf, IV, 199, 201. 

Wood, IV, 200. 

Ducks, IV, 198, 208. 
dulcamara, Solanum, I, 55. 

Dumeril, A., V, -’. 

Dung Beetles, III, 93+, 1887, 1407. 

12-guttata, Diabrotica, II, 77+, LIT, 50f, 

Abe 
-punctatus, Cnemidotus, III, 55t. 

duquesnii, Myxostoma, IT. 63. 

Teretulus, I, 49. IJ, 63. 

Dusky Duck, IV, 199. 

Duvalia, II, 25. 

Dyschirius globulosus, III, 129+, 152%, 

VI, 57t. 

Dytes, IV, 203. 

aurilus, 1V, 203. 
nigricollis, var. californicus, 1 V, 203. 

Dytiscidse, III, 46+, 47+, 51+, 104+, 1164, 
1474, 

larve, II, 80+, 81+, IIL, 41+, 457, 

514, 537, 59+, 60t. 

_E 

Eagle, Bald, IV, 190. 

Black, IV, 190. 

Golden, IV, 190. 

Gray, IV, 190. 

Washington, IV, 190. 
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Eagles, IV, 188. 
Fared Grebe, American, IV, 203. 

Earll, R. E., V, 4. 

Earthworms, II, 75+, 77+. ILI, 49+, 82t, 
94+, 1067, 1138, VI, 67, 7t, 42t, 

43+, 45+, 47}, 49+, 50+, 67+. 

Eave Swallow, Square-tailed, IV, 177. 
Ectobia germanica, I, 59. 

flavocincta, I, 60. 

lithophila, I. 59. 

-Ectopistes, TV, 190. 
migratoria, IV, 190. 

Edible fishes, !1I, 34*. 

fruits, III, 102+, 118+, 123+, 135+, 

144}, 145}. 

Eel, Common. I, 51, IJ, 68. 

Eel-pout, I, 42, Il, 51. = 

Eels, EI, 68 

Eft, Red, V, 15. 

Eggs, II, 74+, 78+, III, 79+, 156+. 

of canker-worm moths. VI, 17, 18+. 

of Lepidoptera, IIT, 82+. 

of grasshoppers, III, 1387. 
of insects, III, 54+, 74+, 79+. 
of mites, IIT, 156. 

egregius, Eumeces, V, 46. 

Egret, American, IV, 193. 

Reddish, LV, 193. 

egretta, Herodias, IV, 193. 

Eider, American, IV, 200. 

King, 1V, 200. 

Hiders, 1V, 199. 

Elanoides, LV, 188. 

forficatus, TV, 188. 

Elanus, IV, 188. 

glaucus, IV, 188. 

Elaphrus ruscarius, VI, 27+, 307. 

Elapide, V, 27, 29. 

Elaps, V, 29. 

distans, V, 29. 

fulvius, var. fulvius, V, 29. 

elapsoidea, Osceola, V, 33. 

Elassoma, II, 47. 

zonatum, II, 47. 

Elassomatide, II, 47. 

Elassomes, II, 47. . 

Elaterids, II, 78+. III, 94+, 95+, 97t, 

1014, 105+, 117+, 125, .135t, 

136+, 147+, VI, 6+, 7+, 9+, 14+, 

15}, 22+, 24+. 26+. 

larvee, III, 92+, VI, 7+. 
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Elder, II, 18. 

Elderberries. III, 111}, 118+. 121+, 127+, 

131}, 143+. 

elegans, Boleichthys, I, 35, 

84*, III, 24*. 

Pseudemys, V, 56. 

Rallus, IV, 197. 

Virginia, V, 31. 

Eleusine indica, II, 16. 

eleusinis, Rhizobius, II, 15. 

elevata, Microspheria, I, 58. 

Elm, I, 26, 27. 

flower of, III, 59}. 

seeds of, II, 797. 

elongata, Gila, I, 47, II, 61. 

Ll, 43, 75%, 

elongatus, Cycleptus, I, 50, IT, 64. 
Diceelus, VI, 42*. 

Elymus arenarius, [, 52. 

emarginatum, Acridium, I, 69. 

Emberiza hortulana, 1V, 197. 

Emerald minnow, J, 48, II, 60, 88*, VI, 

86%. 

emoryi, Coluber, V, 36. 
Empidonax, IV, 184. 

acadicus, IV, 184. 

flaviventris, 1V, 184, VI, 15*, 29*, 

ole aot. 

minimus, IV, 184. 

pusillus, var. trailli, TV, 184. 
trailli, VI, 15*, 29*, 30*, 31*. 

Emydide, V, 50, 54. 

Emys, V, 04, 57. 

meleagris, V, 57. 

Encalypta, II, 20. 

Encoptolophus sordida, I, 64. 

sordidus, I, 64. 

Endocarpei, IT, 33. 

Endocarpon, II, 33. 

English Snipe, IV, 195. 

Engystoma, V, 18. 

carolinense, V, 18. 

Engystomide, V, 15, 16, 18. 

ensicornu, Acridium, I, 61. 

ensifer, Xiphidium, IIT, 142f. 

Entomostraca, II, 73+, 74+, 75+, 76+, 78+, 

804, 817, 827, 84+, 854+, 86+, ITT, 

QAr, 26+, 28+, 29+, 807, 314, 32+, 

36t, 37+, 397, 40t, 41+, 43+, 45t, 

46+, 47+, 48+, 494, 51+. 52+, 544, 

55t, S6F, S7F, 58+, GOT, 614, 62+, 

63t, 64+, 66+, 67+, 687, 69+, 7Ot, 



Tots Mot, ta, COT, 1OT,, 11, (Ot, 

794; VI, 69}, 704, 724, 737, T4t, 

77+, 81, 81+, 82+, 83t, 84t, 85t, 

86+, 87+, 88+, 90+, 92+, 98+, 101F, 

102, 103, 104+, 105+, 106, 106+, 

108}, 109t. 

Entophytes, III, 159. 

enucleator, Pinicola, LV, 178. 

eos, Boleichthys, I, 34, 35, IT, 40, 42. 

Ephebe, IT, 29. 

Ephemeride, IJ, 77+, III, 271, 44+, 63+, 

64t, 65+, VI, 94+. 

larve, II, 74+, 75t, 76+, 77+, 79+, 

80t, 82+, ITT, 23+, 24+, 25+, 274, 

29+, 30t, 85+, 37+, 407, 43+, 444, 

46t, 47+, 52+, 53+, 54+, 554, 56F, 

57+, S8t, GOT, 65+, 74+, 78+, 79t, 

VI, 67+, 71+, 83+, 84+, 85+, 87+, 

93t. 

pup, IT, 75+, ITI, 23+, 27+. 

Ephemerum, II, 18. 

Epicerus imbricatus, III, 94+, 108+, 120f, 

VI, 28f, 31t. 

Epicauta, ITT, 110+. 

vittata, IIT, 132+. 

Epilachna borealis, III, 152. 

larva, III, 152*. 

Epischura lacustris, VI, 70+. 

Episema, IT, 60. 

ariomma, IT, 60. 

jejuna, II, 60. 

scabriceps, IT, 60. 

eragrostidis, Colopha, I, 17. 

Eragrostis pozoides, var. megastachya, 
Olle 

erebennus, Spilotes, V, 37. 

Erechthites hieracifolius, I, 58. 

Eremophila, IV, 183. 

alpestris, IV. 183. 

var. leucolema. IV, 183. 

leucoleema, IV, 183. 

Eretmochelys, V, 51. 

imbricata, V, 51. 

Ereunetes, LV, 195. 

pusillus, IV, 195. 
erlarcha, Copelandia, II, 46. 

Ericosma, II, 39. 

evides, II, 39. 

Ericymba, I, 45, II, 61, VI, 76. 

buceata, I, 45, IT, 61, 80*, 85*, VI, 

| 

(Bigs 
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Erigeron canadense, II, 7. 

erigeronensis, Siphonophora, II, 7. 

Erimyzon, I, 48, II, 64, III, 79%. 

melanops, I, 48, II, 64. 

oblongus, I, 48, II, 64. 

sucetta, IT, 64, 81*, 86*, IIT, 72*. 

Erismatura, IV, 201. 

rubida, IV, 201. 

erochrous, Boleichthys, I, 34. 

Erotium herbariorum, I, 59. 

Erysiphe, I, 59, 

lamprocarpa, I, 59. 

martii, I, 59. 

tuckeri, I, 56. 

erythrocephalus, Melanerpes, IV, 186, 

VI, 16*, 29%, 30*, 31*, 32*, 

erythrogaster, Chrosomus, I, 47, II, 61, 

VI, 80*, 94*. 

Tropidonotus, V, 42. 

erythrogastra, Hirundo, IV, 177. 

erythrogrammus, Abastor, V, 32. 

erythronotus, Plethodon, V, 12. 

erythrophthalmus, Coccyzus, IV, 187, 

VEE 16*, 29%, 30") ole: 

Pipilo, IV, 179, 181. 

erythropterus, Gryllus, I, 68. 

Locusta, I, 68. 

erythropus, Chlenius, VI, 43*. 

erythrorhynchus, Pelecanus, IV, 201. 

Eskimo Curlew, LV, 196. 

Hsocidee, I, 43, II, 52, 78*, 85*, III, 21, 

68%. 

Berg 16 Hoy 1 oes IDO Teh 

boreus, I, 48, II, 53. 

cypho, I, 48, II, 53. 

lucius, II, 53, 78*, 85*. 

var. estor, I, 43, II, 53. 

nobilior, I, 43, LI, 52. 

raveneli, II, 53. 

salmoneus, I, 48, II, 53, 79*, 85*, 

III, 68*. 

umbrosus, I, 43, I, 53. 

Essex Institute, Bulletins, cited, 1V, 172, 

184, 192, 193. 

Proceedings, cited, 1V, 172, 204. 

Estheriade, I, 22. 

Etheostoma, I, 35, II, 42, III, 27*. 

blennioides, I, 35, I], 39. 

evides, I, 36, I, 39. 

flabellare, II, 42. 

var. lineolatum, II, 42, III, 24*. 
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lineolatum, II, 75*, 84*. 

phoxocephalum, I, 35, II, 39. 

squamiceps, II, 42. 

Etheostomatide, II, 38, 74*, 76+, 84*, 
PET, 227, 27", 51t, 71, V1,.65. 

Eubranchipus, I, 3, 22. 

bundyi, I, 25. 
larvee, II, 88. 

serratus, I, 13, 22, 25, II, 87. 

vernalis, I, 13, 14, 25. 

Eucalia, I, 42, I, 51. 

inconstans, I, 42, II, 51, 78*, 85*, 

VI, 68*. 
pygmea, I, 42. 

Eudocimus, IV, 192. 

albus, IV, 192. 

Euglena acus, VI, 777. 
viridis, VI, 77+. 

Eumeces, V, 46. 

anthracinus, V, 46. 

egregius, V, 46. 

fasciatus, V, 47. 

obsoletus, V, 47. 
onccrepis, V, 46. 
septentrionalis, V, 46. 

Euonymus, I, 27, 28, 29, 30, 31. 

atropurpureus, I, 31. 

Euphorbia maculata, II, 6. 

marginata, II, 7. 

euphorbiz, Aphis, I, 6. 

Siphonophora, I], 6. 

euphorbicola, Siphonophora, I, 6. 

Eupomotis, IT, 46, ITI, 55*, 61*, 62, 63*, 

68*. 

aureus, II, 43, 46, 77*, 84*, 88*, IIT, 

44*, 53%, 

pallidus, IT, 46, III, 53*, 54*, 

eurinus, Alydus, VI, 28}, 32t. 

European Herring Gull, IV, 202. 

Jays, III, 82*. 

Straggler, IV, 208. 

Widgeon, IV, 199. 

Eurycercus, II, 78+, HII, 24+, 27+, VI, 

, 707. 
lamellatus, II, 88}, IIT, 39+, 74+. 

Euryomia, III, 117+, 119+, 128+, 125+, 

147t. 

inda, III, 120}, 139+. 
Eurytrichi, III, 153. 

Euschistus, III, 1117, VI, 28+, 32+. 

servus, III, 92+, 138f. 

Eutznia, V, 30, 38. 

faireyi, V, 39. 

proxima, V, 39. 

radix, V, 39. 

sackeni, V, 39. 

sirtalis, var. sirtalis, V, 39. 

var. dorsalis, V, 40. 

var. obscura, V, 40. 

var. ordinata, V, 40. 

var. parietalis, V, 40. 

saurita, V, 38. 

vagrans, V, 39. 

Evarthrus, III, 957, 110+, 1287, 129t, 
139+, 1407, 141+, VI, 41*, 50*, 

OTT, 59*, 60*, 62*, 63*. 

colossus, III, 121+, 157*, VI, 41%, 

o7t. 

sodalis, VI, 41*. 

Evening Grosbeak, IV, 178. 
Eventognathi, II, 55. 

Evergreens, roots of, III, 150+. 

evides, Ericosma, IT, 39. 

Etheostoma, I, 36, IT, 39. 

excubitorides, Lanius, IV, 176. 

exilipes, Aigiothus, LV, 178. 

Palzemonetes, I, 5, 20, III, 30+. 

exilis, Ardetta, IV, 194. 

Boleichthys, I, 34, 35. 

Noturus, I, 51, II, 67. 

Exoglossum maxillingua, VI, 75*. 

Exposition Company of Chicago, VI, 109. 

Exsiccati, Ravenel’s, I, 58t. 

extensa, Microsphezeria, I, 58. 

EF 

Fabronia, IT, 23. 

Fagus, I, 28, 29, 31. 

faireyi, Euteenia, V, 39. 

falcinellus, Plegadis, 1V, 192. 

Falco, 1V, 188. 

zesalon, IV, 207. 
peregrinus, var. nevius, IV, 188. 

polyagrus, IV, 169. 

Falcon, Prairie, IV, 188. 

Falconidee, IV, 167, 188, 207. 

Falcons, IV, 188. 

fallax, Pupilla, III, 128f. 
Fan-tailed Darter, I, 34, IT, 42. 

Farancia, V, 29, 32. 

abacura, V, 32. 
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farctus, Bolbocerus, IIJ, 110t. 

Farlow, W. G., on the American grape 
vine disease, cited, I, 55. 

Synopsis of the Peronosporeze of the 

United States, cited, I, 55. 

fasciata, Melospiza, IV, 180. 

fasciatum, Xiphidium, ITI, 142+. 

fasciatus, Eumeces, V, 47. 
Gammarus, I, 6, 21, III, 247, 41t, 

59. 
Ips, ITI, 151+, VI, 29f, 30+. 
Tropidonotus, V, 42. 

fasciculata, Vernonia, IJ, 11. 

Fat-head, II, 55. 

Faunal regions of United States, V, 59. 

femorale, Acrydium, I, 68. 

femoralis, Aphodius, VI, 28+, 31}. 
Hyla, V, 20. 

femorata, Diapheromera, I, 60, III, 108+. 

femoratum, Spectrum, I, 60. 

femur-rubrum, Acrydium, I, 68. 

Caloptenus, I, 68, III, 142+. 
Melanoplus, I, 68. 

Pezotettix, I, 68. 

ferox, Aspidonectes, V, 52. 

ferrugineus, Archibuteo, 1V, 189. 

Scolecophagus, IV, 182. 
Ferruginous Rough-legged Hawk, IV, 

190. 
ferus, Coriscus, IIT, 92+, 94+. 

Field and Forest, cited, 1V, 206. 

Field Lark, Little, IV, 182. 
Plover, LV, 196. 

Sparrow, IV, 180, 181, VI, 12*, 24*, 
25*., 

Filamentous Algee, II, 76+, 79+, 804, 81+, 
82+, III, 274, 50+, 704, 73+, 1574, 
VI, 67+, 69+, 71}, 724, 73+, 76t, 
77+, 78+, 80+, 82+, 83+, 85+, 86F, 

877, 89t, 90t, 101+, 102, 103F, 
105, 107+. 

filicornis, Pontoporeia, I, 20. 

Fimbriaria, IJ, 25. 

fimetarius, Aphodius; IIT, 50+, 92+, 120}, 
138+, 140F. 

Finch, Cassin’s, IV, 205. 

Purple, IV, 178. 

Seaside, IV, 205. 

Finches, IV, 178, 205, VI, 11*. 
Fire-bird, IV, 182. 

Firmisternia, V, 15, 18. 

First food of the common White-fish, 
The, VI, 95-109. 

Fish Crow, IV, 183. 
-culture, Ii, 72. 

-fry, III, 597. 

-scales, III, 537. 

Fishes, I, 83, II, 75+, 76+, 78+, 79+, 81t, 
83}, 84+, 85+, 86+, 87*, 89t, ILI, 

25+, 80+, 31}, 32+, 33+, 354, 37+, 

39}, 40+, 41}, 42t, 43t, 444, 45t, 

47+, 48+, 50+, 51¢, 57f, 58, 59F, 

60}, 617, 62+, 63+, 66*, 67+, 68F, 
75+, 78+, 79+, VI, 66t, 67+, 68t, 

83+, 84+, 85t, 86t, 87+, 88t, 9Ot, 

93+, 944. 

blind, II, 53. 
ctenoid, II, 76+, 78t, 84+, 857, 86t. 

cycloid, II, 767, 77+, 78+, 84f, 85t, 

86t, II, 607. 

edible, III, 34*. 

game, II, 72*, III, 77. 

of Illinois, A catalogue of the, II, 

37-70. 
A partial catalogue of the, I, 33- 

52. 
On the Crustacea eaten by, II, 87-89. 

On the food of young, III, 66-79. 

percoid, II, 75}, 76+, III, 25*, 30. 

predaceous, IJ, 72*, III, 54*, 76*, 

id: 
scavenger, IT, 75, 85. 

The food of, III, 18-65. 

The food of Iilinois, II, 71-89. 
The food of the smaller fresh-water, 

VI, 65-94. 

toothless, VI, 102%. 

Fissidens, II, 19. 

Fitch, Dr. Asa, IT, 14, ITI, 91. 

flabellare, Etheostoma, II, 42. 

flabellatus, Pcecilichthys, I, 34, II, 42. 

flagelliforme, Bascanium, V, 38. 
flava, Lonicera, I, 30. 

flavescens, Perca, I, 36, II, 43. 

Phoradendron, ITI, 144}. = 

flavifrons, Lanivireo, IV, 176. 

flavilatus, Dromicus, V, 35. 

flavipes, Totanus, IV, 196. 

flaviventris, Empidonax, IV, 184, VI, 

15*, 29*, SL*,\ 32, 

flavocinta, Ectobia, I, 60. 

flavus, Lasius, VI, 43+, 61+, 62+. 



Noturus, I, 50, II, 67, III, 42t, 43+. 
_ Flea Beetles, III, 50f. 

flexilis, Nais, ITI, 50+. 
Flicker, IV, 186, VI, 16*, 26*, 27*. 

Yellow-shafted, IV, 186. 

Flies, IIT, 50+, VI, 157. 
Florida, IV, 193. 

cerulea, IV, 193. 

Florida Cormorant, IV, 201. 

Gallinule, IV, 198. 

Jay, IV, 206. 
Floridan Blind Snake, V, 45. 

Chameleon, V, 49. 

Crocodile, V, 58. 

Skink, V, 46. 
floridana, Aphelocoma, LV, 206. 

Ortyx, IV, 192. 
Rhineura, V, 45. 

floridanus, Phalacrocorax, IV, 201. 

Sceloporus, V, 48. 

floris-rape, Aphis, II, 12. 
fluminea, Zaitha, II, 76+. 

fluviatilis, Sterna, IV, 202. 

Fly, VI, 45+. 
larve of, III, 907, VI, 101f. 

Flycatcher, Fork-tailed, IV, 206. 

Great Crested, IV, 184. 

Green-crested, IV, 184. 
Least, IV, 184. 
Olive-sided, IV, 184. 

Scissor-tailed, IV, 206. 

Traill’s, IV, 184, VI, 15*, 26*, 27*. 
Yellow-bellied, TV, 184, VI, 15%, 

Cay ea 
Flycatchers, VI, 15*. 

Tyrant, IV, 184, 206. 
Fly-catching Thrushes, IV, 172. 

Warbler, Canadian, IV, 175. 

-up-the-creek, IV, 193. 

foeda, Limosa, IV, 196. 

folium, Polyodon, I, 51, IT, 69, 82*, 86*. 
Fontinalis, I, 22. 

Food of Birds, The, III, 80-148. 
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of the smaller fresh-water Fishes, 
The, VI, 65-94. 

relations of the Carabide and Coc- 

cinellide, The, VI, 33-64. 
forbesi, Cyprinella, II, 57. 

Forbes’ Red-fin, II, 57. 

Forbes, S. A., I, 33, 37, 67, 69, II, 37, 

39, 47, 52, 58, 59, 66, 92, V, 4. 
Descriptions of Fishes, II, 40, 41, 

43, 53, 56, 58, 59, 60. 
Key to the species mentioned in the 

preceding paper [List of Ilh- 
nois Crustacea], I, 17-24. 

List of Illinois Crustacea, with de- 
scriptions of new species, I, 
3-25. 

Notes on Fishes, I, 35, II, 67, 68. 

On some Entomostraca of Lake 
Michigan and its adjacent 
waters, cited, VI, 105. 

On some Interactions of Organ- 
isms, III, 3-17, cited, III, 85. 

On the Crustacea eaten by Fishes, 
II, 87-89. 

On the food of young Fishes, III, 
66-79. 

Studies of the food of Birds, In- 
sects and Fishes, made at the 
Illinois State Laboratory of 

Natural History at Normal, 

Illinois, VI, 1-110. 
The first food of the common White- 

fish (Coregonus clupeiformis, 

Mitch.), VI, 95-109. 

The food of Birds, III, 80-148, 
cited, II, 72. 

of Fishes, III, 18-65, cited, VI, 65. 
of the smaller fresh-water Fishes, 

VI, 65-94. 

The food relations of the Carabidee 
and Coccinellide, VI, 33-64. 

The regulative action of Birds upon 
Insect oscillations, VI, 3-32. 

of Fishes, The, III, 18-65. Foresteria, I, 27. 

of Illinois Fishes, The, II, 71-89. forficatus, Elanoides, LV, 188. 

of Predaceous Beetles, Notes upon Milvulus, VI, 206. 

the, IIT, 149-152. Forficula aculeata, I, 59. 

of young Fishes, On the, III, 66-79. | Forficulide, I, 59. 

of the common White-fish, The | Fork-tailed Catfish, II, 66. 

first. (Coregonus clupeiformis, Great, I, 50, II, 66. 

Mitch.), VI, 95-109. Dace, I, 46. 
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Flycatcher, IV, 206. 

Gull, IV, 202. 
Formica, VI, 27+, 28t, 30f. 

fusca, VI, 28+, 30f. . 
Formicidae, III, 104+, 116}, 125+, 147+, 

VI, 22+, 247, 26t, 59+, 62+. 
formosa, Oporornis, 1V, 175. 

forsteri, Sterna, IV, 202. 

Forster’s Tern, IV, 202. 

Fossorial Carabidze, VI, 50. 

Four-toed Salamander, V, 12. 
fowleri, Bufo, V, 17. 

Fox-colored Sparrow, IV, 181. 

Fox Snake, V, 36. 

fragariz, Siphonophora, II, 8. 
Fragilaria capucina, VI, 99}. 
franklini, Larus, TV, 202. 

Franklin’s Gull, TV, 202. 

Fraxinus, I, 27, 28, 29, 30, 31. 
americana, I, 31. 

pubescens, I, 31. 

quadrangulata, I, 31. 
sambucifolia, I, 29, 31. 

viridis, I, 58}. 
Fresh-water Leather Turtle, V, 52. 

Shrimp, ITI, 30+. 
fretensis, Alburnops, II, 57. 

Hybopsis, I, 47. 

friesii, Microspheria, I, 58. 

Fries, on Fungi, I, 52. 
frigida, Moniana, IJ, 58. 
Fringillide, IV, 167, 178, 205, VI, 11*, 

24%, 29%. 
Frog, Bull, V, 25. 

Common, V, 24. 

Green, V, 24. 

Pickerel, V, 24. 

Frogs, tadpoles of, IT, 79+. 
Frugivorous birds, III, 99. 
frugivorus, Corvus, IV, 183. 

Fruit of Virginia Creeper, III, 111. 
trees, leaves of, ILI, 119+. 

Fruits, III, 96+, 98+, 102+, 103+, 1064, 
107+, 109+, 111+, 112}, 118, 
115t) 118, 9 120¢;> 121F, 1224 
123}, 126}, 1287, 129}, 131+. 
132+, 134+, 135+, 1367, 148t. 

edible, III, 102}, 118}, 123, 1357, 
144}, 145+. 

tame, IIT, 101. 
wild, III, 101. 

garden, III, 101+, 102+, 111}, 114, 

115}, 123+, 124+, 145+. 

smaller, III, 110, 115+, 122+. 

inedible, III, 101. 

mid-summer, ITI, 128f. 

small, III, 103+, 109+, 110}, 123f, 

124}, 132+. 

tame, III, 97+, 112+. 
wild, III, 977, 99, 110, 111}, 124, 

143+, 144+. 
Frullania, IT, 26. 

fruticosa, Amorpha, I, 27. 

Fulica, IV, 198. 

americana, LV, 198. 

fulicariz, Geranomorphe, IV, 197. 

fulicarius, Phalaropus, LV, 197. 

Fulix, IV, 200. 

affinis, LV, 200. 

collaris, LV, 200. 

marila, IV, 200. 

fulva, Dendrocyena, IV, 208. 

Impatiens, II, 12. 

Ulmus, I, 28, 29, 31. 

fulvius, Elaps, V, 29. 

Fulvous Tree Duck, LV, 208. 

Fumago, I, 58. 

fumans, Brachinus, VI, 39*. 

fumipennella, Aphis, II, 14. 

fumosa, Peronospora, I, 56. 

Funaria, IJ, 22. 

Fundulus, I, 42, II, 51, 88*, VI, 70*, 72. 

diaphanus, I, 42, II, 51, 78*, 85%, 

Wi, 7174 98": 

menona, II, 52, VI, 70. 

funera, Surnia, LV, 188. 

Fungi, III, 159+, VI, 40+, 41 , 42+, 434, 

44+, 454, 467, 48, 49}, S517, 52H, 
58t, 544, 55+, 594, 60F, 617, 63+, 

64t, 77+, 80f, 94F. 

fleshy or cartilaginous, III, 157+, 

158}, VI, 42t.—« 

mycelium of, III, 158. 

parasitic, I, 52. 

spores of, III, 155}, 156+, 157, 158+, 

159¢, VI, 50}, 52+, 537, 54% 
5dSt, T7t, 80+, 847. 

stylospores of, III, 156+. 

Upon parasitic, I, 52-59. 

furcatus, Ictalurus, I, 50, II, 66. 

Ichthezlurus, IT, 66. 

fusca, Formica, VI, 28}, 30f. 
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fuscescens, Hylocichla, IV, 171. 
- fuscicollis, Actodromas, IV, 195. 

fuscum, Amblystoma, V, 10. 

Menopoma, V, 8. 

fuscus, Accipiter, IV, 189. 

Desmognathus, V, 14. 

Pelecanus, IV, 164, 201. 

Sayornis, IV, 184. 
fusiformis, Boleichthys, I, 34. 

G 

Gadide, I, 42, IT, 51. 

Gadwall, IV, 199. 

galactura, Cyprinella, I, 47, II, 57. 

galbula, Icterus, IV, 182, VI, 14*, 29%, 

30*, 31*. 

galeata, Daphnia, IT, 89+. 

Gallinula, IV, 198. 

Galeoscoptes, IV, 171. 

carolinensis, IV, 171. 

Galerita, VI, 39*, 50*, 

62*, 63%. 

janus, III, 155*, VI, 39*. 

Galgulus, II, 77+, VI, 677. 
Galium circzezans, IT, 13. 
Gall-fly, III, 110+. 

-lice, IIT, 152+. 

Cotton-wood, IIT, 152}. 

Galline, IV, 191. 

alectoropodes, IV, 191. 

Gallinago, IV, 195. 

media, var. wilsoni, IV, 195. 

Gallinula, IV, 198. 

galeata, LV, 198. 

Gallinule, Florida, IV, 198. 

Purple, LV, 198. 

Gallinules, IV, 197. 

gallopavo, Meleagris, IV, 191. 

gambeli, Anser, IV, 198, 199. 

Game fishes, II, 72*, III, 77. 

Gammaride, I, 21. 

Gammarus, I, 21, III, 277, 43+, 604, 

VI, 100+, 101+. 
fasciatus, I, 6, 21, III, 24+, 41+, 59f. 

gangliformis, Peronospora, I, 55. 

Ganoidei, IT, 68. 

Gar, III, 40, 75*. 

Alligator, I, 51, IT, 69. 

Broad-nosed, II, 82*. 

River, II, 72. 

Di svou"; GO, 

Short-nosed, I, 51, IT, 69, 87*. 
Garbage, IT, 84}, 85+, 867. 
Gardener’s Chronicle, cited, I, 55. 

Monthly, cited, I, 55. 

Garman, W. H., III, 21. 

Gar-Pike, I, 51, II, 68. 

-Pikes, II, 82*. 

Garden-bird, IV, 178. 

fruits, III, 101+, 1027, 111}, 114, 

115+, 125+, 124+, 145+. 
smaller, III, 110, 1227. 

garrulus, Ampelis, IV, 170, 176. 

Garter Snake, V, 39. 

Common, V, 39. 

Hoy’s, V, 39. 

Garzetta, IV, 193. 

candidissima, IV, 193. 

Gasteropoda, II, 77+, 78+, 80+, 81+, ITI, 

d1t, 55f, 63+, 65+, VI, 6F. 

Gasterosteide, JI, 42, II, 51, 78*, 85%, 

VI, 65*, 68*; 93* 

Gastrophysa dissimilis, III, 130f. 
polygoni, III, 108+. 

Gavie, IV, 202. 

Gecconid, V, 45, 49. 

Geese, TV, 198, 208. 

geminata, Stelidota, III, 131+. 

geographicus, Malacoclemys, V, 56. 

Geological Survey of New Hampshire, 
cited, I, 66. 

Geophilide, IIT, 126}, 159+. 

Geophilus, III, 94+, 106+, VI, 43}, 49+. 

52+, 60+, 62+, 64f. 
Geopinus, ITI, 153. 

incrassatus, III, 93+, VI, si. 

georgiz, Diplotaxis, VI, 28t, 31+. 
Geothlypis, IV, 175. 

philadelphia, IV, 175. 

trichas, IV, 1%5, VI, 10%, 

Bla, on. 

Geotrupes, III,.110+, 128+, 147+. 

blackburni, III, 144+. 

Geranomorphe, IV, 197. 

alectorides, IV, 198. 

fulicarize, IV, 197. 

Geraniums, J, 56+. 

germanica, Blatta, I, 59. 
Ectobia, I, 59. 

Phyllodromia, I, 59. 

Gerstaecker, III, 66. 

getulus, Ophibolus, V. 33. 

28*, 30*, 
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gibbosa, Moniana, II, 57, 58. 

gibbus, Zabrus, III, 149*. 

Gila, I, 47, II,. 61. 
elongata, I, 47, Il, 61. 

Gilded Garter, II, 39. 

Sunfish, I, 38, IT, 46. 

gilva, Vireosylvia, IV, 176. 

gilvus, Vireo, VI, 10*, 28%, 30*, 31*, 32*. 

Gizzard Shad, I, 44, I], 55, 72*+, 75, 

78+, 79*, 83*, III, 67*, 68*, 76t. 

Girard, Charles, I, 34, V, 3. 

glabra, Rhus, IJ, 29, 30, 31, ILI, 93f, 

108}, 138. 

glabrum, Panicum, II, 16. 

glacialis, Harelda, IV, 200. 

Hippodamia, VI, 53*. 

Glass-eye, IT, 45. 

Snake, V, 48. 
glauca, Setaria, II, 6. 

Glaucous Gull, IV, 202. 

glaucus, Elanus, FV, 188. 

Larus, IV, 202. 

Gleditschia, I, 28, 30, 31. 

triacanthos, I, 58+. 

globosa, Difflugia, III, 72+. 

globulosa, Difflugia, III, 72+. 
globulosus, Dyschirius, III, 129}, 152*, 

Wil, oii 
Gleeocystis, VI, 87t. 

glomerata, Cladophora, VI, 84+. 

Glossary of descriptive catalogue of Ba- 
trachia and Reptilia, V, 60-64. 

Glossopolites, I, 37. 

melanops, I, 37. 

Glossy Ibis, IV, 192. 
Ibis, White-faced, IV, 208. 

glutinosus, Plethodon, V, 12. 

Gnat-catcher, Blue-gray, IV, 172. 

Gnats, II, 74+, 76+, 77+, 80+, III, 24+, 
VI, Sf 107, Late Lot, 224, 24+, 
267, 41+, 67+. 

larvee of, II, 744, 75+, 76+, 77+, 81t, 

VI, 101f. 
Goatsuckers, LV, 185, 206. 

Goblin, II, 50, VI, 68*. 

Godwit, Hudsonian, IV, 196. 

Marbled, IV, 196. 

Goggle Hye, I], 44, III, 44*. 

Golden-crowned Kinglet, IV, 172. 

Sparrow, IV, 180, 205. 

crown Thrush, IV, 175. 

Eagle, IV, 190. 

eye, American, IV, 200. 

_ Barrow’s, IV, 200. 

Mullet, I, 49. 

Oriole, IV, 182. 
Plover, IV, 194. 

Red-horse, II, 63, 81. 

Robin,. IV, 182. 
-rods, III. 110. 

-winged Warbler. IV, 174. 

Goldfinch, American, IV, 178, VI, 11*, 

24%, 25*, 
Mexican Black-headed, IV, 205. 

Pine, IV, 178. 
Gold fish, I, 48, II, 63. 
Gomphocerus infuscatus, I, 62. 

radiatus, I, 62. 

viridifasciatus, I, 62. 

Goose, Blue, IV, 198. 
Brant, IV, 199. 

Canada, IV, 199. 

Hutchins’, IV, 199. 
Little Gray, 1V, 199. 

White-cheeked, IV, 199. 

Snow, IV, 198. 
Lesser, IV, 198. 

Ross’s, LV, 208. 

White-fronted, IV, 198, 199. 

Gooseberries, II], 128}, 141+. 

Gooseberry, II, 5. 

Gopher Turtle, V, 58. 

Gordius, VI, 89+, 947. 

Goshawk, American, LV, 189. 

Mexican, IV, 189. 

gossypii, Aphis, II, 14. 

Gourd-seed Sucker, II, 64. 

Gourd, vines of, III, 152+. 
gracilis, Arcyptera, I, 62. 

Cambarus, I, 5, 18. 

Crangonyx, I, 6, 8, 21, II, 78t, 87+, 

ITI, 24}, ViLy W213 W4ae. 
Lythrurus, IJ, 59. 

Moniana, II, 58. 

Stetheophyma, I, 62. 

Grackle, Bronzed, IV, 183, VI, 14%, 
PAS Ae Fa 

grahami, Tropidonotus, V, 41. 

Grain, III, 111}; 119}, 120}, 122} 1937; 
127+, 184}, 135+, 136+, VI, 7+: 

growing, III, 1507. 

in stack, III, 150+. 
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seeds of, ITI, 150. 

sheots of, III, 150+. 
Graminez, VI, 59}, 63+. 

pollen of, VI, 59+, 63f. 

seeds of, VI, 59+, 63+. 

gramineus, Poccetes, IV, 179. 
graminis, Puccinia, I, 53. 

graminivorous Cyprinide, VI, 74. 
grammica, Chondestes, IV, 179. 

granaria, Aphis, II, 5. 

granarie, Siphonophora. See Aphis 

maidis, 1V, Errata (See Index, 

aE 
granarius, Aphodius, III, 120+, 
grandidentata, Populus, IT, 14. 

Grape, II, 5. 
Clinton, I, 56t. 
leaves of, I, 55+. 

Grapes, IIT, 96+, 103+, 1067, 112%, 113+, 
Mat det s Laut. “Leet = 1247, 
126+, -1dlt;- 1a2t, le4t, 136+, 
144+. 

tame, III, 96}, 98+, 111+. 
wild, III, 97+, 1317. 

Graphis, IT, 32. 

Graphorhinus vadosus. See Epicerus 
imbricatus, VI, Errata (See In- 

dex, 9). 

Grass, II, 81+, III, 106+, 140+, 141}, 

158+, VI, 42+, 44+, 45+, 467, 49¢, 

55+, 61}. 
anthers of, III, 1554, 156+ 159+, 

VI, 40+. 

blades of, IIT, 151. 
Blue-, anthers of, III, 155+, VI, 40+. 

pollen of, IIT, 155+, VI, 40. 
epidermis of, III, 156+, VI, 46t. 

floret of, III, 1567. 

June, VI, 44+, 45f. 
heads of, III, 151+. 

pollen of, VI, 45t. 

seeds of, III, 151+, VI, 43t, 44t. 

ovules of, III, 156}. 

pollen of, III, 155+, 156+, 1597, VI, 

407, 52+, 55+. 
Prairie, seeds of, III, 1517. 

roots of, ITI, 156+. 

seeds of, II, 81+, III, 150+, 156r, 
157+, VI, 39+, 407, 44+. 85t.. 

shoots of, IIT, 151}, 157+. 

Timothy, III, 1517. 

47 

heads of, III, 151+. 
seeds of, III, 150f. 

Grass Bass, II, 47. 

-birds, 1V, 179. 

-eating cut-worms, III, 138+. 
-like plants, VI, 49}, 87+. 
Pickerel, IT, 53. 
Snake, V, 36. 

Snipe, IV, 195. 

Grasshopper-bird, LV, 179. 

Grasshoppers, II, 75+, III, 14, 38}, 50f, 
84t, 90+, 92F, 96F, 98+, 102, 
108t, 113+, 120+, 121+, 122+, 

129+, 130+, 131t, 137+, 189+, 
140}, 142+, 145*, 146+, VI, 14f, 
dt, 88+, 89F. 

Colorado, III, 14. 

eggs of, III, 138+. 

Red-legged, III, 1437. 

gratiosa, Hyla, V, 20. 

Gravel, VI, 89+, 91+, 94+. 

Gray and Guenther, British Museum 
Catalogue, cited, V, 3. 

Gray, J. E. See Gray and Guenther. 

Gray-cheeked Thrush, IV, 171. 

Eagles, IV, 190. 

Goose, Little, IV, 199, 

Owl, Great, 1V, 187. 

Pike, II, 48. . 

Pike-Perch, I, 36, III, 31*. 

Snipe, IV, 195. 

Great Black-backed Gull, LV, 202. 

Blue Heron, IV, 193. 

Carolina Wren, LV, 173. 

Crested Flycatcher, IV, 184. 

Fork-tailed Catfish, I, 50, II, 66. 

Gray Owl, IV, 187. 
Horned Owl, IV, 187. 

Lake Catfish, II, 66. 
Lake Trout, II, 54. 

Mississippi Catfish, II, 66. 

Northern Diver, IV, 203. 

Shrike, IV, 176. 
Sea Salmon, I, 43. 

Siren, V,6. |. 
White Heron, IV, 193. 

Grebe, American Eared, 1V, 203. 

Red-necked, IV, 203. 

Horned, LY, 203. 

Thick-billed, IV, 203. 

Western, IV, 208. 
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Grebes, IV, 208. 

Green-crested Flycatcher, 1V, 184. 
Frog, V, 24. 

-head, IV, 199. 

Heron, IV, 193. 

Lizard, V, 49. 

-side Darter, II, 40. 

Turtle, VY, 51. 

Warbler, Black-throated, IV, 175, 

Wi 10%) 207523": 
-winged Teal, IV, 200. 

Greenlets, IV, 176. 

Gregarina, III, 156*, 157}. 

gregarius, Calathus, IIJ,151,155*, V1,40*. 

Grimmia, II, 20. 

Grinnel, II, 68, 82*. 

griseum, Stizostedium, I, 36, II, 43. 

Grosbeak, Black-headed, IV, 205. 
Blue, LV, 181. 

Cardinal, IV, 181. 

Evening, IV, 178. 

Pine, IV, 178. 

Rose-breasted, IV, 181, VI, 13%, 
QA¥ O5* 

Ground-beetles, IIT, 146, VI, 83+. 
-birds, 1V, 179. 

Lizard, V, 46. 

Pike, II, 43. 

Rattlesnake, V, 28. 

Robin, IV, 181. 

Snake, V, 31. 

Grouse, LV, 191, 207. 

Pinnated, IV, 191. 

Ruffed, IV, 191. 

Sharp-tailed, IV, 191. 

Spruce, IV, 207. 
Gruide, IV, 167, 198. 

grunniens, Haploidonotus, I, 40, IJ, 

50, 77*, 84*, III, 32}, 64*. 
Grunting Perch, II, 50, III, 64*. 
Grus, IV, 198. 

americana, IV, 198. 

canadensis, IV, 198. 

Gryllide, IIT, 105+, 117+, 126+, 142+, 
148}. 

Gryllus, III, 142}. 

abbreviatus, III, 110, 138+. 

zqualis, I, 63. 

americanus, I, 69. 

brevicornis, I, 61. 

carolina, I, 64, 

carolinus, I, 60, 64. 

chrysomelus, 1, 62. 

erythropterus, I, 68. 

serialis, I, 69. 

succinctus, I, 69. 

sulphureus, I, 63. 

virginianus, I, 62. 

viridifasciatus, I, 62. 

gryllus, Acris, V, 18. 

guarauna, Plegadis, 1V, 208. 
Guenther, Albert. See Gray and Guen- 

ther. 

Guinea Woodpecker, IV, 185. 

Little, IV, 185. 

Guiraca, IV, 181. 

cerulea, 1V, 181. 

Gull, American Herring, 1V, 202. 

Bonaparte’s, 1V, 202. 

European Herring, 1V, 202. 

Fork-tailed, IV, 202. 

Franklin’s, IV, 202. 

Glaucous, LV, 202. 

Great Black-backed, IV, 202. 

Kittiwake, IV, 202. 

Laughing, 1V, 202. 

Ring-billed, IV, 202. 

Gulls, IV, 202, 208. 

gulosus, Cheenobryttus, I, 37, 44, II, 45, 

aT, 44%: 

guttata, Phyllactinia, I, 58. 

guttatus, Chelopus, V, 57. 

Coluber, V, 37. 

Percopsis, I, 43, II, 53. 

Gutter Snipe, IV, 195. 

guttolineatus, Spelerpes, V, 18. 

Gyalecta, II, 30. 

Gymnocladus, I, 26, 28, 31. 

Gyrinid Beetle, larve, III, 49+. 

Gyrinide, larve, II, 76+, 77+, III, 50+, 
S1t, 53+, 597, 60+, 65+, VI, 844, 
94+. 

Gyrinophilus, V, 11, 12, 14. 
porphyriticus, V, 14. 

H 

Hackberry, I, 26, III, 106+. 

hemastica, Limosa, LV, 196. 

hematurus, Alburnops, II, 57, 

Hybopsis, I, 47. 

Hairy Woodpecker, IV, 185. 
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Haldea, V, 30, 31. 

striatula, V, 32. 

~ haldemani, Hippiscus, I, 65. 
* Gdipoda, I, 65. 

halecina, Rana, V, 24. 

Halivetus, IV, 190. 

leucocephalus, IV, 190. 

Haliplus, IIT, 55+, VI, 94+. 
Hall, Elihu, IT, 18. 

Haltica, II, 77+. 

Hamamelis, I, 27, 28, 30. 
Hammer-head, I, 48, IT, 64. 

Hanging-bird, IV, 182. 

Hang-nest, LV, 182. 

Haplochilus melanops, II, 52. 

Haploidonotus, I, 40, II, 50, III, 35+, 

68t, 78*. 

grunniens, I, 40, II, 50, 77*, 84%, 

TTI, 32+, 64*. 

Haplomi, IT, 51. 

Harelda, IV, 200. 

glacialis, LV, 200. 
harlani, Buteo, IV, 189. 

Harlan’s Hawk, IV, 189. 

Harlequin Duck, IV, 200. 

Snake, V, 29. 
Harpactide, I, 23. 

Harpaline, III, 50f, 104+, 1117, 139+, 

141}, 143}, 153+, 157+, VI, 114, 
16+, 567. 

larve, IIT, 104}, 139}, 1447. 

Harpalus, ITI, 92+, 93+, 110+, 119+, 120}, 

128+, 139+, 140+, 141}, 146*, 

153, VI, 127, 45*, 49*, 57+, 58+, 
59*, 60*, 61*, 62*, 63*. 

caliginosus, IIT, 150*, 151*, 156*, 

VI, 45%, 46*. 

herbivagus, III, 93+, 144+, 150%, 
151*, 157*, VI, 45*, 46%, 58+. 

larve, III, 138f, 150*, 

pennsylvanicus, IIT, 108+, 150*, 156*, 

157, VI, 45*, 46*, 58+. 
Harpanthus, IT, 26. 

Harporbynchus, IV, 171. 
rufus, IIT, 118*, 125*, TV, 171, VI, 

it, 25" 00", al*, 32*, 57*, 58*. 
harrisi, Anisodactylus, VI, 44*. 

Harris’s Sparrow, 1V, 180. 

Harvest-men, III, 1127, 128+, 132+. 
Hawk, Blue Chicken, 1V, 189. 

Broad-winged, IV, 189. 

Cooper’s, LV, 189. 
Duck, IV, 188. 

Ferruginous Rough-legged, IV, 190. 
Harlan’s, IV, 189. 

Marsh, IV, 189. 

‘ Night, IV, 185. 

Pigeon, LV, 188. 
Quail, IV, 189. 

Rabbit, IV, 189. 

Red-shouldered, LV, 189. 

Red-tailed, LV, 189. 

Rough-legged, IV, 189. 

Sharp-shinned, IV, 189. 

Sparrow, IV, 188. 

Swainson’s, IV, 189. 

Swift, IV, 189. 

Western Red-tailed, LV, 189. 

White-breasted Hen, IV, 189. 

Hawk Owl, American, IV, 188. 

Hawks, III, 103, IV, 188, 207. 

Hay, O. P., Description of a new species 
of Asellus, II, 90-92, cited, II, 

87. 
hecate, Onthophagus, III, 120f. 

Hedwigia, II, 21. 
helenze, Carphophiops, V, 31. 
Helicops, V, 31, 45. 

alleni, V, 45. 

Helinaia swainsoni, IV, 170. 

Helix, VI, 12+, 27+, 29+, 30t. 

labyrinthica, III, 128}, 130f. 

Hell-bender, V, 8. 

Hellgramite, larvee, III, 59f. 

Helminthophaga, IV, 174, 204. 

bachmani, IV, 204. 

celata, IV, 174. 

chrysoptera, 1V, 174. 

peregrina, IV, 174, VI, 9*, 28*, 30*, 

Slee 

pinus, IV, 174. 
ruficapilla,, IV, 174. 

Helminthosporium, VI, 43+, 45+, 52t, 

53+, 59+, 61+, 63+, 64. 

spores, VI, 40t, 41+, 454, 484, 52f. 

Helminthotherus, IV, 174. 

vermivorous, IV, 174. 

Helonza, IV, 174. 

swainsoni, IV, 174. 

Helophori, III, 93+. 
helvetica, Squatarola, IV, 194. * 

Hemibranchii, IJ, 51. 
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Hemidactylium, V, 11, 12. 

scutatum, V, 12. 

Hemiptera, II, 76+, 78+, 80+, 84+, 85t, 
86+, LIL, 27+, 29+, 35+, 43+, 45+, 

46+, 52+, 55¢, 60+, 62+, 647, 73t, 
78+, 797, 90+, 924, 94+, 954, 96t, 

98+, 101+, 105+, 108+, 109+, 110f, 

110}, 1134, 113t, 114, 1174, 

119}, 120}, 121+, 122}, 123t, 

124+, 126f, 128+, 180+, 1317, 

1B2h leat, 2134t,. 135t,, Lear, 

140}, 1487, 148+, VI, 6f, 8t, 

9+, 107, 11+, 12+, 13, 15+, 16t, 

22+, 257, 27+, 484, 49+, 597, 61F, 

62+, 64+, 93+, 947. 

aquatic, IJ, 79+, III, 63+, VI, 72t, 

83, 90+, 93t, 94F. 
herbivorous, III, 135+, 136+. 

predaceous, III, 115+, 124}, 150f, 

135+, 136+. 
terrestrial, III, 43+, VI, 93+, 94T. 

hemipterum, Acridium, I, 62. 

Hemitremia, I, 47, II, 62, VI, 76, 82, 

92*, 
heterodon, I, 47, II, 62, VI, 85*, 94*. 

Northern, I, 47, VI, 85*. 

Hemp-bird, LV, 178. 

Hen Hawk, White-breasted, IV, 189. 

Hen, Marsh, IV, 197. 

Mud, IV, 197, 198. 

Red-billed, IV, 198. 

White-billed, IV, 198. 

Prairie, IV, 191. 

henryi, Chordeiles, IV, 169, 185. 

henslowi, Coturniculus, IV, 179. 

Henslow’s Bunting, IV, 179. 

Hepaticee, II, 24, VI, 44+, 59+, 637. 
Heppia, IJ, 28. 

herbariorum, Erotium, J, 59. 

Herbarium specimens, I, 59. 

herbivagus, Harpalus, III, 93+, 144f, 
150*, 151*, 157*, VI, 45*, 46%, 
5st. 

Herbivorous Cyprinodontide, VI, 70. 
Hemiptera, III, 135+, 136f. 
minnows, II, 79*, III, 76*. 

Hermit Thrush, III, 89*, 129*, 132%, 

134*, 135*, 136*, IV, 171. 
Herodias, IV, 193. 

alba, var. egretta, IV, 193. 

herodias, Ardea, IV, 193. 

INDEX, 

| Herodiones, IV, 192. 
Heron, Black-crowned Night, IV, 193. 

Great Blue, LV, 193. 

Great White, IV, 193. 

Green, IV, 193. 

Little Blue, IV, 193. 

Louisiana, 1V, 208. 

Snowy, IV, 193. 

White-crowned Night, IV. 194. 

Wiirdemann’s, IV, 193. 

Herons, IV, 193, 208. 

Herring Gull, American, IV, 202. 

European, IV, 202. 

Herring, Lake, I, 44, II, 86*. 

Common, II, 54. 

Toothed, II, 54, 78+, 79*. 

Herrings, II, 55, 79*. 

Hesperiphona, IV, 178. 

vespertina. LV, 178. 

Hesperocichla, IV, 204. 

neevia, LV, 204. 

Heteraspis pubescens, III, 121}. 

Heteroceride, II], 116+. 

Heterodon, V, 30, 43. 

platyrhinus, V, 43. 

var. atmodes, V, 44. 

simus, var. simus, V, 44. 

heterodon, Hemitremia, I, 47, Il, 62, 

VI, 85*, 94*. 

Heteroptera, VI, 23+, 25+. 

heterostropha, Physa, IIT, 30}, 35. 
heterurum, Dorosoma, II, 55, 79*. 

hexacanthus, Pomoxys, I, 37, II, 47. 

Hickory, II, 14. 

Bitternut, I, 26. 

Mockernut, I, 26. 

Shell-bark, I, 26. 

Hickory Shad, II, 55, 79*, III, 324, 33t, 
40t. 

hiemalis, Anorthura, IV, 173. 

Junco, IV, 180. 

hieracifolius, Erechthites, I, 58. 

Hierofalco, IV, 188. 

mexicanus, var. polyagrus, IV, 188. 

hieroglyphica, Pseudemys, V, 55. 

Hieroglyphic Turtle, V, 55. 

High-hole, IV, 186. 

Himantopus, IV, 197. 

mexicanus, LV, 197. 

himantopus, Micropalma, IV, 195. 

Hippiscus corallipes, I, 65. 
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discoideus, I, 66. 

haldemani, I, 65. 

neglectus, I, 64. 

paradoxus, I, 64. 

pheenicopterus, I, 66. 

rugosus, I, 65. 

Hippodamia, VI, 51*, 64*. 
convergens, IIT, 159*, VI, 52*, 53*. 

larvee, VI, 53*. 

glacialis, VI, 53*. 

maculata, VI, 51*, 52*. 

hirudo, Ammoceetes, II, 70. 

Ichthyomyzon, I, 52, II, 70. 

Hirundinide, !V, 167, 177, VI, 11*, 

24*, 29*. 

Hirundo, IV, 177. 

erythrogastra, IV, 177. 

Hister americanus, VI, 28+, 30f. 

perplexus, VI, 28+, 30t. 

Histeride, III, 92+, 104+, 116+, 125f, 

147+, VI, 12}, 22+, 24+. 

Histrionicus, IV, 200. 

minutus, LV, 200. ’ 

Hog Fish, II, 39. 

-nosed Snake, V, 44. 

Sucker, II, 64. 

holb6lli, Podiceps, 1V, 203. 

Holbrook, VY, 3. 

holbrooki, Scaphiopus, V, 21. 

Holly Berries, II], 1447. 

Hollyhocks, I, 53. 

Homalothecium, II, 23. 

Homoptera, VI, 25+, 25+, 27+. 

Hooded Sheldrake, IV, 201. 

Warbler, IV, 175. 

Hoot Owl, IV, 187. 

Hop, I, 58, IT, 9. 

Hopladelus, I, 50. 

olivaris, I, 50, IT, 67. 

hordei, Aphis, IT, 5. 

Hornbeam, I, 26. 

Horned Chub, I, 45, II, 62, VI, 89*. 
Horn Snake, Red-billed, V, 32. 

Dace, I, 45, II, 62. 

Grebe, IV, 203. 

Lark, IV, 183. 

Owl, Great, IV, 187. 

Western, IV, 187. 

Hornwort, II, 77+. 

Horny-head, II, 62. 

horridus, Crotalus, V, 27. 

Horse radish, I, 57. 

hortulana, Emberiza, IV, 197. 

House Wren, IV, 173, VI, 8*, 22*, 23*. 

hoyi, Argyrosomus, I, 44, II, 54. 

Coregonus, II, 54. 

Pontoporeia, I, 20. 

Uranidea, I, 41, II, 50. 

Hoy, Dr. P. R., IV, 205, 206, 207, V, 4. 

Hoy’s Bull-head, I, 41. 

Garter Snake, V, 39. 

Red Fish, IT, 59. 

Hudsonian Curlew, 1V, 196. 

Godwit, IV, 196. 

hudsonias, Canthon, VI, 29+, 30+. 

hudsonica, Pica, IV, 164, 183. 

hudsonicus, Numenius, 1V, 196. 

Parus) UVa 

hudsonius, Alburnops. IT, 56. 

Catostomus, I, 48, II, 64. 

Circus, IV, 189. 

Hybopsis, I, 46, VI, 82*, 94*. 

Hudson’s Bay Chickadee, IV, 172. 

humilis, Limnea, VI, 27+, 30+. 
Humming-bird, Ruby-throated, IV, 184. 

-birds, LV, 184. 

Humpback Pickerel, II, 53. 

bumuli, Aphis, II, 9. 

Phorodon, II, 9. 

Hutchins’ Goose, IV, 199. 

hutchinsi, Bernicla, LV, 199. 

Huxley, Thos., V, 3. 

Hyalella, I, 20. 
dentata, I, 5, 20. 

Hyalina, VI, 27, 30 

hyalina, Daphnia, VI, 70+, 106}, 107+. 

Leptodora, II, 79+, 82+, 88t, III, 

69+. 

Hybognathus, I, 45, Il, 56, VI, 75*, 76. 

argyritis, I, 45, II, 56, 79*, 85*. 

nuchalis, I, 45, II, 56, VI, 79*, 94*. 

Hybopsis, I, 46, IT, 56, III, 58+, 60f, VI, 

(Dear noe 

amarus, I, 46. 

fretensis, I, 47. 

heematurus, I, 47. 

hudsonius, I, 46, VI, 82*, 94*. 

spectrunculus, II, 56. 

storerianus, I, 46. 
stramineus, I, 46, VI, 84*, 94*. 

tuditanus, I, 46. 

volucellus, I, 46. 
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 Hyborhynchusg, I, 45, I, 55, VI, 75*, 76. 

notatus, 1 45, Ti; 5), rhe 85*, Vil; 

79*, 94%, 
superciliosus, II, 56. 

hybridus, Hydroporus, III, 55+. 

Hydrachna, III, 467, 627. 

Hydrachnide, II, 77+, 78+, 84+, 85+, 867, 

ITI, 48+, 52+, 55+, 567, 78t, 79t, 
VI, 93+. 

larve, VI, 77+. 

Hydranassa, IV, 208. 

tricolor, var. ludoviciana, IV, 208. 

Hydrangea, I, 27. 

Hydrobius, III, 108f. 

Hydrocharis obtusatus, III, 98+. 

Hydrochelidon, IV, 202, 208. 

lariformis, var. surinamensis, IV, 

202. 

leucoptera, 208. 

Hydrophilide, III, 46+, 50+, 514, 54+, 55+, 

93t, 1047, 116+, VI, 71+, 93+, 
94+. 

larvee, III, 41}, 43*, 50}, 65+. 
Hydrophilus, III, 47+}. 

triangularis, III, 47+. 

Hydroporus hybridus, III, 55+. 

Hygrotrechus, III, 467. 
Hyla, V, 18, 19. 

andersoni, V, 19. 

carolinensis, V, 20. 

femoralis, V, 20. 

gratiosa, V, 20. 

pickeringi, V, 20. 

squirella, V, 20. 

versicolor, V, 20. 

Hylidex, V, 16, 18. 

Hylocichla, IV, 171. 

alicie, LV, 171. 

fuscescens, IV, 171. 

mustelina, IV, 171. 

pallasi, III, 129*. 

unalascz, var. pallasi, IV, 171. 

ustulata, var. swainsoni, IV, 171. 

Hylotomus, IV, 186. 

pileatus, IV, 186. 

Hymenarcys, VI, 15t, 28+, 297, 324. 

eequalis, VI, 28+, 324. 

nervosa, III, 94}, 1407, 142+. 

Hymenoptera, II, 75, 84+, 85+, 86+, IIT, 

59t, 604, 1044, 110}, 116F, 1194, 

121t, 122}; 125}, 131},. 185}; 

136+, 142}, 145+, 147}, 158+, VI, 

6t, OF, 1Ot, 13t, 15f, 22t, 24t, 
26+, 41F, 49+, 59+, 60t, 614, 624, 
937, Osta 

winged, II, 78+. 

Hyodon, I, 44, II, 54, 78+, 88*. 
tergisus, I, 44, II, 54, 79*, 85*. 

Hyodontide, I, 44, II, 54, 79*, 85*-. 
Hypentelium, I, 48, III, 71, 79*. 

nigricans, I, 48, III, 70*. 

hyperboreus, Chen, IV, 198. 

Lobipes, IV, 197. 

Hyperoartia, 11, 70. 

hypogea, Speotyto, IV, 207. 

Hypnun, II, 23. 

Hypsilepis cornutus, VI, 75*. 

kentukiensis, VI, 75*. 

I 

Ibididee, IV, 167, 192, 208. 

Ibis alba, IV, 170. 

Ibis, Glossy, IV, 192. 

White, IV, 192. 

White-faced Glossy, 1V, 208. 

Wood, IV, 192. 

Ibises, LV, 192, 208. 

Ichneumon, IIT, 110+, 146. 

Ichneumonide, III, 104+, 116+, 125f, 

138+, 139+, 144+, 146*, 1474, 

VI, 15t, 26f. 
Ichthelurus, II, 66. 

furcatus, IT, 66. 

punctatus, IT, 66, 81*, 86*. 
robustus, II, 66. 

Ichthelidz, II, 75t. 

Ichthelis, I, 37. 

anagallinus, I, 38, II, 46. 

aquilensis, L, 37, EI, 45. 

incisor, I, 37, II, 45. 

inscriptus, I, 38, II, 46. 

macrochira, I, 38, IJ, 46. 

megalotis, I, 38, II, 46. 

obscurus, I, 38. 

sanguinolentis, I, 38, II, 46. 

speciosus, I, 37, II, 45. 

Ichthyobus, I, 49, II, 65, 66, 78+, III, 

54,1138, 79%, 

bison, I, 49, IT, 65. 

bubalus, I, 49, II, 65, 81*, 86+, 

carpio, I, 49, II, 65. 

cyanellus, I, 49, IT, 66. 
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difformis, I, 49, II, 65. 

thompsoni, I, 49, II, 60. 

velifer, I, 49, II, 65. 

Ichthyomyzon, [, 52. 

argenteus, I, 52, II, 70. 

hirudo, I, 52, II, 70. 

Ichthyophorba, I, 16. 
Ictalurus, I, 50, III, 75*. 

furcatus, I, 50, II, 66. 

punctatus, I, 50. 

Icteria, 1V, 175. 

virens, IV, 175. 

Icteridzee, LV, 167, 182, VI, 13*, 24*, 

26*, 29*. 

icterocephalus, Xanthocephalus, 1V,182. 

Icterus, IV, 182. 

galbula, IV, 182, VI, 14%, 29*, 30%, | 
31*, 

spurius, IV, 182, VI, 14*, 29*, 30*. 

Ictina, IV, 189. 

subcerulea, IV, 189. 

Ictiobus, I, 49. 

Iguanide, V, 45, 48. 

Ilex decidua, berries, III, 144+. 

iliaca, Passerella, IV, 181. 

illinoénsis, Peucwea, IV, 170, 180. 

Illinois Agricultural Report, cited, I, 32. 

Birds, Catalogue of, IV, 171-208. 

List of Illinois species, IV, 204- 

208. 
Table of families, 1V, 167. 

The number of species which 

breed in the state, LV, 167. 

Horticultural Society, Transactions, 

I, 72. 
Crustacea, Key to, I, 17-24. 

List of, I, 3-25. 
Fishes, A catalogue of, IT, 37-70. 

A partial catalogue of, I, 33-52. 

The food of, IT, 71-89. 

Mosses, Liverworts, and Lichens, A 

list of, IT, 18-35. 
Ornithology, Bibliography of, IV, 

168-170. 
Orthoptera, A list of, I, 59-69. 

State Laboratory of Natural His- 
tory, Bulletins cited, VI, 35, 

65, 88, 98. 
State Natural History Society, III, 

87. 
illinoisensis, Canthocamptus, I, 14, 23, 

II, 89+, VI, 103+. 
imbricata, Eretmochelys, V, 51. 

imbricatus, Epicerus, IIT, 94+, 108+, 120+, 

VI, 28+, 31t. 
immunis. Cambarus, I, 4, 19, II, 82+, 

877, IIT, 40+. 

Imostoma, II, 39. 

shumardi, II, 39. 

Impatiens fulva, IT, I2. 

impatientis, Aphis, IT, 12. 
impuncticollis, Amara, VI, 42*. 

inequalipennis, Listronotus, III, 130+. 

incisor, Ichthelis, I, 37, II, 45. 

inconstans, Eucalia, I, 42, II, 51, 78*, 

85*, Vi; 68": 
incrassatus, Geopinus, IIT, 937, VI, 57f. 

inda, Euryomia, III, 1207, 139+. 

Indian Corn, II, 12. 
indica, Eleusine, II, 16. 

Indigo-bird, IV, 181, VI, 13*, 18*, 20*, 
OY Ae Oe, 

Inedible fruits, III, 101. 

infestans, Peronospora, I, 55. 

infumata, Sialis, IIT, 49+. 

infuscata, Locusta, I, 62. 

Tragocephala, I, 62, ITI, 90+. 

infuscatus, Gomphocerusg, I, 62. 

Injurious insects, ILI, 93+, 102+, 115f, 
124}, 135+, 1388+, 189+, 140f, 

142+, 144+, 145+. 

inquinata, Mantis, I, 60. 

inquinatus, Aphodius, II, 77+, III, 50, 

90+, 92+, 120¢, 138+, 140f, VI, 

11}, 15+, 27+, 28t, 29+, 31t. 

inscriptus, Ichthelis, I, 38, II, 46. 

Xenotis, Il, 46. 

insculptus, Chelopus, V, 57. 

Insectivorous birds, III, 14, 101. 

Coleoptera, III, 153*, VI, 35. 
Notes on, III. 153-160. 

Cyprinide, VI, 74. 
minnows, VI, 75*. 

Insect larve, IJ, 80+, III, 31+, 43+, 45¢, 

57+, 944, 107+, VI, 39+, 40+, 59f, 

60+, 61t, 62+, 74, 101+, 102t, 

106+. 

pupe, IIT, 35+. 

oscillations, The regulative action 

of Birds upon, VI, 3-32. 

Insects, I], 75+, 76+, 77+, 78t, 79+, 80, 

81+, 82+, 83+, 841, 85t, 86t, IIT, 
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23+, 27+, 29+, 80+, B5¢, 394, 40t, 
Al}, 42+, 43+, 444, 454, 474, 50, 
51+, 544, 55+, 59+, Ot, BIT, 624, 
64+, 64t, 78+, 79+, 9Ot, 91t, 934, 
94+, 95+, 96+, 97+, 93t, 10It, 
103+, 104+, 108+, 109}, 110t, 
111}, 112+, 113+, 114+, 116+, 
119}, 120+, 121+, 122+, 1234, 
125+, 128+, 129+, 130¢, 1314, 
132+, 134+, 135}, 136+, 187t, 
140}, 1434, 144+, 145+, 146+, 
147+, 155¢, 156+, 157+, 158t, 

1594, 160+, VI, 6t, 7+, 8t, 9t. 
12+, 134, 14+, 15+, 16+, 17+. 184, 
19+, 20+, 214, 22+, 24+, 26+, 384, 
39+, 40+, 414, 42+, 434, 444, 454, 
46+, 47+, 48+, 49+, 50+, 514, 524, 
53+, 544, 55+. 564, 59+, 6Ot, BLT, 
62+, 64t, 67+, GSt. 69+, 70F, 
71+, 724, 73+, 744, Tt, 77+, 79H, 
80+, 81}. 834, 844, 85+. 86F, 87H, 
88+, 894, 90t, I1t, 934, O44. 

beneficial, III, 92¢, 93+, 102t, 115, 
131+, 135+, 138+, 189+, 1424, 

145+, 146+. 

carnivorous, III, 1157, 130+, 146, 

152, 159. 

crustaceous, III, 153+. 

eggs of, III, 54+, 74+, 79+. 
Genera and species of, recognized 

in the food of Birds, VI, 27-32. 

injurious, ILI, 93+, 102+, 115}, 124¢, 

135+, 138}, 139+, 140+, 142+, 

144}, 145+. 

land, II, 75+, 76+, 78+, 81+, 82+, 84+, 

—Sdt, 86t, IIT, 44+, 49+, 50F, 51f, 
564, 59+, VI, 70t, 71+, 72+, 73+, 

79+, 80+, 82+, 831, 84+, 867, 87Ft, 
88t, 90t, IIT, 94t. 

parasitic, IIT, 83+, 85}, 146. 

predaceous, III, 14, 85+, 85f, 124f, 

129+, 140+, 146, 159. 

water, II, 75}, 78+, 84+, 85+, 86f, 

III, 317, 40+, 50+, 51+, 56+, VI, 
67+, 80t, 94+. 

institia, Aphis, II, 9. 

Interactions of organisms, On some, III, 

3-17. 

intermedia, Zonotrichia, IV, 180. 

intermedius, Asellus, I, 10, 22, II, 87+, 

92. 

interpres, Strepsilas, 1V, 194. 

interrogatus, Coptotomus, II, 82+, ILI, 

50f. 
interrupta, Morone, I, 36, II, 44, 75*, 

84*, 87*, ITI, 36*, 37*, 69*. 
interstitialis, Amphasia, III, 140+, VI, 

45*, 
inurus, Zygonectes, VI, 72*, 93*. 

Invertebrate Fauna of Lake Superior, 

cited, II, 88. 
Tonornis, IV, 198. 

martinica, IV, 198. 

Ips, VI, 15+. 
fasciatus, III, 151+, VI, 29+, 30t. 

Ipswich Sparrow, IV, 205. 
irideus, Centrarchus, I, 37, II, 47, II, 

56*. 
irrorata, Mantis, I, 60. 

Isabelline Kestril, IV, 188. 
isabellinus, Tinnunculus, IV, 188. 

Ischnoptera conloniana, I, 59. 

morio, I, 59. 

pennsylvanica, I, 59. 

uhleriana, I, 59. 

unicolor, I, 59. 

ischyrus, Lepiopomus, II, 45, 77*, 84*, 

87*, 88%. 
islandica, Ciangula, IV, 200. 

isolepis, Aphredoderus, I, 39, II, 48, 77*. 

Sternotremia, I, 39, II, 48. 

Isopoda, I, 21, Il, 75+, TUL, 3077 seq, 
37f, 43+, 47f, 52t, 55¢, VI, 674, 
93t. 

Isospondyli, II, 53. 

Ithycerus noveboracensis, III, 108f. 

Lulidee, III, 106+, 110+, 126+, 1307, 131, 
138t, 139+, 140+, 1447, 148f. 

Iulus, 111, 91}, 110+, 128+, VE:238yo set. 
Ivory-billed Woodpecker, IV, 185, 192. 

J 

Jack Salmon, III, 21, 31*. 

Snipe, IV, 195. 

jaculus, Notropis, IT, 60. 

Jaéger, Buffon’s, IV, 202. 

Long-tailed, IV, 202. 

Pomarine, IV, 202. 

Jaégers, LV, 202, 208. 

jamaicensis, Porzana, IV, 197. 

James, Thomas P., II, 18. 
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janus, Galerita, III, 155*, VI, 39*. 

Onthophagus, II], 151+. 
Jaree, IV, 181. 
Jay, bine, III, 114*, TV, 183, VI, 17*, 

20*. 

Canada, IV, 206. 

Florida, 1V, 206. 

Jays, 1V, 183, 205. 

European, III, 82*. 
jeffersonianum, Amblystoma, V, 10. 

jejuna, Episema, II, 60. 
Jenks, J. W. P., on the food of Robins, 

III, 90, 91. 

jessie, Pcecilichthys, II, 41. 
Johnny Darter, II, 40, 74*. 

Jordan and Copeland on the Darters, 
JUN PR 

Jordan, David S., I, 33, V, 4. 

A Catalogue of the Fishes of Ilh- 
nois, II, 37-70, cited, VI 75. 

A Manual of the Vertebrate Ani- 

mals of the Northern United 

States, cited, IJ, 37, ITI, 21, V, 

22. 

Journal of the Massachusetts Horticul- 

tural Society, cited, III, 91. 

Royal Agricultural Society, cited, 

ii eae 

Jouy, Observations on Birds, 1V, 206. 

Judas Iscariot, 1V, 182. 

Juglans, I, 28, 29, 30, 31. 
cinera, I, 31. 

Junco, IV, 180. 

hyemalis, IV, 180. 

oregonus, IV, 170, 180. 

June beetles, III, 98+. 119}, 120+, 123+, 

124+, 1287, 134+, 140+, 141f, 
142+, V1, 19. 

bugs, VI, 77. 

grass, VI. 44+. 457. 

heads, III, 151+. 
pollen, VI, 45+. 

seeds, III, 151+, VI, 43+, 44+ 

Jungermannia, II, 26. 

Jungermanniacee, II, 25. 

K 

Kakerlak americana, I, 60. 

orientalis, I, 60. 

Katydids, III, 50+, 121+. 

or qr 

Kennicott, Robert, II, 49, 1V, 163. 

Observations on Birds, IV, 183, 191. 

Kentucky Warbler, IV, 175. 

kentukiensis, Hypsilepis, V1, 75*. 
Kestril, American, IV, 188. 

Isabelline, IV, 188. 

Key to the species of Illinois Crustacea, 

I, 17-24, 
Kill-deer, IV. 194, 
Kallifish, Barred, II, 51, 78*, VI, 71*. 
King-bird, IV, 184, VI, 15*, 26*, 27*. 

Cassin’s 1V, 206. 

Western, IV, 206. 

Eider, 1V, 200. 

Rail, 1V, 197. 

Snake, V, 34. 

Kingfisher, Belted, IV, 186. 

Kingfishers, IV, 186. 

Kinglet, Golden-crowned, IV, 172. 

Ruby-crowned, 1V, 172. 

Kirby & Spence, Introduction to Ento- 
mology, cited, III, 5, 84. 

kirtlandi, Dendreeca, IV, 204. 

Tropidoclonium, VY, 41. 
Kirtland’s Snake, V, 41. 

Warbler, IV, 204. 

Kite, Mississippi, 1V, 189. 

Swallow-tailed, IV, 188, 189. 

White-tailed, IV, 188. 

Kites, IV, 188. 

Kittiwake Gull, IV, 202. 

Koch, C. L., on Tychea, II, 16. 

kumlieni, Uranidea, I, 41, II, 50. 

Kumlien’s Bull-Head, I, 41, IT, 50. 

kunzei, Podospheera, I, 58. 

L 

labiatum, Omophron, III, 150*, 
Labidesthes sicculus, I, 42, II, 51. 78*, 

SbF, 88*, 89", 111,69, VL, 69*, 

93°. 
Labracide, II, 44, 75*, 83*, 84*, III, 

36*, 67%. 
labyrinthica, Helix, III, 128}, 150+. 

Lacertilia, V, 26, 44. 

lacertina, Macrochelys, V, 53. 

Siren, V, 6 ‘ 

Lachnini, IT, 3. 

Lachnocrepis parallelus, VI, 57+. 
Lachnosterna, III, 93+, 94+, 101+, 105t, 
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109}, 1207. 

Lachnus, II, 8. 

quercifoliz, IT, 15. 

laciniata, Rudbeckia, LI, +. 

Lactuca altissima, I, 55. 

lactuce, Aphis, II, 7. 

Siphonophora, II, 7. 

lacustris, Epischura, VI, 70+. 

Lota, I, 42, IT, 51. 

Lady-bugs, VI, 51*. 

Lagopus, LV, 191. 

albus, IV, 164, 191. 

Lake Carp, I, 49. 

Carp-Sucker, IJ, 65. 

Catfish, Great, II, 66. 

Chub, II, 62. 
Croppie, III, 56*. 

Herring, I, 44, II, 86*. 

Common, II, 54. 

Michigan Cisco, I, 44, II, 54. 

Mullet, White, II, 63. 

Perch, III, 31. 

Pike, I, 43. 

Sturgeon, I, 51, II, 69. 

Trout, I, 44, iI, 86*. 

Great, II, 54. 

lamellatus, Eurycercus, II, 88+, II], 397, 

7At. 

lampos, Bembidium, III, 150*. 

Lamprey, Leech, IJ, 70. 

Silvery, I, 52, II, 70. 

Small Black, I, 52, II, 70. 
Lampreys, II, 70. 

lamprocarpa, Erysiphe, I, 59. 

Lampyride, III, 94+, 105t, 117+, 126+, 

VI, 9f; Lat, Lat, 227, 244, 26+. 
larvee, IIT, 90+. 

Land Insects, IT, 75+, 76+, 78+, 81+, 82+, 
84+, 85+, 86t, IIT, 44+, 49+, 50t, 
d1t, 56¢, 59+, VI, 70+, 71+, 724, 

734, 79+, 80+, 82+, 83+, 84+, 86t, 

87t, 88+, 90+, 91+, 94+. 
Laniidee, II, 167, 176. 

Lanius, IV, 176. 

borealis, 1V, 176. 

ludovicianus, IV, 176. 

var. excubitorides, IV, 176. 
Lanivireo, IV, 176. 

flavifrons, LV, 176. 

solitarius, [V, 176. 

Lapland Longspur, IV, 178. 

lapponica, Silpha, III, 119+. 
lapponicus, Centrophanes, IV, 178. 
Large-billed Water Thrush, LV, 175. 

-mouthed Black Bass, I, 36, IT, 44, 

ITI, 38*, 42, 61*. 

Spotted Salamander, V, 9. 

Larger Yellow-legs, IV, 196. 

Laridz, IV, 167, 202, 208. 

Lark Bunting, IV, 179, 205. 

Lark, Horned, IV, 183. 

Little Field, IV, 182. 

Meadow, LV, 182. 

Western, LV, 182. 

Sand, IV, 196. 

Sprague’s IV, 204. 

Larks, IV, 183. 

meadow, IIT, 91*. 

Larus, LV, 202. 

argentatus, IV, 202. 

var. smithsonianus, IV, 202. 

atricilla, IV, 202. 

delawarensis, LV, 202. 

franklini, IV, 202. 

glaucus, IV, 202. 

leucopterus, IV, 202. . 

marinus, IV, 202. 

philadelphiz, IV, 202. 

Lasius, VI, 28+, 30+. 

flavus, VI, 43+, 61+, 62+. 

niger, VI, 28+, 30+. 

laterale, Acrydium, I, 69. 

Amblystoma, V, 10. 

Oligosoma, V, 46. 

lateralis, Necturus, Errata, 9. 

Tetrix, I, 69. 

Tettigidea, I, 69. 

laticornis, Macrothrix, III, 74+. 

latipennis, Locusta, I, 64. 

(Edipoda, I, 64. 

latus Calathus, ITI, 150*. 

Laughing Gull, IV, 202. 

Lawrence, G. N., Observations on 

Thrushes, IV, 204. 

Lawyer, II, 51. 

Leaf-chafers, III, 94+, 98+, 102+, 112+, 

118t, 114}, 115}, 1207, taar 

124+, 129+, 181}, 144+, 146. 

Vine, VI, 6+, 18+, 21f. 

Least Bittern, IV, 194. 

Darter, I, 34, II, 43. 

Flycatcher, IV, 184. 
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Sandpiper, IV, 195. 

Tern, IV, 202. 

Leather Turtle, Fresh-water, V, 52. 

Leathery Turtle, V, 50. 

Leaves of beet, III, 149+. 

fruit trees, III, 119+. 

mangel-wurzel, III, 149+. 

leberis, Tropidonotus, V, 41. 

Lebia, VI, 50*, 577, 59*. 

minor, I, 59. 

Lebiz, III, 153. 

Lecanora, II, 30. 

Lecanorei, II, 30. 

Lecidea, II, 32. 

Lecideei, II, 31. 

lecontei, Callimorpha, IIT, 138+, 1397. 

Cicindela, III, 110+, VI, 57+. 

Coturniculus, IV, 169, 179. 

Leconte’s Bunting, 1V, 179. 

Leech Lamprey, II, 70. 

Leeches, IT, 82t. 

Leguminose, VI, 27+. 

seeds, VI, 16t. 

Leidy, Dr. Jos., III, 72. 

A Flora and Fauna within living 

animals, IJ, 53. 

Lemna trisulea, III, 59f. 

lentago, Viburnum, I, 28. 

lentiginosus, Botaurus, IV, 194. 

Bufo, V, 17. 

Lepidoptera, II, 77+, 84+, 857, 86+, III, 

LO9t): 112F 8 113}, 1144, 115, 
116t, 122%, 124+, . 1257, 1287, 

129+, 132+, 1838, 184+, 135+, 
136+, 141+, 142+, 148+, 144f, 
ft TET pa Ne ly Opa TH | St, 

10+, 12+, 14+, 15+, 16+, 19+, 20+, 
22+, 24+, 26+, 497, 61+, 62t, 64+, 

94+. 
larvee, III, 104+, VI, 8+, 15+, 59f, 

60+, 627, 64+. 
Lepidosteidie, I, 51, II, 68, 82*, 86%, 

Tio. 

Lepidosteus, I, 51, II, 68, III, 79*. 

osseus, I, 51, II, 68. 

platystomus, I, 51, II, 69, 82*, 86*. 

Lepiopomus, II, 45, III, 51*, 62, 62%, 

63*, 68*. 

anagallinus, IT, 45. 

ischyrus, I], 45, 77*, 84*, 87*, 88*. 

macrochirus, IT, 45. 

pallidus, II, 45, 46, 76*, 84%, 87%, 

IIT, 38, 48*. 

Leptoceride, VJ, 73+. 

larve, VI, 93+. 

Leptocerus, III, 54+. 

Leptodon, II, 22. 

Leptodora, III, 37+, 39+, 43+, 78+. 

hyalina, II, 79+, 82+, 88+, III, 69+. 

Leptogium, IT, 29. 

Leptoscyphus, IT, 26. 

Leskea, II, 22. 

Lesquereux, Leo, II, 18. 

Lesser Scaup Duck, LV, 200. 

Snow Goose, IV, 198. 

Yellow-legs, IV, 196. 

Lettuce, I, 55, IT, 7. 

Lettuce-bird, 1V, 178. 

Leucania unipuncta, IIT, 139}, 

Leucobryum, II, 19. 

leucocephbalus, Acroperus, VI, 84f. 
Halieetus, LV, 190. 

Leucodon, IJ, 22. 

leucolema, Eremophila, IV, 183. 

leucoparia, Bernicla, LV, 199. 
Jeucophrys, Zonotrichia, IV, 180. 
leucops, Photogenis, VI, 75*. 

leucoptera, Hydrochelidon, IV, 208. 

Loxia, IV, 178. 

leucopterus, Blissus, VI, 28+, 32+. 

Larus, LV, 202. 

Leveille, I, 53. 

Libellulids, larve, III, 35+, 44+, 46+, 

47t, 49+, 52+, 55+, 60+, VI, 677, 
934 

Lice, plant, ILI, 158+, 159+, VI, 9+, 401, 

43+, 467, 49+, 51+, 524, 53+, 54+, 

55+, 70+, 77+. 
cotton-wood gall, III, 152f. 

Lichenes, IT, 27-34, VI, 64+. 

Lichens, II, 18, III, 157+. 

Index to genera of, II, 55. 

Liverworts and Mosses of Illinois, 

A list of the, II, 18-35. 

spores, III, 159+, VI, 52+, 53f, 

544, 55. 

limbatus, Platynus, VI, 40*. 

Tropisternus, III, 44+, 50+, VI, 40*. 

Lime, Sodic pinate as a test for, I, 32. 

Limicole, IV, 194. 

limi, Melanura, I, 43, II, 52, 78*, 85*. 

Umbra, VI, 73*, 93*. 
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Limnea, II, 77f, 81+, VI, 87t. 

humilis, VI, 27+, 30f. 

Limnetis, I, 22. 

Limnocalanus, VI, 70+, 105+, 106+, 108+. 

Limosa, IV, 196. 

foeda, IV, 196. 
hzmastica, IV, 196. 

linaria, Algiothus, IV, 178. 

lincolni, melospiza, IV, 181. 

Lincoln’s Sparrow, IV,-181. 

Lindera, J, 31. 

lindheimeri, Coluber, V, 36. 

lineatus, Buteo, LV, 189. 

Lined Darter, Il, 42. 

lineolaris, Phytocoris, III, 92+. 

lineolatum, Etheostoma, II, 42, 75*, 84*, 

HI, 24*. 
lineolatus, Poecilichthys, I, 34, II, 42. 

Ling, II, 51. 
liosternus, Phenacobius, I, 46, II, 61. 

Liquidambar, I, 31. 

Liriodendron, I, 28, 29, 30. 

tulipifera, I, 59. 

List of genera and species of Cicindeli- 
dee and Carabide eaten by birds, 

VI, 57, 58. 
Illinois Crustacea, with descriptions 

of new species, I, 3-25. 

Birds which probably occur in Illi- 

nois, LV, 204-208. 

the Mosses, Liverworts, and L'chens 

of Illinois, A, II, 18-35. 

the Orthoptera of Illinois, A, [, 

59-69. 
Aphidini, found in the 

States, II, 3-16. 

Listronotus inzequalipennis, III, 130t. 

Lithobius, ITI, 108+. 

Lithodytes, V, 21. 

ricordi, V, 21. 

Litholepis, I, 51, II, 69. 

adamantinus, I, 51, II, 69. 

spatula, II, 69. 

lithophila, Ectobia, I, 59. 

lithophilus, Brachylobus, III, 93+, VI, 

OTH. 

Little Black-head, IV, 200. 

Rail, LV, 197. 

Blue Heron, LV, 193. 

Field Lark, LV, 182. 

Gray Goose, LV, 199. 

United 

Guinea Woodpecker, 1V, 185. 

Musk Tartle. V, 53. 

Pickerel, I, 43, IT, 53, 79*. 

Red Owl, IV, 187. 

Sapsucker, 1V, 185. 

White-cheeked Goose, IV, 199. 

Yellow Rail, IV, 197. 

Liverworts, II, 18. 

Index to genera of, II, 35. 

Lichens and Mosses of Illinois, A 

list of the, II, 18-35. 

Lixus concavus, III, 130f. 

Lyceum of Natural History of New 

York, Annals, cited, IV, 163, 

204. ; 

Lizard, Green, V, 49. 

Ground, V, 46. 

Six-lined, V, 47. 

Lobipes, IV, 197. 

hyperboreus, IV, 197. 
lobistoma, Difflugia, III, 727. 

loculator, Tantalus, LV, 168, 192. 

Locusta equalis, I, 65. 

apiculata, I, 66. 

carolina, I, 64. 

caroliniana, I, 64. 

carolinus, I, 64. 

chrysomelus, I, 62. 

corallina, I, 66. 

curtipennis, I, 61. 
erythropterus, I, 68. 

infuscata, I, 62. 

latipennis, I, 64. 

nebulosa, I, 64. 

periscelidis, I, 64. 

radiata, I, 62. 

sulphurea, I, 63. 

sulphureus, I, 63. 

tartarica, I, 69. 

verruculata, I, 64. 

virginianus, I, 62. 

viridifasctata, I, 62. 

viridifasciatus, I, 62. 

Locustidee, III, 126}, 142+, 148+. 4 

Locust, Rocky Mountain, III, 84. 

Western, IIT, 152+. 

Locusts, III, 50+, 1137, 121+, 129+, 1387, 

142+, 146. 

Log Cock, IV, 186. 

Perch, I, 36, II, 39. 

Loggerhead Shrike, IV, 176. 
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Turtle, V, 51. 

Long-billed Curlew, IV, 196. 
Marsh Wren, IV, 173. 

-eared Owl, IV, 187. 

Sunfish, I, 38, III, 53*. 

-finned Carp Sucker, II, 65. 

-horn Beetle, ITI, 141+, VI, 114,18. 

-jawed Catfish, IT, 66. 

. -nosed Dace, I, 45, II, 62. 

Sucker, II, 64. 

-snouted Curculionide, III, 92+, 

132}. 

-tailed Duck, IV, 200. 

Jaéger, IV, 202. 

Salamander, V, 10. 

Sucker, II, 64. 

Longe, IT, 54. 

longicauda, Bartramia, IV, 196. 

longicaudus, Spelerpes, V, 13. 
longicornis, Patrobus, VI, 46*. 

longipennis, Stenobothrus, I, 61. 

Longirostres, III, 92, 105+, 117+, 126t. 

longirostris, Bosmina, III, 29+, 39+, 44+, 

45}, 48t, VI, 877. 

Numenius, IV, 196. 

longirostrum, Catostomus, II, 64. 

Longspur, Chestnut-collared, IV, 205, 
Lapland, IV, 178. 

McCown’s, IV, 179. 

Painted, IV, 178. 

Lonicera, I, 27. 

flava, I, 30. 

Loon, IV, 203. 

Black, IV, 201. 

Lophocolea, II, 25. 

Lophodytes, IV, 201. 

cucullatus, IV, 201. 

Lophophanes, IV, 172. 
bicolor, LV, 172. 

Lota, I, 41, 42, LI, 51. 

lacustris, I, 42, II, 51. 

Louisiana Heron, IV, 208. 

Louse, bird, III, 109+. 

Loxia, IV, 178. 
curvirostra, var. americana, IV, 178. 

leucoptera, IV, 178. 

Loxopeza, VI, 40*, 62%, 63*. 
atriventris, III, 155*, VI, 40*, 50*. 

Lucanide, VI, 14+, 26+. 

lucicola, Anomala, VI, 28+, 31+. 

lucius, Hsox, II, 53, 78*, 85*. 

lucublandus, Pterostichus, II], 141}, 

150*, 157*, VI, 41*, 42*, 57+. 

ludoviciana, Hydranassa, IV, 208. 

Zamelodia, IV, 181, VI, I3*, 29*, 

30*, 31*. 

ludovicianus, Anthus, IV, 173. 

Lanius, IV, 176. 

Thryothorus, IV, 173. 

lugens, Mormidea, IIT, 96+. 

Lugger, Stone, II, 55, VI, 77*. 

lugubris, Xestonotus, VI, 58}. 

Lumbriculus, VI, 67}, 84+, 94+. 

Lumbricus, II, 81+, III, 52+, 63+, 106+, 

VI, 23+, 28, 327, 59+, 60+, 62+. 

lunatus, Rhinichthys, I, 46, II, 63. 

lunifrons, Petrochelidon, IV, 177, VI, 

129 sero. 

Luxilus, I, 47, IT, 57, VI, 76, 82. 

analostanus, II, 76+, 80*, 85*. 

cornutus, I, 47, II, 57, 60, 80*, 85*, 

VI, 75, 84*, 94*. 

Lygeide, III, 1057, VI, 23f, 25+. 

Lynceidz, II, 78+, 81+, ILI, 27}, 29+, 

d6F, 52+, 60t, 68+, 70+, 74+, 78t, 

79+, VI, 98+, 94+. 

Lyncodaphnia, IJ, 88+. 

Lysianasside, I, 20. 

lythrochloris, Xenotis, II, 46. 

Lythrurus, I, 47, II, 58, 59, VI, 76, 82. 

ardens, II, 59. 

atripes, II, 59. 

cyanocephalus, I, 47, II, 59. 

diplemius, I, 47, II, 59, 80*, 85*. 

var. gracilis, IT, 59. 

M 

maccownl, Rhynchophanes, IV, 179. 

McCown’s Longspur, IV, 179. 

Mackinaw Trout, II, 54. 

macrocarpa, Quercus, I, 26. 

Macrochelys, V, 52, 53. 

lacertina, V, 53. 

macrochira, Ichthelis, I, 38, II, 46. 

macrochirus, Lepiopomus, II, 45. 

Macrodactylus subspinosus, III, 128+. 

macrolepidotum, Myxostoma, II, 63, 
80*, 86*. 

Teretulus, I, 49, LI, 63. 

macropterus. Centrarchus, II, 47. 

Macrorhamphus, IV, 195. 
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griseus, var. scolopaceus, IV, 195. 

Macrosporium, VI, 52+, 53+, 64f. 

Macrothrix laticornis, III, 74+. 

macrura, Sterna, LV, 208. 

macularius, Tringoides, IV, 196. 

maculata, Actodromas, IV, 195. 

Euphorbia, II, 6. 

Hippodamia, VI, 51*, 52*. 

Megilla, III, 152*, 154, 159*. 

maculatum, Boleosoma, II, 40, 41, 74*, 

84*, ILI, 23%, 58t. 

maculatus, Alvordius, II, 39, 74*, 84*, 

WU; Bie. 

maculella, Aphis, II, 14. 

maculipennis, Stenobothrus, I, 61. 

maculosa, Dendrceza, IV, 174. 

maculosus, Acipenser, I, 51, II, 69. 

Madotheca, II, 26. 

magellanicus, Chrysomitris, IV, 205. 

magna, Sturnella, [V, 182, VI, 17. 

magnifica, Pectinatella, III, 49+. 

Magpie, Black-billed American, IV, 183. 

maidis, Aphis, II, 12, IV, 64f. 

Uredo, I, 52. 

Maigres, II, 50, 77*. 

Malacoclemys, V, 54, 56. 

geographicus, V, 56. 
palustris, V, 56. 

pseudogeographicus, V, 56. 

mali, Aphis, IJ, 11. , 

malifolie, Aphis, II, 11. 

Mallard, TV, 199. 

Black, LV, 199. 

Mailophaga, III, 109+. 

malvacearum, Puccinia, I, 53. 

Mamestra subjuncta, III, 90¢. 

larva, III, 90*. 

manca, Pezotettix, I, 67. 

Mancaselli, ILI, 30+. 

Mancasellus, III, 36+. 

tenax, III, 28+, 307. 

Manculus, V, 11, 12, 13. 

quadridigitatus, V, 138. 

remifer, V, 13. 

Mangel-wurzel leaves, III, 149}. 
Manitou Darter, I], 39. 

manitou, Percina, II, 39. 

Mantide, I, 60. 

Mantis carolina, I, 60. 

conspurcata, I, 60. 
inquinata, I, 60. 

irrorata, I, 60. 

tolteca, 1, 60. 

Many-spined Stickleback, I, 42, LI, 51, 

VI, 69%. . 
Map Turtle, V, 56. 
Marbled Catfish, I], 67. 

Godwit, IV, 196. 

Marchantia, II, 25. 

Marchantiacee, IT, 25. 

Marcy, Oliver, V, 4. 

Mareca, IV, 199. 

americana, IV, 199. 

penelope, 1V, 199. 

marginata, Euphorbia, II, 7. 

marginatum, Acridium, I, 62. 

Stereochilus, V, 13. 

marginatus, Noturus, I, 50, II, 68. 

Margined Catfish, I, 50. 

marginella, Aphis, IT, 14. 

marila, Fulix, 1V, 200. 

marinus, Larus, IV, 202. 

maritima, Arquatella, IV, 195. 

maritimus, Ammodromus, IV, 205. 

marmoratus, Amiurus, II, 67. 

Marsh Hawk, IV, 189. 

Hen, IV, 197. 

Tern, LV, 202. 

Wren, Long-billed, 1V, 173. 

Short-billed, LV, 173. 

Marsipobranchil, IJ, 70. 

martii, Erysiphe, I, 59. 

martinica, Ionornis, IV, 198. 

Martin, Purple, LV, 177. 

Sand, IV, 177. 

Maryland Yellow-throat, IV, 175, VI, 

175; Val, 10*; Qos ose 

Masked Duck, IV, 208. 

Massassauga Rattlesnake, V, 28. 

Mather, Mr., III, 150. 

maxillingua, Exoglossum, VI, 75*. 

maxillosus, Rhinichthys, I, 45, IT, 62. 

May beetles, III, 93+, 109+. 

flies, ILI, 47+. 

larvee, 1], 74+, 75t, 76+, 77+, 81t, 

82t, ILI, 23+, 297, 80+, 377, 38t, - 

A0t, 417, 50t, 58+. 

pupe, IIT, 23+. 

Maynard, C. J., Naturalist’s Guide, 
cited, IV, 204. 

Meadow Lark, LV, 182. 

Western, LV, 182. 
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larks, III, 91*. 

means, Amphiuma, V, 8. 

Measuring worms, III, 93+, 141+. 

megalops, Minnilus, I, 47. 

megalotis, Ichthelis, I, 38, IT, 46. 

Xenotis, II, 46, III, 53*. 

megastachya, Eragrostis, II, 17. 

Megilla maculata, I[I, 152*, 154, 159%, 

Melanerpes, IV, 186. 

erythrocephalus, IV, 186, VI, 16*, 
20ST O0ss obey oo. 

Melanetta, IV, 201. 

velvetina, IV, 201. 

melanocephala, Zamelodia, LV, 205. 

melanoleucus, Pityophis, V, 38. 

Votanus, IV, 196. 

melanopleurus, Stenobothrus, i, 61. 

Melanoplus femur-rubrum, I, 68. 

melanop:, Erimyzon, I, 48, II, 64. 

Glossopolites, I, 37. 

Haplochilus, LI, 52. 

Minytrema, II, 64, III, 71*. 

Zygonectes, II, 52. 

Melanotus, III, 150+, 141+, VI, 16+, 28+, 

29t, 31t. 

melanotus, Ceratichthys, I, 45. 

Melantho decisa, III, 65f. 

Melanura, limi, I, 438, II, 47, 52, 78*, 

85%, 

melas, Amiurus, II, 67, 82*, 86*, 87*. 

Meleagridé, IV, 167, 191. 

Meleagris, IV, 191. 

gallopavo, var. americana, [V, 191. 

mexicana, IV, 191. 

meleagris, Emys, V, 57. 

Rhinichthys, I, 46, IT, 63. 

melodus, “gialites, 1V, 207. 

Meloide, III, 110+, 117+. 

Melolontha, VI, 77. 

Melolonthine, IIT, 117+, 125+, 136+. 

Melospiza, IV, 181. 

fasciata, IV, 181. 

lincolni, LV, 181. 

palustris, LV, 181. 

Memoirs of the Boston Society of Nat- 

ural History, cited, IV, 206. 

Menispermum, ITI, 967, 106+. 

Menispora, VI, 53+, 64+. 
Menomonee White Fish, IT, 54. 

menona, Fundulus, II, 52, VI, 70. 

Menopoma, V, 8. 

allegheniense, Y, 8. 

fuscum, V, 8. 

Menopomide, V, 7, 8. 

Meracantha contracta, III, 140f. 

Merganser, Red-breasted, IV, 201. 

Mergus, IV, 201. 

merganser, var. americanus, IV, 

201. 

serrator, IV, 201. 

meridionalis, Potamocottus, II, 50, VI, 

68*, 93*. 

Merlin, Richardson's, IV, 207. 

Merula, LV, 171. 

migratoria, LV, 171. 

mesotrema, Aphredoderus, IT, 49. 

Sternotremia, II, 49. 

messoria, Agrotis, III, 92+. 

Mestobregma cincta, J, 65. 
Metabletus, III, 153. 

Mexican Black-headed Goldfinch, IV, 

205. 

Boundary Survey, cited, V, 22. 

Cormorant, IY, 201. 

Goshawk, IV, 189. 

mexicana, Meleagris, 1V, 191. 

mexicanus, Himantopus, IV, 197. 

Phalacrocorax, LY, 201. 

Meyen, Ueber die Enwickelung des 

Getreidebrandes in den Mais- 

Pflanzen, cited, I, 52. 

microcephalus, Asellus, I, 11. 

Cecidotea, I, 11. 

Micropalama, 1V, 195. 

himantopus, IV, 195. 

Microperca, I, 34, II, 48, III, 24%, 27*. 

punctulata, I, 34, If, 48, III, 24*. 

microps, Telipomis, I, 37, II, 45. 

Micropterus, I, 36, II, 44, ILI, 357, 48%, 

48, 61*, 67*. 

nigricans, I, 36, II, 44. 
pallidus, IT, 44, 76*. 84*, III, 25*, 

38*, 43*, 52*, 63*. 

salmoides, I, 37, II, 44, 75+, III, 40*, 

43*, 63*, 64*. 

Microsphieria elevata, I, 58. 
extensa, I, 58. 

friesi, J, 58. 

raveneli, I, 58. 

microstomum, Amblystoma, V, 11. 

microstomus, Alburnops, II, 57. 

Middleton, Nettie, A- new species of 
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Aphis, of the genus Colopha, 

Ise hre 

Mid-summer fruits, III, 128+. 
migratoria, Ectopistes, IV, 190. 

Merula, IV, 171. 

migratorius, Turdus, III, 89*, 104*, VI, 

Bea. BU", ol*,00°, Ot; UC. 

milesi, Pimephales, I, 45, IT, 55. 

miliaria, Caudisona, V, 28. 

militaris, Asellus, 87+, 90. 

Milk, VI, 99f. 

Milk Snake, V, 34. 
Milner, J. W., Experiments on the food 

of young White Fish, VI, 98. 

Observations on Fishes, I, 44. 

Milvulus, IV, 206. 

forficatus, 1V, 206. 

tyrannus, IV, 206. 

Mimus, IV, 171. 

carolinensis, III, 107*, 116*, VI, 

6*, 28%, 30*, 31*, 32*, 57*, 58*. 

polyglottus, III, 131*, IV, 171, 176. 

miniatus, Diemyctylus, V, 15. 

minimus, Empidonax, IV, 184. 

Minnilus, I, 47, VI, 75, 76, 86. 

amabilis, I, 47, IJ, 60. 

atherinoides, VI, 86*, 94*. 

dilectus, I, 47, IT, 60. 

dinemus, I, 48, II, 60. 

megalops, I, 48. 

rubellus, I, 48, II, 60. 

rubrifrons, I, 47, II, 60. 

Minnow, II, 61, 75+, 79*, III, 21, 30f, 

32+, 40+, 70*, VI, 74. 

Barred, I, 42. 

Blunt-jawed, I, 45, II, 56, VI, 79*. 

Blunt-nosed, I, 45, II, 55, 79*, V1, 

noe 

Chub; III, 46, 70*. 

Delectable, I, 47. 

Emerald, I, 48, IT, 60, 80*, VI, 86*. 

Mud, I, 48, II, 52, 78*, VI, 73*. 

New World, I, 47, II, 62. 

Red-bellied, I, 47. 

Red-sided, I, 47, II, 61. 

Rosy, I, 48. 

Rosy-faced, I, 47, II, 60. 

Silvery, I, 45, II, 56, 79*. 

Storer’s, I, 46, II, 56. 

Straw-colored, II, 57, VI, 84*. 

Striped, I, 42, IT, 52. 

Tootked, II, 51, 78*. 

Top, I, 42, II, 52, 72*, 78*, 87*, VI; 

Ries 

Black-eyed, II, 52, VI, 72*. 

Striped, II, 78*, V1, 72*. 

Minnows, herbivorous, II, 79*, LII, 76*+. 

insectivorous, VI, 73*. 

minor, Lebia, I, 59. 

Philohela, 1V, 195. 

Stagmatoptera, I, 60. 

Stagmomantis, I, 60. 

minutilla, Actodromas, LV, 195. 

minutipennis, Pezotettix, I, 66. 

minutus, Histrionicus, 1V, 200. 

Minytrema, II, 64. 

melanops, II, 64, III, 71*. 

Mississippi Catfish, Great, LI, 66. 

Kite, LV, 189. 

mississippiensis, Alligator, V, 58. 

Missouri Sucker, IT, 64. 

Mistletoe berries, I11,.97+. 106+, 144. 

Mites, III, 156+, 1577, 1587, 1597, VI, 

10+, 41+, 42+, 43+, 457, 49+, 50f, 

52+, 59+, 607, 627, 644. 

eggs, ILI, 156t. 
spinning, larvee, III, 156. 

water, II, 75}, 77+, 78+, IDE Age 

56+, 68+, 72+, 73t. 

mitratus, Myiodioctes, 1V, 175. 

miurus, Noturus, II, 68. 

Mniotilta, 1V, 175. 

varia, LV, 173. 

Mniotiltidze, IV, 167, 173, 204, VI, 9*, 

18*, 22%, 28%. 

Mnium, II, 21. 

mobilensis, Pseudemys, V, 55. 

Moccasin, Black, V, 28. 

Water, V. 28. 

Mockernut Hickory, I, 26. 

Mocking-bird, III, 89*, 131*, 136*, LV, 

iby 1 rKG}- 

Yellow, LV, 175. 

modestus, Peribalus, III, 139}. 

Podisus, III, 94+. 

Mole Salamander, V, 9. 

Mollusks, II, 75+, 76+, 77+, 78+, 80+, S1t, 

83t, 84+, 85+, 86+, III, 24+, 27t, 

B0t, 31+, 35t, 507, 51, 537, 54f, 

55t, 61, 62+, 63+, 657, 677, 68t, 

78+, 104+, 125+, 128+, 130f, 132t, 

135+, 136+, VI, 12+, 22+, 24, 
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47}, 49+, 60+, 62+, 72+, 731, 74+, 

75t, Slt, 82t, 86+, 90+, 93t, 94+. 

bivalve, II, 75+, 807+, 81+, 84+, 85t, 

86+, ILI, 54+, VI, 83+, 93+, 947. 

univalve, II, 757, 77+, 84+. 85+, 26+, 

III, 128+, VI, 81t, 85}, 937, 94+. 

Molothrus, IV, 182. ; 

Meee LVereo Wh, lot. 29*, 31*, 32*, 

Mongrel White Fish, II, 54. 

Moniana, II, 57. 
complanata, II, 57, 58. 

frigida, II, 58. 

gibbosa, IT, 57, 58. 

gracilis, II, 58. 

rutila, II, 58. 

monilifera, Populus, I. 31. 

Monocrepidius, VI, 12+, 28+, 29+, 5lf. 

auritus, III, 120+, VI, 28+, 31t. 

montana, Spizella, IV, 180. 

montanus, Podasocys, IV, 207. 

Spelerpes, V, 14. 
monticola, Bembidium, III, 150*. 

Moon Carp Sucker, II, 65. 

-eye, I, 44. 

Common, IT, 54. 

-eyed Cisco, II, 54. 

-eyes, IT, 54, 79*. 

Moonseed, III, 96+, 106+. 

morio, Ischnoptera, I, 59. 

Mormidea lugens, III, 96+. 

Morone, I, 36, IT, 44, III, 67*, 78*. 

interrupta, I, 36, II, 44, 75*, 84*, 

87*, III, 86*, 37*, 69*. 

Morus, I, 27, 29, 31. 

Moss Bass, II, 44. 

Mosses, IT, 18. 

Index to genera of, IT, 35. 

Liverworts, and Lichens of Illinois, 

A list of the, IT, 18-35. 

motacilla, Siurus, IV, 175. 

Motacillide, IV, 167, 173, 204. 

Moths, ITI, I41+, 142+, 146. 

Mottled Owl, IV, 187. 

: Plover, IV, 207. 

Mountain Ash, berries, III, 967, 106t, 

121+, 127+. 

Mourning Dove, 1V, 190, VI, 16*, 26*, 

27%, 

Warbler, IV, 175. 

Mouse, IT, 76+, III, 40+. 

Moxostoma, I, 49, II, 63. 

mucronatus, Crangonyx, I, 6, 13, 21. 

Scapholeberis, III, 72+, 73+, 75+. 
Mud, II, 79+, 80+, 81+, 82, III, 34, 67+, 

69+, VI, 78+, 79+, 80+, 81t, 82t, 

83+, 857, 90t, 91t, 94. 

Mud Catfish, I, 50, II, 67. 

Dace, IT, 52. 

Fish, II, 68. 

Hen, LV, 197, 198. 

Red-billed, ITV, 198. 

White-billed, IV, 198. 

Minnow, I, 43, II, 52, 78*, VI, 73*. 

Puppy, V, Errata (See Index, 9). 

Swallow, IV, 177. 

Turtle, V, 54. 

Mufile-jaws, IT, 50. 

muhlenbergi, Chelopus, V, 57. 

Mullet, IJ, 63. 

Carp, I, 49. 

Common, IT, 63. 

Golden, I, 49. 

Silvery, I, 49. 

~ Small-headed, IT, 63. 

White Lake, II, 63. 

Murenopsis, V, 8. 

tridactylus, V, 8. 

Musci, II, 18-24. 

Muscide, VI, 24, 26+. 

larve, III, 43+. 

Museum of Comparative Zodlogy, Bul- 

letins cited, [V, 205, 207. 

Musk Turtle, V, 53. 

Little, V, 53. 

Muskallunge, I, 43, II, 52. 

mustelinus, Hylocichla, IV, 171. 

Turdus, III, 127*, VI, 57*, 58*. 

mutica, Amyda, V, 52. 

muticus, Scolytus, III, 131+. 

Mycoporum, II, 35. 
mydas, Chelonia, V, 51. 

‘“Myiadestes, IV, 172. 

townsendi, LV, 169, 172. 

Myiarchus, IV, 184. 

crinitus, 1 V, 184. 

Myiodioctes, IV, 175. 

canadensis, IV, 175. 

mitratus, IV, 175. 

pusillus, LV, 175. 

Myriapoda, II, 84t, 85}, 867, III, 95f, 

96+, 101+, 106+, 108+, 109, 112t, 

113}, 1147, 117}, 121, 123+, 126+, 
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128+, 1817, 1327, 133f, 184f, 

135}; 186t;) 1594; VI, 6, 7H; 

19+, 20}, 234, 434, 49+, 50¢, 52+, 

60, 62f, 64+. 

Myriophyllum, III, 54f, 55. 

Myside, I, 20. 

Mysis, I, 20. 

relicta, I, 20. 

Myxogastres, VI, 64f. 

spores, III, 159+, VI, 53}. 

Myxostoma, I, 49, II, 63, 80*, 81*, 86*, 

TUL, 7s Tees 

anisurum, II,,64. 
aureolum, II, 63, 71*, 81*, 86*. 

carpio, II, 63. 
macrolepidotum, II, 63, 80*, 86*. 

var. duquesnii, II, 63. 

velatum, II, 64. 

Myzus, II, 9. 

cerasi, II, 9. 

cerasicolens, II, 9. 

cerasifoliz, II, 9. 

persice, II, 9. 

ribis, II, 5, 9. 

N 

Nabalus albus, I, 55. 

neevia, Hesperocichla, IV, 204. 

Nyctiardea, LV, 193. 
nevius, Falco, IV, 188. 

Siurus, LV, 175. 

Naiadacee, II, 82t. 

Naidide, II, 80}, 81+, 827, VI, 94t. 

Nais flexilis, III, 50+. 

namaycush, Cristivomer, II, 54. 

Salmo, I, 44, II, 54. 

Nanostoma, II, 41, III, 27. 

zonale, II, 41, 74*, 84*, III, 24*. 

Nashville Warbler, IV, 174. 

nasutus, Argyreus, VI, 75*. 

Rhinichthys, I, 45, Il, 62. 

natalis, Amiurus, II, 66. 
Nauplius, ITI, 72+. 

nebulosa, Locusta, I, 64. 

(Edipoda, I, 64. 

Strix, LV, 187. 

nebulosus, Amiurus, II, 67. 

Pygosteus, I, 42, II, 51. 

Nectarine, II, 9. 

Necturus, V, Errata (See Index, 9). 

lateralis, V, Errata (See Index, 9). 

punctatus, V, Errata (See Index, 9). 

neglecta, (Hdipoda, I, 64. 

Sturnella, [V, 182. 

neglectus, Hippiscus, I, 64. 

negundinis, Chaitophorus, m8 1 (0) 

Negundo, I, 27, 29. 30, 31. 

aceroides, II, 10. 

Neison, E. W., IV, 179, 192. 
A partial catalogue of the Fishes of 

Illinois, I, 33-52. Cited, II, 37. 

Observations on Birds, III, 130, IV, 

163, 172, 175, 181, 188, 184, 
184, 187, 188, 189; 190;192; 
193, 196, 199, 200, 202, 205, 

206, 208. 
nelsoni, Ammodromus, IV, 169, 179. 

Nelson’s Sharp-tailed Bunting, IV, 179. 

Nematognathi, IJ, 66. 

Nematoid worms, IT, 81+, III, 158f. 

Nemobius, III, 50+, 142+. 

nemoralis, Chleenius, VI, 42*. 

Neocorys, IV, 204. 

spraguel, LV, 204. 

neogzus, Phoxinus, I, 47, I, 62. 

Nepa, III, 50+, 52+, 96+, 105+. 
Nephelodes violans, III, 142+, VI, 6t, 

18+, 27+, 28+, 29+, 30t. 
larvee, VI, 14+, 22t, 24+, 26t. 

nephelus, Telipomis, I, 57, II, 45. 

Nephroma, II, 28. 

nervosa, Hymenarcys, III, 94+, 140+, 

142+. 
Nettion, IV, 200. 

carolinensis, IV, 200. - 

Neuroptera, |I, 76+, 777, 847, 85}, 86+, 

III, 27+, 29+, 41, 49+, 52+, 63+, 
64+, 1177, VI, 49, 64t, 94. 

larvee, II, 747, 75+, 77+, IIT, 30+, 357, 
38, 43+, 447, 45t, 46+, 494, 524, 
54t, 55t, S8t, 59+, 60F, 617, 62H, 

65t, 68+, 78+, 79+, VI, 67+, 84t, 
86+, 87+, S8t, 89+, VOT, 91t, 93t, 

94+. : 

pupe, VI, 94+. 
New Hampshire, Geological Survey of, 

cited, I, 66. 

¢ Tight, IT, 47. 
World Minnow, I, 47, II, 62. 

niagare, Stephanodiscus, VI, 997. 

niger, Ammoceetes, II, 70. 
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Bubalichthys, I, 50, II, 65, 81*, 86*. 

Lasius, VI, 28+, 30+. 
Petromyzon, I, 52, II, 70. 
Peecilichthys, I, 34, II, 41. 

Night Hawk, IV, 185. 
Heron, Black-crowned, IV, 193. 

White-crowned, IV, 194. 

nigra, Desmognathus, V, 14. 

Quercus, I, 29. 

Udeopsylla, III, 142t. 

nigricans, Amiurus, II, 66. 

Catostomus, II, 64. 

Hypentelium, I, 48, III, 70*. 

Micropterus, I, 36, II, 44. 

nigripinnis, Argyrosomus, I, 44, II, 54. 

Coregonus, II, 54. 

nigrita, Arenetra, III, 138+. 

nigritus, Chorophilus, V, 19. 

nigromaculatus; Pomoxys, II, 47, 76*, 

84*, 89%, ITT, 56*. 

Nitidulide, III, 1057, 1167, 125}, 151, 

VI, 9+, 24+, 267. 

nivalis, Plectrophanes, IV, 178. 

nobilior, Esox, I, 43, II, 52. 

Noctuidee, III, 964, 108+, 116}, 125f, 
135}, 136+, 139+, 140}, 142, 

144}, 1457, 147+, VI, 24f, 60+. 

larve, III, 104+, VI, 22+, 267, 39t, 

62+. 

Nomonyx, IV, 208. 

dominicus, IV, 208. 

Nonpareil Bunting, IV, 181. 

North American Batrachia and Rep- 

tilia, found east of Mississippi 

river, Descriptive catalogue of, 

V, 1-64. 

Northern Bull-head, I, 50. 

Diver, Great, IV, 203. 

Hemitremia, I, 47, VI, 85*. 

Phalarope, IV, 197. 

Pike, IT, 78*. 

Rattlesnake, V, 27. 

Shrike, Great, LV, 176. 

Skink, V, 46. 

Sucker, I, 48. 

Wax-wing, IV, 176. 

Northwestern University, V, 4. 

notata, Chrysomitris, 1V, 205. 

notatum, Dorosoma, I, 44, II, 55. 

notatus, Hyborhynchus, I, 45, II, 55, 

79*, 85*, VI, 79%, 94*. 

Spheerodactylus, V, 49. 
Zygonectes, I, 42, II, 52, 78*, 85*, 

SANA Tales or ii Miah 

Notemigonus, I, 48, II, 61, ILI, 46, VI, 

(5 Thos eee 

ameriéanus, I, 48, II, 61. 

chrysoleucus, II, 61, VI, 81*, 94*. 

Nothonotus, II, 41. 

camurus, II, 41. 

Nothophus, III, 155. 

notochlorus, Truxalis, I, 61. 

Notonecta, II, 82+, III, 25+, 43+. 

Notonotus, I, 34. 

Notropis, II, 59, 60, III, 70*, 78*, VI, 

75. 

amabilis, II, 60. 
arge, II, 60. 

atherinoides, II, 60, 80*, 85%. 

dilectus, IT, 60. 

dinemus, IT, 60. 

jaculus, II, 60. 

rubellus, II, 60. 

rubrifrons, II, 60. 

Noturus, I, 50, II, 67, III, 79*. 

exilis, [ols MGT. 

flavus, I, 50, II, 67, III, 42+, 437. 

marginatus, I, 50, IT, 68. 

miurus, II, 68. 

sialis, II, 68, III, 74*. 

noveboracensis, Ithycerus, III, 108f. 

Porzana, IV, 197. 

Vireo, 1V, 176. 

novemnotata, Coccinella, III, 158*, VI, 

Bier 

nubilus, Alburnops, II,-56. 

nuchalis, Aspidonectes, V, 52. 

Hybognathus, I, 45, IT, 56, VI, 79%, 

94%, 

Numenius, IV, 196. 

borealis, IV, 196. 

hudsonicus, IV, 196. 

longirostris, [V, 196. 

Nut-hatch, Browu-headed, IV, 204. 

Red-bellied, IY, 172. 

White-bellied, LV, 172. 

Nut-hatches, IV, 172, 204. 

nuttalli, Phaleenoptilus, LV, 206. 

Nuttall Ornithological Club, Bulletins 

cited, IV, 179, 180, 189, 190, 

193, 199, 201, 202, 208. 

Nyctale, IV, 187, 207. 
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acadica, IV, 187. latipennis, I, 64. 

tengmalmi,var.richardsoni, IV ,207. nebulosa, I, 64. 

Nyctea, IV, 188. neglecta, I, 64. 

scandiaca, IV, 188. obliterata, I, 66. 

Nyctherodius, IV, 194. paradoxa, I, 65. 

Nyctiardea, 1V, 193. i pellucida, I, 66. 

grisea, var. neevia, IV, 193. pheenicoptera, I, 66. 

violaceus, IV, 194. rugosa, I, 65. 

sordida, I, 64, ILI, 142. 

O sulphurea, I, 63, 

Oak, I, 26, 27. tenebrosa, I, 63. 

Black, 1, 26. virginiana, I, 62. 

Red, I, 26. xanthoptera, I, 63. 

White, I, 26, II, 15. (Edipodini, I, 62. 

-woods Sparrow, IV, 180. - | Ohio Agricultural Report, cited, I, 55. 

Oats, 1, 52, IT, 5, LLL, 1204, 1274: Shad, I, 44, I], 55, 79*. 

obesus, Cambarus, I, 5, 19. ohionis, Paleemon, I, 5, 19. 

obliterata, dipoda, I, 66. Old Maid’s Pink, I, 59. 

oblongus, Erimyzon, I, 48, II, 64. oleracea, Portulaca, I, 57. 

- obscura, Anas, LV, 199. Olibrus, VI, 28+, 30+. 

Eutzenia, V, 40. Oligomyode, 1V, 184. 

obseurus, Ichthelis, I, 38. Oligosoma, V, 46. 

obsoletus, Coluber, V, 36. Jaterale, V, 46. 

Eumeces, V, 47. oliveeformis, Carya, I, 29, 31. 

obtusatus, Hydrocharis, III, 93+. olivacea, Vireosylvia, 1V, 176 

obtusus, Rhinichthys, II, 63. olivaceus, Vireo, VI, 17. 

occidentalis, Achmophorus, LV, 208. Zygonectes, I, 42. 

Ardea, IV, 193. ‘olivaris, Hopladelus, I, 50, II, 67. 

Culoptenus, I, 68. Pelodichthys, 11, 67. 

Cephalanthus, 11, 12. Olive-backed Thrush, LV, 171. 

Pygosteus, II, 51. ; Carp Sucker, I, 49. 

occipitomaculata, Storeria, V, 40. -sided Flycatcher, IV, 184. 

ochrophza, Desmognathus, V, 14, olmstedi, Boleosoma, I, 35, II, 40, III, 

ocularis, Chorophilus, V, 19. Dope 

Odonata, III, 63+, 64+. Olor, IV, 198. 

larve, VI, 93f. americanus, IV, 198. 

oderatus, Aromochelys, V, 53. buccinator, IV, 198. 

(®eanthus, III, 108+, 132+. Omophron, III, 149*. 

(demia, IV, 200 labiatum, III, 150*. 

americana, IV, 200. Oniscide, I, 21. 

(Hdipoda equalis, I, 63. onocrepis, Eumeces, V, 46. 

atrox, I, 66. ; Onthophagus, III, 128}, 132+, VI, 28f, 

belfragii, I, 65. 29t, 30t. 

carinata, I, 63. hecate, III, 120+. 

carolina, I, 64, 65. : janus, III, 131. 

cincta, I, 65. opaculus, Anisodactylus, VI, 44*. 

collaris, I, 64. opacum, Amblystoma, V, 9. 

corallina, I, 66. Opaque Salamander, V, 9. 

corallipes, I, 65. Opegrapha, II, 32. 

discoidea, I, 66. Opegraphei, II, 32. 

hhaldemani, I, 65. Opheosaurus, V, 47.. 
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ventralis, V, 48. 

Ophibolus, V, 30, 33. 

calligaster, V, 34. 

doliatus, var. coccineus, V, 34. 

var. doliatus, V, 34. 

var. triangulus, V, 34. 

getulus, var. getulus, V, 33. 

var. sayi, V, 34. 

rhombomaculatug, V, 34. 

Qphidia, V, 26, 27. 

Oporornis, IV, 175. 
-agilis, IV, 175. 

formosa, IV, 175. 

Opsomala brevipennis, I, 6]. 
punctipennis, I. 61. 

opulus, Viburnum, IT, 12. 

Orange-crowned Warbler, IV, 114. 
Orchard birds, VI, 19*, 20*. 

Oriole, IV, 182, VI, 14*, 26*, 27*. 
Orchestidee, I, 20. 
ordinata, Eutznia, V, 40. 

Oregon Robin, IV, 204. 

Snowbird, IV, 180. 

oregonus, Junco, LV, 170, 180. 

Organisms, On some interactions of, ITI, 

3-17. 

orientalis, Blatta, I, 60. 

Kakerlak, I, 60. 

Periplaneta, I, 60, 

Stylopyga, I, 60. 

Oriole, Baltimore, IV, 182, VI, 14*, 24* 

25*. 

Golden, LV, 182. 

Orchard, IV, 182, VI, 14%, 26*, 27%, 
Orioles, VJ, 14*. 

ornata, Tettix, I, 69, III, 140+. 

ornatum, Acrydium, I, 69. 

ornatus, Centrophanes, IV, 205. 

Chorophilus, V, 19. 

Ornithology. Bibliography of Illinois, 
IV, 168-170. 

Orthoptera, I, 59, II, 77+, 84+, 85+, 86+, 

It, 95t, 98+, 101+, 105}, 108+, 

1094 11Gf, 111}, 1124, 113, 1144, 
115+, 117}> 1194, 121}, 122+, 

123+, $24+,- 126+, 128}, 1304, 

1327, 133+, 1357, 1367, 138+, 

139+, 140+, 141}, 142+, 143t, 

144}, 145}, 148+, VI, 6, 7, 194, 
25+, 27+, 49+, 944. 

of Illinois, A list of the, 59-69. 

> 

Orthotrichum, II, 20. 

Ortolan, 1V, 197. 

Ortyx, IV, 192. 

virginiana, IV, 192, VI, 17*, 29*, 

31*, 32. 

var. floridana, IV, 192. 

oryzivorus, Dolichonyx, IV, 182, 197. 
Osceola, V, 30, 33. 

elapsoidea, V, 33. 
Oscillatoria, VI, 80+, 101+. 

Oscines, IV, 171. 

Osprey, American, IV, 188. 

osseus, Lepidosteus, I, 51, IM, 68. 

Ostracoda, I, 22, II, 77+, 81+, 82, III, 

27t, 36+, 52+, 544, 55+, 6Ot, 61t, 

62t, 63+, 64+, 68+, 71+, 73t, 74+, 

Tt, 79+, VI, 70+, 72+, 83+, 85+, 

93t, 94+. 

ossifragus, Corvus, LV, 183, oye 

Oswego Bass, II, 44. 

Ovules of grass, ITI, 156f. 
plants, III, 157+}. 

Owl, American Hawk, IV, 188. 

Barn, LV, 187. 

Barred, IV, 187. 

Burrowing, lV, 207. 

Great Gray, IV, 187. 

Great Horned, IV, 187. 

Hoot, IV, 187. 

Little Red, IV, 187. 

Long-eared, LV, 187. 

Mottled, IV, 187. 

Richardson’s, 1V, 207. 

Saw-whet, 1V, 187. 

Screech, IV, 187, 191. 

Short-eared, IV, 187. 

Snowy, IV, 188. 

Western Horned, IV, I87. 

Owls, III, 103, IV, 187, 207. 

Oxyechus, IV, 194. 

vociferus, 1V, 194. 

iP 

Paddle-Fish, II, 69. 

Painted Longspur, IV, 178. 
Turtle, V, 56. 

Southern, V, 56. 
Palzemon, I, 19. 

ohionis, I, 5, 19. 
exilipes, I, 5, 20, III, 30+. 

Paleemonetes, I, 19, III, 36, 48+, 52+. 
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Palemonide, I, 19. 

Pale Sunfish, II, 46, ITI, 54*. 

Palingenia, III, 27+, 59. 

bilineata, larve, III, 23+, 29+, 45t, 

oot, S58t, S59t, 64+, Got, 68t, 

VI, 84+. 

larve, ITI, 35+, 46+, 527, 55+, 58+, 

o9f, 60+, 65+, 78+, VI, 93+. 

pallasi, Hylocichla, III, 129*, IV, 171. 

Turdus, VI, 57*, 58*. 

pallida, Spizella, IV, 180. 

‘pallidus, Eupomotis, II, 46, IIT, 53*, 54*. 
Lepiopomus, II, 45, 46, 76%, 84%, 

87*, III, 38, 48*. 

micropterus, II, 44, 76*, 84*, III, 

25*, 30", 43%, 62*, 637. 

pallipes, Agonoderus, II, 77+, VI, 58t. 

palmarum, Dendrceca, IV, 175. 

Palmella, III, 157+. 

Paludina, II, 81+. 

palustris, Carabus, IIT, 140+, VI, 57+. 

Malacoclemys, V, 56. 

Melospiza, IV, 181. ’ 
Quercus, I, 58. 

Rana, V, 24. 

Telmatodytes, LV, 173. 

Pandion, IV, I88. 

haliaétus, var. carolinensis, IV, 188. 

panici, Tychea, IT, 16. 

panicola, Siphonophora, IT, 6. 
paniculata, Cornus, II, 13. 

Panicum, II, 6, 17, VI, 29+, 32+. 

crus-corvi, II, 6. 

crus-galli, III, 151+. 

seeds, III, 151+. 

glabrun, II, 16. 
seeds, VI, 25+. 

Pannaria, IT, 28. 

Pannariei, II, 28. 

paradoxa, (Edipoda, I, 65. 

paradoxus, Hippiscus, I, 65. 

Parakeet, 1V, 192. 

Carolina, LV, 187. 

parallelus, Dorcus, VI, 29+, 30+. 

Lachnocrepis, VI, 57+. 

Parasitic fungi, Upon, I, 52-59. 

insects, III, 83+, 85+, 146. 

parasiticus, Stercorarius, IV, 164, 202. 

Parenchyma, III, 156+, 157+, VI, 101+ 

Paride, 1V, 167, 172, VI, 8*, 18*, 22%, 

28*, 

parietalis, Eutenia, V, 40. 

parkmanni, Troglodytes, |V, 173. 

Parkmann’s Wren, LV, 173. 

Parmelia, II, 27. 

Parmeliei, II, 27. 

Parrots, IV, 187. 

Partial Catalogue of the Fishes of Illi- 

nois, A, I, 33-52. 

partiarius, Agonoderus, III, 94+, VI, 

58t. 

Partridge, Virginia, IV, 192. 

Partridges, 1V, 192, VI, 17*. 

Parula, LV, 174. 

americana, IV, 174. 

Parus, LV, 172. 

atricapillus, IV, 172, VI, 8, 28*, 

BU oO lien 

carolinensis, IV, 172. 

hudsonicus, 1V, 172. 

parvipennis, Tetrix, I, 69. 

parvulus, Sphenophorus, II!, 120+. 

Pasimachus, VI, 60*, 62*, 63*. 

Passerculus, IV, 179, 205. 

princeps, IV, 205. 

sandwichensis. var.savanna, | V,179. 

Passerella, IV, 181. 

iliaca, IV, 181. 

Passeres, IV, 171. 

Passerina, IV, 181, 205. 

ciris, 1V, 181. 

cyanea, IV, 181, VI, 13*, 18*, 20%, 

29*, 30*, 31*, 32*. 

versicolor, LV, 205, 

Passerini, G , on Tychea, II, 16. 

passerinus, Coturniculus, 1V, 179, VI, 

WDE 29*) BOR: 

Patrobus, VI, 46*, 59*, 62*, 63*. 

longicornis, VI, 46*. 

Pea, II, 8. 

leaves and stems, I, 59. 

Peach, II, 9. 

Pectinatella magnifica, III, 49+. 

Pectoral Sandpiper, IV, 195. 

Pedicecetes, IV, 191. 

phasianellus, var. columbianus, IV, 
191. 

Peet-weet, IV, 196. 

Pegedichthys, I, 41. 

alvordi, I, 41, II, 50. 

Peitigera, LI, 28. 

pelasgica, Cheetura, LV, 185, VI, 17. 
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Pelecanide, IV, 167, 201. 

Pelecanus, IV, 201. 

fuscus, LV, 164, 201. 

erythrorhynchus, IV, 201. 

Pelican, American White, IV, 201. ° 

Brown, IV, 201. 

Pelicans, IV, 201. 

Pelidna, IV, 195. 

alpina, var. americana, IV, 195. 

Pelionetta, IV, 201. 
perspicillata, IV, 201. 

pellucida, Camnula, I, 66. 
(Edipoda, I, 66. 

pellucidus, Pleurolepis, I, 35, II, 38, 74*, 

84*, III, 22*. 
Pelodichthys, II, 67. 

olivaris, II, 67. 

peltastes, Xenotis, II, 46, ITI, 53*. 

Peltigerei, II, 28. 

Pemphigine, IT, 3. 

Pemphigus populicaulis, III, 152+. 
populi-veine, III, 152+. 

penelope, Mareca, IV, 199. 

pennsylvanica, Blatta, I, 59. 

Dendreeca, IV, 174, VI, 9*, 28*, 30*, 

31*. 

Ischnoptera, I, 59. 

Platamodes, I, 59. 

pennsylvanicum, Acer, II, 14. 

Cinosternum, V, 54. 

pennsylvanicus, Buteo, IV, 189. 
Chauliognathus, JII, 152*. 

Harpalus, III, 108f, 150*, 156*, 

157, VI, 45*, 46*, 584. 

Pentatomidae, III, 50+, 907, 92+, 94+, 

105+, 108+, 1177, 1267, 130+, 

1317, 132}, 138+, 189}, 141+, 
1457, 145+, 148+, VI, 6f, 8f, 

11}, 23, 25}, 27+. 
Perea, I, 36, II, 43, 53, 75+, III, 32+, 

30*, 36*, 43+, 78*. 
americana, II, 43, 75*, 84*, III, 

Pes pad OM Gas 

flavescens, I, 36, II, 43. 

Percesoces, II, 51. 

Perch, II, 43, 75*+, III, 21, 22, 28*, 30f, 
40+. 

Common, I, 36, II, 75+, Ill, 21, 

28*, 67*. 

Yellow, II, 43, IIT, 28*. 
Gray Pike, I, 36, III, 31*. 

Grunting, IJ, 50, IIT, 64*. 

Lake, III, 31. 

Log, I, 36, IT, 39. 

Pirate, IT, 48, 77*, VI, 66*. 

Western, II, 48, 77*. 

Ringed, II, 43, 75*, III, 28*. 

River, IIT, 31. 

Salmon, J, 36. 

Trout, 1; 43; Ill, 53. 

White, II, 50. 

Yellow, II, 46, 71*. 

Percide, I, 34, II, 48, 75*, 83*, 84*, III, 

205/207; 2o7,.09*, 80°, 00%. 

Perema, 1°36; If, 39, ELI, 24*, 27, 

437. 

caprodes, I, 36, II, 39, III, 23*, 42+. 

manitou, II, 39. 

Percoid fish, II, 75+, 767, 30+. 

fishes, ITI, 25*. 

Percopside, I, 43, IT, 53. 

Percopsis, I, 42, II, 53. 

guttatus, I, 48, IT, 53. 

Perdicidze, IV, 167, 192, VI, 17*, 26%, 

29%, 

peregrina, Helminthophaga, IV, 174, 

VI, 9*, 28%, 30*, 31*. 

Pergande, Th., II, 7, 16. 

Peribalus modestus, III, 139}. 

Periplaneta americana, I, 60. 

orientalis, I, 60. 

periscelidis, Locusta, I, 64. 

Perisoreus, IV, 206. 

canadensis, IV, 206. 

Perisporiacei, I, 57, 

Perissoglossa, IV, 174, 204. 

carbonata, LV, 204. 

tigrina, LV, 174. 

permundus, Pterostichus, VI, 41*. 

Peronospora, I, 55, VI, 42+, 43+, 44+, 

45+, 46+, 53+, 59+, 60+, 617, 63F, 

64+. 

fumosa, I, 56. 

gangliformis, I, 55, 

infestans, I, 55. 

viticola, I, 55. 

Peronosporez, I, 54, 57, 58. 

perplexus, Hister, VI, 28f, 30+. 

persica, Aphis, II, 9. 

persiczcola, Aphis, II, 9. 

persice, Myzus, II, 9. 

persicarie, Polygonum, II, 8. 



70 INDEX, 

persicophila, Aphis, II, 9. 

perspicillata, Pelionetta, [V, 201. 

Pertusaria, I], 30. 

Petrochelidon, IV, 177. 

lunifrons, IV, 177, VI, 11*, 29*, 31*. 

Petromyzon, J, 52. 

niger, I, 52, II, 70. 

Petromyzontide, I, 52, IT, 70. 

Peucea, IV, 170, 180, 205. 

wstivalis, 1V, 169, 206. 

var. illinoénsis, IV, 180. 

cassini, [V, 205. 

illinoénsis, LV, 170. 

Pewee, IV, 184. 

Say’s, IV, 184. 

Wood, IV, 184, VI, 15*, 26*, 27*. 

Pezotettix, I, 67. 

alba, I, 67. 

dodgei, I, 68. 

femur-rubrum, I, 68. 

manca, I, 67. 

minutipennis, I, 66. 

scudderi, I, 67. 

unicolor, I, 66. 

viola, I, 68. 

Phacus, VI, 77+. 

Phalacride, ill, 116+, VI, 22+. 

Phalacrocoracidez, IV, 167, 201. 

Phalacrocorax, IV, 201. 

dilophus, IV, 201. 

var. floridanus, IV, 201. 

mexicanus, LV, 201. 

Phalenide, III, 93}, 129+, 141}*, 147+. 

larve, III, 1047, VI, 24t, 26+. 

Phalznoptilus, IV, 206. 

nuttalli, 1V, 206. 

Phalarope, Northern, IV, 197. 

Red, IV, 197. 

Wilson’s, LV, 197. 

Phalaropes, IV, 197. 

Phalaropodide, IV, 167, 197. 

Phalaropus, IV, 197. 

fulicarius, IV, 197. 

Phaneeus carnifex, III, 1207. 

Phaneroptera curvicauda, II, 77+, III, 
50. 

Phascum, II, 18. 

Phasma buprestoides, I, 60. 

Phasmide, I, 60. 

Phenacobius, I, 46, II, 61, VI, 76, 86, 
92*, 

scopiferus, IT, 61, VI, 88*, 94*. 

teretulus, var. liosternus, I, 46, II, 61. 

Philadelphia Academy of Natural Sci- 

ences, Proceedings, cited, IV, 

206. 

Vireo, IV, 176. 

philadelphia, Geothlypis, IV, 175. 

philadelphise, Larus, IV, 202. 

philadelphica, Vireosylvia, LV, 176. 

Philhydrus, VI, 72+, 737, 93+. 

cinctus, III, 93+. 

Philohela, 1V, 195. 

minor, LV, 195. 

Phleum, seeds, VI, 59+, 63+. 

Phlox, I, 59. 

pheeniceus, Agelzeus, IV, 182, VI, 13*. 

PAA tale rales aye 

phenicoptera, (idipoda, I, 66. 

phenicopterum, Acridium, I, 66. 

pheenicopterus, Hippiscus, I, 66. 

Phoma, VI, 597, 63+. 

spores, III, 155+, 158+, VI, 40f. 

Phoradendron, III, 106t. 

flavescens, III, 144+. 

Phorodon, II, 9. 

humuii, II, 9. 

Photogenis, I, 47, IT, 57, VI, 76, 86. 

analostanus, II, 57,VI, 75, 87%, 94*. 

leucops, VI, 75*. * 
scabriceps, I, 47. II, 60. 

Phoxinus, I, 47, II, 62. 

neogeeus, I, 47, II, 62. 

phoxocephalum, Etheostoma, I, 35, II, 

39: 

phoxocephalus,Alvordius, II, 39, I11.23*. 

Phryganeide, 11, 52+, 64+, VI, 94¢. 

larve, III, 23+, 27+, 30+, 35t, 44¢, 

46+, 557. 

Phyllactinia guttata, I, 58. 

Phyllodromia germanica, I, 59. 

Phyllophaga, III, 140+, 141+, 147+, VI, 
27+, 284, 31t. 

. Phyllopoda, I, 22, II, 88. 
Phyllotaxis, I, 27. 

Phymatodes, variabilis, VI, 29+, 31+. 

Physa, II, 777, 78+, 80+, III, 50+, 51+, 
D4f, 55+, VI, 72, 73t, T4t. 

heterostropha, IIT, 30+, 35+. 

Physcia, II, 28, VI, 64+. 
spores, VI, 52+. 

Physcomitrium, II, 22. 
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Phytocoreidx, III, 105¢. 
Phytocoris lineolaris, III, 93+. 

Phytolacea, I, 31. 

Phytophagous Carabide, VI, 56+. 
. Scarabeeidee, LII, 132+, 1354. 

Pica, IV, 183. 

rustica, var. hudsonica, 1 V, 164, 183. 

Pici, IV, 185. 

Picidse, LV, 167, 185, 207, VI, 16*, 26*, 

20*: 

Pickerel, III, 21, 68*. 

Grass, lI, 53. 

Humpback, IT. 53. 

Little, I, 48, IT, 53, 79*. 

Pickerel Frog, V, 24. 

pickeringi, Hyla, V, 20. 

Picoides, IV, 186, 207. 

arcticus, IV, 186. 

tridactylus, var. americanus, LV, 

207. 

picta,.Chrysemys, V, 56. 

pictipennis, Corethra, II, 74+. 

pictus, Centrophanes, IV, 178. 

Picus, IV, 185, 207. 

pubescens, LV, 185. 

querulus, IV, 207. 

villosus, IV, 185. 

Piesma cinerea, VI, 10+, 28+, 327.. 

Pigeon grass, seeds, VI, 12+. 

Hawk, IV, 188. 

Woodpecker, IV, 186. 

Pigeon, Wood, IV, 186. 

Pigeons, IV, 190, VI, 16*. 

mikes ll..o55 TLL, 32%. 

Blue, I, 44. 

Common, III, 68. 

Gray, II, 43. 

Ground, II, 43. 

Lake, I, 43. 

Northern, IJ, 78*. 

Sand, II, 43. 

Wall-eyed, II, 44, 75*, III, 21; 22, 

28*, 32%, 76*. 

Yellow, II, 44. 

Pike-Perch, I, 36, III, 21, 28*, 32*, 76*. 

Gray, I, 36, III, 31*. 
Pikes, II, 52, 78*. 

Pileated Woodpecker, IV, 186. 

pileatus, Hylotomus, 1V, 186. 

Pilot Snake, V, 36. 

Pimephales, I, 45, II, 55,59, VJ, 75*, 76. 

milesi, I, 45, I], 55. 

promelas, I, 45, II, 55, VI, 78*, 

94*, 

Pine, II, 14, VI, 101f. 

pollen, VI, 527. 

Pine Goldfinch, IV, 178. 

Grosbeak, IV, 178. 

Snake, V, 38. 

Western, V, 38. 

Warbler, Creeping, IV, 175. 

Pinicola, IV, 178. 

enucleator, IV, 178. 

pinicolens, Aphis, IJ, 14. 

Pink, Old Maid’s, I, 59. 

Pinnated Grouse, IV, 191. 

Pintail Duck, IV, 199. 

pinus, Chrysomitris, 1 V, 178. 

Dendreca, IV, 175. 

Helminthophaga, IV, 174. 

Piosoma, III, 153. 

Pipilo, IV, 181. 

erythrophthalmus, IV, 179, 181. 

Piping Plover, IV, 207. 

Belted, 1V, 194. 

Pirate Perch, II, 48, 77*, VI, 66*. 

Western, II, 48, 77*. 

piscivorus, Ancistrodon, V, 28. 

pisi, Siphonophora, II, 8. 

Pisidium, II, 78+. 

Pityophis, V, 30, 37. 

melanoleucus, V, 38. 

sayl, var. sayi, V, 38. 

placidus, Cambarus, I, 4, 19. 

Placodium, II, 30. 

Placopharynx, I, 49, II, 63. 

carinatus, I, 49, II, 63. 

plagiata, Asturina, IV, 169, 189. 

Plagiodera viridis, III, 130+. 

Planorbis, II, 77+, 78+, 80+, III, 50+, 

olf, 54+, 55¢, 65+, VI, 71+, 73+. 

deflectus, VI, 81f. 

Plant beetles, III, 108+, 111}, 1127, 

115+, 120+, 121+, 129}, 130+, 

131f. 

bugs, II, 81, IIT, 501, 1887. 

-lice, ILI, 158+, 159+, VI, 9+, 40f, 

43t, 46t, 497, 517, 52+, 537, 544, 

Sof, 70+, T7t. 

Plants, II, 83+, 847, 85+, 86+, VI, 90f. 

anthers, VI, 84+, 877. 

blossoms, IIT, 152+, VI, 85+. 
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cruciferous, I, 57. 

graminaceous, epidermis, ILI, 156. 

grass-like, VI, 49}, 877. 

seeds, VI, 89+. 
ovules, III, 157+. 

pollen, Ili, 152+, VI, 52+, 847, 87t. 
seeds, II], 157+, VI, 18+, 44+, 84f, 

&7t. 
stem, III, 50+. 

vascular, leaves and stems, VI, 101}. | 

Plataleidz, IV, 167, 192. 

Platamodes pennsylvanica, I, 59. 

unicolor, I, 59. 

Platanus, I, 30, 31. 

Plates, Explanation of, I, 71-76. 

platineum, Amblystoma, V, 11. 

Platygobio, VI, 76, 82. 

Platygyrium, II, 23. 

Platynus, III, 108+, 119+, 129}, 139, 

140t, 151*, VI, 40*, 57}, 59*, 
60*, 62*, 63*. 

cupripennis, III, 151*. 

decorus, VI, 40*. 

limbatus, VI, 40*. 

platyrhinus, Heterodon, V, 43. 

platyrhynchus, Scaphirhynchops, I, 51, 

TI, 69. 

platystomus, Lepidosteus, I, 51, II, 69, 

82*, 86*. 

Plectrophanes, LV, 178. 

nivalis, 1V, 178. 

Plegadis, LV, 192, 208. 

falcinellus, IV, 192. © 

guarauna, IV, 208. 

Plethodon, V, II, 12. 

cinereus, var. cinereus, V, 12. 

var. dorsalis, V, 12. 

var. erythronotus, V, 12. 

glutinosus, V, 12. 

Plethodontide, V, 7, 11. 
Pleuridium, II, 18. 

Pleurodelidz, V, 7. 8, 15. 

Pleurolepis, I, 35, II, 38, III, 22*, 27*: 

asprellus, II, 38, III, 22*. 

pellucidus, I, 35, II, 38, 74*, 84*, 
Il; 22%, 

Pleuroxus, Ill, 29+, 36+, 39+, 44+, 45¢, 

46+, 47+, 57+, S8t, 72+, 73+, VI, 
70+, 72t. 

dentatus, III, 48}, 747. 

Pliny’s Natural History, cited, III, 152. 

Ploteide, IV, 167, 201. 

Plotus, IV, 201. 

anhinga, LV, 168, 201. 

Plover, Belted Piping, LV, 194. 

Black-bellied, IV, 194. 

Field, IV, 196. 

Golden, IV, 194. 

Mountain, IV, 207. 

Piping, IV, 207. 

Prairie, 1V, 196. 

Semipalmated, 1V, 194. 

Upland, IV, 196. 

Plovers, LV, 194, 207. 

Plum, II, 13. 

Plumatella, IT, 75+, 77+. 

Poa pratensis, IIT, 151+. 

Pochard, American, IV, 200. 

Podabrus, III, 158*. 

tomentosus, III, 152*, 158*. 

Podasocys, LV, 207. 

montanus, LV, 207. 

Podiceps, IV, 203. 
cristatus, IV, 163. 

holb6lli, LV, 203. . 

podiceps, Podilymbus, IV, 205. 
Podicipedidx, 1V, 167, 203, 20. 

Podilymbus, LV, 203. 
podiceps, LV, 203. 

Podisus, VI, 11f. 

modestus, III, 94+. 

spinosus, III, 130+, 144+, VI, 28+, 32f. 

Podospheera kunzei, I, 58, 

Podura, VI, 52+, 64+, 70}, 93+. 

Peecilichthys, I, 84, II, 41, III, 27*, 30t, 

B5T. 

asprigenis, IT, 41, 75*, 84*, IIT, 23*. 

ceeruleus, I, 34, II, 41. 

flabellatus, I, 34, II, 42. 

jessize, II, 41. 

lineolatus, I, 34, II, 42. 

niger, I, 34, II, 41. 

‘spectabilis, I, 34, IT, 41, 42, IIT, 23%. 

variatus, II, 41, III, 23*. 

Pogonatum, II, 21. 

Poke, IV, 193. 

Polioptila, TV, 172. 

cerulea, 1V, 172. 

Pollen, IIT, 159+, VI, 50+, 55f, 64+. 

of Ambrosia, III, 157}, VI, 638+, 

64t. 

of blue-grass, III, 155+, VI, 40. 



INDEX. 73 

of Conifer, VI, 647. 

of Dandelion, III, 152+, 159+, VI, 

52¢t, 64+. 

of exogenous plants, VI, 48t, 64t. 

of Graminez, VI, 59+, 63+. 

of. grass, II], 155+, 156+, 159+, V1, 

40}, 52t, 557. 

of pine, VI, 52}. 

of plants, III, 152+, VI, 52+, 84f, 

87t. : 

of Polygonum, VI, 527, 64f. 

of rag-weed, III, 157+, VI, 45t, 52¢. 

Polyactis, I, 56. 

polyagrus, Falco, 1V, 169. 

Hierofalco, 1V, 188. 

Polydesmus, III, 94+, 106+, 1087, 128+. 

canadensis, III, 108+. 

serratus, III, 108+, 131+, VI, 28f, 32+. 

virginiensis, IIT, 108+. 

polyglottus, Mimus, III, 131*, LV, 171, 

176. 

polygoni, Aphis, II, 8. 

Gastrophysa, III, 108+. 
Siphonophora, II, 8. 

Polygonum, III, 1067, VI, 29+, 32f. 

persicarize, II, 8. 

pollen, VI, 52+, 64+. 
seeds, VI, 131, 20+, 25t, 27+. 

polymorpha, Tetrix, I, 69. 

Tettigidea, I, 69. 

Polyodon, I, 51, II, 69, 88*, 89*. 

folium, I, 51, II, 69, 82*, 86*. 

Polyodontide, I, 51, II, 69, 82*, 86*. 

Polytrichum, IT, 21. 

Polyzoa, II, 75+, 76+, 77+, 84+, 85+, 86+, 

III, 497, 50+, 52+, 63+, 64+. 
Pomarine Jaéger, LV, 202. 

pomatorhinus, Stercorarius, IV, 202. 

Pomolobus, I, 44, II, 55. 

chrysochloris, I, 44, I], 55, 79*, 85*, 
Pomotis, I, 38. 

aquilensis, IT, 45, 

auritus, I, 38, II, 46. 

Pomoxys, I, 37, II, 47, 76*, 84*, IIT, 48, 

60*, 61*, 62*, 63*, 64%, 68*, 

annularis, I, 37, II, 47, 76*, 84*, 

III, 56*. 

hexacanthus, I, 37, II, 47. 

nigromaculatus, II, 47, 76%, 84*, 

89*, III, 56*. 

Pond Weeds, II, 76+, III, 44, 55+. 

Pontoporeia, I, 20. 
filicornis, I, 20. 

hoyi, I, 20. 

Pocecetes, IV, 179. 

gramineus, IV, 179. 

Poor-will, LV, 206. 

popetue, Chordeiles, IV, 185. 

populicaulis, Pemphigus, III, 152+. 

populicola, Chaitophorus, II, 10, 14. 

populifolize, Aphis, II, 14. 

populi-veine, Pemphigus, III, 152+. 

Populus, I, 28, 29, 30, 31. 

angulata, II, 20, 

candicans, II, 14. 

grandidentata, II, 14. 

monilifera, I, 31. 

porphyriticus, (:yrinophilus, V, 14. 

Portulaca oleracea, I, 57. 

Porzana, IV, 197. 

carolina, LV, 197. 

jamaicensis, IV, 197. 

noveboracensis, LY, 197. 

Potamocottus, II, 50. 

alvordi, II, 50. 

meridionalis, II, 50, VI, 68*, 95*. 

wilsoni, II, 50. 

Potamogeton, IT, 75+, 76+, 77+, III, 447, 

467, VI, 84t. 

Potato, I, 55, VI, 99+. 

Beetles, Colorado, III, 50+, 947. 

Pottia, II, 20. 

Practical Entomologist, cited, II1,91,145. 

Prairie Chicken, IV, 191. 

Falcon, IV, 188. 

-grass, seeds, ITI, 151}. 

Hen, IV, 191. 

Plover, LV, 196. 

Warbler, IV, 175. 

pratensis, Poa, III, 151f. 

Pratt, Dr. W. A., I, 43. 

Predaceous beetles, III, 93+, 98+, 102+, 

103, 110+, 112, 115}, 120}, 122, 

130}, 144+, 146, 149*, VI, 7t, 

137, 36*. 

Notes upon the food of, III, 149- 

152. 

’ bugs, ITI, 102+, 139+, 144}, 146. 

Coleoptera, ITI, 130+, VI, 33*. 

fishes, II, 72*, III, 34*, 76*, 77. 

Hemiptera, III, 115, 124+, 150f, 

135, 186. 
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insects, III, 14, 83+, 85+, 124+, 129+, 

140}, 146, 159. 
thousand-legs, III, 94+, 124+. 

Prevost, Observations on Fungi, I, 53. 

princeps, Passerculus, IV, 205. 

principalis, Anolis, V, 49. 

Campephilus, IV, 185. 

Proceedings of the Boston Society of 

Natural History, cited, IV, 206. 

Essex Institution, cited, IV, 172. 

204. 
Philadelphia Academy of Natural 

Sciences, cited, I, 34,V, 3, VI, 66. 

Prodenia lineatella, larvee, III, 145+. 

Progne, IV, 177. 

subis, [V, 177. 

promelas, Pimephales, I, 45, II, 55, VJ, 

78*, 94*. 
Prometopia 6-maculata, III, 94f. 
propinquans, Stenobothrus, I, 61. 
propinquus, Cambarus, I, 4, 19, ITI, 42t. 

prosthemius, Couesius, II, 62. 

Proteida, V, 5, 6. 

Proteide, V, 6. 

Prothonotary Warbler, LV, 174. 

Protococcus, III, 73+, VI, 59+, 63+. 

Protonotaria, IV, 174. 

~  citrea, IV, 174. 
Protozoa, III, 267, 70+, 71, 72+, 79+, VI, 

77H, 85t, 93, 94+, 98t. 

proxima, Eutzenia, V, 39. 

pruni, Aphis, IT, 9, 13. 

prunifoliz, Aphis, IT, 13. 

Prunes, I, 30. 

Pyrgomorpha brevicornis, I, 61. 
punctipennis, I, 61. 

Psenocerus, VI, 10+, 15t. 

supernotatus, VI, &t, 9t, 10}, 18t, 

22+, 24+, 26+, 28+, 297, 31t. 

Pseudemys, V, 54. 

concinna, V, 59. 

elegans, V, 56. 
hieroglyphica, V, 55. 

mobilensis, V, 55. 

rugosa, V, 50. 

scabra, V, 55. 

troosti, V, 55. 

Pseudobranchus, V, 6. 

striatus, V, 6. 

pseudogeographicus, Malacoclemys, V, 

56. 

pseudo-nietanus, Tomonotus, I, 63. 

psilostachya, Ambrosia, II, 5. 

Psittaci, 1V, 187. 

Psittacide, IV, 167, 187. 

Ptarmigan, Willow, LV, 191. 

Ptelea, I, 27, 28, 30. 

Pterocallis, II, 14. 

Pterostichi, III, 140+, 149*. 

Pterostichus, II], 93+, 95+, 110+, 120f, 

128}, 1294, 139+, 140f, VI, 41*, 

50*, 57+, 59*, 60*, 61*, 62*, 6*. 

_ lueublandus, III, 1414, 150*, 157*, 

WI, 41%, 42*, avy. 

permundus, VI, 41*. 

sayi, III, 157*, VI, 41*, 42+, 57+. 

Ptilogonatidee, IV, 167, 172. 

Ptychomitrium, II, 20. 

pubescens, Fraxinus, I, 31. 
Heteraspis, III, 121+. 

Picus, IV, 185. 

Puccinia graminis, I, 5:2. 

malvacearum, I, 53. 

pulchrum, Botryopium, I, 59. 

pulex, Daphnia, II. 89+, III, 29+, 45t, 

487, 69+, VI, 70t. 

pullus, Amiurus, I, 50, I], 67. 

Pumpkin Seed, II, 46, 77*, III, 38, 53*. 

punctata, Callida, III, 95+. 

Cratzegus, IT, 13. 

punctatella, Aphis, II, 14. 

punctatum, Amblystoma, V, 9. 

punctatus, Diadophis, V, 35. 
Ictalurus, I, 50. 

Ichthezlurus, II, 66, 81*, 86*. 

Necturus, V, Errata (See Index, 9). 

punctipennis, Opsomala, I, 61. 

Pyrgomorpha, I, 61. 

punctulata. Microperca, I, 34, II, 43, 

TAS. 

pungitius, Pygosteus, VI, 69*. 
puniceus, Aster, I, 59. 

Pupilla fallax, III, 128}. 

Purple Cutworm, VI, 187. 

Finch, LV, 178. 

Gallinule, 1V, 198. 

Martin, IV, 177. 

Salamander, V, 14. 

Sandpiper, LV, 195. 

purpureus, Carpodacus, IV, 178. 

Purslane, I, 57. 

pusilla, Sitta, IV, 204. 
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Spizella, IV, 180. 

pusillus, Anomoglossus, IIT, 152+. 

Ereunetes, IV, 195. 

Myiodioctes, IV, 175. 

Putnam, F. W., I, 39. 

pygea, Contia, V, 33. 

pygmea, Eucalia, I, 42. 

Pygopodes, 1V, 203. 

Pygosteus, J, 42, II, 51. 
nebulosus, I, 42, II, 51. 

occidentalis, var. nebulosus, II, 51. 

pungitius, VI, 69*. 

Pylaiszea, II, 23. 

Pyranga, IV, 177. 

estiva, IV, 177. 

rubra, IV, 177. 

Pyrenula, II, 34. 

Pyrgomorpha brevicornis, I, 61. 

punctipennis, I, 61. 

pyri, Aphis, II. 11. , 
pyriformis, Difflugia, III, 72+. 

Pyxine, II, 28. 

Q 

quadrangulata, Fraxinus, I, 31. 

quadridigitatus, Manculus, V, 13. 

quadrilateralis, Coregonus, II, 54. 
quadrimaculata, Tetrix, I, 69. 

quadrimaculatus, Cryptocephalus, III, 
507. 

quadrivittatus, Coluber, V, 37. 

Quail, LV, 192, VI, 17*, 26*, 27*. 
Southern, IV, 192. 

Virginia, IV, 192. 

Quail Hawk, IV, 189. 

Quails, IV, 192, VI, 17*. 

Quarterly Journal of Microscopical Sci- 

ence, cited, I, 55. 

Quaw Bird, IV, 193. 

Quawk, IV, 193. 

quercicus, Bufo, V, 17. 

quercifoliz, Lachnus, II, 15. 
Quercus, I, 30, 31, 58. 

bicolor, I, 26. 

coccinea, I, 29. 

macrocarpa, I, 26. 

nigra, IJ, 29. 

palustris, I, 58. 

rubra, I, 29, 58. 

Querquedula, LV, 199. 
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cyanoptera, IV, 199. 

discors, IV, 199. 

querula, Zonotrichia, IV, 180. 
querulus, Picus, IV, 207. 

Quill-back, II, 65. 

quinnat, Salmo, I, 43. 

5-notata, Coccinella, VI, 53*. 
Quiscalus, IV, 183. 

purpureus, var. zeneus, IV, 183, VI, 

14*, 29*, 30*, $2*. 

R 

Rabbit Hawk, IV, 189. 
radiata, Locusta, I, 62. 

Tragocephala, I, 62. 

radiatus, Gomphocerus, I, 62. 

Radish, Horse, I, 57. 

radix, Eutenia, V, 39. 

Radula, II, 26. 

Rag-weed, I, 57, III, 150+, 157+. 
blossoms, ITT, 1567. 

pollen, ITT, 157+, VI, 45+, 52+. 
Rail, Carolina, IV, 197. 

Common, IV, 197. 

King, IV, 197. 

Little Black, IV, 197. 

Yellow, IV, 197. 

Red-breasted, IV, 197. 

Virginia, IV, 197. 

Rails, IV, 197. 

Rain Crow, IV, 186. 

Rallidz, IV, 167, 197. 
Rallus, IV, 197. 

elegans, IV, 197. 

virginianus, 1V, 197. 

Ramalina, II, 27. 

Ramularia, VI, 43+, 59+, 637. 
Rana, V, 22. 

areolata, var. areolata, V, 22, 23. 

var. capito, V, 22, 23, 24. 

var. circulosa, V, 23. ~ 

catesbiana, V, 25, 

circulosa, V, 22, 23. 

clamitans, V, 24. 

halecina, V, 24. 

palustris, V, 24. 

septentrionalis, V, 24. 

temporaria, var. cantabrigensis, V, 
25. 

var. sylvatica, V, 25. 
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Ranatra, ITI, 52+. 

Ranide, V, 16, 22. 

Raniformia, V, 16, 22. 

Raspberries, III, 95¢, 98+, 106+, 109, 
* 112+, 113+, 114+, 118+, 120+ 

122+, 126}, 141+, 142+. 

Rattlesnake, Diamond, VY, 27. 
Ground, V, 28. 

Massassauga, V, 28. 
Northern, V, 27. 

Raven, American, IV, 183. 

White-necked. IV, 205. 

raveneli Microspheeria, I, 58. 

raveneli, Esox, II, 53. 

Ravenel’s exsiccati, I, 58. 

Reeurvirostra, IV, 197. 

americana, LV, 197. 

Recurvirostridz, [V, 167, 197, 

Red-backed Sandpiper, LV, 195. 

-bellied Dace, II, 61, VI, 80*. 

Minnow, I, 47. 

Nut-hatch, 1V, 172. 

Snake, V, 40. 

Turtle, V, 55. 

Woodpecker, IV, 186. 

-billed Horn Snake, V, 382. 
Mud Hen, IV, 198. 

-bird, IV, 181. 

Black-winged, LV, 177. 

Crested, IV, 181. 

Summer, LV, 177. 

-breasted Merganser, IV, 201. 
Rail, TV, 197. 

Sandpiper, IV, 195. 

Snipe, IV, 195. 

Teal, IV, 199. 

-cockaded Woodpecker, IV, 207. 
Crossbill, American, IV, 178. 

Currant, II, 5, 9. 
Eft, V, 15. 

Eye, IT, 44. 

-eyed Vireo, IV, 176. 

-fin, I, 47, II. 59, 80*. 

Compressed, II, 59. 

Forbes’, II, 57. 

-finned Shiner, IT, 80*. 

Fish, Hoy’s, II, 59. 

-head, IV, 200. 

-headed Woodpecker, III, 114*, IV, 

186, VI, 16*, 26%, 27*. 

-horse, I, 49, II, 63, 71*, 80*, 83%, 

INDEX. 

TOD Os 72. 

Common, II, 63. 

Golden, II, 68, 81*. 

Small-mouthed, II, 64. 

-legged Grasshoppers, III, 145+. 

-lined Snake, V, 32. 

-mouth Buffalo Fish, IJ, 65, 81*. 

-necked Grebe, American, IV, 202. 

Oak, I, 26. 

Owl, Little, IV, 187. 

Phalarope, IV, 197. 
-poll, Common, IV, 178. 

White-rumped, LV, 178. 

-poll Warbler, IV, 175. 

-shouldered Hawk, IV, 189. 

-sided Darter, I, 34, II, 42. 

Minnow, I, 47, IJ, 61. 

Sucker, II, 64. 

Snake, V, 34. 
-spotted Sun Fish, I, 38, II, 45. 

-tailed Hawk, LV, 189. 

Western, IV, 189. 

-throated Diver, IV, 203. 

Sapsucker, IV, 186. 

Triton, V, 13. 

-winged Blackbird, IV, 182, VI, 13*, 

24%, 25%, 

Reddish Egret, IV, 193. 

Redstart, American, 1V, 176. 

Reduviide, III, 94+, 105+, 131+. 

Reed-bird, IV, 197. 

regia, Sterna, IV, 202. 

Regulative action of Birds upon Insect 

oscillations, The, VI, 3-82. 

Regulus, IV, 172, VI, 56*. 

calendula, IV, 172. 

satrapa, IV, 172. 

relicta, Mysis, I, 20. 

remifer, Manculus, V, 18. 

Reports of Missouri State Entomologist, 
cited, III, 138. 

Ohio Agricultural Society, cited, I, 

50. 

U. S. Commissioner of Fish and 

Fisheries, cited, II, 71, III, 66, 

VI, 98. 

Department of Agriculture, cited, 

ILI, 152. 

Entomological Commission, eited, 

ITI, 138, 146. 152. 

Government Exploring Expedi- 
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tions, V, 3. 

Reptilia, V, 4, 26-58. 
and Batrachia, found east of Miss- 

issippi River, Descriptive cata- 

logue of, V, 1-64. 

reticulata, Chrysemys, V, 56: 

retrocurva, Daphnia, V1, 7Of. 

retroflexus, Amaranthus, |, 57. 

Revised catalogue of the Birds ascer- 

tained to occur in Illinois, IV, 

161-208. 

Reynolds; John P , VI, 109. 

Rhamunusg, I, 27, 31. 

Rheocrypta, II, 40. 

copelandi, II, 40. 

Rhineura, V, 45. 

floridana, V, 45. 

Rhinichthys, I, 45, II, 62, VI, 75, 76. 

atronasus, I, 45, IT, 63. 

cataractze, II, 62. 

lunatus, I, 46, II, 63. 

maxillosus, I, 45, II, 62. 

meleagris, I, 46, II, 63. 

nasutus, I, 45, II, 62. 

obtusus, II, 63. 

Rhizobius eleusinis, II, 15. 

Rhizopoda, III, 72+. 

rhombifer, Tropidonotus, V, 43. 
Rhomboganoidei, II, 68. 

rhombomaculatus, Ophibolus, V, 34. 

Rhopalosiphum, IT, 14. 

berberidis, II, 14. 

ribis, IL, 9. 

Rhus, I, 32, III, 1067. 

aromatica, I, 28, 31. 

glabra, I, 29, 30, 31, III, 93+, 108+, 

1387. 

toxicodendron, I, 30, 31. 

Rhyacophilus, IV, 196. 

solitarius, LV, 196. 

Rhynchophanes, IV, 179. 

maccowni, LY, 179. 

Rhyncophora, III, 92, 93+, 95+, 96, 1014, 

105+, 108+, 117+, 1264, 1314, 1354, 
1La6ta Vie aot let. leh 147, 

15t, 17+, 22+, 257, 27+, 83. 

Riband Snake, V, 38. _ 
Ribes, I, 30, 31. 

ribis, Aphis, II, 9. 

Myzus, II, 5, 9. 

Rhopalosiphum, IT, 9. 

Riccia, II, 24. 

Ricciaceze, II, 24. 

Rice, Frank L., I, 40. 

See Davis, N. 8., Jr., and Rice, 

Frank L. 

Rice’s Cottus, I, 40. 

ricei, Cottopsis, I, 40, II, 50. 

Rice, Wild, VI, 81t. 

richardsoni, Ajsalon, IV, 207. 

Nyctale, IV, 207. 

Richardson’s Merlin, LV, 207. 

Owl, IV, 207. 

ricordi, Lithodytes, V, 21. 

Ridgway, Robert, II, 49. 

A revised catalogue of the Birds as- 

certained to occur in Illinois, 
-IV, 161-208. 

See Baird, Brewer, and Ridgway. 

rigidus, Tropidonotus, V, 41. 

Riley, C. V., III, 88, 140, 142. 

Observations on Insects, III, 90, 91, 

138, 146. 

Ring-bill, IV, 200. 

-billed Gull, IV, 202. 

-necked Duck, LV, 200. 

Snake, V, 35. 

Ringed Perch, II, 48, 75*, III, 28*. 

riparia, Cotile, IV, 177. 

Rinodina, II, 30. 

Rissa, LV, 202. 

tridactyla, IV, 202. 

River Bass, III, 40*. 

Carp Sucker, II, 65. 

Chub. II, 62. 

Gar, II, 72. 

Perch, III, 31. 

Shrimp, III, 48+. 

Silverside, II, 7#*. 

rivularis, Ancylus, III, 24+, 27+. 

Robin, III, 82*, 89*, 100*, 104*, 107*, 

103.21 OF SS ana S ee 

118, 119%, 123*, 124*, 128%, 
182*, 135*, 1386*, 137*, 145*, 

Vise TE} SF) 19%; 2a" 23. 

American, LY, 171. 

Golden, IV, 182. - 

Ground, IV, 181. 

Oregon, IV, 204. 

young, III, 82*. 
Robin, Charles, Histoire Naturelle des 

Vegetaux Parasites, cited, I, 53. 
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Robin Snipe, IV, 195. 

Robinia, I, 28, 31. 

Robins, III, 89*, 134*, VI, 6*. 

woodland, III, 94*. 

robustus, Ichtheeiurus, II, 66. 

Roceus, I, 36, II, 44. 

chrysops, I. 36, II, 44, 75*, 84*, III, 

Boy aie 

Rock Bass, I, 37, II, 44, III, 88, 44%, 

61*. 

Rocky Mountain Blue-bird, IV, 172. 

Locust, III, 84. 

Roller, Stone, I, 44, II, 64, III, 70*. 

Roots, II, 81}, 82+. 

of evergreens, III, 150+. 

of grass, III, 156f. 

Rosa, I, 31. 

ros, Aphis, II, 5. 

Siphonophora, IJ, 5. 

rosea, Ajaja, IV, 164, 192. 

Rose beetles, III, 128t. 

-breasted Grosbeak, IV, 181, VI, 

13* 124") 25*; 

Roses, II, 5. 

rossi, Chen, IV, 208. 

Ross’s Snow Goose, IV, 208. 

rostrata, Anguilla, I, 51, II, 68. 

Rosy-faced Minnow, I, 47, II, 60. 

Minnow, I, 48. 

Spoonbill, LV, 192. 

Tern, IV, 208. 

Rotifera, III, 70+, 72+, 73+, 79+, VI, 85+, 

94+, 101, 105, 106+, 107+. 

Rotifer vulgaris, III, 72+, 73+. 

Rough-cheeked Darter, II, 75*. 

-headed Shiner, I, 47, II, 60. 

-legged Hawk, IV, 189. 

Ferruginous, IV, 190. 

Sand Darter, II,.38. 

Terrapin, V, 55. 

-winged Swallow, IV, 177. 

Round Fish, II, 54. 

Royal Tern, IV, 202. 

rubellus, Minnilus, I, 48, II, 60. 

Notropis, II, 60. 

ruber, Spelerpes, V, 13. 

rubicundus, Acipenser, I, 51, II, 69, 71*. 

rubida, Erismatura, IV, 201. 

rubiginosum, Acridium, [, 69. 

rubi, Siphonophora, II, 8. 

rubra, Pyranga, 177. 

Quercus, I, 29, 58. 

rubrifrons, Alburnellus, VI, 75. 

Minnilus, I, 47, II, 60. 

Notropis, II, 60. 

Rubus, 1, 31. 

Ruby-crowned Kinglet, IV, 172. 

-throated Humming-bird, 1V,184. 

Rudbeckia laciniata, II, 4. 

rudbeckize, Siphonophora, II, 4. 

Ruddy Duck, IV, 200. 

rufa, Ardea, LV, 169. 

Dichromanassa, IV, 164, 193. 

Certhia, IV, 173. 

rufescens, Tryngites, LV, 196. 

Ruffled Grouse, IV, 191. 

ruficapilla, Helminthophaga, IV, 174. 

rufus, Harporhynchus, III, 118*, 125*, © 

TV, 171, Vils 7% (28a O Rete 

32*, O1*, 58%. 

rugosa, (idipoda, 1, 65. 

Pseudemys, V, 55. 

rugosus, Hippiscus, I, 65. 

rumicis, Aphis, II, 13. 

rupestris, Ambloplites, I, 37, II, 44, 7&t, 

III, 44*. 

Bradycellus, III, 152*, VI, 45*. 

ruscarius, Klaphrus, VI, 27+, 30+. 

rusticum, Acridium, I, 69. 

rusticus, Anisodactylus, III, 1407, 155*, 

VI, 44*, 58+. 

Rusty Blackbird, IV, 182. 

ruticilla, Setophaga, IV, 176. 

rutila, Moniana, II, 58. 

Ss 

sabinei, Xema, IV, 202. 

saccharinum, Acer, I, 29. 

sackeni, Eutzenia, V, 39. 

Sachs, Jul., Text Book of Botany, cited, 

I, 58. 
Sagedia, II, 34. 

Sail Fish, I, 49, IT, 65. 1 
Salamander, Cave. VY, 13. 

Four-toed, V, 12. 

Large Spotted, V, 9. 
Long-tailed, V, 10. 

Mole, V, 9. 
Opaque, V, 9. 
Purple, V, 14. 
Smaller Spotted, V, 9. 
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Tiger, V, 10. 

Two-striped, V, 13. 

Viscid, V, 12. 

salar, Salmo, I, 43. 

salicicola, Aphis, II, 8. 

Siphonophora, IT, 8. 

salicti, Aphis, IT, 8. 

Salix, I, 29, 30. 

candida, I, 31. 

cordata, var. angusta, I, 29. 

Salmo, I, 43. 

namaycush, I, 44, II, 54. 

quinnat, I, 43. 

salar, I, 43. 

salmoides, Micropterus, I, 37, II, 44, 

Tot, III, 40*, 438*, 63*. 

Salmon, II, 44, 54, III, 21, 32*, 38. 

Black, IJ, 75*. 

California, I, 43. 

Great Sea, I, 438. 

Jack, ITI, 21, 31*. 

White, II, 44, 75*. 

salmoneum, Stizostedium, I, 36. 

Stizostethium, II, 44. 

salmoneus, Hsox, I, 43, II, 53, 79*, 85*, 

Il], 68*. 

Salmonide, I, 43, IT, 54, III, 21, VI, 98. 
Salmon Perch, I, 36. 

Salvias, I, 56. 

sambuci, Aphis, II, 13. 

sambucifolize, Aphis, II, 13. 

sambucifolia, Fraxinus, I, 29, 31. 

Sambucus, I, 27, 28, 31, 32. 

sancti-johannis, Archibuteo, IV, 189. 
Sand, II, 79+, 80+, VI, 78+, 91+. 

Sand Darter, I, 35, II, 38, 74*. 

Rough, II, 38. 

Lark, IV, 196. 

Martin, IV, 177. 

Pike, II, 43. 

Sanderling, IV, 196. 

Sandhill Crane, IV, 198. 

Sandpiper, Baird’s, 1V, 195. 

Bonaparte’s, IV, 195. 

Buff-breasted, LV, 196. 

Least, IV, 195. 

Pectoral, IV, 195. 

Purple, IV, 195. 

Red-backed, IV, 195. 

Red-breasted, IV, 195. 

Semipalmated, IV, 195. 

Solitary, IV, 196. 

Spotted, IV, 196. 

Stilt, LV, 195. 

Sandpipes, IV, 195. 

sanguinaria, Arphia, I, 63. 

sanguinea, Cycloneda, VJ, 54*. 

sanguineus, Diaptomus, I, 15, 23, IT, 

89f, VI, 103. 

sanguinolentis Ichthelis, I, 38, II, 46. 

sapidissima, Alosa, I, 44, IT, 55. 

Sapsucker, Big, IV, 185. 

Little, IV, 185. 

Red-throated, LV, 186. 

Squealing, IV, 186. 
Sarcorhamphi, IV, 190. 

Sassafras, I, 30, 31, 32. 

satrapa, Regulus, LV, 172. 

Sauger, II, 43, III, 31*. 

saurita, Eutéenia, V, 38. 

savanna, Passerculus, LV, 179. 

Savannah Sparrow, IV, 179. 

Sparrows, IV, 179. 

Saw-flies, III, 115f. 

-spined Stone Catfish, II, 68. 

-whet Owl, IV, 187. 

Saxicolide, III, 137*, IV, 167, 172, VI, 
8*, 28, 

sayanus, Aphredoderus, I, 39, II, 48, 
49, 84*, VI, 66*, 93*, 

sayl, Bacunculus, I, 60. 

Bracteria, I, 60. 

Diapheromera, I, 60. 

Ophibolus, V, 34. 
Pityophis, V, 38. 

Sayornis, IV, 184. 

Pterostichus, III, 157*, VI, 41*, 42+, 

57t. 

Sayornis, IV, 184. 

fuscus, LV, 184. 

sayi, IV, 184. 

Say’s Pewee, IV, 184. 

scabra, Pseudemys, V, 55. 

scabriceps, Cliola, II, 60. 
Episema, II, 60. 

Photogenis, I, 47, II, 60. 

Scaly-headed Darter, II, 42. 

scandiaca, Nyctea, IV, 188. 

Scaphania, II, 26. 

Scaphiopide, V, 16, 21. 
Scaphiopus, V, 21. 

holbrooki, V, 21. 
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Scaphirhynchops, I, 51, II, 69. 
platyrhynchus, 1, 51, II, 69. 

Scapholeberis mucronatus, III, 72}, 737, 

75t. 
Scarabzeidee, II, 77+, III, 987, 94+, 95t, 

101+, 105+, 108+, 112+, 116r, 
119}, 1204,°.122+, 123}, 125t, 

1987, 13e3t, 135t, 147+, Ld57t, 

VES Gre Ot 12 1ahe Lot; 

16}, 197, 20}, 227, 24+, 267, 41f, 

49+, 59+, 62f. 

coprophagous, III, 135+. 

phytophagous, III, 1327, 135f. 

Searites, VI, 16+, 38*, 57+, 597, 60t, 62, 

63. 

substriatus, VI, 29+, 30+. 

subterraneus, VI, 38*. 

Scarlet Snake, V, 33. 

Tanager, IV, 177. 

thornberries, III, 144+. 

Scaup Duck, IV, 200. 

Lesser, IV, 200. 

Scavenger beetles, III, 90+, 92+, 94+, 

O8t, TLOp L12f, 1294, Vi; 114, 

12+, 20+. 

fishes, II, 73, 83. 

Sceloporus, V, 48. 

floridanus, V, 48. 

undulatus, var. undulatus, V, 48. 

’ Schistocerca americanum, I, 69 

Schizoneura, I, 16. 

Schizoneurine, II, 3. 

Schleiden, Principles of Scientific Bot- 

any, cited, I, 52. 

Schytepoke, IV, 193. 

Scizenide, I, 40, II, 50, 77*, 84*. 
Scincide, V, 45, 46. 

Scirpus, ITI, 50+. 

Scissor-tail, IV, 206. 

-tailed Flycatcher, IV, 206. 

Scolecophagus, IV, 182. 

cyanocephalus, LV,.183. 
ferrugineus, IV, 182. 

scolopaceus, Macrorhamphus, IV, 195. 

Scolopacidée,, IV, 167, 195. 

Scolytus muticus, IIT, 131+. 
scopiferus, Phenacobius, II, 61, VI, 

88*, 94*. 
Scops, IV, 187. 

asio, LV, 187, 191. 

Scoter, Black, IV, 200. 

Velvet, IV, 201. 

Screech Owl, IV, 187, 191. 

Scrophulariacee, I, 55. 

scrutator, Calosoma, VI, 38*. 

scudderi, Pezotettix, I, 67. 

Scudder, S. H., I, 66. 
Sculpin, Cow-faced, IT, 50. 

Deep-water, I, 41, II, 50. 

Sculpins, II, 50. 
sculptilis, Sphenophorus, ITI, 120+. 

scutatum, Hemidactylium, V, 12. 

Seaside Finch, IV, 205. 

Seed-eaters, VI, 13*. 

Seeds, II, 77+, III, 1067, 119+, 122+, 

123+, 127+, 1385,’ To0} Var, 

11+, 12+, 13+, 144, 17+, 204, 23H, 

25+, 27+, 42+, 44+, 46t, 597, 60T, 

61t, 62, 71f, 8aT;. eon 

of Agrostis vulgaris, III, 151f. 

of Ambrosia artemisizfolia, 

151t. 
of Composite, VI, 13}, 177, 25f, 

27h) 

of Elm, IT, 79+. 

of grain, IIT, 150+. 

of Graminez, VI, 59}, 637. 

of grass, II, 81+, III, 150+, 156f, 

157+, VI, 39+, 407, 44+, 84f. 

of grass-like plants, VI, 897. 

of June grass, III, 151}, VI, 48t, 

447. 

of leguminous plant, VI, 16t. 
of Panicum, VI, 25t. 

of Phleum, VI, 59+, 63+. 

of pigeon grass, VI, 12. 

of plants, III, 157+, VI, 13+, 44+, 
84+, 87+. 

of Polygonum, VI, 13, 20+, 25+, 

ait 

of prairie grass, IIT, 151+. , 

of Setaria, VI, 12+, 18+, 207, 25f, 

27+, 89t. 

of timothy grass. III, 150f. - 

of weeds, VI, 14f. 

Segestria, II, 33. 

Selachostomi, II, 69. 

selene, Carpiodes, II, 65. 

semipalmata, Symphemia, IV, 196. 
Semipalmated Plover, LV, 194. 

Sandpiper, IV, 195. 

semipalmatus, Aegialites, IV, 194. 

III, 
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Semotilus, I, 45, II, 62, III, 35+, 46, 78*, 

VI, 75*, 76, 86, 89. 

corporalis, I, 45, II, 60, 62, 80*, 85*, 

Ill, 33+, 70*, VI, 88*, 94*. 

Senecio, I, 56. 

septentrionalis, Colymbus, IV, 203. 

Eumeces, V, 46. 

Rana, V, 24. 

Septoria, VI, 52+, 53}, 64+. 

serialis, Gryllus, I, 69. 

sericea, Cornus, J, 31. 

sericeus, Anisodactylus, III, 151*, 155*, 
VI, 44*. 

Cytilus, III, 120+. 

serotina, Cerasus, II, 9. 

Solidago, II, 4. 
serpentina, Chelydra, V, 53. 
serrator, Mergus, IV, 201. 

serratus, Eubranchipus, J, 13, 22, 25. 

Polydesmus, III, 108+, 131, VI, 

28+, 32t. 
serripennis, Stelgidopteryx, IV, 177. 

servus, Euschistus, III, 92}, 158t. 

Setaria, II, 6, VI, 29t, 32+. 

glauca, II, 6. 

seeds, VI, 12+, 137, 20+, 25+, 27+, 89+. 
setarize, Siphonophora, IT, 5. 

Setophaga, IV, 176. 

ruticilla, IV, 176. 
Sewall, J. A., Sodic pinate as a test for 

lime, I, 32. 
sexlineatus, Cnemidophorus, V, 47. 

sexmaculata, Prometopia, III, 94+. 

Shad, Common, I, 44, II, 55. 

Gizzard, I, 44, II, 55, 72*+, 75+, 78t, 

79*, 83*, III, 67*, 68*, 76+. 

Hickory, II, 55,79*, III, 327, 337,40+. 

Ohio, I, 44, II, 55, 79*. 

Sharp-nosed Dace, I, 45. 

Darter, II, 39. 

-shinned Hawk, IV, 189. 

-tailed Bunting, Nelson’s, IV, 179. 

Grouse, IV, 191. 

Sheepshead, I, 40, IJ, 50, 77*, 83*, 1IT, 

21, 32+, 64*, 67*. 
Sheldrake, Buff-breasted, 1V, 201. 

Hooded, IV, 201. 

Shell-bark Hickory, I, 26. 

Shells, bivalve, II, 77+. 

Shiner, I, 47, 48, II, 57, 61, III, 46, VI, 
81*, 84*. 

Big-eyed, IJ, 60. 

Red-finned, II, 80*. 

Rough-headed, I, 47, II, 60. 

Spotted, I, 45, IT, 62. 

Shining Bass, I, 37, IJ, 47. 

Shipman, E, F., V, 23. 

Short-billed Marsh Wren, LY, 173. 

-eared Owl, IV, 187. 

-nosed Gar, I, 51, IJ, 69, 87*. 

-striped Bass, I, 36. 

White Bass, II, 44. 

Shovel Fish, IJ, 82*, 88*, 89*, III, 76*. 

-nosed Sturgeon, I, 51, II, 69. 

Shoveller, LV, 199. 

Shrike, Great Northern, IV, 176. 

Loggerhead, IV, 176. 

White-rumped, IV, 176. 

Shrimp, Fresh Water, III, 50f. 

River, III, 48t. 

shumardi, Imostoma, I], 39. 

Sialia, IV, 172. 

arctica, IV, 172. 

sialis, III, 187*, 147*, LV, 172, 182, 

Wil SES" OU tole aoores Once: 

58*. 

Sialidee, III, 52+, 64+, VI, 22*. 

larvee, III, 60¢. 

Sialis, III, 52+. 

infumata, III, 49+. 

sialis, Noturus, IJ, 68, III, 74*. 

Sialia, III, 137*, 147*, IV, 172, 182, 

VI, 8*, 28*, 30*, 31*, 32%, 57*, 

58*, . 

sicculus, Labidesthes, I, 42, II, 51, 78*, 

85", VI, 69%, 93". 

sicilis, Diaptomus, VI, 106}, 107}, 108f. 

Sidide, III, 27+, 60+, 78+, VI, 94f. 

signata, Corixa, IIT, 41f. 

Silpha americana, III, 119}. 
lapponica, III, 119t. 

opaca, larva, III, 149*. 

Silphide, III, 122+, 125f. 

Siluridee, I, 50, II, 66, 75+, 81*, 844, 85f, 

86+, III, 32+, 35+, 43, 63+, 74*. 

Silver Bass, III, 21, 56*. 
-fin, I, Errata (See Index, 8), II, 

ROO tae Vele rire 

Slender, I, 47. 

-mouthed Dace, I, 45, I1, 61, 80*. 

Silverside, I, 42, II, 51, 78*, 89*, VI. 

69*. 
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Brook, III, 21, 69. 

River, II, 78*. 

Silvery Carp Sucker, II, 65. 

Lamprey, I, 52, II, 70. 
Minnow, I, 45, II, 56, 79*. 

Mullet, I, 49. . 
similis, Chrysomela, III, 131+. 

Simocephalus, III, 36+, 43+, 47+, 55t, 56t, 

57}, 58t, VI, 103. 
americanus, III, 297, 39+, 45+, 48f, 

54+, 58t, 69+, 74+, VI, 70t, 103. 

vetulus, III, 48+, 58+, 747, VI, 103. 

Simulium, larvee, VI, 69+, 93t, 94t. 

simus, Heterodon, V, 44. 

sincera Valvata, VI, 73+. 

sipedon, Tropidonotus, V, 42. 

Siphonophora, II, 4, 9, 14. 

acerifoliz, II, 4. 

ambrosiz, II, 4. 

asclepiadis, II, 7. 

avene, II, 5. 

coreopsidis, IT, 7. 
cyparissie, II, 7. 

erigeronensis, II, 7. 

euphorbiz, II, 6. 

euphorbicola, II, 6. 

fragarize, II, 8. 

granarie, See Aphis maidis, VI, Kr- 

rata (See Index, 9). 

lactucee, II, 7. 

panicola, IT, 6. 

pisi, II, 8. 

polygoni, II, 8. 

rose, IT, 5. 

rubi, IJ, 8. 

rudbeckize, II, 4. 

salicicola, II, 8. 

setaric, II, 5. 

itanaceti, II, 8. 

verbene, IT, 8. 

viticola, II, 5. 

Direns iVG.Gs ) one ae 

Great, V, &. 

lacertina, V, 6. 

Striped, V, 6. 

Sirenide, V, 5. 
sirtalis, Eutznia, V, 39. 

Sitta, IV, 172, 204. 

canadensis, IV, 172. 

carolinensis, LV, 172. 
pusilla, TV, 204. 

Sittidee, IV, 167, 172, 204. 

Siurus, LV, 175, 196. 

aurocapillus, LV, 175. 

motaceilla, 1V, 175 

neevins, LV, 175. 

Six-lined Lizard, V, 47. 

Skim-back, IT, 65. 

Skink, Coal, V, 46. 

Common, V, 47. 

Floridan, V, 46. 

Northern, V, 46. 

Western, V, 47. 

Skip Jack, IT, 55, IIT, 32+. 

Skuas, IV, 202. 

Skunk Blackbird, IV, 182. 
Slender Catfish, I, 51. 

Silver-fin, I, 47. 

Stone Catfish, II, 67. 

Slim Darter, I, 35. 

Slime, IT, 82+. 
sloani, Cambarus, I, 24. 

Slops, distillery, II, 80+. 

Slugs, VI, 47+, 62+. 

Small-billed Water Thrush, [V, 175. 

Black Lamprey, I, 52, IT, 70. 

fruits, III, 103+, 1097, zeny 123}, 

124+, 132+. 

-headed Mullet, IJ, 63. 

-mouthed Black Bass, I, 37, II, 44, 
' III, 40*, 61*. 
Buffalo Fish, II, 66. 
Red-horse, II, 64. 

Smaller garden fruits, III, 110, 115f, 

122+. 

Spotted Salamander, V, 9. 

Smilax, I, 27, 31, 32. 

Smith, E. A., I, 638, II, 8, 10. 

Seon: 
Observations on Fish, I], 71, 88. 

Worthington, G., Observations on 

Parasitic Fungi, I, 55. 

smithsonianus, Larus, LV, 202. 

Snail, Water, III, 65+. 

Snake-bird, IV, 201. 

Snake, Bull, V, 38. 

Chain, V, 33. 

Chicken, V, 37. 
Common Garter, V, 39. 

Congo, V, 8. 

Corn, V, 34. 

DeKay’s Brown, V, 40. 



Floridan Blind, VY, 45. 

Fox, V, 36. 

Garter, V, 39. 

Glass, V, 48. 

Grass, V, 36. 

Ground, V, 31. 

Harlequin, V, 29. 

Hog-nosed, V, 44. 

Hoy’s Garter, V, 39. 

King, V, 24, 
Kirtland’s, V, 41. 

Milk, V, 34. 
Pilot, V, 36. 

Pine, V, 38. 

Red, V, 34. 
Red-bellied, V, 40. 

Red-billed Horn, V, 32. 

Red-lined, V, 32. 

Riband, V, 38. 

Ring-necked, YV, 35. 

Scarlet, V, 33. 

Summer, V, 36. 

Western Pine, V, 38. 
Worm, V, 31. 
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Owl, IV, 188. 

sodalis, Evarthrus, VI, 41*. 
Sodic pinate as a test for lime, I, 32. 

Soft-shelled Turtle, V, 52. 

Agassiz’s, V, 52. 

Common, V, 52. 

Solanum duleamara, I, 55. 

Soldier Beetle, III, 92}, 138*, 144+, 146*. 

larvee, III, 1387, 1397. 

-bugs, IIT, 90, 92+, 111+, 120+,138+, 

141}, 144}, 146*. 

Spined, III, 146*. 

Solidago serotina, IT, 4. 

Solitaire, Townsend’s LV, 172. 
solitarius, Lanivireo, IV, 176. 

Rhyacophilus, IV, 196. 

Solitary Sandpiper, IV, 196. 

Vireo, IV, 176. 

Somateria, IV, 200. 

mollissima, var. dresseri, IV, 200. 

spectabilis, IV, 200. 

Song Sparrow, IV, 181. 

Sora, IV, 197. 

sordida, Encoptolophus, I, 64. 

Snapper, Alligator, V, 53. 

Snapping Turtle, Common, V, 53. 

Snipe, IV, 195. 

Common, IV, 195. 
English, IV, 195. 

Grass, IV, 195. 

Gray, IV, 195. 
Gutter, LV, 195. 

Jack, IV, 195. 
Red-breasted, LV, 195. 

Robin, IV, 195. 

Wood, IV, 196. 

Snout-Beetles, III, 98+, 102+, 108+, 112+, 

113t, 114+, 115}, 119+, 120¢,121+, 

122+, 123+, 1244, 128+, 134+, VI, 

tts 

Snowbird, Common, IV, 180. 

Oregon, IV, 180. 

White, IV, 178. 

Snow Bunting, IV, 178. 

Goose, LV, 198. 

Lesser, 1V; 198. 

Ross’s, IV, 208. 

Snow, F. H., Catalogue of the Birds of 

Kansas, cited, IV, 206, 207. 
Snowflake, IV, 178. 

Snowy Heron, IV, 193. 

(Edipoda, I, 64, III, 142+. 
Tetrix, I, 69. 
Tragocephala, I, 64. 

-sordidum, Acridium, I, 64. 

(Edipoda, I, 64. 

-sordidus, Encoptolophus, I, 64. 

Southern Quail, 1V, 192. 

Painted Turtle, V, 56. 

24*, 25*, 

Clay-colored, IV, 180. 

Sparrow, Chipping, IV, 180, VI, 12*, 

Field, IV, 180, 181, VI, 12*, 24*, 25*. 
Fox-colored, IV, 181. 

Golden-crowned, 1 V, 180, 205. 

Harris’s, LV, 180. 

Ipswich, IV, 205. 

Lincoln’s, IV, 181. 

Oak-woods, IV, 180. 

Savannah, IV, 179. 

Song, IV, 181. 

Swamp, IV, 181. 

Tree, IV, 180, 181. 

White-crowned, IV, 180. 

Western, IV, 180. 

White-throated, IV, 180, 181. 

Yellow-winged, IV, 179, VI, 12*, 

24*, 25%. 
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Sparrow Hawk, IV, 188. 

Sparrows, IV, 178, 181. 

sparverius, Tinnunculus, IV, 188. 

Spatula, IV, 199. 

clypeata, IV, 199. 

spatula, Litholepis, IT, 69. 
Spawn-eater, I, 46, IJ, 56, VI, 82*. 

Spear Fish, II, 65. 

speciosus, Ichthelis, 1, 37, IT, 45. 

Speckled Cutworm, IIT, 90+. 

Tortoise, V, 57. 

spectabilis, Pcecilichthys, I, 34, II, 41, 

AD TN, 28": 
Somateria, IV, 200. 

Spectrum bivittatum, I, 60. 

femoratum, J, 60. 

spectrunculus, Hybopsis, IJ, 56. 

Spelerpes, V, 11, 12, 13. 

bilineatus, V, 13. 

guttolineatus, V, 15. 

longicaudus, V, 13. 

ruber, var. montanus, V, 14. 

var. ruber, V, 13. 

var. sticticeps, V, 14. 

Spencer, Herbert, Principles of Biology, 

cited, III, 6, 85. 

Spence,’ See Kirby & Spence. 

Speotyto, IV, 207. 

cunicularia, var. hypogea, IV, 907. 

Spherodactylus, V, 49. 

notatus, V, 49. 

Spheronemei, VI, 64+. 

spores, IIT, 155+, VI, 40+, 53+. 

Spherotheca castagnei, I, 58. 

Spharagemon equale, I, 63. 

collare, I, 64. 

Sphargidide, V, 49, 50. 

Sphargis, V, 50. 
coriacea, V, 50. 

Sphenophorus, VI, 12}, 28+, 29+, 32+. 

parvulus, IIJ, 120+. 

sculptilis, III, 120+. 

Sphyrapicus, IV, 186, 

varius, IV, 186. 

Spiders, II, 75+, 76+, 77+, 78+, III, 52+, 

90t, 91t, 93+, 95+, 96, 98t, 1084, 

109+, 111+, 112+, 1144, 119+, 

120¢, 122+, 124+, 128+, 129+, 

130+, 131}, 182, 184+, 188}, 
1397, 140t, 141+, 142+, 1434, 

144}, 145+, 146*, VI, 6, 8+, 9t, 

12+, 39+, 49t, 60+, 62+, 70+, 71t, 

(oT. 

water, III, 48+. 

spilota, Tauridea, IT, 50. 

Spilotes, V, 30, 37. 

couperi, V, 37. 

erebennus, V, 37. 

Spined Soldier-bug, III, 146*. 

spinifer, Aspidonectes, V, 52. 

Spinning mites, larve, III, 156. 

spinosus, Podisus, III, 1307, 144+, VJ, 

28+, 32t.:. 

Spirea, I, 58. 

Spirogyra, VI, 76+, 87+. 

Spiza, IV, 181. 

americana, IV, 181, VI, 12*, 18%, 

19*, 29*, 30*, 317, 32*. 

Spizella, LV, 180. 

agrestis, VI, 12*, 29*, 30*, 31*, 32*. 

domestica, IV, 180, VI, 12*, 29*, 
30*, 31*, $2. 

montana, IV, 180. 

pallida, IV, 180. 

pusilla, 1V, 180. 

Spongopus, III, 153. 
sponsa, Aix, IV, 200, 201. 

Spoon-bill, IT, 69, IV, 192. 

Rosy, IV, 192. 

Spoon-bill Duck, IV, 199. 

Spoon-billed Catfish, II, 82*. 

Spores of Cryptogams, VI, 557. 
Dematiei, VI, 42. 

fungi, III, 155+, 156+, 157+, 158+, 

1597, VI, 50+, 52+, 53+, 544, 554, 

77t, 80t, 84t. 
Helminthosporium, VI, 40+, 4I1t, 

45+, 48+, 52t. 

lichen, ITI, 159+, V1, 52+, 53+, 547, 
Sof. 

Myxogastres, IIT, 159+, V1, 53+. 

Phoma, III, 155+, 158+, VI, 40+. 
Physcia, VI, 52+. 

Sphzronemei, ITI, 155+, VI, 40+, 53+. 
Ustilago, VI, 77+. 

Ustilago helminthsporium, IIJ,159+. 

Spotted Salamander, Large, V, 9. 
Smaller, V, 9. 

Sandpiper, IV, 196. 
Shiner, I, 45, II, 62. 

Sturgeon, II, 69. 

Sucker, II, 64. 
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Triton, V, 15. 

spraguei, Neocorys, IV, 204. 

Sprague’s Lark, 1V, 204. 
spretum, Acridium, I, 68. 

spretus, Caloptenus, I, 68. 

Spring Beetles, II, 78, III, 120+, 1214, 

1227, 123+, 1247, 129+, 131+, VI, 

16+. 

Spruce Grouse, IV, 207. 

spurius, Icterus, 1V, 182, VI, 14*, 29%, 

30*. 
Squamella, IIT, 72+, 73+. 

squamiceps, Etheostoma, II, 42. 

Square-tailed Eave Swallow, IV, 177. 

Squatarola, IV, 194. 

helvetica, 1V, 194. 

Squawk, IV, 193. 

Squealing Sapsucker, IV, 186. 
squirella, Hyla, V, 20. 

Stagmatoptera minor, I, 60. 

Stagmomantis carolina, I, 60. 

minor, I, 60. 

toltecta, I, 60. 
Stake Driver, IV, 194. 

Staphylea, I, 27, 28, 29, 30, 31. 
Staphylinide, II], 47+, 104+, 1167, 125+, 

If. VI, 10h oat: 

Staphylinus badipes, VI, 27+, 30+. 
cinnamopterns, III, 152*. 

staphylinus, Canthocamptus, I, 15. 
Starlings, American, LV, 182. 

Staurastrum, III, 72+. 

Staurothele, IT, 34. 

Steganopodes, IV, 201. 

Steganopus, IV, 197. 
wilsoni, LV, 197. 

Stelgidopteryx, IV, 177. 
serripennis, LV, 177. 

Stelidota geminata, ILI, 131}. 

stellaris, Cistothorus, LV, 173. 

Stenobothrus admirabilis, I, 61. 

wequalis, I, 61. 

curtipennis, I, 61. 

longipennis, I, 61. 

maculipennis, I, 61. 

melanopleurus, I, 61. 

propinquans, I, 61. 
Stenolophus, III, 129+, 153, VI, 58+. 

conjunctus, VI, 28}, 30¢. 

Stephanodiscus niagare, VI, 99t. 

Stercorariidee, [V, 167, 202. 

Stercorarius, LV, 202. 

parasiticus, IV, 164, 202. 

pomatorhinus, IV, 202. 

Stereochilus, V, 11, 12, 13. 

marginatum, V, 13. 

Sterna, IV, 202, 208. 

anglica, IV, 202. 

antillarum, IV, 202. 

caspia, IV, 202. 
dougalli, 1V, 208. 

fluviatilis, IV, 202. 

forsteri, LV, 202. 

macrura, LV, 208. 

regia, 1V, 202. 

- Sternotremia, I, 39, II, 48. 

isolepis, I, 39, IT, 49. 

mesotrema, II, 49. 

Stetheophyma gracilis, I, 62. 

Stickleback, I, 42. 

Black, IT, 51, VI, 68*. 

Brook. lls te. 

Many-spined, I, 42, II, 51, VI, 69*. 

Sticklebacks, II, 51, 78*, VI, 68*. 

Sticta, IT, 28. 

sticticeps, Spelerpes, V, 15. 

Stilbe, VI, 75*. 

Stilt, Black-necked, IV, 197. 

Stilts, [V, 197. 

Stilt Sandpiper, LV, 195. 

Stimpson, Dr. Wm., on food of White 

Fish, IJ, 71. 

stimpsoni, Triglopsis, II, 50. 

Stizostedium, I, 36. 

americanum, I, 36, LI, 44. 

griseum, I, 36, II, 45. 

salmoneum, I, 36. 

Stizostethium, II, 43, 75+, 84*, ILI, 32*, 

BEBE alae 

canadense, II, 43, 75+, 84*, IIT, 

Sleaers 

vitreum, II, 44, 75+, 84*, III, 32*. 

var. salmoneum, II, 44. 

Stone Catfish, Chubby, IT, 68. 
- Saw-spined, II, 68. 

Slender, II, 67. 

Yellow, IT, 67. 

Lugger, IT, 55, VI,§77*. : 
Rollers 445 stile G40. (Onions Lc, 

70*, 73. 

Stonechats, III, 1387*, IV, 172. 

Storeria, V, 30, 40. 
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dekayi, V, 40. 

occipitomaculata, V, 40. 

storerianus, Alburnops, IT, 56. 
Hybopsis, I, 46. 

Storer’s Minnow, I, 46, II, 56. 

Storks, 1V, 192. 

stramineus, Alburnops, IT, 57. 

Hybopsis, I, 46, VI, 84%, 94*. 

Strawberries, III, 109+, 112+, 114}, 118+, 

120}, 122+, 126+, 128}, 136+. 

Strawberry, II, 8. 
Straw-colored Minnow, II, 57, VI, 84*. 

streperus, Chaulelasmus, IV, 199. 

Strepsilas, IV, 194. 

interpres, IV, 194. 

Strepsilidee, 1V, 167, 194. 
striata, Anursei, VI, 1064, 107}. 

Dendrcecae 1V, 175, VI, 9*, 28%, 
B10}: ales 

striatopunctata, Clivina, VI, 28f, 30t. 

striatula, Haldea, V, 32. z 

striatus, Pseudobranchus, V, 6. 

Striges, 1V, 187. 

Strigide, 1V, 167, 187, 207. 

Striped Bass, III, 57*. 

_ Blue Darter, I, 34, II, 41. 

Darter, I, 33, II, 75*. 

Minnow, I, 42, If, 52. 

Siren, V, 6. 

Sucker, I, 48. 

Top Minnow, II, 78*, VI, 72*. 

Strix, LV, 187. 

nebulosa, 1V, 187. 

Studies of the Food of Birds, Insects, 

and Fishes, II1,1-160, VI, 1-110. 

Sturgeon, I, 51, II, 69, 71*, 86*. 

Lake, I, 51, II, 69. 
Shovel-nosed, 1, 51, Il, 69. 

Spotted, IT, 69. 

Sturnella, IV, 182. 

magna, IV, 182, VI, 17. 

neglecta, IV, 182. 
stygius, Asellus, J, 11, 22. 

Ceecidotea, I, 11. 

Cambarus, I, 3, 19. 

Stylopyga orientalis, I, 60. 

Stylospores of fungi, III, 1567. 
subangulata, Aspidoglossa, VI, 57t. 

subarcticus, Bubo, IV, 187. 

subceerulea, Ictinia, IV, 189. 

subis, Progne, LV, 177. 

subjuncta, Mamestra, III, 90+. 

subspinosus, Macrodactylus, III, 128+. 
substriatus, Scarites, VI. 29}, 30f. 

subterraneus, Searites, VI. 38*. 

Succinea, III, 30}, 35+, 130+. 

succinetus, Gryllus, 1,69. ~ 

sucetta, Erimyzon, II, 64, 81*, &86*, III, 

Es 

Sucker, Black, III, 71*. 

Chub, I, 48, II, 64. 81*, IIT, 72*. 

Common, I, 48, II, 64, IJI, 73*. 

Cope’s, I, 49. 

Gourd-seed, II, 64 

Hog, II, 64 § 

Long-nosed, II, 6}. 

Long-tailed, II, 64. 

Missouri, II, 64. 

Northern, I, 48. 

Red-sided, IT, 64. 

Spotted, IT, 64. 

Striped, I, 48. 

White, II, 63, 64. 

Suckers, 11, 63, 72, 75t. SO= lili aie 

26%, Ge Ue. Valeo 

cylindrical, III, 76*. 

sulphurea, Arphia, I, 63. 

Locusta, I, 63. 

(Edipoda, IJ, 65. 

sulphureum, Acridium, I, 63. 

sulphureus, Gryllus, I, 638. 

Locusta, I, 63. 

Tomonotus, I, 63. 

Sumach Berries, III, 93+, 94+. 106+, 108+, 

113+, 118}, 1387, 139}, 144}. 

Summer Duck, 1V, 200, 201. 

Redbird, 1V, 177. 

Snake, V, 36. 

Yellow Bird, LV, 174, VI, 9*, 22%, 

23%, 

Sun Fish, Black, I, 37, I, 45. 

Bluey erate as Gre 

Blue and Green, II, 46. 

Blue and Orange, I, 38, II, 46. 

Blue-cheeked, II, 77*. 

Blue-green, II, 46. 

Blue-spotted, IT, 45, IIT, 46*. 

Chain-sided, II, 45. 

Common, I, 32, II, 46, 76*, I11, 33; 

48%, 

Gilded, I, 38, II, 46. 

Long-eared, I, 33, III, 53*. 
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Pale, II, 46, III, 54*. 
Red-spotted, I, 38, II, 45 

Wide-mouthed, III, 44*. 

Son Fishes, II, 44. 72, 75*+, 89*, III, 21, 

28*, 32+, 37+, 38*, 46+, 67*, 76*, 

VI, 66 
superciliosus, Hyborhynchus, II, 56. 

supernotatus, Psenoceras, VI, 8+, 9+, 10+, 

18}, 22+. 244, 26, 28+, 29+, 31. 

Surf Duck’ IV, 199, 201. . 

surinamensis, Hydrochelidon, IV, 202. 

Surnia, 1V, 188. 

funera, LV, 188. 

suturalis, Chrysomela, IIT, 120+, 130+, 

' 131}, VI, 28+. 29}, 31f. 

swainsoni, Buteo, LV, 189. 

Helinaia, IV, 170. 

Helonzea, IV, 174. 

Hylocichla, 1V, 171. 

Murdos, Lo W3l= Vil bis bee. 

Swainson’s Hawk, IV, 189. 

Varush, TE, 80%, 151*, 133*, 135%, 
136*. 

Warbler, IV, 174. 

Swallow, Bank, IV, 177. 

Barn; LV, 177. 

Chimney, IV, 185. 

Che TV; 177, VI, 114, 24*, 25+. 

Mud, IV, 177. 

Rough-winged, IV, 177. 

Square-tailed Eave, IV, 177. 
White-bellied, LV, 177. 

Swallows, IV, 177, VI, 11+. 

Swallow-tailed Kite, IV, 188, 189. 

Swamp Sparrow, IV, 181. 

Swan, Trumpeter, IV, 198. 

Whistling, IV, 198. 

Swans, LV, 198, 208. 

Swift, Chimney, IV, 185. 

Swift Hawk, IV, 189. 

Swifts, LV, 185. 
sylvatica, Rana, V, 25. 

Sylviidee, IV, 167, 172. 

Symphemia, IV, 196. 

semipalmata, IV, 196. 

symphoricarpi, Aphis, II, 12. 

Symphoricarpus vu'garis, II, 13. 
Synalissa, II, 29. 

Synoptical table of the sub-families of 

Aphide, IT, 3. ‘ 

Syringa vulgaris, I, 58. 
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Hb 

Table of families of Birds of Illinois, 

PV, 16%: 

Tachycineta, IV, 177. 

bicolor,-LV, 177. 

Tadpoles, frogs, Il, 78+, 79+, 85+. 

talpsideum, Amblystoma, V, 9. 

Tame cherries, III, 98+, 112f. 

fruits, III, 97, 112+. 

grapes, ITI, 967, 98+, 111}. 

tanaceti, Siphonophora, II, 8. 

Tanager, Scarlet, 1V, 177. 
Tanagers, LV, 177. 

Tanagride, IV, 167, 177. 

Tansy, II, 8 

Tantalus, LV, 192. 

loculator, 1V, 168, 192. 

Tantilla, V, 30, 32. 

coronata, V, 32. 

Tanymecus confertus, VI, 14}, 28+, 29+, 

alt. 

Taraxacum, I, 58. 

dens-leonis, pollen, III, 152+, 159}, 

VI, 64f. 

tartarica, Locusta, I, 69. 

Tattler, Bartram’s, IV, 196. 

Tauridea, II, 50. 

spilota, IT, 50. 

taxispilotus, Tropidonotus, V, 42. 
Teal, Blue-winged, IV, 199. 

Cinnamon, LV, 199. 

Green-winged, IV, 200. 
Red-breasted, IV, 199. 

Tecoma, I, 27, 28, 30. 

Teeter, 1V, 196. 

Teidz, V, 44, 45, 47. 

Teleocephali, II, 38, IIT, 21. 

Teleostei, II, 38. 

Telephoride, I1I, 152*, VI, 437, 494, 
60+, 62f. 

Telephorus, IIT, 148+, VI, 97, 11+. 
bilineatus, III, 92+, VI, 97, 28+, 31+, 

1524. 

larvee, ILI, 138. 

| Telipomus, I, 37. 

cyanellus, I, 37, II, 45. 
microps, I, 37, IT, 45 

nephelus, I, 37, II, 45. 
Telmatodytes, IV, 175. 

palustris, 1V, 175. 
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tenax, Mancasellus, I11, 28}, 30+. 

Tenebrionidee, III, 117}, 125+, 147+. 

larvee, III, 140+. 

tenebrosa, Arphia, I, 63. 

(Hdipoda, I, 63. 

tenebrosus, Tomonotus, I, 63. 

Tennessee Warbler, IV, 174, VI, 9%, 

Dae Pole 

Tentbredinide, IIT, 116+, VI, 24+. 

teres, Catostomus, I. 48, II, 64. 

Teretulus, I, 49. 

anisurus, I, 49, IJ, 64. 

aureolus, I, 49, II, 63. 

carpio, I, 49, IJ, 63. 

duquesni, I, 49, II, 63. 

macrolepidotum, I, 49, II, 65. 

velatus, I, 49, II, 64. 

tergemina, Caudisona, V, 28. 

tergisus, Hyodon, I, 44. IT, 79*, 85*. 

Tern, Arctic, LV, 208. 

Black, LV, 202. 

Caspian, IV, 202. 

Common, IV, 202. 

Forster’s, IV, 202. 

Least, IV, 202. 

Marsh, IV, 202. 

Rosy, LV, 208. 

Royal, LV, 202. 

White-winged Black, IV, 208. 

Terns, IV, 202, 208. 

Terrapin, Rough, V, 55. 

Yellow-bellied, V, 55, 

Terrestrial Arachnida, VI, 93+. 

Coleoptera, III, 45+, 63+, 64+, VI, | 

93+, 94+. 

Diptera, VI, 93+, 94+. 

Hemiptera, III, 43+, VI, 93+, 94+. 

vegetation, VI, 82+, 90}, 91f. 

Tessellated Darter, I, 35, II, 40. 

Testudinata, V, 26, 49. 

Testudinide, V, 50, 58. 

Testudo, V, 58. 

carolina, V, 58. 

Tetradecapoda, LI, 84+, 85+, 86+, IIT, 50+, 
62+, 63+, 64+. 

Tetranychi, larve, III, 156. 

Tetraonidee, IV, 167, 191, 207. 

Tetraopes, III, 148+. 

tetraophthalmus, IIT, 141}. 

tetraophthalmus, Tetraopes, III, 141f. 

Tetraphis, II, 20. 

Tetrix arenosa, I, 69. 

bilineata, I, 69. 
dorsalis, I, 69. 

lateralis, I, 69, 

parvipennis, I, 69. 

polymerpha, I, 69. 

quadrimaculata, I, 69. 

sordida, I, 69. 

Tettigidea, III, 90+, 130+, 1404. 

lateralis, I, 69. 

polymorpha, J, 69. 

Tettigine, I, 69, III, 50. 

Tettigini, I, 69. 

Tettigonide, VI, 23}, 70t. 

Tettix, II, 77+, III, 130+. 

ornata, I, 69, IIT, 140+ 

Thalassochelys, V, 51. 

caouana, V, 51. 

Thelia, II, 23. 

Theloschistes, II, 27. 

Thick-billed Grebe, LV, 203. 

Thomas, B. W., on the Diatomacezx of 

Lake Michigan, V1, 108. 

Thomas, Cyrus, A list of the Orthop- 

tera of Illinois, I, 59-69. 

A list of the Aphidini, found in the 

United States, IT, 3-16 

thomasi, Cyclops, VI, 70+, 105}, 106f, 

107+, 108+. 

thompsoni, Carpiodes, II, 65. 

Ichthyobus, I, 49, II, 65. 

Triglopsis, [, 41. 

Thousand-legs, III, 91+, 93+, 94+, 98+, 

108}, 109}, Lli+, 112s eae 

119+, 120+, 122+, (23tsmeaes 

138+, 140+, VI, 7+, St. 

carnivorous, III, 111}. 

predaceous, III, 94+, 1247. 

“Thrasher, Brown, IV, 171. 

Three-toed Box Turtle, V, 57. 

Woodpecker, Banded, LV, 207. 

Black-backed, IV, 186. 

Thrips, III, 73¢, 110+, VI, 70+. 

Thrush, IIJ, 145, 1V, 181. 

Alice, II], 89% 180*; 139% 35% 

Be, 

Brown, III, 89*, 96*, 118*, 125%) 

128*, 182*, 1347, 13525 tg6ee 

Wl, DhS, EBs Oa 

Golden-crown, IV, 175. 

Gray-cheeked, IV, 171. 
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Hermit, IIT, 89*, 129%, 182*, 134*, 

IBS IB TN Ae 

Large-billed Water, IV, 175. 

Olive-backed, IV, 171. 

Small-billed Water, IV, 172. 

Swainson’s, III, 89*, 131*, 

135*, 136*. 

Wilson’s, III, 89*, IV, 171. 

Wood, III, 89*, 127*, 132*, 134*, 

BSA SOS Vs, lied. 

Thrushes, III, 89*, 135*, 136*, 137*, 

ae el Veith O04 a iVele be 

18*, 56%, 57*, 

and the Bluebird, Cicindelidee and 

Carabidz eaten by, VI, 57, 58. 

Fly-catching, IV, 172. 

Water, IV, 196. 

Thryomanes, IV, 173. 

bewicki, IV, 173. 

Thryothorus, 1V, 173. 

ludovicianus, IV, 173. 

Thunder Pump, IV, 194. 

Thysanura, VI, 93f. 

Tiger Bass, III, 40*. 

Salamander, V, 10. 

tigrina, Perissoglossa, IV, 174, 

tigrinum, Amblystoma, V, 10. 

Milian 2729. a0 ole 

Tilt-up, IV, 196. 

Timber Croppie, IIT, 56*. 

Timmia, II, 21. 

Timothy grass, III, 151+. 
heads, III, 151+. 

seeds, III, 150+. 

Tinnunculus, LV, 188. 

sparverlus, LV, 188. 

var. isabellinus, LV, 188. 

Tipulidee, III, 90, 94+, 104}, 116+, 1357, 

136+, VI, 267. 

Titlark, American, IV, 173. 

Titlarks, IV, 173, 204. 

Titmice, IV, 172. 

Titmouse, Tufted, IV, 172. 
Toad, Common, V, 17. 

Tree, V, 20. 

Togue, IT, 54, 

toltecta, Mantis, I, 60. 

Stagmomantis, I, 60. 

‘Tomato, I, 55. 

tomentosus, Chlznius, III, 139+, 140+, 

158*, VI, 42*, 57+. 

133*, 

Podabrus, III, 152*, 158*. 

Tomonotus carinatus, I, 63, 

pseudo-nietanus, I, 63. 

sulphureus, I, 63. 

var. carinatus, I, 63. 

var. sulphureus, I, 63. 

var. xanthopterus, I, 63. 

tenebrosus, I, 63. 

xanthopterus, I, 63. 

Toothed Herring, II, 54, 78+, 79*. 

minnows, II, 51, 78*. 

Toothless fishes, VI, 102*. 

Top Minnow, J, 42, II, 52, 72%, 

Sykes WL tes 

Black-eyed, II, 52, VI, 72*. 

Striped, IT, 78*, VI, 72*. 

torquatus, Colymbus, IV, 203. 

Tortoise, Blanding’s, V, 57. 

Speckled, V, 57. 

Tortoise-shell Turtle, V, 51. 

Totanus, IV, 196. 

flavipes, 1V, 196. 

melanoleucus, IV, 196. 

Towhee, IV, 181. 

townsendi, Myiadestes, IV, 169, 172. 

Townsend’s Solitaire, [V, 172. 

toxicodendron, Rhus, I, 30, 31. 

Trachystomata, V, 5. 

Tragocephala infuscata, I, 62, ILI, 90+. 

radiata, I, 62. 

sordida, I, 64. 

viridifasciata, I, 62, III, 138+. 

var. infuscata, I, 62. 

var. radiata, I, 62. 

var. virginiana, I, 62. 

trailli, Empidonax, IV, 184, VI, 15*, 

29" BOF ol. 

Traill’s Flycatcher, IV, 184, VI, 15*, 

Pg, PTE 

Transactions of the American Philosoph- 

ical Society, cited, VI, 74. 

Illinois Agricultural Society, cited, 

Teo: 

Horticultural Society, cited, II, 72. 

Treadwell, Prof., 11I, 82. 

Trechicus, III, 153. 

Tree Duck, Fulvous, IV, 208. 

in winter, The, I, 26-32. 

Sparrow, IV, 180, 181. 

Toad, Common, V, 20. 

Trematodon, II, 19. 

78*, 
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triacanthos, Gleditschia, I, 58. 

triangularis, Hydrophilus, IIT, 477. 

triangulus, Ophibolus, V, 34. 

tricarinata, Camnula, I, 66. 

Valvata, III, 30+, 35}, 54+, VI, Slt. 

trichas, Geothlypis, IV, 175, VI, 10*, 

28*, 30*, 31*, 32*. 

Trichostomum, II, 20. 

tridactyla, Rissa, IV, 202. 

Tridactylus, III, 121f. 

tridactylus, Murzenopsis, V, 8. 

trifida, Ambrosia, II, 4. 

Triglopsis, I, 41, II, 50. 

stimpsoni, IT, 50. 

thompsoni, I, 41. 

Trimerotropis «qualis, I, 63. 

verruculata, I, 64. 

Tringa, IV, 195. 

canutus, IV, 195. 

Tringoides, IV, 196. 

macularius, IV, 196. 

Trionychide, V, 49, 51. 

triseriatus, Chorophilus, V, 19. 

tristis, Astragalinus, IV, 178, VI, 11*. 

trisulea, Lemna, III, 59f. 

Triton, Red, V, 18. 

Spotted, V, 15. 

triunguis, Cistudo, V, 57. 

Trochili, LV, 184. 

Trochilidz, LV, 167, 184. 

Trochilus, I[V, 184. 

colubris, | V, 184. 

Troglodytes, IV, 173. 
aédon, var. parkmanni, IV, 175. 

domesticus, VI, 8*, 28*, 30*, 31%, 

Bye 

troglodytes, Cambarus, I, 4, 18. 

Troglodytide, IV, 167, 178, VI, 8*, 18%, 

22%, 28%, 

Trogositide, VI, 24}, 26t. 

troosti, Pseudemys, V, 55. 

Tropidoclonium, V, 31, 41. 

kirtlandi, V, 41. 

Tropidonotus, V, 30, 41. 

compressicaudus, V, 42. 

compsolzmus, V, 41. 

cyclopium, V, 43. 

fasciatus, V, 42. 

grahami, V, 41. 

leberis, V, 41. 

rhombifer, V, 43. 

rigidus, V, 41. 

sipedon, var. erythrogaster, V, 42. 
var. sipedon, V, 42. 

var. woodhousei, V, 42. 

taxispilotus, V, 42. 

ustus, V, 42. 

Tropisternus, III, 51f. 

limbatus, III, 44+, 50f. 

Trout, LET, 21, 38; 

Great Lake, IJ, 54. 

Lake, I, 44, II, 86*. 

Mackinaw, IJ, 54. 

Trout Darter, I, 34. 

Perch, I, 43, II, 53. 

True Warblers, 1V, 172. 

Trumpeter Swan, IV, 198. 

Truxalis angusticornis, I, 61. 

brevicornis, I, 60. 

notochlorus, I, 61. 
viridulus, I, 61. 

Tryngites, LV, 196. 

rufescens, IV, 196. 

Tryxalini, I, 61. 

Tryxalis brevicornis, I, 61. 

conspersus, I, 61. 

viridis, I, 61. 

tuberculatum, Acridium, I, 66. 

tuckeri, Erysiphe, I, 56. 

tuditanus, Alburnops, II, 56. 

Hybopsis, I, 46. 

Tufted Titmouse, IV, 172. 

Tulasne, on parasitic Fungi. I, 53. 

tulipifera, Liriodendron, I, 59. 

tullibee, Coregonus, IT, 54. 

tumida, Corixa, LIT, 23t, 24+, 27+, 294, 

35+, 39+, 40f, 41+. 

Turdide, III, 89*, 128*, 136*, 144*, IV, 

167, (171, 204, Vij foes 

ike 

Turdus aliciz, ILI, 130*. 

migratorius, III, 89*, 104*, VI, 5*, 

OH Us Bilin ays. Gye) Bie 

mustelinus, III, 127*, VI, 57*, 
58*. 

pallasi, VI, 57*, 58*. 
swainsoni, III, 131*, VI, 57*, 58*. 

Turkey, Barn-yard, IV, 191. 

Water, 1V, 201. 

Wild, IV, 191. 
Turkey Buzzard, IV, 189, 190. 

Turkeys, IV, 191. 
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Turnbull, Birds of Eastern Pennsyl- 

vania and New Jersey, cited, 

IV, 204, 206. 

Turnstone, IV, 194. 

Turtle, Agassiz’s Soft-shelled, V, 52. 

Alligator Snapping, V, 53. 

Box, V, 57. 

Common Snapping, V, 55. 

Soft-shelled, V, 52. 

Diamond-back, V, 56. 

Fresh-water Leather, V, 52. 

Gopher, V. 58. 

Green, V, 51. 

Hieroglyphie, V, 55. 

Leathery, V, 50. 

Little Musk, V, 53. 

Loggerhead, V, 51. 

Map, V, 56. 

Mud, V, 54. 

Musk, V, 53. 

Painted, V, 56. 

Soft-shelled, V, 52. 

Southern Painted, V, 56. 

Red-bellied, V, 55. 
Three-toed Box, V, 57. 

Tortoise-shell, V, 51. 

Wood, V, 57. 

Two-striped Salamander, V, 13. 

‘Tychea, II, 16. 

panici, IT, 16. 

Tyrannidex, IV, 167, 184, 206, VI, 15*, 

26*, 29%. 

Tyrannus, LV, 184, 206. 

carolinensis, IV, 184, VI, 15*, 29*, 

BOs les 

verticalis, IV, 206. 

vociferans, LV, 206. 

tyrannus, Milvulus, LV, 206. 

‘Tyrant Flycatchers, TV, 184, 206. 

U 

Udeopsylla nigra, III, 142+. 

ubleriana, Ischnoptera, I, 59. 

Uhler, P. R., III, 139. 

on Corixa, I, 5. 

on Pezotettix scudderi, I, 67. 
Ulmus, I, 27, 29, 30. 

alata, I, 26. 

fulva, I, 28, 29, 31. 

Ulula, EV; 187. 

cinerea, LV, 187. 

umbellus, Bonasa, IV, 191. 

Umbra limi, VI, 73*, 93*. 

| Umbride, I, 48, II, 47, 52, 78*, 85*, 

Wilk Gor io not 
umbrosus, Esox, I, 43, II, 53. 

undulatus, Sceloporus, V, 48. 

Unger, Die Exantheme der Pflanzen, 

cited, I, 52. 

Unicellular Alge, III, 69+, 70+, 71, 

73t, VI, T4t, 79t, 87t, 98+, 
107+. 

unicolor, Ischnoptera, I, 59. 

Pezotettix, I, 66. 

Platamodes, I, 59. 

Unio, II, 77+, III, 307, 35+, 544, 65+. 

Unionide, IT, 80+, 81+, ITI, 55+, 71+. 

unipuncta, Leucania, ITI, 139+. 

United States, A list of Aphidini, found 

in, II, 3-16. 

Department of Agriculture, Re- 

ports cited, III, 152. 

Entomological Commission, Re- 

ports cited, III, 138, 146, 152. 
Faunal regions of, V, 59. 

Fish and Fisheries, Reports of 

Commissioner cited, II, 71, II, 

66, VI, 98. 

Geological and Geographical Sur- 

vey of the Territories, cited, 

TV, 193. 

Government exploring expedi- 
tions, Reports, V, 3. 

National Museum, Bulletins cited, 

Veo 

Upland Plover, IV, 196. 

Uranidea, I, 41, II, 50. 

boleoides, I, 41. 

hoyi, I, 41, II, 50. 

kumlieni, I, 41, IT, 50. 

Uredines, I, 52. 

Uredo, VI, 53+, 64+. 

maydis, I, 52. 

ursina, Brachyacantha, III, 159*. 

urus, Bubalichthys, II, 65. 

Usnea, IT, 27. 

Usneei, II, 27. 

Ustilago, VI, 53+, 64+. 

spores, IIJ, 159+, VI, 77+. 

ustus, Tropidonotus, VY, 42. 
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Vv 

vadosus, Graphorhinus. See Epicerus 
imbricatus, VI, Errata (See In- 

dex, 9). 

vagrans, Eutzenia, V, 39. 

valerie, Virginia, V, 31. 

valliceps, Bufo, V, 17. 

vallisneria, Authya, LV, 200. 

Valvata sincera, VI, 73+. 

tricarinata, III, 30f, 35t, 54+, VI, 

Slt. 

varia, Mniotilta, 1V, 173. 

variabilis, Phymatodes, VI, 29f,.51f. 

variatus, Peecilichthys, II, 41, III, 23*. 

Varied Bunting, IV, 205. 

varius, Sphyrapicus, LV, 186. 

Veery, III, 89*. i 

Vegetarian Carabide, Iil, 150*. 

Vegetation, II, 72+, 75+, 76+, 77+, 79+, 
SOF, 81t, 824, III, 347, 364, 457, 

46+, 507, 524, 547, 55t, 59, GOT, 

63t, 64+, 73+, 120¢, 144+, 148t, 

149}, 150+, 156+, 157+, 158t, 

159}, VI, 20+, 39+, 40t, 41t, 

427, 437, 44t, 4ot, 467, 47t,. 
48+, 49+, BOT, 51+, 52+, 534, 
55}, 59+, Ot, 61+, 62+, 644, 69t, 
71+, 724, T3t, T5t, 77+, Tt, 79H, 
R04, 824, 83+, 844, 85+, 86+, S7T, 
88}, 89+, OF, 91+, 92+, 934, 944, 
101}, 102+. 

aquatic, II, 79+, 82+, III, 41, 51t, 
VI, 80+, 82+, 83, 867, 90+, 91t._ 

cryptogamic, II, 84+, 85+, 867, III, 

157}, 158+, VI, 554, 56+. 
spores, VI, 55f. 

decaying, III, 91f. 

endogenous, II, 79+, 80+, 81+, III, 

43, 141+, VI, 41t, 43+, 49+, 59t, 

60t, 61+, 63+, 64+, 93+. 

exogenous, II, 81, VI, 397, 41f, 427, 

44+, 454, 46+, 49+, 55¢; 567, 59F, 
60t, 61+, 62+, 64+, 83+. 

parenchyma, VI, 40t. 

pollen, VI. 48+, 647. 

seeds, VI, 59+, 62+. 

gramivaceous, VI. 42+, 44+, 45f, 

A8t, 564, 59+, 6Ot, 63+, 64t. 
pollen, VI, 63+, 64+. 

seeds, VI, 60f, 63f. 

parenchyma, ITI,156+, 157+, VI,101f. 
phenogamous, II, 84+, 857, 86f, 

III, 52+. 
terrestrial, VI, 82+, 90f, 91f. 

velatum, Myxostoma, II, 64. . 

 velatus, Teretulus, I, 49, IJ, 64. 

Velie, Dr. J. W., IV, 163, V, 4, 57. 

velifer, Carpiodes, I], 65. 

Ichthyobus, I, 49. 

velii, Diapheromera. I, 60. 

Velvet Scoter, IV, 201. 

velvetina, Melanetta, 1V, 201. 

ventralis, Opheosaurus, V, 48. 

Verbena, II, 8. 

verbenze, Siphonophora, II, 8. 
Vermes, IIJ, 52+, V1, 23t, 597, 60}, 62t, 

93F, 94. 

vermis, Carphophiops, V, 31. 
vermivorus, Helminthotherus, IV, 174. 

vernalis, Cyclophis, V, 36. 

Eubranchipus, I, 13, 14, 25. 

vernata, Anisopteryx, VJ, 22+, 24+, 267, 

27+, 28+, 29+, 30, 60+, 62t. 

vernoniz, Aphis, II, 10. 

Vernonia fasciculata, II, 11. 

Verrill, Ay Ee: 

Verrucaria, II, 34. 

Verrueariei, II, 33. 

verruculata, Locusta, I, 64. 

Trimerotropis, I, 64. 

verruculatum, Acridium, I, 64. 

versicolor, Hyla, V, 20. 

Passerina, LV, 205. 

verticalis, Tyrannus, IV, 206. 

vespertina, Hesperiphona, IV, 178. 

vetulus, Simocephalus, III, 48t, 58+, 

74+, VI, 108. 

viburni, Aphis, IT, 12. 

Viburnum, I, 27, 29, 30. 

lentago, I, 28. 

opulus, IJ, 12. 

vidua, Cypris, VI, 69f, 83+. 

villosus, Picus, IV, 185. 

Vine Leaf-chafer, VI, 6+, 18}, 217. 

Vines of gourd, IIT, 152+. 

violaceus, Nyctherodius, IV, 194. 

viola, Pezotettix, I, 68. 

violans, Nephelodes, III, 142+, VI, 6t, 
18}, 27+, 287, 29+, 30+. 

virens, Contopus, IV, 184, VI, 15*, 29%, 

30*, 31*. 
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Dendreca, IV, 175, VI, 10*, 28*, | viridis, Chloéaltis, I, 61. 

Ses ails, 

Icteria, 1V, 175. 

Vireo, IV, 176. 

belli, IV, 169, 176. 

Bell’s, IV, 176. 

PTVOS Vs 10s ost Ure ols ook. 

noveboracensis, IV, 176. 

olivaceus, VI, 17. 

Philadelphia, IV, 176. 

Red-eyed, IV, 176. 

Solitary, IV, 176. 

Warbling, IV, 176, VI, 10*, 

25*, 

Wkite-eyed, IV, 176. 

Yellow-throated, IV, 176... 

Vireonide, IV, 167, 176, VI, 10*, 24*, 
28*, 

Vireos, IV, 176, VI, 10*. 

Vireosylvia, IV, 176. 

gilva, LV, 176. 

olivacea, IV, 176. 

philadelphica, IV, 176. 

virescens, Butorides, IV, 193. 

Virginia, V, 30, 31. 

elegans, V, 31. 

‘valeria, V, 31. 

Virginia Creeper, fruit, III, 111}. 
Partridge, IV, 192. 

Quail, IV, 192. 

Rail, IV, 197. 

virginiana, Cerasus, IT, 9. 

(Edipoda, I, 62. 

Ortyx, IV, 192, VI, 17*, 29*, 31*, 
oe 

Tragocephala, I, 62. 

virginianum, Acridium. I, 62. 
(Edipoda, I, 62. 

virginianus, Bubo. IV, 187. 

Cardinalis, LV, 181. 

Gryllus, I, 62. 

Locusta, [, 62. 

Rallus, LV, 197. 

virginiensis, Polydesmus, III, 108+. 

viridescens, Diemyctylus, V, 15. 
viridifasciata, Locusta, I, 62. 

Tragocephala, I, 62, III, 138+. 

viridifasciatum, Acrydium, I, 62. 
viridifasciatus, Gomphocerus, I, 62. 

Gryllus, I, 62. 

Locusta, I, 62. 

24", 

Chrysochraon, I, 61. 

Euglena, VI, 77+. 

Fraxinus, I, 58. 

Plagiodera, III, 130f. 
Tryxalis, I, 61. 

viridulus, Truxalis, J, 61. 

virilis, Cambarus, I, 4, 19, ITI, 30+. 

Viscid Salamander, V, 12. 

viscosa, Anthoceris, I, 55. 

viticola, Peronospora, I, 55. 

Siphonophora, IT, 5. 

Vatisy lee 

vitis, Aphis, IT, 5. 

vitreum, Stizostethium, II, 44, 75+, 84*, 

IML, Beer 

vittata, Diabrotica, III, 111+, VI, 28+, 

Bilas 

Epicauta, III, 132+. 

Vivipara, ITT, 507, 51+, 55+. 

vociferans, Tyrannus, IV, 206. 

vociferus, Caprimulgus, IV, 185. 

Oxyechus, IV, 194. 

volucellus, Alburnops, II, 57. 

vulgaris, Amiurus, I, 50, II, 66. 

Hybopsis, I, 46. 
Arcella, III, 72t. 

Berberis, II, 14. 

Rotifer, III, 72+, 73+. 

Symphoricarpus, II, 13. 

Syringa, I, 58. 

vulpinus, Coluber, V, 36. 

Vulture, Black,.IV, 190. 

Vultures, American, LV, 190. 

Ww 

Waetail, Water, IV, 175. 

Wagtails, IV, 173, 204. 

Wake-up, IV, 186. 

Walking-stick, IIT, 108+ 

Wall-eyed Pike, II, 44, 75*, III, 21, 22, 

Dash, Baroy Toke. 

Walsh, Benj. D., I, 67. 

Birds vs. Insects, cited, III, 145. 

Observations on Insects, III, 81, 91. 

Warbler, Bachman’s, IV, 204. 

Bay-breasted, IV, 175. 

Black and Yellow, LV, 174. 

Blackburnian, IV, 175. 

Black-capped Yellow, IV, 175. 
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Black-poll, IV, 175, VI, 9%, 22*, 

Black-throated Blue, 1V, 174. 

Green, IV, 175, VI, 10*, 22*, 23*. 

Blue-winged Yellow, IV, 174. 

Blue Yellow-backed, IV. 174. 

Canadian Fly-catching, LV, 175. 

Cape May, IV, 174. 

Carbonated, IV, 204. 

Cerulean, IV, 174. 

Chestnut-sided, IV, 174, VI, 9%, 

o 20% an. 

Connecticut, IV, 175. 

Creeping Pine, IV, 175. 

Golden-winged, IV, 174. 

Hooded, 1V, 175. 

Kentucky, IV, 175. 

Kirtland’s, 1V, 204. 

Mourning, IV, 175. 

Nashville, IV, 174. 

Orange-crowned, LV, 174. 

Prairie, 1V, 175. 

Prothonotary, IV, 174. 

Red-poll, IV, 175. 

Swainson’s, IV, 174. 

Tennessee, LV, 174, VI, 9*, 22%, 23*. 

White-browed Yellow-throated, IV, 

175. 

Worm-eating, IV, 174. 

Yellow-rump, IV, 174. 

Warblers, VI, 9*. 

American, IV, 173, 204. 

True; Ve wee ‘ 

Warbling Vireo, IV, 176, VI, 10*, 24%, 

Doe 

War-mouth, II, 45. 

warreni, Boleichthys, I, 34, 35. 

Warrior, Black, 1V, 189. 

Washington Eagle, IV, 190. 

Water beetles, II, 82+, III, 44t, 53+, 54+, 
55+, LV, 93t, 108t, 129+. 

larvee of, ITI, 657. 

bugs, Li; 75t; 76}; @7},. Slt, 82+ 
INI, 29+, 39t, 61t. 

insects, I], 75+, 78+, 84+, 85t, 86+, 

IIL, 31+, 407, 50f, 51+, 56+, VI, 

67+, 80+, 944. 

mites, LL, Diy tite vot, LLL At. 

56+, 68+, 72t, 73t. 

moccasin, V, 28. 

snail, III, 65+. 

spiders, IIT, 48+. ; 

Thrush, Large-billed, [V, 175. 

Small-billed, IV, 175. 

thrushes, IV, 196. 

Turkey, IV, 201. 

Wagtail, IV, 175. 

weeds, II, 75+. 

-worms, VI, 84+. 

Wax-wing, Cedar, IV, 177, VI, 11*, 

DAR ORE. 

Northern, IV, 170, 176. 

Wax-wings, IV, 176, VI, 11*. 

Webster, F. M., Notes upon the food of 

Predaceous Beetles, III, 149- 

152. Cited, VI, 35. 

Observations on Insects, III, 87, 

IV, 36. 

on food of Beetles, VI, 38, 42, 45. 

Weeds, Pond, II, 76+, III, 44+, 55+. 

seeds, VI, 14+. 

water, II, 75t. 

Wiegmann’s Archiv, cited, I, 52. 

Weisia, II, 19. 

Western Grebe, IV, 208. 

Horned Owl, IV, 187. 

King-bird, IV, 206. 

Locust, III, 1527. 

Meadow Lark, IV, 182. 

Pine Snake, V, 38. 

Pirate Perch, IT, 48, 77*. 

Red-tailed Hawk, IV, 189. 

Skink, V, 47. 

White-crowned Sparrow, IV, 180. 

Westwood, J. O., Introduction to the 

Study of Insects, cited, III, 

152. | 

Wheat, I, 53, II, 5, III, 127+, 150f, 

VI, 12+, 13t, 144, 20+, 25}, 27+; 

297, d2t. 

Whip-poor-will, IV, 185. 

Whistling Swan, IV, 198. 

White Bass, I, 36, II,. 44, 75*, TI, 21; 

aan oil, . 

Short-striped, IT, 44. 

-bellied Nut-hatch, LV, 172. 

Swallow, IV, 177. 

-billed Mud Hen, LV, 198. 

Brant, IV, 198. 

-breasted Hen Hawk, IV, 189. 

-browed Yellow-throated Warbler, 
DVenT5: 
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Catfish, II, 66. 

-cheeked Goose, Little, IV, 199. 

Crane, IV, 193. 

Cricket, IIT, 108+. 

Croppie, II, 76*, III, 56*. 

-erowned Night Heron, 1V, 194. 

Sparrow, LV, 180. 
Western, LV, 180. 

-eyed Vireo, LV, 176. 

-faced Glossy Ibis, 1V, 208. 

Fish, I, 44, I], 71*, 86*, ILI, 66*. 

Common, IT, 54, VI, 95*. 

Menomonee, IJ, 54. 

Mongrel, II, 54. 

The first food of the common (Co- 

regonus clupeiformis, Mitch.), 

VI, 95-109. 

-fronted Goose, IV, 198, 199. 

Heron, Great, IV, 193. 

Ibis, IV, 192. 

Lake Mullet, Il, 63. 

-necked Raven, IV, 205. 
Oak. 126, Uy 15: 

Pelican, American, LV, 201. 

Perch, II, 50. 

-rumped Red-poll, IV, 178. 

Shrike, 1V, 176. 

Salmon; II, 44, 75*. 

Snowbird, IV, 178. 

Sucker, IT, 68, 64. 

-tailed Kite, IV, 188. 

-throated Sparrow, IV, 180. 
Sparrows, 1V, 181. 

-winged Crossbill, American, IV, 
178. 

Black Tern, IV, 208. 

White, C. A., IV, 179. 

Geological Survey of Iowa, cited, 

LTV, 204, 207. 

Whooping Crane, IV, 198. 

Wide-mouthed Sun Fish, II, 44*. 

Widgeon, American, IV, 199. 

European, IV, 199. 

Wild Canary, IV, 174. 

cherries, III, 96+, 111+, 113}, 131+, 

143}. 
fruits, III, 97+, 99+, 110, 111+, 1244, 

143+, 1444. 
grapes. IIT, 97+, 131f. 

rice, VI. 81f. 

Turkey, IV, 191. 

Willet, IV, 196. 

Willey, Henry, IT, 18. 

Willow, II, 8. 

Wiilow Ptarmigan, IV, 191. 

wilsoni, Gallinago, IV, 195. 
Potamocottus, IT, 50. 

Steganopus, IV, 197. 

Wilson’s Bull-head, II, 50. 

Phalarope, IV, 197. 

Mirushs ale so Livewire 

Winged ants, III, 96+, 141}, 143+. 

Hymenoptera, II, 78+. 

Wingless Ants, II, 78+. 

Winter Wren, LV, 173. 

Wire-worms, III, 50+, 92+, 94+, 95+, 

97+, 98+, 102+, 114+, 119}, 120+, 

128}, 1317, 134+. 

/ wisconsinensis, Cambarus, I, 4, 19. 

Wolffia, VI, 67+, 72+, 73+. 

Wolf, John, and Hall, Elihu. A list of 

the Mosses, Liverworts, and 

Lichens of Illinois, II, 18-35. 

Wolle, A., IV, 192. 

Wolle, Francis, VI, 84. 

Wood Duck, LV, 200. 

Ibises, IV, 192. 

Pewee, IV, 184, VI, 15*, 26*, 27*. 

Pigeon, IV, 186. 

Snipe, IV, 196. 

Thrush, IIT, 89*, 127*, 132*, 134*, 

1357; 136*,00V, Lt: 

Turtle; Vi, 57. 

Woodchuck, IV, 186. 

Woodcock, IV, 186. 

American, IV, 195. 

Black, 1V, 186. 

woodhousei, Tropidonotus, V, 42. 
Woodland robins, III, 94*. 

Woodpecker, Banded Three-toed, LV, 
207. 

Black-backed Three-toed, IV, 186. 

Checkered, IV, 186. 
Downy, IIf, 87*, IV, 185. 

Guinea, IV, 185. 

Little, IV, 185. 

Hairy, IV, 185. 

Ivory-billed, LV, 185, 192. 

Pigeon, IV, 186. 

Pileated, IV, 186. 

Red-bellied, IV, 186. 

Red-cockaded, IV, 207. 

x 
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Red-headed, III, 114*, IV, 186, Y 
T a OR * 

VI, 16 “ 26*, 27 FS Yellow-backed Warbler, Blue, IV, 174. 
Yellow-bellied, IV, 186. Bass. IT. 75* 

. Q5 9) " * 32 ’ ° 

Woodpeckers, IV, 185, 207, VI, 16*. -bellied Flycatcher, IV, 184, VI, 
Worm, IIT, 152+. “4 

: 15 26%, ded 
Army, IIT, 159+. Meanie ie as 

Worm-eating Warbler, IV, 174. Wasdureker LV, 186. 

Snake, V, 31. “billed Cuckoo, (Vie 
Worn a eee ol aay Bird, Summer, IV, 174, VI, 9*, 22* 8 ’ 9 ’ ’ ? ? 2) 

23%, 
EA CN ea eu “breasted Chat, IV, 175. 
measuring, III, 93+, 141f. 

nematoid, II, 81+, ITI, 158+. 

Worthen, ©. K., II, 39, 1V, 163, 179, 
189, 201. 

Wren, VI, 20*. 

Bewick’s, IV, 173. 

Great Carolina, IV. 175. 

House, IV, 173, VI, 8*, 22*, 23*. 

Long-billed Marsh, 1V, 175. 
Parkmann’s, 1V, 173. 

Short-billed Marsh, IV, 173. 

ee pt ae a -rump Warbler, IV, 174. 
wurdemanni, Ardea, IV, 193. pated eee 

Witirdemann’s Heron, IV, 193. Bione ales a 
Mey -throat, Maryland, IV, 175, VI, 

10D eeaes 
ih -throated Vireo, 1V, 176. 
x Warbler, White-browed, IV, 175. 

suachouanualaas Vv ee Warbler, Black-capped, IV, 175. : 

; Blue-winged, IV, 174. 
icterocephalus, IV, 182. -winged Bunting. [Yaa 

Catfish, I, 50, II, 66. 

-hammer, IV, 186. 

headed Blackbird, 1V, 182. 

Catfish, II, 67. 

-legs, Larger, IV, 196. 

Lesser, IV, 196. 

mocking-bird, IV, 175. 

Perch, II, 46, 71*. 

Common, II, 43, III, 28*. 

Pike, II, 44. 

Rail, Little, IV, 197. 

xanthocephalus, Amiurus, II, 67. Sparrow, IV, 179, VI, 12%, 24, 

xanthoptera, Arphia, I, 63. és 

(Kdipoda, I, 63. Y : = 5 h 2 

xanthopterum, Acridium, I, 63. Gung) com shoo 

xanthopterus, Tomonotus, I, 63. Z 

Xema, IV, 202. 
sabinei, 1V, 202. Zabrus gibbus, ITI, 149*. 

Xenotis, II, 46, ITI, 62, 63*. Zaitha, III, 43+. 
aureolus, II, 46. fluminea, IT, 76t. 

breviceps, IJ, 45. Zamelodia, IV, 181, 205. 

inscriptus, Why 46. ; ludoviciana, IV, 181, VI, Bi 29%, 

lythrochloris, IT, 46. 30%, 31*. 

megalotis, II, 46, IIT, 538*. melanocephala, LV, 205. 

peltastes, II, 46, III, 53*. Zanthoxylon, I, 29, 31. 

Xestonotus, ITI, 158. Zenaidura, 1V, 190. 

leubris, VJ, 58+. carolinensis, V,190, VI, 16*,29*,32*. 

xiphias, Amblystoma, V, 10. Zizania, VI, 81+. 

Xiphidium ensifer, IIT, 142+. zonale, Nanostoma, II, 41, 74*, 84%, 

fasciatum, IIT, 142+. | III, 24*. 



zonatum, Elassoma, II, 47. 

Zoned Darter, II, 41. 

Zonotrichia, IV, 180, 205. 

albicollis, IV, 180. 

coronata, IV, 180, 205. 

gambeli, 1V, 180. 

var. intermedia, LV, 180. 

Jeucophrys, IV, 180. 

querula, IV, 180. 

INDEX. : 97 

Zygonectes, I, 42, LI, 52, VI, 70*. 

dispar. I, 42, II, 52, 78*, 85*,°VI, 
ieee. 

inurus, VI, 72*, 93*. 

melanops, II, 52. 

notatus, I, 42, II, 52, 78*, 85*, 87*, 

VAs ey Bian 

olivaceous, I, 42. 









The Natural History of [linois: 

POLE TING No. ut 

PAGE. PAGE. 
I.—List of Illinois Crustacea, by S. i V.—Partial Catalogue of the Fishes 

A. Forbes, Normal.. 3 of Illinois, by E. W. Nelson, 

Il —Key to the Species of ‘the preced- a CHICREO asus sepa aan cae 33 

vba Vestal 2777) 9) ch ak ee hearer VI. Upou Parasitic vungi, by T. J. 

“im. —The Tree in Winter, bY Frede a Burrill, Champaign............. 52 

Brendel, M.D., Peoria. . Se SO VIL.—A List of the Orthoptera of Ili- 

IV —Suwdic Pinate as a Test for Ties nois, by Cyrus Thomas, Ph. D., 

by J A. Sewall, M.D., Normal... 22 © Carbondslews.+ decane ee) 59 

BLOOMINGTON, Iuu.: 

PANTAGRAPH. PRINTING AND PUBLISHING HOUSE. 

DECEMEER, 1876. 

to Geko Ooh oer 



hin A 
Ry 4 py 

oy ee PAG 3 a 
BA) hanes 



|e ta es ec, DB Os BG ash 

T the semi-annual meeting of the Board of Education of the State 
of Illinois, held at Normal, Ill., on the 15th of December, 1875, the 

following preamble and resolutions were unanimously adopted : 

WHEREAS, Since the control of the Museum of the Illinois State 
Natural History Society was transferred to the State Board of Education, 
no general declaration has ever been made by this Board of the relations 
and policy of the Museum, or of the purposes of the Board concerning it ; 
and 

Wuereas, It seems desirable that the students and friends of science 
should know definitely and authoritatively the nature, scope and promise of 
the work of said Museum, in order that they may intelligently co-operate with 
its officers for the promotion of the scientific interests of the state; therefore, 

Resolved, That we regard the Museum asa State Institution, devoted 
to the prosecution of a natural history survey of the state, to the encourage- 
ment and aid of original research, and to the diffusion of scientific knowledge 
and habits of thought among the people. 

That we consider it an important part of its work to supply collections 
of specimens to the public schools, as far as this can be done consistently 
with its own general interests, and especially to provide all needed facilities 
for the instruction of teachers in natural history, and in the most approved 
and successful methods of teaching the same; and 

That we cordially invite the co-operation of the scientists of Illinois, 
offering them the free use of its collections, library and apparatus, and as- 
suring them that whatever may be contributed to its cabinets or its funds 
shall be used faithfully and impartially for the advancement of science 
throughout the state at large. 

In pursuance of the first of the above resolutions, the issue of a series 

of publications has been undertaken, which it is intended to devote especially 

to the natural history of Illinois. These bulletins will contain original 

contributions to a knowledge of any department of the natural history of the 

state ; such compilations, synopses, and the like, as will bring together 

widely dispersed and virtually inaccessible published matter relating to the 

local natural history, placing it in manageable form, within reach of the 

ordinary student; and papers of value on economical science. 

Within these limits it is desired that the publication may be made the 
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organ of all Illinois naturalists, upon whose active aid the success, and 

especially the degree of usefulness, of the enterprise is, of course, almost 

entirely dependent. 

It is believed that by thus limiting the undertaking to a special field in 

which our own naturalists may be supposed to be better able to work than 

any others, and to which they are more likely to devote themselves with ar- 

dor and success, all the advantages of a local stimulus to research may be 

gained without inflicting upon science any increase of the number of rival 

centers of publication of similar scope and purpose. 

For the purpose of providing better facilities than now exist for the fu- 

ture prosecution of the work here outlined, it is necessary that complete 

collections of specimens should be made in all parts of the state, that a 

full and well-selected library should be brought together, and that these 

should be thoroughly organized for practical use. Contributions of speci- 

mens and books are therefore earnestly desired. These will be received at 
the Museum, properly cared for, promptly arranged, catalogued and indexed, 

and held for the use of any working naturalist. 

S. A. FORBES, 
Curator Illinois Museum of Natural History. 

Normat, ILx., Oct. 16, 1876. 
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LIST OF ILLINOIS CRUSTACEA, 
WITH DESCRIPTIONS OF NEW SPECIES. 

By S. A. FORBES. 

The following list is to be regarded as only a first contribution to the 
knowledge of our crustacea, as it presents the results of a single season’s 
work. Considering the fact that, while our streams and pools are populous 
with interesting forms, many of which are new, only a single species outside 
the genus Cambarus has heretofore been credited to the state, it is hoped 
that even so imperfect a paper as this may not be without its uses. 

I wish to acknowledge especial obligations to Professors A. HE. Verrill 
and §. I. Smith of Yale College for specimens and for suggestions concern- 
ing the species of Hubranchipus and Crangonyx described herein, and to 
the latter of these gentlemen for many other favors. 

Cambarus acutus, Gir. Very common in central Illinois. Taken in 
large numbers at Normal and Pekin. Of 25 males examined, the first ab- 
dominal legs were all those of Hagen’s variety A. In none was the epistoma 
pointed, and a distinct lateral thoracic spine was present in but one. In 
twenty of the specimens the margins of the rostrum were distinctly convex 
from the base to the apical teeth; and the latter were in all much smaller 
than in Hagen’s figures, the distance across the teeth being but one-fourth 
to one-third that across the base of the rostrum between the tips of the 
spurs. The tubercle in the basal foveola was elongated, notched in front 
and continued backward into a very slight cephalo-thoracic carina. Be- 
tween the posterior callosities and the transverse line, the cephalo-thorax 
was finely rugulose. The females observed were also variety A. 

C. stygius, Bundy. ‘Male. Rostrum long, triangular, smooth above, 
small teeth near apex, foveolate at base ; carinz parallel, separated from base 
of rostrum by slight grooves; cephalo-thorax somewhat compressed, smooth 
or slightly punctate above, granulate on sides, areola narrow, smooth ; 
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antennal plates wide, truncate at apex, apical teeth short ; epistoma rounded 
in front, twice as wide as long ; third maxillipedes hairy on inner sides, hands 
short, smooth above, serrate on inner margin, fingers short, straight, rib- 
bed and punctate above, contiguous margins tuberculate, outer one hairy ; 
third and fourth joints of third thoracic legs hooked ; first abdominal legs 
short, truncate, enlarged towards apex, apical part recurved, then ending 
in three obtuse points turning outward, leaving a wide groove passing up on 
outer side behind teeth. The female has ventral ring flat, with posterior 
margin slightly elevated. Lake Michigan; washed up during a violent 
storm.” (W. 7. Bundy.) 

C. troglodytes, Lec. This species I have not yet taken. It is men- 
tioned here on the authority of Dr. Hagen. 

C. virilis, Hagen. A few specimens have been collected at Normal, 
Cairo and Pekin, Ils., all young or of the second form except one male 
from Normal, which belongs to Hagen’s variety A. The thorax is, how- 
ever, broader and smoother, and the areola wider than in the typical form, 
which has been received from Rock river, Wis. 

C. wisconsinensis, Bundy. ‘Male. Rostrum wide, narrower in front, 
straight, nearly plane above, foveolate at base, anterior teeth small, acumen 
short, acute; cephalo-thorax cylindrical, punctate, anterior margin not an- 
gulated, lateral tooth obtuse ; dorsal area rather narrow, indistinctly defined ; — 
antennal plates longer than rostrum, greatest width in apical half; antennae 
slender, reaching to middle of abdomen; epistoma as wide as long, truncate 
in front ; maxillipedes hairy on inner side and below at base ; third joint of 
third legs hooked ; first abdominal legs long, bifid, nearly straight, exterior 
part longer, tips slightly recurved ; tips of interior parts recurved, acute, 
swollen near apex. Normal, Ill., and Racine, Wis..” (W. 7. Bundy.) 

C. placidus. Hagen. “Quincy, Ill.,”” (Hagen.) I have not seen this 
species. } 

C. propinquus, Gir. Not common. Taken at Normal, Pekin and 
Freeport. 

C. immunis, Hagen. This is the commonest species of central Illi- 
nois. It is especially frequent in the muddy ponds of the prairies, whence 
it may be drawn by the hundred with a small seine. 

The general form of the rostrum of the young is the same as that of 
the adult; but more or less evident ante-apical teeth are present. The 
abdominal legs of the second form of the male are much thicker at the tip. 
In the first form the branches are slender and distinct throughout the distal 
half of their length, the outer branch is compressed at tip, and the inner 
depressed and widened a little, and channeled on the anterior surface. In 
the second form both branches are equally thick and strong, neither is com- 
pressed or channeled, and the two do not separate except at their tips after 
making the backward turn. The sudden thickening of the leg at its posterior 
middle is much less evident in the second form. 

About one-fourth or one-half the specimens taken from stagnant 
ponds in midsummer are more or less completely covered above by the eggs 
of a species of Courixa,—probably C. alternata, Say, since this is much the 

oe 
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commoner of the two species found in such situations, the other being as 
yet undescribed.* 

These eggs are attached as closely as they can be placed, by the end 
opposite the micropyle, and do not seem especially to inconvenience their 
bearers. 

The point of attachment preferred is the margin of the abdomen, out of 
the way of the legs: but the eggs are gradually extended along the sides of 
the cephalo-thorax until sometimes the body is almost entirely covered. A 
eareful search of the weeds and other submerged objects in the ponds dis- 
covered no other place of deposit of these eggs. As these ponds usually go 
dry during the summer, it seems not unlikely that the Corixa may attach its 
eggs to the crawfish in order that the latter may, in such an event, carry 
them to other waters. It is not to be supposed, however, that the Co- 
rixa is entirely dependent on the crawfish for the preservation of its progeny, 
for the parent can fly, and is occasionally taken on the wing; nevertheless, 
this curious expedient must prevent a great waste of eggs, and so operate to 
the advantage of the species. But the subject requires further study. 

C. obesus, Hagen. Very common. The largest in the state. 
O. gracilis, Bundy.* ‘Rostrum short, wide, depressed, concave above, 

acumen short; cephalo-thorax compressed, areola none, the pleura meeting 
on median line of dorsum, posterior spatium much wider than anterior ; 
chelae long ; inner margin tuberculate-serrate, fingers slender toward apex, 
outer one with strong tubercle on inner margin near base, movable finger 
with strong tubercle near widdle of inner margin ; carpus long, strongly 
toothed on inner, and lower front margins ; third maxillipedes hairy on in- 
ner sides ; third joint of third thoracic legs hooked ; first abdominal legs of 
male truncate, with several small apical teeth, of which the inner one is 
much longest, slender and pointed outward, base of these legs inserted in 
deep sinuses in the strongly developed ventral part of first abdominal seg- 
ment. Ventral ring of female movable; longitudinal fissure widest be- 
hind.” (W. 7. Bundy.) Very common along water courses in early spring. 
It was first detected by Prof. Bundy, in the museum collections, in the au- 
tumn of 1875, has since been taken in great numbers at Normal, and has 
been received by Prof. Bundy, from Racine, Wis. 

Palaemon ohionis, Smith. Abundant at Cairo, where it is frequently 
eaten. Smaller specimens were taken in the Mississippi near Grand Tower, 
in Jackson county, and it is reported by boatmen to occur from St. Louis 
to New Orleans, growing larger towards the south. It has not yet been 
found in the Illinois River. 

Palaemonetes exilipes, Stimp. Very common in the Illinois River, 
where it seems to be the only shrimp. Taken in large numbers at Pekin. 

Hyalella dentata, Smith. Occurs in myriads in the swamps of the Cal- 
umet river, at South Chicago, and sparingly in Rock river, at Oregon, 
Ogle county. Not seen further south. 

*Uhler. 
*The descriptions quoted have been kindly furnished me by the discoverer of the 

species. 
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Gammarus fasciatus, Say. Apparently occurs throughout the state, 
in small rocky streams. Collected at Deer Park, La Salle county, ina 
small branch of the Vermilion, and in several streams inJackson and Union 
counties. Scores of males and females were taken together under stones, on 
the 30th of July. 

In specimens from southern I]linois, the hands of the first pair in both 
sexes bear stout spines on the distal half of the posterior margin in addition 
to those on palm and at the tip of dactyl. A short transverse row of long 
hairs is situated at the base of the median palmar spine. The inner side of 
the hand of the second pair in the male is ornamented with two longitudinal 
series of short transverse rows of hairs,—the posterior of five rows, the an- 
terior of three. The palmar margin in the female has the lamellar edge. 
The lateral clusters of spines on the fourth posterior abdominal segment, in 
both sexes, each contain one very stout spine and several slender ones, 
while the median cluster consists of slender spines only. ach of the clus- 
ters on the fifth and sixth segments consists of two stout spines and several 
slender ones, except the median fascicle of the sixth segment, which consists 
of two distinct clusters of slender spines. The divisions of the telson have 
two clusters of hairs on the upper surface near the outer margin, of which 
the basal contains two spines. The spiny tipsof the divisions are emarginate. 

Crangonyx gracilis, Smith. Very common in central Illinois. Col- 
lected at Bloomington, from slow,shallow streams. These specimens differed 
in several small details from those described by Prof. Smith, the most im- 
portant relating to the caudal stylets. In the typical form the tips of the 
three pairs are even; but in the Bloomington specimens the second pair 
extends farther back than the third, and the first farther than the second. 
The inner ramus of the last pair is sometimes unarmed, but oftener bears 
one or two spines at or near the tip. The length of ovigerous females is 
10 mm.; of the largest males observed 84 mm. 

A form from southern []linois represented in my collections by a few 
females, I cannot distinguish specifically from the above, although the second 
hands are proportionally longer and narrower and much more spiny, the 
anterior and posterior margins less convex, and the palmar margin more so. 
The tips of the caudal stylets reach the same perpendicular plane, and the 
inner ramus of the last is always as long as the width of the outer and bears 
one or two spines. 

Crangonyx mucronatus, Forbes. This remarkable species is perhaps 
entitled to rank as the type of a new genus; but, until I have the material 
for a more general study of its relations than I am able to make at present, 
I prefer to place it with its nearest allies in the genus Crangonyz. 

Colorless, blind; length 9 to 10 mm, width] mm. The head is a 
little longer than the first thoracic segment, its anterior margin concave at 
the bases of the upper antennae, convex between them; the posterior mar- 
gin straight in the middle and curving forward on the sides. The front 
angles of the first thoracic segment are uncovered and produced a little for- 
ward ; the hind angles of the first five segments are rounded and produced 
strongly backward. The first three ubdominal segments have the lateral 
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margins and all the angles broadly rounded, and the posterior angles, as well 
as the posterior margin of the seventh epimeron, are slightly notched and 
bristled. The wpper antenne of the male are two-thirds to four-fifths as 
long as the body. The first and second joints of the pedicel are sub-equal, 
each about as long as the four basal joints of the flagellum ; the third is 
one-third as long as the second. The flagellum is about five times the 
length of the pedicel, and is composed of 30 to 35 joints, each with a few 
short hairs at tip, and all except the seven or eight basal joints and the last 
with a slender olfactory club. The secondary flagellum contains two bristled 
joints, together a little longer than the first of the primary flagellum. Ped- 
icel of Jower antenne longer than that of upper, the last two joints equal, 
each a little longer than basal joints of upper antenna. Flagellum nine or 
ten jointed, without olfactory clubs. Right mandible with dental laminae 
equal, each with five conical, obtuse, sub-equal teeth. The anterior lamina 
of the left mandible is much the larger and stronger, with three very strong, 
blunt teeth: posterior lamina with three slender and acute teeth. Palpus 
three-jointed ; basal quadrate, about half as long as second, which is clavate 
and nearly twice as wide as long, with about ten long hairs on its rounded 
hind margin which are longest and closest distally. Last joint a little 
longer and narrower than second, regularly convex in front, straight on 
proximal half of hind margin, slightly concave on distal half, and fringed 
here with about 24 slender hairs, the three or four at tip becoming suddenly 
very much longer. A few scattered hairs on front margin of this joint. 

Inner plate of anterior mazilla is nearly hemispherical, about half as 
long as outer, with four plumose hairs on the rounded margin, which are 
about as long as the plate itself. Palpus two-jointed, first quadrate, one- 
third as long as second, which is oval, pointed, tipped with two claws and 
some smaller spines. Laminae of basal joints of mazillipeds short, neither 
pair extending beyond tips of succeeding joints. 

First two pairs of feet equal. Dactyl of first pair in male curved, two- 
thirds as long as hand. The latter is broad-ovate, two-thirds as wide as 
long, the palmar and posterior margins forming a wide angle. Long hairs 
on posterior surface in transverse rows. Palm with about fifteen short, 
notched spines, each with a hair arising from the notch. Carpus sub-tri- 
angular, three-fourths as wide as propodus, hind margin very short, with 
one or two pectinate spines and a few long hairs. Second pair similar, pro- 
podus a little longer and narrower: carpus as wide as propodus, posterior 
margin longer, with about five transverse rows of long bristles, of which the 
distal row are doubly pectinate on terminal third. The three posterior 
pairs of thoracic legs increase in size backwards, the first of these being not 
quite two-thirds as long as the last. The seventh epimeron is narrow, with 
the lower margin regularly arcuate. The tips of the first pair of anal legs 
extend beyond the tips of the second, and these beyond the tips of the third. 
The latter are therefore very short, about as long as the pedicel of the 
second pair. The outer ramus is ovate, truncate, half as long as the pedicel, 
and hairy at tip; the inner is an unarmed rudiment, one-fourth or one- 
fifth the length of the outer. The ¢e/son of the male isa smooth cylindrical 
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appendage, usually about as long as the first three abdominal segments, and 
as large as the last joint of the pedicel of the lower antenna. It presents a 
very slight double curve, is obliquely rounded at the end and tipped by a 
cluster of short hairs. In some cases this appendage is half as long as the 
body. 

"The female differs in the following particulars. The upper antennae 
are only about half the length of the body, the flagellum not more than 
three times as long as the pedicel, and the secondary flagellum is usually a 
little shorter. The propodus of the first pair of feet is similar in outline, but 
the palmar margin and dactyl are shorter and the posterior margin longer. 
The second pair are extremely like the second of the male, but are decidedly 
smaller than the first. The fe/son affords a difference so remarkable that 
the two sexes, at first sight, would hardly be referred to the same genus. 
In the female this is very similar to the telson of C. gracilis, Sm. It is 
flattened and slightly emarginate, a little longer than broad, extending to 
the tips of the second pair of anal legs, and bears two terminal clusters of 
spines of four or five each. 

This species was first discovered by me in a well at Normal, Ill., during 
the summer of 1875. It was subsequently found by Mr. Harry Garman in 
great numbers in springs, and even at the mouths of drains, after a long pe- 
riod of heavy rains. With the advent of dry weather it entirely disappeared 
from these, but still occurs sparingly in wells. 

Asellus brevicauda, Forbes. length without caudal stylets, 10 mm. 
to 15 mm.; width, 3 mm. to 5mm. Color as in A communis. Head alittle 
longer than first thoracic segment and about two-thirds as wide ; anterior 
margin distinctly concave in middle and retreating each side, anterior angles 
distinct, sides straight, nearly parallel on anterior three-fourths. 

The posterior fourth is produced on each side into a prominent lateral 
lobe bearing several stout spines. The distance to which this lobe projects 
equals half the length of the lateral margin of the head in front ofit. The 
eyes are rather small but prominent, and are situated just within the middle 
of the straight portion of the lateral margin. The re-entering angle at the 
side of the head is a little less than a right angle, but its apex is rounded. 
The thoracic segments are sub-equal in length, of the usual shape, but be- 
coming very concave behind. The concavity of the last segment amounts 
to more than half the length of the segment. The anterior angles of the 
first segment are deeply emarginate, the notch being nearly filled by the 
epimeron ; but there are no other lateral emarginations in any of the seg- 
ments, nor are any other epimera visible from above. In some young speci- 
mens the lateral margins of the two or three posterior thoracic segments are 
slightly sinuate. The hind angles are all rounded, and the free margins are 
all beset with long bristles, longest on the lateral margins and especially at 
the angles. 

A short first abdominal segment is visible in the concavity of the last 
thoracic. The last abdominal is wider than long, with a broad rounded 
projection occupying the median half or two-thirds of the posterior margin, 
reaching half way or more to tips of pedicels of caudal stylets. The pos- 
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terior lateral angles are distinct though obtuse, the hind margin being some- 
what concave each side the median lobe; and the margins are hairy as in 
the thorax. 

The upper antennae are nearly as long as the pedicel of the lower. The 
flagellum consists of 11 to 15 joints, the two terminal together about as 
long as the preceding one. The three joints preceding the last bear, each 
at its anterior internal angle, a large olfactory club about at long as the 
eighth joint of the flagellum. 

The lower antennae extend backward about to the base of the abdomen. 
The last joint of the pedicel is as long as the two preceding. The flagellum 
contains about 60 joints in the female and 90 in the male. 

The palpus of the mandible is small, three-jointed, the first joint cla- 
vate, with three spines on the distal half of the posterior margin and one or 
two at tip. The second joint is about twice as long as wide, slightly con- 
cave in front and with a distinct median angle behind. There are two or 
three scattered hairs on the basal half of the posterior margin, and many 
long plumose hairs, shortening distally, on the terminal half. The third 
joint is ovoid, tapering, very broadly rounded in front and distinctly con- 
eave behind. The concave posterior margin bears a row of long plumose 
hairs, regularly lengthening toward the tip, and a sub-marginal row of 
shorter hairs on the side of the joint. The basal joint of the palpus of the 
maxilliped is very short, transverse, about thrice as broad as long, with 
outer margin perpendicular to terminal. The second joint isa little broader 
than long, rounded slightly without, very broadly within, and plentifully 
ciliate on both edges. 

The third joint is about two-thirds as long as second, broadly and reg- 
ularly rounded within, narrowed about one-third at tip; the fourth clavate, 
incurved, as long as second, at tip about half as wide as long; the fifth 
about half as wide and long as fourth, incurved, obtuse. All the joints bear 
long marginal hairs. 

The jirst pair of feet in the male are strongly sub-chelate ; the propodus 
a little more than two-thirds as wide as long, the palmar margin straight, 
with one strong tooth at base and another at middle. The posterior margin 
is only about one-fifth the palmar, and perpendicular to it. The dactyl is 
strong, curved, serrate behind with about seven distinct teeth. The terminal 
claw is strong, acute and curved. Both margins of the propodus and the 
front of the dactyl are hairy: a cluster of longer hairs is seen near base of 
claw of dactyl. 

The propodus of the female is a little narrower and the palmar margin 
is somewhat concave. The tooth at the middle of the palmar margin is 
smaller, but quite distinct. 

The basal abdominal plate beneath in the female is obtusely triangular, 
about half as long as the basal part of the next plate behind. The first pair 
of genital plates in the male are long and narrow, the terminal joint truncate, 
strongly excurved beyond the middle, and bordered posteriorly by about 
six long bristles a third as long as the joint. 

In the second pair of plates the basal joint (pedicel) is twice as long as 
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the rami and three-fifths as wide as long. The second joint of the outer 
ramus is ovate and twice the length of the first. The inner ramus reaches 
to the middle of this joint, is broader than in A. communis, but of similar 
shape, and indistinctly bifid at tip. 

The opercular plates do not reach the tip of the abdomen, but are 
obliquely truncate, their posterior margins forming a wide re-entering angle. 
The anal stylets are very short, flat and broad. The peduncle is ob-tri- 
angular, nearly as broad as long, the tip oblique, the inner edge being the 
longer and somewhat rounded. The outer ramus is narrow-ovate, obtuse, 
as long as the peduncle, and seven-eighths the length of the outer ramus. 
This is also ovate and obtuse, the outer margin nearly straight, the inner 
convex. All the joints bear many marginal spines, longest at tips of rami. 

This species was found in clear, rocky rills in Jackson and Union 
counties in Southern Illinois. 

Asellus intermedius, Forbes. This species is more closely allied to A 
communis than to A. brevicauda, but, as will be seen from the description, 
stands between these two. Its dength, in adult females, is but 6 mm., its 
breadth about 2mm. The sides of the head diverge posteriorly, and the 
lateral lobe is smaller than in brevicauda, bearing a single spine and a few 
short hairs. The first thoracic segment is narrowed anteriorly, showing the 
epimera, but is not emarginate. The others are distinctly emarginate on 
the sides, the emarginations moving gradually backwards, in the succeeding 
segments, from the anterior to the posterior angles. The free margins of 
all the segments are strongly spined. ‘The lobe of the hind margin of the 
abdomen is shorter and broader than in brevicauda, reaching laterally to the 
middle of base of each caudal stylet, and extending backward to the middle 
of length of pedicel. The posterior angles of the abdomen are regularly 
rounded and indistinct. ; 

The flagellum of the upper antenna is nine-jointed, the first joint short, 
about half as long as fourth. 

The first pair of feet of the male are stout, the hand two-thirds as wide 
as long, the palmar margin straight, with a slender tooth at base and a strong 
conical one at middle. The posterior margin of the propodus is very short, 
about one-sixth the palmar, the dactyl long and strong, the tip of the claw 
when closed reaching beyond the base of the hand. The posterior margin 
of the dactyl is serrate with appressed teeth as in brevicauda. The carpus 
is triangular, the posterior margin straight and usually armed with a strong 
blunt spine at its distal fifth, The hand of the female is narrower 
and smaller, its breadth being about half its length. The palm is straight 
and shorter than in the male, the posterior margin longer, (nearly half 
the palmar), the two margins forming a wide angle. The spine at this 
angle is slender, and there is no trace of a tooth on the palmar margin, 
or on the carpus. 

The first pair of genital plates in the male are short and broad, the 
basal joint scarcely longer than wide, the second joint elliptical, broadly 
rounded at tip and convex both sides, fringed posteriorly and on pos- 
terior half of outer margin by a few short hairs. The pedicel of the 
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second pair is about as long as wide, the rami are as long as_ the 
pedicel and sub-equal. The second joint of the outer ramus is ellipti- 
eal and thrice as long as the first. The inner ramus is nearly half 
as wide as long, the basal processes obtuse and low, the outer one 
being almost obsolete. The outer terminal angle is prolonged into an 
incurved process, the inner provided with a movable (?) excurved claw. 

The caudal stylets are flat and broad, but narrower than in brevicauda, 
about three-fifths as long as the abdomen. The width of the pedicel is two- 
thirds its length. The outer ramus is nearly five-sixths the inner and equal 
to pedicel. Both rami are narrow-ovate, and very obtuse, the inner about 
four times as long as wide and nearly straight on the outer margin. Both 
pedicel and rami are spiny on their margins, and the latter are tipped with 
a few long hairs. 

Abundant in the hill-country of southern Illinois, under stones in small 
streams. 

While these two species of Asellus were found in considerable numbers 
on the first day of my trip, I have never seen a specimen of either in the 
central or northern part of the state, although I have earefully searched the 
most varied situations. 

Asellus stygius, Packard, This species has been peculiarly unfor- 
tunate. Described originally from an injured specimen, its structure and 
relations were misunderstood and it was made the type of a new genus, 
( Caecidotea, Packard). It was soon re-described by Prof. Cope, under the 
specific name microcephalus; and these imperfect descriptions have since 
been supplemented by several fragmentary notices in various papers by 
Packard and Smith. 

With a view to giving a more coherent account of it, 1 have examined 
many specimens of both sexes and various ages, and have prepared the fol- 
lowing description: A detailed comparison of this species with undoubted 
Asellus—especially with the admirable plates of A. aquaticus in the Crustaces 
d’ eau douce de Norvege, has failed to reveal any structural peculiarities 
which could possibly serve as the characters of a distinct genus, and I have 
therefore united it to Asedlus. 

Colorless, blind, narrow, very loosely articulated, sides nearly parallel, 
12 to 14 mm. by 2 to 3 mm. 

The head is a little narrower and longer than the first thoracic segment, 
narrower in front than behind, with the front margin concave, the front 
angles rounded, the hind margin nearly straight. It is a little constricted 
behind the mandibles. The first thoracic segment is narrowed a little to the 
front so as to show the epimera, the sixth and seventh are also much narrower 
before than behind, and longer than the others. The front angles of the 
second and third segments are obliquely truncate, the hind angles broadly 
rounded. All the segments behind the first are slightly emarginate on the 
sides, the emarginations being carried gradually backward to the posterior 
angles. The anterior margins of the segments change gradually from con- 
caye to convex, and the posterior margins from sinuate to deeply concave, 
The head and all the segments are slightly pubescent above and_bor- 
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dered laterally with short hairs, The large abdominal segment is preceded 
by two very short ones. The abdomen is about as long as the last two ~ 
thoracic segments, the hind angles rounded but distinct, the hind margin 
very slightly sinuate. 

The upper antennae reach to the tip of the penultimate joint of the 
pedicel of the lower. Pedicel and flagellum about equal, latter ten to 
twelve-jointed, bearing a slender olfactory club at tip of each of the four or 
five joints preceding the last. Joints of pedicel sub-equal in length, but 
the first twice as large as the second. 

The lower antennae are about two-thirds as long as the body in the fe- 
male, in the male somewhat longer. Pedicel about one-third flagellum, 
five-jointed, fifth and sixth joits each longer than the basal three together. 
The flagellum contains 75 to 80 joints. The mandibles are almost-exactly as 
in Asellus aquaticus. The posterior dental plate of the left mandible is 
nearly as wide as the anterior. The hairs of the marginal fringe are more 
numerous on the right mandible than on the left, and the anterior eight are 
toothed instead of plumose. 

The mandibular palpus is slender, the basal joint a little shorter than 
the second. On the latter the external angulation is considerably behind 
the tniddle. The distal joint is narrow, lunate, (distinctly concave on outer 
margin) about five-sixths the length of the preceding joint, with about 20, 
jointed, plumose, marginal hairs, similar to those on the distal half of outer 
margin of preceding joint. The two plates composing each mauilla of the 
first pair are equal in length. The inner is three-fourths as wide as the 
outer, terminating in five plumose hairs. The outer terminates in twelve 
strong spines, of which the five outer are stronger and simple, and the seven 
inner irregularly and bluntly toothed near their tips. The posterior maxillae 
asin Asellus aquaticus. The shortey internal hairs on the two outer plates are 
expanded transversely to the plane of the plate and hollowed lengthwise on 
the inner face, giving each hair the form of a racing-shell, while both edges 
of the hair are coarsely toothed. The basal joint of the palpus of the maa- 
illiped is quadrate, the fourth joint is about as long as the second and third 
together. The inner margins of the fourth and fifth are provided with very 
long hairs. The flagellum (/ouet, Sars.) is as broad as long, with about 
eight scattered hairs at tip and several shorter ones on external margin. 

The propodus of the first pair of feet in the male is very large, broad-oval, 
two-thirds as wide as long. A strong curved spine is situated at the proximal 
end of the palm, and two truncate, stout teeth separated by a rounded 
emargination, near the distal end. The dactyl is strongly curved, es- 
pecially at base, its inner edge serrate with six acute teeth appressed towards 
tip. The length of the terminal claw is more than one-third that of the en- 
tire dactyl. The convex margin of the dactyl bears a few scattered hairs, 
and a cluster of four or five near the tip. The carpus is small as in A. 
aquaticus, and spined on its distal margin. The female hand is smaller and 
narrower, (width to length as 1 to 1;) the palmar margin concave, the pair 
of truncate teeth replaced by a single smaller conical one which is some- 
times obsolete. The other differences are trivial. The /egs become longer 
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behind, the tip of the second pair reaching as far as the base of the propodus 
of the seventh. The abdominal sexual plates of the male are in two pairs, 
as usual. (See plate). The corresponding plates of the female are but one 
pair, rather narrowly ovate, ciliated at tip and on posterior two-thirds of 
outer margin, with a few short spines at the base of the inner edge. The 
external ramus of the next pair—serving as a gill-cover—bearsa terminal 
fringe of plumose bairs and a few short spines at base on outer margin. The 
inner ramus—first gill —is oblong, two-thirds the length and breadth of the 
outer. Both the pedicel and rami of the caudal stylets are slender and 
cylindrical, the former about as long as the last two joints of the last pair 
of legs, the latter tipped each with a cluster of bristles, the inner about 
two-thirds as long as the pedicel, the outer varying from one-quarter to two- 
thirds the inner. The length of the rami varies greatly with age and sex. 
In many old males the inner is very long and the outer minute. There are 
four pairs of incubatory lamellae in the female, each pair overlapping by 
their rounded inner ends, except the first, which are shorter and have the 
anterior internal angles emarginate. 

The description has been given above in greater detail than would 
otherwise have been necessary, in order to settle the question of genus. The 
species is found quite frequently in deep wells of central Illinois, in com- 
pany with, but much more abundant than, Crangonyx mucronatus. 

After a long period of heavy rains during the last summer had greatly 
swelled the subterranean streams which these species inhabit, they appeared 
at the surface in springs, and even at the mouths of tile drains, in such 
numbers that a hundred could be taken in an hour. A few females were 
observed with eggs at this time. (July). 

Eubranchipus serratus, Forbes. This species seems to replace the 
E. vernalis, Verrill, of the Eastern States, to which it is closely allied. An 
important character, constant in the large number of both sexes which I 
have examined, is found in the abdominal segments, which are narrowed in 
front, with rounded anterior angles, while the posterior angles are produced 
backward, giving a decidedly serrate appearance to the abdominal margin. 
The last two abdominal segments are closely united and broader than the 
preceding. 

Tne antennae extend a little beyond the eyes, and terminate in a cluster 
of about five slender olfactory clubs. The frontal appendages of the male 
are considerably longer than the claspers, to the front inner base of which 
they are attached, the line of attachment being parallel to the length of the 
basal joint. Their form is irregularly oval, the inner edge being regularly 
convex on its distal three-fourths and the outer sinuate—convex on basal 
two-thirds, and slightly concave on terminal third. Both margins are 
pectinate, except near base, with thick blunt teeth, which are longest on the 
basal half of the outer margin, where they are as long as the undivided part 
of the appendage is wide. At the middle of this margin the teeth become sud- 
denly shorter. On the inner margin they are longest near the middle, regularly 
lessening towards each end. The under (posterior) surface of the appendage, 
as well as the teeth, is set with short spines, each springing from an inflated 
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base. The claspers of the male are shorter and stouter than in EL. vernalis. 
The basal joint is soft and inflated and bears a corneous rounded tubercle at 
its inner base.* The second jointis stout and regularly incurved, strongly 
angulated at its base in front where it is received into the first jomt. A 
long strong tooth, about half as long as the joint, extends backward and a 
little inward from near its base. The rounded tip of this tooth is thickly 
set with minute, low, circular elevations, each with a central depression, 
within which is a disk-like elevation, the whole haying the appearance 
of a minute sucking disk. The tip of the clasper is expanded and flat- 
tened within so that the inner (anterior) part has a spatulate form, 
while the opposite surface rises into a thick prominent ridge, giving to 
a transverse section of the tip the form of the letter T. The anal 
appendages are linear-lanceolate, ay long as the last four segments of the 
abdomen, and plumosely haired to the base. The ovisac of thefemale is as 
broad as long, three lobed behind with the middle lobe the largest. 

Length of a full grown male, including anal stylets, 20 mm., width 6 
mm., across eyes 4mm., clasper 4.5 mm., frontal appendage 5 mm, by 3 
mm. The largest females.were a little more slender than the males. This 
species was first observed at Normal, Ill., in clear pools, in April, 1876. 
About a fortnight afterward it entirely disappeared. Another species has 
been sent me by Prof. Bundy, by whom it was taken in Wisconsin. 

Canthocamptus illinoisensis, Forbes. Length 1 mm., color light red. 
Head and first segment united ; five abdominal segments in male, four in 
female. The suture between the first and second segments is not wholly 
obliterated above in the female. 

Last abdominal seyment is deeply and acutely emarginate. Branches 
of furca as wide as long, inner bristle plumose, a little longer than abdomen ; 
outer plumose only on outer side, about half the length of the inner. The 
second to fifth abdominal segments have each a row of spinules along ventral 
portion of posterior margin. 

Male with anterior antennae composed of seven joints, the fourth joint 
very short. The front outer angle of the third is produced, the blnnt pro- 
cess bearing three long bristles surrounding a slender olfactory club which 
is as long as the three following joints. The penultimate joint bears a strong 
spine or slender appressed process at the middle of its posterior margin. 
The five outer joints constitute the grasping organ. The posterior antennae 
bear five long bristles at tip, three of which are made prehensile by the oc- 
currence of from eight to twelve short articulations in the middle of the hair, 
allowing it to be bent forward. At the base of these articulations on the 
outer bristle, are two short spinules. Two nearly longitudinal rows of five or 
six strong, short spines each appear on the under surface of the outer joint 
of the antennule. The secondary flagellum, borne as usual on the middle 
of the basal joint, is not articulated, and bears four long bristles, two 
terminal and two on distal half of inner side. The outline of the mandible 
is exactly like that figured by Claus, but it bears about ten teeth, the upper 
thick and blunt, the inner sharp, slender and longer. Several are notched 

*Wanting in vernalis 
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at tip. The lower angle bears a long simple bristle. Mandibular palpus 
two-jointed, second joint with three long terminal hairs and a shorter spine 
attached at basal third of anterior margin, jointed at base and directed 
towards tip of joint, like a dactyl. The maailla and mazillary palpus are 
searcely to be distinguished from those of C. staphylinus. 

The first maxillipeds are three lobed, the outer lobe constituting a long, 
strong claw. ‘The second and third are about one-third as long as the first, 
and bear each one strong simple spine and one weak branched hair. The 
inner lobe is widest, about two-thirds as wide as long. The dactyl of the 
posterior maxilliped is spinous on its inner edge, and the same edge of the 
hand is ciliate and bears a short, stout, sparingly plumose bristle at its base, 
just beyond the tip of the closed dactyl. The width of this joint (the second) 
is nearly half its length. 

Basal joint of inner ramus of first parr of legs nearly or quite as long as 
outer ramus, the second wider but only half as long as the third, and obliquely 
truncate. Inner ramus of third pair of legs in male is three-jointed, the 
outer two-jointed, chelate. The finger is ovate, truncate, terminating in 
two long plumose hairs. The dacty! is linear, curved at base, and twice as 
long as finger. The inner ramus of the fourth pair of legs is about half as 
long as outer, two-jointed, basal joint short, terminal joint about as long as 
middle joint of outer ramus. The fifth pair of legs is best developed in the 
female. In the male the length is not over one-third the width. The basal 
portion bears three plumose hairs on its very broadly rounded anterior mar- 
gin, of which the innermost is longest. The outer plate is nearly orbicular 
and bears five spines on its terminal margin, of which the second from the 
internal angle is the longest. Genital plates found in male at posterior 
border of first abdominal segment, beneath, are short, slightly expanded in- 
ternally, with internal angles rounded, and externally bear three sub-equal 
bristles, jointed at base, the inner largest and strongest and semi-plumose. 
The antennae of the female are eight-jointed, extending backward to the 
first free segment. The basal joint of the fifth pair of legs is sub-elliptical 
in outline, with the basal half produced externally into a broad, triangular 
process which bears the second joint on its posterior margin. The free end 
of the basal joint bears six large plumose bristles of which the inner is 
longest. The greatest width of the joint is nearly equal to its greatest 
length. The second or outer joint is ovate, sub-truncate, spined on each 
margin, and bears four plumose bristles at tip and one at the middle of its 
outer margin. Its length is about twice its breadth. Same habitat as the 
following : 

Diaptomus sanguineus, Forbes. This species differs in some slight re- 
spects from the genus to which I have assigned it, as characterized by Claus, 
(Die Fret Lebenden Copepoden) but not sufficiently to constitute it a new 
genus. In the male the fifteenth to eighteenth joints of the right antenna 
are thickened, the teeth of the mandible are not at all emarginate, the first 
joint of the terminal portion of the lower maxilliped is smaller than the 
others, and the right foot of the fifth pair in the male wants the inner 
ramus, which is perhaps represented by an immoyable blunt spine at the 
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inner inferior angle of the second joint. The body of this species is broader 
than in D. castor, the color is throughout a deep red. The antennae are 
nearly as long as the body, the eighteenth joint in the female reaching to the 
base of the abdomen. The second tooth of the mandib/e is larger than any of 
the remaining six of the series, and is separated from the third by an interval 
equal to the width of the tooth. A short feathered bristle appears at the 
lower end of the row of teeth. The secondary appendage of the mandibular 
palpus is four-jointed, and bears six bristles at its tip and inner margin. 
The mazilla has the normal structure, the basal plate, the two cylindrical 
processes and the outer ramus (flabellum) and the inner ramus being all 
present and symmetrically developed. The first maxilliped is nearly as 
broad as long, and bears 15 long hairs on its margin. The basal segment of 
the second mazilliped presents four rounded processes on its inner margin, 
of which the firstis smallest and bears one bristle, the second and third are sub- 
equal and bear respectively two and three bristles, and the fourth is largest, 
is much produced inferiorly (the rounded lower end being finely ciliate) and 
bears four bristles. 

The fifth pair of legs in the female is bi-ramose, the inner branch 
straight, slender, not jointed, terminating in two short claws; the outer 
strong, two-jointed, terminating in a single slightly serrate claw. The sec- 
ond joint of this branch bears two slender bristles near the middle of the 
outer margin, otherwise the leg is destitute of hairs and spines. The legs of 
the fifth pair in the male are very dissimilar. The right leg consists of five 
joints; the basal quadrate; the second about twice as wide as long, en- 
larging distally and bearing a strong blunt spine at the inner, and a longer 
one at the outer, inferior angle. The third joint is sub-quadrate, the fourth 
clavate, bearing a long bristle at the middle of its outer margin; and the 
fifth constitutes a slender incurved dactyl as long as the preceding joint, 
slightly serrate on the distal half of its inner margin, and so jointed as to 
close back against the inner margin of the fourth joint, which thus acts as 
ahand. The left leg reaches about to the tip of the third joint of the right. 
Its pedicel contains two large quadrate joints; the outer ramus two small 
joints, of which the terminal one is forcipate at the tip, the imner ramus a 
single slender joint on which no armature was seen. The /uwrea bears at 
tip of each branch four long feathered hairs, and a fifth smaller simple one 
at the posterior internal angle. A sixth large and plumose hair is borne at 
the posterior third of the outer margin. 

Found rather abundantly in a pool fed by a slow spring, in March and 
April, at Normal, Illinois. In several characters, especially those of the 
mouth appendages, this species seems closely allied to Ichthyophorba, bear- 
ing to some species of that genus a much closer resemblance than to D. 
castor, if the figures in Baird’s British Entomostraca are at all to be relied on. 
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KEY TO THE SPECIES MENTIONED IN THE PRECEDING 

PAPER. 

The general neglect of our crustacea by the students of our local natural 
history, if not a discredit, is at least a misfortune; for no other class of an- 
imals accessible to the inland student will repay study so promptly and so 
generously ; since while the species are comparatively very few, they pre 
sent many and extreme diversities of form and structure. The differences 
between the orders of this class, —between the families, even, of some of the 
orders, — are more profound, penetrate farther into the interior of the animal, 
affecting structures commonly far more stable, than do the differences be- 
tween the other c/asses of the sub-kingdom. In the same order hearts may 
be present or absent, in the same tribe gills may be filamentous or lamellate, 
in the same genus so complex an organ as the eye may be well-developed or 
entirely wanting: and everywhere not external form alone seems plastic, 
but internal structure also. Indeed, this is but an instance of a more gen- 
eral truth. In every well founded sub-kingdom the lowest class stands 
nearest the point of common origin,—illustrates, therefore, most closely by 
its diversities the first divergencies of the group from which the later groups 
have sprung In this primeval group structure must have been much more un- 
stable than in the later higher ones, else the stable structural characters which 
now distinguish classes could never have arisen; and in the lowest present 
elass, which has departed least from the condition of this primeval group, 
this instability of structure may be expected to persist,—structural differ- 
ences will have less “value” for purposes of classification.* | Hence 
in the study of the few examples of this lowest class of arthropods, 
we rapidly acquire a more fruitful knowledge of nature’s multiform ad- 
justments, encounter more numerous and suggestive illustrations of her 
general laws, than by much longer and more elaborate study of the higher 
groups. For the amateur and the beginner the crustacea have further a pe- 
culiar interest from the fact that the transparency of some of the smaller 
forms makes possible the direct and easy study of the entire living organism: 
Nothing better could be devised for the luminous demonstration of the lead- 
ing facts of animal physiology. Ina single colorless Asedlus or Crangonyx 
may be observed at leisure, under a low power of the microscope, the re- 
spiratory movement, the circulation of the blood, the motions of the heart 
and the actions of its valves, the contraction and relaxation of muscular 
fiber, the processes of digestion, as well as the general and minute anatomy 
of the entire animal. 

The economical interest of the subject should not be overlooked. With 
the progressive settlement of the country we must. look forward to a con- 
tinuous advance in the price of animal food, and with this advance the ques- 
tion of our inland fisheries will rise yearly into higher prominence. But 
intelligent measures for the increase and preservation of our edible fishes 

*This principle, that structural characters diminish in importance downward, has 
been ignored, I think, by some of our recent ichthyologists. 
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presuppose an acquaintance with the natural history of our crustacea, which 
are as essential to fishes as insects are to birds. 

With a view to removing some of the many difficulties which have pre- 
vented a more general study of this captivating and important class, I add 
to the foregoing paper the following simple synopsis of the species men- 
tioned, which it is hoped that any intelligent student may use successfully. 
It is of course a mere compilation designed as a temporary aidto local students. 
A few species from Lake Michigan have been included which have not yet 
been found within the limits of the state, but which must nevertheless occur 
there at least occasionally. 

CLASS CRUSTACEA. 

Arthropoda usually with jointed abdominal appendages and two pairs 
of antennae. All save a few minute forms with more than four pairs of legs. 
Respiration by distinct gills, by gill-feet, or by the general surface of the 
body. 

ORDER DECAPODA. 

Head and thorax consolidated, forming a cephalo-thorax ; eyes compound, 
on flexible stalks. 

FAMILY ASTACIDAE. 

Abdomen depressed, carapace (1) with a transverse channel, edge united 
with the epistoma (2); gills very numerous, composed of filaments ; the three 
front pairs of feet chelate (3), the first much the largest. 

Genus Cambarus. 

The fifth pair of legs without gills; last segment of thorax movable. 
Rostrum (4) simple or with one tooth on each side. First abdominal legs of 
male (5) more less divided. 

a 
Oblique tubercle on front margin of third joint of third and fourth pairs 

of legs of male. 

C. acutus, Girard. Areola (6) much wider behind than before. Thorax 
densely tuberculate on sides, nearly ae above. Movable finger much 
longer than inner side of hand. 

C. troglodytes, Leconte. Areola narrower behind than before. Tho- 
rax granulate on sides, strongly punctate above. Movable claw not longer 
than hand. 

aa 
Oblique tubercle on third joint of third pair of legs of male, none on 

fourth pair. 
b 3 

First abdominal legs of male not distinctly bifid. 
C. gracilis, Bundy. Rostrum broad, short, toothless ; finger not hairy ; 

first abdominal leg toothed but not recurved at tip. 
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C. stygius, Bundy. Rostrum long, triangular, with small apical teeth ; 
outer margin of finger hairy; first abdominal legs recurved at tip and three- 
toothed. 

bb 
First abdominal legs of male distinctly bifid. 

c 
CO. obesus, Hagen. First abdominal legs short, thick, branches stout, 

tips recurved, obtuse. Areola linear. 

ce 
First abdominal legs of male with branches usually long and slender. 

d 
C. immunis, Hagen. Both branches gradually, strongly and equally 

recurved. Rostrum short and conical. 

dd 
Branches not strongly and equally recurved. 

e 
C. propinquus, Girard. Rostrum carinated (7) on middle of anterior 

half. 
ee 

Rostrum not carinated. 
C. placidus, Hagen. Rostrum excavated, margins thickened ; maxilli- 

peds not hairy beneath; greatest width of hand contained about three times 
in length of outer margin, inner edge of outer finger not bearded, forearm 
without two rows of distinct spines beneath. 

C. virilis, Hagen. Rostrum sub-excavated, margins thickened, hardly 
converging; antennal plates not longer than rostrum; maxillipeds bearded 
without, beneath and within; greatest width of hand about two and one- 
third times in length of outer margin, outer finger bearded within, forearm 
with two rows of distinct spines beneath. 

C. wisconsinensis, Bundy. Rostrum nearly flat above, narrowed in 
front; antennal plates longer than rostrum; maxillipeds hairy within and 
below at base. 

FAMILY PALAEMONIDAK. 

Abdomen compressed. Carapace without transverse channel, its lower 
edges free throughout. Gills composed of plates. The third pair of feet 
never chelate. 

Genus Palaemon. 

Rostrum long, compressed, serrate; two inner antennae with flagella (8), 
mandibles (9) with three-jointed palpus (10), first pair of legs slender, second 
stronger, both chelate. y 

P. ohonis, Smith Rostrum slightly curved upward at tip, about 
twelve teeth above and three to five below. Hand of second pair of legs 
about once and a half the length of the carpus (11). 

Genus Palaemonetes. 

Differs from Palaemon by the absence of mandibular palpi 



P. exilipes, Stimpson. Rostrum nearly straight, seven or eight teeth 
above, one or two below. Hand of second pair of feet about two-thirds as 
long as carpus. 

FAMILY MYSIDAE. 

Feet more than five pairs, slender, often bearing palpi, none chelate, 
usually rudimentary on the abdomen, Gulls wanting. 

Genus Mysis. 

Six pairs of thoracic feet, each with two many-jointed branches ; three 
pairs of maxillipeds (12). Inner antennae with two flagella. Fourth pair of 
abdominal legs in male very long, styliform, directed backwards. 

M. relicta, Loven. Cephalo-thorax about one-third total length, 
broader behind than before. Pedicel (15) of inner antennae a little longer than 
the eyes, three-jointed, first joint about as long as second and third together. 
Inner flagellum shorter and more slender than outer. 

ORDER AMPHIPODA. 

Body commonly compressed, of fourteen segments : thoracic segments 
not consolidated, eyes sessile if present. Gill plates thoracic. 

FAMILY ORCHESTIDAE. 

Upper antennae shorter than lower, no secondary flagellum (14). _ No 
palpus to mandible. Epimera (15) large. Last pair of abdominal legs not 
branched. | 

Genus Hyalella. 

First two pairs of feet sub-chelate (16), the second the larger; upper 
antennae as long as peduncle of lower: telson (17), short, stout, entire ; palpus 
of maxillipeds five-jointed; first pair of maxillae with very short one-jointed 
palpi. 

Hi, dentata, Smith. First and second abdominal segments with a 
prominent tooth on middle of hind margin, second hand of male about three 
times as broad as first, flagellum of lower antenna commonly but little 
longer than that of upper. 

FAMILY LYSIANASSIDAE. 
Body little compressed, first two pairs of feet small and weak, epimera 

of first four segments very deep. 

Genus Pontoporeia. 

Upper antennae with short secondary flagellum; first two pairs of legs 
very short, the first sub-chelate, the second not, seventh pair with pasal joint 
very large. 

P. hoyi, Smith. First pair of hands with one to three small slender 
spines at tip of closed claw. About seven elongated papillae on the second 
to fifth segments of the sternum (18). Upper antennae short, about as long as 
head and first three thoracic segments ; flagellum about nine-jointed. 

P. filicornis, Smith. Upper antennae reaching nearly to tip of ab- 
domen, flagellum of about thirty-three joints, the terminal ones very long 
and slender. Secondary flagellum of four segments. 
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FAMILY GAMMARIDAE. 

Both antennae well developed, the upper long, slender, filiform, usually 
immediately above the lower, which are inserted into a notch at the front 
angle of the head. First and second feet sub-chelate. Hyes compound, 
commonly between upper and lower antennae. 

Genus Gammarus. 

No rostrum. Three last abdominal segments each with two or more 
clusters of short stiff spines on hind margin. Secondary flagellum and man- 
dibular palpus present. Last pair of abdominal legs two branched; telson 
double. 

G. fasciatus, Say. Secondary flagellum as long as second segment 
of peduncle (19), and composed of five or six segments. Fourth, fifth and 
sixth abdomital segments each with three clusters of spines on hind margin. 

Genus Crangonyx. 

No clusters of spines on posterior abdominal segments. Telson single ; 
last pair of abdominal legs with inner branch rudimentary or wanting. Pe- 
duncles of the two pairs of antennae sub-equal. The first two pairs of 
feet sub-equal. 

C. gracilis, Smith. TKyes evident. Hind angles of first three abdom- 
inal segments each ending in a sharp tooth. Outer branch of last pair of 
legs about twice as long as peduncle; inner branch very small. Telson 
short, emarginate. 

C. mucronatus, Forbes. No eyes. Hind angles of first three abdomi- 
nal segments rounded, Outer branch of last pair of legs shorter than pe- 
duncle, inner minute. Telson of male a slender spine about as long as 
first three abdominal segments. 

ORDER ISOPODA. 

Body commonly depressed ; thoracic segments not consolidated ; eyes, 
if present, compound, sessile. Gill plates beneath abdomen. The last 
four pairs of thoracic legs similar, and differing from the first three pairs. 
Last pair of abdominal legs more or less styliform. 

FAMILY ONISCIDAE. 

Abdomen many-jointed, last segment small, caudal stylets (20)well ex- 
serted. Mandibles without palpi. Inner antennae obsolete. 

FAMILY ASELLIDAE, 

Body very flat, loosely jomted. Last abdominal segment very large, 
shield-like, comprising nearly the whole abdomen. Upper antennae short, 
lower very long. Only first pair of feet sub-chelate. Mandibles with 
palpi. 

Genus Asellus. 
First pair of feet sub-chelate ; last thoracic legs not elongate ; first 

pair of abdominal appendages in female (first two pairs in male) small, 
forming short plates; outer ramus of next pair serving as gill-covers; cau- 
dal stylets elongate. 
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A. brevicauda, Forbes. Head with hind angles laterally extended, 
forming broad spinous lobes; front angles of first thoracic segment notched, 
no lateral notches on thoracic segments ; tip of abdomen with broad rounded 
lobe, pedicels of caudal stylets as broad as long, palm of hand with two 
strong spines. 

A. intermedius, Forbes. Head with small lateral lobes. First thoracie 
segment with front angles entire, others notched laterally; hind angles of 
abdomen not distinct, pedicel of caudal stylet twice as long as wide. 

A. stygius, Packard. Slender, loosely-jointed, colorless and blind ; 
caudal stylets slender, cylindrical, abdomen not lobed behind. 

ORDER PHYLLOPODA. 

Feet, ten to sixty pairs, broad and flat, two or three-lobed ; mouth with 
mandibles and maxillae, antennae usually small, not used for swimming. 

FAMILY BRANCHIPODIDAE. 

Body long and slender, no carapace, thoracic segments distinct, eyes on 
stalks, second antennae converted into clasping organs. Eleven pairs of 
gill-feet. Female with egg-pouch at base of abdomen. 

Genus Eubranchipus. 

Head large, claspers (21) of male thick and strong, with a tooth at base of 
second joint; a pair of simple, flat, serrate, membranous appendages attached 
to front of head; caudal appendages long, lanceolate, with many fe. thery 
hairs. Egg-pouch short, thick, broad-oval. 

E. serratus, Forbes. Frontal appendages longer than claspers, irregu- 
larly ovate, deeply serrate. Tip of claspers flattened within, abdomen 
somewhat serrate. 

FAMILY ESTHERIADAE. 

Compressed ; head and body enclosed in a bivalve shell. Eyes sessile ; 
feet, ten to twenty-seven pairs. 

Genus Limnetis. 

Shell circular, globose, no beaks or lines of growth. Inner antennae 
two-jointed; feet ten or twelve; abdomen truncate. 

ORDER CLADOCERA. 

Body enclosed in a bivalve shell, head free; abdomen acutely forked; 
eye single, large. Lower antennae form large branched swimming organs ; 
feet four to six pairs. 

FAMILY DAPHNIADAE, 

Upper antennae minute, one or two-jointed; five pairs of feet, all ex- 
closed by carapace. Intestine nearly straight. 

ORDER OSTRACODA. 

Biting mouth, one eye, two pairs of antennae, one for swimming; bi- 
valve carapace enclosing head and body. Feet one to three pairs. 



( 23 ) 

FAMILY CYPRIDAE. 

Upper antennae long, many-jointed, with a tuft of long hairs; lower 
stout and foot-like ; two pairs of feet. 

ORDER COPEPODA. 
Body more or less distinctly segmented, and distinguishable into re- 

gions; two pairs of antennae, one or two antennae often prehensile. No 
carapace or bivalve shell; three pairs of mouth-parts and five pairs of 
swimming feet. Females with external egg-sac. 

FAMILY CYCLOPIDAE. 

Eotb anterior antennae modified for grasping in male. Posterior an- 
tennae four-jointed, not branched. Fifth pair of legs cylindrical, alike in 
both sexes. One eye, with two lateral lenses; two egg-sacs. 

Genus Cyclops. 

Body broad in front, slender behind, of ten segments in males, nine in 
females. Head and first thoracic segment consolidated. Palpus of mandi- 
ble rudimentary, a tubercle bearing two bristles. !ifth pair of feet ob- 
solete. 

FAMILY HARPACTIDAE. 

Body linear, cylindrical. i'oth anterior antennae of male modified for 
grasping. Posterior antennae branched, and armed with jointed bristles. 
The fifth pair-of feet usually lamellate. Eye single. Commonly a single 
egg-sac. 

Genus Canthocampius. 

Pranches of the first pair of feet similar, three-jointed, the inner branch 
the longer, its first joint very long. Palpus of mandible simpie, two- 
jointed. First antennae eight-jointed. Secondary branch of second an- 
tennae very short, one or two-jointed. 

C. illinoisensis, Forbes. Minute, light red; five abdominal segments 
in male, four in female. Branches of furca (22) as wide as long. Of the 
bristles at their tip, the inner is about as long as the abdomen, the outer 
half the inner. Mandible with about ten teeth. 

FAMILY CALANIDAE. 

Body elongate : anterior antennae very long, usually of twenty four or 
twenty-five joints. In males the right—rarely the left—is modified for 
grasping. Posterior antennae large, two-branched. One egg-sac. 

Genus Diaptomus. 

Fifth pair of feet unlike in males, inner branch of right foot rudiment- 
ary or wanting. This foot is converted into a grasping organ, as is also the 
right antennae of the male. Antennae twenty-five jomted. Fifth thoracic 
segment distinct. Abdomen of male with five joints, of female with four. 

D. sanguineus, Forbes. Color crimson. Right foot of male without inner 
ramus, the last two joints forming a hand and dactyl. Each branch of the 
furea bears six plumose hairs, of which the inner is slender and short. The 
teeth of the mandible are entire. 
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1. The crust covering cephalo-thorax on back and sides. 2. Under surface _ 
of head betweea the lower antennae. 3. Furnished with nippers. 4. Projec- 
tion from front of head, between antennae. 5. In the male crawfish the first ab- 
dominal legs are stiff and unlike theothers; in the female similar to the others, 
but rudimentary. 6. Space on back of thorax between the two longitudinal 
curved lines. 7. Ridged longitudinally. 8. The many-jointed terminal 
part of antennae. 9 Front pair of jaws. 10. Jointed feelers. 11. Joint 
preceding hand. 12. Hind pairsof jaws. 15. The thick, longer-jointed 
basal part of antennae. 14. A very short flagellum attached beside the 
principal one. 15. Side-plates concealing attachment of legs. 16. Last 
joint claw-like, shutting against the enlarged preceding joint like the blade 
of a pocket-knife against its handle. 17. Rudimentary last segment of the 
body. 18. Under surface of the body between bases of the thoracic legs. 
19. Undivided basal joint of leg. 20. Pair of appendages at tip of ab- 
domen, 21. The strong, jaw-like organs in front of head. 22. The forked 
tip of the abdomen. 

APPENDIX. 

Descriptions of the following extra-limital species are added for the 
purpose of calling the attention of collectors to them, as it is very likely 
that they will be found in the state. The descriptions of crawfishes are fur- 
nished by Mr. Bundy, who has made a careful study of the species of 
Cambarus found in this and adjoining states. 

C. sloani’, Bundy. Rostrum quadrangular, subdeflexed, slightly concave, 
toothed in front, acumen long, acute, straight, cephalo-thorax, finely punctate 
above, granulate on sides, front margin angulated, lateral tooth long, acute ; 
epistoma wider than long, narrower in front, concave below, apex emargi- 
nate; third maxillipedes smooth below, hairy within, hands short, thick, 
wide, smooth, fingers short, straight, not gaping at base, generally tipped 
with black, arm and wrist nearly smooth, at most with a few blunt teeth ; 
third legs with third joints hooked ; first abdominal legs short, bifid, outer 
part slightly longer, flattened, bent outward at apex, slightly recurved, 
acute, tubercles at inner base small, inter-pedal space once and one-half 
longer than wide. The female has ventral ring rhomboid, posterior angle 
swollen, irregularly tuberculate, fissure transverse, anterior angle depressed. 
Habitat : Southern Indiana, Kentucky (Dr. Sloan). 

C. debilis, Bundy. Rostrum wide, quadrangular, subdepressed, concave 
above, foveola at base, margins nearly parallel, anterior teeth prominent, 
acumen acute, flat, smooth, cephalo-thorax subdepressed, punctate above, 
granulate on sides, lateral tooth acute, dorsal area narrow, wider behind, 
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antennal plates longer than rostrum, apical spine acute; antennae slender, 
long, reaching to base of telson, epistoma much wider than long, truncate, 
maxillipedes barbate on inner side and below: inner margin of hand and 
movable finger with two rows of teeth, contiguous margins of fingers tuber- 
culate, exterior one hairy at base, both fingers ribbed and punctate above , 
third joint of third thoracic legs hooked; first abdominal legs long, bifid, 
nearly straight, exterior part longer, recurved, interior part recurved, ob- 
tuse, not enlarged near apex, tubercles on inner basal angles small. This 
species resembles the above, but differs from it in having a wider, more con- 
cave rostrum, with parallel sides, a depressed dorsum, wider epistoma, more 
coarsely bearded maxillipedes, longer abdominal legs, and the absence of 
enlargement near apex of interior part. Habitat: Baraboo river, Ironton ; 
Wisconsin river, Sauk City, Wisconsin. 

Eubranchipus bundy?, Forbes. This species, sent me by my friend 
Prof. Bundy, was taken by him at Jefferson, Wis. The specimens seen 
were somewhat smaller than average individuals of H. serratus, the thorax 
shorter and the abdomen more slender. The latter is similar to the abdo- 
men of LZ. vernalis, while the claspers and frontal appendages are more like 
those of FH. serratus. 

The antennae extend ab.ut one-third their length beyond the eyes. 
The frontal appendages are long and narrow, widest at base and regularly 
tapering, serrate within and on outer margin of tip with short blunt even 
teeth. The under surface is covered with short blunt spines or tubercles. 

These appendages are attached by a transverse line to the front of 
the head, just within the base of the claspers, and are about three times as 
long as the basal joint of the latter. 

The claspe:s resemble in size, general form and position those of JL. 
serratus. The tubercle at the base of the first joint is larger and situated 
farther forward, extending far enough to the front to meet its fellow of the 
opposite side before the labrum. The opposed edges are somewhat rough- 
ened. The /abrum is large and extends forward in the form of a stout 
tubercle, truncate at its extremity. This process is embraced by the con- 
cave posterior internal margins of the basal tubercles of the claspers The 
second joint of the clasper is thick at base, but tapers more rapidly than in 
E. serratus. The long and slender tooth of the latter is replaced by a thick 
rounded tubercle extending directly inward and covered by elevated disks, 
or truncate papillae, like the tip of the tooth in the species just mentioned. 
Unlike the latter, these papillae are wanting at the tip of the joint, which is 
expanded and distinctly bifid. 

The margins of the abdomen are not distinctly serrate, the last segment 
is not connate with the penultimate, nor is the tip of the abdomen broader 
than the preceding segments. 

The caudal stylets are broad and blunt, not rounded at base, usually a 
little longer than the last three abdominal segments, and ciliate their whole 
length. The ovisac of the female is nearly as broad as long, with a large 
median lobe behind, and no other posterior processes. 



THE TREE IN WINTER. 

When autumn has turned the verdancy of the forest into discolored 
hues, and the roaring gales have shaken off the last withered leaf, 

‘* And woods, fields, gardens, orchards, all around 
The desolated prospect thrills the soul,”’ 

even then nature is not dead, she sleeps only. The new life lies hidden in 
the bud, born early in summer from the axil of the leaf. 

It is our own fault, if in the bare forest we see only a crowd of wooden 
trunks and limbs and twigs. There is in winter an abundance of objects to 
be studied by the naturalist. The book of nature lies open at every season 
to the attentive eye. 

To recognize the different trees in winter is not only amusing to the 
friend of nature, but in many cases of great practical use. To expose the 
characters by which the species of our woody plants can be distinguished in 
winter, is the aim of this paper. As the space allowed is not sufficient for 
a synoptical description of each single species,—matter enough to fill a 
book,—the reader cannot expect more, in these few lines, than an intro- 
duction to the subject, and may accept this as an invitation to inform him- 
self by autopsy and study, assisted by the most necessary drawings. 

Everybody will easily recognize, even at a distance, an old oak tree by 
its stout stem, its strong crooked divaricate limbs ; or an elm by its dome- 
like appearance, caused by its numerous twigs dividing from a number of 
primary limbs of equal strength; or a G'ymnoclacdus by its slender stem 
with but few branches and comparatively thick twigs. In some trees the 
bark is characteristic: that of the hackberry is very rough with narrow 
elevated ridges, while that of the beach and hornbeam is quite even and 
smooth. The bark of the shell-bark hickory separates the outer layers 
in long flaps, while in the mockernut and bitternut it is compact, and often 
nearly smooth ; sometimes the bark of the stem is rough and that of the 
limbs smooth, as in the red oak; the bark of the twigs is often corky- 
ridged (Quercus macrocarpa), or separates in small flaps ( Quercus bicolor), 
or bears two opposite corky ridges (U/mus alata). In many trees the ridges 
anastomose obliquely, leaving lozenge-shaped spaces. The white color 
of the bark of the cance birch is very characteristic. The whole di- 
vision of white oaks differs from that of the black oaks by the color of 
the bark, which is paler in the former and darker in the latter. We have 
no surer guide than the characters taken from the arrangement, form and 
construction of the buds and, in many cases, the form of the leaf-scars. 
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PHYLLOTAXIS. 

As the buds grow from the axils of the leaves, their arrangement is the 
same as that of the leaves. They are either opposite or alternate. 

When the buds are opposite, one pair stands transversely to the next 
lower, so that, when seen from above, the four buds form a cross, as do also 
the leaves and the branchlets; the third pair corresponds to the first one. 
This position is called decussate, and we find it in the species of Kuonymus, 
Staphylea, Aesculus, Acer, Negundo; Hydrangea, Cornus (except OC. alter- 
nifolius), Lonicera, Sambucus, Viburnum, Bignonia, Tecoma, Fraxinus, 
Foresteria. 

A whorl of three buds we find in Catalpa, and also usually in Cephal- 
anthus (sometimes four or only two). Hach whorl alternates with the next 
one, so that, seen from above, a whorl of six is formed. In all the rest of, 
our woody plants the buds are alternate. Though seemingly irregular they 
are arranged in a definite order. The buds are alternate in two lines 
(bifarious), or in other words the third bud corresponds to the first, the 
second to the fourth; two buds make one circuit, and this is expressed by 
the fraction 4; the numerator indicates the circuit, the denominator the 
number of buds. This arrangement we find in the species of Asimina, 
Vitis, Ampelopsis, Cercis, Hamamelis, Brunnichia, Dirca, Ulmus, Celtis, 
Morus and Smilax, 

In Betula and Alnus three buds make one circuit in a spiral line; the 
fourth bud stands above the first (4). 

In the majority of our woody plants five buds make two turns in a spiral 
line, and the sixth bud stands above the first (two-fifths). In the oaks the 
upper buds are somewhat crowded. The beech and Tilia, though properly 
belonging here, have the buds on the horizontal branches in two oppo- 
site lines. 

There is one little tree (Ptelea) with eight buds in three circuits (3), 
and one shrub (Amorpha fruticosc:), with thirteen buds in five circuits (five- 
thirteenths). In Rhamnus four buds make one circuit, but the merithalls* 
between the first and second and the third and fourth, are much shorter than 
between the second and third; and as we sometimes find the pairs of buds 
in Euonymus and Fraxinus displaced (one higher than the other), we may 
conclude that Rhamnus belongs to the same division as those. The position 
is properly decussate. The same conclusion we may make in regard to the 
elm, the seedling of which has opposite leaves; and perhaps we may ex- 
plain the bifarious position of the buds on the branches by a (hypothetic) 
torsion of the merithalls. 

The best way to count the buds and their circuits, is to thrust a pin 
into each leaf-scar at aright angle to the stem, and attaching a thread 
to it, pass this from the lower to the next higher until the one is reached 
which corresponds to the first one. 

Figures 18—21 on Pl. IV show in diagram the phyllotaxis of four 
different woody plants. The figures represent the bark split longitudinally 

*Internodes. 
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and laid flat. The lines represent the vascular bundles, which enter the 
bud at the numbered points. In Fig. 19 we see that the fibres of two- 
fifths of the vascular ring enter into one leaf. If we segregate the meri- 
thalls and. put the buds at the same level, we have a whorl of 5, 8 and 13, 
and the whole number of buds represents a whorl pulled out into a spire. 

There are sometimes supernumerary buds in some species of Juglans, 
Carya, Gymnocladus, Amorpha, Gleditschia ; two to even four buds ap- 
pearing one above the other. The uppermost develops, or it forms an 
abortive twig, a spine (Gleditschia) ; then the next lower develops, the lowest 
remaining dormant. In Crataegus the axillary bud is often transformed into 
a spine, when an accessory bud appears on both sides. 

The species with opposite buds have a true terminal bud. This is 
sometimes abortive and wanting in Huonymus and Staphylea, or the shoot 
had an indefinite growth and withered in fall at the upper end, as in Sam- 
bucus, Tecoma, Catalpa, Cephalanthus. Then of course there is no ter- 

minal bud. 

SIZE AND FORM OF THE BUD. 

The buds of our woody plants are formed in summer, and are visible 
during winter. Only Gileditschia and Robinia show no buds in winter ; 
these are hidden in the bark and break forth only in spring. - Others show 
only a little knob (Ptelea, Cephalanthus). There are a number of trees 
which have very large buds, at least at the upper end of the shoot (Aescu- 
lus, Fraxinus, Juglans, Carya, Populus), others very small ones ( Cercis, 
Celastrus). The buds are either leaf-buds or flower-buds or mixed, con- 
taining leaves and flowers at once. The latter are quite similar to the leaf- 
buds ; the flower-buds are mostly more roundish and swollen, and placed at 
the lower part of the shoot (/raxinus), but some flower-buds are cylindrical 
and appear (in Rhus aromatica) at the upper end of the shoot. 

The true terminal bud of the species with decussate buds and the 
pseudo-terminal bud of the species with alternate buds, are often much 
larger than the axillary buds; and, as these are often the only ones that pro- 
duce new shoots, these trees show in winter~a limited number of long 
branches. When we examine such branches, we find sometimes a row of 
shoots, each with a few approximated leaf-scars, and below these a ring of 
narrow scars of the bud scales, fixing the limit of each shoot, and then a 
long shoot with remote buds. (Fagus, Fig. 16 on Pl. II, and Cornus al- 
ternifolius Fig. 9 on Pl. III.) By counting these shoots we can determine 
the age of the branch. 

The bud is fusiform, often very slender (Amelanchier, Cornus, Virbur- 
num lentayo); or ovate, more or less pointed (Aesculus), or oval and ob- 
tuse (Diospyros, Ulmus fulva), or globular (Crataegus), or compressed 
(Asimina, Liriodendron, Hamamelis). 

DIRECTION OF THE BUDS. 

The axis of the bud stands mostly at an angle of 15 to 45 degrees to 



the axis of the branch, sometimes at a right angle (Fagus, Celastrus); or 
the bud is appressed, the axis being parallel to the shoot ( Cornus, Virburnum, 
Salix* ). 

The axis of a bud which stands straight above the leaf-scar is radial, 
it points to the centre of the branch; but in some species, particularly in 
those with bifarious buds (Morus, Celtis, Ulmus, Tilia) the bud stands not 
right above the leaf-scar but a little aside, then the direction of the bud is 
oblique, and its axis is tangential, it strikes the periphery of the shoot. 
The axis itself is sometimes not straight, but bent ( Celtis, Ulmus). 

THE SCALES OF THE BUD. 

The number of scales is not always definite. Itis said to be ten in 
Carya alba; and yet I bave counted in the upper bud a greater number, 
sometimes even as many as twenty, though in many species the number is 
constant. Salix has the bud covered by a single hood-like scale, Tilia has 
two, the inner one larger and enveloping the bud with overlapping margins. ' 
In Negundo and Staphylea one pair is visible, the inner ones are herbaceous 
and pass into leaves. Acer dasycarpun has four pairs, and Acer sacchari- 
num eight pairs, Aesculus four opposite rows of five to six scales each. 
Fraxinus and Huonymus have three pairs. 

The arrangement of the scales follows the rule of Phyllotaxis. In the 
bifarious species the scales are arranged in two rows, and there are four 
scales in each row (in Ulmus, Celtis, Morus). In those with five buds in 
two circuits the buds have the same arrangement, they are imbricate.+ 

The form of the scales is often variable in the same species and the 
same individual. It is mostly ovate and convex, pointed (Aesculus, Popu- 
lus, Quercus coccinea), or mucronate (Crataegus), or obtuse (Corylus, 
Quercus nigra). The scales are pinnately grooved at the upper end in 
many species with pinnate leaves (Fraxinus, Juglans, Carya amara). 

The surface is smooth ( Crataegus, Quercus rubra), or pubescent (Fagus, 
Carya alba), or tomentose (Rhus glabra, Ulmus fulva, Quercus coccinea), 
or sericeous (Direa), or velvety (Asimina), or furfuraceous (Carya 
amara). 'The color is mostly brown, but sometimes green (Huonymus), 
yellow (Carya amara, Dirca, Liriodendron), rusty red (Zanthoxylon), 
bluish black (Fraxinus sambucifolia), purplish brown (Asimina). Some 
have a darker colored zone along the margin (Morus). 

VERNATION. 

When we cut a bud horizontaliy, we observe the inner arrangement, 
the position of the leaves and their parts. In the species with decussate 

*In Salix cordata Var. angusta, only the flower-buds are somewhat spreading. 

TM. C. De Candolle (Memoire sur la famille des Fuglandees) calls the buds of Carya 
olivacformis and amara decussate. That may be true concerning the lateral buds ; 
in the terminal buds, as many as I have examined, I have found the phyllotaxis 
invariably 2-5. 

The same author differs from other botanists in his phyllotaxis, since he 
asses from one scale, bud or leaf to the next on the longest and not on the shortest 
ine, and thus, of course, makes three circuits instead of two. 
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buds the pairs stand at right angles, the lower ones outside, those higher on 
the shoot inside (Pl. I, Figs. 21-25\. In the bifarious species the leaves 
are located side by side, the lowest outside, the highest in the middle, the 
posterior side of the midrib looking toward the leaf-scar (UJmus, PI. IV, 
Fig 14); or they stand opposite, the lower inclosing the upper ones (Celtis, 
Plate IV, Fig. 15), the posterior side of the midrib looking toward the 
bud-scales. In those with the spiral position of the buds the leaves are 
arranged in the same way; the posterior side of the midrib looks toward 
the corresponding scale (Populus, Pl IV, Fig. 16). When the species has 
compound leaves, the leaflets lie either side by side or in a half-circle, the 
uppermost’in the middle, the lower ones at the sides (Carya alba, Pl. 1V, 
Fig. 17). ; 

The blade of the leaf is either conduplicate (Prunus*, Amelanchier, 
Asimina, Cercis, Ulmus, Tilia), or plicate (Acer, Hamamelis, Ribes), or 
involute (Huonymus, Clastrus, Staphylea, Populus, Viburnum), or revolute 
(Salix, Ptelea) or convolute (the leaflets of Carya, Pl. IV, Fig. 17), or 
equitant (Cornus, Pl. I, Fig. 24, or open and slightly concave (Cepha- 
lanthus, Sassafras). 

A very singular arrangement we observe in Liriodendron, Pl. II, Fig. 
4, The leaf is conduplicate and bent inward from the upper part of the 
petiole, and the cover of the bud is nothing else than the two stipules of an 
abortive leaf. 

LEAF-SCARS. 

At the base of the bud we observe the scar of the fallen leaf, an area 
of varying form, covered with a thin layer of corky matter which is formed 
in the latter part of the season and separates the leaf from the shoot; and 
within this area we notice the vestiges of the vascular bundles that enter the 
leaf-stalks. 

The scars are either flat upon the stem (Aesculus), or on a projection, 
pulvinated (Quercus) ; they are sometimes concave (Ampelopsis, Cutalpa), 
or convex ( Ulmus). . 

The form of the scar depends on the form of the base of the leaf-stalk, 
and is very variable. It is narrow, nearly linear (Negundo), or crescent- 
shaped (Cornus, Viburnum), or triangular (Populus), or semi-circular 
(Fraxinus, Quercus), or elliptical (Liriodendron), or three-lobed ( Cratae- 
gus, Cercis, Amorpha), with five sharp angles (Lonicera flava), or oval with 
the upper end truncate or emarginate (Tecoma, Catalpa, Sassafras), or 
heart-shaped (Rhus toxicodendron, Gleditschia, Juglans, Carya), or horse- 
shoe shaped (Rhus glabra, Ptelea), or ring-shaped around the bud ( Plata- 
nus, Dirca). Were the bud was covered by the hood shaped basis of the 
leaf-stalk. In Dirca the bud is situated in a cup-like cavity the margin of 
which forms the leaf scar. When two scars of opposite leaves meet (Ne- 
gundo), the twig seems to be articulated. 

The marks of the vascular bundles are very characteristic, presenting 
sometimes one point in the center ( Celtis), or a horizontal streak (Sassafras). 

*The European species of Pranus proper have convolute leaves. 

{ 
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Usually there are three points forming a triangle, or more and then forming 
either a curved line (Asimna), a horseshoe-shaped line (Cephalanthus), 
or a closed chain following the outline of the scar (Morus, Sambucus, Fraa- 
inus), or separating in groups (Juglans, Carya, Gymnocladus). The marks 
are somewhat concave (Aesculus) or convex (Lindera). 

THE TWIGS. 

The direction of the twig commonly agrees with the direction of the 
bud. The Sassafras has a peculiar growth; the secondary shoots of the 
summer from the lower buds attain a greater length than the primary ones, 
and as the shoots are curved upward, the whole has the appearance of a 
chandelier (Pl. III, Fig 7). The shoots are either smooth (Fraaxinus 
americana and sambucifolia, Acer, Crataegus), or pubescent (Fagus, 
Betula), or rough hairy (Corylus, Ulmus fulva), or tomentose-pubescent 
(Fraxinus pubescens, Carya olivaeformis, Diospyros), or prickly, and then the 
prickles are placed irregularly on the bark (Rosa, Rubus, Smilax), or there 
is only one on each side of the scar, representing a stipule (Robinia, Zan- 
thoxylon). Prickles should not be confounded with spines (or thorns). 
Ribes has a spine below the persistent base of the leaf-stalk, and this rep- 
resents a bract. : 

In many species we see ridges running downward from the leaf-scars 
(Populus monilifera, Rhus toxicodendron), 1 some species with opposite 
leayes these ridges are very sharp and prominent, and the twig becomes 
quadrangular (Fraxinus quadrangulata, Huonymus atropurpureus). 

The color of the twig is mostly brown, but other colors occur, 
red (Cornus sericea), purplish (Cornus alternifolia, Asimina) yellowish 
(Piatanus), green (Sassafras, Euonymus, Staphyl-a, Negundo), grayish 
(Fraxinus sambucifolia, Rhamnus), white, thickly covered with a white 
woolly pubescence (Salix candida). 

THE PITH. 

The pith in a horizontal section of a twig shows different forms in the 
different species, and in the same individual. In the middle of the meri- 
thall (space between two single leaves or pairs of leaves or whorls), it is 
more or less circular in the majority of our species; but sometimes it shows 
a hexagonal shape in species with opposite leaves; in those with five leaves 
in two circuits, a pentagon (Sassafras, Liquidambar), or a five-rayed star 
(Quercus, Populus). Near the upper end of the merithall (wrongly called 
“<joint,”’) the form of the pith is modified by projections towards the leaf 
or pair of leaves. 

The vertical section in Juglans and Celtis shows the pith in horizontal 
plates. I have observed this only in one other plant of our flora, the Phy- 
tolacea. 

The color of the pith is mostly whitish, pure white in Sassafras, often 
with a rosy tinge in 7i/ia (cream color when older ), yellowish in Rhus glabra 
and Rhus toxicodendron, reddish in Gymnocladus, Cornus, Rhus aromatica, 
greenish in Gleditsehia, brownish in Juglans cinerea, Carya amara. 
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It is very large in proportion to the thickness of the wood in Sambucus, 
Sassafras, Rhus. Only Smilax has no pith; it belongs to the endogenous 
plants. 

To treat of the wood here, would lead us too far, for the matter is too 
ample to be condensed into a small space. 

The plates will aid somewhat in the identification of specimens. 

SODIC PINATE AS A TEST FOR LIME. 

By J. A. SEWALL. 

Pinic acid or sodic pinate precipitate salts of calcium, magnesium 
and iron. 

I have recently made some experiments with the sodic pinate, with re- 
ference to its delicacy as a test for detecting the presence of the salts of the 
first mentioned metal (calcium), with the following results, using a solution 
of calcic sulphate : 

osy7 part of calcic sulphate in one part of water, yields a very copious 
amorphous precipitate, which readily subsides. 

000 part yields an abundant bulky precipitate. 
s<vbov part, an abundant precipitate. 
zso00 part, an immediate cloudiness, and in a few minutes a good 

precipitate. 
$0000 Part, quite the same result as is given by the ;=4,, solution. 
35000 part, a very satisfactory deposit after a little time. 
ostous part, a distinct turbidity, and after a few hours a satisfactory 

deposit. 
I observe that on adding a few drops of the reagent to distilled water, 

the solution becomes, after several days, slightly opalescent. 
The reagent was prepared by dissolying one part of the sodic pinate in 

fifteen parts of distilled water and filtering the solution. 
The quantity of the solution of the calcic sulphate operated on in each 

trial was one fluid ounce. The quantity of the sodic pinate solution used in 
each trial varied from two to ten drops, the larger quantity being used in the 
stronger solution of the calcic salt. 

Ammonic oxalate fails to precipitate lime ina ,.1_ solution, (Fre- 
sentus). 

It will be seen from the above that the sodic pinate is a much more 
delicate test for calcic salts than the ammonic oxalate. The deportment 
of other calcic¢ salts is quite the same as that of the sulphate. 



A PARTIAL CATALOGUE OF THE FISHES 
OF ILLINOIS. 

By E. W. NELSON. 

Owing to the slight attention the ichthyology of the region herein 
treated has received, the present catalogue must necessarily be very incom- 
lete. 

: With the exception of Mr. R. Kennicott’s list of fishes of Cook 
county, (Ill. Agl. Report) in which only thirty species are mentioned, and 
occasional descriptions of new species or the mention of the receipt of speci- 
mens from within our limits in the ,papers of various writers, nothing has 
been definitely known regarding the ichthyic fauna of the state. During 
the last three or four years, considerable collections of fishes have been 
made in various parts of the state, under the auspices of the [linois Mu- 
seum of Natural History. 

The present paper is based mainly upon this material, which, through 
the generosity of the management of the above-named institution, | have 
been enabled to study. I am also greatly indebted to Prof. S. A. Forbes, 
Curator of the Museum, for notes upon the distribution and peculiarities of 
structure in many of the species. To Dr, D. S. Jordan, of Irvington, 
Indiana, I am under obligations for the loan of specimens, for invaluable aid 
in verifying doubtful identifications, and for notes on the distribution of 
many of the species, especially in the Wabash valley. 

The collections in the Museum have been made principally by Prof. 
Forbes, in the following localities: Illinois river from La Salle to Pekin ; 
the Vermilion river in La Salle county ; Mackinaw creek in McLean county : 
Rock river at Oregon; Pecatonica river at Freeport; the Ohio and Missis- 
sippi rivers at Cairo; the outlet of Big Lake, in Jackson county ; Callahan 
and Drury creeks, in Union county; Lake Michigan at Chicago, and some 
of the smaller tributaries of the above-named streams. In addition to 
these, small collections have been made by myself, from the Calumet river 
and its tributaries, in Cook county; Lake Michigan, at Chicago; small 
tributaries of the lake at Waukegan, and the Fox river at Geneva. Where 
species are included upon the authority of others, due credit is given. As 
will be seen by the list of localities, the streams from which collections 
have been made are nearly all tributaries, directly or through the Illinois, 
to the Mississippi, thus leaving the Wabash and Ohio with their tributa- 
ries comparatively unexplored, except portions of the Wabash valley, 
where collections haye been made for Prof. Jordan; and so little work 
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has been done in the entire southern third of the state, that but slight idea 
can be formed of the exact distribution or of the number of species which 
exist there. The synonyms mentioned are only intended to connect the 
names here given with those used in Prof. Jordan’s Manual of the Verte- 
brate Animals of the Northern United States. 

FAMILY PERCIDAE. 

Genus Microperca, Putnam. 

1. M. punctulata, Putnam. Least Darter. Not uncommon in Fox 
river, at Geneva, and in clear tributaries to Lake Michigan at Waukegan. 
Not common in the Wabash valley. \ 

2. P. flabellatus, (Raf.) Cope. Fan-tailed Darter. Common in clear 
brooks in Wabash valiey. 

3. P. lineolatus, (Ag-) Jord. Striped Darter. Found in clear streams 
in Northern Illinois, where it replaces the preceding. 

4. P. niger, (Raf.) Jord. Trout Darter. Very rare in the Wabash 
valley. 

~ Genus Poecilichthys, Ag.* 

5. P. caeruleus, (Stor.) Ag. Blue Darter. Common through Southern 
Illinois, and especially abundant in the Wabash valley. 

6. P. spectabilis, Ag. Striped Blue Darter. Not so generally dis- 
tributed as the preceding; is confined to the northern part of the state. In 
distribution this and the preceding species bear the same relations as P. line- 
olatus and flabellatus. 

Genus Boleichthys, Grd. 

7. B. exilis, Grd.  Red-sided Darters. The only specimens I have 
seen from the state were taken in a clear brook flowing into Lake Michigan 
at Waukegan, where it was rather common. 

8. B. eos, Jordan, Mss. Common in small clear streams in Northern 
Illinois and Southern Wisconsin. 

For the following synopsis of the species of this genus I am indebted 
to Prof. Jordan: The characters ascribed to B. fusiformis, B. erochrous 
and B. barratti are from Cope (Proc. Phil. A. N.8., 1864, 233); those of 
B. warreni from Girard (Proc. Phil., A. N. S., 1859, 104). 

*Lateral line distinct about to middle of first dorsal, on about 12 
scales; 52 transverse rows; head 34 in length; D. VIII—9. Mass. 

Jusiformis ( Grd.) 
** Lateral line distinct to middle of first dorsal, on 12 to 18 scales ; 

head 4 in length. D. TX or X—10. 
7Scales in 42 to 44 transverse rows; eye as long as snout, 5 in head ; 

sides with dark band and reddish punctulations. New Jersey. 
; erochrous ( Cope) 

TySeales in 45 to 50 transverse rows ; eye 3 to 32 in head, longer than 
snout; sides with a row of round crimson ‘spots (in life); form slender. 
Llinois to Montana. exthis ( Grd.) 

* Includes Catonotus, Notonotus and Poecilichthys. Ford. Man. Vert. 
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***Lateral line on 20 to 30 scales. 
Tt Head 32 in length; lateral line not to end of first dorsal; scales 

smallest, 60 in lat. 1.; D. IX or X—9 or 10. Body fusiform, elongated, 
caudal peduncle notably much elongated; size large, life coloration bril- 
liant. Northern Illinois and Wisconsin, eos (Jordan), Mss. 

TiHead 32 in length; lateral line variously incomplete ; scales rather 
large, in 45 to 50 transverse series, D. LX or X—12 to 14; caudal peduncle 
not elongate; body very short and chubby; size small; colors dull. 
Georgia to Texas. elegans ( Grd.) 

Tit Head 4 in length ; lateral line extends to origin of second dorsal ; 56 
transverse series of scales; D. X or XI—10 or 11. South Carolina. 

barratti (Holbr. ) 
**** Lateral line unknown; body compact: head shorter than in B. 

ewilis ; scales smaller; first dorsal with a band of vertically elongated 
black spots : ine Shee A II,9. Cannon Ball R. warreni ( Grd.). 

Genus Pleurolepis, Ag. 

9. P. pellucidis, Ag. Sand Darter. Found sparingly im clear sandy 
tributaries of the Wabash and Ohio. (.J/ordan.) 

Genus Boleosoma, Dek. 

10. B. olmstedi, (Stor.) Ag. Tessellated Darter. Specimens are in 
the collection from various localities, and Prof. Forbes informs me that he 
has found it common in all clear streams. Some specimens from Fox River 
im Wisconsin show: characters exactly intermediate between this and the 
atromaculata of Girard. Other specimens from the Fox River at Geneva, 
Ill., agree with the description of atromaculata, and others from the same 
locality answer perfectly to olmstedi. 

ll. B. brevipinne, Cope. Slim Darter. Apparently everywhere com- 
mon in clear streams throughout the state. 

Genus Htheostoma, Ray. 

12. E. blennioides, Kirt. Black-sided Darter. Rather common in the 
Wabash valley. 

13. #. phoxocephalum, sp. nov. This species replaces the preceding 
im the western part of the state, and from the number of specimens in 
the collection and the localities represented, appears to be rather common 
in the [llinois and its tributaries. 

Sp. Char. Head about 4 times m total length: depth 6) : eye=snout, 
4}imn head: D. XIII—12. A. 1,8. Lat.1.76. Inter-orbital space more 
than 6 in head. Cheeks naked; opercles scaly; breast naked. Middle 
line of belly with line of larger scales or a naked strip. Pectorals shorter 
than head. Fins mottled : sides with a lateral band of small squarish spots 
usually connected by a narrow black line. A black spot at base of caudal 
and one at base of lateral line. 

Back mottled and tesselated with dark cn a light ground. <A black 
line from eye forward and another downward. This species bears a super- 
ficial likeness to £. blennioides, but may be distinguished at once by the 
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shape of the spots on the sides, by the much more slender form and very 
narrow, pointed, eel-like head, the depth of which is less than half its length, 
and its width two-fifths its length. 

14. E. evides. Jord., Mss. Barred Darter. Rare. Occurs in the . 
lower Wabash and Ohio valleys. (Jordan.) 

Genus Percina, Hald. 

15. P. caprodes (Raf.), Grd. og Perch. A few specimens from the 
Calumet and Vermilion rivers. Becomes quite numerous in the Wabash 
valley. 

Genus Perca, Linn. 

16. P. flavescens, ( Mit.) Cuv. Common Perch. Very abundant in Lake 
Michigan and its tributaries; also occurs, but in smaller numbers, in the 
Illinois and tributaries. Rare in the Ohio (Jordan). Specimens from the 
clear waters of Lake Michigan are usually a light color—almost white. 
Often the dark bars, generally so characteristic of the species, are so obso- 
lete that the fish appears to be a clear, yellowish white, with the faintest 
trace of dark mottling, and the lake perch are rarely as decidedly barred as 
specimens taken in streams. The river perch may be at once distinguished 
by the heavy dark bars, and the dark greenish yellow color on the sides. So 
different are the two that I have several times heard persons speak of them 
as distinct species. 

The aversion of the river form to the lake water and vice versa, I have 
often seen strikingly illustrated. The river bed of the Calumet is so slightly 
above the lake that during a hard north or northeast storm the lake water 
gradually forces back the water in the river,—often for a number of 
miles—and, as the cold lake water fills the channel, the river perch retreat, 
and their places are supplied by the lake form. As the storm subsides the 
current of the river forces the lake water back, driving before it the lake 
perch, and the river perch are again found in their usual haunts. 

Genus Stizostedium, Raf. 

7. S. americanum, ( Val.) Gill. Pike Perch. Very common in Lake 
Michigan and the larger streams throughout the state. 

18. S. grisewm, (DeK.) Milner. Gray Pike Perch. Very abundant in 

the larger streams. Whether it occurs in Lake Michigan or not I am un- 
certain. 

19. S. salmoneum, (Raf.). Salmon Perch. Ohio river and large 
tributaries. (Jordan.) 

Genus Roccus, Mitch. 

20..R. chrysops, (Raf.) Gill. White Bass. Exceedingly abundant in 
Lake Michigan. Common throughout the state. 

Genus Morone, Mitch. 

21. M. interrupta, Gill. Short-striped Bass. A number of specimens 
in the collection from Mackinaw creek and the Illinois river. 

Genus Micropterus, Lac. 

22. M. nigricans, (Cuv.) Gill. Large-mouthed Black Bass. Found in 
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great abundance throughout the state, as far as I can learn. The young 
are found in myriads in the ditches draining the marshes along the Calumet 
river. 

23. M. salmoides, (Lac.) Gill. Small-mouthed Black Bass. Like the 
preceding, found in all parts of the state, and in nearly equal numbers. 

Genus Centrarchus, Cuv. 

24. C. irideus, (Bosc.) C. & V. Shining Bass. A single specimen, 
about three inches in length, is in the collection from a small stream flowing 
into the Mississippi, near Fountain Bluff, Southern Ilinois. 

Genus Pomoxys, Raf. 

25. P. hexacanthus, (C.& V.) Ag. Calico Bass. Very abundant in 
the streams and smail Jakes in Northern Illinois, where it almost, if not 
entirely, replaces the following. Much less numerous farther south. 

26. P. annularis, Raf. Croppie. Very abundant in all the streams 
through Central and Southern Illinois. 

Genus Ambloplites, Raf. 

27. A. rupestris, (Raf.) Gill. Rock Bass. Very abundant. every- 
where collections have been made. 

Genus Chaenobryttus, Gill. (—=Glossopolites, Jord.) 

28. C. gulosus, (C.& V.) Cope. (==G. melanops, ( Gir.) Jord.) Black 
Sun Fish. Prof. Forbes has found this species very common in the Illinois 
and tributaries,through Central Illinois. Specimens have also been taken 
in Lake Michigan by Prof. Jordan. 

Genus Telipomis, Raf. (—=Chaenobryttus, Gird.) 

29. T. cyanellus, Raf. Blue Sun Fish. Very abundant throughout the 
state in both large and small streams. 

30. T. microps, (Grd.) Nelson. Common in the Calumet river in north- 
eastern, and tributaries of the Illinois in central and western parts of 
the state. 

31. T. nephelus, (Cope) Nelson. Occurs rather uncommonly in the Wa- 
bash valley; very hardy and voracious. (Jordan.) 

Genus Ichthelis, Raf. 

32. L. incisor, (C. & V.) Holbr. Blue Sun Fish. Abundant in all 
waters throughout the state. 

33. L, speciosus, (Grd,) Jord. Rather common in the western part of 
the state in tributaries of the Illinois and Mississippi. Also a few speci- 
mens are in the collection of the author from the Calumet river. Although 
this species approaches closely to incisor, yet certain tangible distinctions, 
sufficient to distinguish the two at sight, are always present as far as my 
observations have extended. 

34. I. aquiliensis, ( Grd.) Nelson. A fine adult specimen is in the state 
collection from the Illinois, and a second less mature from the Fox river at 
Geneva is in my collection. 
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The following description is made from the adult specimen, seven 
inches long. Head, with flap, 22 in length ; depth2 1-6. Hye=snout, 43 in 
head. The eye is large but smaller than the opercular spot, and not quite 
equal to inter-orbital space. D. 1, 12: A. III, 10; dorsal spines rather short 
and stout, as long as from snout to. middle of érbit, Second anal spine 
stout, third as long as dorsal spies. Pectorals and ventrals long, about 
reaching anal, the ventrals being the longer. Ventral spine longer than dorsal 
spines. Body elongated, much elevated in front, heavy. General form and 
proportions of /. obscwrus, (Ag.) Jord. Mouth wide for Jchthelis ; maxilla- 
ries reaching to line from middle of orbit; fins high, spines rather low but 
very stout. Occipital region very prominent and narrow in adult. The 
caudal peduncle about as long as wide in front. Color in alcohol, dusky, 
mottled with orange and blue; cheeks with wide blue bands obscurely de- 
fined; dusky dorsal and anal spot. Belly and lower fins with orange and 
yellow shades, in life apparently coppery yellow; each scale on sides and 
back with a blackish, longitudinal oblong spot resembling the markings of /. 
inscriptus. ower jaw and lower parts of cheeks a dull leaden blue, prob- 
ably brilliant in life; blue line in front of and yellowish band around eye ; 
opercular spot large, flap very broad and black, with a very broad pale 
edge entirely surrounding the black; the posterior width of edge more 
than half that of pupil; scales very large and crowded. Lat. 1. 46; longitu- 
dinal rows 5-14; the lateral line very high; opercular scales large, 
those on cheeks moderate and six-rowed. Top of head flatand short, form- 
ing an angle with abruptly descending profile ; rim of orbit slightly elevated. 
Coloration resembling that of /. obscurus and Pomotis auritus. Its nearest 
relative is the former, from which it differs in the presence of blue lines on 
the cheeks, wider snout and widely margined opercular flap. .The smaller 
specimen bears considerable resemblance to . awritus, being less gibbous 
and having the opercular flap smaller; it may be distinguished at once, how- 
ever, by the large mouth and pointed pharyngeals. 

35. 1. macrochira, Raf. Gilded Sun Fish. A few specimens have 
been examined from tributaries of the Illinois and the Wabash valley. 

36. J. anagallinus, (Cope.) Bliss. Red-spotted Sun Fish. One speci- 
men in the collection from the Fox river. 

1. inseriptus probably occurs in the southern part of the state, but I have 
seen no specimen. 

37. 1. megalotis, Raf. Long-eared Sun Fish. Rather common in the 
southern part of the state. 

38, J. sanguinolentis, (Ag.) Bliss. Blue and Orange Sun Fish. Very 
abundant through the state, especially in northern part. 

Genus Pomotis, Raf. 

39. P. auritus (L.) Gunth. Common Sun Fish. Very abundant in the 
northern part of the state. Prof. Jordan informs me that it does not occur 
in the Wabash valley. 

FAMILY APHREDODERIDAE. 

In the present article I have the pleasure of adding a second genus to 



(39) 

this unique family ; and, in consequence of certain characters present in the 
newly discovered form, the family characters of this group must now read 
as follows: 

Fam. Char. 
ventrals. 

Vent jugular or thoracic, either in front of or between the 
Dorsal fin single, with three or four spines. 

without spines and with more than five soft rays. 
Ventrals thoracic, 

Some bones of head 
spinous ; teeth on jaws and palate; scales ctenoid; branchiostegals six ; 
coecal appendages about twelve : air bladder simple. 

The following table shows the characters of the two genera of this 
family as they now stand : 

Aphredoderus, 

Vent jugular, in advance of ventral 
fins. 
snout and caudal. Last anal spine 
short and rather slender. 

Dorsal nearly equidistant between | 

Sternotremia, Gen, Nov. 

Vent thoracic, between bases of 
ventral fins. Dorsal nearer snout than 
base of caudal. Last anal spine long and 

| slender. 

Below is a comparison of the specific characters of the two forms. I 
may here express my thanks to Mr. F. W. Putnam for the specimen of 4. 
sayanus from which the following description is made : 

A, sayanus, (Gilliams) DeK. Hab- 
itat, brooks near the coast from New 
York to Louisiana. 

Vent nearer-lower jaw than to ven- 
trals, and less*than twice the diameter 
of the eye from the junction of the gill 
membranes. Pectorals 1 3-5 in head. 
Ventrals the same. Longest dor- 
sal ray the same. Longest dorsal 
spine 24g in head. Longest anal ray, 
1%. Longest anal spine, 234. Caudal 
fin, 11-5. Diameter of caudal peduncle 
twicein head. Ventrals well separated, 
slightly decurrent. Vent opposite mid- 
dle of opercle. 

Longest anal spine less than from 
snout to middle of orbit. Scales consid- 
erably larger anteriorly, larger on 
opercle than on cheek. Lower posterior 
angle of cheeks about a right angle. 
Eye=snout, and also inter-orbital space. 
Ventrals considerably in front of dorsals. 
Distance from snout to anterior ray of 
dorsal 214 times base of dorsal. Scales 

S. isolepis, sp. nov. Habitat, small, 
weedy tributary to the Calumet river 
near Chicago, and small streams in South 
IHinois. 

Vent more than twice as far from 
lower jaw as from ventrals ; also more 
than three times the diameter of the 
eye from the junction of the gill mem- 
branes. 

Pectorals, i 3-5 in head. Ventrals 
1%. Longest dorsal ray, 125. Longest 
dorsal spine, 214. Longest anal ray, 
13%. Longest anal spine 2, and as long 
as from snout to posterior border of or- 
bit. Caudal fin 1144 in head. Each 
scale with an edge of dark puncta- 
tions, forming fine longitudinal streaks 
or lines. Vent behind end of opercle, 
and between bases of ventrals. 

Diameter of caudal peduncle 194 in 
head. 

Seales on body nearly equal, being, if 
anything, a trifle larger on the caudal 
peduncle. Scales on opercle slightly 
larger than on cheeks, the latter being 
scattered and imbedded. Angle of 
cheeks rounded and more than a right 
angle. 

The distance from snout to anterior 
ray of dorsal less than twice the base of 
dorsal. Eye 114 times in inter-orbital 
space, and more than once in snout. 

Color of living specimen a clear green- 
ish olive, lighter below; becoming yel- 

on cheeks and opercles large and loose. | lowish or orange on abdomen. 
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Branchiostegals, 6. Branchiostegals, 6. 
Head in length, 2%. Head in length, 3. 
Depth, 3 1-10. Depth, 3 1-10. 
Eye in head, 4. Hye in head, 4%. 
Dorsal IV, 10. Dorsal, III, 11. 
Anal, III, 6. Anal, III, 6. 
Ventrals, 7. Ventrals, 7. 
Pectorals, 10. Pectoral, 10. 
Lat. 1., 44. Lat. 1., 48. 
Longitudinal rows, 8-10. Longitudinal rows, 10-11. 
The specimen of Aphredodereus meas- The largest specimen of Sternotremia 

ures 3 inches. from the dozen or more examined, is 244 
inches; the?average is about 2 inches. 

FAMILY SCIAENIDAE. 

Genus Haploidonotus, Raf. 

40. H. gruuniens, Raf. Sheepshead. Common in Lake Michigan and 
all the larger rivers. 

FAMILY COTTIDAE. 

Genus Cottopsis, Grd. 

41. OC. ricei, sp. nov.. Rice’s Cottus. Through my friend Mr. F. L. 
Rice, of Evanston, I am enabled to make the present interesting addition to 
the lake fauna. The only specimen seen is the type, which was picked up 
on the shore of Lake Michigan near Evanston, and placed in my hands for 
identification by Mr. Rice. 

Description: Head, 3 3-5; depth, 5 1-3; eye 43, 14 in inter-orbital 
space and equals snout; first dorsal 8, second dorsal and anal destroyed. 
Ventral 1, 4; pectoral 15; palatine teeth present ; body short and stout, 
head much depressed ; back almost terete. Body abruptly contracted oppo- 
site base of anal; tail very small, sub-terete. Outline tadpole-like. Jaws 
about equal; mouth rather narrow; jaws contracted and somewhat pro- 
duced ; head very broad and flat, broader than body, breadth greater than 
length ; depth half length. Kyes on upper surface, near together. Pre- 
opercular spine extremely large; three times as large as in any other fresh 
water cottoid known: as long as eye; hooked backward and upward, giv- 
ing a buffalo-like appearance. Three spines hooked downward below the 
large spine; the lower concealed. A strong spine hooked forward at base 
of opercles. Branchiostegals 6. Isthmus as wide as from snout to middle of 
orbit. Base of pectorais crescentic, their tips just short of anal. Rays all 
simple. Ventrals under pectorals, decurrent. 

Ventrals reaching = of the distance to vent. Profile rising rapidly to 
dorsal, which runs along a sort of carina. Dorsal beginning a trifle behind 
ventrals, just behind the head, about midway between snoutand anal. Vent 
midway between snout and base of caudal. 

Depth at first ray of anal less than half length of head ; thickens at 
same polnt over ¢. ; 

Least depth 4 of head. Caudal peduncle extremely slender and sub- 
terete, suggesting a stickleback. Head smooth. Space above lateral line | 
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behind head covered with small stiff prickles hooked backwards, readily 
visible as small black specks when skin is dry. 

Length, 2 5-6. Color pale brown, irregularly spotted and mottled 
with darker brown, somewhat as in Lota. Pectorals mottled ; belly white ; 
spines spirally curved, forming half a spiral. The most peculiar characters 
are the strong spines of the preopercle and the smaller ones below, the 
carinated back and abruptly contracted body, forming the sub-terete caudal 
peduncle The prickles of the skin seem to be more developed than in 
the other described species. 

Genus Uranidea, Dek. 

U. hoyt, (Put.) Mss. Hoy’s Bull-Head. For the privilege of includ- 
ing this and the following species and descriptions | am indebted to the 
kindness of Dr. P. R. Hoy of Racine, Wisconsin : 

Description of an adult female taken twelve miles off Racine in forty- 
two fathoms of water, June 4, 1875, from a very accurate drawing by Mr. 
me pumier:. DVI, 1d; A. tbh: Ved, 35. 183°C. 12); length 
21-6 in, head 34; depth 44. Width of head equals its length. Hye 34; 
body short, stout, broad and thick in front, very abruptly compressed 
behind. Fins all low. P. with lower rays rapidly shortening. reaching 
just to anal and beyond second dorsal. First dorsal low and small, % as 

long as soft part and connected by membrane at base. Lower jaw unusu- 
ally projecting. 

43. U. kumlieni, (Hoy) Mss. Kumlien’s Bull Head. Deep water in 
Lake Michigan. 

D. VI,17; A.12; P.14; V.1,3; head 33; depth 6. Body slen- 
der as in boleoides. Head large and long, its width a little over half its 
length, depth a little less. 

Eye large, equal to snout and 3} in head, more than two times in inter- 

orbital space. Pectoral base’ cresentic, the fin as long as head; the lower 
rays rapidly shortening, reaching second or third dorsal ray and falling just 
short of anal; fourth and fifth rays largest. No palatine teeth. Pre- 
opercular spine not much hooked, directed upwards and backwards. Vent 
midway between front of eye and base of caudal. Mouth wide, oblique ; 
maxillary to middle of eye. Lower jaw projecting. First dorsal high, 5-6 
second. Second spine longest, almost filamentous; membrane connecting 
the dorsals. Caudal peduncle long and slender. Caudal narrow, ¢ hed. 
Lat. 1. disappears under middle of second dorsal. Dorsal and anal high, 
their rays projecting. Length three inches. The above description is from 
one of Dr. Hoy’s types. 

Genus Pegedichthys, Raf. 

44. P. alvordi, Grd. Common in the Rock river and probably in 
other streams. 

Genus Triglopsis, Grd. 

45. 1. thompsoni, Grd. Deep-water Sculpin. Deep water in Lake 
Michigan. 
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FAMILY GADIDAE. 

Genus Lota, Cuv. 

46. L. lacustris, (Mitch.) Gill. Kel-pout. Very abundant in Lake Mich- 
igan; rare in the Ohio (Jordan), and in the Illinois (/orbes). 

FAMILY GASTEROSTEIDAE. 

Genus Eucalia, Jord. 

47. E. inconstans, (Kirt.) Jordan. Stickleback. Has been found rather 
common in small tributaries to Lake Michigan, and in Rock river, by 
Prof. Jordan. 

48. E. pygmaea, (Ag.) Jord. Occurs in Lake Michigan. (Jordan.) 
Genus Pygosteus, Brev. 

49. P. nebulosus, (Ag.) Jord. Many-spined Stickleback. Lake 
Michigan. (.Jordan.) 

FAMILY ATHERINIDAE. 

Genus Labidesthes, Cope. 

50. L sicculus, Cope. Silverside. This beautiful little species exists 
in the greatest abundance in the rivers and small streams tributary to the 
Illinois, in the western and central parts of the state. As far as I have 
learned, it does not occur in Lake Michigan or its tributaries. Neither 
does it occur in Rock river. Its centre of abundance seems to be the 
streams in the more strictly prairie region of the state. 

FAMILY CYPRINODONTIDAE. 

Genus Fundulus, Lac. 

51. F. diaphanus, (LeS.) Ag. Barred Minnow. Very abundant 
about the sandy mouths of tributaries to Lake Michigan, keeping in 
‘‘schools”’ in the shallow water near the edge. Occurs in smaller numbers 
throughout the state, specimens having been taken in nearly all the large 
streams. 

Genus Zygonectes, Aq. 

02. Z. notatus, (Raf.) Jord. (=Z. olivaceus, Stor.) Top Minnow. Com- 
mon in the Illinois and smaller tributaries, andin most streams through the 
state, except in the tributaries of Lake Michigan. 

53. Z. dispar, Ag. Striped Minnow. <A number of specimens are in 
the state collection from the Illinois river at Pekin, and others from several 
small tributaries. The following is the description of an average specimen 
from the Illinois river at Pekin: 

Adult about 13 inches long. Head in length 32; dorsal 7. Depth 
in length 4); anal 9. Lateral line 32 to 34; longitudinal rows 9. Hye 
longer than snout, 3 in head. Dorsal commencing slightly behind anal ; 
back flattened and plane with the top of the head, sloping from the dorsal 
to the end of the snout. Caudal pedunele broad, width } head. Colors (in 
alcohol) above and on sides olive; vertebral line and top of head darker ; 
also a crescentic patch of dark brownish extending downward and obliquely 
backward from the lower posterior part of orbit. Entire head scaly, scales 
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on the top larger than those on the body. Sides of the scales on the body 
with longitudinal brown spots, forming very distinct, but rather narrow, 
brown, longitudinal lines’ Along the center of each scale is a row of very 
fine brown dots, forming minute lines between the heavier ones along the 
borders of the scales. Beneath, in front of the anal fin, orange yellow. 

FAMILY UMBRIDAE, 

Genus Melanura, Linn. 
54. M. limi, (Kirt.) Ag. Mud Minnow. Exceedingly numerous in 

prairie sloughs and sluggish streams in the northeastern part of the state. 
It is also of very rare occurrence in the streams through the state tributary 
to the Ohio, where it is occasionally taken. 

FAMILY ESOCIDAE. 

Genus Esox, Linn. 
59. E. nobilior, Thomp. Muskellunge. Rather common in Lake 

Michigan, and reported to occur in some of the small lakes in the northern 
part of the state. 

D6. E. lucius, var. estor, (LeS.) Lake Pike. Very abundant 
throughout the northern part of the state. 

d7. 2? BE. boreus, Ag. Several specimens, about seven inches long, are 
in the collection of the writer, from the Fox river at Geneva. 

58. HE. salmoneus, Raf. Little Pickerel. Abundant throughout the 
state. 

59. E. cypho, Cope. A single specimen, in good condition, from the 
Fox river at Geneva, agrees in every way with Prof. Cope’s description of 
this species (Proc. A. N.8., Phil., 1865, p. 78), with the exception that 
the bars and dots are obsolete in my specimen. Although Prof. Cope has 
referred this to a previously described species, yet so marked are its char- 
acteristics, that several who have examined my specimen have at once re- 
ferred it to this species. 

60. EF. wmbrosus, Kirt. Four specimens from the Fox river at Geneva, 
—Prof. Cope’s Var. A. of this species. (Trans. A., Ph. Soc., 1866.) This 
species approaches closely to sa/moneus, and may eventually be reduced to 
a variety of that species. 

FAMILY PERCOPSIDAE. 

Genus Percopsis, Ag. 
61. P. guttatus, Ag. Trout Perch. Numerous in Lake Michigan, 

and of rare occurrence in the larger rivers. 

FAMILY SALMONIDAE. 

Genus Salmo, Linn. 
62. S. salar,* L. Great Sea Salmon. Fox river at Aurora and near 

Elgin. 
63. WS. quinnat,* Rich. California Salmon. Fox river at Aurora and 

near Elgin. 

* As this paper is passing through the press, I learn from Dr. W. A. Pratt, of 
Elgin, that he has taken these two species this summer, at the localities given. I 
therefore take the liberty of inserting them in this list—S. A. Forpes. 
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64. S. namaycush, Penn. Lake Trout. Abundant in Lake Michigan. 

Genus Argyrosomus, Aq. 

65. A. clupeiformis, ( Mitch.) Ag. Sake Herring. Very abundant in 
Lake Michigan. The sisco (A. s/sco, Jord.) undoubtedly occurs in the deep 
sandy lakes in the northeastern part of the state. 

66. A. nigripinnis, Gill. Black-fin. Common in deep water in Lake 
Michigan. 

67. A. hoyi, Gill. Wake Michigan Sisco. Found in deep water in 
Lake Michigan. 

Genus Coregonus, Linn. 

68 CO. albus, LeS. White-fish. Very abundant in Lake Michigan. 

FAMILY HYODONTIDAE. 

Genus Hyodon, Les. 

69. H. tergisus, LeS. Moon-eye. Common in Lake Michigan and in 
all the large streams throughout the state. 

FAMILY CLUPEIDAE. 

Genus Alosa, Cuv. 
70. A. sapidissima, ( Wils.) Stor. Common Shad. Has been intro- 

duced into one or two streams in the northern part of the state ; but whether 
it thrives or not, has not been proven. 

Genus Pomolobus, Raf. 
71. P. chrysochrous, Raf. OhioShad Found in the Ohio and Mississippi 

rivers, and sometimes ascends the Illinois. It is also accredited to Lake 
Michigan by Mr. J. N. Milner. 

Genus Dorosoma, Raf. 
72. D. notatum, Raf. Gizzard Shad. Very common in the rivers in 

the southern and central parts of the state, and, since the opening of the 
canal connecting the Chicago river with the Illinois, has found its way, with 
the preceding, into Lake Michigan. 

For some time previous to this date, (December 2nd‘, the young, from 
three to four inches long, have been frequenting, in considerable numbers, a 
“slip”? extending from the Chicago river to one of the City Water Works 
buildings. The attraction to the fishes appears to be the hot water which 
runs into the “slip” from the Water Works engines. As the fishes swim 
about in this warm water, they strike the hot stream as it flows in, and many 
are killed. The opening of the above mentioned canal will have considera- 
ble influence upon the distribution of the lake and river fishes, and numer- 
ous species will in all probability take advantage of the communication be- 
tween the Mississippi and the great lakes. 

This undoubtedly accounts for the occurrence of Chaenobryttus gulosus 
in Lake Michigan, as well as of the two preceding species. 

FAMILY CYPRINIDAE. 

Genus Campostoma, Ag. 
73. C. anomalum, (Raf.) Ag. Stone Roller. Occurs in the greatest 

abundance throughout the state, although perhaps more rarely in the vicinity 
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of Lake Michigan. This species, as defined by Prof. Jordan (Man. Vert. An., 
p- 275), exhibits a great amount of variation, and may eventually be sep- 
arated into two. 

Genus Pimephales, Raf. 

74. P. promelas, Raf. Black-head. Apparently rare. I have ex- 
amined but three specimens from Illinois; two in the state collection, from 
Bailey’s creek, in Central Illinois, and one in the collection of my friend, 
Mr. E. L. Rice, obtained near Evanston, in a ditch. 

75. P. milesii, Cope. Approaches very closely to the preceding 
species, and one of the central Illinois specimens possesses characters almost 
intermediate between the two forms. 

Genus Hyborhynchus, Ag. 

76. H. notatus, (Raf.) Ag. Blunt-nosed Minnow. Very numerous 
throughout the state. 

Genus Hybognathus, Aq. 

77. H. nuchalis, Ag. Blunt-jawed Minnow. Apparently rather un- 
common ; a few specimens in the state collection from central Illinois 

78. H. argyritis, Grd. Silvery Minnow. Much more numerous than 
the preceding. Specimens are in state collection, from central Illinois; and 
Prof. Jordan informs me that it is common in the larger streams in the 
Wabash and Ohio valleys. 

Genus Ericymba, Cope. 
79. E. buccata, Cope. Silver-mouthed Dace. Very abundant in the 

Wabash valley; but no specimens are in the state collection from the 
western streams tributary to the Mississippi. 

Genus Semotilus, Raf. 
80. S. corporalis, ( Mitch.) Put. Horned Dace. Abundant through- 

out the state. 
Genus Ceratichthys, Bd. 

81. OC. biguttatus, Kirt.) Bd. (—C. melanotus, Raf.) Horned Chub. 
Abundant everywhere. 

82. ©. dissimilis, (Kirt.) Cope. Spotted Shiner. Common in tributa- 
ries of the Wabash and Lllinois. 

(renus Rhinichthys, Ag. 

83. R. nasutus, (Ayres) Ag. Long-nosed Dace Occurs in tributa- 
ries to Lake Michigan. Jordan.) 

84. R. mazxillosus, Cope. Sharp-nosed Dace. Two specimens in the 
state collection, from Lake Michigan at Chicago, and another, in my col- 
lection, from a small tributary of the lake at Waukegan. ‘This species 
is at once distinguished from its relatives, by its long slender form, narrow- 
pointed head and peculiarly shaped head and snout. The body is more 
nearly cylindrical than usual in this genus. 

85. R. atronasus, (Mitch.) Ag. Black-nosed Dace. Specimens in the 
state collection, from tributaries of the Illinois; and others from clear 
tributaries of Lake Michigan, are in the collection of the author. 
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86. FR. lunatus, Cope. Fork-tailed Dace. Specimens from Rock river 
are in Prof. Jordan’s collection. 

87. R. meleagris, Ag. A very large number of specimens of this - 
species are in the state collection, from Bailey’s creek, McLean county, 
where Prof. Forbes found them in abundance. Agassiz’s description is so 
incomplete that I insert the following from one of the [linois specimens. 
The species is well marked, and may be easily recognized. A few specimens 
were taken in the Vermilion river : 

Head 2 2-5 in length; depth 44. Eye small, 5 in head. D.I,7; A. 
I, 6. The barbels are long and distinct. The snout projects considerably, 
overlapping the lower jaw. Dorsal much nearer tail than tip of snout. 
Upper half of body dark, sharply outlined by the light of the under parts. 
The dark mottlings are not so profuse as in most of the species. The body 
is stout, deeper and thicker than in most members of the genus. 

Genus Phenacobius, Cope. 

88. P. teretulus, Cope, var. liosternus, Nelson. A number of specimens 
of this form arein the state collection, from small streams in McLean county, 
where it appears not to be uncommon. ‘The following is the description of 
the adult : 

Head 4%; in length; depth 42. Hye 43 in head. D.1,7; A. 1,7; 
ventrals 8. Lateral line 43 to 45; longitudinal rows 5-4; scales in front 
of dorsal, 16; length 3 inches. Dorsal in front of ventrals, much nearer 
snout than caudal. Scales in front of dorsal small. Intestine short, peri- 
toneum pale. Head long; mouth inferior, lateral line first decurved, then 
straight. Pectorals do not extend to ventrals, ventrals reach vent. Teeth 
4-4, hooked. Color olive above, sides bright silvery overlying a plumbeous 
shade; a small but distinct caudal spot. Thoracic region entirely naked. 
Lips fleshy, as in the Catostomidae. 

Genus Hybopsis, Ag. 
89. H. storerianus, ( Kirt.) Ag. Storer’s Minnow. ‘Two specimens in 

my collection, from Lake Michigan at Chicago. The following is the de- 
scription of one of the specimens: 

Head in length 42; depth 42; eye in head 3 times, and longer than 
snout ; very large and white. D.I,8; A.1I,7. Lat.1.40. Dorsal over 
ventrals, nearer snout than to caudal; 20 large scales in front of dorsal ; 
lateral line nearly straight; pale above, sides bright silvery ; intestine 
short ; peritoneum white. This species presents much the appearance of 
amarus, Grd. 

90. H. hudsonius, ( Clint.) Put. Spawn-eater. Occurs in Lake Michi- 
gan. (Jordan.) 

91. H. tuditanus, Cope. Described from Lake Michigan. I have seen 
no specimens, 

92. H. stramineus, Cope. Very common in creeks through central 
Illinois, and probably occurs elsewhere, but no specimens have been taken. 

93. H. volucellus, Cope. Specimens have been received from the 
Rock and Pecatonica rivers, by Prof. H. E. Copeland. 
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94. H. fraetensis, Cope. Specimens in state collection, from Ogle 
and McLean counties, where it appears to be common. 

95. H. haematurus, Cope. Tributaries to Lake Michigan. (Jordan.) 
Genus Hemitremia, Cope. 

96. H. heterodon, Cope. Northern Hemitremia. Exceedingly numer- 
ous in Lake Michigan and the Calumet river. It also occurs in the Fox 
river at Geneva. 

Genus Chrosomus, Raf. 

97. C. erythrogaster, Raf Red-bellied Minnow. Everywhere com- 
mon in clear streams. Specimens have been examined from all parts of the 
state. 

Genus Phowxinus, Raf. 

98. P. neogaeus, Cope. New World Minnow. A single specimen ob- 
tained in the Fox river at Geneva. 

Genus Gila, B. & G. 

99. G. elongata, (Kirt.) Jord. Red-sided Minnow. Found rather 
sparingly through the state. 

Genus Lythrurus, Jord. 

100. L. diplaemius, (Raf.) Jord. Red-fin. Rather common through 
central and southern Illinois, but I have seen no specimens from the north- 
ern part, although it may occur. 

101. L. cyanocephalus, Copeland, Mss. The type specimens were re- 
ceived from the Rock river by Prof. Copeland. 

Genus Lucxilus, Raf. 

102. L. cornutus, ( Mitch.) Jord. Shiner. Everywhere abundant. 

Genus Cyprinella, Grd. (—Plargyrus, Raf.) 

103. C. galacturus, Cope. Slender Silver-fin. Abundant in Rock- 
river and tributaries of the Illinois, and south. 

Genus Photogenis, Cope. 

104. P. scabricep:, Cope. Rough-headed Shiner. Tributaries of the 
Wabash and Ohio. (Jordan.) 

Genus Minnilus, Raf. 
105. M. rubrifrons, (Cope) Jord. Rosy-faced Minnow. Specimens 

are in the state collection from the Illinois and several of its tributaries, 
and it also occurs in the Wabash valley. 

106. M. dilectus,(Grd.) Jord. Delectable Minnow. This species 
does not seem to be numerous at any place. A few specimens are in the 
state collection from Lake Michigan, and others from tributaries of the 
Illinois in McLean county. 

107. M. amabilis, ( Grd.) Nelson. Four specimens of this species are 
in the state collection from Pine Creek, Ogle county. The following is a 
description of one of the above specimens—all being alike : 

Head 4 in length; depth 42; eye equals snout, 3; in head. Dorsal I, 
7. Lat. 1.39 or 40. Anal I, 10. Olive above, sides bright silvery over- 
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laying a well defined plumbeous band, along the lower border of which is the 
lateral line. Body considerably compressed; color usually dark; a dark 
dorsal stripe ; five or six rows of scales above lateral line ; traces of a black- 
ish spot at base of caudal: eye moderate. | M. megalops, ( Grd.) Jord. is 
the nearest relative, from which amabitis differs by its smaller eye and more 
pointed head, besides minor characters. Megalops is abundant in the rivers 
of Georgia, Prof Jordan informs me. 

108. M. rubellus, (Ag.) Jord. Rosy Mimnow. Exceedingly abund- 
ant in Lake Michigan and all the larger streams through the state. 

109. M. dinemus, Raf. Emerald Minnow. Very common in the Fox 
river at Geneva, and occurs in most of the larger streams through the state. 

Genus Notemigonus, Raf. 

110. WN. americanus, (L.) Jord. Shiner. Abundant everywhere. 

Genus Carassius, Nil. 

111. (. auratus, (L.) Bleeker. Gold Fish. This species has become 
naturalized in several of our rivers. 

FAMILY CATOSTOMIDAE. 

Genus Catostomus, LeS. 

112.. C. teres, (Mit.) LeS. Common Sucker. Common everywhere 
throughout the state. A form with a shorter head, and presenting other 
slight peculiarities occurs in Lake Michigan, This will probably form a 
variety, but a lack of a sufficient series of specimens has prevented any 
satisfactory conclusion being reached. 

113. ©. hudsonius, LeS. Northern Sucker. <A single specimen of 
this species is in the state collection from Rock river, at Oregon. _In this 
specimen the head’is 4 in length; the lat. 1. 100; D. 11; A. 7; thus 
answering closely to Agassiz’s CU. aurora.* 

Genus Hypentelium, Raf. 

114. H. nigricans, (LeS.) Jord. Hammer-head. Abundant every- 
where throughout the state. 

Genus Hrimyzon, Jord. 

115. 2. oblongus, (Mit.) Jord. Chub Sucker. Common in Lake Mich- 
igan and most of the rivers throughout the state. |The young of this 
species have the fins tinged with red, and possess a jet-black lateral band. 

116. 4. melanops, (feaf.) Jord. Striped Sucker. Common throughout 
the state. One of the main characters upon which this genus is based 
proves to be very uncertain, /.¢., the absence of the lateral line. In the 
state collection are specimens of this species which are entirely without a 
trace of the lateral line: others possess it upon one side only, and others 
have it upon both sides——generally more or less interrupted, however. 
Other characters are present which will sustain the separation of this group 
from related genera, unless new points of connection should be observed. 

*Lake Superior, p. 360, pl. II. 
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Genus Teretulus, Raf. (=Moxostoma, Raf.) 

117. TZ. duquesnii, (LeS.) Cope. Red-horse. Common throughout 
the state. 

118. ZT. aureolum, (LeS.) Raf. Golden Mullet. Abundant in Lake 
Michigan and the Calumet river. 

119. 7%. anisurus, (Raf.) Nelson. Carp Mullet. Specimens are in 
the state collection from the Illinois river. 

120. 7. macrolepidotum, (LeS.) Nelson. Apparently not very com- 
mon. Specimens in the state collection, from the Illinois and Wabash 
rivers. (Jordan.) 

121. Z. carpio, ( Val.) Nelson. Silvery Mullet. Lake Michigan and 
the larger rivers. Not common. 

122. «7. velatum, (Cope) Nelson. Common in all the larger tribu- 
taries of the Illinois and Mississippi. 

Genus Placopharynx, Cope. 

123. P. carinatus, Cope. Cope’s Sucker. Common in the Wabash 
river. (Jordan.) 

Genus Ichthyobus, Raf. 

There can be no doubt of the propriety of uniting the two genera 
Ichthy bus and Carpiodes, since a series of specimens will form so complete 
a junction between the characters assigned to each that it is impossible to 
distinguish the dividing line. They have already been united by Prof. Cope, 
but as /cehthyobus has priority over Carpiodes, it must stand instead of the 
latter. The following is the relation in which they were first issued : 

Ietiobus, Raf. Ich. Oh., 1820, p. 55, n. subg., type Amb/odon 
bubalus, Raf., 1818. Curpiodes, Raf. Ich. Oh., 1820, p. 56, n. subg., 
type Catost. cyprinus, LeS., 1818. 

124. J. velifer, (Rauf.) Nelson. Sail Fish. Not uncommon in the 
Ohio and Mississippi rivers. Specimens in the state collection. 

125. 1. difjormis, \ Cope.) Nelson. Found in Lake Michigan and the © 
large rivers through the state. 

1. bison, (Ay.) Nelson. Buffalo Carp. Found in the large 
rivers. 

127. J. thompsoni, (Ag.) Nelson. lake Carp. Common in Lake 
Michigan. 

128. J. carpio, (Raf.) Nelson. Olive Carp Sucker. A single speci- 
men seen from the Ohio river at Cairo. 

129. J. bubalus, (Raf-) Ag. Brown Buffalo. Common in all the 
large rivers through the state. 

130. J. cyanellus, sp.nov. Blue Buffalo. A number of specimens of 
this species are in the state collection, from the Illinois river, and in Prof. 
Jordan’s collection, from the Mississippi at St. Louis. The following is the 
description, taken from several specimens, measuring from 8 to 94 inches in 
length : 

i Head about 34 in length. Depth 23 to 25-6. Eye 4% to 5} in head. 
Dorsal I, 30 and I, 8. Ventrals 10. Lat. 1.38. Longitudinal rows 
7-5 to 7-6. Body compressed, high. Anteriorly broad, compressed be- 
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hind. Longest ray reaching 18th ray. Pectorals shorter than ventrals, 

both shorter than head, Anal scarcely reaching caudal; head very short, 

high and thick; its thickness 3 length, depth 11-5 in length. Mouth 

quite small, oblique, and overlapped by a slightly projecting snout. Man- 

dible short, 4 in head. Opercle becoming wrinkled with age. Head 

small, short and thick; muzzle obtuse, conic, not twice the length of eye. 

Anterior ray of dorsal, in type from Illinois river, slightly nearer snout 

than base of caudal. In specimens from St. Louis the dorsal is about 

equi-distant. Color above light steel blue in adults, pecoming lighter be- 

low. Young lighter with distinct stripes along the rows of scales. Al- 

though the species is described from specimens but nine inches long, when 
fully grown it undoubtedly reaches similar dimensions to its congeners. 

Genus Bubalichthys, Ag. ‘ 

131. B. niger, (Raf.) Ay. Buffalo Fish. Rather common in the 
large rivers throughout the state. 

Genus Cycleptus, Raf. 

132. (©. elongatus, (ueS.) Ag. Black-horse. Occurs in the large 
rivers throughout the state. ; 

FAMILY SILURIDAE. 

Genus Ictalurus, Raf. 

133. J. punctatus, (Raf.) Jord. Channel Cat. Occurs more or less 
commonly throughout the state. 

134. L furcatus, (LeS.) Gill. Great Fork-tailed Cat. Occurs in 
the large rivers in the western and southern parts. ; 

Genus Amiurus, Raf. 

1385. A. confinis, (Grd.) Gill. Several specimens are in the state 
collection from the Illinois and tributaries, where it is rather common. 

136. A. pullus, (DeK.) Gill. Black Bull-head. Several specimens 
in the state collection from the Illinois and tributaries. Not uncommon, 

187. A. atrarius, (DeK.) Gill. Northern Bull-head. Common in 
Lake Michigan and rivers in the northern part of the state. 

138. A. albidus, (LeS.) Gill. Brown Cat Fish. Our commonest 
species ; abundant throughout the state. 

139. A. vulgaris, (Thomp.) Nelson. (=A. dekayi, Gir. and A. 
aelurus, Gir.) A few specimens have been taken in tributaries of the 
Illinois in the central part of the state. 

140. A. cupreus, (Raf.) Gill. Yellow Cat. Common in the Illinois 
and tributaries, and south. 

Genus Hopladelus, Raf. 

141. H. olivaris, (Raf.) Gill. Mud Cat. Not uncommon in the Ohio 
and Mississippi rivers. 

Genus Noturus, Raf. 

142. JN. flavus, Raf. Very common throughout the state. 
143. N. marginatus, Baird. Margined Cat. Common in the Wabash 

valley and south. (Jordan.) 
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144, N. exilis, sp. nov. Slender Cat. Rare. Three specimens were 
obtained in McLean county by Prof, Forbes, the only ones seen. These 
specimens present the following characteristics : 

Head in length 44; depth 64 in length. Eye 4% in head. Dorsal I, 
6; Anall, 5. Ventrals 8 or 9. Inter-orbital space 34 in length of head. 
Dorsal a trifle nearer snout than anal. From snout to dorsal 34 in total 
length. Dorsal as high as long, and 1% in head. Dorsal spine small, 34 in 
head. Pectoral spine 24 in head. Width of head 14 in length ; depth 2 
in length of head. Base of anal 1} in head. 

FAMILY ANGUILLIDAE, 

Genus Anguilla, Thunb. 

145. A. vulgaris, var. rostrata, (LeS.) Nelson. Common Kel. Occurs 
in Lake Michigan and most of the larger streams through the state, but is 
far from common anywhere. 

FAMILY AMIIDAE. 

Genus Amia, Linn. 

146. A. calva, L. Dog Kish. Abundant throughout the state. 

FAMILY LEPIDOSTEIDAE. 

Genus Lepidosteus, Lac. 

147. ZL. osseus, (L.) Ag. Gar Pike. This is far the most common 
species in Lake Michigan and the Calumet river, where it is very abundant. 
It also occurs throughout the state. 

148. L. platystomus, Raf. Short-nosed Gar. Occurs through- 
out the state, but is much more abundant in Illinois and south. 

Genus Litholepis, Raf. 

149... LZ. adamanteus, Raf. Alligator Gar. Common in the Ohio 
and Mississippi rivers, occasionally straying up smaller rivers into the in- 
terior of the state. 

FAMILY POLYODONTIDAE, 

Genus Polyodon, Lae. 

150. P. folium, Lac. Duck-billed Cat. Common in central and 
southern Illinois in the larger streams. are in the northern part of the 
state. 

FAMILY ACIPENSERIDAE. 

Genus Acipenser, Linn. 

151. A. maculosus, LeS. Sturgeon. Very abundant in Lake Mich- 
igan and the larger rivers throughout the state. 

152. A. rubicundus, LeS. ake Sturgeon Very common in Lake 
Michigan, ascending Calumet river in winter. 

Genus Scaphirhynchops, Gill. 

153. SS. platyrhynchus, (Raf.) Gill. Shovel-nosed Sturgeon. Com- 
mon in the southern part of the state in the Ohio and Mississippi rivers. 
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FAMILY PETROMYZONTIDAE. 

Genus Petromyzon, Linn. 

154. P. niger, Raf. Small Black Lamprey. Very common in 
many localities through northern Illinois, ascending small streams in spring 
from Lake Michigan and the rivers. 

Genus Ichthyomyzon, Gir. 
155. J. argenteus, (Kirt.) Grd. Silvery Lamprey. Lake Michigan 

and large rivers throughout the state. 
156. J. hirudo, Grd. A single specimen in the state collection from 

the Ohio at Cairo. 

UPON PARASITIC FUNGI. 

BY T. J. BURRILL, 
(Professor of Botany and Horticulture in the Illinois Industrial University.) 

Many doubt the action of microscopic fungi in causing diseases of 
higher plants and animals. Indeed it has only been in our century, and 
mostly in the latter part of it, that botanists have distinguished these 
minute parasites as independent plants. Schleiden (1) in a work written 
about 1845 said, ‘ I cannot regard the true Uredines, etc., ( Coniomycetes) 
as independent plants. Meyen (2) observed the formation of Uredo maidis 
as an abnormal process of cell formation in the interior of the cells of the 
parent plant; and, in this respect, my own observations on Elymus arena- 
rius coincide with his.” Unger (3) in 1833 sought to prove that the so-called 
fungi were changed conditions of diseased tissues; and Fries in a classic 
work upon fungi, holds similar views. 

But the matter is not left undecided The improvements in micro- 
scopes, and in methods of tracing the life history of low organisms, have for- 
ever settled the doubts in the minds of scientific men. Nothing can be more 
satisfactory in the way of evidence, than to see with one’s own eyes the spores 
germinating, penetrating the plant tissues, and in due time producing again 
spores like the \riginal ones. This has been done again and again, and may 
be seen by any one who will take the trouble to follow, day by day, the de- 
velopment of any of the hundreds always and everywhere at hand. Their 

1. Principles of Scientific Botany, London, 1849, p. 151. 
2. Ueber die Entwickelung des Getreidebrandes in der Mais-Pflanzen, Weig- 

mans Archiev., 1837, p. 419. 
3. Die Exantheme des Pflanzen, Wein, 1833, p. 356. 
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effects, likewise, may thus be observed, obliging the most skeptical to admit 
the agency of the parasites in causing the malady to which attention is given. 

Probably Prevost first discovered the fact, that the spores of fungi 
germinate. This was in the first decade of our century. Since then many 
eminent naturalists have given abundant testimony as to the true parasitism 
of species, and of their individuality as such. We may, without disparag- 
ment to others, mention the names of Leville (4), Tulasne (5), Berkeley (6), 
and M. Bary (7) as authorities, whose writings have conclusively 
established the fact that these parasites do cause the maladies attrib- 
uted to them. Robin (8) and Leidy (9) have published prominent treaties 

on the vegetable parasites upon living animals. 
Observers in this field are now much more numerous than ever before 

and, having the advantage of the former contributions, are gaining rapidly 
in the knowledge of kinds and of the injuries caused by these small but in 
no wise insignificant organisms. Preventives and cures naturally follow 
investigations of cause. They certainly cannot precede the latter except 
by accident; hence, if any one feels like asking “What use?” let him 
possess himself in patience ;—in the coming time, man will assert his 
dominion here as well as elsewhere over the natural world. Something has 
already been done. The vine disease in Europe has been kept down by the 
use of sulphur, as are the rose and verbena mildews in green-houses. Some- 
times prevention is attained by removing promptly attacked parts, as in the 
case of the peach-rot, and, as further detailed below, sometimes by destroy- 
ing the spores of the fungus, as in the bunt of wheat. Cultivators now often 
unconsciously scatter the germs and ignorantly provide ways and means for 
their development. The march or migration of a parasite of this kind is 
sometimes as well marked as that of an injurious species of insect. 

Puceinia malvacearum, Mont., affecting cultivated hollyhocks, has been 
traced from South America through the United States to England and thence 
to the continent as certainly as the Colorado potato beetle has across our 
territory. Timely, intelligent action in such cases might avert great disas- 
ter. Had this fungus attacked the cotton plant, as it was feared it would, 
what estimate could be placed upon the loss! What money-value is de- 
stroyed in our own state by rust ( Puccinia graminis, Pers.) on wheat, oats, etc.; 
what discouraging losses by the multitudinous blights upon our cultivated 
crops, many of which are known, and others supposed to be, caused by para- 
sitic fungi! 

4, Annales des Sc. Naturelles, 1839, etc.; and ‘‘Mycologie,”’ and ‘‘Uredines,”’ 
in Dict. d’Hist. Nat., par D’Orbigny. ‘ 

5. Annales des Sc. Naturelles, 3 ser., tome VII, 1847; 4 ser., tome HH, 1854. 
6. Introduction to Cryptogamic Botany, London, 1857, p. 261. Outlines of 

British Fungology, London, 1860, p. 68. . 
Ueber der Brandpilze, 1853. Morphologie und Physiologie der Pilze, 1866, 

and many papers in Annales des Sciences Naturelles and elsewhere. 
8. Historie Naturelle des Vegetaux Parasites qui croissent sur homme et sur 

les animaux vivants, par Charles Robin, Paris, 1853. : y A 
. A Flora and Fauna Within Living Animals, by Joseph Leidy, Smithsonian 

Cont. to Knowl., Vol. 5, 1853. 

. 
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Aside from what may be called the practical value of the study, in- 

cluding that which leads to the better understanding of the higher forms of 
living things, these microscopic creations have many attractions for the stu- | 
dent. Nature is always, and to every one, interesting ; her pursuit is alluring 
in the highest degree. To see rare forms men traverse oceans and make pil- 
grimages over continents; but here are countless unseen living things, 
under our feet, on every side, in the air we breathe, in the food we eat, on 
plants, on animals, germinating and propagating under our own finger nails 
and even in our mouths, possessing a variety of form and structure, often 
curious and beautiful, never equalled by art and not surpassed in nature. 
Their wonderful life-histories stimulate inquiry, engage and enchain the | 
attention. He who possesses a microscope, with the ability and opportunity 
to use it, need never wander from his own door to find an abundance of 
material awaiting his researches, and entertaining and instructive biogra- 
phies ready for his pursuit. (10.) 

THe PERONOSPORIZ. (11). Among the pests to the cultivators of fields 
and gardens, the members of this family maintain a bad pre-eminence. 
None have attracted more attention from the injuries they do to important 
plants, and from their peculiar and interesting life-history. Formerly 
classed in widely different groups on account of their difference in structure, 
the species have been united from their agreement in development. All 
produce conidia,—naked spores borne upon the tips of erect filaments or 
hyphz,—which in some cases germinate directly and sometimes give origin 
to some half-dozen zoospores. The latter are small, more or less globular 
bodies, capable of rapid movements in water by means of two long cilia, 
which they lash from side to side with astonishing rapidity. They thus 
swim in a drop of rain or dew some minutes or hours; then, losing the pro- 
pelling hairs, settle down, and under favorable circumstances germinate like 
the conidia by protruding one or more slender tubes, which penetrate the 
tissues of the supporting plant and become the mycelium or vegetative 
threads of the fungus. Besides, through the conidia and their offspring, 
the zoospores, these particular plants have another method of reproduction. 
The term oospore has been given to a fruit-body found to arise from the 
conjoined action of two separate cells of the mycelium. This is a sexual 
process well known among the algzx or sea-weeds, but not yet well made out 
in most fungi, and analogous to the production of seed in flowering plants 
by the united action of stamen and pistil. The cell producing the oospore 
is called a gonosphere or oogonium, and its partner an antheridium. The 
oospores are found on or in the tissues of the host, sometimes only upon 
one of several plants that the conidia are found upon. Unlike the latter, 
they lie dormant for some months, but, like them, finally give origin to 

10. Cooke’s little book on Rust, Smut, Mildew and Mould is an excellent one 
for a beginner. 

11. The plants enumerated in this paper are from collections made by the 
author between September 21st and and October 16th, 1876, mostly from the area 
of ground upon which he makes his home. Any collector will perceive that more 
of the Uredines and other families are omitted than are mentioned. 
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zoospores which appear identical with those produced by the conidia. The 
office of the oospore appears to be to pass the winter. The family consists 
of two genera, Peronospora and Cystopus. The species of the former have 
the appearance of moulds, producing conidia singly or in clusters at the 
tips of the fertile threads, while those of the latter occur as white pustules 
on leaves, bearing the conidia in moniliform strings, the fertile hyphae or 
thréads haying no prominence. Generally the mycelium of both has curious 
processes, termed hauptoria, penetrating the cells of the supporting plant, 
as shown in Plate Il, Fig 7. The threads themselves, when first emitted 
from the spore as well as when buried and ramified in the tissues, often pen- 
etrate the cell through and through, being found at considerable distances 
from the diseased-looking spots upon which the fruiting threads appear. 

Over forty species of Peronospora have been described, of which only 
six are known to exist in the United States. Many others probably await 
the researches of botanists. Of the six, three, by far the most common 
ones, are in the present described collection. 

Peronospora infestans, Mont., (Plate II, Fig. 8.) Very common on 
potatoes and tomatoes. It has also been found on Bittersweet (Solanum 
dulecamara), and even upon a not closely related plant, Anthoceris viscosa (12) 
belonging to the Scrophulariacee. This is by far the most famous, or in- 
famous, of the species of this genus, causing the oe known and often 
dreaded potato rot. Its history has been often told (13), but a new chapter 
was added last year by Worthington G. Smith (14), of England, Previously 
the oospores had not been found as such, and so much search had been 
made for them that it was quite generally believed that they must exist 
upon some other supporting plant. Clover, among others, was suspected. 
The finding of them in the tissues of the leaves and stalks of the potato 
settled the doubt and bids growers beware of leaving the old potato top to 
breed the pestilence another year. 

P. gangliformis, Berk, (Plate LI, Fig. 3.) Common on lettuce and 
some allied composite (Lactuca altissima and Nabalus albus. Farlow.) 
Zoospores not observed. Conidia germinating and penetrating young 
leaves, the tissues usually decaying from above downward until the whole 
plant is involved and becomes a slushy, putrescent mass. This parasite is 
especially destructive in forcing-houses. Several hundred dollars worth of 
lettuce was lost by one propagator here last winter from this fungus (15). 
The only cure now known is to keep the atmosphere as dry as practicable 
and remove very carefully the diseased leaves. 

P. viticola, B. & C. (Plate IL, Figs. 6 & 7.) Common on grape 
leaves, and becoming very destructive in this vicinity, worse apparently 

12. Farlow, Synopsis of the Peronosporeae of the United States, Bulletin of 
the Bussey Institution, p. 426. 

13. Smith, Ohio Ag. Report, 1872, Essays, etc., p. 20. 
14. Farlow, Gardener's Monthly, Nov. 1875, p. ‘oT. Smith, Ohio Ag. Report, 

1862, Essays, etc., p 20. 
15. Smith, Gardener's Chronicle, July 17, 1875, p. 69. Quarterly Journal of 

Microscopic Science, October, 1875. 
Hs Farlow on the American Grape Vine Disease. Bulletin Bussey Institution, 

p- 
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upon the smooth-leaf varieties. The Clintons were nearly or quite killed 
by it the last two summers. This seems to be a native American, and has 
often been mistaken for Lrysiphe tuckeri, Berk, which constitutes the 
vine disease in EKurope,—a mistake which has led to an error and disap- 
pointment in its treatment. Sulphur proves effectual in case of the Hrysiphe, 
but it lives upon the surface of the leaf, not in the tissues, as does our 
plant. Notwithstanding the continued failures, cultivators still are known 
who spend their time and money with the sulphur remedy, showing again 
the importance of the knowledge of the species and their habits. But, un- 
fortunately, a practicable remedy is not now known. The condia produce 
zoospores, which swim in water some fifteen minutes, then germinate. The 
oospores are found among the cells of the leaf in autumn. If all the old 
diseased leaves could be burned, a preventive would be attained. 

During the last winter (1874-5) a parasite (Plate I, Figs. 5, 6, 7, 8, 9, 
10, 11) was noticed upon many of the plants in the green-house belonging 
i» the Illinois Industrial University. A few of the diseased leaves being 
taken home for examination, although they were exposed but a few minutes 
in a room with previously healthy window plants, the same disease soon ap- 
peared upon the latter ;—a case of the unwitting distribution of disease 
germs by man. Our real study of this species commenced, however, in 
October, 1876, when it reappeared in both the localities just named. In 
one case a box of earth in which some affected plants grew last year ( winter 
of ’75-6) was left dry during the summer and some healthy plants 
replaced in the box in October, 1876. Every care practicable was 
taken to see that these plants were sound and to exclude infection from 
any other source. In a week’s time there was evidence in abundance 
of the same parasite. The conidia are now’ known to germinate when 
at least one month old, but did they lie dormant all summer? Sup- 
posed oospores were found in the petals of Salvias, and figured (Plate 
I. Fig. 10.) This body is 1-500 in. in diameter, with an apparent hyaline 
reticulated epispore and a yellowish included spheroid. The fertile hyphe 
are dingy or smoky colored, torulose when dry, septate, simple or branched, 
bearmg conidia in dense clusters on the sides and tips of the rigid, blunt 
extremities.  Conidia oval, pappillate, slightly tinted, 1-1800 by 1-2660 in. 
Believing the plant to be an undescribed Peronospora, it was christened P. 
fumosa ; but later examination, since the figure was made, makes it question- 
able about the so-called oospore being such. If not, the plant may belong 
to the aforetime related genus Poltactis, Link, in which case its parasitism 
on living plants is ananomaly. The conidia germinate in water, often emit- 
ing two or three tubes. Zoospores not seen. On the leaf the germinating 
tubes run over the surface or penetrate through the cells to the interior. 
In about five days from the sowing, the fertile hyphz appear with their 
conidia. They arise from the stomata or from the external mycelium. 
Sometimes the conidial hyphze do not appear until the leaf or young stem is 
in an advanced state of decay. On some plants only unhealthy or fallen 
leaves appear to be affected. Salvias, Geraniums, Centaureas, Senecios and 
others of diverse orders suffer from its attacks, while as many as twenty 
kinds have been found living or dead with the fungus uponthem. Had time 
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permitted, I should have been glad to submit this plant to the inspection of 
others before, perhaps, thus exposing my own incapacity. The only similar 
figure which I have seen is in Schleiden’s Principles of Scientific Botany, 
London, 1849, Plate 2, Fig. 8. This cannot be the plant. 

Of the four recorded United States species of Cystopus, three were 
found. These are exceedingly common on the plants indicated. They do 
not, however, have the blighting effect of the Peronosporie. Plants thor- 
oughly dotted with their pustules appeared to survive without great injury. 
Their microscopic character is so well known to botanists that nothing 
would have been gained by selecting new specimens to figure, so in my haste 
copies were selected as indicated. The other figures are from the collec- 
tion, but none of the plants are more common than these. 

Cystopus candidus, Lev., (Plate I, Figs. 1, 2, 3,4.) Common on eru- 
ciferous plants, notably here on horse radish and cabbage. 

C. cubicus, Mart. On Ambrosia artemisixfolia, the common rag weed. 
C. bliti, Bivon. On Portulaca oleracea (purslane) and Amaranthus 

retroflexus. 
PERISPORIACEI. Notwithstanding the similarity of the names of these 

families, the plants are very different, as a glance at the plates will show. 
They, however, agree in their injuries to living plants, constituting very 
many of the leaf blights of this and other countries. Some of them are 
most exquisitely beautiful under the magnifier, a thing which the disciples 
of the development theory of species have not yet accounted for. Their 
beauty surely does not come from natural or sexual selection. The myce- 
lium runs over the surface of the leaves, never appearing to enter the cel- 
lular structure, yet, in some way, deriving nourishment from it. Here 
applications, as of sulphur, have direct effect. Here, too, the vine and the 
hop mildews belong. Conidia are borne in moniliform strings arising from 
the mycelium. The two together often give the affected leaves a dusty, 
whitened appearance, as if coated with whitewash. Later the spherical 
bodies—conceptacles—of dark color, as represented in the plates, are 
formed, sometimes exceedingly numerous, sometimes few and hard to find. 
The conceptacles have not yet been discovered in the vine disease of Europe. 
These conceptacles have at length radiating appendages, different from the 
mycelium, of many different forms, though constant within narrow limits in 
a given species. Inside the usually reticulated conceptacles there are 
attached to the base one or more sporangia or spore-sacks. These are thin 
and transparent, showing plainly the few or many spores. Sometimes, in- 
stead of sporangia, multitudes of naked and smaller spore-like forms are 
found ; and sometimes similar ones are contained in a stalked flask-shaped 
or urn-shaped vessel, as seen in Plate III, Fig. 7. Still other apparent 
fruit-bodies are found on the mycelium or the appendages of the conceptacles. 
I do not remember seeing these described, but have often met them and am 
fully convinced that they belong to the same plants. They are dark- 
colored like the Dematiei species, and of the forms shown in Plate ILI, Figs. 
2b, 2c, 2d, 7f, and Plate IV, Fig. 12. Save in quantity, they are not 
unlike forms of the black mildews found on thick-leaved plants and known 
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under the names Fumago, Antennaria, Capnodium, etc., but their positive 
connection with these plants, positive at least in the case of the specimen 
figured in Plate III, Fig 2, of course destroys any sort of specific individu- 
ality. I cannot say that they are reproductive bodies, but they certainly 
look like it. Other plants not distantly related have such forms of frvit. 
It is probable that the conceptacle, with its contained sporangia, in all these 
plants, is the result of a peculiar union of specialized cells (17), as in the 

Peronosporiz. 
Spherotheca castagner, Lev. On Taraxicum, Hop, Spirea, ete. To 

this species we refer with doubt the plant figured on Plate III, Fig 3, 
found on Erechtites hieracifolius, but the conceptacle is larger (1-246 in.) 
and the mycelium denser than in any undoubted plants of the species no- 
ticed, and the appendages somewhat different. Instead, too, of being dis- 
tributed over the plant, this is found aimost entirely upon the stems and 
under sides of the leaves, in patches. Appendages (of which there are one 
to three) colored to a septum. Sporangium one, spores eight, oval, 1-8000 
by 1-4300 in. 

Phyllactinia guttata, Lev., (Plate IV, Fig. 6.) Common on Fraxinus 
viridis. This species is reported to be common on Quercus, Carpinus, Ber- 
beris, Alnus, Corylus, ete. 

Podosphera kunzei (?), Lev. (Plate III, Fig. 2.) On cultivated 
cherry. This is almost surely not kunzei, Lev., but it is the nearest to it 
of any I know and [| am loth to call it new, since so conspicuous and injurious 
a species could hardly have escaped attention. Leaves of all varieties of 
cultivated cherries were distorted and caused to fall, from the middle of 
the summer until autumn. My notes areasfollows: Mycelium thin, evanes- 
cent: appendages about twelve, colored at base, sometimes septate, simple 
or but little dichotomously forked; conceptacle black, 1-300 in., gregarious 
on the upper side of leaves. Sporangium eight-spored. The spore-like forms 
on the appendages have already been referred to. These were by no means 
on all the plants, but occurred on this one as shown. 

Microspheria eatensa, C. & P.,(Plate IV, Fig. 2.) On Quercus rubra 
and (. palustris in woods. The upper sides of the leaves are conspicuously 
whitened. 

M. friesti, Lev. Very common on Syringa vulgaris. The concepta- 
cles are sometimes abundant, but not always. The divided and curled tips 
of the appendages are very beautiful in perfect specimens. 

M. ravenelii, Berk., (Plate IV, Figs. 7 to 11.) On Gleditchia tri- 
acanthos. This is certainly the same as my specimen in Ravenel’s exsiccati, 
but the mycelium is much more dense. In this respect it surpasses all I 
have seen. The leaves are very white. 

M. elevata, n. sp., (Plate Il, Fig. 4.) _Upper sides of leaves of Ca- 
talpa bignowioides. Mycelium thin, web-like, rather evanescent. Concepta- 
cles 1-250 in., conspicuously reticulated, raised from the leaf; appendages 
about twelve, colored at base, often simple, sometimes branched near the 
base, usually 2 to 4 times dichotomously forked, very long ; sporangia four, 

17. Sachs’ Text Book of Botany, English Ed., 1875, p. 256. 

eo 
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oval, strongly rostrate. This appears to be so distinct from any description 
given that I have named it as new. Not uncommon. 

Erysiphe, (Plate IV, Fig. 1.) On Aster puniceus. One con- 
ceptacle alone found. 

E. lamprocarpa, Lev. On Phlox (Old Maid’s Pink.) 
E. marti’, Lk. Very common on leaves and stems of peas. The 

cultivation of garden peas in late summer and autumn is precluded from 
the effects of this fungus as much as from the weevil which infests them. 

Erotium herbariorum, Lk. On plants in cabinet. Common every- 
where. 

These are all that were found in these two families, except one of the 
latter on leaves of Liriodendron tulipifera, whi h was not matured enough 
to determine. Botryopium pulchrum should not have been given among 
the parasitic plants, as it is only found on decaying herbage. The figure is 
more slender and the branches longer than Cooke’s figure. The species may 
not be correct. Fear of occupying too much space causes the omission of 
further notes. 

A LIST OF THE ORTHOPTERA OF ILLINOIS. 

By CYRUS THOMAS, PH. D. 

Fam. 1. FORFICULID£. 

Forficula aculeata, Scupp. 

Found in northern [linois. It is probable that Lebia minor, Linn, 

may be found in the state, but I am not aware that it has been met 

with here. 
Fam. 2. BLATTID &. 

2. Phyllodromia germanica, Linn. 

Blatta germanica, Linn. Syst. Nat., IT, 688. 
Ectobia germanica, West. Introd., I, 515. 
Phylladromia germanica, Serv. Orth., 187. 

3. Ischnoptera unicolor, Scupp. 

Platamodes unicolor, Seudd., Bost Jour. Nat. Hist., VII, 417. 
Ectobia lithophila, Scudd., Bost. Jour. Nat. Hist , VII, 418. 
Ischnoptera uhleriana, Sauss., Rev. et Mag. Zool., 1862, 169. 

4. I. pennsylyanica, Dec. 

Blatta pennsylvanica, Deg., 1773, Mem., III, No. 2, Pl. 44, 4. 
Ischnoptera morio ?, Burm. Hanb., II, 500. 

conloniana, Sauss, Rev. et Mag. Zool., 1862, 169. 
Platamodes pennsylvanica, Scudd., Bost. Jour. Nat. Hist., V1I, 417. 

This is the most common species in the southern part of the state. 
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5. Periplaneta orientalis, Linn. 

Blatta orientalis, Linn., 1745, Faun. Suec., 862. 
«* culinaris, Deg., Ins., IIT, 334. 

Periplaneta orientalis, Burm. Hanb., II, 504. 
Kakerlak orientalis, Serv. Orth , 72. 
Stylopyga orientalis, Fisch. de W. Orth. Ross., 70. 

6. P. americana, Linn. 

Blatta americana, Linn., 1766, Syst. Nat., I, 687. 
Kakerlak americana, Brulle, Hist. Nat. Orth, LX, 53. 
Periplaneta americana, Burm., Hanb., Il, 503. 

It is probable that Hetobia flavocincta, Scudd., is found in the north- 

ern part of the state. 

Fam. 3. MANTIDA. 

7. Stagmomantis carolina, LINN. 

Gryllus Garo bn, Linn., Ameen Acad., VI, 1763, 396. 
HEM earolina, Linn. , Syst. Natalia, 1767, 691. 

irrorata, Linn., Syst. Nat., “i, 690. 
“*  conspurcata, Serv., Orth., "1839, 190: 
«¢ - inquinata, Serv., Orth., 1839, 191. 
“ — tolteca, Sauss., Rev. et Mag. Zool., XIII, 1861, 127. 

Stagmomantis toltecta, Sauss., Bull. Ent. Swiss., III, 1869. 
‘6 carolina, Sauss., Mem. Hist. Nat. Mex., [V, 1871, 46. 

Found only in the southern part of the state. A species very closely 

allied to or identical with Stagmomantis (Stagmatoptera) minor, 

Scudd., is found in the state, but the specimens I have seen were so 

immature or so imperfect that I could not decide with certainty. 

Fam. 4. PHASMID ZA. 

8. Diapnheromera femorata, Say. 

Spectrum femoratum, Say. Appd. to Long’s Exp., 1824, 297. 
(See Say’s Entom, Sec. Ed., 1, 82 & 197.) 

Diapheromera sayi, Gray, Synop. Phas. ., 18, 1835. 
Bracteria (Bacunculus) sayi, Burm. Hand., II, 566, 1838. 

9. D. velii, WaAusu, Proc. Ent. Soc. Phila., II, 410. 

10? Anisomorpha buprestoides, Stott. 

Spectrum bivittatum, Say, Am. Ent., Sec. Ed., I, 82. 
Phasma buprestoides, Stoll, Rep. des Spec., 68, pl. XXIT1, p. 87. 
Anisomorpha buprestoides, Gray, Synop. Phas. es 

This species is included with much doubt. It has been observed in 

Kentucky, and although I have no Illinois specimen at hand, I feel 
quite sure that I have seen a specimen captured in the extreme southern 
part of this state. 
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Fam. 5. ACRIDID 2. 

Sub-fam. ACRIDINA. 

Group TRYXALINI. 

| 
ll. Tryxalis brevicornis, Linn. | 

12. 

13. 

14, 

15. 

16. 

Gryllus (Acrida) brevicornis, Linn., Syst. Nat., I, 692. 
Truxalis brevicornis, Fabr.. Ent. Syst., Ro 2s 

(f) viridulus, Pal. Beauv., Ins. Orth., Sh, P..3, Hig: 4. 
(m.) notochlorus, Pal. Beauv., Ins. Orth, 3 '80, PL. 3, ‘Fig. 3. 

Acridium ensicornu, Deg. Ins., 3, 499, Pl 42, Fig. bs 
Opsomala punctipennis, Thos. a Trans. il. St. Ag. Soc., V, 447. 
Pyrgomorpha brevicornis, Walk., Cat. Dermap. Salt., june "500. 

punctipennis, Thos., Synop. Acrid., 68. 

I have found this species at but one place in Illinois, and that a very 

small area in Jackson county. 
. - - +d 

T. viridis, Scupp. 

Chloealtis viridis, Scudd., Bost. Jour. Nat. Hist., 1862, VII, 455. 
Opsomala brevipennis, Thos., Trans. Ill. Ag. Soc., V, 451. 
Chrysochraon viridis, Thos., Synop. Acrid., 71. 
Truxalis angusticornis, Stal., Recens. Orth., I, 105. 

Found throughout the state. 

T. conspersus, Harr 

Chloealtis conspersa, Harr. Rep., Ed. 1862, 184. 
abortiva, Harr. Rep., Ed. 1862, 184. 

Stenobothrus melanopleurus, Scudd., Bost. Jour. Nat. Hist., 1862, 
VU, 456. 

Chrysochraon conspersum, Thos., Synop. Acrid., 76. 

Occasionally met with in various parts of the state; not common. 
This and the preceding (7. viridis) are in all probability varieties of 

one species. 

Stenobothrus admirabilis, User. 

(f.) St. admirabilis, Uhler., Proc. Ent. Soc. Phila., 1864, 553. 
(m.) Thos., Synop. Acrid., 85, (1875.) 

Found throughout the state, but not abundant. 

St. maculipennis, Scupp., Bost. Jour. Nat Hist , 1862, VII, 458 

Found in the northern portion of the state. S¢. aequalis and St. 

propinquans are but varieties of this species. 

St. curtipennis, Harr 

Locusta curtipennis, Harr. Cat. Ins. Mass., 56. 
Chloealtis curtipennis, Harr. Rept., Ed. 1862, 184, Pl. 3, Fig. 1. 
Stenobothrus longipennis, Scudd., Bost. Jour. Nat. Hist., VII, 457. 



Quite common, especially in the northern and central parts of the 

state, the long-winged variety appearing to predominate in the central 

part of the state, at least as far as my observations have extended. 

Group OXEDIPODINI. 

17. Stetheophyma gracilis ?, Scupp. 

Arcyptera gracilis, Seudd , Bost. Jour. Nat. Hist., VII, 463. 
Stetheophyma gracilis, Thos., Synop. Acrid., 99. 

I have seen but a single specimen of this genus captured in Illinois; 

it was taken in the extreme northern portion. I saw it but for a short 

time and am not positive as to the species. 

18. Tragocephala viridifasciata, Harr 

1. 

bo 

Variety virginiana, abr. 

Gryllus virginianus, Fabr. Syst. Ent., 291. 
(Locusta) virginianus, Goeze. Ent. Beitr., IT, 106. 

Acridium virginianum, Oliv. Encye. Meth., Ins. VI, 225. 
(Oedipoda) virginianum. DeHaan. Bijdr. Kenn. Orth., 143. 

Oedipoda virginiana, Burm. Hanb. Ent, II, 645. 
Gryllus (Locusta) viridifasciatus, Goez. Beitr., I, 115. 
Acrydium viridifasciatum, Deg., Mem., ILI, 498. 
Locusta viridifasciata, Harr., i at. Ins., 56. 

(Tragocephala) viridifasciata, Harr. Rep., Hd. 1862, 182. 
Gomphocerus viridifasciatus, Uhler, in Harr., Ed. 1862, 181. 
Tragocephala viridifasciata, Scudd., Bost. Jour. Nat. Hist, VII, 461. 
Gryllus (Locusta) chrysomelus, Gmel, Linn. Syst. Nat., IV, 2086. 
Acridium marginatum, Oliv. Encye. Meth., Ins. VI, 229. 

hemipterum, Pal. Beauv , Ins., 145. 

Variety infuscata, Harr. 

Locusta (Tragocephala) infuscata, Harr. Rep., Ed. 1862, 181. 
Gomphocerus infuscatus, Uhler, in Harr. Rep., 3d Edn., 181. 
Tragocephala infuscata, Scudd., Bost. Jour. Nat. Hist., VII, 466. 

Variety raciata, Harr. 

Locusta radiata, Harr, Cat., 56. 
Tragocephala radiata, Harr. Rep., Ed. 1862, 185. 
Gomphocerus radiatus, Uhler, in Harr. Rep., 181. 

The green variety (virginiana) is very common throughout the state, 

the female being apparently more abundant than the male; on the 

other hand, the male of the dusky or brown variety (in/fuscata) appears 

to be much more abundant than the female of that variety. It is this 

male that greets us first in the spring with his crackling notes. Variety 

radiata is occasionally met with in the southern and central parts of 

the state, and probably in the northern sections also. 
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19. Tomonotus sulphureus, Fasn. 

20. 

1. Variety sulphureus, Fabr. 

Gryllus sulphureus, abr. Syst. Ent., I, 59. 
(Locusta) sulphureus, Gmel. Linn., Syst Nat. I, 2079. 

Acridium sulphureum, Oliv. Eneye. Meth. Ins., VI, 227. 
Oedipoda sulphurea, Burin tlanb Kné., I, 648. 
Locusta sulphurea, Harr. Rep., 177, Pl. I, Fig. 6. 
Tomonotus sulphureus, Sauss.,Rev. et Mag. Zool ,X111, i861, 321. 
Arphia sulphurea, Stal. Recens. Orthop., t, 119. 

2. Variety xanthopterus, Burm. 

Oedipoda xanthoptera, Burm. Hanb. Ent., IT, 643. 
Acridium xanthopterum, De Haan. Bijdr.. Kenn. Orth., 143. 
Tomonotus xanthopterus, Thos. Synop. Acrid., 105. 
Arphia xanthoptera, Scudd. Geol. Surv. N. Hamp., I, 377. 

3. Variety carinatus, Scudd 

Oedipoda carinata, Scudd. Trans. Am. Ent. Soc., I, 306. 
Tomonotus carinatus, Thos. Synop. Acrid., 106. 

The first and second varieties (sudphurcus and xanthopterus) are 

found, I believe, throughout the state, though the former largely pre- 

dominates, as far as my observations have gone; but there is such a 

complete gradation from one to the other in all the characters by which 

they are supposed to differ, that very often it is impossible to tell to 

which a specimen belongs. The variety carinatus is found only in the 

north-west part of the state. 

T. tenebrosus, Scupp. 

Oedipoda tenebrosa, Scudd. Hayden’s, Geol. Surv. Neb., 251. 
Tomonotus pseudo-nietanus, Thos. Proc. Acad. Nat. Sci. Phila., 

1870, 80. 
tenebrosus, Thos. Syn. Acrid., 107. 

Arphia sanguinaria, Stal, Recens. Orth., I, 119, 
tenebrosa, Scudd. Bul. U. 8. Geol. Surv., 1876. 

This is occasionally seen in the extreme north-western part of the 

state; I have seen but one specimen collected in the state, and that 

was by Miss KE. A. Smith, of Peoria. 

21, Spharagemon aeqale, Say. 

Gryllus aequalis, Say., Jour. Acad. Nat. Sci. Phila., LV, 307. 
Locusta aequalis, Harr. Rep., 583 
Oedipoda aequalis, Erichs., Archiy. f. Nat., LX, 230. 
Trimerotropis aequalis, Scudd., Geol Surv. N. Hamp., I, 377. 
Spharagemon aequale, Scudd., Proc. Bost. Soc. Nat. Hist., XVII, 

1874-5. 

This species is found throughout the greater part of the state, yet 
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many Illinois specimens referred to it do not belong to the species. I 

think Jrimerotropis verruculata, although placed by Mr. Scudder in a 

different genus, is in fact but a variety of this species; yet as there is 

some doubt on this point I give them as distinct. 

22. §S. collare, Scupp. : 

Oedipoda collaris, Scudd., Geol. Surv. Neb., 250. 
Spharagemon collare, Scudd., Proc. Bost. Soc. Nat. Hist., 

XVII, 1874-5. 

Has been taken in the northern part of the state, but I am inclined 

to think it is very rare. 

23. Trimerotropis verruculata, Kirsy. 

Locusta verruculata, Kirby, Faun. Bor. Am. Ins., 250. 
latipennis, Harr. Rep., 179. 

Acridium verruculatum, De Haan, Bijdr. Kenn. Orth., 250. 
Oedipoda latipennis, Uhler., Harr. Rep., 178. 
Trimerotropis verruculata, Scudd., Geol. Surv, N. Hamp., 1, 377. 

Limited chiefly to the northern section, but has been obtained in the 

southern. 

24. Encoptolophus sordidus, Burm. 

Oedipoda sordida, Burm., Hanb. Ent., Il, 648. 
Acridium (Oedipoda) sordidum, De Haan. Bijdr. Kenn. Orth., 143. 
Locusta nebulosa, Harr., Rep., 181. 
Oedipoda nebulosa, Hrichs, Archiv. f. Nat. II, 230. 
Locusta periscelidis, Harr, Cat., 56. 
Tragocephala sordida, Stal., Recens. Orth., I, 119. 
Encoptolophus sordida, Scudd., Proc. Bost. Soc. Nat. Hist., 

XVII, 1874-5. 
Found occasionally throughout the state. 

25. Oedipoda carolina, Linn. 

Gryllus (Locusta) carolina, Linn, Syst. Nat. I., 701. 
cearolinus, ab., Ent. Syst., I, 58. 

Acrydium carolinum, Deg., Ins., ILI, 491, Pl. 41, Figs. 2& 3. 
carolinum, Pal. Beay., Ins., 147, Pl. 4, Fig. 6. 

Locusta carolina, Harr. Rep., 176, Pl. 3, Fig. 3. 
caroliniana, Catesby, Nat. Hist. Car., Il, 89, Tab. 89. 

Common throughout the state. 

26. Oe. neglecta, Tuos. 

Oedipoda neglecta, Thos., Proc. Acad. Nat. Sci., Phila., 1870, 84. 
Hippiscus neglectus, Scudd, Bull. Geol. Surv. Terr., Vol. II, No. 

3, 1876, 264. 
I have captured this species in southern Illinois, but think it is very 

rarely found here. 
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Oe. belfragii, Stax, Recens. Orth., I, 129. 

As this species is described by Stal as new and as coming from 

Illinois, | give here his description in full for the benefit of [linois 

naturalists : 
« Fuscous-brown ; the head variegated with cinereous; carina of the 

head and of the posterior femora, also the posterior margin of the pro- 
notum sprinkled with black; antennae annulated with fuscous. Pro- 
notum with the posterior margin acute-angled ; crest somewhat prom- 
inent, profoundly incised between the lobes. Hlytra pale grayish- 
brown, somewhat translucent toward the apex, where they are also 
clouded with fuscous. Wings pale yellow at base, with a broad black 
band across the disk arcuate and narrowed internally; apex trans- 
parent, with fuscous veins. Anterior legs sub-annulated with fuscous ; 
posterior femora with the fascia and apex black, the inferior margin 
and exterior side hairy; posterior tibiae pale yellowish, fuscous at the 
base, spine tipped with black, hairy. Female, length, 25 millimeters. 
Illinois. 

“In the structure of the head and pronotum similar to Ce. carolina, 
but differs in being smaller, the elytra and wings less ample, and the 
former less densely reticulated ; the pronotum behind the middle being 
sup-alutaéeous; and in the color of the wings. The posterior angle of 
the lateral lobe of the pronotum rounded.” 

I am unacquainted with this species, and think the locality given is 

a mistake, or that it is a variety of some of the trans-Mississippi 

species which occasionally visit Ilinois. 

Mestobregma? cincta, Tuos. 

Oedipoda cincta, Thos., Proc. Acad. Nat. Sci., Phila., 1870, 80. 

I have taken a few specimens of this species in southern Illinois, but 

it is by no meanscommon. I place it in this genus with doubt. 

29. Hippiscus corallipes, Haun. 

Oedipoda corallipes, Hald , Stansb. Rep. Salt Lake, Pl. X, Fig. 2. 
Hippiscus corallipes, Scudd. Bull. Geol. Surv. Terr., 1876, II, 264. 
Oedipoda rugosa, Scudd. Bost. Jour. Nat. Hist., VII, 469. 
Hippiscus rugosus, Scudd. Geol. Surv. N. Hamp., I, 377. 
Oedipoda paradoxa, Thos. Geol. Surv. Terr. 1871, 457. 
(Hippiscus paradoxus. ) 
Oedipoda haldemanii, Scudd. Geol Surv., Neb., 251. 
Hippiscus haldemanii, Scudd. Bull. Geol. Surv. Terr., 1876, 

II, 264. 
A close study of these forms for a number of years has satisfied me 

that they are all varieties .f one species The specimens found in 

Illinois are chiefly of the varitey rugosus ; but I find some which approach 

very near to paradoxus, with red or partly red wings. 
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30. Hip. discoideus, SERy. 

Oedipoda discoidea, Serv. Hist. Orthop., 724. 
Acridium tuberculatum, Pal. Beauy., Ins., 145, Pl. 4, Fig. 1. 
[lippiscus discoideus, Stal. Recens. Orth., ie 121, 

This is occasionally met with in the extreme southern part of the 

state, Union county being as far north as I have positive evidence of 

its being found. 

31. Hip. phoenicopterus, Germ. 

Locusta apiculata, Harr Cat., 56. 
corallina, Harr. Rep., 176. 

Acridium phoenicopterum, De Haan. Bijdr. Kenn. Orth, 144. 
Oecdipoda phoenicoptera, Germ., Burm. Handb. Ent., II, 643. 

obliterata? Germ., Burm. Handb. Ent., II, 648. 
corallina, EKrichs, Archiv. f. Nat., IX, 229. 

Hippiscus phoenicopterus, Scudd. Geol. Surv. N. Hamp. I, 377. 

Found occasionally in various parts of the state; but by no means 

common. 

32. Camnula pellucida, Scupp. 

Oedipoda pellucida, Scudd Bost. Jour. Nat. Hist., VU, AT2. 
atrox, Scudd. Geol. Surv. Neb., 253. 

Camnula tricarinata ? Stal. Recens. Orth., obs 120. 
pellucida, Scudd. Geol. Surv. N. Hamp 5 Nols 

I have never, that | am aware of, met with this species in Illinois, 

but find this locality given by Mr. Scudder in the Geological Survey 

of New Hampshire. 

Group ACRIDINI. 

33- Pezotettix unicolor, Tuos. Synop. Acrid., 151. 

Found in southern, and probably in central, [linois. 

34- Pez. minutipennis, sp. nov. 

Female. Head short, eyes approximate above; the vertex very 
narrow between them, suddenly expanding to lateral angles just in front 
ot them, slightly, sometimes scarcely, sulcate. Face, seen from the side, 
oblique and arcuate ; frontal costa somewhat prominent, continuous 
nearly or quite to the clypeus, sides parallel, not. or but very slightly, 
suleate. Pronotum cylindrical, the median carina distinct, though it 
is but a very slender line; lateral carina wholly obliterated ; sides 
nearly parallel, expanding very slightly posteriorly ; anterior margin 
squarely truncate; posterior margin truncate, with a slight notch at 

the middle, sometimes scarcely distinct; the posterior transverse in- 
cision is situated much behind the middle, reducing the posterior lobe 
to but one-third the length of the pronotum ; the po-terior lateral 
angle rounded, and the margin from thence up to the middle rounded — 
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with no inward cuive or notch except the one at the middle of the dor- 
sum. KElytra minute, not meeting on the back, the space between 
them being more than the width of one of them: narrow, spatulate, 
width about one-third the length ; extending over the second abdominal 
segment ; longitudinal nerves prominent and similar. Abdomen some- 
what prominent and carinated at the base, but suddenly decreasing in 
size posteriorly, so that near or a little beyond the middle it becomes 
cylindrical. Anterior femora slender ; po terior femora about as long 
as the abdomen; upper carina distinct, and the upper external angle 
distinct and somewhat sharply defined; the tibiae distinctly expanding 
below. Prosternal spine broad at base, transverse, bluntly rounded at 
the tip. f 

Color. Head and thorax varying in different individuals from dull 
greenish-white to brown, with-a clearly defined shining black line 
extending, on each side, from the eye to th» posterior margin of the 
pronotum. Posterior femora bright pea-green, unspotted, except the 
tip, which is black; tibiae greenish, with the spines black. 

Male. Much smaller than the female; eyes very prominent, and so 
closely approximate above that the portion of the vertex between them 
is reduced to a mere thread; the antennae comparatively large and 
reaching back to about the tip of the second abdominal segment. Tip 
of the abdomen strongly curved upward: cerci somewhat elon- 
gate, slender, and narrowed in the middle ; tip of the last ventral seg 
ment somewhat conical, entire. Face quite oblique and arcuate. 

Oolor (of the single specimen.) Face and disk of the pronotum dull 
ash-brown; cheeks and space of the pronotum below the black stripe 
pale ash-brown or rufous; posterior femora greenish-yellow, deeply 
tinged with bright-rufous above. 

Dimensions. —F emale, length .90 inch; male, length .65 inch 

Two females and one male, taken by Prof. Forbes, of Normal, in 
September. 

I have given this as a distinct species, but confess I have very little 

expectation that most of the recently described western species of 

Pezotettix and Caloptenus will withstand the test of future investiga- 

tions. It is more than probable that this will prove to be but a variety 

of Mr Smith’s Pez. manca. This species, or variety, as it may prove 

to be, appears to be an intermediate link between ez. manca, Sm., 

and Pez. alla, Dodge, the former of Maine, the latter of Nebraska. 

Pez. scudderi, Unzer. Proc. Ent. foc. Phila., 11, 555. 

This is given on the authority of Mr. Uhler, who states that he re- 

ceived it from Rock Island, through Mr. Walsh. I am not acquainted 

with it, but have before me some specimens received from Prof. Forbes, 

taken at Normal, which I am inclined to refer to it. They differ from 



( 68 ) 
Uhler’s description as follows: The black stripe on the side of the 

- female pronotum is distinct and broad; whitish spots on the metatho- 

rax distinct in the male; posterior femora yellow or greenish-yellow, 

with distinct oblique dark bands; posterior tibiae pale. 

36. Pez. viola, sp. nov. 

Female. Rather large and robust, caloptenoid in appearance, and 
resembling somewhat Pez. dodget. Vertex and frontal costa not, or 
but slightly, sulcate. Pronotum with the median carina slight; lateral 
carinae somewhat distinct ; sides flattened; posterior margin rounded : 
posterior lateral margins with a distinct inward curve or rounded 
notch at the humerus, the portion below the notch perpendicular, 
Elytra ovate- lanceolate, the externo-median nerve distinct, not always 
meeting at the base, but overlapping more or less toward the apex ; 
varying in length from about one-third to more than one-half that of 
the abdomen. 

Color. Varying from a dull olive-brown to ash-brown. Head and 
thorax brown; elytra with the upper (or inner) half pale brown, lower 
(outer) half dark-brown or black, one or two dots sometimes broken off 
the black at the tip; posterior femora reddish with oblique brownish 
bands ; posterior tibiae rufous. 

Dimensions. Length 1. to 1.1 inch. 
Central and southern Illinois. 

37. Caloptenus femur-rubrum, Dre. 

Acrydium femur-rubrum, Deg. Ins., III, 498, Pl. 2, Fig 5. 
femorale, Oliv. Encye, Meth. Ins. aA gs OS 228, 

Gryllus (Locusta) erythropterus, Gmel. Linn. Syst. Nat., I, 2086. 
Caloptenus femur-rubrum, Burm. Handb. Ent., II, 638. 
Pezotettix (Melanoplus) femur-rubrum, Stal. Recens. Orthop., 1,79 

Our most common species; found throughout the state. 

88. C. atlantis, Riuzy, ist Rept., 1875, 169. 

This is but a variety of the preceding species, and appears to be an 

intermediate link betwean Ci jemur-rubrum and C. spretus; but in 

some respects approaches C. occidentalis. 

39? C.spretus, Tos. (The Rocky Mountain Locust.) 

Acridium spretum, Thos. Trans. Ill. Ag. Soc., V, 450. 
Caloptenus spretus, Thos. Synop. Acrid , 164. 

A few stray specimens have perhaps been captured in Illinois, and 

hence I include it with a mark of doubt prefixed. 

40. Acridium differentiale, THos., Trans. Il. Ag. Soc.; V, 450. 

Cyrtacanthacris differentialis, Walk. Cat. Dermap. Salt., LV, 610. 
Caloptenus differentialis, Thos. Proc. Acad. Nat. Sci. Phila., 1871. 

Common throughout the state, and has occasionally been seen mi- 

grating. 
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41. Acridium rubiginosum, Scupp, 

Acridium rubiginosum, Scudd., Bost. Jour. Nat. Hist., VII, 467. 
damnificum, Sauss. Rev. et Mag. Zool., XIII, 1861, 164. 

Occasionally met with in southern Illinois, in the oak regions. 

42, A. emarginatum, Scupp. Geol. Sury. Neb., 240. 

I have seen but a single Illinois specimen, which was captured by 
Prof. Forbes, at Normal. 

43. A. americanum, Drury. 

Gryllus americanus, Drury, IIl., II, 3, 128, Pl. 49, Fig. 2, 1770. 
succinctus, Linn. Syst. Nat.., 12th Ed., I, 699, 1767. 
serialis, Thunb. Mem. Acad. Pet., V, 241, 1815. 

Locusta tartarica, West. in Drury Ill, I, 121. 
Acridium americanum, Scudd., Bost. Jour. Nat. Hist., VI, 466. 

rusticum, Glov. Ill., Pl. 1, Fig. 15. 
(Schistocerca) americanum, Stal. Recens. Orth., I, 66. 
ambiguum, Thos. Synop. Acrid., 173. 

Common in southern Illinois, and occasionally found as far north as 

Normal and Champaign. 

Sub-fam. TETTIGINAE. 

Group TETTIGINI. 
44. Tettix ornata, Say. 

Acrydium ornatum, Say. Am. Ent., I, 10, Pl. V, Fig. 1. 
Tetrix arenosa, Burm. Handb. Ent., II, 659. 

dorsalis, Harr. Rep., 186. 
quadrimaculata, Harr. Rep., 186. 
bilineata, Harr. Rep., 186. 
sordida, Harr. Rep., 187. 

Tettix ornata, Scudd. Bost. Jour. Nat. Hist., VU, A474. 

45. Tettigidea lateralis, Say. 

Acrydium laterale, Say. Am. Ent., Pl. V, Figs. 2 & 3. 
Tetrix lateralis, Harr. Rep., 187. 
Tettigidea lateralis, Scudd. Bost. Jour. Nat. Hist., VII, 477. 

46. T. polymorpha, Burm. 

Tetrix polymorpha, Burm. Handb. Ent., ie 659. 
parvipennis, Harr. Rep., 187, Fig. 82. 

Tettigidea polymorpha, Scudd. Bost. Jour. Nat. Hist., VII, 477. 
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EXPLANATION OF THE PLATES. 

ILLINOIS CRUSTACEA. 

1, 2, 3, 4, 5, 6, 7, Crangonyx mucronatus, Forbes. 

Head of female, with pedicels of antennae. 
Posterior abdominal segments of male, with their appendages. 
One of Ist pair of hands of male. 
One of 2d pair of hands of ,male. 
Telson and last pair of stylets of female. 
One of Ist pair of hands of female. 
Oue of 2d pair of hands of female. 

8, 9, 10, 11, Asellus brevicauda, Forbes. 

8. Hand of male, x 20. 
9. One of Ist pair of genital plates of male, < 38. 

10. One of 2d pair of genital plates of male, « 19. 
11. One of caudal stylets. 

12, 18, 14, 15, 16, Asellus intermedius, Forbes. 

12. Hand of male, « 45. 
15. Hand of female. 
14. Last segment of abdomen, with caudal stylets, x 17. 
15. One of Ist pair of genital plates of male, > 38. 
16. One of 2d pair of genital plates of male, x 38. 

ID OO op PO 

17, 18, Ased/us communis, Say. 

17. One of Ist pair of genital plates of male, x 18. 
18. One of 2d pair of genital plates of male, x 18. 

19, 20, Asellus stygius, Pack. 

19. One of ist pair of genital plates of male. 
20. One of 2d pair of genital plates of male. 

21, 22, 25, Lubranchipus serratus, Forbes. 

21. Abdomen, x 3. 
22. Frontal appendage of male, >< 10. 
25. Claspers of male, from before, x 6. 
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23, 26, 27, 31, Canthocamptus illinoisensis, Forbes 

23. One of 5th pair of legs of female. 
26. One of anterior maxillipeds, < 250. 
27. One of 3d pair of legs of male. 
31. One of posterior maxillipeds. 

24, 28, 29, 30, Diaptomus sanguineus, Forbes. 

24, One of posterior maxillipeds. 
28. One of anterior mazillipeds, X 66. 
29. 5th pair of legs of male. 
29a. Tip of inner ramus of left leg. 
30. One of 5th pair of legs of female. 

PARASITIC FUNGE 

PLATE a 

1, 2,3 & 4, Cystopus candidus, Lev. 

1. Portion of cabbage leaf with spots and holes caused by 
fungus. 

2. Conidia, magnified 360 diam. After Cooke. 
3a. Oogonium; 3b, antheridium; 3c, oospore, magnified 400 diam. 
4, Qospore (the developed oosphere) ruptured, exhibiting zoo- 

spores, magnified 400 diameters. After De Barry. 
4a. Free zoospores from oospore. 5 & 4 after De Barry. 

5,6, 7, 8,9,10 & 1i, Undetermined Parusite on Green-house Plants. 

Portion of petiole of geranium, with fungus; natural size. 
Fertile hyphze and conidia, magnified about 175 diam. 
Conidium magnified 650 diam 
Conidium twelve hours after sowing in water, outer coat rup- 

tured and the inner protruding in the form of a tube, 
magnified 32{) diam 

9. Same conidium, thirty hours after sowing, magnified 325 
diam. ; , germinating tube issuing from two points. 

10. Supposed oospore, see text) magnified 390 diam. 
11. Longitudinal section of stem of Achyranthus, with mycelium, 

especially following the vascular bundles, a. Also seen 
penetrating cells of pith, c. 

oo) set SO On 

PLATE II. 

1. Melanispora populina, Ley. a, Portion of leaf of Populus monilifera, 
natural size; b, ‘Summer spores. 

2. Botryopium pulchrum (2) Corda. Magnified about 75 diam, 
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Peronospora gangliformis, Berk. Lettuce mould. 
Microsphxria elevata,n. sp. On leaves of Catalpa bignonioides; mag- 

nified 75 diam. 
Sporangia of same. 
Peronospora viticola, B. & C. On grape leaves. 
Mycelium of same, with haustoria in pith of young stem.; magnified 

350 diam. 
Peronospora infestans, Mont. Magnified 350 diam. 

7 PEATE “Tit: 

Section of leaf of Pinus austriaca, with Pestalozzia Magni- 
fied 20 diam. The leaves are probably dying from 
some other fungus. 

. Spores of same, magnified 85 diam. 
Podosphxra kunzei(?) Lev. On cultivated cherry leaves ; magnified 

75 diam. 
. Sporangium of same. 
. Macrosporium-like or capnodium-like bodies on appendages. 
. Appendage having moniliform divisions. 
. Similar to c. Found mostly on mycelium. 
Sphezrotheca castagnei (?) Ley. On Erechtites hieracifolus ; magnified 

75 diam. 
Sporangia of same. 
Rhytisma acerinum, Fr. On leat of Acer dasycarpum; natural size. 
Vertical section of same. ec. Asci with young spores. 
Plycinidia of an Erysiphe on Verbena urticifolia. 

. Macrosporium-like forms found with latter. 

PEATE lv. 

On Aster puniceus. 
Microsphzria extensa,C.& P. On Quercus rubra; magnified 75 diam. 
Appendage, magnified 300 diam. 
Ruptured conceptacle of same; a. sporangia. 
Triposporium-like bodies on same mycelium. 
Phylactinia guttata, Ley. On Fraxinus viridis. 

7,8,9,10&11. Microsphxria ravenelii, Berk. On Gleditchia triacanthos. 
12. 

12 
2. 
3. 

Macrosporium-like bodies, with Microspheria fresti, Lev. On leaves 
of Syringa vulgaris. 

dhe PR EE LN WALA RR: 
PLATE I. 

Aesculus glabra, Willd. Buckeye. 
Acer saccharinum, Wang. Sugar maple. 
Acer dasycarpum, Ehrh. Soft maple. 
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Negundo aceroides, Moench. !ox elder. 
Staphylea trifolia, L. Bladder nut. 
Euonymus atropurpureus, Jacq. Burning bush. 
Sambucus canadensis, L. Elder. 
Fraxinus americana, L. White ash. 
Fraxinus pubescens, Lam. ed ash. 
Fraxinus viridis, Michx., f. Green ash. 
Fraxinus sambucifolia, Lam. Black ash. 
Fraxinus quadrangulata, Michx. Blue ash. 
Viburnum lentago, L. Sheep berry. 
Viburnum dentatum, L. Arrow wood. 
Cornus paniculata, L’Her. Panicled cornel 
Lonicera flava, Sims. Yellow honeysuckle. 
Tecoma radicans, Juss Trumpet-creeper. 
Catalpa bignonioides, Walt. Indian bean. 
Cephalanthus occidentalis, L. Button bush. 
Rhamnus laceolatus, Pursh Buck-thorn. 
Horizontal cut of the bud of Fraxinus sambucifolia. 
Horizontal cut of the bud of Acer dasycarpum. 
Horizontal cut of the bud of Staphylea trifolia. 
Horizontal cut of the bud of Cornus paniculata. 
Horizontal cut of the bud of Kuonymus atropurpureus. 

PRAT EAI. 

Quercus alba, L. White oak. 
(Quercus macrocarpa, Michx. Burr oak. 
Quercus bicolor, Willd. Swamp white oak. 
Quercus prinus, L. (Var. acuminata, Michx.) Chestnut oak. 
(Quercus imbricaria, Michx. Shingle oak. 
(Juercus coccinea, Wang. Scarlet oak. 
(Quercus rubra, L. Red oak. 
Quercus nigra, L. Black-jack oak.: 
Populus monilifera, Ait. Cottonwood. 
Populus heterophylla, L. Downy poplar. 
Populus grandidentata, Michx. Large-toothed aspen. 
Populus tremuloides, Michx. Aspen. 
Corylus americana, Walt. Hazlenut. 
Fagus ferruginea, Ait. Beech. 
Ostrya virginica, Willd. Hop hornbeam. 
Carpinus americana, Michx. Hornbeam. 
Juglans cinerea, L. | utternut. 
Juglans nigra, L. Black walnut. 
Carya alba, Nutt. Hickory. 
Carya tomentosa, Nutt. Mockernut. 
Carya olivaeformis, Nutt. Pecan. 
Carya amara, Nutt  Bitternut. 
Liquidambar styraciflua, L. Sweet gum 
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PLATE III. 

Gymnocladus canadensis, Lam. Coffee-bean tree. 
Amorpha fruticosa, L. False indigo. 
Platanus occidentalis, L. Sycamore. 
Liriodendron tulipifera, L. Tulip tree, (or wrongly, yellow poplar.) 
Direa palustris, L. Leatherwood. 
Nyssa multiflora, Wang. Sour gum. 
Sassafras officinalis, Nees. Sassafras. 
Lindera benzoin, Meisn. Spice bush. 
Cornus alternifolia, L. Alternate-leaved cornel. 
Rhus glabra, L. Smooth sumach. 
Rhus toxicodendron, L. Poison ivy. 
Rhus aromatica, Ait. Fragrant sumach. 
Zanthoxylon americanum, Mill. Prickly ash. 
Ptelea trifoliata, L. Hop tree. 
Robinia pseudacacia, L. Locust 
Gleditschia triacanthos, L. Honey locust. 
Ribes rotundifolium, Michx. Wild goosebe.ry. 
Ribes floridum, L. Black currant. 
Crataegus tomentosa. L. Black thorn. 
Prunus americana, Marsh. Plum. 
Prunus serotina, Khrh, Black cherry. 
Pyrus coronaria, |... Crab appie 
Amelanchier canadensis, Torr. & Gr. June berry. 
Salix discolor, Muhl. Gilaucous willow. 
Betula nigra, L. Red birch. 
Diospyros virginiana, L. Persimmon. 
lex verticillata, Gr. Black alder, 

IEAD VACA BIE, UN/e 

Asimina triloba, Dun. Paw-paw. 
Tilia americana, L. Linden. 
Morus rubra, L. Mulbérry. 
Ulmus fulva, Michx. Slippery elm. 
Ulmus americana, L. White elm. 
Ulmus alata, Michx. Winged elm. 
Celtis occidentalis, L. Hackberry. 
Cercis canadensis, L. Red bud. 
Hamamelis virginica, L. Witch hazel. 
Celastrus scandens, L. Wax-work. 
Ampelopsis quinquefolia, Michx. Virginia creeper. 
Vitis riparia, Michx. Grape vine. 
Smilax hispida, Muhl. Greenbrier. 
Horizontal cut of the bud of Ulmus. 
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15. Horizontal cut of the bud of Celtis. 
16. Horizontal cut of the bud of Populus. 
17. Horizontal cut of the bud of Crataegus. 
18. Horizontal cut of the leaf of Carya alba. 
19. Diagram of the phyllotaxis of Quercus. 
20. Diagram of the phyllotaxis of Juglans. 
21. Diagram of the phyllotaxis of Ptelea. 
22. Diagram of the phyllotaxis of Amorpha. 

Notrre.—In these drawings the chief characteristics of these species are exposed, 
but it must not be expected that every specimen compared with the figure must 
exactly agree; there is much variation in the torm of the leaf-scars within certain 
limits in the form of the buds, in the pubescence, etc. Not every twig of the 
hazel is so glandular hairy as the figure shows, not in every twig of the blue ash 
te burning bush, do we find the wings as in our figures, these are often only faint 
ines. 
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A List of the Species of the Tribe Aphidini, family 

Aphidae, found in the United States, which 

have been heretofore named, with 

descriptions of some 

_ New Species. 

By CYRUS THOMAS, Ph. D. 

Printed Dec. 13th, 1877. 

A SyworticaL Taste or THE SuB-FAMILIES OF APHIDAE, AS 

GIVEN BY BucxTon. 

J. Front wings with three discoidal veins, the third twice forked; hind 

wings with two discoidal veins. 1. Aphidinae. 

lI. Front wings with three discoidal veins, third with one fork ; hind 

wings with two discoidal veins. (One in Colopha.) 2. Schizoneurinae. 

Ill. Front wings with three discoidal veins, all simple: hind wings with 

one or two discoidal veins. 3. Pemphiginae. 

IV. Front wings with the third discoidal vein wanting ; sometimes never 

acquiring wings. 4. Chermesinae. 

The first sub-family, Aphidinae, is further divided by Buckton into two 
tribes as follows : 

I. Antennae seven-jointed, Tribe 1, Aphidini. 
II. Antennae six-jointed, Tribe 2, Lachnini. 

These characters, however, are calculated to deceive, as the sixth joint 
in many species of the second tribe consists of two parts, corresponding to 
the sixth and seventh joints in the first; in fact, the author speaks of these 
antennae as seven-jointed. The first of these tribes corresponds to Passer- 
ini’s sub-family Aphidinae. 
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TrizEl. APHIDINI. 

Genus SIPHONOPHORA, Kocu. 

Antennae very long, on tubercles; honey tubes long, cylindrical. 

1. Siphonophora acerifoliae, new sp. 

Winged, viviparous female. General color light grey, varied with 
white and ash-brown. Antennae extending beyond the tip of the 
abdomen, nearly to the tips of the wings. The three ocelli distinct. 
Prothorax with depressed, expanded lateral margins. From the back 
of each of the first three or four abdominal segments, arise two distinct, 
slender, somewhat curved spines. Honey-tubes not extending beyond 
the tip of the abdomen. Most of the veins of the front wings, es- 
pecially the fourth and the forks of the third, expand at the tips, forming 
dusky spaces; the subcostal vein is strictly parallel with the costa ; 
stigma short and rather small. 

Basal joints of the antennae dull yellowish, with a narrow darker ring 
at the apex of the third and fourth joints; more or less of the fifth of a 
transparent whitish color, forming an annulus; sixth and seventh 
dusky. 

Head pale brownish, with a narrow white median line; eyes red ; 
prothorax same color as the head, with more or less distinct, very nar- 
row, abbreviated, longitudinal white lines; abdomen marked with a 
few white dots somewhat regularly arranged, powdered with white 
behind the honey-tubes. The white lines and spots appear to be 
formed by a very fine white powdery substance. The spines 
on the abdomen black. Honey-tubes brown, white at the immediate 
tips. 

Apterous individuals, (probably not fully grown.) Pale pea-green ; © 
eyes dark; apical portion of the antennae dusky: tibiae dusky at the 
base ; honey-tubes pale green. The surface of the body smooth and 
shining. 

Found ‘on leaves of Acer dasycarpum, chiefly on the under 
side, somewhat sporadic and not aggregated in large colonies. Winged 
specimens very active and apparently capable of leaping. Slightly 
above medium size, but less than S. rudbeckiae. 

It is possible that this Aphis should be placed in Drepanosiphum, or 
a new genus be formed for its reception. 

2. Siphonophora rudbeckiae, Fitcu. Senate 30, 66, 1851. 

On Rudbeckia laciniata, Ambrosia trifida, and Solidago serotina. 

3, Siphonophora ambrosiae, mew sp. 

Similar in size and appearance to S. rudbeckiae, but varying in color 
from a light brown to a dark seal brown. 

Winged individuals. Discoidal veins of the front wings strongly 
curved. Antennae passing the tip of the abdomen, light brown, dark 
at the apex. Honey-tubes long, cylindrical, reaching beyond the tip 
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of the abdomen. Tail long and pointed. Body not tuberculate ; 
antennae with alternate hairs, which, under a high power, appear to be 
capitate. 

Apterous individuals. Body more or less covered with tubercles, 
out of which proceed hairs, which, in some specimens at least, are 
capitate. A similar characteristic has been noticed by Buckton in 
Myzus ribis, a species found on the Red Currant and the Gooseberry. 

Honey-tubes dark, or the same color as the body, tail yellowish 
brown. Beak dark at the tip, reaching to the third coxae. 

Found September Ist, at Sioux City, “Towa, on the leaves and flower- 
stems of Ambrosia peilostachya. 

4. Siphonophora rosae, ReEavum. 

Aphis rosae, Reaum. Ins,, iii, Pl. 21, Fig. 1-4. 
Siphonophora rosae, Koch, Pflanz., 178. 

On the tender shoots, leaf-stalks and flower-stalks of various culti- 
vated and wild roses. 

5. Siphonophora avenae, Fas. 

Aphis avenae, Fab., Sp. Ins., ii, 386. 
‘¢ granaria, Kirby, Linn. Trans., iv, 238. 
“ hordei, Kyber, Germ. Mag., Leit. ii. 
“¢ cerealis, Kalt., Mon. Pflanz., I, 16, 6. 

On Wheat, Oats and Barley leaves, stems and roots, according to the 
time of the year. 

6. Siphonophora viticola, new sp. 

Apterous female. Rather broadly ovate, wide behind, about .08 of 
an inch long. Dusky brown, somewhat paler in front. Antennae 
scarcely as long as the body. Honey-tubes very long, slightly curved 
and slightly enlarged at the base, cylindrical, and fully one-fourth the 
length of the body. Honey-tubes, legs and antennae black, except 
that there appears to be a broad pale annulus on the last near the base, 
and in many specimens several pale rings. Tail distinct. 

Winged viviparous female. Similar to the wingless, somewhat more 
slender ; front parts darker, the head and central parts of the thorax 
being dark brown. 

The second discoidal vein more than usually distant from the third ; 
stigma dusky or brown, elongate, with sides parallel, pointed at the tip. 

In June and July, on the leaves near the tips of the branches, and 
also the tender twigs of cultivated grape vines, 

Whether this is the Aphis vitis of Scopoli or not, I have no means at 
present of ascertaining. 

7. Siphonophora setariae, new sp. 

Winged viviparous female. Antennae about as long as the body or 
slightly longer ; general color brown or brownish, usually with a slight 
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olive tint. Subcostal vein of the fore wings parallel with the costal ; 
the three discoidal veins about equidistant at their bases; stigma 
fusiform, opaque, brown. 

Apterous female. Honey-tubes extending slightly beyond the tip of 
the abdomen, black; tail white; legs yellow, except the joints, which 
are dusky; the femora are generally pale at the base. Antennae 
about as long as the body, marked as in the pupa, except that the 
light portions are clear white. Beak reaching nearly to the hind 
coxae. 

Pupa. Oval, width about two-thirds the length ; length about .05 
inch. Antennae.nearly as long as the body; first and second joints 
dusky, third and fourth bright yellow, apex dusky. yes black. 
Wing-pads greenish at the base. 

Found on the heads of Setaria glauca and Panicum crus-corvi, 
Carbondale, Llinois, in August. 

It is possible that those found on Panicum belong to a different 
species, as the wingless specimens are of a lighter color, and have a 
distinct tubercle on the sides of the neck, which I failed to observe in 
those on Setaria. If it should appear that these are specifically dis- 
tinct, the species may be named Stphonophora panicola. 

8. Siphonophora euphorbiae, new sp. 

Notes in reference to color lost. If I remember rightly, it was green 
or greenish, similar in color to the following species, but distinct. 

Antennae longer than the body, very slender; the third and seventh 
joints very long; a few regularly placed hairs on them. Honey-tubes 
long and slender, reaching beyond the tip of the abdomen, nearly one- 
third as long as the body, cylindrical. Tail very distinct, ensiform and 
slender, about half the length of the honey-tubes. Subcostal vein of 
the front wings diverging as it leaves the base, so as to leave the 
widest space between it and the costal vein opposite the insertion of 
the first discoidal vein, then approaching and joining it at the stigma. 

Found at Sioux City, lowa, September Ist, on Huphorbia maculata. 
The specific name euphorbiae has already been used in Aphis, but 

this being in a different genus, it will not create confusion, 

9. Siphonophora euphorbicola, new sp. 

Winged viviparous female. Antennae longer than the body; 
general color pale pea-green; honey-tubes long, extending beyond the 
tip of the abdomen, equal in length to about one-fourth of the body. 
Head pale glaucous, the two lateral ocelli distinct; eyes dark; 
antennae dusky, except the basal joints and base of the third joint, 
which are pale. Thorax with a slight purplish tint; prothorax green ; 
abdomen pale green; legs hyaline. Honey-tubes pale green at base, 
dusky at the tips; tail long, slender, sword-shaped, greenish. Veins 
of the wings slender and very straight, except the stigmatic, which is 
strongly curved. Beak reaches the hind coxae. Length to tip of 
abdomen .09 inch; to tips of wings .15 inch. 
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Apterous female. Pale green throughout, except the eyes, which 
are dark. Some specimens tuberculate. 

Closely allied to S cyparissiae, Kech, but that species has red eyes. 
Found at Sioux City, lowa, about the 1st of September, on HLuphoi- 

bia marginata, on the leaves and leaf-stalks. 

10. Siphonophora asclepiadis? Fircw. Senate, No. 30, 65, 1851. 

On Asclepias cornuti. Referred with some doubt to this species. 
Dark green with dusky shadings. 

ll. Siphonophora erigeronensis, new sp. 

12. 

13. 

Winged viviparous female. Green, the antennae, eyes and honey- 
tubes black. Antennae as long as the body or rather longer ; honey- 
tubes very long, passing the abdomen, nearly.equal in length to one- 
third the body ; cylindrical, deep black. Tail distinct, rather slender, 
and curved upwards. Legs long and slender, black, except the basal 
half of each femur, which is transparent green. Head and thorax 
deeper green than the abdomen. 

Length to tip of abdomen, .08 inch; to tips of the wings, .13 inch. 
The young are pale greenish-yellow. Fully grown wingless in- 

dividuals, pale pea-green. 
Found in August, at Carbondale, Ilinois, upon the flower-stalks of 

Erigeron canadensis. 

Siphonophora coreopsidis, new sp. 

Winged individuals. Antennae about two-thirds the length of the body; 
joints proportioned as usual. Honey-tubes long and cylindrical, length, 
equal to about twice the distance to the tip of the abdomen. Head and 
thorax black ; abdomen greenish-yellow, with a grass-green spot on the 
back next the thorax, and three green spots along each side, one to a 
segment; antennae, legs and honey-tubes black; tail the color of the 
abdomen. The wings present a slightly smoky appearance; costal 
vein, stigma and discoidal veins, very dark, almost black ; subcostal 
with a yellowish tint 

Apterous female. Head pale yellow; thorax yellowish-green ; ab- 
domen greenish-yellow, with a grass-green streak running from the 
thorax to the tip of the abdomen, also one running across near the 
thorax ; the hind margin of the abdomen from the base of one honey- 
tube to the other is of a reddish tint. Eyes black. Wing-cases of the 
pupa black. 

Found by Mr. Th. Pergande, in October, at St. Louis, Missouri, on 

Coreopsis aristosa, infesting the flower stalks. 

Siphonophora lactucae, Katr., Mon. Pflanz. 

On the garden lettuce. 
Buckton appears to think this distinct from Aphis lactucae, Linn., or 

S. lactucae, Koch. 
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Siphonophora polygoni, WALK. 

Aphis polygoni, Walk., Zool., vi, 2249. 
On Polygonum persicariae. 

15. Siphonophora salicicola, new sp. 

16. 

I have not seen this species living, hence cannot give the colors ; 
and I have some doubt as to its generic position, the antennal tubercles 
not being very distinct, and the plant on which it was found not the 
kind on which the species of this genus usually reside. 

Winged individual. Antennae seven-jointed, of the usual form in 
this genus; apparently on tubercles; all the joints transversely 
wrinkled. Beak of medium length. Tail distinct, curved upwards, 
expanding in the middle, and about half the length of the honey-tubes. 
Honey-tubes long, reaching beyond the tip of the abdo nen, cylindrical. 
Wings with the neuration as usual in this genus, the second fork of 
the third discoidal vein very near the tip, the distance to the tip not 
more than one-sixth the distance to the junction of the first fork with 
third vein. 

Specimens in glycerine. Found in June, by Miss Emma A. Smith, 
at Peoria, Illinois, on willow. 

It is evidently not the Aphis salicicola, Uhler, (A. salicti, Harr.) 
which is a Lachnus. 

Siphonophora verbenae, new sp. 

Wingless female. Of a bright pea-green color throughout, (some 
specimens yellowish-green ;) with two or three deeper green, longitudi- 
nal stripes on the abdomen. Eyes black. Antennae about as long as 
the body, pale and colorless, except at the tips, where they are dusky. 

Honey-tubes reaching to or slightly beyond the tip of the abdomen, 
cylindrical, pale. Tail rather short, whitish. Body regularly ovate, 
somewhat elongated; medium size. 

Found at Carbondale, Illinois, November, on the leaves of Verbena. 

The following species are mentioned as probably found in the United 
States, introduced from Europe. 

17. Siphonophora rubi, Kaur. 

18. 

Shining green and slightly pilose. On the Blackberry. 

Siphonophora pisi, Kaur. 

Various shades of green. On the Pea. 

19. Siphonoyhon tanaceti, Lin. 

Brown, with lighter shades. Oa the common Tansy. 

20, Siphonophora fragariae, Koc. 

Green. On the Strawberry. 
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Genus PHORODON. 

Similar to Siphonophora in some respects, and to Aphis (restricted) 
in others. Chief distinguishing character, the spine-like prolongation of 
the inner side of the antennal tubercle, and of the first joint of the antennae. 

21. Phorodon humuli, ScHRrang. 

22. 

23. 

BA. 

25. 

26. 

Aphis humuli, Schrank, Faun. Boic., II, 110, 1199. 
pruni, Mahaleb, Fonscol., Ann. Soc. Ent. Fr., X, 175. 

Phorodon humuli, Passerini. 
The well known and injurious Aphis of the Hop-vine ; the cause of 

the “Blight.”” Green. 

Genus Myzus. 

Too closely allied to Phorodon, the chief difference being that the 
frontal tubercles are not porrected in the female, and that the first 
antennal joint is only gibbous. 

Myzus cerasi, Fas. 

Aphis cerasi, Fab., Syst. Ent., 734, 4. 
Myzus cerasi, Pass. 

Shining black. On cherry leaves. 

Myzus ? cerasicolens, Fircu. 

Aphis cerasicolens, Fitch, Senate, No. 30, 65, 1851. 
Pale greenish yellow. On Cerasus serotina. 

Myzus ? cerasifoliae, Fitcu, 

Aphis cerasifoliae, Fitch. 
Black, abdomen green. On leaves of Cerasus vir- 
giana. 

Myzus persicae, Suz. 

Aphis persica, Sulz., Hist. Ins., 105, Pl. Il, Fig. 4, 5. 
institia, Koch, Pflanz., 58, Fig. 74, 75. 
persicaecola, Boisd. 
persicophila, Rondani. 

Myzus persicae, Pass. 
~Red and brown. On the Peach and Nectarine. 

Myzus ribis, Linn, 

Aphis ribis, Linn., Syst. Nat., II, 733. 
Rhopalosiphum ribis, Koch, Pflanz., 39, Fig. 50, 51. 
Myzus ribis, Pass. 

Green to yellow. On leaves of Red Currant. 
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Genus CHAITOPHORUS. 

Similar to Aphis (restricted) in form and antennae ; honey-tubes 

very short; legs, antennae, and usually the body, hairy (hirsute). 

Chaitophorus negundinis, new sp. 

Winged individual (in glycerine)—Wings very thin and delicate, 
and veins very slender; the costal vein bends outward from the base 
to the insertion of the second discoidal vein; the stigmatic vein starts 
from the stigma far back near the middle, curves slightly and grad- 
ually for a short distance and is then almost straight to the apex 
of the wing ; stigma very long and slender; veins and stigma pale yel- 
lowish. Antennae nearly as long as the body, sparsely covered with 
long stiff hairs. Honey-tubes short. Apparently greenish. 

Found: at Peoria, Illinois, in June, by Miss Smith, on Negundo 
aceroides. 

Chaitophorus populicola, new sp. 

Winged specimens. Antennae not very long, somewhat hairy. 
Wings transparent, but along each discoidal vein there is a broad 
smoky border ; stigma dark; when examined by a strong power the 
wings appear to be covered with scales; when examined by an ordi- 
nary pocket lens they present a very pretty appearance, as though 
marked by dark cross bands Head and thorax shining black ; .neck 
dull yellowish ; abdomen yellowish, with some irregular dusky patches 
toward the tip. Antennae, which reach about the middle of the abdo- 
men, dusky, the basal half paler; legs dark, the bases of the femora 
pale; beak short, reaching only to the middle coxae. 

Apterous female. Reddish-brown, or tortoise-shell color; a large, 
yellowish, triangular or Y-shaped spot, (the forks pointing backwards) 
on the middle part of the abdomen; honey-tubes reduced to simple 
tubercles, yellow. ‘There is often a palish stripe along the middle of 
the head and thorax. Antennae pale yellowish at the base. Length 
about .05 of an inch 

Body more or less hairy ; and although my notes, made at the time, 
fail to mention the fact, I think that some, at least, of the apterous 
specimens were covered with tubercles. 

Found in July, at Carbondale, Illinois, and the first part of Septem- 
ber, at Dubuque, Iowa, on the under sides of the leaves of young 
sprouts of Populus angulata. 

The remaining species of the tribe are placed in the genus Aphis. 
Those which are new and those heretofore described which 1 have been 
able to examine, appear to belong to the genus as restricted ; the 
others require further examination. 

Aphis vernoniae, new sp. 

Winged individuals.—Rather small, .06 to .08 of an inch in length 
to the tip of the abdomen; .12 inch to the tips of the wings. General 
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eral color bright lemon yellow ; thorax yellow, except tlie lobes, which 
are brown or blackish; eyes black; antennae pale or dusky ; abdomen 
yellow ; honey-tubes yellow or ochreous ; tail yellowish ; legs pale. 

In some specimens the thorax is dark; the abdomen greenish- 

yellow. = 

Antennae seven-jointed, nearly as longas the body. In some speci- 
mens (probably males) they appear to be on tubercles, which are pro- 
longed on the interior margin; seventh joint about as long as the 
fifth and sixth united. Honey-tubes slender, cylindrical, and reaching 
about to the tip of the abdomen. Tail short and blunt. In some 
(wingless) specimens there is a distinct tubercle on each side of the 
prothorax, and another on each side just above the posterior coxae, 
but these were not observed on the winged individuals. 

Wingless individuals—Color almost uniform greenish-yellow ; eyes 
black ; honey-tubes yellowish ; tail whitish; legs pale. 

Found in June, at Carbondale, Illinois, on the under side of the 
leaves and stems of Vernonia fasciculata ; also about the first of Sep- 
tember, at Ft. Dodge, Iowa, on the flower stalks of the same plant. 
The latter presented some slight differences from the former. Is 
closely allied to A. beccabungae, Koch, and possibly identical with it. 

Aphis mali, Fabr., Syst. Ent., 737. 

Aphis pyri, Reaum., Ins., III, 281,350. 
On the leaves and tender twigs of the Apple. 

Aphis malifoliae, Fitch, Fourth Rep. N. Y.S. Cab., 49. 

Probably a variety of the preceding. On apple leaves. 

Aphis cephalanthi, new sp. 

Wingless female.—Of a nearly uniform purplish color, the young 
quite pale, the older and mature individuals darker, but more or less 
translucent, with a slightly pruinose cast or covering ; head and tip 
of the abdomen dusky; a slightly impressed line along each side 
of the abdomen near the margin. Honey-tubes cylindrical, reaching 
about to the tip of the abdomen ; tail distinct. Beak reaches rather 
beyond the middle coxae. Length about .05 inch. 

They give a reddish or dull orange color when crushed. 

Winged individual—Head and thorax black, abdomen pale purplish, 
marked along the margin with pruinose spots. Two pruinose spots 
on the abdomen immediately behind the thorax ; tip of the abdomen 
dusky ; about four of the pruinose spots on each side anterior to 
the honey-tubes and two behind them. Antennae very slender, 
dusky, reaching about to the middle of the abdomen. legs pale, 
except the joints and tarsi, which are dusky. Wings transparent, but 
with a slightly smoky shade when seen erect in the living insect; veins 
dark, except the subcostal or midrib, which is pale. 
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Length to tip of abdomen about .05; to tip of the wings about .12 

inch. 
Found in July, at Carbondale, Illinois, on the new growth of the 

twigs or stems of young plants of C-phalanthus occidentalis ; occasion- 
ally on the midrib of the leaf near the base. 

It is possible that this should be placed in Cadhipterus, but the honey- 
tubes are rather long, and the antennae do not agree with characters 
as given by Koch, which, in fact, appear to be contradictory. 

Aphis viburni ? Fabr., Syst. Ent., 737, 18. 

On the tender twigs of Viburnum opulus. 
Our species appears to be identical with the Kuropean. 

General color lilac-brown; antennae shorter than the body; the 
honey-tubes short ; legs usually pale honey yellow. Illinois, June. 

Aphis maidis, Fircu. 

On the tassel, ear-stalks and roots of Indian corn. Green through- 
out in apterous individuals; winged with head and thorax shining 
black. 

Aphis brassicae, Linn., Syst. Nat., Il, 734. 

Aphis floris-rapae, Curt., Journ. Roy. Agr. Soc., III, 55. 
Pale greenish-yellow. On Cabbage. 

Aphis impatientis, new sp. 

Winged individual. Antennae extending about to the base of the 
honey-tubes, pale and dusky alternately ; head black ; prothorax pale 
brown, rest of the thorax shining black; abdomen pale brownish ; 
honey-tubes not reaching the tip of the abdomen, black ; tail dull yel- 
lowish ; veins of the wings and stigma brown ; wings iridescent ; legs 
dusky, tibiae pale yellow. Length to tip of abdomen about .10 inch, 
to tip of wings .18 inch. 

Apterous specimens.—Olive or purplish-brown. 
Found in August, at Carbondale, Illinois, on /mpatiens fulva. 

Is an Aphis in the restricted sense. 

Aphis symphoricarpi, new sp. 

Apterous individuals—( No winged specimens observed). 
There appear to be two varieties, but evidently belonging to the 

same colonies. 
One is pale, transparent green or yellowish green; eyes black; an- 

tennae pale, with a black ring a little beyond the middle, tips dusky ; 
honey-tubes and a small space around the base ochre yellow ; tarsi and 
tip of the beak black; legs pale, transparent greenish. Bodies rather 
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broadly ovoid, and very convex; abdomen very distinctly acuminate 
at the apex, but no tail apparent. 

The other variety is rather less convex, and the dorsal surface is 
more or less shaded with brown; in the darker specimens this color 
sometimes occupies most of the back; there is usually a median line 
or stripe of green on the posterior half of the abdomen, which can of- 
ten be indistinctly traced to the thorax ; the thorax generally more or 
less shaded with pale brown; tip of the abdomen usually pale or green- 
ish, and not acuminate as in the other variety ; tail distinct but short, 
whitish ; honey-tubes dark at the tips; remainder, and a space around 
the base, yellowish-brown. 

Legs rather short. Antennae reaching to the honey-tubes or nearly 
to the tip of the abdomen; honey-tubes very short, almost reduced to 
tubercles, length about twice their diameter. 

Found at Ft. Dodge, Iowa, about the first of September, on the leaves 
of Symphoricarpus vulgaris; on the under side of the leaves near the 
ends of the branches. 

Aphis pruni, Kocs, Pflanz., 68, Figs. 88-90. 

Aphis prunifoliae, Fitch. 
Green, with more or less black. On the leaves of native and culti- 

vated plums. 

Aphis rumicis, Linn., Syst. Nat., II, 734. 

For the numerous synonyms given by Walker, See Walker, List, 
Homop. Brit. Mus., 981. Also Trans., Ill. St. Hort. Soc., 1876, 163. 
Some of these synonyms are erroneous. 

Black. On the Bean, Dock, &e. 

Aphis cornifoliae, Firca. Senate, No. 30, 65, 1851. 

Black. On the leaves of Cornus paniculata. 

Aphis circaezandis, Fitcu. 

Head and thorax black. On leaves of Galium circaezans. 

Aphis crataegifoliae, Fircu. Senate, No. 30, 66, 1851. 

Black, abdomen green. On the leaves of Crataegus punctata. 

Aphis betulaecolens, Fircu. Ibid. 

Sulphur-yellow. On the Beech. Probably belongs to Callipterus. 

Aphis sambucifoliae, Fircu. Ibid. 

Black (probably greenish-black? . On Elder leaves. It is quite 
probable this is A. sambuci, Linn. 
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Aphis pinicolens, Fires. Ibid. 

Straw-yellow. On the Pine. 

Aphis populifoliae, Fire. Ibid. 

Chestnut-brown, pruinose. Qn leaves of Populus grandidentata. 
Probably belongs to Chaitophorus, and may be identical with the one 
one I have named Ch. populicola; but Dr. Fitch’s description is too 
short and unsatisfactory to decide this point. 

Aphis candicans, Fircu, 

On the leaves of Populus candicans. Probably belongs to Chaito- 
phorus. 

Aphis gossypii, ——? Pat. OF. Rep., 1855. 

Green or yellow, thorax striped with black. On the leaves of 
cotton. 

Aphis ? caryella, Fitcu. 

punctatella, Fircu. 

maculella, Fires. 

fumi pennella, Fircu. 

marginella, Fircn. 

These species, according to Dr. Fitch, are found on the Hickory. It 
is more than probable that they are varieties of one species. They 
most likely belong to Passerini’s genus Pterocallis; at any rate they 
belong to the tribe under consideration. 

Aphis aceris, Linn., Syst. Nat., U, 736. 

Occurs, according to Dr. Fitch, on Acer pennsylvanicum. If he is 
correct in his determination, it will belong to the genus Chaztophorus. 
The winged specimens black, the apterous yellowish and very hairy ; 
honey-tubes very short. 

Genus RHOPALOSIPHUM. 

Similar to Siphonophora, but differs in having the honey-tubes en- 
larged in the middle. 

Rhopalosiphum berberidis ? Kavr., Mon. Pflanz., 95. 

Aphis berberidis, Fitch, Senate, No. 30, 65, 1851. 
Black, abdomen yellow. On the leaves of Berberis vulgaris. 
I doubt tle identity of Fitch’s and Kaltenbach’s species, although 

infesting the same plant; the difference in color is too great. 
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I also give descriptions of some new species belonging to other tribes, 
with notes on a few species heretofore described. 

Lachnus quercifoliae ? Fitcu. 

The following is a description of what I presume to be Dr. Fitch's 
LL. quercifoliae. 

Apterous individuals.—(apparently hardly full-grown). 

Antennae longer than the body; third joint longest, the second 
about four-fifths the length of the third, thence decreasing regularly to 
the sixth, which is divided into two parts differing in diameter, or there 
is a seventh which is not more than half of the length of the sixth ; 
sparsely covered with hairs placed alternately. Honey tubes very 
short, the diameter exceeding the length, snowy white; tail short, semi- 
circular; body slightly hairy. General color brown ; head paler and 
yellowish ; first two pairs of legs transparent white ; hind legs brown, 
except the tarsi, which are pale. Beak whitish, and reaching slightly 
beyond the third coxae. The young are yellowish white, with pale- 
brown patches ; as they increase in age, they grow darker, assuming a 
tortoise-shell appearance ; the middle of the back and a spot each side 
of the abdomen at the shoulders pale. The older specimens show a 
distinct ridge along each side of the abdomen, Segments of the abdo 
men very distinctly marked. Nearly oval in form; length less than 
one-tenth ofan inch. Tibiae hairy. 

Found on the upper suiface of the leaves of the White Oak, at Car- 
bondale, Illinois, in August. 

I have some doubt in reference to the position assigned this species 
by Dr. Fitch, if indeed it be his species. 

Rhizobius eleusinis, new sp. 

The body very: broadly ovate and very convex, almost globular ; the 
abdomen abruptly rounded behind, the last segment small and conical, 
appearing in the older or completely grown specimens as a short tail ; 
tapering regularly from the middle of the abdomen forward to the 
head, the thorax and thoracic segments distinguished only by the deeper 
sutures and position. Hyes very minute, almost obsolete. Antennae 
very short, not reaching beyond the thorax, six-jointed, first and sec- 
ond thickest, rest cylindrical, of equal thickness; third longest, sixth 
next, fourth and fifth equal in length; slightly hairy (under strong 
magnifier) especially the sixth joint. Beak reaching fully to the hind 
coxae. General and almost entire color a milky white; apical half of 
the antennae and tip of the beak dusky or black ; the older specimens 
have two or three transverse fuscous bands on the thorax and posterior 
part of the abdomen. The under side often presents, on the lateral 
margins, abbreviated, transverse, brownish stripes, but the middle part 
is smooth and white. The legs are dirty white, more or less 
touched with pale brown. 
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Length about .05 to .07 of an inch. The species of this genus, as: 

far as known, never acquire wings. 
Found during September, at Carbondale, Illinois, on the roots of 

Hleusine indica. 

Tychea panici, rew sp.* 

Antennae very short, in the specimens examined, which appear to be 
searcely fully grown; not reaching beyond the prothorax, apparently 
five-jointed ; joints nearly equal to each other, sub-moniliform. Body 
ovate, very convex. Apparently without eyes, at least I failed to find 
them with a prétty high power, yet Mr. Pergande appears to have 
found specimens in which they were minutely represented, as shown in 
the figure drawn by him. Beak very short, reaching but little beyond 
the first coxae. Legs unusually short, the hind pair being scarcely 
longer than the others. Without honey-tubes or anything representing 
them. Divisions between the segments not well marked. Uniform 
orange red or reddish-yellow; beak tipped with fuscous. Length not 
more than about .04 of an inch. 

Found during October, by Mr. Th. Pergande, at St. Louis, Mo., on 
the roots of Panicum glabrum. 

This is probably a species of Tychea, which has, according to Koch,, 
six-jointed antennae, but according to Passerini, only five. 

*The winged form of this species has probably been discovered by Mr. Per- 
gande since the above description was printed. It apparently belongs to the genus. 
Schizoneura. 



A NEW SPECIES OF APHIS, OF THE GENUS 
COLOPHA. 

By MISS NETTIE MIDDLETON, ASST, ST. ENT., ILL. 

Printed March 20th, 1878. 

Colopha eragrostidis, new sp. 

Winged individual——General color reddish-brown ; head black ; 
prothorax yellowish, rest of the thorax and abdomen reddish brown ; 
veins of the wings dark ; stigma pale brown. 

Wings, when first seen horizontal, but becoming erect, formed and 
veined as usual; the third vein in the anterior pair with only one fork 
and obsolete nearly half way to the base of the fork; the first and sec- 
ond veins approximate very closely at the base. Posterior pair with 
but one discoidal vein. 

Antennae six jointed, with the sutures between the third and fourth 
and between fifth and sixth transparent ; first and second joints short ; 
third about equal to the fourth, fifth and sixth united; the fourth and 
fifth nearly equal in length ; sixth very short, but little exceeding the 
first and second united. The antennae as compared with the body are 
very short, scarcely reaching to the base of the front wings; not 
tapering. 

Wingless individual.— Body covered with a cottony substance ; beak 
short, not extending to the base of the second pair of legs. No honey- 
tubes. Length of the body .06 of an inch; to tip of wings .10 of 
anvinch.!*: 7 

This species was found September Ist, 1877, on the upper leaves and 
fruit stems ofa species of grass ( Hragrostis poaeoides var. megastachya), 
the blades of the grass folding over the insects. 

It is also found on some species of Panicum. 
This evidently belongs to Mr. J. Monell’s new genus Co/opha, as 

the third vein of the front wing is but once forked, the hind wings 
have but one discoidal vein, and the antennae are six-jointed. 
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A LIST OF THE MOSSES, LIVERWORTS AND 
LICHENS OF ILLINOIS. 

By JOHN WOLF and ELIHU HALL. 

The specimens upon which the following list is based were nearly all 

collected by the writers; those from Menard county by Mr. Hall, those 

from Fulton county by Mr. Wolf. Those from Southern [llinois were 

mostly obtained by Mr. Wolf, as botanical collector of a party from the 

State Laboratory which visited the counties of Union, Johnson and Jack- 

son, during July and August, 1877. — 

We are under great obligation to Prof. Leo Lesquereux, Thomas P. 

James, Esq., Coe F. Austin, Hsq., and Henry Willey, Esq., for the de- 

termination of species, and for many other favors. 

MUSCI. 

Arcuipium, Brid. 

A. ohioense, Schimp., Menard. 

HPHEMERUM, Hampe. 

K. crassinervium, Schwegr., Fulton, Menard. — 

ACAULON, Mull. 

A. triquetrum, Spruce., Menard. 
A. muticum, Schreb., Fulton. 
A schimperianum, Sull., Menard. 
A. wolfii, James, ‘Fulton. 

Puascum, ZL. 

P. euspidatum, Schreb., Fulton, Menard. 

PLEvURIDIUM, Brid. 

P. alternifolium, Brid., Fulton, Menard. 



A. crispum, Hedw., Fulton. 
A. sullivanti, Schimp., Menard. 
A. nitidulum, Schimp., Fulton, Menard. 

Brucuia, Schwegr. 

B. flexuosa, Schwegr, Fulton. 
B. beyrichiana, Hampe., EL. 

Wersia, Hedw. 

W. viridula, Brid., Fulton, Menard. 
W. mucronata, Br. & Sch/f., . Fulton. 

CampyLopus, Brid. 

C. leanus, Sudliv., Fulton, Menard. 

TREMATODON, Rich. 

T. longicollis, Rich., Union, Johnson. 

Dicranum, Hedw. 

D. varium, Hedw., ’ Fulton, Menard, 
D. rufescens, Turner, $6 ee 
D. heteromallum, Hedw., a 
D. flagellare, Hedw., Fulton, Menard, Johnson. 
D. scoparium, Z., Fulton, Menard. 
D. palustre, Brid., JAN 
D. undulatum, Zurner, Menard. 
D. spurium, Hedw., var. condensatum, Menard. 

CERATODON, Brid. 

C. purpureus, Brid., Fulton, Menard, Lee: 

LeucospryumM, Hampe. 

L. glaucum, Hampe, Fulton, Menard. 
L. minus, Hampe, Johnson. 

Fisstpens, Hedw. 

F. obtusifolius, Wils., Fulton. 
F. minutulus, Sudliv., Fulton, Menard. 
F. bryoides, Hedw., Fulton, Menard, McHenry. 
F. subbasilaris, Hedw., Fulton, Menard. 
F. taxifolius, Hedw., & as 
F. adiantoides, Hedw., Fulton, Kane, Menard. 

Conomitrium, Montagne. 

C. julianum, Mont., Fulton, Menard. 
C. hallianum, Sulliv. & Lesqz., ; Menard. 
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Astomum, Hampe. 
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TricHostomuM, Br. & Sch. 

T. tortile, Schrad., Fulton, Menard. 

T. pallidum, Hedw., Fulton, Menard, Union, Johnson. 

T. tophaceum, rid., Ill. 

T. rigidulum, Smith, Il. 

BARBULA, Hedw. 

B. unguiculata, Hedw., Menard. 

B. caespitosa, Schwegr, Fulton, Menard, 8. Il. 

B. papillosa, Wils., Menard. 

B, rigida, Schultz, of 

B. fallax, Hedw., Fulton. 

B. vinealis, Brid., ‘ Menard. 

B. subulata, Brid., Ill. 

DEsMATODON, rid. 

D. flavicans, Br. & Schimp. Peoria Co. 

Dipymopon, Br. & Sch. 

D. rubellus, Br. & Sch., Fulton. 

Portia, Hhrh. 

P. subsessilis, Br. & Sch., Menard. 

P. exigua, Aust., ¥ 

TETRAPHIS, Hedw. 

T. pellucida, Hedw., Menard. 

Encatypta, Schreber. ; 

K. ciliata, Hedw., Ogle. 

DrummonpiA, Hook. 

D. clavellata, Hook, Fulton, Menard. 

OrTHOTRICHUM, Hedw. 

O. strangulatum, Beawv., Fulton, Menard. 
O. canadense, Br. & Sch., Fulton. 
O. crispulum, Hornsch, Fulton, Menard. 

Prycuomirrium, Br. & Sch. | 

P. drummondi, Hook. & Wils., Si 

GrimMiA, Hhrh. 

G, apocarpum, Br. & Sch., Menard. 
G. confertum, Br. & Sch., Fulton, Menard. 
G. ovata, Vid M, S: Wl. 
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Hepwiara, Hhrh. 

H. ciliata, Hhrh., 

ATRICHIUM, Beauv. 

A. undulatum, Beauv., 
A. angustatum, Beawv., 

PoconatumM, Beauv. 

P. brevicaule, Brid., 

Potytricuum, Brid. 

P. commune, Linn., 
P. formosum, Hedw., 
P. juniperinum, Hedw., 

TimmiA, Hedw. 

T. megapolitana, //edw., 

AULACOMNION, Schweegr. 

A.theterostichum, Br. & Sch., 

Bryrwum, Br. & Sch. 

B. pyriforme, Hedw., 
B. nutans, Schreb., 
B. roseum, Schreb., 
B. albicans, Wahl, 
B. argenteum, Linn., 
B. cernuum, Hedw., 
B. bimum, Schreb., 
B. intermedium, Brid., 
B. caespiticium, L., 
B. atropurureum, Web. & Mohr., 
B. obconicum, Hsch., 
B. uliginosum, Br. & Sch., 

Mnium, Br. & Sch. 

M. affine, Bland, 
M. punctatum, Hedw., 
M. serratum, Brid., 
M. stellare, Hedw., 
M. cuspidatum, Hedw., 

BartrRAMIA, Hedw. 

B. pomiformis, Hedw., 
B. fontana, Brid., 
B. marchica, Brid., 
B. radicalis, Beauv., 

Fulton, Menard. 

Fulton, Menard. 
Fulton, Menard, Johnson, 

Fulton, Menard. 

Fulton, Menard. 
Menard, Union. 
Fulton, Menard. 

Fulton, Menard. 

Fulton, Menard. 
‘ 

Fulton, Menard. 
66 6¢ 

Fulton, Kane, Menard. 
Fulton, Menard. 

66 (74 

(74 (74 

66 (74 

(74 66 

(74 (79 

ce (73 

Menard. 
Fulton 

Fulton, Menard. 
Menard. 

66 

ce 

Fulton, Menard. 

Fulton, Menard. 
Menard. 
Fulton. 
Menard. 



¥. hygrometrica, Hedw., Fulton, Menard, N. Ill. 

F. flavicans, Micha., Menard. 

F. microstoma, Br. & Sch., Fe 

DiscELiuM, Brid. 

D. nudum, Brid., Fulton. 

Puyscomitrium, brid. 

P. pyriforme, Br. & Sch., Fulton, Menard. 

P. immersum, Suil., Il. 

APHANORRHEGMA, Sulliv. 

A. serratum, Suiliv., Fulton, Menard. 

FontTInaLis, Dill. 

F. biformis, Sudliv., Fulton. 
F, filiformis, S. & L., Fulton, Mason. 
F. dalecarlica, Bryol. Hurop., Fulton. 

DicuetyMa, Myrin. 

D. capillaceum, Bryol. Europ., Fulton. 

Levucopon, Schwexgr. 

L. julaceus, Sulliv. Fulton, Menard, S. Ill. 

Lepropon, Mohr. 

L. trichomitrion, Web., 
var. immersum, S. & L., Menard, 8S. Ill. 

L. ohioense, Sulliv., Pulaski. 

Anomopon, Hook. & Tayl. 

A. obtusifolius, Br. & Sch., Fulton, Menard. 

A. attenuatus, Hub., ae re 

A. tristis, Cesati, ee vs 
A. rostratus, Hedw., Fulton, Menard, 8. Il. 

LeskEA, Hedw. ; Bryol. Europ. 

L. polycarpa, Hedw., Fulton, Menard, 8S. Ill. 
L. obscura, Hedw., Fulton. 
L. denticulata, Sudliv , Hie 

L. austini, Sudliv., Fulton, Menard. 

CLasMATODON, Hook. & Wils. 

©. parvulus, Hampe, Fulton. 
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FunariA, Schreb. 
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THELIA, Sulliv. 

. hirtella, Hedw., 

. asprella, Schimp., 

. lescuril, Sudliv., 

FaproniA, Raddi. 

gymnostoma, Sulliv. & Lesqz., 

ANACAMPTODON, Brid. 

splachnoides, Brid., 

PYLAISAEA, Bryol. Europ. 

P. subdenticulata, W. P. Sch., 

ror 

eleyel(= 

oo) 

ROPERS eee 

. intricata, Bryol. Hurop., 
. polyantha, Schreb., 

Menard. 
Fulton, Menard. 

Fulton, 

Fulton, Menard. 

Fulton, Menard, S. Il. 

Fulton, Menard. 
66 ce 

Fulton. 

HomatorHecium, Bryol. Europ. 

. subcapillatum, Bryol. Lurop., Fulton, Menard. 

PiatyGyriuM, Bryol. Europ. 

. repens, Bryol. Europ., Fulton, Menard. 

CYLINDROTHECIUM, Bryol. Europ. 

. Gladorrhizans, Bryol. Europ., 
. seductrix, Bryol. Hurop., 
. compressum, Bryol. Kurop., 
. brevisetum, Bryol. Hurop., 

Cruimacium, Web. & Mohr. 

. americanum, Brid., 

Hypnum, Dill. 

delicatulum, Hedw., 
minutulum, Hedw., 
scitum, Beauv., 

. gracile, Br. & Sch., 
triquetrum, Z., 
alleghaniense, C. Mull., 
hians, Hedw., 
novaeangliae, S. & L. 

. Sullivanti, Spruce, 
diversifolium, Schimp, 
strigosum, Hoff'm., 
boseii, Schwaegr, 
serrulatum, /edw., 
deplanatum, W. P. Sch., 

Fulton, Menard. 
(t4 (a4 

(74 66 

Menard. 

Fulton, Menard. 

Fulton, Menard. 
ce (15 
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Fulton, Kane, Menard. 
Fulton, Menard. 

S. Il. 
Fulton, Menard. 

Il. 
Fulton, Menard. 

Menard. 
Marion, Menard. 

Menard. 
Fulton, Menard. 
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. microcarpum, ©. Mull., 
. icans, Schwartz, 

var. albulum, (C. IL) Aust., 
. cylindrocarpum, (. Mull., 
. schreberi, Willd., 
aduncum, Hedw., 
crista-castrensis, L., 

.imponens, Hedw., 
curvifolium, Hedw., 
haldanianum, Grev., 
collinum, Br. d& Schf., , 
salebrosum, Hoff, 
laetum, Brid., 
acutum, Mitten, 
acuminatum, Beauv., 
rivulare, Bryol. Europ., 

. chrysophyllum, Brid., 
hispidulum, Brid., 

. Sommerfeldtii, Myrim, 

. dimorphum, Brid., 

.adnatum, Hedw., 

. Serpens, Hedw., 
var. radicale, Brid., 
var. orthocladon, Beawv., 

. riparium, Hedw., 
var. cariosum, Sul, 

Menard. 

Fulton, Menard. 
Menard. 

Fulton, Menard. 
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Fulton. 
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HEPATICAE. 

RICCIACEAE. 

Ricota, Mich. 

. sorocarpa, Bisch., Fulton, Menard. 
. lescuriana, Aust., ee of 
. natans, L., ee cs 
. lutescens, Schwein., * rF . fluitans, Z., Fulton. 

var. canaliculata, Hoffm., 4 
var. sullivanti, Aus¢., Menard. 

. frostil, Aust., Fulton. 
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ANTHOCEROTEAE. 

ANTHOCEROS, Mich. 

. punctatus, Z., Fulton, Menard. 

. laevis, Z., Fulton, Menard, Union. 
var. major, Fulton. 

. orbicularis, Schwein., S 

MARCHANTIACEAE. 

MARCHANTIA, L. 

M. polymorpha, Z., Fulton, Menard. 

ConocEPHALUS, Hill. 

©. conicus, L., Fulton, Menard, Union. 

ASTERELLA, Beauv. 

A. hemisphaerica, Z., Fulton, Menard, Union. 

Duval, Nees. 

D. barbifrons, Bisch., Fulton, Menard. 

FIMpriARiA, Nees. 

F. tenella, Nees, ‘Fulton, Menard. 

JUNGERMANNIACEAE. 

ANEURA, Dumort. 

A. pinguis, L., Fulton. 
A. sessilis, Spreny., Menard, Johnson. 
A. multifida, Z., , Fulton. 
A. latifrons, Menard. 

CHILOscyPHus, Corda. 

C. ascendens, Sul., Fulton, Menard, Johnson 

LOPHOCOLEA, JNees. 

L. bidentata, Z., Fulton. 
L. heterophylla, Z., ; “6 
L. macouni, Aust., Fulton, Johnson, 
L. minor, Nees, Menard, Fulton. 
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BLEPHAROSTOMA, Dumort. 

B. trichophyllum, Z., ; Fulton. 

CEPHALOZIA. 

C. sullivantiae, Aust., Johnson. 
C. divaricata, H’ngl. Bot., Fulton. 
©. bicuspidata, Z., «sc 
©. curvifolia, Dicks., Fulton, Menard, Union, Johnson. 
C. connivens, Dicks., Tl. 
C. albescens, Hook., rs 

HARPANTHUS, Nees. 

H. scutatus, Mit., Union, Johnson 

JUNGERMANNIA, LL. 

J. schraderi, Mart., Fulton, Menard, Union Johnson. 
J. hyalina, Lyell, Fulton. 

LEPTOSCYPHUS. 

L. taylori, Hook., ' Fulton. 

ScapHANIA, Lindenberg. 

S. nemorosa, L., Johnson. 

FRULLANIA, Raddt. 

F. grayana, Mont., Menard. 
F’. squarrosa, Nees, S. ll. 
F. aeolotis, Nees, Fulton, Menard. 
F. virginica, Gottsche, “ . 
F. eboracensis, Gottsche, “e ae 

MADOTHECA, Dumort. 

M. thuja, Dicks., Fulton, Menard. 
M. porella, Dicks., v6 “ 

, RADULA, Nees. 

R. complanata, Z., Menard. 

BLEPHAROZIA. 

B. ciliaris, Z., Fulton, Menard. 

CaLypoGEIA, Raddi. 

C. trichomanis, Dicks., Menard. 



LICHENES. 

USNEEI, 

RAMALINA, Ach. 

R. calicaris, F’., Fulton, Menard, S, Ill. 
var. fraxinea, F’., Fulton, Menard. 

CETRARIA, Ach., Fr. 

C. cilaris, Ach., Fulton, Menard. 

UsnEA, Ach. 

U. barbata, (Z.) Fr., Fulton, Menard, 8. Ill. 
var. florida, F’r., Menard. 
var. strigosa, Ach., Fulton. 
var. rubiginosa, Mich., Menard. 

ALECTORIA, (Ach.) Nyl. 

A. jubata, (Z.) Fr., var. chalybeiformis, Ach., Fulton. 

PARMELIEI. 

> 

THELOSCHISTES, Norm., Tuck. 

T. parietinus, (L.) Norm., Menard. 
T. concolor, (Dicks,) Fulton, Menard. 

PARMELIA, (Ach.,) D. N. 

P. perforata, Ach., Fulton, Menard. 
var. crinita, (Ach.) Tuck., ee ée 

P. perlata, (L.) Ach., ‘: ‘ 
var. olivetorum, Ach., ts ce 

P. tiliacea, (Hoffm.) F'k., - ai 
P. borreri, Turn., “ “ 

var. rudecta, Tuck., Menard. 
P. saxatilis, (Z.) Fr., Fulton, Menard, Johnson. 

var. rosaeformis, Ach., Menard. 
P. laevigata, Ach., “ 
P. aurulenta, Zuck., “ 
P. colpodes, Ach., ‘ 
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. caperata, (L.) Ach., 

Kid . olivacea, (L.) Ach. 
var. aspidota, Ach. 

PHYSCIA, KG) ite Fore 

.aquila, (Ach.) Nyl. var. detonsa, Tuck., 

. pulverulenta, (Schreb.) Nyl., 

. speciosa, (Wulf. Fr.) Nyl., 
var. hypoleuca, Ach., 

. stellaris, (L.) Nyl., 
var. tribacia, F’r., 

. ceesia, (Hofim.) Nyl., 
var. stellata, F’., 

. obscura, (Hhrh.) Nyl., 
var. ciliata, Schaer., 
var. agglutinata, Schaer., 

popeese le gels lan igelsc] 

PyxineE, Fr. 

P. cocoes, (Sw)., Nyl., 
var. sorediata, Tuchk., 

PELTIGEREI. 

Strcra, (Schreb.,) Del. 

8. herbacea, Ach., (2) 

NEPHROMA, Ach. 

N. laevigatum, Ach., 

PerrTicERA, (Hofim.) Fee. 

P. canina, (L.) Hofm., 
P. polydactyla, (Neck.) Hoffm., 

PANNARIEI. 

Heppra, Naeg. 

H. despreauxii, Mont., 

PANNARIA, (Del.) Tuck. 

P, microphylla, (Sw.) Del., 
P. leucosticta, Tuck., 

. conspersa, (Hhrh.) Ach., var. stenophylla, Ach., 
Fulton, Menard, 8. Ill. 

Menard. 
Fulton, « 

ce 

Union. 
Fulton, Menard, S. Ill. 

(‘75 66 ce 

Fulton, Menard. 
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Fulton , Menard. 
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. crossophylla, Tuck., 

. molybdaea, Pers., var. cronia, Tuck. 
(Southern specimens in frutt,) 

. nigra, (Huds.) Ny/. 
. byssina, (Hojim.) Tuck., 

COLLEMEI. 

EPuHEBE, (Fr.) Tuck. 

. pubescens, F’r., 

SyNALISSA, Fr. 

. schaereri, Mass., 

. phaeococca, Tuck., 

roe 
Fulton, Johnson. 

Fulton, Menard, 8. Ill. 
Fulton, Menard. 

Menard. 

Fulton, Menard, 8. Ill. 
Fulton. 

CoLLeMA, (Hofim.) Fr. 

. pycnocarpum, V7/., 

. cyrtaspis, Tuck., 

. microphyllum, Ach., 
. verruciforme, Ach., 
. leptaleum, 7uck., 
. flaccidum, Ach., 
. nigrescens, (/uds.) Ach., 
. pulposum, (Bernh.) 

var. tenax, Ach., 
. limosum, Ach., 
. arenosum, ( Wulf.) Schaer., 
. pustulatum, Ach., 

Leprocium, J. 

. subtile, Ny/., 
minutissimum, //k., 

. lacerum, (Sw.) Fr., 
yar. bolacinum, Schaer., 

pulchellum, (Ach.) Ny/., 
. tremelloides, /’r., 
. cesiellum, Tuck., ined. n. sp., 
. chloromelum, (Sw.) Ny/., 
. myochroum, (Hhrh.) Schaer., 

var. saturninum, ( Dicks.) Tuck., 
. dactylinum, Zuck., 

Fulton, Menard. 
cé 6G 

Menard, Union 
Menard. 

(74 

Fulton, Johnson. 
Fulton, Menard. 

Fulton, Menard, Johnson. 
EW: 

Fulton, Menard. 
Menard. 
Johnson. 

Fulton, Menard, Union. 
Menard. 

Fulton, 
66 

Fulton, Menard, Johnson. 
Fulton, Menard. 
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“ce 14 

S. Il. 
Johnson. 
Fulton. 
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L. muralis, (Schreb.) Schaer., 8.1, 
L. tartarea, (L.) Ach., e 
L. subfusca, (L.) Ach., Fulton, Menard, Union, Johnson. 

var. discolor, F’r., Fulton. 
L. varia, (EHhrh.) Fr., Fulton, Menard. 

var. aitema, Ach., Fulton. 
var. sarcopis, Wahl., “ 

L. elatina, Ach., var. ochrophaea, Tuck., = 
L. cinerea, LD. 8. Il. 
L. cervina, Pers., var. eucarpa, Vyl, “ 

var. pruinosa, Ach., Fulton. 
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LECANOREI. 

Piacopium, (DC.,) Naeg. & Hepp. 

. sideritis, Tuch., 

. vitellinum, (Hhrh.) Hepp., 

. cerinum, (/Hedw.) Naeg., 

.aurantiacum, (Light.) Naeg., 

. ferrugineum, (Huds.,) Hepp., 
var. nigricans, Z'uck., 

camptidium, Zuch. 

Fulton. 
Fulton, Menard. 

Fulton, Menard, 8 III. 
Fulton, Menard, Johnson. 

Fulton, Menard, §. Ill. 
Fulton. 

Fulton, Menard. 

LEcANORA, Ach., Tuck. 

Rinopina, Mass. 

sophodes, (Ach.) Mass., 
var. confragosa. Ny/., 

ascociscana, Z'uck., 
albo-atra, /7., 
constans, (Vy/.) Tuck, 

PERTUSARIA, D. C. 

. pertusa, (L.) Ach., 

. leioplaca, ( Ach.) Schaer., 

. velata, ( Zurn.) Nyl., 

. pustulata, ( Ach.) Nyl., 

. wulfenil, DC, 

. globularis, Ach., 

ConoTREMA, Tuck. 

. urceolatum, ( Ach.) Tuck., 

GYALECTA, Ach. 

pineti, (Schrad.) Fr., 
trivialis, Willey, ined. n. sp., 

Fulton, Menard. 
Fulton, Johnson. 
Fulton, Menard. 

TH. 
Fulton. 

Menard, Johnson. 
Fulton, Menard. 

ce (14 

ce 6c 

ce 66 

8. IL. 

Fulton, Menard. 

Fulton, Menard. 
Fulton. 
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CLADONIEI. 

CLADONIA, Hoffm. 

. exigua, (Chaub.) Fr., 
. uliginosa, (Schrad.) Fr., 
.rudis, Willey, 
. peliaspis, Zuch., 
. atro-purpurea, (Mass.) Tuck., 
. hypnophila, ( Zurn.) Tuck., 

. alcicornis, F’., Johnson. 
pyxidata, Fr., | Fulton, Menard. 

var. symphyearpa, /’r., Menard. 
. cariosa, (Ach.) Spreng., Fulton. 
. fimbriata, (Z.) Fr., Fulton, Menard. 

var. tubaeformis, ofim., Fulton. 
var. adspersa, Z'uck., Fulton, Menard. 

. gracilis, (L.) Fr., ec c 
var. verticillata, F’7., a 6 

.mitrula, Zuck., ee “c 

. turgida, (Hhrh.) Hoffm., ce ce 
- furcata, (/Zuds.) Fr. Fulton, Menard, Johnson, Union. 

var. crispata, F/k., Fulton, Menard. 
var. racemosa, I’/k., Menard. 
var. subulata, FVk.., Ke 

. squamosa, /ofm., Fulton, Menard. 
var. delicata,, Fr. é 6 
var. ceespiticia, Ny/,, Johnson. 

. rangiferina, (L.) Hoffm., Fulton, Menard, Johnson. 

. uncialis, (L.) Fr., Johnson. 

. macilenta, offm., Fulton, Menard. 

. muscigena, Hschw., Menard 

. cristatella, Tuck., Fulton, Menard. 
var. ramosa, Tuck., ee ge 

LECIDEEI. 

Bratora, Fr. 

_rufo-nigra, Tuck, S. Ill. 
. coarctata, Th. Fr., Fulton. 
. flexuosa, F’r., “ 
parvifolia, Per's., ome lig 

. russula, (Ach.) Mont., Fulton. 

. sanguineo-atra, (F’r.) Tuck., Fulton, Menard. 
earnulenta, Tuck., Fulton. 

Fulton, Menard, Union. 
Fulton, Menard. 

Fulton. 
66 

6é 

Fulton, Menard. 



B. rubella, (Zhrh.) Fulton, Menard, Union. 
var. spadicea, Ach., Fulton, Menard. 
var. suffusa, F’r., one es 
var. inundata, F’r., Fulton. 

B. umbrina, (Ach.) Tuck., var. bacillifera, Ny/., f. muscorum, Sev., 
B. chlorosticta, Tuch., Johnson. 
B. chlorantha, Tuck., Fulton. 
B. campestris, /’r., Fulton, Menard. 
B. fossarum, (Duf.) Mont., a ae 
B. cyphalea, Tuck., ce - 
B. geophana, Ny/. Fulton. 
B. resinae, F'r.,* Fulton, Menard. 

LECIDEA, ( Ach.) 

L. albo-coerulescens, F’., Union. 
L. enteroleuca, F’r., Menard, Johnson. 
L. tessellina, Tuck., 8. ll. 
L. myriocarpoides, Vy/., Fulton. 

BuELLIA, (D. N.) Tuck. 

B. lactea, Mass., SB. Hl, 
B. atro- -alba, (F7.) Th. Fr., yar. ebierospems, Nyl., 
B. parasema, ( Ach.) Kobr., Fulton, Menard. 
B. myriocarpa, (D C.) Madd., Fulton. 

OPEGRAPHEI. 

Me 

QP 2 

PPeP 

OpeGRAPHA, (Aumb.) Ach., Ny. 

varia, (Pers.) Fr., Fulton, Menard. 
. vulgata, (Ach.) Nyl., Union. 

GRAPHIS, Ach., Ny. 

. scripta, (L.) Ach., | Fulton, Menard, Union. 

. eulectra, Tuck., Menard. 

. dendritica, Ach., Fulton, “ 

ARTHONIEI. 

ARTHONIA, Ach. Ny. 

pyrrhula, Ny/., Fulton, Menard. 
lecideella, Nyl., é -- 
patellulata, Ny/., Fulton. 
astroidea, (Ach.) Nyl. 

var. epipasta, Ny/., Fulton, Menard. 

***Probably a fungus.’’"— Willey. 
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- pycnocarpum, WVy/., 

. lauveri, (FU.) Tuck. 

( 83 

punctiformis, Ach., 
. polymorpha, Ach., 
. teediosa, Ny/l., 
. spectabilis, #7, 

Mycoporum, (F7.) Nyl. 

CALICIEI. 

AcoLium, (Fee.) D N. 

. tigillare, (Ach.) DN. 

CaLicium, Pers. Ach. Fr. 

. subtile, F%., 

. trachelinum, Ach., 

. curtum, Zurn. & Borr., 
. roscidum, F'/k., var. trabinellum, Ny/., 

var. dosodes, Tuck., ined., 
. microcephalum, (Sm.) Turn. & Borr., 
. populneum (?), DeBrogn., 
. tubiforme, Mass., 
. turbinatum, Pers., 

CONIOCYBE, Ach. 

. pallida, (Pers.) Fr., 

ENDOCARPEI. 

EnpocarpPon, Hedw. Fr. 

.miniatum, (Z.,) Schaer., 
7) >) b, 

var manitense, Zuch-., 
arboreum, Schwein., 

. cinereum, Vees., 

. rufescens, Ach., 

. hepaticum, Ach., 

. pusillum, Hedw., 

VERRUCARIEI. 

SEGESTRIA, Fr. 

Found on stones, rails and bark. 

Fulton, Menard, Union. 
Fulton. 

Fulton, Menard, 8. Ill. 
Fulton, Menard. 

Fulton, Menard, Union. 

Menard. 

Fulton, Menard. 
(74 (74 

Fulton. 
(14 
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Johnson. 
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Johnson. 
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Fulton, Menard. 
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Fulton, “ 

Fulton, §, Ill. 
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STAUROTHELE, (Norm. 

. diffractella, (Nyl.) Tuck., 

SaGeDIA, (Mass. Kbr.) Tuck. 

. cestrensis, Zuch., 

. lactea, Kbr., 

VERRUCARIA, (Pers.) Tuck. 

epigeea, (Pers.) Ach., 
nigrescens, Pers., 
fuscella, Fr., 
rupestris, Schrad., 
muralis, Ach., 
pyrenophora, (Ach.) Ny/., 

PYRENULA, Ach. 

. thelena, (Ach.) Tuck., 
var. micula, F7., 

. punctiformis. (Ach.) Nueg., 

. nitida, Ach., 
. subcinerea, (Nyl.) Tuck., 
. gemmata, (Ach.) Naeg., 
leucoplaca, ( Walbr.) Kobr., 

. glabrata, (Ach.) Mass., 

. lactea, (Mass.) Tuck., 

petit. 

open LER 
Fulton. 

Fulton, Menard. 
Fulton. 
8. 1. 

Fulton, <«“ 
Adams. 
Fulton. 

Fulton, Menard. 
Fulton. 

Fulton, Menard. 
Menard, Fulton. 
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Fulton, Menard. 
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Fulton, Menard. 
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A CATALOGUE OF THE FISHES 
OF ILLINOIS. 

By Prof. DAVID S, JORDAN. 

This catalogue is based primarily on the collections in the Illinois 

State Laboratory of Natural History, at Normal. These collections con- 
sist (a) of the material on which Mr. Nelson’s* list was based, and (b) of 

a large collection made by Professor Forbes during the past summer (1877), 

chiefly in the streams of southern Illinois. The writer’s own collections in 

Illinois and adjacent states have also been drawn upon, as well as those 

contained in the United States National Museum. The various scattered 

notices of Illinois fishes have also been brought together as far as_ possible, 

thus giving all that is at present known of the distribution of the species 

within the limits of the state. 

Reference has been made throughout this paper to the second edition 

of the author’s Manual} of Vertebrates, (quoted as “M. V.,’’) in which 

nearly all the species here mentioned are described. No synonomy is given 

except that of Mr. Nelson’s list, above mentioned, of which paper the pres- 

ent may be considered as, in a sense, a revised edition. 

A few species either new to science or new to our fauna and therefore 

not noticed in the Manual, are here described in full. 

In all cases where I have found exact record of localities of species, 

these have been inserted. Species not yet taken in Illinois, but included in 

the catalogue on the strength of our general knowledge of their range, are 

indicated by a star (*). 

*A Partial Catalogue of the Fishes of Illinois, by E. W. Nelson, Bulletin No. 
1, Ihnois Museum of Natural History, October, 1876. 

TA Manual of the Vertebrate Animals of the Northern United States, including 
the district east of the Mississippi River and north of North Carolina and Ten- 
nessee—exclusive of Marine Species, by David Starr Jordan, M. D., Ph. D., pro- 
fessor of Natural History in Butler University. Second edition, revised and en- 
larged. Chicago—Jansen, McClurg & Co. 1878. 
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Subclass, TELEOSTEI. 

Order, TELEOCEPHALI. 

Suborder, ACANTHOPTERI. 

Family ETHEOSTOMATIDA,, (the Darters.) 

Genus PLEUROLEPIS, Agassiz. 

1. Pleurolepis pellucidus (Baird) Ag. Sanp Darter, (M. V. 219., Nel- 
son, 39). 

Abundant in clear sandy streams, wherever such occur; therefore gen- 
erally absent in the prairie region, but occurring in the Wabash valley and 
in the northwestern part of the state. The genus Plewrolepis, like Ammo- 
crypta, has usually but one anal spine, although two have been generally 
ascribed to it. Pine Cr. and Rock R., in Ogle Co. 

2. Pleurolepis asprellus Jordan (sp. nov.) RouagH SAnp DaRrTEr, 
A species similar in form to P. pedlucidus, but less transparent and 

much more completely scaled. The size is also much larger. 
Body very long and slender, nearly cylindrical, about as in P. pellu- 

cidus, the depth about 8 in the length. Caudal peduncle long and slender, 
its length nearly 4 times in total. Head long and rather slender, 41 in 
length; eyes very large, high up and very close together, shorter than 
snout, having considerable vertical range. 

Mouth not large, sub-terminal, horizontal, the upper jaw rather the 
longer. Upper jaw sub-protractile, the furrow separating it from the fore- 
head very distinct laterally, but obliterated mesially, the skin covering the 
middle of the intermaxillaries being continuous with that of the rest of the 
forehead. Cheeks, opercles and sides of the crown covered with pectinated 
scales; opercular spine well developed. Teeth as usual, rather feeble. 
Squamation much more complete than in P. pellucidus. Sides and back 
with well-developed, closely imbricated scales, which are not imbedded as 
in P. pellucidus; the scales larger on the caudal peduncle than anteriorly. 
Jugular region, and belly between ventrals and anal, entirely naked; spac- 
between bases of ventrals scaled; back of neck scaly; lateral line wells 
developed, with about 98 scales, 10 series above the lateral line. Fine 
large, the dorsals well separated, the spinous dorsal high, its anterior rays 
highest; second dorsal smaller and smaller than anal. Anal fin with a sin- 
gle rather flexible spine; caudal lunate, more concave than usual in darters. 
Pectorals and ventrals large, their tips about even, neither quite reaching 
the vent. Coloration of smaller specimens muchas in P. pellucidus, accord- 
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ing to Prof. Forbes rather opaque in life; sides with 8 to 10 dark, squarish 
blotches, quite small and far apart; a blackish shade forward from eye and 
a dusky shade across operele. 

Numerous specimens in the State collection, some about 2% inches 
long, taken by Prof. Forbes in the Little Wabash River, (a sandy stream, ) 
in Effingham Co.,in July. Two others, larger, one of them, the type of 
this description, 4 inches long, collected by Mr. C. K. Worthen, in a small 
rocky tributary of the Mississippi, in Hancock Co. These were described 
as very highly colored when fresh, presenting ‘‘almost all the colors of the 
rainbow.” 

Genus PERCIN A, Haldeman. 

3. Percina caprodes (Raf.) Grd. Loa Percu. Hoe Fisu. (M. V. 
wo bot. M1 30:) 

In clear rapid waters; probably generaliy distributed. Ver- 
milion R., Calumet R., Wabash R., Pine Cr., (Ogle Co.) 

4, *Percina manitou Jordan. Manitou Darter. (M. V. 220.) 

From Lake Manitou, a tributary of the Wabash in Indiana ; 
also from Wisconsin. 

Genus ALVORDIUS, Girard. 

5. Alvordius maculatus Grd. Buack SipED DarTER; BLENNY DARTER. 
(M. V. 220; LEtheostoma blennioides Nelson, 35.) 

In clear waters—generally distributed. Ogle Co.; Tazewell 
Co.; Clear Cr., Union Co. 

6. Alvordius phoxocephalus (Nelson) Cope and Jordan; SHARP-NOSED 
Darter. (M. V. 221, Etheostoma phoxocephalum Nelson, 35.) 

Illinois River: a few specimens in the collection; also from 
Tennessee and Kansas. 

Genus ERICOSMA, Jordan. 

7. *Ericosma evides Jordan & Copeland. GitpEep Darter, (M. V. 221. 
Etheostoma evides Nelson 36.) 

At present known only from White River, a tributary of the 
Wabash in Indiana. 

Genus IMOSTOMA, Jordan. 

8. Imostoma shumardi (Grd.) Jordan. Bic-HEADED Darter. (M. V. 
222.) 

Specimens in the Indiana State collection from Wabash River 
in Crawford Co., and in the National Museum from the Illinois 
River in La Salle Co. 
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Genus RHHOCRY PTA, Jordan. 

9. *Rheocrypta copelandi Jordan. CopELAND’s Darter. (M. V. 222.) 
Known only from White River, near Indianapolis. 

Genus DIPLESIUM, Rafinesque. 

10. Diplesium blennioides (Raf.) Jordan. GREEN-SIDED Darter. (M. V. 
222.) 

Abundant in the Wabash valley, Crawford Co. 

Genus BOLEOSOMA, Dekay. 

11. Boleosoma olmstedi (Storer) Agassiz. TESSELLATED DarTER. (M. V. 
224; Nelson, 35). Lake Michigan, Ogle Co. 

12. Boleosoma maculatum Agassiz. JOHNNY Darter (M. V. 224; 
Boleosoma brevipinne Nelson, 36.) 

Common throughout the state, in clear streams. Pine Or., 
Ogle Co.; Illinois R., Pekin; Normal; Drury Cr., Union Co.; 
Clear Cr. 

[18. Boleosoma camurum, Forbes, n. s. 

In re-examining the collections of the Laboratory for the purpose of 
adding to this paper the details of distribution and other minor points, 1 
made a few observations on some Htheostomatidae and Cyprinidae which 
seem worthy of record, and I therefore insert them here, at the suggestion of 
Dr. Jordan. 

Specimens from several localities in the state, mixed sometimes with 
Boleosoma maculata and sometimes with Boleichthys eos, prove, on closer 
examination, to be a Boleosoma quite distinct from maculata, and appa- 
rently undescribed. 

The general appearance is much like that of maculata, but the lateral 
line is incomplete, the species is more slender, has a greater number of ver- 
tical rows of scales, a blunt nose and a scaly head. 

The length is from 45 to 50mm. Depth 54 to 6 in length, caudal 

peduncle 33, head 4 to 44. Hye 33 in head, nose 2 eye, and almost trun- 
cate. Mouth inferior, horizontal, upper jaw the longer, and decidedly pro- 
tractile. There are no naked areas, except a narrow strip before the dor- 
sal. Vertical rows of scales 54 to 57, with the lateral line usually extend- 
ing over from 23 to 35 scales. 5 longitudinal rows above lateral line. In 
a few specimens 35 to 50 mm. long, there is only a trace of a lateral line on 
4 or 5 scales. Scales smaller before dorsal, about 4 those on sides. 

D. TX or X—10 to 12, A. I—8 or 9. Upper DD, bes as high as 
long, about + height of 2d D., “and contiguous to it. Second 7, length of 
first, and 2 2 longer than anal. Anal spine weak and short, length of fin 4 its 
hese Ventrals and pectorals reach the same point, 3 to vent. 



(41) 

Color in alcohol like that of B. maculata. A row of obout 10 irreg- 
ular blotches along the side,—sometimes obscure, especially before—and 
six larger ones on the back. Many smaller, irregular, angular specks be- 
tween these rows. Belly immaculate. Stripe before eyes and blotch on 
opercle. Median fins banded, others plain. Cache R. and Clear Cr., Un- 
ion Co.; Johnson Co.; Pekin. 

This species makes it necessary to drop the complete lateral line as 
a charaeter of Boleosoma. In fact, this is often wanting on four or five 
posterior scales in B. maculata. S. A. F.] 

Genus NANOSTOMA, Putnam. 

14. Nanostoma zonale (Cope) Jordan. Zonep Darter. (M. V. 225.) 

Many specimens trom Pine Creek in Ogle Co. 

Genus NOTHONOTUS, Agassiz. 

15. * Nothonotus camurus (Cope) Jordan. BLUE-BREASTED Darter. (M. V. 
225; Poecilichthys niger Nelson, 34.) 

A few specimens from White River in Indiana. 

Genus PH'CILICHTHYS, Agassiz. 

16. Pecilichthys variatus (Kirtland) Agassiz. BiuE Darrer. (M. V. 
226; Pecilichthys ceruleus Nelson, 34.) 

Generally common in clear or gravelly streams—especially so 
in the Wabash Valley; Farmington; Rock R., Ogle Co; Pekin, 
EM. . 

17. Peeilichthys spectabilis Agassiz. STRipED BLuE Darter. (M. V. 
227; Nelson, 34.) 

With the preceding; rather less common and more fond of 
ascending small streams; often found in waters with a muddy 
bottom. Effingham Co.; Mackinaw Cr., McLean Co.; Pine Cr., 
Ogle Co.; Cache R., Drury Cr., Clear Cr., and mud holes in 
Union Co. 

[18. Peecilichthys asprigenis Forbes, n. s. 

Among some specimens from Pekin, Il, whose label as Peecilichthys 
spectabilis had apparently served to disguise them, 1 observed a number 
with scaly cheeks. Dr. Jordan has decided that theseare neither spectabilis, 
nor jessie, and I have therefore described the series as a new species, al- 
though the wide variation of so-called specific characters presented by them 
suggests that several species of this genus may ultimately have to be merged. 
I have not been able, however, with a large number of specimens to trace 
the one wholly into the other, and I therefore leave them distinct for the 
present. 
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General appearance much like that of P. spectabilis, from which it 
differs in the scaly cheeks, the more complete lateral line and the greater 
number of vertical rows of scales. In spectabilis the cheeks are either 
wholly bare, or a few scales appear behind and below the eye. In asprigenis 
they are either wholly covered, or naked only on the lower fourth, 
The vertical rows vary in my specimens of spectabilis from 38 to 48 
(counting only complete rows),—in asprigenis from 48 to 50. In the former, 
the lateral line extends over from 25 to 31 scales—in the latter from 34 to 41. 

The head is small and pointed, the eye large, (longer than snout,) the 
outlines regularly curved, the body compressed and rather deep, the mouth 
terminal, oblique, and the jaws about even. 

The dorsal fins are sometimes separated by distances varying from 
the length of half a scale toa scale and a half, but are occasionally quite 
continuous, the two being united by membrane. 

Length 35 to 45 mm. Depth 44 to 42 inlength; head 3% to 4; 

eye in head 34 to 4; nose about % the eye. Width at pectorals 8 to 10 in 
length ; at middle of second dorsal, 12 to 15. The caudal peduncle is twice 
long as high. Longitudinal rows §. Breast always naked, opercle wholly as 
scaly, back wholly scaled before the dorsal, or a narrow strip left bare. 

The first dorsal consists of from 9 to 12 spines. Its height is from 
+ to 4 its length, and 2 the height of the second dorsal. The latter contains 

from 10 to 12 rays, of which, in one case, the first was a stout sharp spine 
(XI—I, 11). Its length is ? that of the first, and 3 greater than that of the 
anal. The anal consists of two spines and 7 or 8 soft rays, the longest ray 
reaching to the middle of the caudal peduncle. 14 specimens examined. 
Taken in small creek near Pekin, Ill. 

The naked cheeks and contiguous dorsals are evidently not good gen- 
eric characters of Pecilichthys, S. A. F.] 

Genus ETHEOSTOMA, Rafinesque. 

19. Etheostoma flabellare Rafinesque. FAN-TAILED Darter. (M. V. 227; 
Pecilichthys flabellatus Nelson, 34.) 

In clear waters in the southern part of the state. Specimens 
from Clear Cr., Union Co., and fron Wabash River. 

Var. lineolatum (Agassiz) Jordan, Linep Darter. (M. V. 227 ; 
Peeilichthys lineolatus Nelson 34.) Clear streams in northern 
Illinois. Rock River, Ogle Co. Finish. 

20. *Etheostoma squamiceps Jordan. SCALY-HEADED Darter. (M. V. 

228.) 
Known only from western Kentucky. 

Genus BOLEICHTHYS, Girard. 

21. Boleichthys eos Jordan & Copeland. Rep Sipep Darter. (M. V. 
228; Nelson, 54.) . 

In clear cold streams throughout the state. Effingham Co., 
Johnson Co. 
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[22. Boleichthys elegans, Gir. 

Several specimens from Union and Johnson counties, apparently be- 
long to this species. The following description is made up from Dr. Jor- 
dan’s account of the species in Ann. N, Y. Lyc., XI, 808, modified to in- 
clude my larger specimens, some of which are 2 inches long. 

Body short, chubby and compressed, bearing some resemblance in 
form to Microperca punctulata. Mouth moderate, with equal jaws. 

Dorsal fins usually distinctly separate, the second 2 as long as the 
first and twice as long as anal. Vertical rows of scales varying from 42 to 
56. Lateral line distinct on from 13 to 30 scales, arched high over pec- 
torals, running parallel with the rounded nuchal region, separated from the 
dorsal fin by but 5 rows of scales. Head and neck scaly, throat bare, as 
well as a small space behind pectorals and ventrals. 

Head 3% to 4 in length, depth 42. Eye 3 to 4in head Width at 
pectorals (in adult) 6{ in length. Fin rays, D. 1X or X—9 to 11; A. II 
—Tor 8. Color greenish with dark specks, in Illinois specimens with 
about 10 dorsal bars, and 6 lateral blotches on posterior half of side. Dark 
line before eye and in adults another below eye, and an opercular blotch. 
S.A. F.] 

Genus MICROPERCA, Putnam. 

23. Microperca punctulata Putnam. Least Darter. (M. V. 229; Nel- 
son, 34.) 

In clear streams. Drury Cr., Union Co.; Crystal Lake, 
McHenry Co.; Kane Co. 

Family PERCIDAE, (the Perches.) 

Genus PERCA, Linneus. 

24. Perca americana Schranck. Common YELLOW PeErRcH, RINGED 
Perco. (M. V. 229; Perca flavescens Nelson, 36.) 

Very abundant in Lake Michigan and all its tributaries, and to 
a less degree in all the tributaries of the Mississippi River in the 
northern third of the state. In the southern part of the state it 
is very rarely or never found, its range, like that of Hupomotis 
aureus, being bounded by lines of latitude. Peoria and Pekin, 
Ill.; L. Mich. 

Genus ST7TZOSTETHIUM, Rafinesque. 

25. WStizostethium canadense (Smith) Jordan. Saucer. Sanp Pikes, 
GRouNnD Pikg, Gray Pree (M. V. 230. Stizostedium griseum Nel- 
son, 36.) 

Generally abundant in the lakes and all the larger streams. L. 
Mich.; Ill. R. at Peoria, &c. 
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26. Stizostethium vitreum (Mitch.) Jordan & Copeland. WALL-EYED 
Pike, SALMON, Dory, GLASS-EYE, YELLOW PIKE. (M. V. 230; Stizos- 
tedium americanum Nelson, 36.) ; 

Generally abundant in the lakes and larger bodies of water, es- 
pecially northward. Ill. R. at Peoria. 

var. salmoneum (Raf.) Jor. Ware Satmon, BLUE Prag Qe: V.. 

230. Nelson, 36.) Ohio River and its larger tributaries. 

Family LABRACID 4, (the Bass.) 

Genus ROCCUS, Mitchill. 

27. Roccus chrysops (Raf.) Gill. Wurre Bass. (M. V. 232; Nelson, 36.) 

Generally abundant in the larger streams northward. Lake 
Michigan; Quincy ; Henry. 

Genus MORONE, Mitchill. 

28. Morone interrupta Gill. SHort-stRIiPED WHITE Bass (M. V. 252: 
Nelson, 36.) Common in the southern half of the state in the larger 

streams. Illinois R. at Henry; Mackinaw Creek, McLean Co.; Cairo. 

Family CENTRARCHID A, (the Sun-fishes.) 

Genus MICROPTERUS, Lacepede. 

29. Micropterus pallidus (Raf.) Gill & Jordan. LARGE-MouTHED BLAck 
Bass, Osweco Bass (M. V. 236; Micropterus nigricans Nelson, 36) 

Kverywhere abundant, especially northward; found in sluggish 
waters and small streams, more frequently than the next. Lake 
Michigan; Rock R., Ogle Co.; Calumet R.; Crystal Lake ; 
Running Lake and Clear Creek, Union Co.; Wabash River ; Mack- 
inaw Cr., McLean Co. 

30. Micropterus salmoides (Viac.) Gill. SMALL-MouUTHED BuacKk Bass, 
Moss Bass. (M. V. 236; Nelson, 37.) 

Everywhere common, seeking the river channels more than the 
preceding does. Rock R., Ogle Co.; Ill. R. 

Genus AMBLOPLITES, Rafinesque. 

381. Ambloplites rupestris (Raf.) Gill. Rock Bass, Rep Eryx, GoGeLe 
Kyr. (M. V. 237; Nelson, 37.) 

Generally abundant throughout the state. Mclean Co.; Henry; 

Ogle Co. 
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Genus CHANOBRYTTUS, Gill. 

Chzenobryttus gulosus (C. & V.) Gill. War-mouru, BLAck SuN-FISH. 
(M. V. 237; Nelson, 37.) i 

Rather common. Very abundant in southern Illinois. Prof. 
Forbes has specimens from Illinois River, and I have taken it in 
Lake Michigan, and in lakes of Northern Indiana tributary to 
Wabash River. Mackinaw Cr.; Big L., Jackson Co. 

Genus APOMOTITS, Rafinesque. 

Apomotis cyanellus (Rat.) Jor. BLuE-spotTep Sun-risH. (M. V. 
259; Telipomus cyanellus and T. microps Nelson, 37.) 

Generally abundant, ascending small streams. Embarras River, 
Calumet R., Illinois R., Cache R., mud-holes on bottoms in Un- 
ion Co. and Johnson Co., Effingham Co., all small streams in 
McLean Co.; Fountain Bluff, Jackson Co. 

Genus LEPIOPOMUS, Rafinesque. 

Lepiopomus macrochirus Raf. CHAIN-sIDED Sun-FIsH. (M. V, 239; 
Telipomus nephelus Nelson, 37.) 

Not very common: I have one specimen from Illinois River 
and several from White River in Indiana. 

* Lepiopomus anagallinus Cope. Red-sporteD Sun-FisH. (M. V. 240.) 

Salt River, Ky., where it is abundant. Not yet noticed from 
Ulinois, although it doubtless occurs in the state. 

Lepiopomus pallidus (Mit.) Gill & Jordan. Buur Sun-FisH, Cop- 
PER-NOSED BrEAM. (M. V. 241: Jchthelis incisor and J. spectosus 
Nelson, 37.) 

The most abundant of the sun-fishes. Orystal Lake, [linois 
River, Calumet R., L. Michigan, Wabash River, Quincy. 

Lepiopomus ischyrus Jordan & Nelson. (M. V. 241; Ichthelis aqui- 
lensis Nelson, 37.) 

The two original types of this species are all yet known—the one © 
in the [llinois State Laboratory from Illinois River, the other in Mr. 
son’s collection from Calumet River. Renewed examination of Nel- 
the former specimen has convinced me of its distinctness from L. 
pallidus. The type specimen has palatine teeth, unlike JZ. 
pallidus. Pomotis aquilensis Girard is Nenotis breviceps, a Texas 
species. 
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Genus XHNOTIS, Jordan. 

Xenotis megalotis (Raf.) Jordan. BLuE AND ORANGE Sun-FIsH. (M. 
V. 242; Ichthelis megalotis and I. sanguinolentus Nelson, 38.) 

Generally abundant. Illinois River; Clear Cr., in Union Co., 
Wabash R., Mackinaw Cr., Fox R. 

* Xenotis aureolus Jordan. GILDED Sun-FIsH. (M. V. 243; Ichthelis 
macrochira Nelson, 38.) 

Probably abundant in small streams, but not certainly identified 
from the state. 

* Xenotis lythrochloris Jordan. BLUE AND GREEN Sun-FIsH. (M. V. 
243.) 

Abundant in small streams tributary to the Wabash in Indiana, 
but not yet recorded from Illinois. 

Xenotis inscriptus (Agassiz) Jordan. BLUE-GREEN SuN-FISH. (M. V. 
243; Ichthelis inscriptus Nelson, 38.) 

Moderately common in grassy ponds and streams in the south- 
ern part of the state. Wabash R., Cairo. 

Xenotis peltastes (Cope) Jordan. (M. V. 243; Ichthelis anagallinus 
Nelson 38.) 

Probably not very common. I have seen the specimen referred 
to by Mr. Nelson from fox R.; and I have one or two more from 
the Wabash in Indiana. 

Genus EUPOMOTIS, Gill & Jordan. 

Eupomotis aureus (Wall.) Gill & Jordan. Common Sun-FisH. Pump- 
KIN SEED. (M. V. 244; Pomotis auritus Nelson, 38.) 

Very common throughout the northern third of the state, its 
abundance and distribution being the same as of the Yellow 
Perch. Peoria, Crystal Lake, Ogle Co., Henry, Lake Michigan ; 
Rock River. 

Eupomotis pallidus (Ag.) Gill & Jordan. Pave Sun-visu. (M. V. 
244. 

Probably not common. I have seen specimens from near St. 
Louis. The resemblance of this species to Lepiopomus pallidus is 
very strong. 

Genus COPELANDIA, Jordan. 

* Copelandia eriarcha Jordan. (M. V. 246.) 
As yet known only from streams near Milwaukee. It doubtless 

occurs in other tributaries of Lake Michigan. 
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Genus CENTRARCHUS, Cuvier. 

46. Centrarchus trideus (Lac.) Cuv. et Val. SHinine Bass. (M. V. 246; 
Nelson, 37.) 

Numerous specimens from the southern part of the state, referable to 
the southern Centrarchus irideus, but not typical specimens of that species, 
being in some respects intermediate between (. crideus and CU. macropte- 
rus. Distinct as these two species appear, they may be found to intergrade 
so that they will have to be merged into one. In form of body and size of 
mouth these Illinois specimens are exactly irideus, but the ventral spine is 
more elongate, reaching the first anal spine, and the fins are rather higher 
than is usual in irideus. The dorsal fin in the young specimens has a 
large jet-black spot, strongly ocellated. The larger specimens examined 
have the dorsal plain. Union Co., Johnson Co. 

Genus POMOXYS, Rafinesque. 

47. Pomoays nigromaculatus (Les.) Grd. Grass Bass, Carico Bass, BAR- 
FISH, Birrer-HEAD. (M. V. 247; Pomoxys hexacanthus Nelson, 37.) 

Generally very abundant, especially in the northern part of the 
state. In the southern part of the state, the next species takes its 
place to a great extent. Peoria, Quincy, Chicago, Rock River, 
Henry. 

48. Pomoxys annularis Raf. Cropprer, New Liaur, CAMPBELLITE, 
BACHELOR. (M. V. 247; Nelson, 37.) 

Abundant everywhere in the tributaries of the Ohio and Missis- 
sippi, especially southward. Pekin, Peoria, Quincy; Wabash R., 
Ohio R., Mud-holes in bottoms, Johnson Co., Union Co., Mack- 
inaw Cr. 

Family ELASSOMATID 4, (the Elassomes.) 

Genus HLASSOMA, Jordan. 

49. Elassoma zonatum Jordan, (M. V. 248.) 

A large number of specimens of this singular little fish were obtained 
by Prof. Forbes in ponds and sluggish waters in Union County. From 
these the anatomy of the species has beenpartly made out, and the 
affinities of the genus have probably been ascertained. As suspected 
by me when Lassoma was first discovered, its relations are with Apho- 
doderus, and it will doubtless constitute a separate family, which should 
be placed next to the Aphododeridx. The resemblance of both to the Um- 
bride probably indicate real affinities. None of Professor Forbes’ speci. 
mens are an inch in length. At the time of collection they were supposed to 
be the young of Aphododerus. 1n these specimens the black shoulder spot 
is feeble and there are three dark spots at the base of the caudal, verti- 
cally placed, imitating the black caudal bar in Melanura. The fin formula 
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is not exactly as originally counted in Hlassoma zonatum. This last count is 

however correct, while the first, being made without the assistance of a mi- 

croscope, may be erroneous. It is best to consider the Hlinois, Arkansas 
and Texas specimens as identical, at least at present. 

Fin formula. Dorsal 1V, 10, rarely 1V 9. Ventrals, I, 5, Anal 
III, 5, branchiostegals 5, vertebree 28. Teeth in lower jaw stout, con- 
ical, slightly curved, their length about half the depth of the dentary bone ; 
these teeth, for a part of the way at least, in 2 to 4 rows; similar teeth on 
the premaxillaries in 2 or 3 rows; no teeth on vomer or palatine or on . 
pterygoids ; lower pharyngeals narrow, apparently exactly asin Aphododerus, 
some what triangular, not united, with a few conic teeth, very sharp and 
slender; gill rakers small and short, tubercle-like; nostrils double, close 
together ; opercular bones and preorbital not serrated. Scales cycloid ; 
about eleven deep furrows on the imbedded part of each; concentric 
striz strong. No lateral line. Vent normal. 

The ELlassomatid then differ from the Aphododeridz in the position of 
the vent, in the dentition, (Aphododeridx having teeth on the vomer, pala- 
tine and pterygoids,) in the number of ventral rays, and in the want of serra- 
tures to the preoperculum and preorbital, the edges of those bones being 
pectinated in the Pirate Perches. 

Family APHODODERID4A,, (the Pirate Perches.) 

Genus 4PHODODERUS, Le Sueur. 

50. Aphododerus isolepis (Nelson) Jordan. Western PrratE PErRcH. 
(M. V. 249; Sternotremia isolepis Nelson, 39.) 

This species is very closely related to the eastern A. sayanus, but 
apparently differs in the smaller scales and the presence of but three dor- 
sal spines. The other has more frequently four spines, but often only 
three are developed. The scale formula of <A. dsolepis is subject to some 
variation. The following is the count of the number of scales in longi- 
tudinal series in ten specimens: 48, 48, 50, 50, 50, 51, 53, 53, 54, 55. 

A study of the position of the vent in A. dsolepis has developed some 
singular things. It becomes evident from the examination ofa large series 
that the position of the vent is not a character of generic importance, as 
was supposed when the genus Sternotremia was proposed, nor is it appa- 
rently an individual or a sexual character as has been since suggested. 
The observations of Professor Forbes, verified by myself, appear to show 
that the position of the vent is dependent on the age of the fish. In the 
adult the vent is jugular, close behind the little projecting knob at the 
throat. In the youngest specimens examined, it is more or less behind the 
ventral fins. In specimens intermediate in size, its position is intermediate, 
the degree of advancement being proportionate to the size of the fish. 

Occasional irregularities occur, but the above rule holds so generally 
that it can not be merely accidental. FromitI infer that in the very young 
the position of the vent will be found to be as usual in Percoid fishes; as in 
the young flounder the eyes are symmetrical, but as the fish grows older, its 
aberrant characters become developed. 
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The following table shows the position of the vent in 26 specimens. 
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| POSITION OF VENT. 

Opposite middle of ventrals. 
same. 
same, 
same, 

anterior two-fifths of ventrals. 
anterior third . 

same, 
same. 
same, 
same. 

Opposite anterior fourth of ventrals. 
same. 

Opposite middle of ventrals. 
Just behind base of ventrals. 
Between bases of ventrals (asin type of ‘8. ¢solepis.’’) 
Between bases of ventrals. 

same. 
In front of ventrals, # of the distances from base of 

ventrals to the throat ‘‘knob.”’ 
distance to ‘‘knob,’”? (about as in types of ‘4A. 
mesotremd.’’ ) 
distance from ventrals to ‘‘knob.”’ 
distance to the ‘‘knob.”’ 
distance to the ‘‘knob.”’ 

Half way from ventrals to ‘‘knob.”’ 
4 distance to ‘‘knob,”’ (as in *‘A. cookianus’’ and in 

A. sayanus. ) 
7 distance to knob. 
4 distance to knob. 
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No other conclusion seems possible from the above except that the vent 
moves forward as the fish grows older, by the lengthening of the horizontal 
part of the intestine or “rectum” of the fish. Sternotremia isolepis is the 
young, Sternotremia mesotrema the half-grown and Aphododerus cookianus 
the adult of one and the same fish. 

Aphododerus isolepis occurs in sluggish waters and bayous throughout 
the state. I have seen specimens from Calumet River, from numerous 
streams and sloughs in the southern part of the state and from the Wabash 
River at Mount Carmel,—the latter‘collected at different times by Robert 
Ridgway and Robert Kennicott. Union and Johnson counties. 
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Family SCL4ANIDA:, (the Maigres.) 

Genus HAPLOIDONOTUS, Rafinesqe. 

Haploidonotus grunniens Raf. SHEEPSHEAD, CROAKER, GRUNTING 
Percu, Drum, WuiTE Percu. (M. V.250. Nelson 40.) 

Common in all the lakes and larger streams throughout the 
state. La Salle; Peoria. 

Family COTTIDA, (the Sculpins.) 

Genus TRIGLOPSIS, Girard. 

Triglopsis stimpsoni Gill (Mss). Drsp WatER ScuLpin. 

A species of this genus, which has received the above manu- 
script name, but which has never been described, occurs in the 
deeper waters of Lake Michigan. 

Genus URANIDEA, Dekay. 

Uranidea kumlient Hoy. KUMLIEN’S 
Ne son 41.) 

Deep water in Lake Michigan. 

Buui-HEAD. (M. V. 253; 

Uranidea hoyi Putnam. (M. V. 253; Nelson 41.) 
Deep water in Lake Michigan. 

Genus POTAMOCOTTUS, Gill. 

Potamocottus alvordi (Grd) Gill. Atvorp’s BuLi-HEAD. (M. V. 
254, Pegedichthys alvordit, Nelson 41.) 

Rock River. 

* Potamocottus wilsoni (Grd) Gill. Wutson’s Buti HEAD. (M. V. 
255.) 

White River, Indiana, and probably also in Illinois—a doubtful 
species. 

* Potamocottus meridionalis | Grd) Gill. 
Bros, Murrue-saws. (M. V. 254.) 

CAVE BULL-HEAD, GOBLIN, 

Streams in the limestone region—often found in caves ; abundant 
in Southern Indiana, but not yet recorded from Illinois. 

Genus TAURIDEA, Jordan & Rice. 

Tauridea spilota (Cope) Jordan & Rice. 
V. 255 ; Cottopsis ricei Nelson 40). 

In deep water in Lake Michigan. 

Cow-FAcED ScuLpin. (M. 
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Suborder ANACANTHINI. 

Family GADID& (the Cod-fishes.) 

Genus LOT'A, Cuvier. 

59. Lota lacustris (Walbaum) Gill. Lina, Bursot, LAwyrErR, EEL- 
pout, Cusk. (M. V. 257, Nelson 42.) 

Very abundant in Lake Michigan; stray specimens rarely taken 
in Illinois River, and in the Ohio and Mississippi. These proba- 
bly have escaped through the canals. 

Suborder HEMIBRANCHII. 

Family GASTEROSTEID A, (the Sticklebacks.) 

Genus HUCALIA, Jordan. 

60. Eucalia inconstans (Kirt.) Jordan. Buack SticKLEBACK. (M. V. 
259, Nelson 42.) 

Abundant in small streams in the northern part of the state 
only. Rock R., Pecatonica R., tributaries of Lake Michigan; 
Crystal L., McHenry Co. 

Genus PYGOSTEUS, Brevoort. 

61. Pygosteus occidentalis (CO. & V.) var. nebulosus (Ag.) Jor. Many 
SPINED STICKLEBACK. (M. V. 260, Nelson 42.) 

Lake Michigan—rather abundant in deep water. 

Suborder PERCESOCES. 

Family ATHERINID 4: (the Silversides.) 

Genus LA BIDESTHES, Cope. 

62. Labidesthes sicculus Cope. Sttverstpes. (M. V. 261, Nelson 42.) 
Generally abundant through the state, especially in ponds and 

bayous. Crystal L., McHenry Co ; Creeks, Peoria Co.; Rock R., 
Ogle Co.; Ill. R., Pekin; Mackinaw Cr., McLean Co, 

Suborder HAPLOMI. 

Family CYPRINODONTID A, (the Toothed Minnows.) 

Genus FUNDULUS, Lacepede. 

63. Fundulus diaphanus (U 8.) Ag. Barrep Kinuriso. (M. V. 263, 
Nelson 42.) 

Very abundant in lakes and clear or sandy streams in the 
northern part of the state. In Lake Michigan it abounds about 
the sandy mouths of tributaries, keeping in schools in the shallow 
water near the edge. Calumet R. 
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Fundulus menona Jordan & Copeland. (M. V. 263.) 

Rock River; Crystal Lake, McHenry Co. 

Genus ZYGONECTES, Agassiz. 

Zygonctes notatus (Raf.) Jor. Top Minnow. (M. V. 264, Nelson 42.) 
Generally abundant in sluggish waters and canals, especially 

southward. Ill. R. at Pekin; Livingston Co.; Jackson Co. 

Zygonectes melanops (Cope) Jordan. Buack-EYED Top Minnow. 
(M. V. 264.) 

Numerous specimens of this species were obtained by Professor 
Forbes in the streams and ponds of the southern part of the state. 
They agree exactly with Prof. Cope’s description of his Haplo- 
chilus melanops from the Neuse River in North Carolina. The 
wide distribution of this species is rather unexpected. Cache R. 
and tributaries, Johnson Co. 

Zygonectus dispar Agassiz. Strep Minnow. (M. V. 264, Nelson 

Generally abundant in lakes, ponds and sluggish streams through 
the state, swimming in schools near the surface, slowly as if it 
were hard work. Specimens obtained by Prof. Forbes in the south- 
ern part of the state, are larger than any hitherto noticed, being 
more than two inches in length. Large specimens show a dark 
spot under the eye, somewhat as in the preceding species but 
fainter. Pekin; Beardstown; ponds and streams, Union and John- 
son Counties. 

Family UMBRIDA, (the Mud Minnows.) 

(senus MELANURA, Agassiz. 

Melanura limi (Kirtland) Ag. Mup Minnow, Mup Dace, Doe-FIsH. 
(M. V. 265, Nelson 43.) 

Very abundant in ditches, muddy aieat and prairie sloughs; 
found throughout the state, but much commonest northwards ; 
numerous specimens from mud-holes in the bottoms of Johnson 
and Union Counties. Common in ditches near Crystal L., McHen- 
ry County. 

Family ESOCIDA, (the Pikes.) 

Genus HSOX, Linnezeus. 

Esox nobilior Thompson. Muskattunce, (M. V. 266, Nelson 43.) 

In Lake Michigan and, according to Mr. Nelson, said to occur 
in some of the small lakes of the northern part of the state. 
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70. Esox luctus L. Pike, Grass PickEREL. (M. V. 266; Z. luctus var- 

estor, and #7. boreus, Neison 43.) 

Very abundant in all large streams in the northern third of the 
state, its distribution being similar to that of Perca. Rock R., 
dds VB. 

71. Lsox salmoneus Raf. Lirrite Pickeren. (M. V. 267; EF. salmoneus 
and #. umbrosus Nelson 43.) 

Everywhere very abundant in ponds and bayous; especially com- 
mon in ponds in Union Co.; also specimens from Fox R., and Il. 
R. at Pekin. 

72. Esox cypho Cope, Humppack PickereL. (M. V. 267; Nelson 43.) 

The specimen referred to by Mr. Nelson, from the Fox River at 
Geneva, is the only one which I have seen from the state. + 

[78. Esox ravenelli? Holbr. 

A small, barred pickerel from Union Co., much more slender than sal- 
moneus, with smaller scales, longer dorsal and anal fins, and different pro- 
portions generally, is perhaps referable to this species. It measures 23 
inches to the caudal. Depth 73 in length, head 31, depth of head 10 and 
width of head 12. Hye 2% in nose (to tip of lower jaw) and 5% in whole 
head, its depth equal to the deeply grooved inter-orbital space. The mid- 
dle of the head is at the front margin of the pupil. 

The dorsal commences half its length in front of the anal. The paired 
fins are very short (V. 33 in head, P 44.) The pectorals are nearer ventrals 
than front of premaxillary, and the ventrals are midway between pectorals 
and anal. 

Obscure vomerine teeth extend further back than the palatine bands. 
The cheeks and opercles are wholly scaly. Lat. 1. 125 scales, longitud- 

inal rows 27, from dorsal to anal. D. 14 (complete rays), A. 14, V 10, 
Br. 14. 

Color in alcohol dusky, with 12 yellowish, nearly vertical bands, plain- 
est behind, narrow above, but widening below into triangular blotches, 
which merge in the pale color of the belly. A dark stripe extends from the 
tip of the nose to the hind edge of the opercle, and a vertical bar downward 
from the eye. The finsare alldusky. 8. A. F.] 

Family AMBLYOPSID 4A, (the Blind Fishes.) 

No species of Blind-fish has yet been recorded from Illinois. 

Suborder ISOSPONDYLI. 

Family PERCOPSIDA, (the Trout Perches.) 

-Genus PERCOPSITS, Agassiz. 

74. Percopsis guttatus Ag. Trout Percu. (M. V. 270; Nelson 43.) 
Very abundant in Lake Michigan, caught by the hundred by 

boys from the Chicago wharves. Occasionally found in the larger 
streams through the state. 
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Family SALMONID4A, (the Salmon.) 

Genus CRISTIVOMER, Gill & Jordan. 

Cristivomer namaycush (Walbaum) Gill & Jordan. Great LAKE 

Trout, Mackinaw Trout, Loner, Tocur. (M. V. 3859; Salmo 
namaycush Nelson 44.) 

Abundant in Lake Michigan. 

Genus COREGONUS, Linneus. 

* Coregonus tullibee Rich. (M. V. 361.) 
This strongly marked species occurs in Lake Superior, and it— 

or a closely related one, known as the “‘mongrel White Fish,’’—is 
found in the eastern part of Lake Erie. (Sterling—Milner.) It 
has not yet been recorded from Lake Michigan. 

oregonus nigripinnis (Gill) Jor. Briuz Fin, Buack Fin. (M. V. 
362; Argyrosomus nigripinnis Nelson 44.) 

Abundant in the deep water of Lake Michigan. Specimens may 
be obtained in any market in which lake fishes are sold. 

Coregonus artedi Le Sueur. Common LAKE Herrina. (M. V. 362; 
Argyrosomus clupeiformis Nelson 44.) 

Very abundant in Lake Michigan, and probably found in some 
of the small lakes in the northeastern part of the state. 

Coregonus hoyi (Gill) Jor. Moon-EyEep Cisco, Cisco or LAKE 
Micuigan. (M. V. 362; Argyrosomus hoyi Nelson 44.) 

Not rare, in the deeper waters of Lake Michigan, but not often 
seen in the fish markets. 

Coregonus clupetiformis (Mitchill) Milner, Common Waite Fisu. 
(M. V. 362; Coregonus albus Nelson 44.) 

Very abundant in Lake Michigan. 

Coregonus quadrilateralis Rich. Rounp Fish, MenomoNEE WHITE 
Fish. (M. V. 362.) 

This species is frequently taken in Lake Michigan. 

Family HYODONTID A, (the Moon-eyes.) 

Genus HY ODON, Le Sueur. 

Hyodon tergisus Le Sueur. Common Moon-EYe, ToorHeD HERRING. 
(M V. 277; Nelson 44.) 

Very common throughout the state in all large bodies of water. 
Cairo, Peoria. 
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Family DOROSOMATID A, (the Gizzard Shad.) 

Genus DOROSOMA, Rafinesque. 

Dorosoma cepedianum (Le 8.) var. heterurum (Raf.) Jor. GIzZZARD 
SHap, Hickory Swap. (M.V. 279; Dorosoma notatum Nelson 44.) 

Abundant in all the larger streams, and escaped through the 
canals into Lake Michigan. Ohio R. at Cairo, Ill. R. at La Salle, 
Pekin and Peoria. 

Family CLUPEIDA, (the Herrings.) 

Genus POMOLOBUS, Rafinesque. 

Pomolobus chrysochloris Raf. Sxrp Jack, Onto Swap. (M. V. 
279; Nelson 44.) 

Found in all the larger streams and escaped into Lake Michi- 
gan. Cairo, Henry. 

Genus ALOSA, Cuvier. 

Alosa sapidissima (Wilson) Storer, Common SHap. (M. V. 278; 
Nelson 44.) 

Introduced into some streams. 

Suborder EVENTOGNATHI. 

Family CYPRINIDZ. 

Genus CAMPOSTOMA, Agassiz. 

Campostoma anomalum (Raf.) Ag. Srone Luacer. (M. V. 288, 
Nelson 44.) 

Everywhere very abundant, ascending every small brook in the 
spring. Vermilion R., La Salle Co.; Rock R, Ogle Co. and 
Pine Cr., Union Co. 

Genus PIMEPHALES, Rafinesque. 

Pimephales promelas Raf. Fat-HEap, BLACK-HEAD, (M. V. 288; 
P. promelas and P. milesii Nelson 45.) 

Found throughout the state, but probably not generally abund- 
ant. Bailey’s Cr., La Salle Co.; Rock R., Ogle Co. 

Genus HY BORHYNCHUS, Agassiz. 

Hyborhynchus notatus (Raf.) Ag. Buunt-NosepD Minnow. (M. V. 
288; Nelson 45.) 

Generally abundant, especially in the northern part of the state. 
Southward its place is taken by the next, if the two be really dis- 
tinct. Mackinaw Cr., Woodford Co.; McLean Co.; Rock R., at 
Oregon: Little Wabash, Effingham; Ill. R., Peoria; Crystal L., 
Kane Co. . 
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89. Hyborhynchus superciliosus Cope. (M. V. 289.) 

Very abundant in the bottoms of Johnson and Union counties, 
and in the southern part of the state generally. Itis very close to 
the preceding, and may not be really different. Cache R. and 
Clear Cr., Union (o.; Rock R., Ogle Co. 

Genus HY BOGNATHUS, Agassiz. 

90. Hybognathus argyritis Grd. Stuvery Minnow. (M. V. 289; Nel- 
son 45.) 

Abundant in the southern third of the state. Bottoms of John- 
son and Union counties ; Wabash River; Ohio River; Peoria. 

91. Hybognathus nuchalis Agassiz. Buunt-sJAWED Minnow. (M. V. 
289; Nelson 45.) 

Wabash R. ‘A few specimens in the state collection from cen- 
tral Illinois.” (Nelson.) The distinctions between this species and 
the preceding do not appear to be very clear. Normal, Pekin. 

Genus ALBURNOPS, Girard. 

(Hybopsis Cope, not of Ag.) 

92. Alburnops storerianus (Kirt.) Jor. STORER’S Minnow. (M. V. 290; 
Nelson 46.) 

Rather frequent in Lake Michigan and in the smali lakes of 
northern Indiana. Peoria, Chicago. 

93. Alburnops hudsonius (Clint) Jor. Spawn Hater. (M. V. 290; Nel- 
son 46.) du, Mich. Laan. 

94. *Alburnops tuditanus Cope. (M. V. 290; Nelson 46.) 

found by Prof. Cope in various tributaries of Lake Michigan 
and of the Wabash in Indiana. The species is unknown to me. 

(95. <Alburnops nubilus Forbes, n. s. 

Twenty specimens from Rock R., in Ogle Co., approaching H. gine 
culus, are not referable to any species or descr iption of the group Alburnops, 
(M. V., Hybopsis Jordan & Copeland’s Check-list) to which they undoubt- 
edly belong. 

The mouth is inferior and horizontal; the teeth are in one row, 4—4, but 
slightly hooked, with large masticatory surface, and the dorsal is over the 
ventrals, 

The length is 2} inches to the caudal. Depth 3¢ to 4 in length, head 
43, eye 3 in head, nose 33, interorbital space 3 to 54. The depth of the 
head is contained 6 to 7 times in the head and body. 

D I-8, A I-9. Scales 5-37-38, 14 before D. The lateral line is de- 
flexed on the anterior fourth. The deep body, narrow head and large eye, 
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are the conspicuous characters. The color is unusually dusky, a broad dark 
lateral band extends forward over the opercle through the eye to the tip of 
the nose. There is no caudal spot, and all the fins are plain. 8. A. F.] 

96. Alburnops stramincus Cope. StTRAW-cOoLORED Minnow. (M. V. 291; 
Nelson 46.) 

Probably common in the southern two-thirds of the state. The 
only specimens noticed by me were from McLean, Crawford and 
Union Counties. 

97. Alburnops microstomus (Raf.) Jor. (M. V. 291.) 

Specimens apparently of this species, from Clear Creek, in 
Union County. It occurs in the streams of Kentucky. 

98. Alburnops volucellus Cope. (M. V. 291; Nelson 46.) 

Specimens collected by Professor Copeland in the Rock and 
Pecatonica Rivers. 

99. Alburnops fretensis Cope. (M.V.292; Nelson 47.) 

Specimens are in the collection from Rock River, and from 
McLean Co. Pine Cr, and Rock R., Ogle Co.; Henry, Normal. 

100. Alburnops hematurus Cope. (M. V. 292; Nelson 47.) 
Several specimens are in the collection from the Illinois River 

at Peoria. 

Genus LUXILUS, Rafinesque. 

101. Luailus cornutus (Rat.) Jor. Suiner. (M. V. 293; Nelson 47.) 
The commonest fish in the state, occurring by thousands in 

every stream. Mackinaw Cr., McLean Co.; Rock R., Ogle Co.; 

Pine Cr.; Ill. R., Pekin; Effingham; Cache R., Union Co.; 
Johnson Co.; Crystal L., Kane Co. 

Genus PHOTOGENIS, Cope. 

102. Photogenis analostanus (Grd.) Jor. Strver Fin. (M. V, 294: Cyp- 
rinella analostana Nelson in Errata; Cyprinella galactura Nelson 47.) 

Everywhere abundant, perhaps most so in the valley of the Wa- 
bash. McLean Co.; very common in Rock R., Ogle Co.; Effing- 
ham: Peoria; Union Co. 

Genus CYPRINELLA, Girard. 

103. Cyprinella forbesi Jordan (sp. nov.) Forses’ Rep Fin, 
A small deep, strongly compressed. species, belonging to the group 

ealled by Girard Moniana,*and related to the species called complanata, 
gibbosa, etc. Body oblong, elevated, strongly compressed, the depth great- 
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est just in front of the dorsal fin, contained 8 timesin the length to base of 
caudal; caudal peduncle moderately slender. Head rather stout and deep, 
32 in length of body; its upper outline depressed, the nape elevated, so 
that the profile is somewhat concave; thickness of head through the cheeks, 
greater than the thickness of the body. Mouth tolerably large, quite 
oblique, the lower jaw slightly included. Hye not large, its length about 4 
in head. . 

Scales, as usual in the genus, closely imbricated. Lateral line strongly 
decurved, with 35 scales in its course, six rows above it, and about two be- 
low. Thirteen scales in front of the dorsal. 

Dorsal fin inserted just behind beginning of ventrals, about half higher 
than long, its rays I-7; anal fin somewhat elevated in front, its rays I-8; its 
anterior rays rather longer than the base of the fin. Caudal fin moderate, 
widely forked. Pectorals barely reaching the ventrals; ventrals barely 
reaching anal. 

Teeth 4-4, hooked, sharp-edged, the edges of the teeth somewhat 
crenate. 

Head and ante-dorsal region in the male fish covered with rather small 
white prickles, larger than in the genus Lythrurus; caudal peduncle coy- 
ered below the lateral line with similar tubercles. Chin with a few prickles. 

Colors, in spirits bluish above, pale below, a vague dark shoulder 
blotch; upper part of dorsal dusky ; lower part of anal and ventrals some- 
what milky. 

In life the colors are as follows, according to Professor Forbes: Gen- 
eral color steel-blue with a reddish tinge, a crescent shaped mark of a violet 
blue color behind the shoulders, followed by a crimson crescent; belly orange 
red; anal and caudal blood red. 

Length of adult 2% inches. 
Many specimens obtained by Professor Forbes in clear streams of south- 

ern Llinois, a few from mud-holes on the bottoms. 
This species resembles the figures given of Moniana complanata and 

M. gibbosa Girard, but the known inaccuracy of those figures and the utterly 
slovenly character of the accompanying descriptions, prevents any attempt 
at the identification of our specimens with them. Girard’s specimens were 
from the Rio Grande, and “on general principles” are probably different. 
Those interested in knowing the character of Dr. Girard’s work on the 
smaller Cyprinid cannot do better than to read his description of Moniana 
rutila and Moniana gracilis and then, as suggested by Dr. Gunther, to com- 
pare the figure of Montana frigida given in the Pacific R. R. Surveys, 
(1858) with that of the same species drawn by the same artist in the Mexi- 
can Boundary Survey (1859.) All the fishes drawn by this artist at one 
“sitting,” are cast in the same mould regardless of the appearance of the 
fish from which they were drawn. 

Most of the types of Girard’s Cyprinellx are lost. The others can only 
be identified almost at random by future students of Texan ichthyology. 

Since writing the above, I have examined specimens of Moniana com- 
planata Grd. (Moniana gibbosa Grd.) from the Rio Grande, C. forbes, 
though closely related is unquestionably distinct, the form of the profile be- 
ing notably different. 
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Genus LY THRURUS, Jordan. 

104. Lythrurus atripes Jordan. (sp. nov.) ComMpREssED RED-FIN. 
Body moderately elongate, very strongly compressed and elevated, the 

greatest depth about 34 in length; head comparatively pointed ; somewhat 
depressed above, so that an angle is formed at the occiput; length of head 
about 32 in that of body; mouth rather large, quite oblique, the maxillary 
reaching about to the front of the eye; the lower jaw slightly projecting be- 
yond the upper; eye small, smaller than in the other Lythruri, 4 in head, 
rather shorter than the snout. 

Scales of the usual type in the genus, very closely imbricated, their ex- 
posed surfaces notably higher than long, especially anteriorly. Lateral line 
very strongly decurved; scales 8-44—3. Dorsal fin beginning about mid- 
way between ventrals and anal, rather high anteriorly, its rays 1-7, anal 
rays I-11. Pectorals not quite reaching ventrals, the latter just to vent. 

Color in spirits dusky bluish or livid, much as in L. eyanocephalus; no 
traces of the vertical bars sometimes noticed in DL. diplemius, each scale 
with many fine black punctulations. Coloration of fins peculiar, the usual 
dusky spot at the base of the dorsal in front, this spot smaller than in the 
other species, a black transverse bar across the upper part of the dorsal ; 
‘anal similarly colored to the dorsal, the markings paler. In JL. diplemius 
the anal fin is plain. Tips of ventrals dusky, belly and lower fins probably 
crimson in males in the spring; male specimens profusely covered on head, 
front of back, sides of body anteriorly, and on lower jaw with small white 
tubercles as in the other species of the genus. : 

Length of types 2} to 3 inches. Collected by Prof. Forbes in various 
streams in Union and Johnson counties. 

The four species now known of this genus, atripes, cyanocephalus, di- 
plemius and ardens, are closely related, but may be readily distinguished 
when compared. Ardens is most elongate and looks somewhat like a No- 
tropis ; cyanocephalus, small and short, resembles Pimephales; atripes has 
the smallest eye and the most compressed body. The coloration of the 
lower fins will probably always distinguish it. 

105. Lythrurus diplemius (Rafinesque) Jordan. Rep Fin. (M. V. 295; 
Nelson 47.) 

Abundant in the southern two-thirds of the state, especially in 
tributaries of the Wabash and the Ohio. Mackinaw Cr., McLean 
Co.; Normal; Effingham; Union Co; Rock R., Ogle Co.; Peoria. 

[var. gracilis Forbes. 
Length 23 to 3 in, depth 42 in length, head 43, eye 3; in head, 

nose 3, D, I-8, A, I-10. Scales 8-48-4. Dorsal and anal 
fins marked as in atripes. Several specimens from Rock R., 
Ogle Co. S. A.F.] 

106. *Lythrurus cyanocephalus Copeland. Hoy’s Rep Fisu. (M. V. 
295; Nelson 47.) 

Professor Copeland’s types were from Root River at Racine. 
Others have been taken in tributaries of Rock KR. near Beloit, 
within a few miles of the state line. 
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Genus NOTROPIS, Rafinesque. 

107. Notropis rubrifrons (Cope.) Jordan. Rosy rAceED Minnow. (M. 
V. 296; Minnilus rubrifrons Nelson 47.) 

Abundant in the Ohio and Wabash vallies. Ihave examined 
specimens from Rock River, and Mr. Nelson gives it from tribu- 
taries of the Illinois. Oregon ; ea. 

108. Notropis atherinoides Raf. KMERALD Minnow. (Notropis rubellus, 
dinemus and dilectus M. V. 296; Minnilus dilectus, amabilis, rubellus 
and dinemus Nelson 46, 47.) 

Everywhere very abundant, caught by the thousand for bait off the 
wharves at Chicago. The species termed dinemus, rubellus, jaculus, arge, 
dilectus, and amabilis, seem to shade into one another in the most exasper- 
ating way, and until some permanent character is shown, I propose to drop 
the farce of considering them as distinct, and to adopt for all the oldest spe- 
cific name applied to one of the type, viz: atherinoides Raf. The species as 
thus defined, is a very variable one, but not more so than Luwilus cornutus, 
Semotillus corporalis, Campostoma anomalum or Ceratichthys biguttatus, all 
species of similarly wide distribution. Normal, Geneva, Pine Cr., Chicago, 
Henry, Union Co., Peoria, Oregon, Il. 

Genus HPISHMA, Cope & Jordan. 

109. *Xpisema ariomma (Cope) Jor. Bic-EYED SHINER. (Cliola ari- 
omma M. V. 298.) 

. White River, Indiana, abundant in still places in the river ; not 
yet recognized elsewhere, though doubtless occurring in Illinois. 

110. *Episema scabriceps Cope. RouGH-HEADED SHINER. (Cliola sca- 
briceps M. V. 298; Photogenis scabriceps Nelson 47.) 

White River; not yet noticed in Illinois. 

[1lll. Lpisema jejuna Forbes, n. s. 

A number of specimens, from the Ill. R., of a pale fish of rather slender 
and graceful form have been assigned to this genus with some doubt. The 
irregularly beveled face of the pharyngeal teeth simulates a masticatory sur- 
face, although the extreme edge is more or less crenate. The teeth are dis- 
tinctly hooked, 1 or 2, 4-4, 1 or 2, (in one case, apparently abnormal, 5, 2.) 
The dorsal begins a little before the ventrals; the mouth is large and 
oblique, the upper jaw (from middle of front margin to tip of maxillary) be- 
ing contained 3 times in the head. 

The total length of my largest specimens is 3 inches. Depth 42 in 
length to caudal, head 4; eye 32 in head, equal to nose, interorbital space 
23 in head; depth of head in length to caudal 6 or 7 times. 

The scales are 5-37-3, with 15 or 16 before the dorsal. The lateral 
line is decurved on the anterior fifth. 
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D. 1-8, 3 as long as high, anterior rays nearly or quite 5 times as long 
as posterior. The front of the fin is about equidistant from nose and mid- 
dle of base of caudal. The anal has 1 spine and 7 soft rays, and is about 3 
as long as high. 

The caudal is deeply forked. The head is nearly flat above, the nose 
blunt and regularly rounded. 

Color in alcohol pale, with a broad silvery band overlying a plumbeous 
shade on sides. The dorsal is sometimes clouded with minute black specks, 
and the belly (usually colorless) is occasionally rosy-tinted. S. A. F.] 

This species and the two preceding belong to a group termed Hpisema 
by Cope and Jordan, and distinguished from Cliola proper by the usual 
presence of teeth 2, 4-4, 2, instead of 4-4. LHpisema should probably be 
restored to generic rank. D.S8. J. 

Genus HRICY MBA, Cope. 

112. Ericymba buccata Cope. SILVER-MOUTHED Dace. (M. V. 299; 
Nelson 45.) 

Very abundant in White River and other tributaries of the Wa- 
bash, with sandy or gravelly bottoms. Several specimens from the 
Little Wabash, at Effingham. 

Genus PHENACOBIUS, Cope. 

113. Phenacobius scopiferus (Cope) Jordan. (M. V. 299; Phenacobius 
teretulus var. liosternus Nelson 46.) 

Small streams in McLean Co. 

Genus GILA, Baird & Girard. 

114. Gila elongata (Kirt) Jordan. Rep-stpeD Minnow. (M. V. 300; 
Nelson 47.) 

Northern part of the state chiefly. Rock River, Lake Michigan. 

Genus NOTEMIGONUS, Rafinesque. 

115. Notemigonus chrysoleucus (Mitch.) Jor. Swiner, Bream. (M. V. 
301; Notemigonus americanus Nelson 48.) 

Everywhere very abundant in ponds and bayous. The most te- 
nacious of life of the Minnows. Pekin, Normal, Effingham, Hen- 
ry, Union Co., Ogle Co. 

Genus CHROSOMUS, Rafinesque. 

116. Chrosomus erythrogaster Rafinesque. Rep-BELLIED Dace. (M. V. 
302; Nelson 47.) 

Abundant in all small clear streams, especially in the northern 
part of the state. Normal; Vermilion R., La Salle Co.; Rock R., 
Ogle Co. 
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Genus PHOXINUS, Rafinesque. 

Phoxinus neogeus Cope. New Worip Minnow. (M. V. 302° 
Nelson 47.) 

“A single specimen obtained in the Fox River at Geneva” 
(Nelson.) Specimens also from Wisconsin River. 

Genus HEMITREMIA, Cope. 

Hemitremia heterodon Cope. (M. V.303; Nelson 47.) 
Abundant in northern Illinois and Wisconsin. Lake Michigan ; 

Calumet R.; Fox R.; Rock R.; Bailey’s Cr., La Salle Co. This 

species has the teeth 4-4 and should probably be referred to A/- 
burnops. 

Genus SEMOTILUS, Rafinesque. 

Semotilus corporalis (Mitch) Putnam. CHUB, CREEK 
Hornep Dace. (M. V. 304; Nelson 45.) 

CHUB, 

Everywhere very abundant, frequenting small creeks, common- 
est of fishes. McLean Co.; Ogle Co.; Jackson Co.; Pekin ; 
ham; Union Co. 

Genus CERATICHTHYS, Baird. 

Effing- 

Ceratichthys biguttatus (Kirt.) Girard. Hornep Cuus, Horny- 
HEAD, River Cuus. (M. V. 305; Nelson 45.) 

Everywhere very abundant, frequenting the river channels more 
than the preceding species. Rock R., Ogle Co. 

Ceratichthys amblops (Raf.) Girard. Bic-EYED Cuus. (M. V. 306.) 

Abundant in the Wabash valley. 

Ceratichthys dissimilis (Kirt.) Cope. SporreD SHINER. 
306; Nelson 45.) 

(M. V. 

In tributaries of the Wabash and Illinois, frequenting the river 
channels. Probably abundant. Rock R., Ogle Co. 

Genus COUESIUS, Jor., Mss. 

Cowesius prosthemius Cope. Ake Cuus. (M. VY. 307.) 
In Lake Michigan. Specimens in the National Museum from 

near Evanston. 

Genus RHINICHTHYS, Agassiz. 

Rhinichthys cataracte (C. & V.) Jor. Lone-nosep Dace. 
307; Rhinichthys nasutus and R. maaxillosus Nelson 45.) 

In clear tributaries of Lake Michigan. Chicago. 

(M. V. 
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125. Rhinichthys obtusus Agassiz. BRown-NoseD Dace. (M. V. 308; 

Rhinichthys atronasus and FR. lunatus Nelson 45-46.) 

Found throughout the state in clear streams and ‘‘spring runs.” 
The distinctions between this species and the eastern A. atronasus 
do not seem to be very important. Oregon, Il. 

126. Rhinichthys meleagris Agassiz. (M. V. 308; Nelson 46 ) 

Streams of central and western Illinois. Vermilion River, Bai- 
Creek, La Salle Co.; McLean Co. Prof. Agassiz’s types were 
from the Mississippi River. 

Genus CARASSIUS, Nilsson. 

127. Carassius auratus (L.) Bleeker. Gotp-risH. (M. V. 308; Nel- 
son 48.) 

Naturalized in some streams. Pecatonica R., Freeport. 

Family CATOSTOMIDA, (the Suckers.) 

Genus PLACOPHARY NX, Cope. 

128. Placopharynx carinatns Cope. (M. V. 311; Nelson 49.) 

I have two young specimens of this species from Illinois River, 
and a pair of the stout pharyngeal bones from the Wabash River 
at Terra Haute. It is said by fishermen to be rather common in 

the Wabash River. 

Genus MY XOSTOMA, Rafinesque. 

129. Myxostoma carpio (Cuv.& Val.) Jordan. Wuire Lake MuLuer. 
(M. V. 312; Yeretulus carpio Nelson 49.) 

In Lake Michigan, and the larger rivers. Probably not very 
common. 

130. Myxostoma macrolepidotum (Le 8.) Jordan. Common Mutuer, (M. 
V.313; Teretulus macrolepidotum Nelson 49.) 

Lake Michigan, ete. Ill. R. at La Salle, Rock R. 

Var. duquesnii (Le 8.) Jor. Common Rep Horsr, MuLuet, WuHite 
Sucker. (M. V. 313; Zeretulus duquesnii Nelson 49). 

Everywhere very abundant, ascending all the streams in the 
spring. Rock R, Ogle Co.; Pekin; Cache R., Union Co.; Mack- 
inaw Cr.; Little Wabash. 

131. Myxostoma aureolum (Le 8.) Jor. SmAtn-HEADED MULLET, 
Gotpren Rep Horsg. (M. V. 314; Teretulus aureolus Nelson 49.) 

Abundant throughout the state in the larger bodies of water, 
especially northward. Pekin, Peoria. 
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* Myxostoma anisurum (Raf.) Jor. LONG-TAILED Sucker. (M. V. 
315.) 

Abundant in Ohio River near Cincinnati; not yet noticed in 
Illinois. 

Myxostoma velatum (Cope) Jor.. SMALL-MOUTHED Rep Horsz, 
Wuite Nosz. (M. V. 317; Teretulus anisurus and T. velatus Nel- 
son 49.) 

Generally abundant in the larger streams. 

Genus MINYTREMA, Jordan. 

Minytrema melanops (Raf.) Jor. Sporrep Sucker. (M. V. 318; 
Erimyzon melanops Nelson 48.) 

Generally abundant, especially southward. 

Genus ERIMYZON, Jordan. 

Erimyzon sucetta (Lac.) Jord. CHUB-SUCKER, OCREEK-FISH. (M. 
V.319; Erimyzon oblongus Nelson 48.) 

Everywhere very abundant, ascending small streams in spring. 
Union Co., Johnson Co. 

Genus CATOSTOMUS, Le Sueur. 

Catostomus nigricans Le 8. Srone-RoLLER, Hoe Sucker, CRAWL- 
A-BOTTOM, HAMMER-HEAD. (M. V.519; Nelson 48.) 

Everywhere common, frequenting rapids and shallows in clear 
streams. Rock R., Ogle Co.; Mackinaw Cr. 

Catostomus commersonti (Lac.) Jor. Common SucKER, WHITE 
Sucker. (M. V. 3820; Catostomus teres Nelson 48.) 

Everywhere very abundant. Ill. R., Mackinaw Cr., Pine Cr.; 
Cache R., Union Co.; Rock R. 

Catostomus longirostrum Le Sueur. ReEp-stipDED Sucker, LoNG- 
NOSED SuckER. (M. V. 320; Catostomus hudsonius Nelson 48.) 

Abundant in Lake Michigan. 

Genus CYCLEPTUS, Rafinesque. 

Cycleptus elongatus (Le 8.) Ag. GouRD-sSEED SucKER, BLack- 
HORSE, Missouri Sucker. (M. V. 320; Nelson 50.) 

In the Ohio and Mississippi Rivers, and all their larger tribu- 
taries; not generally common, but often seined in large numbers. 
Peoria, Ill. 
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Genus CARPIODES, Rafinesque. 

140. Carpiodes velifer (Raf.) Ag. SpEAR-FISH, SAIL-FISH, SKIM-BACK, 
QuinL-Back. (M. V.321; Ichthyobus velifer Nelson 49.) 

Generally common in the larger streams. Peoria. 

141. Carpiodes selene Cope. Moon Carp-sucker. (M. V. 321.) 

Abundant in Lake Michigan. The distinctions between this spe- 
cies and the next do not seem to be very important. 

142. Carpiodes cutisanserinus Cope. LONG-FINNED CARP-SUCKER. (M. 
V. 321.) 

Generally abundant in the larger tributaries of the Ohio. Rock 
R., at Oregon, Ill. 

148.  Carpiodes diffornvis Cope. DEFORMED CaRp-sucKER. (M. V. 321; 
. Ichthyobus difformis Nelson 49.) 

Numerous specimens in the collection from Illinois River. Pro- 
fessor Cope’s types came from the Wabash. Henry, Ill. 

144. Carpiodes bison Agassiz. BurraLo CARP-sucKER. (M. V. 322; 
Ichthyobus bison 49.) 

«Found in the larger rivers.’ (Nelson.) 

145. Carpiodes cyprinus (Le 8.) Ag. Stnvery Carp-suckEerR. (M. V. 
322.) 

Specimens apparently identical with this eastern species are in 
the state collection from [linois River. Henry, Ill. 

146. Carpiodes thompsoni Agassiz. LAKE CARP-SUCKER. (M. V. 322; 
Ichthyobus thompsoni Nelson 49.) 

The specimens from Lake Michigan noticed by Mr. Nelson, are 
in the collection. Henry, Ill. 

147. Caupodes carpio (Raf. ) Jordan. River Carp-suckEeR. (M. V. 

322; Ichthyobus carpio Nelson 49.) 

Specimens from Wabash River and from the Oia: at Cairo. 

Genus ICHTHYOBUS, Raf. 

148. Jchthyobus bubalus (Raf.) Ag. Brown Burrato, Rep Moura. 
(M. V. 322; Nelson 49.) 

Specimens examined from Wabash River and from the Illinois 
at Peoria, where it is the most abundant buffalo fish. Peoria, 
Henry, and McLean Co. 

Genus BUBALICHTHYS, Agassiz. 

149. Bubalichthys urus Ag. BuAck BurraLo, BIG-MOUTHED BUFFALO, 
(Bubalichthys niger M.V. 323; Nelson 50.) 

Mississippi River at Quincy. Probably generally abundant in 
the larger streams. Peoria, 
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150. Bubalichthys cyanellus (Nelson) Jordan. SMALL-MOUTHED Bur- 
FALO. (Bubalichthys bubalinus and Bubalichthys altus. M. V. 325 ; 
Ichthyobus cyanellus Nelson 49.) 

Abundant in all the larger streams throughout the state. An 
examination of Mr. Nelson’s typical specimens shows that they 
are the young of the common Bubalichthys bubalus of Agassiz. 
As the specific name “‘bubalus’”’ is hardly tenable for this species, 
if we conceive that the bubalus of Rafinesque is an Ichthyobus, 1 
have lately suggested the name bubalinus as a substitute. Cya- 
nellus has however priority over bubalinus. I therefore propose to 
adopt Mr. Nelson’s name for this species. 

Order NEMATOGNATHI. 
Family SILURIDA, (the Cat-fishes.) 

Genus ICHTH A’ LURUS, Rafinesque. 5 

151. PSL i ie (C. & V.) Gill. Forx-raitep Cat. (M. V. 
:) 

Ohio and Mississippi rivers; probably not common. I have 
seen none from within the limits of the state. 

152. Ichthxlurus robustus Jordan. CHUCKLE-HEADED Cat. (M. V. 328; 
Ictalurus furcatus Nelson 50.) 

Ilinois River ; probably not rare in the larger streams. Peoria: 

153. Ichthxlurus punctatus (Raf.) Jordan. Common CHANNEL Car, 
Buvr Cat, Wuire Cat. (M. VY. 328; Nelson 50.) 

Very abundant in all the large streams throughout the state. 
Cairo; Pekin; Rock R., Ogle Co.; Bottoms, Union Co. 

Genus AMIURUS, Rafinesque. 

154. Amiurus nigricans (Le 8.) Gill. Great ForK-TAILED Cat, GREAT 
Mississippi CAT, GREAT LAKE Cat-FisH. (M. V. 329.) 

Abundant in the Mississippi and Ohio rivers and in Lake 
Michigan. This species reaches an immense size and is probably 
the largest of all our fresh water fishes. 

155, Amiurus natalis (Le 8.) Gill. YELuow Cat. (M. V. 331; Amiu- 
rus cupreus Nelson 50.) 

Everywhere more or less abundant in ponds and bayous. Mc- 

Lean Co.; Cache R., Johnson Co. 

156. Amiwrus vulgaris (Thompson) Nelson. Lone-sawep Cat. (M. V. 
331; Nelson 50.) 

Abundant in the Mississippi River at St. Louis, and in Lake 
Michigan. Pekin, Ill. 
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157. Amiurus catus (L.) Gill. Buui-Heap. (M. V. 332; Amiurus 
atrarius Nelson 332.) 

Great Lakes and their tributaries. Vermilion R.; Ill. R.; Me- 

Lean Co. 

158. Amiurus marmoratus (Holbrook) Jordan. Marspiep Cat. (M. V. 
332.) 

Numerous specimens of a cat-fish, marbled in color, and not ev- 
idently distinguishable from 4. marmoratus, Holbrook, were col- 
lected by Professor Forbes in southern Illinois, and one or two 
from Illinois River. Considerable variation is shown in the col- 
oration, some being nearly plain, others much variegated. In one 
specimen, the broad head with depressed front much resembles 
that of A. wanthocephalus. In all the adipose fin is very large 
and the dorsal spine is quite high. Henry, Ill., Johnson Co. 

159. Améiurus melas (Raf.) Jordan & Copeland. Buack Cat. (M. V. 
332; A. confinis and A. pullus Nelson 50.) 

Abundant in the streams of the southern half of the state. 
McLean Co., Union and Johnson Co’s., (Clear Cr., Bottoms, 
Cache R.) 

160. Amiurus xanthocephalus (Raf.) Gill. YELLOW-HEADED Cat. (M. 
V. 335; A. albidus Nelson 50.) 

Common in the southern part of the state. This is not ‘our com- 
monest cat-fish” as stated by Mr. Nelson. [The specimens upon 
which Mr. Nelson based this statement were labeled nebulosus in 
the collection (given as a synonym of albidus in M. V., first edi- 
tion,) but have been identified with catus by Dr. Jordan. S. A. 
F.] Peoria. 

Genus PELODICHTH YS, Rafinesque. 

161. Pelodichthys olivaris (Rafinesque) Gill & Jordan. Mup Car. (M. 
V. 334; Hopladelus olivaris Nelson 50.) 

Common in the larger streams, reaching a large size. Peoria. 

Genus NOTURUS, Rafinesque. 

162. Noturus flavus Rafinesque. YELLow Srone Car. (M. V. 335; 
Nelson 50.) 

Rather common, especially southward and in the larger streams. 

163. Noturus exilis Nelson. SLENDER Stone Cat. (M. V. 335; Nel- 
son 51.) 

Besides Mr. Nelson’s types, which were from McLean Co., 1 
have obtained specimens from Root R., Wis., and from Kansas. 
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164. Noturus miurus Jordan. Saw-spineD Stone Cat. (M. V. 336; 
Noturus marginatus Nelson 50.) 

Abundant, especially southward. Specimens from the Wabash 
and from the Cache R., in Johnson Co. 

165. Noturus sialis Jordan. CHuBBy Stone Cat. (M. V. 387.) 

Generally abundant, with the preceding. Also Ill. R. at Pekin, 
Cairo, Ll. 

Order APODES. 

Family ANGUILLID, (the Eels.) 

Genus ANGUILLA, Thunberg. 

166. Anguilla rostrata (Le 8.) DK. Common Een. (M. V. 338; Nel- 
son 51.) 

Occasionally taken in most of the waters of the state, but not 
common. It is probably not indigenous in the upper lakes, hay- 
ing been introduced, or else having escaped through the canals 
from the Ohio, or probably both. Ill. R. at Peoria. 

Sub-class GANOIDEI. 

Order CYCLOGANOIDEI. 

Family AMIIDA, (the Bow-fins.) 

Genus AMIA, Linneus. 

167. Amia calva Linneus. Doe-risH, Mup-risH, Bow-rin. (M. V. 
340; Nelson 51.) 

Abundant throughout the state in the lakes and darger streams. 
In the small streams it is seldom found. [Common in ponds in 
S. Ill., where it is generally eaten, and is known as the ‘‘Grinnel,”’ 
(Gunnel?),S. A. F.] Ponds 8. Ill., Dl. R., Ohio R., Miss. R. 

Order RHOMBOGANOIDEI. 

Family LEPIDOSTEIDA, (the Gar-Pikes.) 

Genus LEPIDOSTEUS, Lacepede, 

168. Lepidosteus osseus (L.) Ag. GAR PrkE. (M. V. 342; Nelson 51.) 

Abundant in the larger streams throughout the state. Illinois 
and Ohio rivers. 
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169. Lepidosteus platystomus Raf. SHort-Nosep Gar. (M. V. 342; 

Nelson 51.) : 
Occurs throughout the state in the larger streams. It is much 

more abundant in tributaries of the Mississippi than in the Lake. 
The commonest gar in the Ill. R. Peoria, Pekin. 

Genus LITHOLEPIS, Rafinesque. 

170. Litholepis spatula (Lac.) Jor. Atiicgator Gar. (M. V. 342; 
Litholepis adamantinus Nelson 51.) 

In the Mississippi and Ohio, not common, ‘occasionally stray- 
ing up smaller rivers into the interior of the state.”’ (Nelson.) 

Order SELACHOSTOMI. 

Family POLYODONTIDA, (the Spoonbills.) 

Genus POLYODON, Lacepede. 

171. Polyodon folium Lacepede. PApDDLE-FISH, DUCK-BILL, SPOON-BILL. 
(M. V. 344; Nelson 51.) 

Common in all the larger streams, especially southward. Ohio 
R. at Cairo; Ill. R. at Pekin, Peoria, &c. 

Order CHONDROSTEI. 

Family ACIPENSERIDA, (the Sturgeons.) 

Genus ACIPENSER, Linneus. 

172. Acipenser maculosus Le Sueur, Sporrep Sturaeon. (M. V. 345; 
Nelson 51.) 

Ohio and Mississippi rivers, probably not in the Lake. 

173. <Acipenser rubicundus Le Sueur. LAKE Sturenon. (M. V. 345; 
Nelson 51.) 

Very abundant in the Lake; whether found in the Mississippi 
or not I do not know. 

Genus SCAPHIRHY NCHOPS, Gill. 

174. Scaphirynchops platyrhynchus (Raf.) Gill. SHOVEL-NOSED STUR- 
GEON. (M. V. 345; Nelson 51.) 

Common in the Ohio and Mississippi rivers. Ohio R., Cairo ; 
Ill. R., Peoria. ; 
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Class MARSIPOBRANCHII. 

Order HYPEROARTIA. 

Family PETROMYZONTID:, (the Lampreys.) 

Genus AMMOC@TES, Dumeril. 

175. Ammocetes niger (Raf.) Jor. SmatL Brack Lamprey. (M. V. 
349 ; Petromyzon niger Nelson 52.) 

Common in small streams in many places, ascending to spawn 
in the spring. Pecatonica R., Freeport. 

176. Ammoceetes argenteus (Kirt.) Jor. Sttvery Lamprey. (M. V. 
349; Ichthyomyzon argenteus Nelson 52.) 

Probably more or less abundant through the ae TH, 
Pekin. 

177. Ammocetes hirudo (Grd.) Jor. Lerch Lamprey. (M. V. 350; 
Ichthyomyzon hirudo Nelson 52.) 

A species supposed to be the one to which Girard gave the 
name of Airudo is quite abundant in the Mississippi and lower 
Ohio. *Ohio R., at Cairo. 

* Where exact localities are given in the preceding paper, they are in nearly 
every case taken from specimens now in the Laboratory, collected by myself or my 
assistants. S. A. F. 
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THE FOOD OF ILLINOIS FISHES. 
——_——- 

By S. A. FORBES. 

But little has been written on the food of the fresh water fishes of this 

country, and n othing whatever, so far as I can learn, on the food of the fishes of 

of this state. I havenot found anything more elaborate than a short paper* by 

Prof, S. I. Smith, of Yale College, on the food ofa few specimens of White Fish, 

Red Horse (Myxostoma aureolum), Yellow Perch and Sturgeon (Acipenser 

rubicundus), from Lakes Superior and Erie. An item + relating to the food of 

the White Fish was published by Dr. Stimpson, of the Chicago Academy of 

Sciences, in 1870, and a few scattered notes of single observations occur in 

various papers on classification. { 
The importance of the subject, both to the scientific student and to the 

practical fish breeder, seems to warrant more systematic work; and a 

methodical investigation has therefore been begun at the State Laboratory, 

the first results of which are given in the following memoranda. 

PURPOSES OF THE INVESTIGATION. 

A thorough knowledge of this subject should contribute something to 

our theories of distribution, since the food of those forms having appetites 

at all discriminating must have much to do with their range. Light might 

even be thrown upon past distribution, and the causes be suggested of ex- 

tensive migrations. The chosen haunts of different groups within their hab- 
itat, are probably determined largely by their gastronomic needs and pref- 

erences. Do the wide-spread species eat similar articles throughout their range, 

or are they wide-spread because they are omnivorous, or because their food 

habits are more flexible than those of other fishes? On the other hand, are 

the narrowly limited species ever restricted by the local character of their 

food ? 

+ American Naturalist, Sept. 1870, p. 405. 
tA paper by Dr. C. C. Abbot in the Report of the U. S. Fish Commissioner for 

1875-6 will also repay examination. 
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We ought also to gain, by this means, some addition to our knowledge 

of the causes of variation, of the origin and increase, the decline and 

extinction of species, and of the remarkable persistence of such forms as the 

river gar. What groups crowd upon each other in the struggle for sub- 

sistence? Do closely allied species, living side by side, ever compete for 

food? What relation, if any, do specific and generic differences bear to 

differences of food? These, and many similar questions, may not improba- 
bly be helped toward a solution. 

Several structures not now fully understood, ought to receive their ex- 

planation. The variously developed grinding surfaces on the pharyngeal 

teeth of some cyprinoids, the differences in the structure of the gill-rakers 

among sun-fishes and of the lips among suckers, are cases in point. 

It seems likely, however, that the food habits of fishes will be found, 

like their structure, much less highly differentiated than those of birds. 

This is what we should expect a priori, and it is indicated by the observa- 

tions I have made upon both classes.* Prominent peculiarities, haying appar- 
ently an important bearing upon the taking of food, will probably be found 

merely to extend a little the capacities of the species, or to enable it to take 

those slight advantages of its competitors when the struggle for existence 

comes to the death grapple, which after all are sufficient to decide the con- 

test. To bring out such facts as this, a great number of observations will 

be necessary, covering all varieties of circumstance, and made with refer- 

ence to the relative proportions of the different elements in the food of each 

species. The Top Minnows, for example, will probably be found to take 

the surface-swimming insects more frequently than the Cyprinidae do, but 

not by any means to depend on them chiefly. 

Really intelligent fish-culture, on any large scale, implies a full ac- 

quaintance with the food of the native species. It is a matter of especial 

importance that the predaceous fishes should all be known, as well as the 

kinds of fishes on which each chiefly preys. A knowledge of the food of all 

species worth saving is, of course, indispensable, in order that proper meas- 

ures may be taken to preserve their food supplies. It will also be of inter- 

est to know what fishes there are at once worthless for human food and 

harmless in their habits, and therefore worth encouraging, or perhaps even 

hatching, as food for the more valuable ‘“‘game fishes.”” The gizzard shad 

(Dorosoma cepedianum), seems to be a fish of this character, as it lives 

chiefly on vegetable food and minute crustacea, and contributes largely to 

the food of the marketable fishes. Apparently ignorant of this fact, the 

fishermen often leave long lines of this species to rot on the bank where the 

seines are hauled. 

* See “The Food of Birds,” in Trans. Ill. Hort. Soc., Vol. X, p. 37, 1876. 
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Some valuable fishes may be found dependent on food too liable to in- 

jury or destruction by man or nature, to make it worth while to cultivate 

them, while others, equally valuable, may be proven to subsist on food 

practically indestructible. 
Such species as eat mixed food, so that, in case of scarcity of one kind, 

another may be drawn upon, are evidently more promising, other things be- 

ing equal, than those of a more limited diet. 
That a full understanding of the competitions among the fishes of a 

stream or lake is necessary to anything better than guess-work in fish-cul- 
ture, or an-expensive and improvident trusting to luck, is evident at once. * 

The scavenger fishes, which, by devouring the filth of streams, help to 

purify them, are doubtless worthy of recognition. Whether a filth-eating 

fish is better or healthier food than a bird or a mammal of similar habits, 

may, perhaps, be profitably discussed. 

An acquaintance with the subject sufficient for the purposes above 

mentioned must, of course, include the whole life of the fish, at all ages and 

in all seasons. It is not impossible, for example, that the draining of stag- 

nant waters connected with a stream may unfavorably affect some of its 

fishes, by lessening the supply of Entomostraca, especially Cladocera, for the 

food of the fry. 
So much may properly be said concerning the purpose and promise of 

the research, to justify the labor given to it,—especially since the general 

neglect it has received may seem to indicate that it is not worth elaborate 

study. 

METHODS. 

The stomachs and intestines were taken out of the fishes just as these 

came from the seine; were labeled with specific name, place and date, and 
preserved in strong alcohol. They were afterward opened and the contents 

examined (usually with the microscope). Notes were made upon the objects 

found in each, as far as they were recognizable—the species being deter- 
mined, if possible, otherwise the genus, family, order, or even only the class. 

The contents of each stomach were then bottled separately in alcohol, 

labeled and preserved for future verification and further study. The emp- 

tied stomachs have also been kept for anatomical purposes, and as a means 

of verifying the species. It was found unnecessary to remove the stomachs 

of the minnows, as these were well enough preserved in the bodies of the 

fishes themselves. 

*That fishes and land birds should ever come into competition, seems at first 
sight remarkable; nevertheless some of the former eat large numbers of land 
insects which fall into the water. The supply of these would, of course, be limited 
by the depredations of birds. 
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In summing up, all the notes on the food of each species were collated, 

and an attempt was made to arrange the essential facts in a compact and 

simple form. The classification of fishes used is that of the preceding paper 

on the fishes of Illinois. 

RESULTS. 

Only a mere beginning has as yet been made. One hundred and forty- 

nine specimens have been examined, representing fifty-four species—taken 
chiefly (except the minnows) from the Illinois River, near Peoria and Henry, 

in June and November, 1877, and April and May, 1878. The specimens 

were all of a fair average size. In this preliminary report upon so small a 

number of specimens, it has not been deemed worth while to specify dates 

and places. 
When the facts relating to any species are numerous and varied enough 

to make systematic condensation desirable, the articles of food have been 

arranged according to the natural classification of plants and animals, in 

such a way that one wishing to know only the general conclusions reached 

can readily learn them, without. being embarrassed by unessential details. 
The importance of a knowledge of the proportions of the different ele- 

ments of the food has been kept in mind, and an attempt made to indicate 

these rudely by placing after each the number of specimens of the species 

in which the given element was found. Thus, under Lepiopomus pallidus 
(No. 18), of which two specimens were examined, “ Chrysomelide 2” in- 

dicates that one or more beetles of this family were found in the stomachs of 

each of two specimens of that species. The figures in parentheses placed 

after the family and specific names of /ishes indicate the number of speci- 

mens examined. 

DETAILS OF FOOD. 

DARTERS. ETHEOSTOMATIDAE. (9.) 

Entomostraca and larvae of diptera and neuroptera. 

1. Sand Darter. Pleurolepis pellucidus, Ag. (2.) Larvae of small 
diptera. 

2. Black-sided Darter. Alvordius maculatus, Grd. (1.) Small dip- 
tera (gnats), larvae of May-flies (Ephemeridae), and many unknown minute 
eggs ?, oval, tuberculated, with tubercles in longitudinal rows. 

3. Johnny Darter. Boleosoma maculata, Ag. (1.) Several Cyclops 
and many larvae of gnats. 

; 4. Banded Darter. Nanostoma zonalis, Put.(1.) Larvae of gnats, 
including some with antennae similar to those of Corethra pictipennis. 
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5. Rough-cheeked Darter. Poecilichthys asprigenis, Forbes, (2.) 
Larvae of Chironymus (diptera), and other aquatic larvae: also pupae of a 
small Ephemerid approaching Baetisca. 

6. Striped Darter. Etheostoma lineolata, Ag. (1.) Many larvae of 
Chironymous (diptera). 

7. Boleichthys elegans, Gir. (1.) Larvae of 
gnats and of May-flies, with a few copepoda. 

PERCHES. PERCIDAE. (7.) 

Chiefly fishes, including perch, bass, sun-fish, gizzard shad, minnows, 
(Cyprinidae) and cat-fish ; also water-bugs (Corixa). 

8. Ringed Perch. Perca americana, Schrank, (1). A cyprinoid fish. 

9. Black “Salmon.” Wall-eyed Pike. Stizostethium vitreum, Mitch. 
(1). A bony fish with sub-globular stomach ; probably one of the suckers, 

10. White “Salmon.” Wall-eyed Pike.  Stizostethium canadense, 
Smith, (4). A common perch (Perea), a sun-fish (lchthelidae), a black 
bass (Micropterus salmoides), a gizzard shad (Dorosoma), a cat-fish (Silu- 
ridae), and an undetermined bony fish with cycloid scales, 

11. Wall-eyed Pike. Stizostethium, (species undetermined) (1). An 
unrecognizable bony fish and several water-bugs (Corixa alternata, Say). 

WHITE BASS. LABRACIDAE. (4.) 

Sun-fish, larvae of neuroptera and diptera, and other insects. 

12. White Bass. Roccuschrysops, Raf. (3). Chiefly larvae of May- 
flies (Ephemeridae); also a sun-fish, (Centrarchidae) and another spiny- 
finned fish, and a few larvae of Chironymous and other diptera. 

13. Yellow Bass. Morone interrupta, Gill. (1). Chiefly larvae of 
Ephemeridae (May-flies), An amphipod crustacean ( Allorchestes dentata, 
Sm.), some larvae of dragon flies (Agrion) and a few young grasshoppers. 

BLACK BASS AND SUN FISHES. CENTRARCHIDAE. (81.) 

Food mixed, animal and vegetable, the former largely predominating. 
A few fishes ( a darter, another percoid fish, and two or three cyprinoid 
minnows), a multitude of insects, land and water, representing all orders but 
hymenoptera; arachnida (spiders and water mites), amphipod and isopod 
erustacea (Allorchestes and Asellus), hosts of entomostraca (cladocera 
and copepoda, chiefly the former), a few mollusks, bivalve and univalve, an 
earth worm, and masses of Plumatella-like polyzoa; also a good deal of 
Potamogeton, Ceratophyllum and other water weeds, and algae, together 
with miscellaneous floating vegetable trash. 
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14. Black Bass. Micropterus pallidus, Raf. (3). A iarge mouse, 
a percoid fish, a small stone roller (Campostoma anomalum), pupae of 
dragon flies, a water bug (Zaitha fluminea) and a few confervoid algae. 

15. Black Croppie. Pomoxysnigro-maculatus Le8.(10). Chiefly larvae 
of May-flies (Ephemeridae). Many larvae of small diptera (various species of 
gnats), and occasionally a small percoid fish. The following is a detailed 
exhibit of the food of these ten specimens: 

FISHES (Ctenoid.) 2. 

INSECTS 10. 

COLEOPTERA 3 (Larvae of Gyrinidae 2.) 

DIPTERA 6 (Gnats and their larvae.) 

HEMIPTERA 2 (Corixa alternata, Say.) 

NEUROPTERA 9 (Larva of Ephemeridae 8, pupae of Agrioninae 1). 

CRUSTACEA 3 (Entomostraca.) 

CLADOCERA 2 (* Cerioday hnia angulata (Say) Forbes 2). * Bosmina (Sp. ?1). 
COPEPODA 1 (Diaptomus). 

POLYZOA Sp ? 1. 

A few seeds and blossoms of trees in 2. 

16. White Croppie. Pomoxys annularis, Raf. (9). Specimens taken 
in midsummer were feeding chiefly on the larvae of May flies. A number 
collected in March were distended with Ceriodaphnia angulata and larvae 
of may flies and dragon flies (Agrioninae). A small fish was found oc- 
casionally, and a few water bugs. 

FISHES 4. 

Etheostomatidae 1, Cyprinidae 1 (Luxilus analostanus), undetermined 
cycloid fish 1. 

INSECTS 8. 

COLEOPTERA | (larvae of Gyrindae). 

HEMIPTERA 1 (Corixa alternata, Say). 

NEUROPTERA 8 (Larvae of Ephemeridae 5, of Agrioninae 5). 

CRUSTACEA 5 (Entomostraca). 

Ceriodaphnia angulata, Say, 5. 

17. Croppies. Pomoxys, Sp. undet. (2). A cyprinoid minnow, a 
few spiders, a hemipter, and larvae of May flies. 

18. Common Sun Fish. Blue Sun Fish. Uepiopomus pallidus, 
Mit. (5). Almost wholly insects (many of them terrestrial.) A few mol- 
lusks and a little pond weed (Potamogeton). 

* See appendix. 
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INSECTS 4. 
LEPIDOPTERA 2 (Caterpillars). 

COLEOPTERA 5,—Carabidae 1 (Agonoderus pallipes), Gyrinidae 1 (larva), 
Scarabaeidae 1 (Aphodius inquinatus), Chrysomelidae 2 (Diabrotica 12— 
guttata and a Haltica ?). 

DIPTERA 2 (larvae of gnats). 

ORTHOPTERA | (Phaneroptera curvicauda, a Tettix and a cricket.) 

HEMIPTERA 3 (Corixa alternata 2, Arma ? 1). 
NEUROPTERA 2 (Larvae of Ephemeridae. ) 

ARACHNIDA 3. 

Spiders 2, Hydrachnidae (water mites) 1. 

MOLLUSKS, 2. 

Gasteropoda 2 (Physa, Planorbis). 

Also an earthworm, some Potamogeton, and a number of unrecognized small 
seeds. 

19. Blue-cheeked Sun-jish. Lepiopomus ischyrus, Nels, (1). Full of 
hornwort (Ceratophyllum demersum) and a polyzoan (Plumatella ?); also 
fragments of small bivalve shells, some small erustacea (Asellus, * Allorches- 
tes dentata, Sm., and Cypris, sp.) and a little mixed vegetable matter. 

20. Bream. Pumpkin Seed. Eupomotis aureus, Walb. (1). Sev- 
eral Aselli, univalve mollusks, and some unrecognized vegetable matter. 

PIRATE PERCHES. APHODODERIDAE. 

21. Western Pirate Perch. +Aphododerus isolepis, Nels. (3). The 
largest specimen (3 in. long) had eaten several Aselli, some larvae of dip- 
tera, a Corixa and another water-bug—apparently a Galgulus. The sec- 
ond in size (24 in.) contained only a small cycloid fish and several larvae of 
neuroptera. In the stomach of the smallest were several ostracoda (Cypris,) 
a larval Corixa and a few gnats. 

MAIGRES. SCIAENIDAE. 

22. Sheepshead. Haploidonotus grunniens, Raf. (7). Mollusks and 
larvae of May flies, with a few larvae of gnats. 

Unios 2, Planorbis 2, Limnea 1, Ephemeridae 6, diptera 2. 

*See appendix. 

+An observation of the intestines shows that one effect of the remarkable 
change in the position of the vent in this species is the lengthening of the alimen- 
tary canal and a consequent increase of the digestive surface. The intestine passes 
from its origin at the stomach first upward, then backward, then downward, reach- 
ing the ventral wall at a point about half way from the bases to the tips of the ven- 
trals. In the smallest specimens, it opens at this point. In the others, it turns 
forward along the middle line of tive belly, and opens at a point more or less to the 
front, according to the size of the fish, leaving a seam of naked skin behind. 
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STICKLEBACKS. GASTEROSTEIDAE. 

23. Brook Stickleback. TEucalia inconstans, Kirt. (1). Entomos- 
traca (Cyclopidae and Hurycercus), and many mulberry-like masses of eggs 
(mollusks *) 

SILVERSIDES, ATHERINIDAE. 

24. River Silverside. Wabidesthes sicculus; Cope. (5). Chiefly mi- 
nute crustacea (copepoda and cladocera). A few small diptera and larvae 
of small dragon flies. 

Cyclopidae 3, Daphniadae 3, (Bosmina,* Daphnia *), Lynceidae 1, 
(Kurycercus *), small diptera 3, larvae of Agrioninae 1. 

TOOTHED MINNOWS. CY PRINODONTIDAE. (7). 

Chiefly insects, aquatic and terrestrial; crustacea (amphipoda and 
cladocera), and gasteropod mollusks. 

25. Barred Killifish. Fundulus diaphanus, Le 8. (2). Planorbis 
and Pisidium, larvae of small diptera, Allorchestes, and cladocera of the 
family Lynceidae. 

26. Top Minnows. Zygonectes notatus, Raf, (3). Bones of a small 
fish. Several small winged hymenoptera, small wingless ants, a spring beetle 
(Elateridae), a few hemiptera, several diptera and diptera larvae and pu- 
pae, a small spider, Crangonyx gracilis, and a number of Daphniidae and 
Lynceidae (Kurycercus, &c.) 

27. Striped Top Minnow. “ygonectes dispar, Ag. (2). Physa and 
Planorbis, hemiptera and small diptera, and a few Lynceidae. 

MUD MINNOWS. UMBRIDAE. 

28. Mud Minnow. Melanura limi, Kirt. (2). Many water mites 
(Hydrachnidae), diptera larvae, Cypris, Planorbis, and fragments of unrecog 
nizable insects. 

PIKES. ESOCIDAE. (8.) 

Fishes of several families, and tadpoles. 

29. Northern Pike. sox lucius, L. (8.) Oaly fishes. The eight 
Specimens contained remains of 12 fishes, among which were a black bass 
(Ambloplites rupestris), and another ctenoid fish, a gizzard shad (Dorosoma), 
a toothed herring (Hyodon), 3 cyprinoids (1 Campostoma anomalum and 1 
Alburnops ?), an Ichthyobus and another large cycloid fish. 

*See appendix. 
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30. Little Pickerel. Esox salmoneus, Raf. (2.) A small fish and 

two tadpoles of frogs. 

MOON EYES. HYODONTIDAE. 

31. Yoothed Herring. Hyodon tergisus, Le 8S. (3). Numerous in- 
sects, including a bee, carabid beetle, some aquatic hemiptera, numerous 
larvae of Ephemeridae; a remarkable crustacean of which but a single 
specimen has hitherto been found in this country (Leptodora hyalina, * 
Lillj.); some rotten wood, elm seeds and other vegetable trash, evidently 
gathered from the drift-wood where one of the specimens had found its food. 

HERRINGS. CLUPEIDAE. (6.) 

32. Ohio Golden Shad. Pomolobus chrysochloris, Raf. (1.) <A 
small bony fish and a few fragments of insects. 

33. Gizzard Shad. Hickory Shad. Dorosoma cepedianum, Le S%., 
var. heterurum, Raf. (5.) Extremely dirty. Every stomach examined was 
at least half full of mud. The food was chiefly vegetable, consisting largely 
of algae and a few crustacea, such as would naturally be entangled in the 
vegetation eaten. The objects recognized were a few diptera larvae, Lep- 
todora hyalina, Cypris, Cyclops, masses of Chara, confervoid algae, desmids, 
and vast numbers of diatoms. 

MINNOWS. CYPRINIDAE. (15.) 

Time has failed for the examination of any sufficient number of this 
family, some of the most important genera having been omitted entirely. 
Enough has been learned, however, to show that these fishes live, some 
chiefly on aquatic vegetation (especially algae) and others on insects, of 
which small diptera and their larvae seem to constitute the greater part. 
The section whose teeth are not hooked probably eat vegetable food more 
largely than those with raptatorial teeth, no insects at all having been found 
in the intestines of the five specimens of that section examined.—I found a 
surprising amount of dirt in the intestines of these herbivorous minnows,— 
too much, I think, to have been taken incidentally. 

34. Stone Roller. Campostoma anomalum, Raf. (1.) Full of dirt 
and confervoid algae. 

35. Blunt-nosed Minnow, Uyborhynchus notatus, Raf. (3.) Full of 
dirt, with fragments of endogenous vegetation, confervoid algae, and many 
diatoms. 

36. Silvery Minnow. Hybognathus argyritis, Grd. (1.) Full of 
sand and an immense number of diatoms, with a few filaments of confervoid 
algae and fragments of other vegetable matter. 

*See appendix. 
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37. Red-jinned Shiner. Luxilus cornutus, Mit. (2.) Chiefly veg- 
etable. Fragments of unrecognizable insects, a mass of confervoid algae 
and parts of a netted-veined leaf. 

38. Silver Fin. luxilus analostanus, Gir. (3.) Insects of several 
orders and a few algae. 

39. Red Fin. Lythrurus diplaemius, Raf. (1.) A few small dip- 
tera. 

40. Emerald Minnow. Notropis atherinoides, Raf. (2.) Several 
small gnats, an unknown hemipter and a little vegetable matter. 

41. WSilver-mouthed Dace. Hricymba buccata, Cope. (1.) A few 
small larvae of diptera, much sand and indeterminable matter, partly 
vegetable. 

42. Common Chub. Semotilus corporalis, Mit. (1.) Many Ephemera. 
larvae and a larva apparently belonging to the Dytiscidae. 

SUCKERS. CATOSTOMIDAE. (24.) 

My observations on this family indicate that its food is chiefly animal, 
consisting principally of mollusks, insect larvae and entomostraca. It is 
not impossible that in this, as in some other cases, the proportion of veg- 
etable food is under-estimated, owing to the rapidity with which it is di- 
gested, as compared with the chitinous and calcareous coverings of arthro- 
pods and mollusks. The intestines of the family contain usually large 
quantities of mud. 

There seems to be a well defined difference between the food of the 
Catostominae (Red Horse) and that of the Bubalichthyinae (Buffaloes), the 
former group feeding much more freely on mollusks than the latter, and 
less generally on entomostraca. Of the eight Myxostomas examined, the 
principal food of each was small, thin-shelled Unionidae (Anodonta), — 
while no entomostraca at all were observed in them, and annulate worms 
(Naididae) were found in but two specimens. On the other hand, mollusks 
were found in only four out of fourteen carp and buffaloes (gasteropods 2, 
bivalves 2), and in these insignificant in quantity, while large numbers of 
entomostraca were noticed in twelve of the specimens. The intestines of 
many of the buffaloes were filled with a yellowish, shreddy, corpuscular 
fluid which I could only interpret as altered intestinal mucus and broken 
down membrane. The fishermen at Peoria report, however, that these fishes 
frequent the mouths of the gutters from the still-houses of which the river 
front is redolent, apparently feeding upon the distillery slops. 

43. Red Horse. Myxostoma macrolepidotum, Le 8S. (3.) Chiefly 
mollusks, (Unionidae, Physa, Planorbis.) A number of ringed worms (Nai- 
didae), fragments of Chara and endogenous vegetation, and much mud. 
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44. Golden Red Horse. Myxostoma aureolum, Le 8S. (2.) Chiefly 
mollusks, (Anodonta, Paludina), a few slender ringed worms (Naididae), 
much dirt and a little unrecognized vegetation. 

45. Myzostoma, sp. undet. (3.) Only mud and Unionidae. 

46. Chub Sucker. Eremyzon sucetta, Lac. (2.) Confervoid algae, 
diatoms, mud. 

47. Carp Suckers. Carpiodes, sp. (6.) I have found it quite im- 
possible to recognize the species of this genus with certainty by the descrip- 
tions extant, and until they have been revised prefer not to attempt to sep- 
arate them. 

Mollusca 1 (gasteropoda). 

Insecta 3 (Chironomus larvae). 

Crustacea 4, Cladocera 3 (Bosmina 1, Ceriodaphnia 1, Lynceidae 1), 
Ostracoda 2 (Cypris), Copepoda 3 (Cyclops 2, Canthocamptus 2.) Also 
nematoid worms 1, and various algae 2. 

48. Red-mouth Buffalo. Ichthyobus bubalus, Raf. (6.) Chiefly en- 
tomostraca, 

Mollusca 1 (Limnea ? ). 

Insecta 4 (larvae of diptera.) 

Crustacea 6, Cladocera 5, (Bosmina 4, Daphnia 2, Ceriodaphnia an- 
gulata 4, Lynceidae 2) Ostracoda 2 (Cypris), Copepoda 5 (Cyclops 5, Can- 
thocamptus 1). Also diatoms 1, and seeds and glumes of grasses 1. 

49. Black Buffalo. Bubalichthys niger, Raf, (2.) Larvae of gnats 
and May flies, Unionidae, Ceriodaphnia, Cyclops, a Lumbricus, diatom s, 
mud. 

CAT FISHES. SILURIDAE, (8.) 

Very miscellaneous feeders, eating both animal and vegetable food, the 
former the more freely. Bones and pieces of fish were found, evidently 
from too large animals to have been swallowed alive. Aquatic larvae of all 
kinds, worms, water bugs, mollusks (rarely), algae, stems and leaves of both 
exogens and endogens, masses of fine roots, with an occasional craw-fish 
make up the bill of fare. 

50. Common Channel Cat. Ichthaelurus punctatus, Raf. (6.) Bones 
and pieces of large fishes 3, fragments of bivalve mollusks (no shells) 1, 
land insects 1 (bees, plant bugs), aquatic larvae 6 (Dytiscidae, Agrioninae 
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and other dragon flies, May flies, caddis flies), water bugs, 1 (Corixa and 
Notonecta), vegetable matter 4, (algae, Naiadaceae, roots stems and leaves 
of various plants). 

51. Black Cat Fish. Amiurus melas, Raf. (2). Taken in small 
prairie creeks, McLean Co. Stomach of one was full of purely vegetable 
food, consisting chiefly of a mass of confervoid algae ; that of the other con- 
tained no vegetation, but exhibited fragments of various insects, some of 
them terrestrial, and remains of young craw-fishes and aquatic larvae. 

DOG FISHES. AMIIDAE. 

52. Dog Fish. Grinnel. Amia calva, L. (1.) <A single small spec- 
imen, 5 in. long, from 8. Ill., had eaten some Ephemera larvae, a few ostra- 
coda (Cypris) and some confervoid algae, with numerous diatoms, 

GAR PIKES. LEPIDOSTEIDAE. 

53. Broad-nosed Gar. lWepidosteus platystomus, Raf. Seven or 
eight specimens were opened, but the stomachs of all but one were entirely 
empty. This one contained a common river craw-fish, (Cambarus immunis, 
Hagen.) Is the gar a nocturnal feeder? 

SPOON-BILLED CATS. POLYODONTIDAE. 

54. Shovel Fish. Bill Fish. Polyodon folium, Lac. (5.) This is 
by far the most remarkable fish in our rivers, and is not iess remarkable in 
its food than its structure. By the fishermen it is supposed to live on the 
slime and mud of the river bottom. The alimentary canal of each of the 
five specimens examined was found full of a brownish, half fluid mass, 
which, when placed under the microscope, was seen to be made up chiefly 
(in one case almost wholly) of countless myriads of entomostraca, of nearly 
every form known to occur in our waters, including many that have been 
seen as yet nowhere but in the stomachs of these fishes. Mixed with these, 
in varying proportion, were several undetermined and probably undescribed 
species of water worms (Annulata), most of them belonging to the family 
Naididae. Sometimes as much as a fourth of the mass was composed of 
vegetable matter,—largely algae, but including fragments of all the aquatic 
plants known by me to occur in the waters of the Illinois, except Cerato- 
phyllum. Occasional leeches (Clepsine), water beetles (Coptotomus inter- 
rogatus Xc.), a few larvae of diptera and Ephemerae and water bugs (Corixa) 
were noticed. Among the crustacea several specimens of the remarkable 
Leptodora hyalina already referred to were found. 

I have not had time for anything more than a general examination of 
the mass of matter presented,—sometimes more than a pint from a single fish, 
—and cannot, therefore, give a list of the species. Curiously, very little 
mud was mixed with the food. 
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f 
4 
7 

4 
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The remarkably developed gill-rakers of this species thus receive their 
explanation. These are very numerous and fine, arranged in a double 
row on each gill arch, and are twice as long as the filaments of the gill. By 
their interlacing they form a strainer scarcely less effective than the fringes 
of the baleen plates of the whale, and probably allow the passage of the fine 
silt of the river bed when this is thrown into the water by the shovel of the 
fish, but arrest everything as large as a Cylops. The fish is said by the fish- 
ermen to plow up the mud in feeding, with its spatula-like snout, and then 
to swim slowly backward through the muddy water. Its mouth, it may be 
noticed, is very large, even for a fish. 

It is possible that this wholesale destruction of entomostraca may affect 
- the food supply of other and more valuable fishes, especially of the very 
young of the predaceous species. We cannot yet say, however, where the 
stress of the struggle comes in the life of any given species, and conse- 
quently are unable either to relieve or heighten it at will, or to perceive 
the full effect of the forces already at work. Fuller knowledge must pre- 
cede any but the most cautious and conservative recommendations. 

RECAPITULATION. 

A summary of the leading facts presented in this paper is given in the 
following table. The figures taken from left to right give, in a general 
way, the food of each family and species, and taken vertically show the 
fishes which eat any given kind of food. The line of totals will show some- 
thing of the relative importance to fishes as a class of the different food ele- 
‘ments. The figures in the table have the same use as those in the preceding 
list, showing the number of specimens of the given species found to eat the 
food mentioned at the head of the column. 

It will be seen that, estimated in this way, the most important kinds 
of food are insects, crustacea, plants, fishes and mollusks, in the order 
named. ‘These data apply entirely to adult fishes, however; if the young 
were also taken into account, crustacean food would doubtless be found 
more important. 

The best food fishes (‘fine fish” of the markets—Percidae, Labracidae, 
Centrarchidae, Hsocidae) are chiefly piscivorous, except the Centrarchidae, 
which are nearly omnivorous, but prefer insects. Scareely any fishes ex- 
amined, except some Cyprinidae, can be called strictly herbivorous, al- 
though the gizzard shad ( Dorosoma) is chiefly so, the animal food taken be- 
ing probably incidental. 

That the sheepshead, with its enormous crushing pharyngeals, should 
eat fewer mollusks than the red-horse, was scarcely to be expected, and may 
yet prove untrue. 

Cat-fishes are the only ones shown to be scavengers. The fishermen, 
however, attribute similar habits to sheepshead and buffalo-fish. 

Cyprinidae seem to be divided into two sections, corresponding to the 
shapes of the pharyngeal teeth, those without raptatorial hooks being her- 
bivorous. 

All these general statements ought, perhaps, to be put in the form of 
questions for future solution, since the number of specimens is too small and 
the space and time represented too limited to justify settled conclusions. 
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APPENDIX. 

ON THE CRUSTACEA EATEN BY FISHES. 

I have recognized the following genera and species of crustacea in the 
stomachs of the fishes of the preceding list, several of them being new to the 
state. The material afforded has been by no means exhaustively studied, 
and the list of species could probably be quadrupled. I have refrained 
from formal description of some species which are evidently new, preferring 
to wait for specimens in more perfect condition. 

Cambarus immunis, Hagen. 

This is the only craw-fish I have yet noticed in the stomachs of fishes, 
and this I have seen but once (in the short-nosed gar), unless young indi- 
viduals eaten by a small cat-fish (Amiurus melas) also belonged to this com- 
monest of our species. 

Allorchestes dentata, (Smith) Faxon. 

Specimens of Lepiopomus pallidus, taken in Crystal Lake, McHenry 
Co., in June, were feeding chiefly on this crustacean. It has also been 
found in the same species, in /. dschyrus and in Morone interrupta from the 
Illinois at Peoria. 

Crangonyx gracilis, Smith. 

The western form of this species (see Bull. No. 1, p.6) occurs abund- 
antly throughout central and southern Illinois. It is a very agile and vora- 
cious creature, behaving in a jar of entomostraca like a tiger in a sheep-fold. 
I have noticed that ponds in which it is at all common are nearly or quite 
destitute of Hubranchipus. The “handiness’’ with which it uses its anterior 
feet in feeding is quite amusing. I have found it eaten only by the Top 
Minnow ( Zygonectes notatus.) 

Asellus intermedius, Forbes. 

Eaten by Aphododerus from Union Co. A species of Ased/us described 
by Mr. O. P. Hay, in the paper following this, as A. militaris, has recently 
been collected in the Illinois River, and has been noted in the stomachs of 
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Lepiopomus ischyrus and Eupomotis aureus. Another form which, from its 
variability, I have not yet ventured to describe as distinct from intermedius, 
is very common in slow streams and fresh pools in McLean Co., especially 
in early spring, and has reached me also from La Salle Co., and from Wis- 
consin. Its size is equal to that of communis, and it differs from typical in- 
termedius also in the much more robust development of all its appendages, 
and in the large size of the second joint of the outer ramus of the second 
genital plates of the male. The form and proportions of these genital plates 
must be used with caution, howeyer, in describing species, as they evidently 
vary greatly. 

Leptodora hyalina, Lilljeborg. 

This extremely curious crustacean, which may be known by its peculiar, 
slender form (that of a true cross, the arms of which are the swimming ap- 
pendages), by its extreme transparency and by the single eye in the front 
end of its cylindrical head, has hitherto been observed in this country only 
by Prof. S. I. Smith, by whom a single specimen was dredged in L. Su- 
perior in 1871.* It evidently stands between the other Cladocera and the 
Phyllopoda in many respects, having no slight resemblance to a larval Hu- 
branchipus. 

It occurs in considerable numbers in Peoria Lake, a mere expansion of 
the Illinois River, the depth of which does not exceed eighty feet. Speci- 
mens taken in a small surface net, in June, 1877, were lost in transit, and it 
was not again seen until found in the stomachs of Polyodon, Dorosoma and 
Hyodon. (tis not at all certain that this is identical with the European 
species, all the specimens yet studied being too imperfect to decide this point. 

Eurycercus lamellatus, Muell. ? 

Specimens apparently of this species appear in the stomachs of fishes 
from Crystal Lake, McHenry Co., (Apeltes, Labidesthes, Fundulus) and 
also in shovel fishes from Peoria Lake. It is likewise common in ponds in 

McLean Co. 

Bosmina, sp. ? 

This genus belongs to a section of Dapniadae (Lyncodaphnia) dis- 
tinguished by the long and strong anterior antennae and by the reduced im- 
portance of the posterior pair. The former are tapering, curved and cylin- 
drical, (containing in our species about 14 slightly spinulose joints, with a 
tuft of bristles on the front of the third) and project from the front of the 
head like a bifid beak. Occurs in myriads in food of shovel fish, in carp, 
buffalo, &c., and in Labidesthes from Crystal Lake. 

Ceriodaphnia angulata, (Say) Forbes. 

Very abundant in central Illinois, (McLean and Rock I. counties), but 

* Invertebrate Fauna of L. Superior, p. 696. 
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not hitherto reported. The following is Say’s description, in Jour. Acad. 
Nat. Science, Phil., Vol. I, p. 440, 1818: , 

“D. angulata. Body viewed laterally, sub-oval, contracted before, 
gibbous above near the posterior edge, beneath ventricose in the middle ; 
back sub-ovate, acute behind and contracted before ; sides striate with nu- 
merous minute, parallel, obliqe lines. Hind edge of the body with a prom- 
inent angle in the middle, which is obtuse at tip; above the angle it is 
ciliated. Antennae, 4 filaments on the superior branch, and 5 on the in- 
ferior branch ; color white or red. Length 1, of an inch. Cabinet of the 
Academy. Very common in the stagnant marsh water of the forests of the 
Southern States.” 

In the Illinois specimens the head is marked off from the body by a 
dorsal indentation. The color is usually white. Found in the stomachs of 
carp, buffalo, sun-fish, &c. It constituted the principal part of the food of 
a number of croppies taken in April, from the Illinois R. The eggs be- 
neath the carapace were so numerous as to give an orange color to the 
whole mass of the food at this time. 

Daphnia pulex? UL. 

The species referred to by Prof. Smith, under this name,* is our com- 
monest Daphnia, occurring everywhere in immense numbers. It is eaten 
by Polyodon and by many small fishes. 

Daphnia galeata, Sars. 

A species probably the same as that figured by Prof. Smith in the paper 
already cited, was found in Crystal Lake,—a shallow sheet of water about 2 
miles long—and was eaten in numbers by the abundant little silversides 
(Labidesthes.) 

_ Canthocamptus illinoisensis, Forbes. 

This minute crustacean was frequently found in carp, buffalo and shovel 
fishes from the Illinois R. 

Diaptomus sanguineus, Forbes. 

In Pomoxys nigro-maculatus. Numbers of the genus unrecognizable 
as to species were observed in a variety of fishes. 

Many Cyclops and Cypris, the species of which I have not attempted to 
discriminate, occurred in fishes from all waters and of a dozen families. 

*Loce. cit. 



DESCRIPTION OF A NEW SPECIES OF 
ASELLUS. | 

By 0. P, HAY, 

Asellis militaris. (Sp. nov.) 

Length of male 17 mm., of female 11 mm. Color brown, ornamented 
with irregular shaped yellow spots, somewhat symmetrically arranged on 
each side of the median line. Feet and caudal stylets with a tinge of rose. 
Upper surface of the body covered with minute scattered hairs. All the 
free margins of the body abundantly furnished with slender spines; these 
longest on the lateral margin. Head narrow, only about one-half the width 
of the first thoracic segment; the anterior margin concave; antero-lateral angles 
obliquely truncated ; lateral margins diverging posteriorly, with a small 
outwardly projecting lobe at the posterior angle ; this lobe furnished with 
several short spines. Eyes comparatively smail. Anterior segments of 
thorax concave in front, convex behind: becoming less so to fifth segment, 
whose anterior and posterior margins are nearly straight. Sixth and sey- 
enth segments convex in front, concave behind, the concavity being deepest 
in the seventh. All the thoracic segments after the second about the same 
width; the second a little narrower than the succeeding segments ; the first 
about three-fourths as wide as the widest. Antero-lateral angles of first 
segment excavated and filled by the broad epimera. Second segment very 
slightly notched in front. In the succeeding segments this notch is pushed 
further back and becomes deeper, especially in the last three. As the notch 
becomes deeper, the antero-lateral angle is lengthened and turned back- 
ward. The epimera again make their appearance in the fifth, sixth, and 
seventh segments, only partially filling the lateral notches. Postero-lateral 
angles of all the thoracic segments rounded. 

Abdomen sub-orbicular ; width and length equal ; anterior and pos- 
terior angles quite well marked. Posterior margin excavated at insertion 
of caudal stylets, prolonged behind into a median lobe. This, in the male, 
reaches back scarcely one-third the length of the pedicel of the caudal sty- 
lets, but in the female about one-half the length of the pedicel. Width of 
abdomen less than that of any of the thoracic segments, except the first and 
second, about equal in width to second. Antennulee shorter than the pe- 
duncle of the antennze; basal segment short, a little curved and having a 
diameter nearly three times that of the next segment; second segment. 
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longer than the first; third sub-equal to the first. Flagellum equal to the 
_ peduncle and consisting of about twelve segments. 

First three segments of the antennz short; fourth as long as the three 
preceding; fifth as long as the second, third and fourth together ; flagellum 
long, reaching back three-fourths the length of the thorax, and consisting of 
about seventy-five segments. 

Right mandible with a single dentigerous lamella furnished with four 
obtuse teeth. Left mandible with two dentigerous lamellz, each with four 
obtuse teeth Palpus consisting of three segments ; the first clavate; the 
second widest in the middle, its inner margin being straight and its outer 
formed by two straight lines meeting at an obtuse “angle at the middle of 
the segment; last segment falcate, furnished with numerous plumose hairs 
along its outer concave margin. 

Palpus of maxilliped with five segments. The first very short. The 
second three times as long as the first and rather broader than long, with 
the inner margin straight and the outer curved. Third segment short, 
broadest just above the proximal articulation, becoming narrower distally. 
Fourth segment clavate and bent inward at the base. Last segment short 
and only half as wide as the preceding. All the segments provided with 
seattered hairs along their outer margin and crowded with similar hairs 
along the inner margin. 

Propodus of the first pair of legs in the male ovate, nearly two-thirds 
as wide as long; the palmar margin slightly convex, armed with a stout 
conical tooth in the middle, and at the posterior angle with another short ob- 
tuse one, surmounting a rough process of the body of the propodus. There 
are thus really two stout teeth on this margin. Dactylus with its claw 
reaching beyond the palmar margin, curved strongly, and armed with about 
fifteen teeth appressed towards the tip. 

In the female the first propodus is more slender, being one-half as wide 
as long. Palmar margin nearly straight and armed with several slender 
spines, and near the posterior angle with one moderately strong acute tooth. 
Dactylus long, curved, and armed with about eight teeth longer than those 
of the male. Dactylus terminating in a claw, which extends beyond the 
palmar margin. 

Anterior genital appendages of the male consisting each of two seg 
ments, the first three-fourths the length of the second, sub-quadrate, with 
four curved spines along the inner margin ; the second segment ovate, with 
an obliquely truncated extremity, which, as well as the adjacent parts of 
the inner and outer margins, is sparsely cilated. Posterior genital ap- 
pendages consisting each of a peduncle and two rami. The peduncle about 
as broad as long, outer margin straight, inner margin approaching the 
outer distally by a broad curve. Inner ramus navicular, notched at the 
distal extremity. Outer ramus bi-articulate ; first segment triangular ; sec- 
ond linguiform, twice as long as broad, with the outer margin and the lower 
portion of the inner margin furnished with long plumose hairs. Caudal 
stylets of the male as long as the abdomen ; the peduncle a little less than 
two-thirds as wide as long, expanding distally, where it is excavated for the 
insertion of the rami. The rami are ovate, moderately acute, width about 
one-third of the length; the outer ramus about two-thirds as long as the 
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inner, and both tipped with a brush of long hairs, and fringed with numer- 
ous sete: as are also the margins of the peduncle 

Caudal stylets of the female only two-thirds the length of the abdo- 
men, peduncle wider proportionally than in the male, and obtriangular. 
Rami more lanceolate in outline, scarcely a fourth as wide as long; the 
outer nearly as long as the inner, which is nearly a third longer than the 
peduncle. 

Found in large numbers in shallow pools of a slow prairie stream, near 
Abingdon, Knox county, Illinois. 

This fine large species is probably nearly related to Asellus intermedius, 
Forbes. It differs, however, from all the forms of this that I have seen, 
not only in its much greater size, but also in some other important respects. 
The head is much narrower in the present species than in intermedius. The 
abdomen is narrower in this than the species described by Prof. Forbes, as 
compared with the width of the thoracic segments. The thoracic segments 
in specimens of undoubted intermedius which I have, increase in width from 
the first to the last, while in A. militaris they are, after the second, of uni- 
form width. The two posterior segments in A. militaris are also much more 
deeply concave along their posterior margin than in the other species men- 
tioned. The propodus in the present species is broader than in intermedius, 
but I have specimens of an Ased/us from Prof. Forbes, which he provisionally 
regards as A. intermedius, in which the propodus is rather broader than in 
my species. The genital plates, however, differ much from those of A. mil- 
itaris. The plates, again, are, in militaris, almost exactly as in the typical 
specimens of intermedius. The doubtful forms of intemedius, however, differ 
from the present species in the width of head, abdomen, concavity of pos- 
terior thoracic segments and in the form of the caudal stylets. 

My thanks are due Prof. Forbes for specimens of his two forms of A. 
intermedius and for the use of microscope slides. 
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Siphonophora coreopsidis. Tuxos. 

Schizoneura panici. Tuos. 

Siphonophora acericola. Twos. 
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ON SOME INTERACTIONS OF ORGANISMS.* 

By S. A. FORBES. 

While the structural relations of living organisms, as ex- 

pressed in a classification, can best be figured by a tree,— 

the various groups, past and present, being related to each 

other either as twigs to twigs, as twigs to branches, or as 

branches to the main stem,—yet this illustration does not at 

allexpress their functional relations. While the anatomical 
characters of the various groups may show that they are all 
branches of a common stock, from which they have arisen 

by repeated divisions and continued divergencies, the his- 
tory of their lives will show that they are now much more 

intimately and variously bound together by mutual inter- 

actions than are twigs of the same branch,—that with re- 

spect to their vital activities they occupy rather the relation 

of organs of the same animal body. If fora type of their clas- 
sification we look to the vegetable world, for an illustra- 

tion of their mutual actions and reactions we must look to 
the animal world. The serious modification of any group, 

either in numbers, habits, or distribution, must modify, 

considerably, various other groups; and each of these must 
transmit the change in turn, or initiate some other form 

of change, the disturbance thus propagating itself in a far- 

extending circle. 
While the whole organic world, viewed as a living unit, 

thus differs from the single plant by the much greater in- 

*As details accumulated relating to the food of animals and similar 
subjects, it was found that a proper discussion of them would necessarily 
lead, step by step, to a full review of certain parts of the general subject 
of the reactions between groups of organisms and their surroundings, 
organicand inorganic. Without such a review, the facts can not be safely 
generalized, nor the conclusions clearly apprehended to which they 
point. It has therefore seemed best to prepare the way for the discussion 
of special subjects by this general discussion of the subject at large. 

The practical importance of this larger view is illustrated by the fact 
that if the current ideas of the value of parasitic and predaceous insects 
are accepted, we must condemn the bluebird to extermination as a pest; 
while if the conclusions of this paper are essentially sound, this bird is 
a very useful species and should he carefully preserved. 
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terdependence of its parts, on the other hand, it differs 
from the single animal in the fact that, notwithstanding 
this intimate and instant sympathy of part with part, it 
has an immense vitality. To cut off the leg of an ani- 

mal is often sufficient to destroy its life, but one might 
cut off the head of the animal world, so to speak, without 
seriously impairing its energy. Suddenly to annihilate 

every living vertebrate would doubtless set on foot some 
tremendous revolutions in the life of the earth, but it is 
certain that in time the wound would heal,—that Nature 
would finish by readjusting her machinery and would then 

go on much as before. In fact, any subkingdom of ani- 

‘mals or any class of plants might thus be struck out, with- 
out the slightest danger that terrestrial life would perish 

as a consequence. The functions of the missing member 

would be taken on in part by other members, and in part 
be rendered needless by new adjustments. 
We see many present illustrations of this fact, as in 

Australia, where there is but one native carnivorous ani- 
mal, and that probably not indigenous; in several Pacific 

islands where mammals are unknown; and in New Zealand 

and the Galapagos, where insects are extremely few and 

the flowers, therefore, chiefly colorless and odorless. We 
see, likewise, illustrations of the same truth in the condi- 
tions of vegetable and animal life in earlier geological pe- 

riods. Plants and insects, for example, existed together 

through vast periods of time when there were neither 

mammals nor birds on earth to supervise or regulate their 

relations. 
If this is true of such immense and revolutionary dis- 

turbances, it is all the more certain that this same spon- 

taneous action of natural forces must in time reduce the 
smaller disturbances of the primitive order caused every- 
where by civilized man, and must end by adjusting the 

whole scheme of organic relations to his interests as com- 

pletely as to the interests of any other species. It is also 
plain that if man understands clearly the disorders which 

arise in the system of Nature as a result of the rapid pro- 

gressive changes in his own condition and activities, and 
understands also the processes of Nature which tend to 
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lessen and remove these disorders, he may, by his own in- 

telligent interference, often avoid or greatly mitigate the 

evils of his situation, as well as hasten their remedy and 

removal. 

Some general notion of the original order of Nature, 
which obtains where civilization has not penetrated, will 
be needful for an understanding of the most important 

consequences of the modifications of that order which man 

brings to pass,—for an understanding of the relations of 

our own industrial operations and interests to the general 

laws and activities of the organic world under whose con- 
stant influence we must live and work. 

There is a general consent that primeval nature, as in 

the uninhabited forest or the untilled plain, presents a 

settled harmony of interaction among organic groups which 

is in strong contrast with the many serious maladjust- 
ments of plants and animals found in countries occupied 

by man. This is so familiar a fact that I need not dwell 

upon it, but will cite the reader to the generally accessi- 

ble ‘*‘ Introduction to Entomology,’’ by Kirby & Spence, 

for a sufficient statement of it. It will be more to my pur- 

pose to discuss the subject from a different standpoint. 

To determine the primitive order of Nature by induction 

alone requires such a vast number of observations in 

all parts of the world, for so long a period of time, that 

more positive and satisfactory conclusions may perhaps 

be reached if we call in the aid of first principles, traveling 

to our end by the a priori road. 
For the purposes of this inquiry I shall assume as estab- 

lished laws of life, the reality of the struggle for existence, 

the appearance of variations, and the frequent inheritance 

of such as conduce to the good of the individual and the 

species,—in short, the evolution of species and higher 
groups under the influence of natural selection. I shall 

also postulate, as an accepted law of Nature, the general- 
ization that the species is maintained at the cost of the indi- 

vidual,—that, as a general rule, the rate of reproduction 
is in inverse ratio to the grade of individual development 

and activity; or, as Spencertersely states this law, that 

‘*Individuation and Genesis are antagonistic. ’? Evidently 
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a species can not long maintain itself in numbers greater 

than can find sufficient food, year after year. Ifit is a phy- 
tophagous insect, for example, it will soon dwindle if it 
seriously lessens the numbers of the plants upon which it 
feeds, either directly, by eating them up, or indirectly, by 

so weakening them that they labor under a marked disad- 

vantage in the struggle with other plants for foothold, 
light, air, and food. The interest of the insect is therefore 
identical with the interest of the plant it feeds upon. 

Whatever injuriously affects the latter, equally injures the 
former; and whatever favors the latter, equally favors the 
former. This must, therefore, be regarded as the extreme 
normal limit of the numbers of a phytophagous species,— 
a limit such that its depredations shall do no especial harm 

to the plants upon which it depends for food, but shall re- 

move only the excess of foliage or fruit, or else superflu- 
ous individuals which must either perish otherwise, if not 
eaten, or, surviving, must injure their species by over- 
crowding. If the plant-feeder multiply beyond the above 
limit, evidently the diminution of its food supply will 
soon react to diminish its own numbers; a counter reaction 
will then take place in favor of the plant, and so on through 
an oscillation of indefinite continuance. 

On the other hand, the reduction of the phytophagous 

insect below the normal number will evidently injure the 
food plant by preventing a reduction of its excess of growth 
or numbers, and will also set up an oscillation lke the 

preceding, except that the steps will be taken in reverse 

order.* 
I next point out the fact that precisely the same reason- 

ing applies to predaceous and parasitic insects. Their in- 

terests, also, are identical with the interests of the species 
they parasitize or prey upon. A diminution of their food 

reacts to decrease their own numbers. They are thus vi- 
tally interested in confining their depredations to the ex- 

cess of individuals produced, or to redundant or otherwise 
unessential structures. It is only by a sort of unlucky acci- 
dent that a destructive species really injures the species 
preyed upon. 

*See “Principles of Biology,” by Herbert Spencer, Vol. II., pp. 397-478. 
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The discussion has thus far affected only such organisms 
as are confined to a single species. It remains to see how 
it applies to such as have several sources of support open 

to them,—such, for instance, as feed indifferently upon 

several plants or upon a variety of animals, or both. Let 

us take, first, the case of a predaceous beetle feeding upon a 

variety of other insects,—either indifferently, upon whatey- 

er species is most numerous or most accessible, or preferably 

upon certain species, resorting to others only in case of an 

insufficiency of its favorite food. 

It is at once evident that, taking the group of its food- 

insects as a unit, the same reasoning applies as if it were 
restricted to a single species for food; that is, it is inter- 

ested in the maintenance of these food-species at the high- 

est number consistent with the general conditions of the 

environment,—interested to confine its own depredations 

to that surplus of its food which would otherwise perish if 

not eaten,—interested, therefore, in establishing a rate of 
reproduction for itself which will not unduly lessen its 

food supply. Its interest in the numbers of each species 

of the group it eats will evidently be the same as its inter- 

est in the group as a whole, since the group as a whole can 

be kept at the highest number possible only by keeping 

each species at the highest number possible. 
If the predatory insect prefer some species of the group 

to others, we need only say that whatever interest it has 
in any species of the group, will be an interest in keeping 

up its numbers to the highest limit; and any failure in 

this respect will injure it in precisely the ratio of the value 
of that species as anelement of itsfood. It would be most 

injured by anything injuriously affecting the species it 

most preferred—the preferences of animals being, accord- 
ing to the doctrine of evolution, lke their instincts, in- 
herited tendencies toward the things which have proved 

beneficial to their progenitors. 

This argument holds for birds as well as for insects, for 
animals of all kinds, in fact, whether their food be simple 

or mixed, animal or vegetable, or both. It also applies to 

parasitic plants. The ideal adjustment is one in which 

the reproductive rate of each species should be so exactly 
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adapted to its food supply and to the various drains upon 

it that the species preyed upon should normally produce 

an excess sufficient for the species it supports. And this 

statement evidently applies throughout the entire scale of 
being. Among all orders of plants and animals, the ideal 
balance of Nature is one promotive of the highest good of 
all the species. In this ideal state, towards which Nature 
seems continually striving, every food-producing species 

of plant or animal would grow and multiply at a rate suffi- 

cient to furnish the required amount of food, and every 
depredating species would reproduce at a rate no higher 

than just sufficient to appropriate the food thus furnished. 

We must now point out how this common interest is nat- 

urally subserved,—how the mutually beneficial balance 
between animals and their food is ordinarily maintained. 

Exact adjustment is doubtless never reached anywhere, 

even for a single year. It is usually closely approached in 

primitive nature, but the chances are practically infinite 

against its becoming really complete, and maladjustment 

in some degree is therefore the general rule. All species 
must oscillate more or less. Even the more stable features 

of the organic environment are too unstable to allow the 
establishment of any perfectly uniform habit of growth 
and increase in any species. The most unvarying species 

will at one time crowd its boundaries vigorously, and, at 
another, sensibly recede from them. Thatsuch an oscilla- 

tion is injurious to a species may be briefly shown. The most 
favorable condition of a species is that in which its numbers 

are maintained at the highest possible average limit; and 

this, as already demonstrated, requires that its food sup- 
plies should likewise be maintained at the highest possible 
limit,—that the species should, in fact, confine its appro- 
priations to the unessential surplus of its food. But when 

the numbers of an oscillating species are above this aver- 
age limit, it will devour more than this surplus of its food,— 

its food supplies will be directly lessened. On the other 

hand, when the oscillating species falls below this limit, 

its food supplies, reacting, of course can not increase beyond 
the highest possible limit, but will reach it and there stop. 

The average amount of food will therefore be less than it 
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might be if the species dependent upon it did not oscil- 

late,—and, the food being less, the average number of the 

species itself must be smaller. Our problem is, therefore, 

to determine how these innumerable small oscillations, 
due to imperfect adjustment, are usually kept within 
bounds,—to discover the forces and laws which tend to pre- 

vent either inordinate increase or decrease of any species, 

and also those by which widely oscillating species are 

brought into subjection and reduced to a condition of pros- 
perous uniformity. We may know in general that such 

laws and forces are constantly at work, and that the ten- 

dency of things is towards this healthful equilibrium, be- 

cause we see substantially such an equilibrium widely 

established and steadily maintained through long periods 

of time, notwithstanding the great number and kaleido- 
scopic variability of the forces by which each species is im- 

pressed. But this idea will repay more detailed elucida- 

tion. We will notice, first, some of the checks upon inju- 

rious oscillations arising out of the laws of the individual 

organism, and afterwards those which are brought to bear 

upon it from without. 
It will at once be seen that, in any case, the maladjust- 

ments possible are of only two kinds,—the rate of repro- 

duction in the species must be either relatively too small 
or relatively too great. If it be relatively too small, if 

the species bring forth fewer young than could mature, on 

the average, under existing circumstances, whatever may 

be the oscillations arising, they will tend to disappear with 

the disappearance of the species. The average numbers 

of such a species being, in the most favorable event, less 

than they might be, it will be at a certain disadvantage 
in the general struggle for existence,—it will eventually 

yield to some more prolific species with which it comes in 

competition. If, for any reason, its rate of multiplication 

be or become too high, the law of the antagonism between 

individuation and genesis will constantly tend to bring it 

within the proper limit. Reproduction being more active 

than is necessary, the individual force and activity will 

be less than it might be,—the species will be at a disad- 

vantage in the search for food, and in all its other actiyi- 
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ties, as compared with other species more exactly adjusted, 
or, as compared with members of its own species which 
tend to a better adjustment. As soon as a better-adjusted 
competitor appears, the other must begin to suffer, and in 

the long course of evolution will almost certainly disap- 

pear. The fact of survival is therefore usually sufficient 

evidence of a fairly complete adjustment of the rate of 

reproduction to the drains upon the species. 

For the sake of illustration, let us take an instance—and 

the most difficult we can find for the application of these 

ideas,—the case of a caterpillar and its hymenopterous 

parasite. 

If the rate of increase of the parasite be relatively too 

great, that is, if more parasites are produced than can find 

places of deposit for their eggs in the bodies of the mere 

excess of caterpillars, some of them will deposit their eggs 
in caterpillars which would otherwise come to maturity,— 

that is the number of caterpillars will be gradually dimin- 

ished. With this diminution of their hosts the parasites 

will find it more and more difficult favorably to bestow all 
their eggs, and many of them will fail of development. 

The multiplication of the parasites will thus be checked, 

and their numbers will finally become so far reduced that 
less than the then excess of caterpillars will be infested 

by them, in which case the caterpillars will commence to 
increase in numbers, and so on indefinitely. Briefly, the 
excessive rate of increase of the parasite will keep up an 

oscillation of numbers in both parasite and host which 

will cross and recross a certain average line. 
Let us now look at the method by which Nature may 

check this injurious fluctuation. 
Let us suppose two groups of a parasitic species at work 

on the same species of caterpillar, of which one (A) is dis- 

tinguished by a tendency to an excessive reproductive rate, 

while the other (82) multiplies no faster than is consistent 

with the best interest of its host. A, producing more eggs 

than &, must either parasitize more caterpillars than J, 
or must deposit a greater number of eggs in each. It can 
not parasitize more caterpillars than £8, because this 
would require greater activity,—a higher individuation,— 
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and this is contrary to the law that individuation and gen- 

esis are antagonistic. Instead of being more active than 

B, it will then be less active, and will, therefore, deposit 
more eggs in each caterpillar. B, however, can not have 
acquired the habit of depositing too few eggs in each cater- 

pillar, as that would compel it to search habitually for a 

greater number of larve than necessary,—to have acquired, 

that is, a habit of wasting energy,—which is, as already 
said, contrary to evolution. A will, therefore, sometimes 

deposit too many eggs in a caterpillar, and will then 

either lose the whole deposit, or bring forth a weakened 

offspring, which will, in the long run, give way to the more 

vigorous progeny of B&B. This regular production of a 

wasted excess will constitute an uncompensated drain up- 

on variety A, which will end, like any other radical de- 

fect, in its yielding to its better-adjusted rival. 
Or if, notwithstanding the foregoing, we suppose this 

excessive reproductive rate to have become fully estab- 

lished, then the parasite-ridden species will evidently la- 

bor under such a disadvantage in the struggle for exist- 

ence that it will probably be crowded out, in time, by some 
more fortunate rival. If the pair are permanently ill-ad- 

justed, so that permanent loss of. numbers follows, they 

will be treated by the laws of natural selection as a single 
imperfect animal,—they will be pushed to the wall by 

some better-adjusted caterpillar and parasite, or by some 
insect free from troublesome companions. We may be 

sure, therefore, that, as a general rule, in the course of 
evolution, only those species have been able to survive 

whose parasites, if any, were not prolific enough sensibly 

to limit the numbers of their hosts for any length of time. 

We notice incidentally that it is thus made unlikely 
that an injurious species can be exterminated, can even 

be permanently lessened in numbers, by a parasite strictly 
dependent upon it,—a conclusion which remarkably dimin- 
ishes the economic role of parasitism. The same line of 
argument will, of course, apply, with slight modifications, 

to any animal or even to any plant dependent upon any 

other animal or any other plant for existence. 
From the foregoing argument we conclude that, since 
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the interest of a species of plant or animal and the interest 

of its ‘‘enemies’’ are identical, and since the operations 

of natural selection tend constantly to bring about an ad- 
justment of the species and its enemies which shall best 
promote this common interest therefore the annihilation 

of all the established ‘* enemies”? of a species would, as a 
rule, have no effect to increase its final average numbers. 
This being a general law, applying to all organisms, it is 
plain that the real and final limits of a species are the 

inorganic features of its environment—soil, climate, sea- 
sonal peculiarities, and the like. 

In treating of the external forces brought to bear upon 

‘an oscillating species to restrain its disastrous fluctuations, 

I shall mention only a part of the organic checks to which 

it is subject. 
It is a general truth, that those animals and plants are 

least likely to oscillate widely which are preyed upon by 

the greatest number of species, of the most varied habit. 
Then the occasional diminution of a single enemy will not 

greatly affect them, as any consequent excess of their 
own numbers will be largely cut down by their other ene- 

mies, and especially as, in most cases, the backward oscil- 
lations of one set of enemies will be neutralized by the 

forward oscillations of another set. But by the operations 

of natural selection, most animals are compelled to main- 
tain a varied food habit,—so that if one element fails, 
others may be available. Thus each species preyed upon 

is likely to have a number of enemies, which will assist 

each other in keeping it properly in check. 

Against the uprising of inordinate numbers of insects, 

commonly harmless but capable of becoming temporarily 
injurious, the most valuable and reliable protection is un- 

doubtedly afforded by those predaceous birds and insects 

which eat a mzxed food, so that in the absence or diminu- 
tion of any one element of their food, their own numbers 
are not seriously affected. Resorting, then, to other food 

supplies, they are found ready, on occasion, for immediate 
and overwhelming attack against any threatening foe. 

Especially does the wonderful locomotive power of birds, 

enabling them to escape scarcity in one region, which might 
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otherwise decimate them, by’ simply passing to another 

more favorable one, without the loss of a life, fit them, 

above all other animals and agencies, to arrest disorder at 

the start,—to head off aspiring and destructive rebellion 

before it has had time fairly to make head. But we should 

not therefrom derive the general, but false and mischievous, 

notion, that the indefinite multiplication of either birds 
or predaceous insects is good. Too many of either is nearly 

or quite as harmful as too few. 
And this brings us to the application of these principles 

to the interests of civilized man. We must note how the 

new forces which he brings into the field expend themselves 

among those we have been studying, and to what reactions 

they are in turn subjected. We must first see how far the 
primitive natural order of life lends itself to the supply 
of man’s needs, to the accomplishment of his purposes; 

and must determine, in a general way, where he may be 

content to leave it undisturbed, where he should address 

himself to its improvement, and where he is compelled to 

attempt wholly to set it aside, substituting artificial ar- 

rangements of his own, devised solely in his own interest. 

Some of Nature’s arrangements man finds himself una- 

ble to improve upon for his own benefit. No one thinks 

of cultivating the forest to hasten the growth of the wood, 
or of trimming the wild oak or the maple, or of planting 
artificially the nuts and acorns in the woods to increase 

the number of the trees. 

We are content to leave things there to go on essentially 

in the old way, merely anticipating the processes of nat- 
ural death and decay by removing the trees before they 

spontaneously perish, and glad if the revolutions of organic 

life which we set up in the country around do not pene- 

trate to the forest, visiting the leayesand trunks of the 

trees with the scourge of excessive insect depredations. 

Usually, however, we find the ready-made system of 

Nature less to our liking, and all our cultures are attempts 
to set it aside more or less completely. In the pasture and 
meadow, it answers our purpose to substitute other species 

for the grasses growing there spontaneously, and these 
adapt themselves easily to the circumstances which have 
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proved favorable to their native predecessors. But in the 

erain-field and fruit-garden the case is different. Not 

only do we bring in species often very unlike any aborig- 

inal vegetation and still further altered by long cultiva- 

tion, but we propose an end quite different from that for 

whose accomplishment all the arrangements of Nature 

have been made. 

According to the settled order, the whole economy of 

every fully-established plant and animal is directed to the 

production of one more plant or animal to take the place 

of the first one when it perishes. All the excess of growth | 
and reproduction is a reward to friends or a tribute to pow- 

erful enemies, intended to make only this one end secure. 

But man is not content with this. He does not raise ap- 

ple-trees for the sake of raising more apple-trees. He 

would cut off all excess not useful to himself, and all that 

is useful he would stimulate to the utmost, and appropri. 

ate to his own benefit. In carrying out this purpose he 

finds himself opposed and harassed at every step by rules 

and customs of the natural world established long ages be- 

fore he was seen upon the earth,—laws certainly too pow- 

erful tor him wholly to defy, customs too deeply rooted for 

him to overturn without the most complicated consequen- 

ces. And yet even here, we see that the primitive order is 

not an evil, it is simply insufficient. It is good as far as 

it goes, and must be carefully respected in its essence, 

however far it may be modified in detail. We find abun- 

dant reason for a belief in its usual beneficence and fora 

reluctance to disturb it without urgent necessity. 

At the best the disturbances we must originate will be © 

tremendous. Old combinations will necessarily be broken 
up and new ones entered into. As in a country undergoing 

a radical change in its form of government, disorders will 
almost certainly break out,—some of them fearfully de- 

structive and temporarily uncontrollable; but the general 
tendency towards a just equilibrium will make itself felt, 
and intelligent effort will mitigate some evils and avoid 

others. Without attempting to go into details,—which 

would be quite unnecessary for my purpose,—I will en- 
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deavor briefly to show the bearing of some of these ideas 
upon practical conduct. 

To man, as to nature at large, the question of adjust- 

ment is of vast importance, since the eminently destruc- 
tive species are the widely oscillating ones. Those insects 

which are well adjusted to their environments, organic and 

inorganic, are either harmless or inflict but moderate inju- 
ry (our ordinary crickets and grasshoppers are examples) ; 
while those that are imperfectly adjusted, whose numbers 
are, therefore, subject to wide fluctuations, like the Col- 
orado grasshopper, the chinch-bug and the army-worm, 

are the enemies which we have reason to dread. Man 

should then especially address his efforts, first, to prevent 
any unnecessary disturbance of the settled order of the 
life of his region which will convert relatively stationary 
species into widely oscillating ones; second, to destroy or 
render stationary all the oscillating species injurious to 
him; or, failing in this, to restrict their oscillations within 

the narrowest limits possible. 

For example, remembering that every species oscillates 

to some extent, and is held to relatively constant numbers 

by the joint action of several restraining forces, we see 
that the removal or weakening of any check or barrier is 

sufficient to widen and intensify this dangerous oscillation ; 

may even convert a perfectly harmless species into a 

frightful pest. Witness the maple bark-louse, which is so 

rare in natural forests as scarcely ever to be seen, limited 
there as it is by its feeble locomotive power and the scat- 

tered situation of the trees it infests. With the multiplica- 

tion and concentration of its food in towns, it has increased 
enormously, and if it has not done the gravest injury 

it is because the trees attacked by it are of comparatively 
slight economic value, and because it has finally reached 

new limits which hem it in once more. 

We are therefore sure that the destruction of any species 

of insectivorous bird or predaceous insect is a thing to be 

done, if atall, only after the fullest acquaintance with the 

facts. The natural presumptionsare nearly all in their favor. 

Itis also certain that the species best worth preserving are 

the mixed feeders and not those of narrowly restricted diet- 
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ary (parasites, for instance ),—that while the destruction of 
the latter would cause injurious oscillations in the species 
affected by them, they afford a very uncertain safeguard 

against the rzse of such oscillations. In fact, their undue 
increase would be finally as dangerous as their diminution. 

Notwithstanding the strong presumption in favor of the 

natural system, when we remember that the purposes of 
man and what, for convenience’ sake, we may call the pur- 
poses of Nature do not fully harmonize, we find it incredi- 
ble that, acting intelligently, we should not be able to 
modify existing arrangements to our advantage,—espe- 
cially since much of the progress of the race is due to such 

modifications made in the past. 
We should observe, in passing, that the principal general 

problem of economic biology is that of the discovery of 
the laws of oscillation in plants and animals, and of the 
methods of Nature for its prevention and control. 

For all this, evidently, the first, indispensable requi- 
site is a thorough knowledge of the natural order,—an in- 
telligently conducted natural history survey. Without the 
general knowledge which such a survey would give us, all 

our measures must be empirical, temporary, uncertain, 

and often dangerous. 

Next we must know the nature, extent, and most im- 
portant consequences of the disturbances of this order 

necessarily resulting from human interference,—we must 
study the methods by which Nature reduces these disturb- 
ances, and learn how to second her efforts to our own best 
advantage. 

But far the most important general conclusion we have 
reached is a conviction of the general beneficence of Na- 

ture, a profound respect for the natural order, a belief 
that the part of wisdom is essentially that of practical con- 

servatism in dealing with the system of things by which 

we are surrounded. 

Summary. 

The argument and conclusions of this paper may be thus 
briefly recapitulated :— 

We find a mutual interdependence of organic groups and 

SE ee 
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a modifiability of their habits, numbers, and distribution, 
which brings them under the control of man. We also see 
that, after the most violent disturbances of their internal 
relations, a favorable readjustment eventually occurs. 
Starting with the general laws of multiplication and nat- 

ural selection, it is first observed that every species of 

plant or animal dependent upon living organic food is in- 

terested to establish such a rate of reproduction as will, 
first, meet all the drains to which it is itself subjected, and 
still leave a sufficient progeny to maintain its own num- 

bers, and, second, leave a sufficient supply of its own food- 

species to keep them undiminished, year after year. That 

is, we find that the interests of any destructive plant or 

animal are identical with the interests of its food supply. 

This common interest of the organism and its organic 
food is continually promoted by natural selection, by which 

those that unduly weaken the sources of their own support 

are eventually crowded out by others with a better-adjust- 
ed rate of increase; but, because of the immense number, 
variability, and complexity of the forces involved, a com- 

plete adjustment is never reached. Whether the rate of 
multiplication of the food-producing species be relatively 

too great or relatively too small, the result is to cause an 
oscillation of numbers of both depredating species and its 

food. These oscillations of a species are both directly and 

indirectly injurious to it, and tend, in various ways, to 
diminish the average of its numbers, especially by lessen- 
ing the general average amount of the food available for it. 

By the operations of natural selection, therefore, widely 

oscillating species, thus placed at a marked disadvantage 

as compared with more stable ones, are either eliminated, 
or else reduced to order more or less completely. They tend 

to become so adjusted to their food supplies as to appro- 

priate only their surplus and excess. 
Hence, as a general thing, the real limits of a species are 

not set by its organic environment, but by the inorganic ; 

and the removal of the organic checks upon a species 

would not finally diminish its average numbers. 

Among the external checks upon the oscillations of spe- 
cies of insects, the most important are those predaceous 
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insects and insectivorous birds which eat a varied food, 
using most freely those elements of their dietary which 
are, for the time being, most abundant. 

When we compare the results of the primitive natural 

order with the interests of man, we see that, with much 
coincidence, there is also considerable conflict. While the 
natural order is directed to the mere maintenance of the 

species, the necessities of man usually require much more. 
They require that the plant or animal should be urged to 
excessive and superfluous growth and increase, and that 
all the surplus, variously and widely distributed in nature, 

should now be appropriated to the supply of human wants. 

From the consequent human interferences with the estab- 

lished system of things, numerous disturbances arise,— 

many of them full of danger, others fruitful of positive 
evil. Oscillations of species appear, not less injurious to 
man than to the plants and animals more directly involved. 
Indeed, most of the serious insect injuries, for example, 
are due to species whose injurious oscillations have result- 
ed from changes of the organic balance initiated by man. 

To avoid or mitigate the evils likely to arise, and to 
adapt the life of his region more exactly to his purposes, 

man must study the natural order as a whole, and must 
understand the disturbances to which it has been subject. 
Especially he must know the forces which tend to the re- 

duction of these disturbances and those which tend to per- 

petuate or aggravate them, in order that he may reinforce 

the first and weaken or divert the second, 

The main lesson of conduct taught us by these facts and 
reasonings is that of conservative action and exhaustive 

inquiry. Reasoning unwarranted by facts, and facts not 
correctly and sufficiently reasoned out, are equally worth- 

less and dangerous for practical use. 



THE FOOD OF FISHES. 
By S. A. FORBES. 

For a clear conception of the general and intricate inter- 

dependence of the different forms of organic life upon the 
earth, one can not do better than to study thoroughly the 

life of a permanent body of fresh water,—a river or small- 

er stream, or, better than these, a lake. The animals of 

such a body of water are, as a whole, curiously 7solated,— 

closely related among themselves inall their interests, but 
so far independent of the life of the land about them that 
if every terrestrial plant and animal were annihilated it 

would doubtless be long before the general multitude of 
the inhabitants of the lake or stream would feel the effects 

of this event in any very important way. 
Further, the greater difficulty of communication be- 

tween the different parts of a water system as compared 
with the different regions of the land, is such that the form- 
er are much the more sharply limited. There is very much 

less interchange of all kinds between two branches of the 
same stream, for example, than between the tracts of land 
which they separate. Consequently, one finds in a single 

body of water a far more complete and independent equi- 

librium of organic life and activity than in any equal body 

of land. It forms a little world within itself,—a micro- 
cosm within which all the elemental forces are at work and 
the play of life goes on in full, but on so small a scale as 

to bring it easily within the mental grasp. 

Nowhere can one see more clearly illustrated what may 
be called the senszbility of such an organic complex,—ex- 
pressed by the fact that whatever affects any species be- 

longing to it, must speedily have its influence of some sort 
upon the whole assemblage. He will thus be made to see 
the impossibility of studying any form successfully out of 
relation to the other forms,—the necessity for taking a 

comprehensive survey of the whole as a condition to a sat- 
19 
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isfactory understanding of any part. If one wishes to be- 

come acquainted with the black bass, for example, he will 

learn but little if he limits himself to that species. He 
must evidently study also,the species upon which it depends 

for its existence, and the various conditions upon which 
these depend. He must likewise study the species with 
which it comes in competition, and the entire system of 

conditions affecting their prosperity. Leaving out any of 
these, he is like one who undertakes to make out the con- 
struction of a watch, but overlooks one wheel; and by the 
time he has studied all these sufficiently, he will find that 
he has run through the whole complicated mechanism of 

the aquatic life of the locality, both animal and vegetable, 
of which his species forms but a single element.* 

In such a general survey of the plants and animals of a 

region, the study of their food relations will be found to 
afford an admirable objective point. Doubtless, of all the 

features of the environment of an individual, none affect 

it at the same time so powerfully, so variously and so in- 
timately as the elements of its food. Even climate, sea- 
son, soil, and the inorganic circumstances generally, influ- 
ence an animal through its food quite as much as by their 
direct action. It is through the food relation that animals 

touch each other and the surrounding world at the greatest 

number of points, here they crowd upon each other the 

most closely, at this point the struggle for existence becomes 

sharpest and most deadly ; and, finally, it is through the food 
relation almost entirely that animals are brought in contact 

with the material interests of man. Both for the student 

of science and for the economist, therefore, we find this sub- 

ject of peculiar interest and value. It, includes many of 
the most important relations of a species, and may prop- 

*I can not too strongly emphasize the fact—frequently illustrated, I 
venture to hope, by the papers of this series—that a comprehensive sur- 
vey of our entire natural history is absolutely essential to a good work- 
ing knowledge of those parts of it which chiefly attract popular atten- 
tion,—that is, its edible fishes, its injurious and beneficial insects, and 
its parasitic plants. Such a survey, however, should not stop witha 
study of the dead forms of Nature, ending in mere lists and descriptions. 
To have an applicable value, it must treat the life of the region as an or- 
ganic unit, must study it z action, and direct principal attention to the 
laws of its activity. 
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erly be made the nucleus about which all the facts of its 

natural history are gathered. 

In a paper on the food of Illinois fishes published in the 

second bulletin of this Laboratory, the subject was treated 

in a general and cursory way, the amount of material upon 

which that paper was based being insufficient for exact or 

detailed description. The favor with which that prelim- 

inary notice was received, has made it possible to under- 

take a more serious investigation; and this paper contains 

an account of the food of the Acanthopteri of the state 

which I believe to be nearly or quite sufficient for the stu- 

dent of science and for the practical fish-culturist. It is 

still necessary only to study the food of specimens under a 
half-inch in length, and to test the value of the general 
conclusions here reached, by occasional examinations of 
fishes taken from other waters at other seasons of the 

year. Among the results of this study, those relating to 

the food of the young are especially worthy of attention, 

and these have therefore been summed up separately. 

The explanation of certain structural conditions about 

the mouth, throat, and gills, has proceeded so far as to make 

it very likely that a number of definite general corre- 

spondences between structure and food will be made out, 

which will enable us to tell with considerable accuracy 

and detail what the food of an unknown fish must be, by a 

mere inspection of the fish itself; provided, of course, 

that we know what food is accessible to it in its habitat. 

It seems likely to prove to be a general rule that a fish 

makes scarcely more than a mechanical selection from the 

articles of food accessible to it, taking almost indifferently 
whatever edible things the water contains which its ha- 
bitual range and its peculiar alimentary apparatus enable 

it to appropriate, and eating of these in about the ratio 

of their relative abundance and the ease with which they 

can be appropriated at any time and place. If this is so, 

knowing the structure of a fish and the contents of a body 

of water, we shall be able to tell, a priori, what the fish 
will eat if placed therein. 

This is, in fact, the objective point of the present inves- 

tigation,—to arrive at a knowledge of the correlations of 
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structure and food habits sufficiently detailed and exact 

to make the tedious and difficult labor of examining the 
contents of stomachs unnecessary hereafter. Some gener- 
alizations of this sort are given in the following pages, and 
others relate to genera not included in this report. 

The method of this paper differs from that of the pre- 

vious one referred to by the calculation of the ratios of the 

different kinds of food for each species or group of indi- 

viduals. These ratios were obtained by averaging careful 

estimates of the relative amounts of the different food 

elements found in each stomach. 

It is proposed to follow a similar method hereafter down 

through the remaining orders of the class. Most of the 

material has been collected for this purpose, and much of 

it has been already studied. 

Order TELEOCEPHALI. 

Suborder ACANTHOPTERI. 

This suborder includes all Illinois fishes which have the 

anterior dorsal fin (where there are two) or the first rays 

of the dorsal (where there is but one) stiff, spinous, and 

sharp, and united by an evident membrane; excepting 
only the remarkable ‘‘brook silversides,’’ which is placed 

by Drs. Gill and Jordan in another group. It embraces 

all our game fishes except those belonging to the pickerel 

family (Hsocidw) and the salmon family (Salmonide). 
Its principal members are the darters, the various species 

of perch and bass, the sunfishes, and the sheepshead. For- 
ty-six species of the order have been collected in the state, 

but only thirty-four of these are common enough to form 
features of any importance in our fish fauna. 

The most numerous family of the group is the Centrarchi- 
de (sunfishes); the most important species are the two 
kinds of black bass, the pike-perch or ‘‘wall-eyed pike,’’ * 

*It is generally to be desired that the absurd names of “Salmon” and 
“Jack Salmon” for these species should be suppressed. They might as 
well be called suckers or catfishes or minnows, as far as accuracy is con- 
cerned. Common names are many times harder to kill than the cat of 
the proverb, however; and it is probable that unnumbered generations 
will continue to call the pike-perch “salmon”; the sunfishes, “perch” ; 
and the black bass, “trout.” 
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the common perch, the white bass, and the croppie or 

silver bass. 
The following account of the food of this suborder is 

based upon the careful microscopic study of the contents 
of four hundred and twenty-five stomachs, representing six 

families, twenty genera * and thirty-three species. 

These were all collected by myself or one of my assist- 

ants (Mr. W. H. Garman), and labeled at the time with 
name of species, locality, and date. While the northern 
half of the state is most fully represented, several trips to 

southern Illinois contributed to the material studied, and 
it is believed that the results arrived at are substantially 
true for our whole area. 

Family ETHEOSTOMATIDA. The Darters. 

What the humming-birds are in our avifauna, the ‘‘dart- 

ers” are among our fresh-water fishes. Minute, agile, beau- 

tiful, delighting in the clear, swift waters of rocky streams, 
no group of fishes is more interesting to the collector; and 
in the present state of their classification, none will better 
repay his study. Notwithstanding their trivial size, they 
do not seem to be dwarted so much as concentrated fishes 

—each carrying in its little body all the activity, spirit, 
grace, complexity of detail, and perfection of finish to be 
found in a perch or a ‘‘wall-eyed pike.”’ 

They are generally distributed, in suitable streams 

throughout the state; but we have found them much the 

most abundant in northern I[llinois,—in the upper Galena 

River, in Yellow Creek near Freeport, and in tributaries of 
the Kishwaukee at Belvidere. 

A short and strong minnow-seine of very fine mesh is 

needed in collecting them. Rapid hauls, made almost on 
the run, down stream, in swift and shallow water, will be 
found the most successful. Two or three species, of wider 
range, will be taken in ordinary situations, in collecting 

for minnows generally; but the brightest and most char- 
acteristic forms can only be got by special effort.+ 

*The classification of this paper is substantially that of Jordan's Man- 
ual of the Vertebrates of North America, etc., Ed. 2, 1878. 
+For a very entertaining and instructive account of these fishes, the 

reader is referred to papers in the American Naturalist, by Messrs. Jor- 
dan and Copeland, Vol. X., pp. 335-341, and Vol. XI., pp. 86-88. 
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I shall give here a description of the food of the family, 

based upon a study of the contents of seventy stomachs 

representing fifteen species, collected in all parts of Ilh- 

nois, in several months of four successive years. These in- 
dicate much more than their number would imply, since 
from those collected at each time and place, as many were 

commonly studied as were necessary to give a full idea of 

the food of the species then and there. The different in- 

dividuals from the same date and locality usually agreed 
so closely in food, that the study of from two to five gave 

all the facts obtainable from several times as many. The 

data here given, therefore, really exhibit the food of the 
family at different seasons in twenty-nine localities with- 

in the state. 
The genus Pleurolepis is comparatively rare in Illinois, 

as there are few of the sandy streams in the state, which 

it inhabits, Seven individuals were examined—four of 

P. pelluctdus and three of P. asprellus. The food of these 
specimens was remarkably uniform—the only elements 

found being the larve of small Diptera and ephemerids. 

Kighty-one per cent. of the food of all consisted of the 
larvee of Chironomus,*—a small, gnat-like insect,—twelve 
per cent. of the larve of other small Diptera, and the re- 
maining seven per cent. of ephemerid larve (May-flies). 

Twelve specimens of the genus Alvordius were studied— 

seven of maculatus and five of phoxocephalus. These rep- 
resented five different localities and dates. This isa lar- 

ger species than the preceding, and to this fact 1s probably 

due the predominance (seventy-five per cent.) in its food 

of the larve and pupx of May-flies (Ephemeride). These 

included four per cent. of the larvae of Palingenia bilineata, 
Say, one of the largest ephemerids in our streams. The 
remaining kinds were larve of dragon-flies (Agrionidze), 

four percent., larvee of Chironomus, seven per cent., Co- 

riva tumida, Uhl., thirteen per cent,, and Cyclops, one per 
cent. 

*The larvz of Chironomus are among the most important elements of 
fish food in our waters, appearing in abundance in the stomachs of the 
young of a great variety of species. They have been too little studied 
in this country to allow specific determination. ; 
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The genus Boleosoma, regarded by Dr. Jordan as the typ- 

ical darter, was represented by twelve specimens from 

eight localities—nine of maculatum, two of olmstedi and one 
of camurum.* These specimens show but slight food differ - 

ences from other darters of similar size, the only notable 

variation being the appearance of fifteen per cent. of case- 

worms (larve of Phryganeide). Sixty-six per cent. of 

the food was Chironomus larve, seven per cent. larve of 

other minute Diptera, and the remaining twelve per cent. 

was larve of small ephemerids, and a few Cyclops. 

I studied the food of two specimens of Pecilichthys va- 
riatus, four of P. spectabilis, and two of P. asprigenis— 
making eight of the genus, representing six localities. 

Fifty-eight per cent. of small larve of Diptera (forty-nine 

per cent. of Chironomus), thirty-two per cent. of larve 

and pup of small ephemerids, and ten per cent. of case- 

worms made up the entire bill of fare. 

Percina caprodes, the largest of the group, departs from 

all the foregoing species by the prominence given to crus- 

tacean food—thirty per cent. of Entomostraca and three 

per cent. of the smallest of our Amphipoda, A/lorchestes den- 

tata, (Smith) Faxon. Most of the Entomostraca were Cla- 
docera, including Daphnia, Eurycercus, and Daphnella.t 

Here occurred the only instance of molluscan food in the 
group. One specimen had taken a few individuals of An- 

cylus rivularis, Say. Reduced ratios of Chironomus and 
ephemerid larve, anda few Corixa tumida complete the 

list. 
Of Nanostoma zonale, less common than the others, but 

two individuals were examined, and these had eaten 

nothing but larve of small Diptera, including sixty-five 

per cent. of Chironomus. 

Six specimens of Ltheostoma fabellare var. lineolata, 

from four localities, had eaten sixty-one per cent. of Chi- 

*Boleosoma maculatum and B. olmstedi should undoubtedly be united. 
Specimens in the laboratory collection present the extremes of both 

forms, together with numerous intermediate stages of each character 

used to distinguish them. ees ; 

This whole group exhibits a surprising variability, perhaps due to its 

comparatively recent origin. ; ‘ R 

+Daphnella was found ina Percina from the Calumet River, at South 

Chicago, but not in condition to permit the determination of the species. 
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ronomus larve, twenty-seven per cent. larve of small 
ephemerids, and twelve per cent. of Copepoda (Cyclops). 

Boleichthys elegans, found only in the southern part of 
the state (three specimens examined), had eaten only dip- 

terous larve (thirty-seven per cent.) and ephemerid larve 

(sixty-three per cent.). This is a larger, heavier species 
than most of the others, and, therefore, like Alvordius, 
prefers ephemerids to gnats. : 

Last and least comes Microperca punctulata, represented 
by nine specimens from four localities in northern Illinois. 
This smallest of the darters shares with Percina, the largest, _ 

the peculiarity of a large ratio of crustacean food, which 
made up sixty-four per cent. of the total. The principal 

kinds were Cyclops, Chydorus, young Gammarus fasciatus, 
Say, and young Crangonyx gracilis, Smith. The remain- 

ing elements were Chironomus larve (thirty-four per cent.) 

and a trace of ephemerids (two per cent.). 

It will be seen that the family, taken as a whole, divides 
into two sections, distinguished by the abundance or defi- 

ciency of crustacean food. This is easily explained by the 

fact that Percina and Microperca range much more freely 

than the other genera, being frequently found among 

weeds and alge in comparatively slow water with muddy 

bottom, while the others are rather closely confined to swift 
and rocky shallows. 

In discussing the food of the whole group, taken as a 

unit, it may best be compared with the food of the young 

of other percoids. It is thus seen to be remarkable for 

the predominance of the larve of Chironomus and small 

Ephemeride—the former of these comprising forty-four 

per cent. and the latter twenty-three per cent. of the 

whole food of the seventy specimens. In young black bass 

(Micropterus pallidus), on the other hand, the averages of 
nine specimens, ranging from five eighths inch to one and 

a half inches in length, were, in general terms, as follows: 

Cladocera forty-two per cent., Copepoda seven per cent., 
young fishes twenty per cent., Corixa and young Notonecta 

twenty-nine per cent., and larval Chironomus only two per 

cent. The search for the cause of this difference leads nat- 

urally to an examination of the whole economy of these 
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little fishes, and opens up the question of their origin as a 

group. 

The close relation of the Etheostomatidz to the Percidz 

requires us to believe that the two groups have but recent- 

ly diverged, if, indeed, they are yet distinctly separate. 

We must inquire, therefore, into the causes which have 
operated upon a group of percoids to limit their range to 

such apparently unfavorable situations, to diminish their 

size, to develop unduly the paired fins and reduce the 

air-bladder, to remove the scales of several species more 

or less completely from the head, breast, neck, and ventral 

region, and to restrict their food chiefly to the few forms 
mentioned above. 

No species can long maintain itself anywhere which can 

not, in some way, find a sufficient supply of food, and also 
protect itself against its enemies. In the contest with its 

enemies it may acquire defensive structures or powers of 

escape sufficient for its protection, or a reproductive ca- 
pacity which will compensate for large losses, or it may 

become adapted to some place of refuge where other fishes 

will not follow. What better refuge could a harassed fish 

desire than the hiding-places among stones in the shallows 

of a stream, where the water dashes ceaslessly by with a 
swiftness few fish can stem? And if, at the same time, 
the refugee develops a swimming power which enables it 

to dart like a flash against the strongest current, its safety 

would seem to be insured. But what food could it find in 

such a place? Let us turn over the stones in sucha stream, 
sweeping the roiled water at the same time with a small 

cloth net, and we shall find larve of Chironomus and 

small ephemerids and other such prey, and little else— 

food too minute and difficult of access to support a large 

fish, but answering very well if our immigrant can keep 

down his size. Were the principles of of natural selection 

assert their power. The limited supply of food early ar- 

rests the growth of the young; while every fish which pas- 

ses the allowable maximum is forced for food to brave the 

dangers of the deeper waters, where the chances are that 

it falls a prey. On the other hand, the smaller the size of 

those which escape this alternative, the less likely will 
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they be to attract the appetite of the small gar or other 

guerilla which may occasionally raid their retreat, and the 
more easily will they slip about under stones in search of 

their microscopic game.* 
Like other fishes, the darters must have their periods of 

repose, all the more urgent because of the constant struggle 

with the swift current which their habitat imposes. Shut 
out from the deep still pools and slow eddies where the 

larger species lurk, they are forced to spend their leisure 

on or beneath the bottom of the stream, resting on their 

extended pectorals and anal, or wholly buried in the sand. 

Possibly this fact is correlated with the absenge or rudi- 

mentary condition of the air-bladder; as it is a rule with 
many exceptions—but still, probably, a rule—that this 
organ is wanting in fishes which live chiefly at the bottom. 

Doubtless the search for food has much to do with this 

selection of ahabitat. I have found that the young of near- 

ly all species of our fresh-water fishes are competitors for 

food, feeding almost entirely on Entomostraca and the lar- 
ve of minute Diptera.+ As a tree sends out its roots in all 
directions in search of nourishment, so each of the larger 

divisions of animals extends its various groups into every 

place where available food occurs, each group becoming 

adapted to the special features of its situation. Given 

this supply of certain kinds of food, nearly inaccessible to 
the ordinary fish, it is to be expected that some fishes 

would become especially fitted to its utilization. Thus the 

Etheostomatidz as a group are explained, in a word, by 

the hypothesis of the progressive adaptation of the young 

of certain Percide to a peculiar place of refuge and a pe- 

culiarly situated food supply. 

Perhaps we may, without violence, call these the moun- 
taineers among fishes. Forced from the populous and fer- 
tile valleys of the river beds and lake bottoms, they have 
taken refuge from their enemies in the rocky highlands 

*In Boleosoma, which is normally scaled in front of the dorsal fin, we 
often find the skin of this region bare in large specimens, and showing 
evident signs of rubbing. 

tSeveral of the Catostomid# (suckers) are an exception to this rule, 
feeding when young chiefly on alge and Protozoa. 

en 
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where the free waters play in ceaseless torrents, and there 

they have wrested from stubborn nature a meager living. 
Although diminished in size by their continual struggle 
with the elements, they have developed an activity and 

hardihood, a vigor of life and glow of high color almost un- 
known among the easier livers of the lower lands. 

The following table (see page 80) will facilitate a com- 

parison of the records of the different genera. The per- 

centages were obtained by estimating carefully the ratios 
of each element of the food of each individual, and aver- 
aging these ratios for all the individuals of a species. 

wt 

Family PERCIDA. The Perches. 

This family consists, in this state, of three species—the 

common yellow perch and the two species of pike-perch or 

‘*wall-eyed pike.’? I have examined the food of seventy- 
five specimens of this family, so distributed in time and 

space as to give a satisfactory idea of the usual food. 

PERCA AMERICANA, Schrank. THE Common PERcH. RINGED 

PERCH. 

This exceedingly well-known species is most abundant 
along the shores of Lake Michigan and in the small streams 

and lakes of the northeastern part of the state, becoming 

less common to the south and west. In the Illinois River 

at Peoria and Henry it occurs in limited numbers, but in 
southern Illinois disappears so completely that even its 

name (there generally pronounced ‘‘pearch’’) is trans- 

ferred toa different family, the sunfishes (Centrarchide). 

My knowledge of the food of this species is derived from 

the study of the contents of forty-nine stomachs, of which 

thirty were from adults and the remaining nineteen from 

fishes ranging from 43 inch to four inches in length. Ten lo- 

calities and as many dates are represented by these speci- 

mens. Some were taken in the Illinois River, others in Lake 

Michigan and its southern tributaries, and still others in Fox 

R. at McHenry, and in the lakes connected with that stream. 

One lot included in these notes was bought in the Chicago 

market. They were evidently of the river form of the 
species, and judging from the contents of their stomachs, 
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DETAILS OF THE FOOD OF THE ETHEOSTOMATID&, 
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which included a crustacean* not known to occur in Illinois 

but found abundantly in Michigan, I conclude that they 
were from that state or from Wisconsin. 

*Mancasellus tenax, Harger. 
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Food of the Young. 
Finding that the food of most fishes differs with age, I 

have grouped the young according to size, and averaged 

the food for each group separately,—the first group con- 

sisting usually of those under an inch in length, the second 
of those from one to two, ete. 

. Two perch under an inch in length had eaten nothing 
‘but Entomostraca—about equal quantities of Cyclops and 

Daphnias. It was not until the specimens reached an inch 
and a half in length that insects of any considerable size 

appeared in the food. A single smaller fish had eaten a 
a few minute larve of Chironomus, but otherwise the food 
at this age consisted wholly of Entomostraca. 

About thirty-four per cent. of the food of nine specimens 

ranging from 14 to two inches in length consisted of in- 

sects, and sixty-six per cent. of crustaceans. The only 

insects recognized were the larve and pupe of Chironomus 

(eleven per cent. ), small water-bugs,— Corixva tumida, Uhl., 

CO. alternata, Say, etc. (twenty-three per cent.),—and a 
trace of larve of May-flies (Ephemeride). The Crustacea 

were chiefly Cladocera and Copepoda—thirty-six per cent. 
and twenty-four per cent. respectively. Four of the nine 
had eaten small quantities of a small amphipod crustacean, 

Allorchestes dentata, which is very abundant north, and 
has, in fact, about the same distribution in the state as 

the perch itself. The Cladocera were chiefly Daphniide 

(twenty-seven per cent.), including Daphnia pulew, L., Si- 

mocephalus americanus, Birge, and Bosmina longirostris. 
Specimens of Chydorus and Pleuroxus made up the prin- 

cipal part of the nine per cent. of Lynceide eaten. The 

Copepoda were all Cyclops and Diaptomus. 

Four specimens two and a half inches long, all taken at 
Peoria, in November, 1878, had eaten nothing but Hemip- 
tera (twelve per cent.) and Neuroptera (eighty-eight per 

cent.). The Hemiptera were all Corixa alternata, and 

the Neuroptera were nearly all the extremely common 

larva of one of our most abundant May-flies (Palingenia 
bilineata, Say). Larve of small dragon-flies (Agrionini) 
made five per cent. of the food. The simplicity of the 

food of these specimens is probably due partly to the fact 
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that they were all caught at the same time and place, and 

partly to the wintry weather when they were taken. 

Four specimens, from three and a half to four inches 

long, representing two localities and dates, had eaten a 

ereater variety of articles, the food, in fact, now closely 

approaching that of the adult. Forty-five per cent. of the 

food was insects,—chiefly larvae of May-flies,—and fifty-_ 

five per cent. Crustacea—chiefly Amphipoda and Cladoc- 

era. Other insect elements were larve of Chironomus, 
six per cent., and four per cent. of Corixas. The Cladocera 

were all Daphnia, and the Amphipoda were Allorchestes 

dentata. A single specimen from Long L., near Pekin, 

Ill., had eaten an isopod crustacean (Asellus). Cypridide, 

another family of minute crustaceans, formed eight per 

cent. of the whole food of these specimens. 

Food of the Adult. 

The thirty mature individuals may best be treated in 

two groups, the first from streams and the second from 

Lake Michigan. 
Four of the first group were bought in the Chicago mar- 

ket, in March, 1880; six were taken from the upper Fox, 

in May; four were from Calumet R. at South Chicago, 

taken in August, 1878, and four were caught in October 

of that year, from the Illinois at Peoria. 

We notice, first, the entire disappearance of Entomos- 

traca, which are thus seen to be food proper to the young. 
We next observe the appearance of Mollusca (nineteen 

per cent.), which are evidently no insignificant food re- 
source of the species. Unio, Cyclas, Succinea, Physa het? 
erostropha, Say, and Valvata tricarinata, Say, are the mol- 
lusks recognized. Notwithstanding the lack of Entomos- 

traca, Crustacea are the most important resource of these 

river specimens, constituting forty-eight percent. of their 

food. Crawfishes (Cambarus) and our common little fresh- 

water shrimp (Palemonetes exilipes, St.) compose ten per 
cent. of the whole; the previously noticed Allorchestes 

amounts to fifteen per cent.; and species of Asellus, and 

Mancasellus tenax to twenty-three per cent. The Manca- 

celli were all from the specimens from the Chicago market. 
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Insects are also an important item,—amounting to twenty- 
four per cent., nearly all being the larve of Neuroptera,— 
May-flies (Ephemeride), dragon-flies and case-flies (Phry- 
ganeide). A single specimen from Peoria Lake had eat- 

en one small fish—a ‘‘darter’’ of the genus Peecilichthys. 

The second group, twelve specimens from Lake Mich- 

igan, presents a curious and instructive contrast in food to 
the foregoing. Mollusks and insects wholly disappear, 
and Crustacea are limited to the commonest crawfish of 

the lakes (Cambarus virilis, Hagen), which forms fourteen 
per cent. of the food. The remaining eighty-six per cent. 

consisted wholly of fishes, all minnows (Cyprinidz) so far 

as recognized except one, and that was some undeter- 

mined percoid,—probably itself a perch. 

It will thus be seen that the common perch has a food 

history of three periods,—the periods of infancy, youth, 

and mature age. In the first it lives wholly on Entomos- 

traca and the minutest larve of Diptera; in the second, 

commencing when the fish is about an inch and a half in 

length, it takes up first the smaller and then the larger 

kinds of aquatic insects in gradually increasing ratio, the 

entomostracan food at the same time diminishing in im- 

portance; and in the third it appropriates, in addition, 

mollusks, crawfishes and fishes,—in the lake specimens de- 

pending almost wholly on the last two elements. 

We have here the first instance of a fact which we shall 

see again and again illustrated,—that the young, having 

at first an alimentary apparatus too small and delicate to 

dispose of any insects but the minutest larve, live almost 

wholly on minute crustaceans. 
It is proper to note that the lake and river perch are by 

some good authorities regarded as separate species,—the 

latter being much more highly colored than the former. I 
have not found so strict a separation of the two forms as 

that described by Mr. E. W. Nelson, but have frequently 
taken both in the same haul of the seine in different parts 

of Calumet R. and in Lake George, Ind.—a body of water 
communicating with Lake Michigan by an outlet three or 
four miles long. Occasional pale specimens are also taken 

far from the lakes, in the Fox and Illinois rivers, The 
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difference in color is probably due partly to the smaller 

amount of light to which those inhabiting the deeper wa- 
ters of the lake are exposed, and partly to their pisciv- 

orous habit combined withthe comparatively few lurking- 
places afforded them. There is some evidence that fish 
food bleaches a fish directly, and a good deal that it does 

so indirectly, by increasing the importance of an incon- 

spicuous appearance. ; 

STIzZOSTETHIUM CANADENSE, Smith. Gray PIKE-PERcH. Sav- 

GER. ‘‘ JACK-SALMON. ”’ 

Fourteen specimens of this excellent fish were examined, 
all of which were from the Illinois R., ten taken in Octo- 
ber, 1878, one in June, 1877, and three in November, 1877. 
It is evidently a very destructive species. These speci- 

mens had eaten nothing but fishes. In three cases these 

were unrecognizable, and in two others I could only tell 
that they were Acanthopteri. Four of the remaining 
‘‘pnike”’ had eaten hickory-shad (Dorysoma cepedianum,) 
two had eaten catfish (Siluride) of which one was an Am- 
iurus, two had eaten sheepshead (Haploidonotus grun 
niens), and one had taken a black bass and some sunfish 
(Centrarchide). The presence in the stomach of one of 
these fishes, of a catfish of medium size, with its poisonous 
pectoral and dorsal spines unbroken, was a striking illus- 

tration of the gastric energy of this species. 

STIZOSTETHIUM VITREUM, Mitch. PrkEe-PERcH. W ALL-EYED 

PIKE. SAuMon.?? 

This is far the finest of our river fishes,—second to no 

fresh-water species except, possibly, some of the salmon 

family. It occurs in the great lakes, and throughout the 
state generally in the larger streams. It is a much larger 

fish than the preceding, not infrequently reaching a weight 

of twenty pounds. Certainly no fish of our waters is bet- 

ter deserving of attention than this. The only drawback to 

its increase is in its voracity; but, although it devours an 

immense number of other fishes, there is no evidence that 

it is wantonly destructive or that it eats more in propor- 

tion to its weight than the black bass. 
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Twelve of this species were examined, two of which 

were under three inches in length, and the others adult. 

Food of the Young. 

A specimen two inches long, taken in the Illinois R., at 
Pekin, June 2, 1880, had eaten only aminute fish. One, 

two and a half inches long, taken at the same place in 
June, 1878, had also eaten a small fish and a few Entomos- 

traca (Cyprididz aud Daphniide). The appearance of 

these Entomostraca in the food of a fish of this size, makes 
it altogether probable that Stizostethium, lke Perea, 
wholly depends on these minute Crustacea, when very 
young. 

Food of the Adult. 

The remaining specimens, taken from three localities, 

had eaten nothing but fishes, one-half of them only the 
hickory-shad or skip-jack (Dorysoma cepedianum). In one 

other specimen, this species was associated with a minnow 

(Cyprinidz), and in still another with a small sunfish with 
three anal spines (Centrarchide). One of the remaining 

stomachs contained only an unrecognizable fish, and the 

the other two contained Cyprinide, including the creek 

chub, Semotilus corporalis. 
The two species of this genus agree so closely in food 

that they may well be discussed together. Apart from 

their exclusively piscivorous habit, the most interesting 
fact shown is the importance of the hickory-shad as food 

for this fish. We shall find accumulating evidence that 

this shad, utterly useless for human food, is, notwithstand- 

ing, one of the most valuable fishes in our streams. Nev- 

ertheless, not the slightest attention is paid to its preser- 
vation, much less to its encouragement. The fishermen 

commonly regard these fishes asa mere nuisance, and leave 

them to die on the bank by hundreds, rather than take the 
trouble to return them tothe water. They are a very del- 

icate species, and are easily killed by rough handling in 
the seine, but the majority of those captured might be 

saved with a little care. 
The abundance of these fishes as compared with some 
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other species in the river might seem to indicate that they 

are common enough as it is. Few realize, however, the 
number of fishes needed to feed a pike-perch to maturity. 

Two or three items from my notes will furnish the basis for 

an intelligent estimate of this number. 

From the stomach of a Stizostethium canadense caught 
in Peoria Lake October 27, 1878, I took ten well-preserved 

specimens of Dorysoma, each from three to four inches 

long; and from a Stizostethium vitreum I took seven of 
the same species, none under four inches in length. As 

the Dorysoma is a very thin, high fish, with a serrate belly, 

these were as large as a pike-perch can well swallow; and we 

may safely suppose that not less than five of this species. 

would make a full meal for the pike-perch. The species 

is a very active hunter, and it is not at all probable that 
one can live and thrive on less than three such meals a 

week. The specimens above mentioned were taken in 

cold autumn weather, when most other fishes were eating 

but little; but, since fishes generally take relatively little 
food in winter, we will suppose that the pike-perch eats, 

during the year, on an average, at this rate per week for 

forty weeks, giving us a total per annum of six hundred 

Dorysomas destroyed by one pike-perch. We can not reckon 

the average life of a Stizostethium at less than three years, 

and it is probably nearer five. The smallest estimate we 

can reasonably make as to the food of each pike-perch would 

therefore be somewhere between eighteen hundred and 

three thousand fishes ike Dorysoma. A hundred pike- 

perch, such as should be taken each year along a few miles 
of ariver like the Illinois, would therefore require one hun- 
dred and eighty thousand to three hundred thousand fishes 

for their food. Finally, when we take into account that 
a number of other species also prey upon Dorysoma, and 

that the whole number destroyed in all ways must not 

exceed the mere swrplus reproduced,—otherwise the spe- 
cies would be extinguished,—we can form some approxi- 

mate idea of the multitudes in which the food species must 

abound if we would support any great number of preda- 

ceous fishes. Dorysoma, being a mud-eater and a vegeta- 

rian, taking animal food only during the entomostracan 

~ 
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period, can probably be more readily maintained in large 

numbers in our muddy streams than any other fish. . 

It is evident that the increase of edible fishes without a 

corresponding supply of food will be largely time and la- 

bor thrown away. Probably if protected from wanton 

and ignorant destruction, the Dorysoma would abound suf- 

ficiently, as it is enormously prolific. 

The following table is similar to that given for the pre- 

ceding family. The mark + is used to indicate the occur- 
rence of an element in too small an amount to figure in the 

ratios. 
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TABLE OF THE FOOD OF PERCID&£—Continued. 
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Family LABRACIDA. The Bass. 

We have but two species of this family, the white bass 

and the brassy bass ( Roceus chrysops and Morone interrup- 
ta). As far as their food is concerned, these are evidently 
equivalent species, agreeing closely in their general rela- 

tions, and differing only in their distribution. 
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Roccus curysops, Raf. Wuire Bass. 

This species is of medium abundance throughout the 
northern half of the state,—most common in Lake Michi- 

gan. <A curious fact of its distribution is its rarity in Fox 
River and the lakes connected with that stream. Indeed, 
during several days’ active collecting in this region we did 

not see a single specimen, neither could we hear of the 

occurrence of the species in those waters, although we 
made careful inquiry for it among experienced fishermen. 

My notes on its food relate only to eleven specimens, of 

which three, taken at South Chicago, in August, were 
young, but of unknown size. Two of these had eaten only 

Chironomus larve and the larve of a remarkable ephem- 

erid? not yet determined, and the stomach of the third 

contained only a minute fish. The remaining eight indi- 
viduals had depended chiefly on the larve of May-flies 
(sixty-nine per cent.). The other important articles of 

their food were twenty per cent. fishes (including one sun- 

fish—Centrarchida) and eight per cent. isopod Crustacea 

(Asellus). Several attempts to secure food from Lake 

Michigan specimens were unsuccessful, as, being taken in 

pound-nets, their stomachs were always empty. Those 

studied were from various interior situations in the north- 

ern third of the state. 

MoRoNE INTERRUPTA, Gill. STRIPED Bass. Brassy Bass. 

This fish replaces the preceding in the southern half of 

the state, the Illinois River forming a neutral zone be- 
tween the respective territories of the two species. 

The food of six specimens of this species was studied, all 
taken from the Illinois River from May to October. 

Four of these were young. The smallest, one and a 

fourth inches long, taken at Peoria, in June, 1878, had 
eaten about equally of small Dorysoma cepedianum and 

Entomostraca—forty per cent. Leptodora and ten per cent. 

Cyclops. One, an inch and a half in length, taken at the 

same time and place, had eaten only Dorysoma, with a 

trace of Cyclops. The next, one and five-eighths inches in 
length, had eaten a small undetermined fish and a few Daph- 
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nias. The fourth, one and seven-eighths inches long, 
caught at Peoria, in October, had eaten only larve and 
pupe of Chironomus. 

The two adult specimens were: feeding chiefly upon the 

larve of Neuroptera—especially May-flies. An A/d/or- 

chestes dentata and a few small grasshoppers also appeared 

in the food. 
It will be seen that this species apparently agrees closely 

with the preceding in its food. The large amount of crus- 

tacean food in the smallest specimen shows that we should 

probably find still smaller Labracida depending upon these 

as strictly as the Percide. 

Family CENTRARCHID. The Sunfishes. 

This interesting group, known, in some of its members, 

to every one who has ever seen a dozen fishes, is represented 

in Illinois by sixteen species, as the species of this family 

are now understood. The two black bass, included in this 

family for technical reasons, are, of course, the most im- 

portant species. The rock bass, the croppie and the com- 

mon sunfish (Lepiopomus pallidus), although not fishes of 
the first class, would be seriously missed if we were to lose 
them ; and boyhood in the country would be quite another 

thing if it were not for the ‘‘pumpkin-seed’’ in the mill- 
pond, whose barbaric splendor thrills the heart of the 

youthful fisherman as the more delicate beauties of the 
trout or salmon do those of tougher fibre. 

I have studied the food of thirteen species of this group, 

as indicated by two hundred and thirty-seven specimens, 

well distributed in time and area. 
Decided differences in food made out in the various gen- 

era, have been found to coincide with differences in a 
few structures about the mouth in such a way that one may 

predict, from an examination of these structures, what the 

leading peculiarities of the average food of any genus 

will be. 

MicropreRvUs PALLIDUS, Raf. LAr@k-mMouTHED Buack Bass. 

This famous species is too well known to require extended 

comment. The ordinary fishermen rarely distinguish it 
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from the following ; and, indeed, sportsmen do not always 

recognize the difference. 
I have examined the food of thirty-one specimens of 

this species, fourteen of which were adults, and the re- 

mainder young, of different ages. 

Food of the Young. 

The first group, consisting of five specimens under one 

inch in length (ranging from 3 to 2in.), represents three 

localities,—Crystal Lake, in McHenry county, the Illinois 

River at Pekin, Tazewell county, and the same stream at 

Starved Rock, in La Salle county. They were taken in 
June, July and August of three different years. It is evi- 
dent, therefore, that the common features of their food 
can not well be attributed to any other fact than their sim- 

ilar size. 
The entire food of these fishes consisted of small Crus- 

tacea,—all Entomostraca except seven per cent., eaten by 
a single fish, which consisted of the very young of some 

undetermined amphipod,—probably Allorchestes. Eighty- 

seven per cent. of the food was Cladocera, principally 

Bosmina longirostris, Mull. Simocephalus americanus, 
Birge, was also an important element; and traces appear 

of Chydorus, Pleuroxus and Hurycercus lamellatus. About 
six per cent. of Cyclops had been eaten. 

In the food of the next group—six specimens, from 14 

to 14 inches long—minute fishes and insects appear. The 

fishes (twenty-nine per cent.) were not large enough to 

determine. The insects (forty-six per cent.) were mostly 

young water-bugs (Corixa), the principal part of which 

were about half grown. The adults were all Corixa tumida, 
Uhl. The Entomostraca drop to twenty-five per cent., 

about equally Cladocera and Cyclops. Among the former 
were many specimens of Simocephalus americanus, and a 
few of the rare and curious Leptodora mentioned in a pre- 

vious paper.* The specimen in which this was found was 

taken at Peoria, in June, 1878. All of this group were 
taken from the Illinois River, but at different places and 
dates. Some, taken at the same place and time as others 

*See Bull. No. 2, Ill. State Lab. Nat. Hist., p. 88. 
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of the preceding group, differed from them in the smaller 

number of Entomostraca eaten, and the larger number of 

insects,—differences evidently only to be explained as due 
to the different sizes of the fishes. 

The next two specimens, between two and three inches 

long, had eaten only insects, chiefly Corixa tumida. 
Four specimens, ranging from three to three and a half 

inches in length, all taken from a lake in the Illinois River 

bottom, in October, 1879, had eaten nothing but insects,— 
almost wholly Corixas and the larve of May-flies (Ephe- 
meridz). The Corixas were C. alternata, Say, and C. tu- 

mida, Uhl. 
Food of the Adult. 

Turning to the food of the fourteen adults, we note the 

total disappearance of Entomostraca, the merely accidental 

occurrence of insects, the appearance of crawfishes ( Cam- 

barus immunis), which amount to seven percent. of the 

whole food, and the great predominance of fishes (eighty- 

six per cent.). These were of sufficient variety to show 

that no group is safe from the appetite of the bass unless 

it be the gar. 

Perch, minnows, catfish and hickory-shad were recogni- 

zable. The last were much the mostabundant, occurring 
in eight of the specimens, and constituting fifty-eight per 

cent. of the food of the whole number. They ranged 
from three to six in each stomach, and were from three to 

four inches long. It should be noted, however, that these 
were all eaten by fishes taken at the same place and time. 

A large mouse was found in the stomach of one bass from 
the Illinois River. 

We may generalize these data by saying that this black 

bass lives, at first, wholly on Entomostraca; that it com- 

-mences to take the smallest aquatic insects when about an 

inch in length, and that minute fishes appear in its diet 

almost as early. From this forward, the Entomostraca 
diminish in importance, and the insects and fishes become 
larger and more abundant in the food. The adults eat 
voraciously of a great variety of fishes,—especially the 

hickory-shad (Dorysoma),—and feed upon Se also 

to some extent. 
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MicRopTERUS SALMOIDES, Lac. SMALL-MOUTHED BLAcK Bass. 

This species, called also tiger bass, river bass, etc., is 
the black bass par excellence. It ranges, usually, in deeper 
and clearer water than the preceding; but both are often 

taken together. 

I have made full notes of the food of twenty-seven speci- 

mens—three adult and the others young. I had none of 

this species under an inch in length; but, judging from 

the general resemblance of the food of this and the pre- 

ceding bass at later ages, I do not doubt that this will also 

be found to feed at first on Entomostraca, although insect 
food is possibly more important to it from the beginning. 

Seven individuals, from one to two inches in length, 

were all taken in July from rocky ripples in the Fox River, 

at Dayton, Ill.,a few miles above the mouth of the stream. 
These had eaten only five per cent. of Entomostraca,—the 
whole remainder of the food consisting of insects, of which 

Corixa tumida, young and adult, and larvee of May-flies 
and darning-needles (Agrionidz) were the most impor- 

tant kinds. Four per cent. of the larve of Chironomus are 

worthy of notice. The scarcity of Entomostraca in the 
food of fishes as small as these is probably due to the situa- 

tion in which these specimens occurred, as few Entomos- 

traca are to be found in swift water. The same fact will 

account for the presence of Chironomus larvee,—found 
abundantly under stones in rapid streams. 

The next ten specimens, between two and three inches 
long, were taken in July, partly at the same place as the 
preceding, and partly from the Llinois River, a few miles 
below the mouth of the Fox. These differed from the 

smaller specimens chiefly in the appearance of fishes in the 

food (five per cent.) and in the absence of Neuroptera. 

Probably the last of these differences, at least, was acci- - 
dental. A few larvee of aquatic Coleoptera (Hydrophilidze 

and Dytiscida) were noticed. Oorixas, including C. tu- 
mida, Uhl, and C. signata, Fieb.,* amounted to eighty-two 
per cent. of the food. 

In those ranging from three to four inches in length 
(seven individuals), the fishes eaten rise to fourteen per 
cent., but the insects drop away to seven per cent., and 
*Determined by Mr. Uhler. 
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the Crustacea rise to seventy-nine. Here, however, dif- 

ference of locality interferes to prevent any satisfactory 

comparison with other ages,—as these specimens were all 

taken in August, from Calumet River, at South Chicago. 

This slow stream, clogged with Algz and a great variety 

of other aquatic plants in midsummer, also swarms with 

Crustacea,—especially the little Allorchestes dentata. This 

species made sixty-three per cent. of the food of these 

specimens; and an undetermined species of Asellus, four- 

teen percent. Afew Gammarus fasciatus were also found. 
The insects were Corixa and larvee of Agrionidee. 

It will be seen that, excepting the gradual increase of 

the number of fishes eaten, these data show no especial 

difference in the young of different ages. Smaller speci- 

mens and a larger number from a greater variety of situ- 

ations, would be necessary to exhibit this difference. 

The food of the young as a whole, apparently, does not 

differ essentially from that of the large-mouthed species, 

except in the probably greater importance of the insect ele- 

ment—especially Corixas, which in these twenty-four 

specimens amounted to fifty per cent. of the food—and the 

inferior importance of fishes. 

This peculiarity is expressed ina slightly different man- 

ner in the food of the adult. The three specimens exam- 

ined had eaten only fishes (Voturus favus and Percina 
caprodes) and crawfishes (Cambarus propinquus),—thirty- 
eight per cent. of the former and sixty-two per cent. of 

the latter. 
This is the first of several instances in which the ratio 

of fishes in the food of allied species and genera was found 
to correspond to the size of the mouth, being largest in 

those with the largest oral opening.* 

*The frequency with which these two species of black bass are con- 
founded makes it desirable that a single reliable character should be 
selected by which they can be invariably distinguished, whatever the 
age of the specimen. This character is afforded by the size of the scales, 
the small-mouthed species having the smaller scales. In this species 
there are eleven longitudinal rows of scales between the dorsal fin and 
the row of perforated scales running along the middle of the side, called 
the lateral line. In the large-mouthed species, there are never more 
than nine such rows. The young are easily distinguished by the longi- 
tudinal black stripe along the side of the large-mouthed bass, which is 
wanting in the young of the other species, 
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AMBLOPLITES RUPESTRIS, Raf. Rock Bass. 

This favorite and widely distributed species does not 

differ from the other fishes mentioned in respect to the 

food of the young. The smallest specimen examined, five- 

eighths of an inch long, contained only a few Cladocera 
(Pleuroxus). Another, three-fourths of an inch long, had 

eaten Daphnids (seventy-five per cent.), Cyclops (ten per 

cent.), and larve of Chironomus. A third, seven-eighths 
of an inch long, contained only minute fragments of a few 

larve of Neuroptera. These specimens were all taken 

from Fox River, in July, 1879. The remaining young of 

the year were living chiefly on Corixa (eighty-three per 

cent.), as were also the young of the year preceding (nine- 

ty per cent.), so far as could be judged from the food 

of two specimens, from three to four inches in length. 
Some land insects, ephemerids, water-beetles, and a few 

Allorchestes were also found in the food. 

Four adult specimens, taken at Ottawa, on the 8th of 

July, had eaten some minute fishes (fifteen per cent.), a 

few water-beetles, including TZropisternus limbatus, over 
forty per cent. of Neuroptera larve, and about thirty per 
cent. of small crawfishes. The Neuroptera included Baétis 

and other ephemerids (twenty per cent.), Agrionide and 

large Libellulidw, and fifteen per cent. of case-flies (Phry- 
ganeide ). Pond-weed (Potamogeton) found in two stom- 

achs, had probably been taken accidentally. 

CHANOBRYTTUS GuULOsUS, C. & V. WiIbE-MOUTHED SUNFISH. 

This fine species is among the commonest of the family 

in the lakes and ponds of southern Illinois, where it is 

commonly known as the ‘‘goggle-eye.”’ 
The northern limit of its range, sofar as known, is the 

Illinois River valley. In number and habitat it Pepincee 
in the south the Hupomotis aureus of the north; but this 
equivalence is only apparent, as the two species differ 
widely in food. From its size and abundance, it is no in- 

significant food resource. 

Food of the Young. 

My smallest specimens were from lakes in the Mississip- 
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pi bottom, near Bird’s Point, Missouri. Two of these, one 
inch long and under , taken in September, 1879, had eaten 

only Bosmina longirostris and Cyclops. Insect food first 

appears in specimens one and a half inches long. Eight 

specimens, between one and three inches long, six of which 
were taken froma lake in the Llinois bottoms, near Pekin, 
in October, 1879, and two from a lake in Kentucky, near 

Cairo, [linois, had eaten about forty percent. Entomostra- 

ca, thirty per cent. Neuroptera larva, and thirty per cent. 

Corixas and Diptera larve. Daphnia pulex, Simocepha- 
lus americanus, Bosmina longirostris, Chydorus, Pleuroxus 
and Cyclops, were among the Entomostraca. Coria al- 
ternata was found among the Hemiptera. Most of the 

Diptera (i. e., fifteen per cent.) were larval Chironomus. 

Food of the Adult. 

Six adults from rivers, streams and lakes in central and 
southern Illinois, show the usual change in food, carried 
farther than in the preceding species. Entomostraca dis- 

appear—except a few Chydorus in a single specimen—and 

fishes become the principal reliance, amounting to forty- 

seven per cent. of the food. Corixas, larvee of Palingenia 
bilineata, and some terrestrial Coleoptera—Anomala bino- 

tata—which made half the food of one specimen, are the 
remaining items. 

The especially piscivorous habit of this species is proba- 

bly related to the size of its mouth, which is much the 
largest among the sunfishes proper. A similar relation has 

already been noticed between the two black bass. 
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TABLE OF FOOD OF AMBLOPLITES AND CH#ZNOBRYTTUS. 

AMBLOPLITES, CHANOBRYTTUS. 
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APpoMOTIS CYANELLUS, Raf. BLUE-SPOTTED SUNFISH. 

This species, distributed throughout the state, is espe- 

cially abundant in central Illinois, where it is the com- 

mon fish of the ponds and smaller streams,—‘‘the sunfish”? 
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of the country schoolboy and the picnic party. It is the 
constant companion of the ‘‘bull-head’? (Amiurus) and 

‘shiner’? (Notemigonus) in the small stagnant ponds of 

the prairie regions, and of the ‘‘chub minnow”’ (Semotilus) 
in muddy creeks. It was found abundant with Centrar- 

chus, Aphredoderus and Amiurus catus, in the rapidly dry- 

ing mud-holes,* only a few feet across, left by the retreat- 

ing overflow of the Mississippi bottoms, in Union county. 

Food of the Young. 

The smallest of nineteen specimens studied, was one 

inch in length—taken in July, in a prairie pond near Nor- 

mal. Ninety-five per cent. of its food was Cyclops and 

three per cent. Daphnids. The trifling remainder con- 

sisted of a Corixa just hatched, and a Chironomus larva. 
Nine specimens, ranging from one to two and a fourth 

inches in length, vary so little in food that it is not worth 

while to treat them separately. These were taken from 

various ponds, streams and lakes in central Llinois. Their 
food was distributed quite generally through the various 

orders of insects and crustaceans accessible to them, show- 
ing the indifferent appetite of this fish and the general 

effectiveness of its collecting apparatus. 

Larve of Chironomus, Dytiscidez, Staphylinide, Corixas, 

Ephemerid larve, Decapoda, Isopoda, Cladocera, Cyprids 

and Copepoda were all found in considerable quantities in 

the food of these specimens. As usual, the most important 

insects were Corixas and May-flies,—sixteen per cent. of 
the former and twenty-nine per cent. of the latter. About 

eight per cent. of the food was Cladocera (Daphnia, Simo- 

cephalus, Pleuroxus, Chydorus). 

Food of the Adult. 

The eight adults, from northern and southern L[linois, 

differed from the young in the disappearance of En- 

*All the specimens taken from these holes, so muddy that the water 
was almost opaque, were of a peculiarly bleached appearance,—many-of 
them almost colorless,—a fact of interest relative to the laws of coloration 
among fishes, 
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tomostraca from the food, the larger size of the insects 

taken, and the appearance of fishes and crawfishes. 

Among the insects were a large Hydrophilus unknown 

to me, but nearly as large as H. triangularis, the larva of 

Corydalis cornutus, of Libellula and of some Ephemerid. 
The fishes composed about thirty-six per cent. of the food. 

The only recognizable specimens were a small Cyprinoid 

and a young buffalo-fish (Zchthyobus bubalus). Crawfishes 

and the river shrimp (Palemonetes) had been eaten by 
two of the specimens. 

LEPIOPOMUS PALLIDUS, Mit. Common SUNFISH. 

This abundant, hardy and voracious species, is found 

throughout the state, and may be regarded as the typical 

sunfish. It is most plentiful in the larger rivers in cen- 

tral Illinois, being replaced in ponds by Apomotis cyanel- 

lus. 
Consistently with its wide range and varied habitat, it 

is a general feeder for a sunfish,—peculiar only in the fact 

of its strictly non-predaceous character. Of forty-five 
specimens examined, only one had eaten a fish, and that 

one only a single small darter. 

Unditterentiated Centrarchide.—\ introduce here the 
food of six specimens of this family which were too small 

for determination. They were too deep for Micropterus, 
and as they had but three anal spines, could not have 

been Ambloplites or Pomoxys. They were probably Lep- 

copomus pallidus. All were taken from the Illinois Riy- 
er,—a part of them near La Salle, in July, 1879,—the 
others from Peoria, in June, 1878. 

The smallest (seven-sixteenths of an inch long) had 
eaten only Daphniide. The next in size (one-half inch) 
contained Oyclops (ninety-eight per cent.) and Chydorus. 

Nearly the whole of the food of the remaining four was 
Daphniide (ninety-four per cent.), including Daphnia 
pulex. 

Food of the Young. 

My smallest specimens, five in number, ranging from 

three-fourths of an inch to one inch, were taken in August, 
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September and October, at Pekin, Peoria and Mackinaw 

Greek, Woodford county. Neither locality nor date seems 

to have made any marked difference in their food, the 

principal elements of which were Entomostraca and Chi- 

ronomus larve—fifty-seven per cent. and thirty-seven 

per cent. respectively. 

A few water-spiders (Hydrachnide) and undetermined 

Amphipoda were the other items. The Entomostraca were 

all Cyclops (twenty per cent.) and Cladocera (Szmoceph- 

alus vetulus and americanus, Bosmina longirostris and 

Pleuroxus dentatus). 
Nine specimens, between two and three inches long, 

were caught at the same times and places as the preceding, 
except that one specimen from Mackinaw Creek was taken 

in June, and one taken in September was from Clear Lake, 
Kentucky. The greater size of these specimens was indi- 
cated by the appearance of a few Neuroptera larve in the 

food—eight per cent. In other essential respects, the food 

was like that of the foregoing group. One specimen had 

eaten largely of water-mites and another of Cyprids (fifty 

per cent.), and these elements have therefore greater prom- 

inence in the averages. Chironomus larve and Entomos- 

traca now sum up eighty-one per cent. 

In the third group of the young, consisting of seven fishes, 

between two and three inches long, the Chironomus larve 

remain about as before (thirty per cent.), Corixas appear 

(twenty-five per cent.) and Neuroptera larve rise to four- 

teen per cent. Entomostraca now fall away to a trifle, and 

larger percentages of Amphipoda appear. Single fishes 

had eaten the larve of a Gyrinid beetle, portions of the 

Polyzoan Pectinatella magnifica,* Leidy, and an earth- 
worm,—the latter probably nibbled from some fisherman’s 

hook. 

*This animal forms the large, translucent masses found in midsummer 
in the slow water along the margins of the Illinois River and elsewhere 
throughout the state, usually collected about a stick or a stem of a water- 
weed. They vary from the size of a walnut to that of half a bushel. 
The fragments were easily recognized by the peculiar form and armature 
of the winter eggs (statoblasts), which are discoidal and bordered with a 
row of slender double hooks, shaped something like an anchor, 
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These specimens were all from the Illinois River, in 

June, July, October and November. 

Food of the Adult. 

The twenty-four adults examined were from various 

parts of the state north of the center; and, as the food has’ 
been found to differ so widely according to the local sit- 
uation, I have treated them in three groups,—the first 

including those taken in the clear, inland, northern lakes; 
the second those from Calumet River, at South Chicago, 
and the shallow, muddy lakes of that vicinity, and the 

third those from the Illinois River from Ottawa to Peoria. 
The specimens from the northern lakes were taken in 

May and June. Sixty-two per cent. of the food consisted 

of Neuroptera,—eight per cent. being a black caddis-fly 

(Sialis infumata) and the remainder the larve of large 
dragon-flies (Libellulidw), Agrions (eleven per cent.) 

and Baétis (two per cent.). <Adlorchestes dentata was the 

next most important element (twenty-seven per cent.). 
A number of terrestrial insects besides Sialis appeared in 

the food. These included a Harpalid beetle, an Aphodius 

fAmetarius, and some grasshoppers (Tettigide, ete.). 

The second group of four, from Calumet River, and from 

Lake George, Indiana, was peculiar in the number of 

tetradecapod Crustacea and case-worms taken, and espe- 

cially in the amount of vegetation eaten. 

The Crustacea were Allorchestes (thirty-two per cent.) 

and Asellus (twenty per cent.). The vegetation was pres- 
ent in such quantities as to make it evident that it had 

been taken as food. It amounted to about a fourth of the 

contents of these stomachs. The stomach of one fish was 

packed with a piece of the stem of a plant (apparently a 

Scirpus) a third of an inch in diameter and six inches long. 

Three others contained smaller amounts of confervoid 

Alge. 

The fifteen specimens remaining were taken from the 

Illinois in May, July, August, October and November. 

Their food was especially noticeable for the presence of 

mollusks (sixteen per cent.), for the number and variety 

of land insects (fifteen per cent. ), and for the large amount 
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of vegetation it contained (thirty-one per cent.). A sin- 

gle small fish—the only one taken by these forty-five 

specimens—was also noticed. 

The mollusks included Planorbis, Physa, Amnicola and 

Vivipara. Among the insects, were ants, caterpillars, flies, 

Anisodactylus discoideus and other Harpalids, Aphodius 
inquinatus, wire-worms, minute curculios, Cryptocephalus 
4-maculatus, Diabrotica 12-guttata, Colorado potato beetles, 

flea-beetles, plant-bugs (Pentatomide), crickets (Nemo- 

bius), locusts, katydids (Phaneroptera curvicauda), grass- 

hoppers and case-flies.. - 

The vegetable food, as far as determined, consisted of 
Ceratophyllum, ais fexilis and confervoid Alge. Frag- 

ments of Polyzoa were noticed. Coptotomus interrogatus, 

Gyrinid larve,* Tropisternus limbatus and other Hydro- 
philide, larval and adult, a large Nepa, larve of Palin- 

genia bilineataand other May-flies, of Agrions and dragon- 
flies were among the aquatic insects taken. 

The Crustacea were limited to small crawfishes (two per 
cent.), a trace of Allorchestes, and a féw Aselli (four per 

cent. ). 
On comparing specimens from northern Lllinois with 

those taken from the Illinois River in the same month, I 
find that there are no common seasonal food characters, 
and that the differences of food are therefore due to differ- 
ence of locality and not to difference of time represented 
by the groups. Concerning the entire number of adults, 

we can therefore say that their food ranges through the 
whole list of the smaller mollusks, terrestrial and aquatic 
insects, and smaller crustaceans (above Entomostraca) ac- 
cessible in their localities, and that they feed largely on 
aquatic vegetation. A striking negative feature is the 

almost total absence of fishes in the food,—a fact which 
corresponds with the relatively small size of the mouth. 

*Several of these little-known larvz were found in the stomachs of 
this species,—some of them in suitable condition for description. 

Se 
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XENOTIS MEGALOTIS, Raf. LoNG-EARED SUNFISH. 

This little species is not at all common in the state, but 
has been taken by us from the middle course of Fox R., 
from tributaries of the Illinois R., and from ponds in Union 
county and southern Illinois. 

Unfortunately, the three specimens examined had not 
lately taken food, and only a very imperfect notion of their 

usual aliment can be given. Oorixa, Ephemerid larve, 
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Chironomus larve, the tube of a case-worm, a few fish- 
scales and an indeterminable aquatic beetle were the only 
objects found. 

XENOTIS PELTASTES, Cope.* 

This beautiful little fish, hitherto taken in this state 
only in very small number from Fox R., was found quite 

abundant in the ‘‘slip’? at South Chicago, in June, 1880. 
The three opened had eaten more larve of Chironomus 

than anything else (sixty per cent.). Next came sixteen 

per cent. of mollusks, then Allorchestes and Asellus, Co- 

rixa, Gyrinid larve and a few terrestrial larve (Chryso- 

melidze). The large percentage of Chironomus was proba- 

bly owing to the situation,—a foul and muddy little bay, 

serving as a harbor for fishing-boats. 

EUPOMOTIS AUREUS, Wahl. PUMPKIN-SEED. BREAM. 

This species swarms in the lakes and ponds of northeast- 

ern Illinois, but is much less abundant in the Illinois R., 

and in the southern part of the state is almost unknown. 

The cause of this limitation of its range is apparently cli- 

matic, as there is certainly nothing in its food, nor, appar- 

ently, in any of its habits, to exclude it from our southern 
waters. Indeed, I do not see that its place is taken by any 

other fish to the southward. No other, unless Aupomotis 
pallidus, resembles it in food, and this is too infrequent to 
replace it. My knowledge of its food is based upon the 
study of twenty-five specimens, ranging from one and one- 

half inches upward,.taken from the Illinois, Fox and Cal- 

umet rivers, and from Long, Crystaland Nipisink lakes 

and Lake George, in central and northern [Illinois and 
Indiana. The months of May, June, July, August and 

October are represented by these specimens. 

food of the Young. 

The nine smaller specimens, from one and one-half to 
two inches long, show at once two prominent peculiarities 

of the food. The larve of Chironomus compose fifty-one 

*It is considered doubtful, by Dr. Jordan, if this species and the pre- 
ceding are distinct. 
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per cent. of the food, and Entomostraca of the order 

Ostracoda (Cyprids), twenty-six. As both these are found 

most abundantly in muddy bottoms, it is evident that the 

fish is, at least at first, a bottom feeder. Traces of mol- 
lusks appear thus early, as well as a few Ephemerid larvee 

(five per cent.). The remainder of the food was insects’ 

eges and Daphnids,—chiefly Simocephalus americanus— 
(twelve per cent.). Chydorus was found in five speci- 

mens, but in too small quantity to figure in the averages. 

Five specimens were studied between two and three 
inches long. In these the same food characters continue, 
modified somewhat by the introduction of larger objects. 
The Chironomus larve stand at forty-four per cent., and 

the Cyprids at eighteen per cent. Fourteen per cent. of 

Allorchestes and eleven per cent. of Neuroptera larve are 

the only important elements remaining. Two per cent. of 

young Unios were noticed. Nearly half of the food of two 

larger specimens, between two and three inches long, con- 

sisted of mollusks,—chiefly Physa. A few Chironomi 

and about equal quantities of Ephemerid larve and Allor- 
chestes were all the remaining food. Entomostraca there- 

fore disappear at this point. 

Food of the Adult. 

Forty-six per cent. of the food of the nine adults consisted 

of Mollusea, including Planorbis, Amnicola and Valvata 

tricarinata, and six per cent. of undetermined bivalves. 
The insect food was twenty per cent. of the whole, Crus- 

tacea twenty-two per cent., and vegetation twelve per cent. 

Half of the last was Chara, and the remainder chiefly Myrio- 
phyllum and Alge. The Crustacea were all Allorchestes 

and Asellus. The insects included a trace of Chironomus 

larve and a few water-beetles (Hydrophilide), and the 
usual Neuroptera larve, among which case-flies of the’ 

genus Leptocerus were noticed. 

Not a trace of fishes was found in the stomachs of these 

specimens; and this fact, together with the large percent- 

age of molluscan food, constituted the leading alimentary 

peculiarities of the species. 
The first of these is doubtless related to the small mouth, 
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a 

—the second tothe stout, blunt pharyngeal teeth—a char- 

acter used in defining the genus. In all the preceding 

_species the pharyngeals are set with more slender, pointed 

teeth. ; 

Evupomotis PALLIDUS Ag. PALE SUNFISH. 

Having but few specimens of this rather uncommon 
species, I have examined the food of but one,—enough to 

indicate that it probably agrees closely with the preceding 

species. 

This fish, taken in Clear Lake, Ky., had eaten largely of 

small Mollusea,—young Unionidz, Planorbis, Amnicola, 
etc. These amounted to seventy-five percent. of the food. 

The remaining elements were Chironomus larve, several 

small water-beetles, (Hydroporus hybridus, Cnemidotus 
12-punctatus, and Haliplus, sp.), an unknown aquatic pupa 

and a little pond-weed. 

CENTRARCHUS IRIDEUS, Lac. 

This little species is found in considerable numbers in 

ponds and streams in the southern hill-country of Illinois. 

My specimens, all taken in July, are from ponds and 

streams in the Mississippi bottoms in Union and Jackson 

counties, and from Cache R. and its tributaries in Johnson 
county. 

Five of the young, from three-fourths of an inch to an 
inch in length, had eaten seventy-one per cent. of Ento- 

mostraca and twenty-one per cent. of larve of Chironomus 

and, for the rest, about equal quantities of Ephemerid 

larve and young Allorchestes, with a trace of water mites 
(Hydrachnide). 

Thirty-eight per cent. of the food was Cyclops; Cyprids 
amounted to twenty-one per cent.; and twelve per cent. 

of Simocephalus completed the ratio of Entomostraca. 

The smallest specimen, three-fourths of an inch long, had 
eaten sixty per cent. Simocephalus and forty per cent. 
Cyclops. . 
About a fifth of the food of one specimen, an inch and 

an eighth in length, consisted of minute young Corixas, 

the remainder being about equally Cyclops and Cyprids. 
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Only two specimens were examined which could be 
classed as adults,—one three and a fourth inches long, the 
other smaller. These indicate that the food of full-grown 

individuals differs from that of the young chiefly in the 
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addition of considerable quantities of terrestrial and 

aquatic insects. . 

The gill-rakers of this species are numerous, long and 
slender,—a fact reflected in the food. Fifteen per cent. 
of the contents of the stomach of the largest specimen con- 

sisted of Cyclops and five per cent. of Chironomus larve. 
Consistently with the small mouth and pointed pharyngeal 

teeth, no traces of fishes or mollusks were found in the 

food. 

PoMOXYS NIGROMACULATUS, Lac. Brack Cropprg. LAKE 
Croppre. SiivER Bass. Burrer Bass. 

PoMOXYS ANNULARIS, Raf. Wuite Oroppre. TIMBER OROop- 

PIE. SILVER Bass. 

These two species, often not distinguished even by ex- 

perienced fishermen, agree so closely in food that I have 

not thought it worth while to treat them separately. In 

the Illinois and Mississippi rivers they are much the most 

valuable and important of the family, excepting the black 

bass. They are nowhere else so abundant in the state, 
although occurring in the larger rivers generally and in 

the Great Lakes. The first species is commonest to the 

north, and the second southward, so far as my observation 

goes. In the Illinois, they are about equally abundant. 

These fishes are everywhere great favorites, and rank 

among the most important and promising of our smaller 

species. They are rarely found in creeks or small ponds, 

but seem to require deeper water for their maintenance. 
The gill-rakers of this species are numerous, long, and 

finely toothed, constituting the most efficient straining ap- 

paratus to be found among the sunfishes. The pharyngeal 

teeth are sharp, and the mouth is rather wide and consid - 
erably enlarged by the lengthening of the lower jaw. 

Consistently with the hypothesis concerning the mean- 

ing of the gill-rakers which I had already formed from a 

study of the preceding species, before I- came to this, I 
found that the young continued to feed almost exclusively 

upon Entomostraca much longer than the other sunfishes. 

Six specimens between three and four inches long, had 

eaten little else than Entomostraca and the larve of mi- 
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nute Diptera (Chironomus and Corethra). Even full-grown 

specimens were found eating Cladocera more freely than 

any other food. As might be inferred from the pharyn- 

veals, not a trace of molluscan food was found in the forty- 

two specimens examined, while fishes formed nine per cent. 

of the food of the twenty-seven adults. Most of these were 

eaten late in the season, when Entomostraca and insect 

larvee became less abundant. 

Food of the Young. 

The smallest specimen, three-fourths of an inch long, 
had eaten about equal quantities of Cyclops and Simoceph- 

alus, with only a few Pleuroxus beside. Three, an inch 
long and under, had confined their food entirely to Ento- 
mostraca and Chironomus larve,—the latter forming about 

a fourth of the whole. <A third of the Entomostraca were 

Cyclops, the remainder chiefly Simocephalus. 

Six specimens between one and three inches long, dif- 

fered especially in the introduction of about eighteen per 
cent. of Corixas and three per cent. of small Ephemerid 

larve. Chironomus larvee were reduced to seven per cent. 

The Entomostraca were about equally divided between Cy- 

clops and Cladocera. One specimen taken in July, 1879, 
from the canal near Ottawa, had taken a large number of 

Daphnella. 

Six specimens between three and four inches long were 

examined. Eighty-three per cent. of their food was En- 

tomostraca, about three-fourths of this amount being Cy- 

clops, and the remainder nearly all Simocephalus. Twelve 
per cent. of larve of Chironomus and Corethra, three per 
cent. Corixas and two per cent. larve of small Ephemerids 

were the insect elements. Chydorus, Pleuroxus and Cypris 

were present in small numbers. 

These fifteen young, agreeing so closely in food, irre- 

spective of size, were nevertheless from a variety of situa- 

tions and dates. All were from the Illinois River, its lakes 
and tributaries, from Ottawa to Pekin, but ranged in time 
from June to October of three different years. 

Six were P. nigromaculatus, seven were P. annularis, 

and two were not identified specifically. 
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Food of the Adults. 

An examination of the notes on the twenty-seven adults 

shows material differences of food at different parts of the 

year. As all but one were taken from the Illinois River, 
I have not the means of noting the correspondence of food 

with locality. 

Five specimens taken at Peoria, in March, were found 

feeding most freely upon Cladocera, which composed fifty- 

five per cent. of their food. These were chiefly of the two 

species Simocephalus vetulus and S. americanus. These 
little Entomostraca were taken at that time in such quan- 

tity as visibly to distend the stomach when seen from the 

outside, and the immense number of their eggs gave a red- 

dish color to the contents of the alimentary canal. The 

larve of Neuroptera, both ‘‘ darning-needles ”’ and May- 

flies (Palingenia), were also eaten in considerable num- 

bers (thirty-nine per cent.). A small Hybopsis, a little 
darter (Loleosoma maculata) and an unrecognizable fish 

were found in these stomachs, making about six per cent. 

of the food. Only trivial numbers of Entomostraca appear 

after this time. 

Nine specimens, taken in April, likewise at Peoria, were 
feeding chiefly upon Neuroptera larve (eighty-six per 

cent.), especially upon that almost invaluable element of 
fish food, the larve of Palingenia bilineata (sixty-six per 

cent.). A few larve of Gyrinide and Dytiscidz were noted 

(three per cent.), and a few Corixas also. A Gammarus 

fasciatus and a little Ceratophyllum, ete., were noticed; 
and also the flower of an elm and the feather of a bird. 

A single specimen from Pistakee Lake, in McHenry coun- 
ty, taken in May, gave evidence of a similar reliance upon 

Neuropterous larve (eighty-five per cent. ). Here, however, 

in the absence of Palingenia, Agrions and the larger dragon- 

flies were resorted to. A little vegetation had been taken 

with these (Ceratophyllum demersum and Lemna trisulca 
ten per cent.), probably by accident, as this lake was full 
of aquatic plants, and it would hardly have been possible 

for a fish to catch living food from the water without get- 

ting more or less vegetation at the same time. A single 

Hymenopter,—the only land insect found eaten by this 
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species,—was taken from thisstomach. A specimen taken 

in June at Peoria had eaten about equally of minute unrec- 
ognized fish-fry and Palingenia larve. One caught at Ot- 
tawa, in July, had eaten only insects,—Corixa twenty-five 
per cent., Palingenia larve seventy-five per cent. 
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Five croppies from Peoria, in October, 1878, and five 

from Henry, thirty miles above, in November, 1877, indi- 

cate that the autumnal food of the species is again differ- 
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ent. These had eaten, respectively, thirty-nine per cent. 

and twenty-eight per cent. of small fishes,—partly Cyprin- 

idz and partly undetermined Acanthopteri. The remain- 
der of their food was composed chiefly of Palingenia larve. 
One October specimen had eaten two larve of the large ‘‘hel- 

gramite,’? Corydalis cornutus. Although these fishes were 

taken directly from the seine, and opened upon the spot, 

the food in their stomachs did not average more than a 

fourth of the quantity in those taken in early spring. The 

weather during both these months was uncomfortably cold, 

with falling snow, and the food of these specimens prob- 

ably gives a correct hint of the winter food of the species. 

Fourteen of the above were Pomoxys nigromaculatus 
and twelve P. annularis,—one not having been deter- 

mined. 

Summary of the Family. 

For the purpose of a comparative recapitulation of the 

above data respecting the food of the sunfishes, I have 
prepared three condensed tables, showing, upon the same 

page, the food of the different genera in parallel columns. 
The first table exhibits the food of the youngest speci- 
mens, the second, of those of intermediate size, and the 
third, of those which may properly be regarded as mature. 

By an inspection of the first table, it will be seen that 

the thirty specimens, one inch long and under, represent- 

ing eight genera, which appear thereon, have eaten little 

else than Entomostraca and larve of Chironomus,—these 
two elements amounting to ninety-three per cent. of the 
food. The only exception to this rule (that of the rock 

bass) is apparent rather than real. The large percentage 

of Neuropterous larvae appearing under the name of that 

species is a technical ratio, inserted only for the sake of 
consistency, being based upon the fact that one of the 

specimens examined contained no food except a few traces 

of some indeterminable minute larva of that order. The 

minor differences in the food of the generic groups are 

doubtless due to differences of locality, and the like. That 
Ostracoda, for example, were found only in the stomachs of 

Centrarchus, is accounted for by the fact that the youngest 
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specimens of this genus were taken from small mud-holes, 
favorable to the occurrence of Entomostraca of that order. 

The uniformity of food at this time implies that the selective 

apparatus of these fishes, whatever its construction, has not 

yet grown beyond the size of these minute animal forms. 
From the second table of one hundred and six specimens 

we learn that with a general change of food from Entomos- 

traca and Chironomus to larger Crustacea and insects, there 
appear certain differences,—notably the continuance of 

Entomostraca as the most important element in Pomoxys, 

and the occurrence of mollusks in KEupomotis and of fishes 

in Micropterus. It is important to recall, at this point, that 
Pomoxys has the largest, finest and most numerous gill- 

rakers of the group,—the best straining apparatus, in short, 

—that Eupomotis has stout, blunt pharyngeal teeth, and 

that the black bass have relatively the widest mouths 

of all. It is also to be noted that the large-mouthed bass 

commenced to take fish when an inch and a quarter long, 
and the small-mouthed species not until it reached a length 

of two and a half inches. 

It will also be observed that Entomostraca are least 

abundant in the food of the small-mouthed black bass and 

the rock bass,—species found usually in swift and shallow 

water, when of this size. The importance of water-bugs 
(Corixa) to the first three species of this table is evident. 
From the table of adult food we find that these com- 

mencing peculiarities of the preceding table become here 

more prominent. All the Entomostraca of this table, ex- 

cept insignificant traces, now appear in the food of Po- 

moxys; the molluscan food of Eupomotis is nearly five 

times that of any other genus; and the ratios of fish food, 

running from eighty-six per cent. down to nothing, when 

arranged in a series, are seen to correspond, with curious 

exactness, toa series of the species themselves arranged 

according to the relative sizes of their mouths. 
I was disappointed in being unable to find any food 

characteristics corresponding to such minor differences in 

the length of the gill-rakers of the anterior arch as appear 

in Lepiopomus, Apomotis, etc., on the one hand, and Xen- 

otis and Eupomotis on the other, If such peculiarities 
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exist, they can probably be determined only by taking at 

one time and place a number of specimens of unlike char- 

acter in this particular. 

While I believe that the generalizations made above 
will hold good, at least for fishes of similar form and in- 
ternal structure among the Acanthopteri, I do not wish to 
be understood as extending them at present beyound this 

order. Doubtless, while the characters mentioned must 

assist greatly in determining the food of aspecies a priori, 
they are not by any means sufficient for this purpose when 

taken by themselves. The discussion of other features, 

external and internal, bearing upon this subject, must be 
postponed to a later period of the investigation. 
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TABLE OF FOOD OF YOUNG CENTRARCHIDE. (One to four inches.) 
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HAPLOIDONOTUS GRUNNIENS, Raf. SHEEPSHEAD. GRUNTING 

PERCH. 

This species is abundant in Lake Michigan and the larger 

rivers, occurring in the smaller streams rarely, at peri- 
ods of exceptionally high water. It is sometimes eaten, 

but is regarded usually as unfit for food. 
But six of the twenty-five specimens studied were young, 

and the smallest of these, from the Ohio R., in Septem- 

ber, was an inch and an eighth in length. Seventy-five 
per cent. of its food was larve of Chironomus and twenty- 

five per cent. larve of Palingenia bilineata. Besides the 
usual indications that the food of the very young is made 

up of minute animals, we see here evidence that this spe- 



70 The Food of Fishes. 

cies seeks its food from the first upon the bottom. Ina 

specimen two inches long, the Chironomus larve fell to 

fifteen per cent, while the Palingenia larve rose to eighty 
per cent., and other Ephemerids and Cyclops made up the 
remainder of the food. 

- Four specimens, also from the Ohio, at Cairo, from two 
to four inches long, were found to have recently fed upon 

Ephemerid larve and larve of aquatic beetles, Gyrinidz 

and Hydrophilide, in about equal quantities. Only five 
per cent. of their food was Chironomus. 

Sixteen individuals of medium size were taken from the 

Illinois and Ohio rivers, in April, June, September and 

October of four different years. There was nothing in the 

contents of these stomachs to indicate any difference in 

food resulting from these differences of date and situation. 
The food, on the contrary, was remarkably simple and 
uniform, consisting chiefly of the larvz of Neuroptera 

(eighty-four per cent.), of which Palingenia bilineata 

formed altogether the most important part (seventy-six 

per cent.),—the remaining eight per cent. being dragon- 
flies. A single small sucker (Catostomide), a few mol- 

lusks (Planorbis, young Unios and thin-shelled Anodon- 

tas), and some Aselli complete the brief dietary of this 
group. 

It is not until we examine the food of full-grown speci- 

mens that we wholly appreciate the utility of the enor- 

mous crushing pharyngeal jaws with their pavement teeth, 

found in this species. The entire food of the three large 

specimens examined, taken at Peoria, in April and Octo- 
ber, proved to consist of mollusks only, including forty-six 

per cent. of the thick and heavy water snail, d/elantho 

decisa, Whose shell probably no other fish in our rivers 

could break. Oyclas, Anodonta and indeterminable Gas- 

teropoda composed the remainder of the food. 



ON THE FOOD OF YOUNG FISHES, 

BY S. A. FORBES. 

I cannot learn that anything has been recorded respect- 

ing the food of young fishes in this country,* nor have I 

been able to find anything upon this subject in such part 

of the ichthyological literature of Europe as is accessible to 

me. From the lack of all mention of the use of EKntomos- 

traca as the food of young fishes in the general review of 

the relations of these Crustacea to organic nature given 

by Gerstaecker in Bronn’s Thier-Reich+ I infer that what- 

ever systematic investigation the subject may have re- 

ceived, the results have not attracted any general atten- 

tion. 
This seems a surprising fact when one considers the vast 

amount of labor which has been expended upon this class 

of animals, and reflects for a moment upon the interest to 

science and to practical fish-culture of a knowledge of the 

food resources of fishes and of the competitions of the 
various species in the search for subsistence. 

Although I cannot yet treat this subject as fully as if 

deserves, the results of such study as I have been able to 

make, during the past season, of the contents of the stom- 

achs and intestines of small specimens, seem to justify 

this preliminary notice. 
It was early apparent, in the course of the investigation, 

that the food of many fishes differs greatly according to 

age; and it was soon found that the life of most of our 

fishes divides into at least two periods, and of many into 

three, with respect to the kinds of food chiefly taken. 

Further, in the first of these periods, a remarkable similar- 

*Perhaps exception should be made of a note relating to the occurrence 
of diatoms in the stomachs of two young whitefishes, published in the 
appendix to the Report of the U.S. Fish Commissioner for 1872-3, p. 57. 

+Classen und Ordnungen des Thier- Reichs, Band V., Abtheilung 1, ss. 
750 u. 1057. 
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ity of food was noticed among species and families whose 

later food-habits are widely different. 

The full-grown black bass, for example, feeds princi- 

pally on fishes and crawfishes, the sheepshead on mollusks, 
the gizzard-shad on mud and Algz, while the catfishes are 
nearly omnivorous; yet these are all found to agree so 
closely in food when very small that one could not possibly 
tell from the contents of the stomachs which group he 
was dealing with. 

It is my purpose in this paper to give what ace I have 

relating to the food of our fresh-water species during this 
first period of the fish’s life. These facts were derived 

from the examination of one hundred and twenty-six spec- 
imens, ranging from three-eighths of an inch in length up 

to an inch and a half, and in a few cases to two and three 
inches. These specimens belong to twenty-four genera 

and represent eleven families. In two or three genera 

none were obtained small enough to be regarded as be- 

longing strictly to this first food-period, but the earlest 
food is nevertheless plainly inferable; and the general 

distribution and variety of the species studied is such that 

I think the main conclusions will be found to stand the 
test of full investigation. .As the first period is evidently 

much shorter with some species than with others, and 
doubtless varies in the same species according to situation 

and circumstances generally, of course no common limit of 
size could be set up, but the smallest specimens of each 

species were selected until a size was reached where a 

marked difference of food appeared. 

ACANTHOPTERI. 

Although the young Acanthopteri have already been dis- 

cussed in the preceding paper on the food of that group, it 

will be convenient to review the facts concerning these 

young fishes for the purpose of comparing their food with 

that of the other orders. 
The food of six common perch ( Perca americana), from 

an inch to an inch and a quarter long, consisted wholly of 
Entomostraca and larve of Chironomus,—eight per cent. 
Chironomus, fifty-two per cent. Cladocera, and forty per 

cent. Copepoda. 
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No very small Labracidze were found, the youngest being 

a Morone an inch and a quarter long. Half of the food of 

this consisted of Entomostraca (chiefly Cladocera), and 
the other half was minute gizzard-shad. 

A group of forty-three sunfishes (Centrarchidex), from 

five-eighths of an inch to two inches long, was made up as 

follows:—of five specimens of Micropterus under three- 

fourths of an inch long, two of Ambloplites of the same 

size, two of Cheenobryttus from seven-eighths of an inch 

to one inch, one of Apomotis an inch in length, nine of 

Lepiopomus from an inch to an inch and a fourth, nine of 

Eupomotis from one and a half to two inches, five of Cen- 

trarchus one inch and under, four of Pomoxys from three- 

fourth of an inch to an inch and a half, and six indeter- 

minable specimens, probably Lepiopomus, from seven- 

sixteenths to five-eighths of an inch long. Ninety-six per 

cent. of the food of these forty-three specimens consisted 

of Entomostraca and larve of Chironomus,—seventy of 

the first and twenty-six of the second,—the trivial remain- 

der consisting of Neuroptera larve and young Amphipoda 

with traces of water mites, Corixas and mollusks (the last 
in Eupomotis). The Entomostraca were forty-two per 

cent. Cladocera, nineteen per cent. Copepoda and nine per 

cent. Ostracoda. 

A single Haploidonotus an inch andan eighth in length, 

had eaten Chironomus larve (seventy-five per cent.) and 

larvee of Palingenia bilineata. 

Esocrp&. 

I did not have the good fortune to obtain any young of the 

common pike, and can only report on the food of a single 

Esox salmoneus an inch anda fourth in length. This speci- 

men, taken at Pekin, Ill., on the 2d of June, had already 

begun its life labor of the elimination of little fishes, these 

making about two-fifths of its food. The remainder con- 

sisted of Crustacea, composed about equally of young Am- 

phipoda, Daphniidz and Lynceide. The presence of so 

large a quantity of these minute Entomostraca in the stom- 

ach of a pickerel of this size, is sufficient evidence that 

they form the principal part of its food at an earlier age. 
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CLUPEIDA. 

We come next to twelve specimens of the gizzard-shad 
(Dorysoma), whose minute fry swarm in countless num- 

bers in the waters of our larger riversin midsummer. These 

were taken in June and July, from the [llinois R., from 
Ottawa to Peoria. The smallest of the group were twenty 

mm. long by two mm. wide,—as slender as cyprinoids and 

nearly cylindrical, although the adult is a high, thin fish. 
I was greatly interested by the discovery that the maxil- 

laries of these smallest specimens are provided with teeth, 
—a single row of nine or ten on the lower edge,—although 

the mouth of the adult is entirely toothless and smooth. 

The internal structure also differs remarkably from that 

of the adult, especially in the much greater simplicity of 

the digestive apparatus. In a young gizzard-shad seven- 

tenths of an inch long by one-tenth high, the intestine was 

found to pass from the anterior end of the stomach to the 

vent with only one short forward turn of about a fourth the 

length of the body cavity, made a little way behind the stom- 

ach. Although the mucous surface of the intestine was at 

this time very rugose, showing a commencing complication 

of the digestive system, there was no trace of pyloric cceca. 
The intestine was filled with Cypris, Chydorus, Alona, 

Cyclops, etc. 

On the other hand, in a fish three and three-fourths inch- 
es long, showing the general characters of the adult, the 

intestine passed upward and backward from its origin, 

running without flexure the whole length of the body cayv- 
ity (this part being covered with an immense number of 

pyloric coeca), then turned forward to the stomach, ran 

back from there about one-third of the way to the vent, 
then turned forward and ran a tortuous course beneath the 

stomach to the pericardial membrane and back again, also 

tortuously, two-thirds of the way to the vent. From this 

point it ran forward again to the stomach, and crossing to 
the left side, ran repeatedly backward and forward in the 
posterior part of the body cavity, making seven turns be- 
tween the stomach and vent before opening, thus extend- 

ing, in all, about eight times the length of the perivisceral 
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cavity. This intestine was well filled with mud with only 

a slight sprinkling of unicellular Alge. 

Much as these young resemble young Cyprinidae, they 

can be easily distinguished from them by the very long 

anal fin; and from the brook silversides (Labidesthes), to 

which they bear some superficial resemblance, by the ab- 

sence of a spinous dorsal. 

These twelve fishes, all under two inches in length, had 
eaten about ninety per cent. of Entomostraca, two per 

cent. of Chironomus larve, and for the remainder, Algze. 

The Crustacea were about equally Cladocera and Copepoda. 

Among the former were Daphnia pulex, Simocephalus 

americanus, Ceriodaphnia dentata, Bosmina, Chydorus and 

Alona. In a specimen three-quarters of an inch long which 

I took from the stomach of a Morone interrupta, I found a 
few specimens of Leptodora hyalina (?) Lillj. The Copep- 

oda were all Cyclops, so far as recognizable. ° 

CYPRINID&. 

A single minute minnow, three-eighths of an inch long, 

which I could not determine specifically, had eaten Daph- 

nids (twenty-five per cent.) and Chironomus larve. 

The specimens of the common chub minnow (Semotilus 

corporalis), ranging from five-eighths inch to one inch, 

indicate somewhat doubtfully an exception to the general 

rule respecting the early food of fishes. Only seven per cent. 

of their food was Entomostraca, and the whole remainder 

consisted of filamentous Algze. It should be noted, how- 
ever, that twenty per cent. of the food of the smallest 

specimen, which was five-eighths of an inch long, was Cy- 

clops, and it may be that Semotilus lives wholly on Ento- 

mostraca at first, merely changing its habit earlier than 

most of its allies. 
Two specimens of Notrop7s, an inch and a half in length, 

had eaten nothing but Daphnids. 

CATOSTOMID2. 

Thirty specimens, representing five genera of this pe- 

culiar family, were studied. A very curious feature of 

the food of the young is the frequent dependence of suck- 
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ers of considerable size—six inches long or more—upon 

food more trivial than Copepoda or Lynceidze; viz., upon 

rotifers, Protozoa and unicellular Algze. While only such 
Protozoa were found as are furnished with firm tests or 

carapaces, yet the abundance of Difflugia and Arcella in 

the intestines of these fishes leaves little doubt that the 
more perishable Protozoa must also be taken in considera- 

ble quantity. It is an interesting fact that even here the 
smallest specimens were found feeding on Entomostraca 

only, and it is therefore possible that these form the first 
food of the family. 

Ten specimens of the stone-roller (Hypentelium nigri- 
cans), ranging from one and three-eighths to three inches, 
represent two dates and localities. The four smallest, 
none larger than an inch and three-fourths, were taken 

from the lower Fox, July 9, 1879. The others were obtained 

from Mackinaw Cr., in Woodford Oo., Ill., in the latter 
part of August. The situations were similar, both streams 

being swift and rocky where these fishes were caught. 

Their food was chiefly the larvee of Chironomus (ninety 

per cent.), the remaining tenth being principally made 
up of Alona (six per cent.). Ostracoda, Copepoda, and 

Algz each made about one per cent. of the food. The 
Algz were mostly diatoms and desmids, Closterium being 
especially common. Many Difflugia and Arcella were also 

found in these fishes. 

We trace in this a remarkable resemblance to the food of 
the darters, which, it will be remembered, frequent simi- 

lar situations. Lacking the sucking mouth of Hypenteli- 

um, they do not take Protozoa or unicellular Algae, but in 
other particulars agree closely with this species. This cu- 

rious fish is peculiar among the suckers in the unusual de- 
velopment of the pectoral fins,—a distinguishing feature 

of the darters likewise,—doubtless related, in both cases, 
to the constant struggle with a swift current. We may 

also remark the darter-like glow of color in the young of 
this species,—a very peculiar distinction among the Catos- ° 

tomidez. This is one among many facts which indicate 
that exposure to light has great primary effect on the color 

of fishes,—an effect often suppressed, through natural se- 
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lection, by secondary influences, but manifesting itself 
where these are not brought into play. 

This species is in marked contrast with the darters, not 
only in the rapidity of its growth and the ultimate size 

attained, but in the form and size of the head, which in the 

darters is small and pointed, but in these fishes is unusu- 

ally large, square and strong. 

The principle of adaptation has here resulted in a differ- 

ent line of development. While the little Etheostomatidz 

have become fitted toslip and pry about beneath the stones 

for their food, Hypentelium has acquired the power of 

rolling the stones before it. As it grows larger, it resorts, 

of course, to deeper water, but always prefers the rocky 

reaches of the stream. The moulding power of natural 
selection could scarcely have a better illustration than 

that afforded by the adaptive characters, both similar and 
dissimilar, of these two widely separated groups of fishes. 

A single specimen of black sucker (Minytrema melan- 

ops) was too large properly to come within this group; but, 
although six inches long, most of its food was Cyclops 

(eighty per cent.). Other items were Alona, Difflugia, 

Closterium and very young Uniones. 

Four chub-suckers (EHrimyzon sucetta), two of which 
were three-fourths of an inch, and two an inch and a quar- 
ter long, differed greatly in food from the foregoing. The 

two smaller specimens, from Long L., near Pekin, taken 

June 2, 1880, had eaten only Cladocera, with a trace of 

water mites. Chydorus was the principal element of their 
food (eighty per cent.), but Pleuroxus, Alona and Scapho- 

leberis mucronata were also present. In the two larger 
specimens, locality and date unknown, a surprising num- 

ber and variety of the minutest animal and vegetable 

forms were found. Squamella, Anurza of several species, 

Rotifer vulgaris and other Rotifera; Difflugia and Arcella* 
among the Protozoa; Chroédcoccus, Closterium, Cosmarium, 

*Slides of the food of this genus and Myxostoma were submitted to Dr. 
Jos. Leidy, of Philadelphia, and Prof. W. S. Barnard, of Cornell Univer- 
sity, N. Y., and these gentlemen kindly sent me the following names of 
Rhizopoda as occurring therein: From Prof. Barnard, Difiugia acumt- 
nata, pyriformis, constricta and globosa ; from Dr. Leidy, D. pyrzformis, 
acuminata, globulosa, lobostoma and Arcella vulgaris and discotdes. 
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Staurastrum and various diatoms among the Alga, were 
the principal genera. A minute Agrion larva, a very 

young Amphipod, and larval Copepoda (nauplius), were 

the only other kinds recognized. It was obviously impos- 

sible to make any estimate of the ratios of such minute 

and varied objects occurring in such great quantity, and I 

have contented myself with a simple enumeration. 

A specimen three inches long, from Peoria Lake, in Oc- 

tober, had eaten only Copepoda (Canthocamptus) with a 
trace of Chironomus larve. 

Ten specimens of red-horse (Myxostoma), varying in 
length from an inch to two and three-fourths, taken in Ju- 
ly and August, from the Fox and Ilhnois rivers and from 
Mackinaw Cr., show no important differences of food. 

In the smaller specimens, taken from the Fox and I[lli- 

nois, Entomostraca, especially Cyprids, were relatively more 

important, sometimes constituting nearly the whole food; 

but no attempt was made to fix precise ratios. In the 

four larger specimens from Woodford Co., tests of Difflu- 

gia were estimated to form eighty-five per cent. of the 
contents of the intestines. These specimens were taken 

one ata time, several miles apart, along a rocky part of 

the stream. Besides the species of Difflugia and Arcella 

given in the foot-note, various desmids and diatoms were 

abundant, with filamentous Alga, rotifers (Squamella and 

Rotiter vulgaris), Cyclops, Alona, Pleuroxus and water 
mites, Chironomus and other Diptera larvae, some inde- 

terminable vegetable matter and a single Thrips (Hemip- 

tera). The small percentage of Chironomus larve shows 
that this species has not the habit of the stone-roller. 

Two specimens of the common sucker (Catostomus com- 

mersonit), Six inches and six and three-fourths in length, 

taken from Mackinaw Cr., in August and June, had 

eaten food so similar to that of the preceding genus that 
detailed description is unnecessary. 

Two specimens of the commonest bufalo-fish (Ichthyo- 

bus), seven-eighths of an inch long, had eaten most freely 

of unicellular Algze (sixty-three per cent.), of which only 
Protococcus and Closterium were recognized. Specimens 

of Anurzea were reckoned at twenty-seven per cent., and 

—. 

a 

a 
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the remainder of the food consisted of Copepoda and Cla- 

docera. These specimens were taken from the Lllinois R. 

in early June. 
Four carp-suckers (Carpiodes), seven-eighths inch to two 

inches long, taken from the Illinois and from Clear L., in 

Kentucky, had fed like the preceding genus, except that 

the Entomostraca were in larger quantity (forty-eight per 
cent.), and included a number of Ostracoda, while the ro- 
tifers were comparatively few. The Daphniide of the 

Illinois R. specimens were nearly all Scapholeberis mucro- 
nata. Canthocamptus in trivial numbers was also found 

in a single specimen. 

Reviewing the food of these thirty young suckers, we 

see that they differ from the other families studied in the 

larger food-resources open to them; for, while the struc- 

ture of their mouths does not prohibit their taking Ento- 

mostraca, it enables them to draw upon the multitudes of 
minute organisms found upon the bottom. Evidently they 

have no means of selecting such microscopic structures 

from the mud in which these most frequently rest, and 

considerable quantities of dirt are consequently often 

found in the intestines; but from the ‘‘richness”’ of the 

contents I infer that they doubtless have the power of dis- 

tinguishing mud containing a large percentage of organic 

matter from relatively barren portions. 

SILURID#. 

Numerous specimens of the young of this family show 

that, notwithstanding its many peculiarities of structure 
and habit, it is no exception to the general rule respecting 

the food of the young. The smallest of these specimens 

were from a little school of minute fry, taken in June 

from the friendly protection of an old oyster-can in the 
Illinois R. These little creatures were colorless and seem- 

ingly almost helpless, and only three-eighths of an inch in 

length. They had already begun to eat, however, and 

their stomachs were well filled with Cyclops and a few 

Daphnids and Chironomus larve. These were certainly 

Amiurus, but it was of course impossible to tell the spe- 

cles, 
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Other specimens of this genus, making thirteen in all, 

none longer than an inch and five-eighths, were obtained 
from various places on the Illinois, and from mud-holes in 

the Mississippi bottoms, in Union Co. These thirteen in- 

dividuals were feeding almost wholly on Entomostraca and 

larve of Chironomus, the latter composing seventy-four 

per cent. and the former eighteen per cent. of their food. 

Twenty-two per cent. of Cladocera include Simocephalus 
americanus and S. vetulus, Ceriodaphnia, and Macrothria 
laticornis,* Jur., a species not hitherto reported from this 

country. Among the Lynceidez (ten per cent.) I recog- 

nized Chydorus, Pleuroxus dentatus, Alona and Hurycercus 

lamellatus, and among the Ostracoda a species of Candona 

answering precisely to the description of Candona bitasci- 
ata, Say. A few young Amphipoda and a few unknown 

insects’ eggs account for the remainder of the food. 

Six specimens of Noturus sialis, varying in length from 
seven-eighths of an inch to an inch and a quarter, differed 
from the foregoing in the much larger proportion of Chi- 

ronomus larve (forty-one per cent.) and in the twenty-six 
per cent. of young Allorchestes dentata,— eaten by the 

larger specimens. These had also taken seven per cent. 

larvee of Ephemeridz. Those under an inch in length were 

peculiar only in the large ratio of Chironomus larvee (sixty- 

five per cent.), a fact probably indicating that this species 

seeks its food chiefly on the muddy bottoms. 

No specimens of the other genera of catfishes were taken 

small enough to show their earliest food, but so far as 

can be judged from the food of four specimens of Ictalu- 

rus, from two and a half to three and a half inches long, 

the other genera will not be found to differ especially from 

the foregoing. 

AMIIDA. 

A single dog-fish (Amia), one and three-fourths inches 
long, taken in June, had eaten seventy per cent. of Ento- 

mostraca,—about equally Copepoda and Cladocera,—and 

*Possibly this is not the species cited, but a careful comparison with 
the description and figures in Lilljeborg’s “Crustacea ex Ordinibus 
Tribus,” etc., failed to show any difference. 
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two per cent. of larve and pups of Chironomus. A few 

young Allorchestes and some Corixas complete the brief 

list. 
Several specimens of Amia under one inch in length, 

whose anatomy I studied three years ago, I remember to 

have had their intestines packed with Entomostraca. 

LEPIDOSTEID®. 

Here also I shall have to content myself with such hints 

of the food of the young as are given by two or three spec- 
imens, as the youngest are not yet common enough in our 

collections to supply more material for a study of their 
food. One of the two smallest gars examined, an inch and 

.a fourth inlength, taken in June, near Peoria, had filled 
itself with Scapholeberis mucronata, andthe other had ta- 
ken only a minute fish. A specimen two inches long and only 

an eighth of an inch in depth, furnished a striking illus- 

tration of the voracity of this terror of our streams, as its 

stomach contained sixteen minute Cyprinoids. 

Summary. 

A sufficient recapitulation of the foregoing data is af- 
forded by the appended table of the food of the different 

genera. It may be worth while to say that all the mate- 

rial upon which the foregoing statements rest, as well as 

all that used in the preceding paper, has been carefully 

preserved, and may be seen at any time by those inter- 

ested, at the State Laboratory of Natural History. 

The general conclusion from these observations is the 

supreme importance of Entomostraca and the minute 

aquatic larve of Diptera as food for nearly or quite all 

of our fresh-water fishes,—a conclusion that gives these 
trivial and neglected creatures, of whose very existence 

the majority of the people are scarcely aware, a promi- 

nent place among the most valuable animals of the state, 

for without them all our waters would be virtually depop- 

ulated. Other facts of eminent interest thus brought to 

view are the magnitude and intensity of the competition 

for food among the young of all orders of fishes, where a 

stream is fully stocked, and the injurious character of 

such a species as the shovel-fish, which feeds on Entomos- 



82 The Food of Young Fishes. 

traca throughout its life. It is probable that all fishes 
which are not especially adapted to the food requirements 

of the more valuable fishes, are hurtful to them, because 

they limit the food available for the young. The sun- 

fishes, whose shape protects them from many enemies, and 

the catfishes, with their armor of poisoned spines, are in- 
stances in point While their young compete with the 
young bass and wall-eyed pike for food, they do not fur- 

nish the latter any important food resource in later years. 

On the other hand, such species as the herbivorous min- 
nows and the cylindrical suckers, which depend upon En- 

tomostraca to a less extent when young, or take up other 

food at a relatively early period, are those which seem to 

promise best as food for the higher fishes. 

It is a curious corollary from the above reasoning that a 
prolific species having an abundant food supply, and itself 

the most important food of predaceous fishes, may, by ex- 

traordinary multiplication, so diminish the food of the 

young of the latter as to cause, through its own abundance, 
a serious diminution of the numbers of the very species 
which prey upon it. To put this statement into more con- 

crete form, it is not certain that the excessive increase of 

the gizzard-shad, for instance, would be a benefit to the 
black bass and pike-perch which feed so largely upon it. 

In fact, it is clear that the great overstocking of a stream 

with gizzard-shad would, by eventually reducing the sup- 

ply of Entomostraca, cause a corresponding reduction in 

the numbers of all the species of that stream by starvation 

of the young; and this decimation, applying to all in the 

same ratio, would take effect upon the ordinary number 

of the other species, but upon the extraordinary number 

of the gizzard-shad,—would reduce the other species below 
the usual limit, but might not even cut off the excess of 
the shad above that limit. Consequently, important as is 

the supply of food fishes for the predaceous species, itis 

not less important that the predaceous species should be 

supplied to eat up the food. Here, as elsewhere, only 

harm can come from an imperfect balance of the forces of 

organic nature, whether the excess be upon one side or the 
other, 
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In the effort to increase the valuable fishes of a lake or 

stream, itis not sufficient that the food of these species 
should be increased alone, but at the same time special 
measures must be taken to secure a corresponding multi- 

plication of the predaceous fishes themselves, otherwise 
precisely the reverse result may be produced from that in- 
tended. 

Asa further illustration of some of the practical bear- 

ings of these facts, it may be noticed that the free access 

of fishes to the ponds, lakes and marshes connected with a 
stream is a matter of the highest importance. Running 

water is relatively destitute of Entomostraca, and hence 

fishes denied access while breeding to slow or stagnant 

water in which Entomostraca abound, have no chance to 

multiply. The condition of fish life in the lower Fox R. 
will illustrate this point. This stream takes its rise in the 

numerous lakes of northwestern Illinois and southern 

Wisconsin, but in its lower course has few branches and 

no stagnant waters draining into it. Its own current is 

swift and much of its bed is rocky, while the vast expanse 
of water of which it forms the outlet prevents any great 

oscillations of its level with the consequent flooding of ad- 

jacent lands. This part of the stream is therefore pecu- 

liarly unfit for breeding purposes, and we should expect few 
fish to maintain themselves in it if denied access to the 
immense and teeming breeding grounds of the upper part 

of the river. Such access is effectually cut off by several 

dams, unprovided with fishways, which have been thrown 
across the stream. A fish which enters the river from 

above therefore cannot get back to breed,—a fact which 

must unfavorably affect the number of fishes in both river 

and lakes, and is apparently one cause of an unusual scar- 

city of game fishes in that stream, 
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THE FOOD OF BIRDS. 

BY S. A. FORBES, 

Excluding the inhabitants of the great seas, birds are 

the most abundant of the Vertebrata, occupying in this 

great subkingdom the same prominent position that in- 

sects do among invertebrate animals. These two classes 

thus constitute exceptions to the general rule that the 

higher and more active animals of each group are the less 
abundant,—a fact doubtless largely due to the immense 

advantage given them by their power of flight. It is this 

which, by making migration possible, enables birds to 

choose their climates and their seasons,—thus avoiding, ina 
great measure, one of the most destructive checks upon the 

multiplication of animals. Their disproportionate number, 

their universal distribution, the remarkable locomotive 

power which enables them readily to escape unfavorable 
conditions, and their immense activity and higher rate of 
life, requiring for their maintenance an amount of food rela- 
tively enormous, give to birds in their relation to the pur- 

suits and interests of man a significance which only here 
and there one seems ever fully to have realized. A few 

figures will illustrate and enforce this proposition. 

The careful estimates of three ornithologists and expe- 
rienced collectors give, as an average of the whole bird- 

life of Illinois, three birds per acre during the six summer 

months. That is to say, if all the birds of the year, except 
the swimmers, were concentrated in these six months, 
equally distributed throughout them and equally scattered 

over the state, we should have three birds on every acre of 
land. It is my own opinion that about two-thirds of the food 

of birds consists of insects, and that this insect food will 

average, at the lowest reasonable estimate, twenty insects 
or insects’ eggs per day for each individual of these two- 
thirds, giving a total for the year of seven thousand two 

hundred per acre, or two hundred and fifty billions for the 

state—a number which, placed one to each square inch of 

surface, would cover an area of forty thousand acres. 
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Estimates of the average number of insects per square 
yard in this state gives us, at farthest, ten thousand 

per acre for our whole area. On this basis, if the opera- 
tions of the birds were to be suspended, the rate of in- 

crease of these insect hosts would be accelerated about 
seventy per cent., and their numbers, instead of remain- 

ing year by year at the present average figure, would be 

increased over two-thirds each year. Anyone familiar 

with geometrical ratios will understand the inevitable re- 

sult. In the second year we should find insects nearly three 

times as numerous as now, and, in about twelve years, if 
this increase were not otherwise checked, we should have 

the entire state carpeted with insects, one to the square 

inch over our whole territory. Ihave so arranged this 
computation as to exclude the insoluble question of the 

relative value of birds and predaceous or parasitic insects, 

unless we suppose that birds eat an undue proportion of 
beneficial species. 

This is intended only as an illustration of the great pow- 

er of birds for good or evil, and not as a prediction of the 

consequences of their total destruction. These consequen- 

ces would not be by any means so simple, but would ap- 

parently be fully as grave. 

Let us take another view of this matter. According to 

the computation of our first State Entomologist, Mr. Walsh, 
the average damage done by insects in Illinois amounts to 

twenty million dollars a year. These are large figures, 
certainly; but when we find that this means only about 

fifty-six cents an acre, we begin to see their probability. 

At any rate, few intelligent farmers or gardeners would re- 

fuse an offer to insure complete protection, year after year, 

against insects of all sorts for twenty-five cents an acre per 

annum; and we will, therefore, place the damage at one- 

half of the above amount—ten million dollars per annum. 

Supposing that, as a consequence of this investigation, 

we are able to take measures which shall result in the in- 
crease, by so much as one per cent., of the efficiency of 

birds as an insect police, the effect would be a diminution 
of the above injury to the amount of sixty-six thousand 

dollars per annum, equivalent to the addition of over one 
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and one-half million dollars to the permanent value of our 

property; or if, as is in fact a most moderate estimate, we 
should succeed in increasing the efficiency of birds five per 

cent., we should thereby add eight and one-fourth million 
dollars to the permanent wealth of the state, provided, as 
before, that birds do not eat unduly of beneficial species. 

These figures will be at once rejected by most natural- 

ists as absurdly low. The young robin of Prof. Treadwell 

(a bird whose fame has extended over both hemispheres) 
required not less than sixty earthworms a day to keep it 
alive. <A pair of European jays have been found, Dr. 
Brewster informs us, to feed their brood half a million 

caterpillars in a season, and to eat a million of the eggs in 

a winter. I have myself taken one hundred and seventy- 
five larve of Bibio from the stomach of a single robin, and 
the intestine probably contained as many more. 

Compared with these numbers, my two thousand four 

hundred insects a year for each bird seem certainly many 
times too few; and similar criticisms might very probably 

be made on other items of the estimate. I prefer, howev- 
er, to put these matters with a moderation which will com- 

mand general assent, especially as we see that the im- 
portance of the subject does not require exaggeration. Of 

course the individual farmer or gardener could, by intel- 
ligent and careful management, if he knew just what to 
do, increase the value of his own birds far beyond his indi- 
vidual share of the above-mentioned aggregate. 

The subject has, also, a considerable scientific interest. 
Since the struggle for existence is chiefly a struggle for 

subsistence, a careful comparative account of the food of 

various competing species and genera, at different places 

and seasons and at all ages of the individual, such as has 

not heretofore been made for any class of animals, cannot 
fail to throw much light upon the details, causes and ef- 

fects of this struggle. The flexibility of the food-habits 
of the widely ranging species, the direct effects of normal 

departures from the usual average of food elements upon 
the origin of variations, and the general reactions of birds 
upon their organic environment, are examples of subjects 
upon which light should be thrown by this investigation. 
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That an element of such transcendent importance to all 

agricultural pursuits, and, through these, to the general 

welfare, ranking evidently among the larger forces of na- 
ture which affect powerfully and continuously the most 

essential interests of the country, should never have been 

made the subject of continuous, systematic and accurate 

study, seems, at first, a surprising phenomenon. It isa 

subject, however, presenting few attractions to the scien- 
tific student, requiring a great amount of time, a good 

knowedge of ornithology, a minute acquaintance with con- 

siderable parts of entomology and botany, and a good de- 

gree of skill with the microscope, while it profits the stu- 
dent but slightly relatively to the work done, by way of 

an increase of his knowledge. What little he learns is 

gained at every disadvantage. His material is in the worst 

possible condition for study; and the personal result of 

his labor is a continual discouragement to him. That 

whatever individual impulse should have been turned in 

this direction should have been exhausted long before defi- 

nite or conclusive results were reached, was, therefore, 

inevitable. The student soon turned his attention to mat- 

ters more attractive and more fruitful in knowledge and 
reputation. In short, this is emphatically one of those 

questions which, if studied exhaustively at all, must be 
studied chiefly in the public interest. 

The primary purpose of this investigation is the deter- 

mination of the exact relation of the different species of 

birds, and of the class in general,,to agriculture and horti- 

culture; it would be disgraceful to those in charge of this 

investigation if the opportunity were to be thrown away 
which it offers for an increase of that knowledge of the 
habits and relations of birds whose interest is strictly sci- 
entific rather than practical, and this has therefore been 

held in mind throughout as a legitimate secondary pur- 

pose. Weneeda full knowledge of the direct and indirect 

benefits and injuries attributable to each species,—the 
ratio of benefit to injury, where both are apparent, the 
numbers, distribution and migrations of all, and, in fact, 

a full acquaintance with their entire natural history. 
The direct injuries due to birds commonly take the form 
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of depredations upon the fruits of the garden and orchard, 

and upon the grain in the fields. It is, of course, neces- 

sary to know the species chargeable with these, and the 

ratio which such injuries bear to the benefit likewise 

attributable to them. The good done by birds is almost 

wholly indirect, consisting chiefly in the destruction of 

insects which would become directly or indirectly injurious 
if allowed to live. Much of the apparent evil for which 

they are held responsible is also indirect; viz., the destruc- 
tion of parasitic and predaceous insects which, if not 
destroyed, would help to diminish the numbers of injurious 
species. I wish, however, to call especial attention to the 

fact that the regular and continuous destruction of parasitic 
and predaceous insects by birds is not necessarily an evil. 
Paradoxical as this statement may seem, it is fully borne 

out by the following facts :— 
The most serious losses of the farmer and gardener due to 

insects are not consequent upon the ordinary and uniform 

depredations of those species whose numbers remain nearly 

constant, year after year, but upon excessive and extraor- 

dinary depredations of those whose numbers are subject 
to wide fluctuations. Vegetation has become so far ad- 

justed to our crickets and ordinary grasshoppers, etc., that 

the foliage they eat can be spared without injury to the 

plant, and the damage done by them is commonly imper- 

ceptible.* Itis far otherwise, however, with the vast hordes 
of the Rocky Mountain locust, of the Colorado potato-beetle, 
of the chinch-bug and of the army-worm, and many other 
species which occasionally swarm prodigiously and then 

almost disappear from view. The injurious species are 

chiefly the oscillating ones, and the dangerous species are 

those which show a tendency to oscillate. Anything which 

tends to limit the fluctuations of an oscillating species, or 

to prevent the oscillation of a stable species is, therefore, | 

highly useful, while anything which tends to intensify an 

oscillation, or to convert a stable species into an oscillating 

one, is as highly pernicious. 

Now a species is stable because the rate of its reproduc- 

+See Kirby and Spence’s Introduction to Entomology, 4th ed., 1822, 
Vol. I., pp. 247-258. 
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tion is uniform, because the checks upon its increase are 

substantially unvarying, and because these two forces bal- 

ance each other. To set up any vibration in any one of 
these checks, will necessarily cause a corresponding vibra- 

tion in the number of the species limited by it. More 
explicitly, to set up an oscillation in a predaceous or 

parasitic species must produce a reverse oscillation in the 

species parasitized or preyed upon. As the former in- 

creases, the latter must diminish, and wice versa. But 
either a marked decrease or a marked increase of a spe- 

cies will cause it to oscillate, unless made with extreme 

slowness,—a slowness so extreme as to allow progressive 
adjustments of all kinds to keep pace with it. 

Taking a predaceous beetle as an example, we see that 

a rapid decrease of its numbers, partly relieving the spe- 

cies which it preys upon from one of the usual checks upon 

its multiplication, will affect an increase in those species,— 

will thus render the food of the predatory insect more 

abundant. This will, in turn, faciliate individual main- 

tenance of the predatory insect and thus stimulate repro- 

duction, initiating a forward movement, which, proceeding 

at a geometrical ratio, must continue until the predaceous 

species becomes too numerous for its food, or reaches other 

limitations; when destruction of the excess produced will 

send it back below the average line again. An oscillation 

will thus necessarily arise which must be reproduced in the 

food species connected with it. 

On the other hand, if the predaceous species be sudden- 

ly increased in number by a diminished power or stringen- 

cy in one of its accustomed checks, the process will sim- 
ply be reversed, but the resulting oscillation will be the 

same. The predaceous species will increase geometrically 

until its food supply becomes insufficient for it, then by 

starvation and diminished reproduction it will be again 
reduced, and so on indefinitely. Any marked disturbance 
of a faxed adjustment between the rate of reproduction and 
the death rate, whether it result in increase or decrease, 
whether it affects a beneficial or an injurious species, is, 
therefore, in itself, an ¢mmediate evil; only to be incurred 
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where the ultimate good is a certain and liberal compen- 
sation. 

Again, it is becoming evident that carnivorous insects 
and insectivorous birds all have their food-preferences- 

Probably no one species—certainly no one family—of birds 

or insects would quite take the place of another. Suppos- 

ing, then, that some birds eat predaceous insects, in part, 
as well as phytophagous ones,—eat the former, perhaps, 
in undue ratio—still, as the chances are practically infinite 
that the predaceous insects it eats would not, if allowed 
to live, eat precisely the same amount and kind of injuri- 

ous insects as the bird itself, by destroying the bird we 

should merely liberate a second cause of numerous oscilla- 

tions. Those species neglected by the carnivorous insects 

would increase beyond their bounds, and those eaten by 
them would be unduly diminished. It follows from the 

foregoing reasoning that, as a general rule, a@ bird should 
not be discredited for the regular and established habit of 
destroying predaceous or parasitic insects, unless it can be 
shown that those insects would, if left to themselves, check 
the fluctuations of some injurious species, or afford a bet- 

ter safeguard against the possible fluctuations of others. It 

must also be shown that this prospective good will not be 

overbalanced by some greater evil. In short, the whole 

burden of proof is on the side of those who would disturb 

the fixed order of Nature.* 
The most important question respecting the relations 

of birds to insects is, therefore, the determination of those 

species of birds which serve the most useful purpose as a 

constant check upon those insects which are either injuri- 
ous or capable of becoming so if they appear in largely in- 

creased numbers. Fortunately, whatever oscillations or 
irregularities may arise, and whatever may be their cause, 
the general tendency of things is towards their correction. 
In course of time, if new disturbances do not continually 

unsettle even the newest arrangements, they will usually 
right themselves more or less completely. The methods 

*For a discussion of the general subject, see Herbert Spencer’s Prin- 
ciples of Biology, Vol. 2, Pt. VI., Chap. II., p. 397; and the preceding pa- 
per, “On Some Interactions of Organisms.” 
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of this spontaneous restoration of the unsettled balance of 

natural forces, are, of course, worthy of the most careful 

study. It is only by working in harmony with them that we 

ourselves can help to readjust the disturbed order. A fuller 
treatment of this matter may best be postponed until the 

general discussion of results obtained by the investigation. 
Enough has been said to show that the subject, although 
complicated and difficult, will richly repay the study nec- 

essary to its mastery. A full and accurate knowledge of 

the mutual relations of the various forms of organic life of 

a region, both normal and abnormal, is certainly quite as 
essential to the general welfare as a knowledge of the 

chemistry and geology of its soils, the peculiarities of its 

meteorology, or any other part of the inorganic environ- 

ment. 

Concerning the special subject of this paper, the knowl- 

edge we need is such that we shall be able to afford for 

every species a tolerably correct answer to the questions, 

What would be the main consequences if this species were 

exterminated? if it were reduced to half its present num- 

bers? What if it were doubled in number? if it were 
quadrupled? When this is known, we shall evidently be 
able to act wisely and with the best results. That these 

questions are not unanswerable, I shall undertake to prove 

by answering them in substance, for several species, in 

this paper, and by demonstrating the sufficient accuracy 

of the answers. 
Methods. 

Three methods are possible in determining the food of 
birds. The birds may be fed in confinement, and the kinds 

of food apparently preferred and the amount eaten may be. 

noted. This evidently shows only what the bird w7d/ eat 
when restrained of its liberty, of such food as may be 
placed before it, and furnishes few data which we can use 

with safety in making up an account of its food in free- 

dom, when foraging for itself. The state of confinement 
is so abnormal for a bird that on this account, also, we can 
rarely reason from its habits in that state to its ordinary 

habits. This method is, therefore, available only for the 
solution of a few separate questions. A far more useful 
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method, and, in fact, the usual one, is that of watching 

birds while taking their natural food in the free state. 

Now and then a fact may be learned in this way which 

would escape detection in any other,—such as the perfora- 

tion of the cocoons of Cecropia by the downy woodpecker 

reported by F. M. Webster,*—but usually this method is 

of wholly secondary usefulness. The difficulty is very 

great of telling with certainty, in the great majority of 

cases, just what a bird is eating, even if one watches it 

with a glass. The notion of the food resulting must be dis- 

torted, as the species will be seen much more frequently 

and clearly in some of its haunts than in others. It is im- 

possible by the use of this method, even to guess intelli- 
gently at the ratios of the different elements of the food— 
a matter of the first importance to an understanding of 

the subject. It yields very few facts for the time expend- — 

ed, and these, in nearly every instance, could have been 

learned in much less time, with far greater certainty, and 

in far greater detail, by the following method. Finally, 

it affords no means of reviewing observations, but the 

impressions received from the hasty and imperfect glance 

of a moment must either be rejected wholly or must stand 

as verified observations. 
by the third method, however, that of examining the 

contents of the stomachs after death, each bird usually 
affords a large number of objects which can be studied 
critically, and in detail, and can be indefinitely preserved 

for reference. These objects give a nearly or quite com- 
plete and impartial record of the food for some hours past,— 

those elements taken in a thicket or a tree-top being as 
evident as those taken on open ground. They are usually 
identifiable by the skilled student. Even very minute 

fragments will tell as much as the out-of-door observer can 

learn under the most favorable circumstances. In the 

great majority of cases it is possible so far to fix the kinds 

of food as to bring every element clearly into one of the 

three classes, beneficial, injurious or neutral. And here 
opportunity is afforded for careful and trustworthy esti- 

*In an unpublished paper read at the meeting of the Illinois State 
Nat. Hist, Soc., at Bloomington, Feb., 1880. 
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mates of the ratios each element bears to the other, so 
that the average significance of the food can be discovered. 

Practically, this is indispensable. Whatever method fails 
of this, while its results may be interesting, and may have 

a certain general value, can never afford a basis for any- 

thing better than indefinite opinion. It can never settle 

the case for or against the birds. 

This method, while by far the best of the three, has its 

slight disadvantages. Some things eaten by birds leave no 

appreciable trace in the stomach. For example, it is diffi- 

cult, by this method, to determine with certainty those 

birds which greatly injure grapes by breaking the skin of 

the fruit and sipping the juice. This difficulty applies 

only to liquid food. Other errors may arise from the 

shorter or longer periods for which different kinds of food 

will last in the stomach; but of this we have no proof. I 
have depended almost wholly on this third method of in- 

vestigation, because it is evidently the most profitable and 
reliable, and because the method of cursory observation 

having been resorted to heretofore, most of the recorded 

facts are due to it. So far as one method could correct the 
deficiencies of the other, it was desirable that this more 

tedious and laborious but more fruitful one should be giv- 

en greater prominence. 

The stomachs of birds shot at all times of the year and 

in all parts of the state, have been preserved in alcohol, 
each labeled with name, date and locality. The contents 
of these stomachs were afterwards transferred, for perma- 

nent preservation, to separate vials, bearing copies of the 

original labels. They were then examined, bit by bit, 

with the microscope, with whatever powers were necessary 

to the fullest possible understanding of each fragment. It 

has been no uncommon thing to spend half a day over a 

single bird. Full notes of the materials found in each 

stomach were made on separate slips, and after this care- 

ful examination an estimate was made and recorded of the 

ratios of the different elements to the whole mass of the 

food of each individual. Objects which I was not able to 
identify have usually been sent to some more experienced 
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specialist, except where determination was. evidently im- 
possible.* 

These memoranda were afterwards classified and the 

data arranged in tabular form, so as to give a complete 

recapitulation and summary of the food of each species for 
each month. The tables thus constructed have furnished 

the basis for the discussion of the food of the species; and 

a similar tabular summary of the food of the family has 

been used in a similar way. Thus every fact observed 
appears in the final conclusion, and receives, there, its due 

weight. 

Family TURDIDA. The Thrushes. + 

This family consists, in Illinois, of nine species of birds; 

the robin, the catbird, the brown thrush, the wood thrush, 
the hermit thrush, Swainson’s thrush, the Alice thrush, the 
mocking-bird and Wilson’s thrush or the Veery. The first 

four of these stay with us in this latitude during the sum- 

mer ; the others emigrate beyond our borders, except the 

mocking-bird, and that only reaches the southern third of 

the state in any considerable numbers. I have now care- 

fully studied the food of three hundred and fifteen speci- 

mens of this family, shot in various parts of Illinois, and 
in all months from February to October. 

TuRDuUS mMicRATORIUS, L. THE Rosin. 

This bird, as familiar to every one as the domestic cat, 
is the most abundant of the thrushes, and plays so large a 

part in the economy of the. farm and garden as to make 

the question of its food one of unusual importance. The 

species ranges from the Atlantic to the Pacific and from 

the Mexican plateau to the Arctic circle, at home in all 
the latitudes and longitudes of this vast and varied coun- 

try. Icannot, of course, attempt to determine, at pres- 

ent, the food of the species throughout this immense area, 

*For assistance of this sort, I am indebted above all others to Prof. C. 
V. Riley, Chief of the U. S. Entomological Commission at Washington, 
D.C. Ihave called upon him especially for the identification of larve, 
and my drafts have never been dishonored. 

{The general reader is referred to the “recapitulations” and the dis- 
cussions of the “economic relations” of each species for the most im- 
portant facts of these papers. 



The Food of Birds. OF 

but shall endeavor to show only what it eats under ordina- 

ry circumstances within the limits of Illinois. The spe- 
cies is not strictly migratory, but is reported as wintering, 

sometimes in considerable numbers, as far north as the 
‘White Mountains, in New Hampshire. It occurs but very 

rarely in winter in central or northern Illinois, as there is 
at that season not sufficient food to tempt it to brave our 

prairie winds. Onthe other hand, it is comparatively rare 

in southern [linois insummer, but usually abundant there 
in autumn and winter, so that as far as this state is con- 

cerned, it is practically a migrant within our limits. In 

the latitude of Bloomington its advent depends on the for- 
wardness of the season, but it usually appears not far from 

the first of March, and the last of the species are gone by 

October 15th or November Ist. 

The nesting habit of this species is so varied that no 

special provision need be made by those wishing to encour- 

age its multiplication. The lower branches of orchard trees 
are probably its favorite situation, but it selects the most 

various places and uses little art or caution in the conceal- 

ment of its nest. 
February. 

The robin appeared at Bloomington, this year, in consid- 

erable numbers, about the middle of February, the spring 

being an unusually early and open one. 

Eleven specimens were shot at Normal, on the 27th and 

28th, and their stomachs carefully searched for food. We 

first note that ninety-nine per cent. of the food of these 

birds was insects, the remaining one per cent. being spi- 

ders. About fourteen per cent. of the food of these early 
birds consisted of caterpillars, all of them eaten by three 

birds, while seventy-six per cent. taken by every bird, 

was the larva of a slow, torpid fly, abundant in early sum- 

mer, closely related to the Tipulids or crane-flies (4720 
albipennis, Say). Prof. J. W. P. Jenks, now of Brown 
University, found this same larva to constitute about nine- 

tenths of the food of the robins examined by him in Mas- 

sachusetts, in February and March, 1858,—a fact which 

indicates a remarkable fixity of food habits, unaffected by 

twenty years of time and a distance of a thousand miles. 
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The caterpillars were partly cutworms, about one-third of 

them being recognized as the ‘‘speckled cutworm’’ (d/a- 

mestra subjuncta, G. & R.), aspecies supposed to be injuri- 

ous to cabbages.* Coleoptera occurred in the stomachs of 

these birds only in small numbers, comprising about four 

per cent. of the food. Half of these were Carabidae, eaten 
by six of the eleven birds, a fourth were scavenger beetles 

(Aphodius inquinatus) and a fourth were larve of Lam- 
pyride, including one of Chauliognathus. A few fragments 

of curculios were also found. 

Grasshoppers were present in about the same quantity 

as beetles, but only two birds had eaten them. One had ta- 
ken Tragocephala infuscata and another a Tettigidea. 

The Hemiptera (one per cent.) were chiefly soldier-bugs 

(Pentatomidez), eaten by five of the birds. The spiders 

had been taken by two birds, and one had eaten a small 

thousand-legs (Lulus). 

The striking feature of the month is the great predom- 

inance of the larva of Bibio in the food, a fact which will 

seem of small or great importance according to our views 

of the habits of this larva. By Dr. Fitch, former state 
entomologist of New York, as quoted by Prof Jenks,t 

it was believed to be especially injurious to grass lands, 

and the robin was therefore credited with an indispen- 

sable service to the farmer. Dr. Fitch gave no actual ob- 

servations, however, and his opinion was apparently spec- 

ulative. Mr. Walsht and Prof. Riley have since reported 

that the larva feeds only on decaying vegetation and is 

therefore harmless, if not indeed useful. Prof. Riley has, 

in fact, reared it in rotten leaves where no living vegeta- 
tion was accessible. Finding the robin feeding on it so 

excessively in spring, I took some specimens from among 

the roots of grass and weeds in a raspberry garden and oth- 

ers from the stomach of a robin, examined the contents of 

the intestine with a microscope, and mounted the material 

*Prof. Riley, by whom my specimens were determined, says that he 
reared the larva on cabbage, which it ate voraciously. 

{Journal of the Massachusetts Horticultural Society, Boston, March, 
1859, p. 152. 

{The Practical Entomologist, Vol. 2, No. 4, p. 45, January, 1867. 
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for permanent preservation, These larve were filled with 

vegetation, some of which was recognized as the leaves 

and rootlets of the grass-like weeds of the vicinity, while 
the remainder evidently consisted of the leaves of net- 

veined plants, probably trees, by which the ground was 

overshadowed. The frequency with which these tissues 

were found penetrated by fungi showed that this vegeta- 

tion was ina decaying condition. I next looked through 

my notes of the contents of the stomachs of meadow-larks 

shot at the very time when the robins were stuffing them- 
selves with this Bibio larva, and found that the meadow- 

larks had not eaten so much as one. As they search the 

ground more closely than the robin, relying almost as fully 

on insect food, this seemed good evidence that the larva 

occurs here chiefly in situations frequented by the robin 

and not by the meadow-lark,—that is, in gardens, groves 

and the like. It was only in such situations that I was 

able to find it myself. There is, therefore, no present ev- 

idence that this larva is now injurious even in the slight- 

est degree, and the robin is not entitled to any very posi- 

tive credit for its destruction. There is some probability, 

however, that if the insect were allowed to increase indefi- 
nitely, it would become injurious to living vegetation ; 

and if so, the high rate of its multiplication would make 

it a seriously destructive pest. The immense numbers 

annually destroyed by the robin may be inferred from the 

fact that I have counted as many as one hundred and sev- 

enty-five from the stomach of a single bird; and as fully 

half of the food of the robin for a month consists only of 

this insect, fifty larvee a day for each robin, or one thou- 

sand five hundred for the month, will be a very moderate 

estimate. 

About five per cent. of the food of February consisted 

of beneficial insects. 

March. 

Nine birds were shot on four different days of March, 

between the 9th and 81st, six of them in McLean county, 

and three at Galena. Four of these had eaten Bibio larve 

again, which amounted to thirty-seven per cent. of the 
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food of the month. Four birds are to be credited with the 
thirty per cent. of caterpillars destroyed. About two- 

thirds of these were cutworms, among which Agrotis mes- 

soria,* was recognized. A few were the larve of Arctiidae, 
probably Callimorpha. Eighteen per cent. of the food, eaten 

by seven of the birds, was made up of Coleoptera, two- 

thirds of which were scavenger beetles (Aphodius timetari. 
us and A. inguinatus). Carabidee and their larvee made 
but two per cent. of the food. Harpalus was the only genus 
distinguished. A few Histeridz, a few wireworms (lar- 

val Elateridz), a soldier-beetle ( Zelephorus. bilineatus), 
and traces of long-snouted curculiost were the remaining 

beetles. Hemiptera were found in somewhat larger num- 

ber and variety than in the preceding month. Among these 

were the raptatorial species, Coriscus ferus, and also Phy- 

tocorus lineolarus, Cenus delius and Huschistus servus. 
The soldier-bugs (Pentatomidz) made about two-thirds of 
the three per cent. of Hemiptera taken in this month. 

Grasshoppers were present in about the same amount as 

before, and the same species appeared in the food. A few 

spiders and thousand-legs and berries of sumach (Rhus 
glabra) complete the list. The large percentages of cut- 
worms, Bibio larvee and dung-beetles are thus seen to be 
the principal features of the food of these birds. Exclud- 

ing the Bibionide, about thirty-seven per cent, of the food 
was composed of injurious insects and six per cent. of ben- 
eficial species. 

April. 

| The robin is represented in my notes of this month by 

seventeen birds shot at Normal, Warsaw, Elizabeth and 

Hanover (Jo Daviess county), Waukegan and Evanston, 
at various dates between the 2d and 27th. The high insect 

averages are maintained. Caterpillars are nearly as abun- 

*All the cutworms but one mentioned in this paper were determined 
by Prof. Riley. 

tI have used throughout this paper the somewhat artificial divisions 
of Longirostres and Brevirostres as applied to the Rhyncophora, because 
nearly all the especially injurious species belong to the former section. 
In fact, I have not hesitated to use an obsolete classification wherever 
the groups thus formed correspond better to the differences of food habit 
or of economic value than those made by the highest modern authori- 
ties, 
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dant as before and make about a fourth of the food. Arc- 

tiide and Phaleenidz (measuring-worms) appear in some 

quantity, but of unrecognized species. The larve of Bibio 

fall to eight per cent. and do not again appear in the food 

during the year. 

A strong upward jump in the ratios of Coleoptera, which 

rise in this month to forty-two per cent., is doubtless due 
to the greater activity of beetles during this season of their 

amours. The effect is clearly seen by running along the 
line of averages for Coleoptera from February to October, 

viz.: 4, 18, 42, 44, 15, 9, 7, 5, 8.. The upward swell which 

commences in March and dies away in June, corresponds 

to the time when the procreative impulse overcomes the 

usual discretion of these insects, and draws them out more 
freely into the open air. It is in this month that the bird 

makes its principal attack on the predaceous beetles, which 

are represented by an average of seventeen per cent., eaten 

by eleven of the birds. Thirteen heads of Harpalus her- 
bivagus, for example, were taken from the stomach of a 

single robin. Other species of Harpalus, Brachylobus 

lithophilus, Anisodactylus baltimorensis, Geopinus ineras- 
satus, Pterostichus and Amara were observed. Scarabzei- 

dze also occur in unusual abundance at this time (fifteen 
per cent.), as might be anticipated by one who recalls the 

numbers in which they are now seen flying in the air. 

May-beetles (Lachnosterna) make about half of these, and 
Aphodii the other half. A single bird had happened upon 

an interesting store of water-beetles (Hydrophilidz) which 

included a specimen of Hydrocharis obtusatus, several of 
Philhydrus cinctus, and a number of Helophori unknown 
to me. Rhyncophora amount to about three per cent. of 

the food. Only Centrinus and Graphorhinus vadosus were 
recognized. Minor items were the traces noticed of Ela- 

teride, Lampyridez and Chrysomelide. 

Hemiptera stand at about the ordinary average (three 

per cent.), as usual chiefly Pentatomide. Coriscus ferus, 
some indeterminable Reduvid, Podisus modestus and [Hy- 
menarcys nervosa were the principal forms. The Orthop- 

tera (five per cent.) call for no especial remark; neither 
do the Arachnida (one per cent.). One bird had eaten a 
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predaceous thousand-legs (Geophilus), and two had eaten 

earthworms (five per cent.). The infrequent occurrence 
of the last in the stomachs of robins surprised me. It is 

probably due partly to the greater digestibility of these 

soft worms as compared with the chitinized skins of insect 

larvex, and partly to the fact that the greater part of those 

taken by the robin are fed to the young. A few sumach 

berries eaten by the woodland robins shot in northern 
linois complete the dietary of the month. 

The April food of the robin is, therefore, especially 

noticeable for the greatly diminishing number of Bibio 

larve and the excessive number of beetles eaten, especial- 

ly of the Carabide and Scarabeedie. 

May. 

Fourteen birds were studied for this month, all but two 
of them from various parts of northern Illinois. The rec- 

ord of May is substantially a duplicate of the April list, 
except in a few particulars. The Bibio larve are replaced 

by seven per cent. of adult crane-flies (Tipulidae) and the 

Carabidez drop to four per cent., the balance being almost 

exactly replaced by the scavenger beetles and leaf-chafers 

added. Chlaenius and Agonoderus partiarius are among 
the captures of these birds. Lachnosterna rises to its 

highest point in May, and is represented by seventeen per 

cent. of the food. Wireworms (Elateridz) are likewise 

unusually abundant, for some unexplained reason, amount- 
ing to eight per cent. A single robin had eaten a single 
potato beetle (Chrysomela 10-lineata), and one had taken 

a specimen of Prometopia 6-maculata. Conus delius ap- 
pears among the Pentatomide and Polydesmus among the 
thousand-legs; and sumach berries again occur. 

June. 

With June the robin revolutionizes his commissariat. The 

insect ratios, which have averaged ninety-five per cent. dur- 

ing the preceding months, now drop to forty-two, and re- 

main at or below this point for the rest of the year; and this 

lack is compensated by the appearance of fifty-five per 

cent. of cherriesand raspberries. The loss falls chiefly up- 

on the Diptera and Coleoptera, the former dropping from 
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eleven per cent. to less than one, and the latter from forty- 

four per cent. to fifteen. Among the families of Coleop- 

tera we see from the table that it is the Scarabaeidae which 

benefit chiefly by thisdiversion of the robin’s activities; 

for, while the other families remain about as before, this 

family drops from twenty-two per cent. in the preceding 

month to one in this. 

Taking up the details of the food of the thirteen June rob- 

ins, ranging from the 10th to the 29th, all shot at Normal, 

we first notice the larger percentage of ants. These have 

hitherto occurred in but trifling numbers,—(three per cent. 

in the preceding month),—but are now more than twice 

as common in the food. This fact is doubtless due to the 

same cause as the still greater relative abundance of the 

ants in June in the food of the bluebird,—to the abun- 

dance of the winged perfect formsof some species at this 

time. Caterpillars stand at seventeen per cent., seven 

per cent. being cutworms. Carabidw form six per cent. 

of the food. Among the adults were Callida punctata, 
Cratacanthus dubius, Agonoderus and Anisodactylus. 

Wireworms were again numerous, four per cent being 

eaten by seven of the birds. Forty-seven per cent. of the 

food of these birds was cherries and eight per cent. rasp- 

berries. 

July. 

The fourteen July birds were evidently reveling in the 

fruit garden, raspberries, blackberries, and currants form- 

ing seventy-nine per cent. of the food.* 

On the other hand, but twenty per cent. of the food was 

insects and one per cent. was spiders. The caterpillars 

furnish only four parts of the food, and beetles but nine 

parts, of which two-thirds were Carabide.  Evarthrus, 

Pterostichus and Amara were noticed among these. Scara- 

beeide, Elateridz, and Rhyncophora each one per cent., a 

mere trace of Hemiptera, four per cent. of Orthoptera 

(chiefly crickets), eaten by two of the birds, and one per 

*] have notordinarily attempted to distinguish raspberries from black- 
berries in the stomachs of birds, but have set down either one or the 
other, according to the advancement of the season. 



104 The Food of Birds. 

cent. each of Arachnida and Myriapoda are the remaining 

trivial details. 

August. 

This month is represented by twenty birds, all shot at 

Normal,* at repeated intervals from the fourth to the 

thirtieth. With the disappearance of blackberries, the food 

of this bird returns substantially to the status of June. 
Insects increase again to forty-three per cent. and fruits 

fall to fifty-six. Ants remain at the usual point of insig- 

nificance, caterpillars rise again to seventeen per cent., 

about two-thirds of them Noctuide. Coleoptera figure at 

seven per cent., only two per cent. being Carabide, Rhyn- 

cophora rise to four per cent., eaten by nine of the birds; 

and, except a stray Nepa picked up by one robin, Hemip- 

tera appear in trifling quantity. Orickets and grasshop- 

pers are more abundant, amounting to ten per cent. of the 

food. 

The cherries made forty-four parts of the food of the 

month, eaten by fourteen of the birds, bwt two-thirds of these 
cherries were wild. Tame grapes make three per cent. of the 
food, berries of the mountain-ash about four per cent., and 
blackberries from the woods not far from five per cent. 

September. 

Twelve birds, all but one shot at Normal September 
25th, and that one at Aurora on the 18th, show no more 

remarkable peculiarity than the substitution of ants for 

most of the caterpillars, the former composing now fifteen 

per cent. of the food, and the latter but five. The ants 

were largely winged, but. of different species from those 
taken most freely in June.+ The Carabidz of this month 
were chiefly larve. Among the Hemiptera (three per 

cent.) were found Mormidea lugens and Caenus delius. No 

*The general cessation of taxidermist’s field work in midsummer 
‘has prevented the supply of any material for this month and the preced- 
ing, except that obtained by ourselves in McLean county. 
+Examining the tables of food of the bluebird, brown thrush and rob- 

in, I find throughout a curious inverse relation between the ratios of 
ants and caterpillars, the latter falling away in June to about the same 
degree that ants increase during the time of their most conspicuous ac- 
wy, I cannot even guess why ants should thus replace cater pillars in 
the food. 



The Food of Birds. 105 

trace of spiders or myriapods was found, and only two per 

cent. of grasshoppers. The fruits stand at seventy per 

cent., fifty-two per cent. being grapes and the remainder 

berries of the mountain-ash and moonseed (Menispermum). 

Octoberand December. 

The robin commences to withdraw to the south in Octo- 

ber, and his operations in central Ulinois have little in- 

terest during this month. At Normal the species became 

rare earlier than usual this year, and but three specimens 

were secured. These were feeding largely on wild grapes 
(fifty-three per cent.) and ants (thirty-five per cent.). Six 

per cent. of the food was caterpillars and two per cent. 

wireworms (Elateride). Ihave seen the bird eating ap- 

ples in all the autumn months, but have never found the 
remains of this fruit in the stomach, and doubt if any es- 

pecial harm is done in this way. 

A single bird shot at Cairo in December, piping loudly 

from a tree-top for company, the only one of the entire 

family seen during a week’s winter shooting in southern 

Illinois, had evidently been feeding on the berries of the 

mistletoe. By the inhabitants of that region, troops of 

robins which commonly winter there were said to have 

gone south in November, a fact attributed by them to the 
failure of the wild grapes in the woods that year. 

Recapitulation. 

The food of the robin, as indicated by the stomachs of 
one hundred and fourteen specimens, consists almost en- 
tirely of insects from February to May inclusive, but from 

that time forward these make but little over a third of its 

food, the remainder (sixty-four per cent.) being composed 

of fruits; tame and wild, in varying proportions, according 

to the local situation and surroundings. Insects make al- 

most precisely two-thirds of the food of the year, taken as 

a whole. 
In early spring the bird depends chiefly for food upon the 

larve of a single species of fly (Bibio albipennis, Say), which 

it picks from among the leaves and roots of grass and weeds 

in gardens, and similar situations. In February this made 
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three-fourths of the food of eleven specimens, and in 

March more than athird of the food of nine. While this lar- 

va is not at present injurious, but feeds ordinarily on decay- 

ing vegetation, it might possibly do injury to meadows 

and pastures if allowed to multiply without restraint. 

But few ants are eaten by this bird until late in the fall, 
when the swarming of the sexual forms of some of the 

species seems to attract its appetite, in the relative dearth 

of other insects. 

Caterpillars make up, in March, April and May, fully 

a fourth of its food, about half of these being cutworms 

and other similar forms. Later, these are largely given 

up for fruit, and in the latter half of the season make only 

about one-tenth of the food. The average of caterpillars 

for the year is seventeen per cent. 

Beetles, commencing at four per cent. in February, when 

but few specimens have yet been aroused from their cold 
winter’s sleep, rise to forty-four per cent. in April and 

May, when their procreative energies are most active and 

urge them out into the air in swarms. With the appear- 

ance of the small fruits, beetles, also, are neglected by the 

robin, and the average for the last four months of the sea- 

son falls away to six per cent., eighteen being that for the 

year. 

This discrimination affects chiefly the scavenger beetles 
and the ‘‘June beetles,’ the other families maintaining 

about their original numbers throughout, with only an up- 

ward wave in April. The predaceous beetles average six 

per cent. of the food of the year, the leaf-chafers three 

per cent., the wireworms two per cent., and the snout- 

beetles one per cent. 

The robin’s depredations upon the true bugs (Hemiptera) 

are but trivial, amounting only to three per cent. of the 
food, but nearly all of these belong to species regarded 

more or less positively as beneficial. 

The ratio of grasshoppers and crickets (four per cent.) 

seems trivial at first sight. We note, however, that these 

were eaten by twenty-six of the birds, and that, conse- 

quently, at least twenty-six of the insects must have been 

destroyed. Remembering that these figures are based 
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upon a single day’s food, or even less, for each bird, we 

see that these robins were eating at an average rate of at 

least twenty-six grasshoppers or crickets a day, for seven 
months, giving us a minimum total of 5,500 Orthoptera 

for the year. 
Only one per cent. of the food was spiders. Thousand- 

legs were eaten by eight of the birds, and by these in merely 

trivial quantity. 

Coming now to the fruits, we find that tame cherries, 

blackberries, raspberries, currants and grapes, excluding 

wild fruit of all descriptions, make about one-fourth of the 

food of the species for the year, the wild fruits making 

another tenth. In the absence of the latter, the robins 

would doubtless attack the garden fruits more vigorously.* 
Concerning these general statements, the all-important 

question is, of course, the sufficiency of their basis. 

Granting that the observations have been exactly made 
and correctly generalized, how far may the conclusions 

reached be expected to hold good in the future? These 

conclusions actually rest upon the food of a hundred and 

fourteen birds for probably about half a day each. Can 

we safely reason from these to the food of the thousands 

and hundreds of thousands of robins of the state, day after 
day, the whole season through? 

In a paper published last winter in the Transactions of 

the Illinois Horticultural Society, I made the following 

reply to substantially the same question :— 

‘‘Tf the same species will eat substantially the same food, 
year after year, in the same situation, then, of course, a 

good deal may properly be inferred from comparatively 

few data; but if the food varies widely, either arbitrarily 

or under slight changes of condition, then we can infer but 

little. Upon this fundamental question I have two sug- 

gestions to make. 
‘First, if several species allied in structure, occupying 

the same territory at the same time, living side by side, 

*No man should needlessly sacrifice a wild cherry-tree or a fruiting 
vine or shrub of any kind. Ordinary common sense would teach the 
preservation of as much of the worthless natural food of frugivorous 
birds as possible, as a diversion from the cultivated fruits of the orchard 
and garden. 
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with the same sources of food supply open to them, are 

found, on the examination of a limited number of stom- 
achs, to present several characteristic differences of food, 
so that the investigator can point out definite peculiarities 

of the food of each species, and finds these peculiarities 

reasonably constant, year after year, then we may say un- 

questionably, without going farther, that there is a fixity 

of food-habits in this group of birds which will allow us 

to reason from the data observed. 

‘Second, if there are any other habits of the species in 

which there does not seem to be any greater reason for in- 
variableness than in those relating to the food, which are 

nevertheless found to be substantially unvarying, then we 

may, with considerable force, argue the probability of a 

like unvarying character in the habits of alimentation. 

‘*Respecting the first of these tests, you will see, when 
I sum up the food of the family now under consideration 

and bring the data respecting the various species into com- 

parison with each other, that I have made out certain very 

well-marked specific differences of food, even among those 
eating at the same table; that the different species of this 

group, while agreeing in many particulars of food as they 

do in structure, present also certain peculiarities, so 

marked that I can usually determine the species by the 

contents of three or four stomachs. 
‘‘For the second test we may properly use the nesting 

habit. There seems to be no more cogent reason why one 

species should select from the same storehouse different 

materials for its nest from those used by another closely 

allied species of nearly the same size and similar general 
habits, and building in the same locality, than why each 

should use a similar fixed discrimination in selecting its 

food. Yet no expert, scarcely a schoolboy even, will hes- 

itate a moment between the nest of a robin and that of a 
catbird; and the descriptions of the two given in the books 

are so different as to enable any novice to distinguish be- 
tween them at a glance. In fact, a friend mentions, as 

I write, two birds whose nests are much more easily dis- 
tinguished than the birds themselves.” 

I have now to add what we may regard as a decisive cru- 



The Food of Birds. 109 

cial test of the conclusion implied above. In the paper 

quoted from, I gave the details and a summary of the food 

of forty-one robins in a table similar to those presented in 

this paper, and a comparison of the averages of that table 

with those of the table on pages 112, 118, 114, 115, may be 
easily made. While any serious differences in the averag- 
es of these two tables would not necessarily condemn the 

later one, but, at the worst, would leave its sufficiency in 

doubt, a substantial agreement of the two would be con- 
clusive proof of the correctness of both. It is incredible 

that the averages of a hundred and fourteen specimens 

should agree essentially with those of forty-one, unless 

both were framed upon identical principles and were suffi- 

ciently true to the facts for all practical purposes. I will, 

therefore, place the principal averages of these tables side 

by side, premising that the later table not only includes 

nearly three times as many specimens as the earlier, but 

covers two months’ more time. 

The figures for the first and second tables, taken alter- 
nately, are as follows :—Insects, seventy per cent. and six- 

ty-five per cent.; caterpillars, eighteen per cent. and sev- 

enteen per cent.; Diptera, eighteen per cent. and seven- 

teen per cent.; Coleoptera, nineteen per cent. and eight- 

een per cent.; Carabidz, seven per cent. and five per 

cent.; Scarabeeidee, four per cent. and seven per cent. ; 

Lachnosterna, two per cent. and three per cent.; Elateri- 

dze, three percent. and two per cent.; Rhyncophora, three 

per cent. and two per cent. ; Chrysomelide, one per cent. 

and a trace; Hemiptera, four per cent. and three per cent. ; 

Orthoptera, eight per cent. and four per cent.; Arachni- 

da, a trace and one per cent.: Myriapoda, two per cent. 

and a trace; garden fruits, twenty-eight per cent. and 

twenty-nine per cent. 

As I did not discriminate, in the former table, between 
tame and wild edible fruits, I have included the latter in 
both, and excluded the inedible fruits. I believe that the 

agreement in these figures, taken into account the earlier 

and later months covered by the second table, is quite re- 

markable, and can be explained only on the supposition 

that the fuller table presents a reasonably accurate sum- 
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mary of the food of the robin as a species in at least the 
northern half of the state, and under the ordinary condi- 

tions of the last five or six years. Of course, I had no idea 
how these averages were coming out until my notes were 

finished and the ratios were calculated for the whole. 

Economic RELATIONS. 

We come now to the intricate, delicate and difficult 

question of the economic relations of this species,—a 

question rendered less important by the general considera- 

tions urged elsewhere, but, nevertheless, deserving careful 
attention. While it is true that every insectivorous bird 

must be respected, whatever its other habits, at least un- 

til we clearly understand its function in the general order 
and are certain that its removal will do no harm which we 

can not remedy or endure better than we can support its 

injuries, yet an idea of the relative importance of edible 

fruits and insects of both the beneficial and injurious classes 
in the diet of the bird is necessary as a step to this clear 

and complete understanding of the matter. 
Glancing at the bottom of the table of the food of the 

species, on page 115, the reader will see three lines of fig- 
ures running across the page, showing for each month the 

percentages of beneficial, injurious and neutral species of 

insects and fruits eaten by these birds. The figures at the 

right give similar percentages for all the birds for the entire 

year. Following the upper line, we note the small percent- 

agesof injury done in the early spring, the marked increase 
of injury in April, due to the excessive destruction of pre- 

daceous beetles, and the heavy percentages of the fruiting 

months. The general average of beneficial elements des- 

troyed for the year is thirty-six per cent. On the second 

line we notice an inverse variation. Commencing with a 
ratio of ninety-four per cent. of injurious elements eaten 
in February (if we include the larva of Bibio in these), 
the record runs down to seven per cent. in September, the 

general average for the year being forty-three per cent. 

This comparison, however, is merely a quantitative one. 
Injurious or beneficial elements are balanced against each 

other according to their bulk and not their quality. A 



The Food of Birds. 114 

quart of caterpillars counts as the equivalent of a quart of 

blackberries, and, on the other hand, as the equivalent, 

also, of a quart of predaceous beetles. It is evident, there- 
fore, that we cannot get at any close estimate of the 

economic values of this species in this indiscriminate 

way. 
A nearer approximation to the truth may be made by 

critically comparing the general averages for the year 

found in the vertical column at the right of the table. 

Here we have the following totals of injurious and benefi- 
cial species:—Of the first, caterpillars, seventeen parts 

(including eight parts cutworms); Bibio larvee, fifteen 

parts; leaf-chafers, three parts; wireworms, two parts; 

snout-beetles, two parts; crickets and grasshoppers, four 

parts. Of the second, predaceous beetles, six parts; pre- 

daceous bugs, three parts; garden fruits, twenty-four parts. 

Now, the opinions of entomologists would probably be found 

to differ somewhat widely on the question of the relative 

values of these various elements, and each must form his 

own opinion from the data given.* My own judgment is 

that, taking into consideration only the immediate present 

effect of the robin upon the fruits and insects of the state, 

ignoring for the moment the important secondary disturb- 

ances likely to arise if the number of the species were 

greatly lessened, and balancing these elements carefully 
against each other (applying to them, in fact, the opera- 

tion of cancellation in arithmetic), we can reduce the 

question finally to about this form :—Will the destruction 

of seventeen quarts of average caterpillars, including at 

least eight quarts of cutworms, pay for twenty-four quarts 

of cherries, blackberries, currants and grapes? 

To this question I, for my own part, can only reply that 

I do not believe that the horticulturalist can sell his small 

fruits anywhere in the ordinary markets of the world at 

so high a price as to the robin, provided that he uses prop- 

er diligence that the little huckster doesn’t overreach him 

in the bargain. In other words, while the bird is far too 

*Concerning the value of predaceous beetles, the reader is especially 
requested to examine the papers on that subject in the present bulletin. 
It is probable that their services have been greatly overestimated. 
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valuable to exterminate, at least until we are sure we can 
replace him by some cheaper assistant, yet he is not so 
precious that we need hesitate to protect our fruits from 

outrageous injury. Indeed, it seems likely that the ordi- 

nary destruction of robins by gardeners does not more than 

compensate for the destruction of birds of prey in the in- 

terests of the poultry yard,—removing that excess of rob- 

ins which, in the more natural order, would fall victims to 
the hawks and owls. 
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Mimus CAROLINENSIS, L. THe CarTsirp. 

This bird, scarcely less abundant than the robin, arrives 
later and makes a shorter stay, coming late in April or 
early in May, and disappearing from this latitude usually 

in September. It also occupies a larger territory in the 
state in midsummer than the robin, being not at all rare 
in extreme southern Illinois in July and August. I do not 
know that it ever winters northward. Its habits and fa- 
vorite haunts are so similar to those of the robin that one 
might not unreasonably anticipate that, respecting their 

food, both could be considered as one species; but we shall 

see proof that there are specific food characteristics to 
separate them. 
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‘How indefinite and uncertain is the present knowelge 
of the food of this especially notorious species, may be 

seen by comparing my notes with the statement made in 
the recent and elahorate work of Baird, Brewer and Ridg- 

way. 
“The food of the catbird is almost exclusively the lar- 

ve of the larger insects. For these it searches both among 
the bushes and the fallen leaves, as well as the furrows of 

newly-plowed fields and cultivated gardens. The benefit 

it thus confers upon the farmer and upon the horticulturist 

is very great, and can hardly be overestimated.”’ 
My observations of this bird cover the five months from 

May to September, inclusive. 

May. 

The specimens of this month range from the Ist to the 

31st, and from Warsaw and Normal, in central [linois, 
to Savanna, McHenry and Waukegan in the northern part 

of the state. Five of the birds of the month were taken 

in northern [linois and seventeen in the central part of 

the state. All of these birds had eaten insects, which 
amounted to eighty-three per cent. of the food, the remain- 

der consisting of spiders, three per cent.; thousand-legs 

(Myriapoda), seven per cent.; and seven per cent. of the 
dry berries of the sumach (Rhus glabra). Among the in- 
sects were about equal ratios of ants, crane-flies and beetles, 
the first composing eighteen per cent. of the food, the second 

nineteen and the third twenty-three. Caterpillars formed 
twelve per cent. of the food, and about one-sixth of these 

were distinctly recognizable as cutworms(Noctuidez). More 
than one-third of the beetles were Carabidez including 

specimens of Platynus and Harpalus pennsylvanicus. Only 
one per cent. of the food consisted of Scarabzeide, and five 

per cent. of snout-beetles (Rhyncophora). Nearly all of 
the latter belonged to the section Brevirostres, in which 

are found few of the injurious species of the group. Those 

recognized were Hpicwerus imbricatus and [thycerus nove- 
boracensis. Among the one per cent. of plant-beetles 

(Chrysomelidee) only Gastrophysa polygoni was specifically 
determinable. Minor items among the Coleoptera are the 
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water-beetles, including Colymbetes biguttatus and an un- 
determined species of Hydrobius. The Hemiptera amount- 

ed to only one per cent. of the food, and all of these were 

Pentatomide. The Orthoptera, including a few specimens 
of the white cricket (CEcanthus) and of the common spring 

grasshoppers, amounted in all to four per cent. of the food. 

A single specimen of the young of the walking-stick 

(Diapheromera femorata) had been eaten by one of the 
birds. Spiders amounted to three per cent. of the food. 

The Myriapoda included several specimens of Lithobius 

and three species of Polydesmus, viz.: P. serratus, P. 

virginiensis and P. canadensis. 
It will be seen at once that the striking feature of the 

food of this bird in May, as compared with that of the rob- 

in, is the abundance of ants and crane-flies, a characteris- 

tic which we shall find persistent until the opening of the 

fruit season revolutionizes the food of both species. 

June. 

The food of June undergoes so complete a change when 

the small fruits begin to ripen that the record may best be 

given in two divisions, the first of which agrees closely 

with that of May, while the second approaches more near- 

ly to that of July. In the first part of the month, ants 

were eaten by the nineteen birds examined in about the 

same ratio as in May. Crane-flies appear in the food 

only in the early days of the month. Among the Coleop- 

tera the principal peculiarity is the greater importance of 

the May-beetles (Lachnosterna). A few strawberries and 
cherries were eaten by this bird previous to the fifteenth 

of the month, but these fruits were not taken in sufficient 

amount materially to influence the averages. After the 

seventeenth, however, only one per cent. of the food con- 

sisted of ants, and only about three per cent. of caterpil- 

lars. The May-beetles disappear almost entirely, and the 

other insect elements are reduced to equal insignificance, 
while the same fruits constitute by far the larger part of 

the food. These include currants and cherries in about 

equal parts, and about twice as many raspberries as of both 

the others taken together. Treating the food of the month 
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as a whole, we find that forty-nine per cent. of it consists 

of insects, three per cent. of spiders and three per cent. of 

thousand-legs, while forty-five per cent. consists of fruits, 

twenty-one per cent. being raspberries, twelve per cent. 
cherries, three per cent, strawberries and eight per cent. 

currants. The ants of the month amounted to but eleven 

per cent. and the crane-flies to seven per cent. The Lep- 
idoptera stand at ten per cent. and the Coleoptera at seven- 

teen,—nearly one-third of the latter being Carabidee. The 
Hemiptera made about one per cent. of the food and the 

Orthoptera two per cent. A single bird-louse (Mallophaga) 

was found in the stomach of one of these birds. 

July. 

The record of this month rests upon eleven specimens, 

all from central Illinois, taken from the first to the twenty- 
third of the month. These indicate most clearly an emi- 

nent preference of the species for the small fruits, which 

composed three-fourths of their food, sixty-four per cent. 

being blackberries alone. Spiders and myriapods, are 

found in about the same ratio as in June. The latter are 

all Iulide, a part of them, at least, belonging to the genus 

Iulus. The only Orthoptera noted were specimens of the 

large black cricket of the fields (Gryllus abbreviatus) eat- 
en by a single bird. The Hemiptera almost disappear, a 

single Thrips being the only representative of the order. 

The Coleoptera amounted only to nine per cent. of the 

food, and more than two-thirds of these were predaceous 
beetles, eaten by eight birds; among these were noted 

Cicindela lecontei, Pterostichus, Evarthrus, Cratacanthus 
dubius, Anisodactylus baltimorensis and Harpalus. Only 
a single bird had taken caterpillars, which constituted 
three per cent. of the food of the month. Notrace of Dip- 

tera was found in the stomachs of these birds, and only 
four had eaten ants, which made two per cent. of the total 
food. Insects proper thus amounted to eighteen per cent. 

of the whole. 
It is clear, from the foregoing, that the catbird in mid- 

summer eats only such insects as come in its way while 

regaling itself on the smaller fruits, 
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Aug ut &t.. 

Twelve birds were obtained in this month, the first on 

the 7th and the last on the 80th, all from McLean and ad- 

joining counties Three of these were young, but as no 

difference of food was noticed corresponding to age, these 

are not treated separately. 

The food record of August resembles that of June, owing, 
doubtless, to the diminution of the smaller garden fruits 
at this time and to the fact that the wild fruits have not, 

yet generally come into bearing. The insect percentages 

are, therefore, much larger than in July, and it is instruct- 

ive to notice that this increase is first apparent and most 

evident in the ratios of ants—an indication of the positive 

preference of the catbird for this food. Nearly one-half 
of the forty-six per cent. of insects eaten in this month 

were ants. <A bee, a gall-fly and an ichneumon were no- 

ticed among the other Hymenoptera. Forty per cent. of 
the food was caterpillars, a considerable proportion of 

which were cutworms. Only six percent. of the food was 

Coleoptera, and the only predaceous beetle taken by these 
birds was one specimen of Cratacanthus dubius. Three 

per cent. of the food was scavenger-beetles, including 

Geotrupes and Solbocerus farctus. It is in this month 

that the Meloidz appear abundantly on goldenrods and 

other Composite, but only a single Epicauta was found in 

the food of one of these birds. The few plant-beetles no- 

ticed included a single Diabrotica vittata. Seven per 

cent. of Hemiptera were eaten; largely chinch-bugs, ta- 
ken by one of the birds. This fearful pest of the grain- 
fields was sufficiently abundant in the vicinity of Normal 
this year sensibly to injure the crops of grain. Nearly all 
the species of birds examined were found to eat them to 

some extent, but in quantities so trifling as probably to 

have little or no effect upon their multiplication. It is 

evident, however, that the birds have no especial preju- 
dice againstthem. The remainder of the Hemiptera were 

the ordinary ‘‘soldier-bugs,’? belonging to the genus 

Euschistus. 

Orthoptera appear in somewhat larger ratio, amounting 

to seven per cent. of the food, an indication, doubtless, of 
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the commencement of the autumnal multiplication of this 

order which will be found reflected to a very notable de- 

gree in the food of the bluebird further on. Only traces 

ef spiders and thousand-legs were discovered. Fifty-four 

parts of fruit were eaten, sixteen of which were wild. 
Nearly all of the garden fruits were blackberries,—cherries 

constituting but three per cent. of the food for the month. 

September. 

The catbird leaves our latitude in September, and only 
six specimens were secured,—all of them on or before the 
17th, in the vicinity of Normal and Bloomington. The 

chief peculiarity of the food of the month is the substitu- 
tion of cherries and wild fruits for blackberries. Seventy- 

six per cent. of the food at this time consisted of fruits, 
all wild but the grapes, which amounted to fourteen per 
cent. Elderberries, wild cherries and the fruit of the Vir- 

vinia creeper were the most important elements. Carniv- 

orous thousand-legs amounted to three per cent. of the 
food and insects proper ta twenty-one per cent., nearly 

half of which were ants. But few caterpillars had been 

eaten by these birds, and only seven per cent. of Coleop- 

tera,—five per cent. being Harpalide. The lower orders 

of insects were conspicuous only by their absence. 

We are now prepared for the review of the general av- 

erages of the season, and the indications which these afford 
of the economic value of the catbird. Taking the rec- 

ord of the year together as found in the vertical column 

at the right of the table on pages 125, 126, 127, the seventy 

birds of the species examined are found to have eaten for- 

ty-three parts of insects, two parts of spiders and harvest- 

men, three parts of thousand-legs and fifty-two parts of 

fruits. Only thirty-three per cent. of the food consisted 

of tame fruits, four per cent. being raspberries, twenty 

per cent. blackberries, one per cent. currants, four per 
cent. tame cherries, one per cent. strawberries and three 
per cent grapes. Scrutinizing more closely the details of 

the insect food, we find that ants form twelve per cent. of 

the total for the season; Diptera, chiefly crane-flies, about 

five per cent.; Lepidoptera six per cent.; and beetles 
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twelve per cent., one-third of which are Carabide. The 

scavenger beetles and leaf-chafers are three per cent. of 
the food; plant-beetles, one per cent., and snout-beetles, 

belonging chiefly to the leaf-eating Brevirostres, likewise 

one per cent. Two parts of Hemiptera and three of Orthop- 

tera are the only other items that we need notice. It will 

be seen that ants and beetles occur in about equal ratios, 

and that these are the most important insect elements in 

the food. Diptera and Lepidoptera taken together about 

equal one of the former elements. 

Recapitulation. 

In the catbird as in the robin the insect averages are 

highest in the early months, and fall rapidly away from 

May to July,—rising again in August and declining in Sep- 

tember. The ratios of insects taken for the five months 

covered by this table are as follows :—88, 49, 18, 46, 21. 

The same double curve is especially apparent in the aver- 

ages of ants, the corresponding ratios for which are 18, lib 

2, 20,9. Beetles gradually diminish to July and then re- 

main tolerably constant for the season. The predaceous 

ground-beetles maintain themselves at nearly uniform 

figures throughout. The Scarabzidez are, of course, most 
abundant in May and June, when the leaf-chafers are 

abroad. The snout-beetles observed were all taken in the 

months of May and June, and belonged chiefly to species 

whose injuries are confined to the leaves of trees. Only 
trifling ratios of plant-beetles were eaten by these birds. 
Hemiptera also occur in insignificant quantity, the only 
notable fact being the presence of chinch-bugs in the food 

of one bird. Orthoptera seemed to be most abundant in 

the late and early months, diminishing in June and July. 

Considerable numbers of Arachnida and Myriapoda are 

eaten by the catbird,—a point in which it contrasts notably 
with the robin. No earthworms were detected in the 

food. With respect to the fruits taken by this bird, we 
find that the general ratios for the corresponding months 

agree closely with those of the robin. Berries of the su- 
mach are eaten in May, but raspberries and blackberries 

are the most prominent elements of June, July and August. 
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Wild cherries take the place of these fruits in September, 

and grapes are then eaten to some slight extent. 
A comparison of the statements of this paper with the 

report published in the Transactions of the Illinois Horti- 
cultural Society for 1879, will give some interesting results. 
The former paper relates to thirty-seven specimens, ob- 

tained during the three months of May, June and July; 
and the present paper relates to seventy birds, taken dur- 

ing five months from May to September. As both the ad- 

ditional months extend the fruit season, we should expect 
the insect averages would now be smaller than before and 
that the averages of fruit would show a corresponding in- 

crease. This I find to be the principal difference between 

these tables. The various insect elements stand in about 

the same ratio to each other as before, except the ants 

(whose swarming in autumn accounts for their greater 

prominence in the food), and the Hemiptera and Orthop- 

tera. The first of these orders figures more largely in the 
general averages for 1880 because this was a ‘‘chinch-bug 

year’? in central [linois; and the second because grass- . 
hoppers, locusts and crickets greatly increase in numbers 
during the later months. In the earlier table, insects 
amount to fifty-six per cent. of the food; in the later, only 

to forty-three; ants are respectively ten and twelve, Dip- 

tera thirteen and five, Lepidoptera ten and seven, Coleop- 
tera nineteen and twelve, Carabide eight and five, leaf- 

chafers four and three, snout-beetles three and one, He- 
miptera one and two, Orthoptera two and three, Arachnida 

three and two, Myriapoda six and three and the edible 

fruits twenty-seven and forty-one. 

The Catbird and the Robin. 

In order to a more exact comparison of the food-habits 

of the catbird and the robin, I have computed the aver- 

ages of the principal elements of the robin’s food for the 

period of five months covered by the catbird’s record, and 
give these here alternately with the corresponding aver- 

ages of the catbird. The ants eaten by the robin during 
these months amounted to five per cent. of the food, and 

those by the catbird to twelve per cent. Diptera were 
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two per cent. and five per cent., Lepidoptera thirteen per 

cent. and seven per cent., Coleoptera thirteen and twelve, 

Carabide four and five, leaf-chafers three and two, wire- 
worms three and a trace, snout-beetles two and one, He- 

miptera three and two, Orthoptera four and three, Arachni- 

da a trace and two, Myriapoda a trace and three; raspber- 

ries and blackberries fourteen and twenty-four, cherries 
eighteen and twelve, currants three and one, grapes eleven 

and three, and strawberries—none by the robin and one per 

cent. by the catbird. From this it will be seen that the 
notable differences in the food-habits of these birds are 

the much larger ratios of ants, Diptera and berries eaten 
by the catbird; and of Lepidoptera, wireworms, cherries 

and grapes eaten by the robin. It also appears that the 

catbird has a much more hearty appetite for spiders and 

thousand-legs than the robin. 

It is not likely that there is any such active competition 

for food between these two species as this close agreement 

in the kinds taken at the same place and season would im- 

ply. The stress of the robin’s struggle for subsistence evi- 

dently comes in early spring, before the advent of the cat- 

bird; and by the time the latter appears there is probably 

an abundance of food for both species. The earlier de- 

parture of the catbird likewise prevents any stringent 

competition in the later months. 

Economic RELATIONS. 

Remembering that the chief economic service of the 

robin is done before and after the midsummer wealth of 

fruits tempts it from the chase of insects, we find it not 

unreasonable that the catbird, coming later and departing 

earlier, scarcely anticipating the garden fruits in its arrival 

and disappearing when the vineyard and orchard are at 
their best, should be a much less useful bird than its com- 
panion. The credit I have given it must be still further 

reduced because of its serious depredations in the apple 

orchard. I have often seen it busily scooping out the fair- 

est side of the ripest early apples, unsurpassed in skill 

and industry at this employment by the red-headed wood- 

pecker or the bluejay. 
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At the bottom of the table of food given on page 127 a 

set of percentages will be seen similar to those previously 

mentioned in the discussion of the food of the robin. The 

beneficial elements eaten by this bird, including fruits 
and the carnivorous insects, run as follows, from May to 

September :—18, 58, 75, 45 and 19, the average for the sea- 

son being forty-one per cent. The corresponding ratios of 

injurious elements are 29, 21, 7, 16, and 4, giving a general 

average of 15 per cent. for the year. Referring to the ver- 

tical column of figures at the right of the table we find the 

injurious insects of this bird’s food as follows: saw-flies 
one per cent., Lepidoptera seven, leaf-chafers two, snout- 
beetles one, plant-beetles one, chinch-bugs one and Orthop- 

tera three; while the beneficial insects in the same col- 

umn are—predaceous beetles five, predaceous Hemiptera 

one, and Arachnida two. A careful comparison of these 
elements with each other will probably convince the in- 

telligent reader that these insect averages balance each 

other fairly well, and that the injury done in the fruit- 
garden by these birds remains without compensation un- 

less we shall find it in the food of the yonng. This state- 

ment is made upon the hypothesis that ants are to be re- 

garded as neutral insects; and the entire question of the 

immediate value of this species, aside from the still un- 

settled question of the food of the young, may be reduced 

apparently to the following form: Will the destruction of 

a given quantity of ants pay for three times that quantity 

of the smaller garden fruits? 
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HARPORHYNCHUS RUFUS, L. Brown THRUSH. 

The brown thrush, although not so common a bird as the 

two preceding species, is still abundant enough to make 

its habits a matter of economic interest, both to the gar- 

dener and the farmer. It is reported by Baird, Brewer 

and Ridgway to reside and breed all over the United 

States east of the Rocky Mountains, but in this state it is, 
like the robin and catbird, practically a strict migrant. 

Mr. E. W. Nelson reports its occasional occurrence in 

southern Illinois in midsummer. It reaches Bloomington 
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a little earlier than the catbird, and, like that species, 

leaves us in September. It isa shyer bird than either of 

the preceding, shrubbery and thickets being its favorite 

haunts and nesting-places. 

April. 

The record opens with fourteen specimens taken from 

the 8th to the 28th of April. Five of them were from cen- 

tral Illinois and nine from the northern part of the state, 
in Lake and JoDaviess counties. Fifty-one per cent. of 

the food of these birds consisted of insects, two per cent. 

of spiders and six per cent. of thousand-legs. Seven 

per cent. of the food was Hymenoptera, nearly all ants; 

five parts were caterpillars and five were grubs of Dip- 

tera,— apparently crane-flies. Beetles make about one- 

fourth of the food, and one-fifth of these were Carabide. 
Platynus, Agonoderus and Harpalus were the only genera 
recognized. A remarkable feature of the food was the 

occurrence of four per cent. of carrion-beetles, chiefly 

Silpha lapponica and S. americana. Thirteen per cent. of 
the food of the month consisted of Scarabzeide, about three- 
fourths of these belonging to the genus Euryomia, which 

eats the leaves of fruit trees later in the season. A few 

June beetles were also taken at this time. A trace of wire- 

worms, three per cent. of snout-beetles (about two-thirds of 
them Brevirostres), one per cent. of Hemiptera and two 

per cent. Orthoptera were the remaining insect elements. 

We come next to the distinctive feature of the food of this 

bird among all the thrushes. Forty-one per cent. of the 
food consisted of seeds and fragments of grain, of which 
about one-seventh was acorns taken by woodland speci- 

mens, and nearly all the remainder corn. The appearance 

and odor of the contents of these stomachs left no doubt 

that the fragments mentioned were picked from the excre- 

ment of animals. 

May. : 

The month of May is represented also by fourteen spec- 

imens, taken at various dates from the Ist to the 27th, 
chiefly early in the month. Eleven of these were shot in 

the northern part of the state, between Galena and Wau- 
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kegan. The large percentage of insect food in May re- 

minds us of the corresponding rise, in this month, of the 

insect averages of the food of the robin and the catbird. 

Seventy-nine per cent. of the food of these birds consisted 
of insects proper, only one per cent. of spiders and three 

per cent. of thousand-legs. Ants now amount to four per 

cent., caterpillars to twelve per cent. (one-third of them 

distinguishable as cutworms), and Coleoptera to precisely 

one-half the food, one-tenth of it being Carabide. 
Scarabeidz rise to thirty-five per cent., chiefly June- 

beetles of the genus Lachnosterna, wireworms to three 

per cent. and Hemiptera and grasshoppers likewise to three 

per cent. The Hemiptera were all soldier-bugs. Among 
the predaceous beetles Pterostichus, Anisodactylus and 

Harpalus were recognized. <A single specimen of Cytilus 

sericeus was the only representative of the family Byrrhide 

found in the food of any of these birds. Corymbetes and 

Monocrepidius auritus were among the spring-beetles ta- 

ken. In this month, as in the preceding, the snout-bee- 

tles were chiefly Brevirostres. The Scarabeidz included 

Onthophagus hecate, Aphodius fimetarius, inquinatus and 
granarius, and Huryomia inda. Seventeen per cent. of 
the food of the month consisted of fragments of grain. 

June. 

The birds of June, fifteen in number, taken from the Ist 

to the 29th, all from the northern partof the state but two, 

had eaten about equally of insects and vegetable substances. 

Ants rise in this month to eleven per cent., caterpillars 

fall to three, about one-third of these being cutworms. 

Diptera fall to one, and Coleoptera to twenty-seven per 

cent., and Carabide drop likewise to four per cent. Scara- 

beeidz return to seventeen, thirteen of these being leaf- 

chafers; wireworms fall to one, snout-beetles rise to four, 

and plant-beetles are represented bya single Chrysomela 

suturalis. Among the snout-beetles occur Sphenophorus 

parvulus and S. sculptilis. Several specimens of Apicwrus 
imbricatus were eaten by three birds. Phanwus carnifex, 
Onthophagus hecate and Aphodius timetarius appear among 
the Scarabeide. The commencement of the fruit season 
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is here distinctly discernible. Twenty-two per cent. of 

the food of these birds consists of raspberries, five per 

cent. of strawberries and one per cent. of cherries, making 

a total of twenty-nine per cent. of fruits. Fragments of 

corn and oats amount to nineteen per cent. 

July. 

But seven birds were examined in July; all from the 

vicinity of Normal. All of these had eaten insects, which 
amounted to only about one-fourth of the food. Both ants 

and caterpillars were present in trifling quantity. Only 
about half as many Coleoptera had been taken as in the 

month preceding. Hemiptera and Orthoptera each make 

up four per cent. of the food, and Arachnida and Myri- 

apoda are entirely wanting. Carabidze stand at four per 

cent., as in June, spring-beetles continue at three and 

snout-beetles amount to two per cent. Hvarthrus colossus 

was found among the Carabide. Heteraspis pubescens, 
Colaspis brunnea and Diabrotica 12-guttata represented 
the plant-beetles. The fruits of July amounted to sixty- 

two per cent. of the food,—all blackberries. Twelve per 
cent. consisted of fragments of corn. 

AUG St. 

Twelve birds were shot in August, all from McLean 

county, at various times in the month from the 7th to the 
30th. The insect averages rally again in August, returning 

now to fifty-one per cent. Hymenoptera rise to fourteen 

per cent.,—the highest average of the season,—a fact due 

doubtless to the swarming of certain species of ants at 

this time of the year. 

Caterpillars amount to eleven per cent. of the food; 

Coleoptera fall away to ten, and all but one of these are 
Carabide. Cratacanthus dubius seems to be especially 

abundant in the later summer and early autumnal months. 

Four per cent. of the food of these birds consists of this 
species, and it has likewise been found prominent in the 

food of the bluebird and the catbird at the same season 

of the year. <A small percentage of snout-beetles and 
plant-beetles call for no special remark. Hemiptera now 
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make one-tenth of the food—an exceptional occurrence 

due to the fact that this was one of the chinch-bug years 

in central [linois and that three of these birds had eaten 

freely of that insect. Orthoptera stand at six per cent., 

about equally distributed between the three families of 

the crickets, locusts and grasshoppers. A specimen of 

Tridactylus was noticed among the first and one of the 

common katydids among the second. The fruits of this 

month amount to thirty per cent., eaten by nine of the 

birds. Half of these were cherries, and the remainder 

were blackberries, grapes, elderberries, and the berries of 
the mountain-ash. Fragments of corn amounted to eight- 

een per cent. of the food. 

September. 

But two birds were shot in September, too few to give 
any correct idea of the food of the month. It is only nec- 

essary to say that these had eaten more largely of grass- 

hoppers than the birds of the preceding month, and to 

about the same extent of fruits, all of which were grapes. 

Summary for the Year. 

Taking the food of the year together, we find that almost 

precisely one-half of it consisted of insects. Spiders 

amounted to but one per cent. and thousand-legs to but 

three. The remainder of the food consisted equally of the 

smaller garden fruits and the fragments of seeds and grain. 

Thirteen per cent. of the food of these sixty-four birds con- 

sisted of blackberries, four per cent. of raspberries, one per 

cent. of strawberries and three per cent. of cherries. The 

ants of the year stand at seven per cent., caterpillars at 
six, and Diptera atonly one. Coleoptera amounted to pre- 

cisely one-fourth of the food, predaceous beetles to six per 

cent. and Scarabeide to thirteen per cent., nearly all of 

these beingleaf-chafers. Spring-beetles and snout-beetles 

each average two per cent., and Hemiptera and Orthop- 

tera each stand at four. 
In the paper previously cited, published in the Transac- 

tions of the Illinois Horticultural Society for 1879, I gave 

a table of the food of this species based upon twenty- 
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eight specimens shot in April, May, Juneand July. A test 

of the substantial correctness of the conclusions of the pres- 

ent paper may be made by comparing the averages of the 

table printed herewith with the table on page 150 of the 

Transactions cited. If the important ratios of the present 

table, covering the food of sixty-four specimens, shot during 
six months of the year, agree substantially with that table 

of the food of twenty-eight specimens, covering but four 
months of the year, this will be sufficient evidence of their 

general correctness Iwill give these averages alternately, 
first for the former table and then for the present. The 

twenty-eight specimens of 1879 had eaten insects to the 

amount of fifty-nine per cent., and sixty-four specimens of 

the table of 1880 had eaten insects to the amount of fifty- 

one per cent. Hymenoptera are seven in the first and eight 

in the second; ants are seven in the first and also in the 

second; Lepidoptera seven and seven, Dipteraa trace and 

one, Coleoptera twenty-nine and twenty-five, Carabidz 
six and six, Silphide two and one; leaf-chafers nine and 

ten, spring-beetles one and two, snout-beetles three and 

two, Hemiptera two and four, Orthoptera four and four, 

Arachnida one and one, Myriapoda four and three, and 

fruits twenty-two and twenty-four. <A larger percentage 
of Hemiptera is due to the much greater abundance of 

chinch-bugs in 1880. 

HeEcapitulation. 

The brown thrush, arriving in April, finds nearly one- 
half of its food in fragments of corn and other grains and 

seeds picked from the droppings of animals. This curious 

habit it maintains throughout the year, evidently taking 
this food from preference as well as from necessity. In 

fact I have often found these vegetable fragments associ- 

ated with blackberries in the food. 
After April this element averages about sixteen per cent. 

throughout the season. Insects amount to about half the 
food for each month, except in May when they rise to 

three-fourths and in July when they drop to one-fourth. 

The excess in May occurs at the time of the greatest num- 

ber and activity of the beetles, and the diminution in July 
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coincides with the period of the greatest abundance of the 

small fruits. One-half the insects eaten are beetles, which 
stand at one-fourth of the food in April and June, rise to 
one-half in May and fall to about one-eighth in July and 

August. Half the beetles of the year are Scarabeeidee, 

chiefly June beetles and Euryomia, all taken previous to 

July. Nearly one-fourth of the beetles are Carabidae, 
which remain at about five per cent. of the food, except 

in May when they rise to ten per cent. Although the 

ratios of spring-beetles and snout-beetles are but two per 

cent., the numbers eaten are of some significance. My 
notes show that these birds were eating each at the daily 
rate of about 13 curculios, and consequently had averaged 

a total of about 250 to each thrush for the season. The 

brown thrush takes ants more freely than the robin, but 
eats comparatively few caterpillars; seven per cent. of 

each were found in the food of the year. Diptera are ta- 

ken in very trivial quantity and Hemiptera in moderate 

number only. This bird eats thousand-legs more freely 
than the robin, especially in the early spring. In the gar- 

den it plays a part very similar to that of the other thrushes, 

but is less mischievous, on the whole. Its average of the 

edible fruits for June, July and August is thirty-eight per 

cent. as against sixty per cent. of the robin and forty-nine 
per cent. of the catbird. It relishes the whole list of gar- 
den fruits, and later in the season resorts, like the other 
thrushes, to the wild fruits of the woods and thickets. 

Compared with the robin, this bird is seen to be especially 

peculiar in the coprophagous habit already mentioned as 

distinguishing it from all the other thrushes. It takes 

about one-half as many Lepidoptera, about half as many 

again Coleoptera, nearly twice as many Carabid& and three 

times as many leaf-chafers; but eats comparatively few 
grapes and cherries. From the catbird it is further dis- 

tinguished by taking half as many ants, a trivial number 

of Diptera, twice as many Coleoptera and twice as many 

Carabidee, five times as many leaf-chafers and more spring- 
beetles, snout-beetles, Hemiptera and Orthoptera. It eats 

two-thirds as many berries and one-third as many cherries 

and grapes as the catbird. 
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Economic VALUE. 

Compared with the robin for corresponding months, this 
species seems to show very similar economic relations. 
In both, the totals of beneficial elements eaten during this 
period are to the injurious about as four to three; but with 
the brown thrush as with the catbird, its later arrival and 
earlier departure are to its disadvantage. Balancing as 

carefully as I can its seven parts of Lepidoptera, ten of 

leaf-chafers, two of spring-beetles, two of snout-beetles, 

one of chinch-bugs and four of Orthoptera on the one hand, 

against its six parts of Carabidee, two of predaceous He- 
miptera, one of spiders, one of predaceous thousand-legs and 

twenty-one of small fruits on the other, I cannot see that, 

so far as the tmmediate consequences of its food habits are 

concerned, it does more good than harm. In short, its Or- 
thoptera must pay for its garden fruits; that is to say, 
eliminating these two elements, I judge that the preda- 

ceous insects eaten would destroy during the year about 

as many injurious insects as the bird itself has taken. 
However, I must repeat the suggestion that they could 

hardly destroy the same kinds as the bird, and that, if. 
allowed to live, they would probably decimate some spe- 

cies already sufficiently restricted by existing checks, and 

permit an unrestrained increase of others now kept down 

by the thrush. That the disturbances thus set up would 

soon lead us to regret this bird if its numbers were greatly 
lessened, is therefore very probable, and I believe the 
species should be preserved. We must not overlook the 

special services of the brown thrush in devouring a much 

larger number of June-beetles than any other of the spe- 

cies examined. 
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TURDUS MUSTELINUS, Gm. Woop TuHrusu. 

The remaining members of this family are much less im- 

portant than the preceding species, and their food is of 

relatively little interest. I shall therefore treat them 

much more briefly, especially as I have comparatively few 

specimens of them. The wood thrush is essentially a wood- 

land bird, but occurs not infrequently in groves and gar- 

dens and in other situations where trees and shrubbery are 

accessible. It reaches central Illinois in April, and re- 

tires usually in October, spending its winter in the South- 

ern States. Ihave studied the food of but twenty-two speci- 

mens of this species, ranging from April to September. 
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Two of these birds were taken in April, five in May, six in 
June, six in July, two in August and one in September. 
I shall not attempt to follow the food of the species through 
these months, or to give its seasonal variations; but will 

content myself with a general statement of the food of the 

year as indicated by the contents of the stomachs of these 

twenty-two birds. Seventy-one per cent. of their food con- 

sisted of insects and twenty per cent. of fruit, a small ra- 
tio of spiders and mollusks and an unusually large percent- 

age of Myriapoda making up the remainder. The four 

higher orders of insects occur in about equal quantities, 

the proportion of ants and crane-flies being extraordinary. 

Blackberries, strawberries, cherries and gooseberries ap- 

pear among the fruits. Myriapoda amount to twelve per 

cent.—nearly all Polydesmus and Iulus. The two parts of 

Arachnida included a few harvest-men. Orthoptera and 

Hemiptera are respectively six and one per cent.; and 

snout-beetles and wireworms thirteen per cent. A few 

June-beetles had been taken, and one of the birds from 

northern [linois had stuffed itself with rose-beetles (J/a- 
crodactylus subspinosus). Geotrupes and Onthophagus 
were noticed among the other Scarabeeidze. The Carabidee 

amounted to six per cent. of the food, including Evarthrus, 

Pterostichus, Harpalus, Anisodactylus and Bradycellus. 

Coleoptera make eighteen per cent. of the food and Dip- 

tera twelve per cent., chiefly crane-flies and the larvee of 

Bibio albipennis. Lepidoptera were taken in about the 

same amount, one-third being recognized as cutworms, 

while ants reached the unusual average of fifteen per cent. 

Helix labyrinthica, Pupilla fallax and a few other uni- 
valve mollusks made one per cent. of the food. Compared 

with other Turdide, we find the general insect average 
unusual, exceeding that of the robin. It agrees with, and 
even surpasses, the catbird in its preference for ants; 

and with the robin inthe ratios of Lepidoptera, Diptera, 

Coleoptera, Carabidee and Scarabeide. It differs from 

the robin in its taste for ants and in the smaller ratio of 

fruits; and far surpasses all the other thrushes in the num- 

ber of Myriapoda eaten in spring. In fact, the mid- 

summer fruits seem to replace these spring Myriapoda, 



The Food of Birds. 139 

instead of insects proper as in the species already discussed. 

This bird apparently contrasts more directly with the 

brown thrush in food than with any other member of the 

family. The large percentage of Orthoptera is misleading, 

being due to the fact that a single bird had taken nothing 

but grasshoppers and locusts. This species seems to do more 

good and less harm than the preceding thrushes, having the 

lowest fruit ratioand eating the highest number of insects, 

with only the average of predaceous species. Its advanc- 

es, therefore, are to be cordially encouraged by the garden- 

er and farmer—a fact which must be especially agreeable 

to every lover of bird music, who has learned to recognize 

the full, clear, rich and exquisite strains of this songster. 

HytoctcHLa PALLASI, Cab. Hermit THrusu. 

The hermit thrush is strictly a migrant, passing us in 

May and October. It is reported by Mr. Ridgway as a 

rare winter resident in southern Illinois, but otherwise 

appears in the state only during its passage to and fro. 

Considering the fact, however, that all these birds travel 

slowly the whole length of the state, merely keeping pace 

with the advancing and retreating seasons, and also that 

the species is a very abundant one at the period of the mi- 

grations, it will be seen that its food has great economic 
significance. There is reason to suppose that these mi- 

grants, in passing north and south, follow, year after year, 

about the same route; do not vary, that is, far to the east or 

west. Consequently, occupying as we do astate that lies in 
five and one-half degrees of latitude, we can do much to 

protect this species in its wanderings, or can, if we choose, 

almost entirely eliminate that part of it passing over 

our territory. Twenty-one hermit thrushes were taken 
during the year, two in October and the remainder during 

the spring migrations. All but five of these birds were 

shot inextreme northern Illinois, at Waukegan, Evanston 
and Blue Island. Eighty-four per cent. of the food con- 

sisted of insects, four per cent. of spiders and twelve per 

cent. of thousand-legs. Ants amounted to fifteen per cent., 

Lepidoptera to nineteen per cent., including afew Phalzen- 

idx, and Diptera only to three—chiefly the larve of Bibio, 
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Coleoptera make thirty per cent. of the food, eleven per 

cent. being Carabidee. Dyschirius globulosus, Platynus, 
Evarthrus, Pterostichus, Amara, Anisodactylus discoideus, 
Bradycellus and Stenolophus are mentioned in my notes. 
Four per cent. are water-beetles, five per cent. scavenger- 

beetles, two percent. curculios and two per cent. plant- 

beetles. Leaf-chafers and spring-beetles amount to one 

per cent. each—the latter chiefly of the genus Melanotus. 

Livus concavus and Listronotus inequalipennis occur among 
the curculios, and Chrysomela suturalis, Gastrophysa 
dissimilis and Plagiodera viridis among the plant- beetles. 
Eight per cent. of the food was Hemiptera, nearly all of 
which were predaceous. Podisus spinosus was the only 
species determined. Grasshoppers (Tettix and Tettigidea) 

make seven per cent. of the food. Respecting the number 

of beetles eaten by this bird, we have to remember that 

it passes us at the time of that great outpouring of insect 

life connected with the pairing of the spring Coleoptera 

which we have already seen to have a very significant 

relation to the food of birds. It rides northward, in fact, 
on the crest of this Coleopterous wave, and we find the 

same excess of predaceous Coleoptera in its food which 

occurs in the food of the other thrushes at the same season. 
Concerning the two October specimens taken in northern 

Illinois I need only say that they had eaten ants, cater- 

pillars, Carabidee, curculios, Pentatomidee and Orthoptera, 
spiders, Iulide and the larve of Bibio. The habits of this 
bird suggest that the principal drain on the numbers of 

predaceous beetles may be due to the depredations of the 

migrants, at the season of the greatest exposure of these 

insects; and that the complete destruction of resident 

birds would affect the number of these carnivorous insects 
much less than would at first seem likely. The reader 

curious to see the points in which this species contrasts 

with the other thrushes, may consult the table of the food 

of the family on page 147. 

Turpus AaLicim, Bd. Axicre THRUSH. ' 

The Alice thrush is a bird of frequent occurrence during 

the migrations. It breeds far to the north, rare summer 
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stragglers occuring in northern Illinois, according to Mr. 

E. W. Nelson, and probably winters quite beyond our 
limits. By Dr. Coues this is regarded merely as a variety 

of the following species. I have ten specimens of this 

bird shot in May, but none from the fall migration. This 

number is probably sufficient, however, to give a fairly 

correct idea of its food in spring. Five per cent. of the 

food of the month consisted of mollusks, chiefly Succinea 

and Helix labyrinthica; ninety-three per cent. was in- 

sects and nearly half of these were ants. which reached 

the astonishing ratio of forty-three per cent., eaten by 

every one of the birds. Fifteen per cent. of the food was 

caterpillars; nine per cent. consisted of crane-flies and 

their larve; Coleoptera amounted to eighteen per cent. 

(one-half Aphodiidz),and the remainder were wireworms 

curculios and plant-beetles. Carabidze amounted only to 

one per cent., the lowest average of these beneficial insects 

found in the food of any thrush. Among the species of 

Coleoptera we find Ste/idota geminata, Onthophagus janus, 
Conotrachelus anaglypticus, Chrysomela suturalis and C. 
similis. Grasshoppers make three per cent. of the food 

and Myriapoda two per cent., all Polydesmus serratus and 

undetermined Iulides. Of spiders merely a trace was found 

in the stomachs of two birds. The striking feature of the 

food of this bird is evidently its enormous appetite for ants, 

its high insect average and the almost total absence of 

beneficial elements in its food giving to this little thrush 

an enviable status in relation to the farm and garden. 

TurDUS SWAINSONI, Cab. Swarnson’s THRUSH. 

This is a migrant of which I have too few specimens for 

generalization. Six in April and May were taken at 

Warsaw, Waukegan and Normal, and five in Septem- 

ber from the vicinity of Cairo, in extreme southern Illinois, 
and northern Kentucky. The food in spring is very like 

that of the preceding species, its especial features being 

the large number of ants and caterpillars and Coleoptera. 

The September specimens, on the other hand, were feeding 

largely upon fruits, which constituted sixty per cent. of 

their food. Wild grapes, wild cherries, elderberries and 
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blackberries were all eaten by them, grapes alone making 

more than half their food. Hymenoptera amounted to 

nineteen per cent. of the whole; ants to seven, caterpillars 

to twelve, crane-flies to four, and Coleoptera to eighteen 
per cent.; five per cent. were Carabidz (including Aniso- 

dactylus), three per cent. were leaf-chafers and two per 

cent. were curculios. One of the birds, taken at Warsaw 

in April, had eaten little else than Scolytus muticus. 
Two per cent. of the food was Hemiptera, chiefly Penta- 

tomidze and Reduviide; Rhynchophora and Hemiptera 

made two and one per cent. respectively. Of spring-bee- 

tles and Aphodiidez, only a trace had been eaten by two 

of the birds. 

Mrimus potyeLorrus, L. Mockine-BirD. 

This famous bird, not many years ago regarded as a rar- 

ity in the state, is evidently becoming more abundant, and 

is also extending its habitat northward. Collectors in the 

southern part of the state agree to its increasing numbers 

there. Three specimens were seen this year in the vicini- 

ty of Bloomington, two of which were secured. One of 

these, shot in August, was of this year’s brood, and as the 

other two seemed thoroughly habituated, it is likely that 

they had nested in this vicinity this season. It may be 

worth while to note that sixty per cent. of the food of these 

two specimens consisted of Orthoptera, including the 
climbing cricket ((Ecanthus). Besides these, they had 

eaten spiders and harvest-men, Coleoptera, Hemiptera and 
ants. Among the Coleoptera were specimens of Onthoph- 

agus, Hpicauta vittata and long-snouted curculios. The 

Hemiptera were undetermined Coreidz and Pentatomide. 

These birds had not eaten fruit, although the species is 
reported to be especially fond of grapes. 

CONCLUSION. 

Asa very general statement of the peculiarities of the 

food of the resident species, we may say that the robin is 
characterized by its destruction of caterpillars (especially 

cutworms) and the larvee of Bibio, by its neglect of ants, 

spiders and Myriapods, and by its taste for blackberries 

grapes, and especially cherries; that the catbird is distin- 
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guished by the large number of ants, blackberries and 

cherries eaten, and by the small number of insects gen- 

erally, and of Lepidoptera, Coleoptera and Hemiptera in 

particular; that the brown thrush is noted for its copropha- 

gous habit, for the small number of caterpillars and Diptera 

taken, for the large percentage of phytophagous Scarabeei- 

dz and the moderate ratio of small fruits; and that the 

wood thrush differs from the others chiefly in the large per- 

centage of insects (especially ants, caterpillars and crane- 

flies), its indifference to Hemiptera and preference for 

Orthoptera and Myriapoda, and its smaller ratios of fruits. 

The migrants can be properly compared only with the 

residents during the migrating season. I have conse- 

quently made a table of the percentages of the food of the 

four resident species for April and May in comparison with 

the spring food of the three migrants. From this we learn 

that the hermit thrush is distinguished at this season by 

the moderate ratio of ants and Coleoptera, the large num- 

ber of Lepidoptera, Hemiptera, Orthoptera, spiders and 

Myriapoda, and the small percentage of Diptera taken. 

The Alice thrush eats mollusks, an enormous number of 
ants, a moderate number of Lepidoptera, Diptera and 

Scarabeidz, and a small number of Carabidez and Coleop- 

tera generally, while Hemiptera are almost wanting in its 

food. Swainson’s thrush takes large ratios of ants, Lep- 

idoptera and Coleoptera, and small ratios of Hemiptera, 

Orthoptera, Arachnida and Myriapoda. It is not to be 

supposed that the number examined of the last two species 

is sufficient to give more than an approximate and doubt- 

ful outline of the food. . 

Indeed the reader may not unlikely receive with incre- 

dulity the precise statements made concerning the food 

characteristics of the resident species, and ask how it can 

be known that these peculiarities are specific and constant 

instead of local and accidental. To this very reasonable 

query I am able to make a definite answer. In the paper 

already frequently cited, I published a comparative table 

of food of the species of this family, based on the contents 
of the stomachs of one hundred and forty-nine birds,* up- 

*Trans. Ill. Hort. Society, 1879, N. S., Vol. 13, p. 163. 



144 The Food of Birds. 

on which table certain differences of food are clearly shown. 

Now, if these differences were local and accidental, they 
would undoubtedly tend to disappear when larger numbers 

of specimens were examined; but if they are specific and 

constant, they should be made the more evident, on the 
whole, the larger the number of specimens taken. The 
table on page 147 presentsdata derived from three hun- 

dred and fifteen specimens, covering considerably more 

time and area than the table in the Transactions. If the 

difference between the food records of the various species 

are now greater than before, we may conclude that the 
differences noted are real and not artificial. If they are 

less, on the other hand, the whole question is still unsettled. 

The differences apparent in the later table may be specific, 

but there is no proof of it. In order to apply this crucial 

test as fully as possible, I have selected twelve food ele- 
ments in which the differences were most apparent, and, 

taking the species in pairs, have ascertained the sum of 

the differences of the ratios of these elements for each pair 

separately, first from the old table and then from the new. 

In every case but one the sum of these differences has 

been much larger by the new table than by the old, 

thus proving conclusively that the species appear to di- 

verge in food habits the more widely the greater the number 

of specimens studied. For example, the differences of 

the selected elements ‘as shown in the original table of 

seventy-eight robins and catbirds, amounted to sixty-four 

per cent.; and by the new table of one hundred and eighty- 
four birds, to eighty-two per cent. A similar comparison 

of the food of the catbird and hermit thrush gives one hun- 

dred and twenty-five as the sum of the differences of the 

old table of fifty-five birds, and one hundred and fifty-five 

as the sum of the differences of the new table of ninety- 

one birds. Taking the catbird and the brown thrush, we 

have sixty-four and ninety-nine parts for the old and new 

tables respectively, the first for sixty-five birds and the 

second for one hundred and thirty-four; while the brown 
thrush and wood thrush give seventy-eight and eighty- 

eight parts for thirty-nine and eighty-six birds respec- 

tively, and the catbird and wood thrush give seventy parts 
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for eighty-five birds and eighty-three parts for ninety-two 

birds. It is not until we reach the last two migrants that 

we find any exception to these results; and of these, as 

already said, probably too few have been examined, even 
yet, to justify settled conclusions. 

Finally, we must consider the family as a unit, must 

discuss the actual effect of the thrushes as a group upon 

the plants and animals of the state. A determination of 

this interesting question involves three elements; the av- 

erage character of the food of each species as shown by 
the preceding calculations, the comparative abundance of 

the species, and the length of its stay in Illinois. I find 

the estimates of the second of these elements, as made by 

various collectors, to differ rather widely; and on this ac- 

count only an approximate conclusion can be reached. 

Using the figures most satisfactory to myself, I present 

the following asa tolerably fair statement of the general 

food of the family: Sixty-one per cent. of the food con- 

sists of insects, one per cent. of spiders, two per cent. of 

Myriapods, and thirty-two per cent. of fruits, eleven per 

cent. being blackberries, eight per cent. cherries, one per 

cent. currants and five per cent. grapes. The fragments of 

grain eaten by the brown thrush will amount to four per 

cent. of the food of the family, and ants compose eight per 

cent. .Lepidoptera, Diptera and Coleoptera are eaten in 

about equal ratios, the first forming thirteen, the second 

eleven and the third twelve per cent. of the entire food. 

Carabide amount to five per cent., June-beetles to four 
per cent., wireworms to two per cent. and snout-beetles to 

two per cent. Hemiptera stand at three per cent., about 

two-thirds of them predaceous, and Orthoptera at four per 

cent. Five per cent. of the food was recognized as cut- 

worms. More briefly, thirty parts of the food consist of 

injurious insects, including the larva of Bibio, and eight 

parts of beneficial species, while twenty-six parts consist 

of edible fruits; or we may say that injurious insects com- 

pose about one-third, the edible fruits about one-fourth 

and the beneficial insects about one-twelfth of the food of 

the family, the remaining elements being of neutral value, 
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Family SAXICOLIDA. (The Stonechats.) 

SIALIA SIALIS, L. THE BLUEBIRD. 

This beautiful and beloved bird, endeared to the student 

of nature by every particular of its plumage, song and way 

of life, isalso one of the most popular of all birds with 

farmersand gardeners. Living under the eyes of men from 

the first yielding days of the later winter until the year 

grows chill and dark with the retreat of autumn, it has 
been praised most warmly for its tireless service of man 

by those who knew it best. A cursory observation of its 
feeding habits will strongly support the general impression 

of its usefulness. Most frequently it takes a short, quick 

flight to the ground from a fence-post, or a low branch of a 

tree, and, after a moment’s pause, returns to its perch 

with a caterpillar ora grasshopper or some other insect in 

its beak, which it devours at its leisure, repeating this 
operation so frequently that none can doubt its enormous 

destructiveness to insect life. 

It is true that a little reflection will suggest that, as it evi- 

ently sees its prey before it leaves its perch, it must usually 
take only the most conspicuous ‘and the most active in- 

sects, and that there is no security that these will be the 

most injurious—that they may not be, in fact, among the 
most beneficial; but this consideration does not seem to 

have made any impression, and the bluebird remains to 
this day substantially without reproach. 

I have now examined carefully, with the microscope, 

the contents of one hundred and eight stomachs of this 

species, of which ten were taken in February, twenty- 

one in March, thirteen in April, nine in May, ten in 

June, nine in July, twelve in August, ten in September, 
two in October and twelve in December (in southern Illi- 
nois). I propose to present the data for each of these 

months; to summarize them for the year; to estimate the 

benefit and injury indicated to farm and garden, and to 
make a comparison of the food of this bird with that of 

the robin, and of the thrushes generally. 



The Food of Birds. 149 

February. 

The ten birds of this month were all shot at Normal, I1., 

from the 24th to the 29th of the month, in the present year. 

These stomachs, with those obtained from Galena, in early 

March, represent the first food of the season. 

The record opens with a bird shot on the 24th. Thirty per 

cent. of its food had been grass-eating cutworms, forty per 

cent. crickets (Gryllus abbreviatus), five percent. Ichneu- 

monidee ( Arenetra nigrita Cress. ), and twenty-five per cent. 
the larvee of the two-lined soldier-beetle ( 7elephorus bi- 
lineatus). Now, the ichneumons are doubtless parasitic, 

although about the habits of the genus Arenetra, I have at 

present but little specific information; and the soldier-bee- 

tles are reported by Professor Riley and others to be highly 

useful insects, noted especially for the destruction of the 

apple-worm and the eggs of grasshoppers.* 

Taking the month together, we find that the most im- 

portant elements of the food were cutworms and ichneu- 
mons—twenty-four per cent. of the former to twenty-two 

per cent. of the latter. The larve of the soldier-beetles 

amount to eight per cent., locusts (chiefly the young of 

Tragocephala viriditasciata) to nine per cent., Carabid 
beetles and their larve (including Amara and Anisodacty- 
lus) to five per cent., Pentatomidze or soldier-bugs (chiefly 

Euschistus servus) to seven per cent., spiders to four per 
cent., and Iulide (thousand-legs) to three percent. Other 

items are, two percent. caterpillars of Arctians ( Callimor- 

pha lecontei), four per cent. crickets, and nine per cent. 
dung-beetles (Aphodius timetarius and A. inguinatus). The 

ichneumons, Carabid beetles, soldier-bugs and spiders thus 

make up forty-six per cent. of beneficial insects, while the 

caterpillars and Orthoptera amount to but forty-one per 

cent. of injurious species. Or, if we drop the Pentatomidee 
from the former category, on account of the supposed 

trifling injuries to vegetation done by some of them (hence 
often called ‘‘plant-bugs’’), the figures will stand, benefi- 

cial insects thirty-nine, to forty-one injurious. 

*See 4th Rep. State Ent. Mo., p. 29, and Rep. U.S. Ent. Comm., 
1877, p. 302. 
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March. 

Twenty-one specimens were examined which had been 
shot in this month, in 1880, ranging from the 7th to the 

31st. Seven of these were shot at Normal, nine at Hey- 

worth (fifteen miles south) and five at Galena, in extreme 
northwestern Illinois. These latter differed from the cen- 

tral Illinois specimens chiefly in the presence of the dried 

and sometimes mouldy fruit of the sumach (Rhus glabra) 
in their stomachs, indicating a scarcity of desirable food 
at that early season. One of these, unfortunately for the 
record of the month, had stuffed itself with larvee of Har- 

palus, which made ninety-three per cent. of its food. 

Ichneumonide (Arenetra) appear again (four per cent.), 

for the last time during the season. 

Harpalid beetles and their larvae were unusually abun- 

dant, making up eleven per cent. of the food of the month. 

Among these Platynus, Evarthrus, Pterostichus, Amara, 

Chlaenius tomentosus, Agonoderus and Harpalus were rec- 
ognized. The larve of soldier-beetles also occur, consti- 
tuting four per cent. of the food, but do not appear again 

throughout the year. Four birds had eaten a predaceous 
bug (Coriscus, near ferus),* which is too minute to figure 
in the ratios; and four per cent. of the food was Pentatom- 

idee, of which only Peribalus modestus was recognizable. 
Sixteen of the twenty-one birds had eaten spiders, making 

five percent. of the food. The beneficial insects thus 

amount to twenty-eight per cent. On the other hand, 

thirty-eight per cent. was caterpillars, chiefly Noctuide, t 

including Callimorpha lecontei and the army-worm (Leu- 

cania unipuncta); one per cent. was Huryomia inda, and 
twenty-one per cent. was Orthoptera (crickets and grass- 

hoppers), the injurious species thus rising to sixty per cent. 

One bird had also eaten a minute curculio. Among neu- 

tral elements we enumerate A phodii three per cent., Iulidz 

three per cent., and sumach berries four per cent. Two 

birds had eaten ants, but in trivial quantity. 

*Kindly identified for me by Mr. Uhler. 
tI have thus reported all smooth caterpillars in which the cervical 

and anal shields, common to most cutworms, were distinguished. A few 
such caterpillars are not Noctuids, but are equally injurious. 
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In order to determine the number of specimens which it 

is necessary to examine in each month, to reach reliable 

averages of benefit and injury, I divided my notes on 

twenty of the specimens for March, into two groups of ten 

each, so selected that all the localities and all parts of the 

month were equally represented in each group; and then 

averaged each ten separately and compared the averages. 

In the first group beneficial insects composed twenty-nine 

per cent. of the food, and injurious insects fifty-nine per 

cent.; in the second group beneficial insects composed 

twenty-seven per cent. of the food and injurious insects 
sixty-one per cent. The close correspondence of these ay- 

erages shows that, on this question, ten specimens would 

have given as accurate information as twenty, and indi- 

cates that ten birdsa month will usually afford a fair basis 

for an opinion. 

AD PGA 

The food for April, as shown by the thirteen specimens 
of that month (from Normal, Evanston, Waukegan, and 

Elizabeth, in 1876 and 1880), was remarkable for the num- 

ber of Aphodii (dung-beetles) it included; twenty-one 

per cent. of the foodof the month was Aphodius inquina- 
tws, nine per cent. A. #metarius, and one per cent. unde- 

termined Aphodii. This peculiarity is accounted for, in 
harmony with what has been said above respecting the 

feeding habits of the bluebird, by the fact that this is the 

month when the Aphodii fly most actively in the latitude 

of northern Illinois. Carabidze now stand at eight per 

cent., including Carabus palustris, Pterostichus, Evarthrus, 
and other Pterostichi, Platynus, Chlenius tomentosus, 

Anisodactylus rusticus, Amphasia interstitialis, and Har- 

palus; four per cent. of Hemiptera includes Coriscus and 

Hymenarcys nervosa, while spiders rise to nine per cent. 

Caterpillars are twenty-one per cent. (seventeen per cent. 

Noctuids), June-beetles (Phyllophaga) two per cent., Cur- 

culionide one per cent., and grasshoppers (Tettigidea sp. 
and Zettix ornata) eight per cent.; a total of thirty-two 

per cent. of injurious insects against twenty-one per cent. 

of predaceous species. Among the neutral elements we 
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find a sprinkling of ants (two per cent.), larvee of a Tene- 

brionid (Meracantha contracta*) four per cent., and thou- 

sand-legs (Iulidz) one per cent. Long strips of grass, in 
pieces much too large to have been eaten by any of the in- 

sects present, were found in the stomachs of two of these 
birds, and also occurred during each of the three following 
months. Iam in doubt whether these were taken as food ; 
but, since I have found them in no other bird, and since 
a species which feeds so largely on cutworms and grass- 

hoppers may have acquired the power of digesting the 

very considerable quantities of grass contained in the in- 

testines of these insects, I have thought it best to include 

them in the percentages of food. It is probable, however, 

that they were swallowed accidentally with insects taken 

from the ground. 

It will be noticed that the excess of Coleoptera in April 

is largely compensated by the diminished quantities of 

Orthoptera and caterpillars. 

May. 

In this month nine birds were taken, from six localities 

in central and northern L[linois, in 1876-80. The Lepi- 
doptera, Coleoptera and Orthoptera return to about their 

normal ratios, but spiders rise to the excessive figure of 

twenty-one per cent. This ratio is, however, partly mis_ 

leading, as, although six of the nine birds had eaten spi- 

ders, yet eleven per cent. is due toa single bird, which had 

eaten nothing else. In such a case a larger number of 

specimens is required to restore the balance, so violently 

disturbed. Two birds of thismonth had eaten moths, and 

five had eaten cutworms. The averages stand fifty-five 
per cent. of moths, caterpillars, June-beetles, curculios and 

Orthoptera, opposed to thirty-five per cent. of Carabide, 

soldier-bugs and spiders. The Carabide include Cratacan- 

thus dubius, Agonoderus comma, Anisodactylus, and Har- 
palus. Other details may be obtained from the table at 

the close of this paper. 

*For the determination of this species and most of the other larve 
which have been identified specifically, | am under obligations to Pro- 
fessor Riley. 
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June. 

In June, ten birds—one from Mt. Carroll, the others from 
Normal—had taken a somewhat unusual diet. The ratio 

of spiders (eighteen per cent.) falls little short of that for 

May, but an examination of the notes shows that here, too, 

a single bird had eaten nothing else. Ants rise suddenly 

from two per cent. in May, to twenty per cent in June, 

taken by six of the birds. Most of these, however, were 

of the winged forms, and their number is evidently due to 

the same cause which rendered the Aphodii so abundant 

in April. Three of the birds of June proved, to my sur- 

prise, to have eaten raspberries, and one gooseberries— 

these fruits amounting to eight percent. of the food of 

the month. No cutworms were recognized in June, but 

measuring-worms (Phaleenidz) replaced them, composing 

six per cent. of the food. While all the cutworms found 

in any month whose food was at all distinguishable had 

eaten nothing but grass—or endogenous foliage, more ac- 

curately speaking—several of these Phaleenidz had been 

feeding on net-veined leaves. The Harpaline (six per 

cent.) include Evarthrus sp., Pterostichus lucublandus 

and Anisodactylus baltimorensis. June-beetles (Phylloph- 

aga) had been eaten by one bird, and a Melanotus, a curcu- 

lio, and a long-horn beetle ( 7etraopes tetraophthalmus), 

each by one. Pentatomidz reach five per cent., chiefly 

Hymenarcys nervosa, and Orthoptera fall to three per 

cent. The excess of ants is therefore taken, like the ex- 

cess of Aphodii, from the caterpillars and grasshoppers. 

The averages of beneficial and injurious species stand 
thirty per cent. to twenty-six per cent., respectively. Re- 

garding ants, I find such conflict of opinion among good 

authorities, that I am not able to give them a definite 

place on either side of the line. The injury to fruits is 
probably too insignificant to be taken into account, except 

as evidence that the species is not strictly insectivorous, 

even in midsummer. 
July. 

The nine birds of this month were all shot in central 

Ulinois, during four successive years. Besides the return 

of the percentages of Hymenoptera, Coleoptera, Lepidop- 
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tera and Arachnida to about their usual figure, we notice 
the large ratios of June-beetles (twelve per cent.) and Or- 
thoptera (twenty-seven per cent.). The latter includes 

seven per cent. of Udeopsylla nigra, a large cricket-like 
locust. We find also a trace of raspberries in the food of 

two individuals. The caterpillars eaten by these birds 
were unrecognizable, except those from a single stomach, 

which Professor Riley has identified as Vephelodes violans, 
Guen. The record of benefit and injury is now more fa- 
vorable to the species,—sixty-seven per cent. of injurious 
insects, and only fourteen per cent. beneficial, the latter 
Carabide and spiders. 

August. 

Twelve specimens were obtained in August, at Normal, 
three early in the month and the others on the 29th and 
80th. The bluebirds were at this time most abundant in 

meadows and pastures; and the contents of their stomachs 

indicate that the chief business of the month was the pur- 

suit of locusts, crickets and grasshoppers, moths and cat- 

erpillars. The Orthoptera eaten by these birds amounted 

to fifty-eight per cent. of their food, and the Lepidoptera 

to twenty-seven per cent. About half of the former were 
Gryllide (Gryllus and Nemobius), and the remaining half 
were equally Locustide and Acridide (Xiphidium fascia- 
tum and ensifer, Caloptenus femur-rubrum and bivittata, 
and (dipoda sordida). Half of the Lepidoptera were un- 

recognizable moths, and the remainder caterpillars—five 

per cent. being Noctuids. Ants were about one per cent. 

of the food, Coleoptera only five per cent. (including three 
per cent. Harpalide), Pentatomidz (Cewnus delius) one per 
cent. and spiders six per cent. A few wild cherries and 

elderberries were the only fruits taken. The beneficial 

elements thus amounted to nine or ten per cent. of the food 

and the injurious elements to about eighty-five per cent. 

September. 

All but one of the ten specimens upon which the account 

of the September food is based were shot at Normal, and 
all but two on the 29th of the month. The chief peculiarity 
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of the month is the almost total disappearance of Coleop- 

tera, which were represented only by a few small Harpa- 

lids and a single minute Atznius. The Lepidoptera rise 

to thirty-seven per cent., chiefly through the abundance of 

the larvee of Prodenia lineatella, Harvey. The Orthoptera 

make nearly half the food, the species differing from 

those of the preceding month mainly in the greater num- 

ber of red-legged grasshoppers. Spiders were only two 

per cent. of the food; and some unknown wild fruits 

formed seven per cent. It will be seen that a striking 
change in the food of this species attends that increase of 

the Orthoptera in numbers and activity which occurs in 

the late summer and early autumnal months, these insects 

being almost entirely substituted for Coleoptera, Hemip- 

tera and Arachnida. The Coleoptera of the six preceding 
months averaged twenty-seven per cent. of the food, while 

this order amounts to but three per cent. in August and 

September. The Orthoptera of the foregoing months av- 

eraged but fourteen per cent., while those of the two 
months in question rise to fifty-four per cent. It is evi- 

dent from the foregoing that Orthoptera and smooth cat- 

erpillars are the favorite autumnal food of this bird, and 

as the first of these remain abundant until frost, it is not 
likely that the food of October is much less favorable to 
the bird than that of September. The two specimens taken 

in the former month were well filled with winged ants. 

December. 

To learn the food of the bluebird in midwinter, I went 
to extreme southern Illinois in December, 1879, and shot 
a number of specimens, some from the heavy forests in the 

bottoms of the Ohio River, and others from the wooded and 
cultivated highlands in Pulaski county. The weather at 
this time was sometimes above and sometimes below freez- 

ing, and bluebirds were abundant and very much at home. 

The principal food of the twelve specimens examined 

consisted chiefly of various wild fruits (eighty-four per 

cent.), of which the berries of the mistletoe (Phoraden- 
dron Havescens) were the most abundant (fifty-eight per 
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cent.). Grapes, the berries of sumach, scarlet thorn (Cra- 

teegus) and holly (/lex decidua) were also found. Sixteen 
per cent. of the food was insects, of which the larger part 

(ten per cent.) was the larva of Harpalinz,—eaten, how- 

ever, by but twoofthe birds. Prominent among these was 

the larva figured and described by Professor Riley in the 
Report of the United States Entomological Commission 

for 1877, p. 290, and there doubtfully referred to Harpa- 
lus herbivagus. The remaining kinds were (eotrupes 
blackburnii, Podisus spinosus, a single spider, and one un- 
known caterpillar. Even in the dead of winter, therefore, 
this bird does not cease its warfare on our predaceous bugs 

and beetles. 

Summary for the Year. 

To these figures, giving the averages for all the months 

mentioned taken together (except October), I invite spe- 

cial attention. Being derived from a much larger number 

of specimens than any of the monthly averages, they are 
much less likely to be affected by accident or error, 

They give, furthermore, the basis for an estimate of the 

total effect of the bird, year after year; and from this we 

should be able to predict the probable effect of a destruc- 

tion or diminution of the species. 

Taking up first the injurious insects destroyed, we find 

that these include twenty-six per cent. of Lepidoptera, 

nearly two-thirds of which were recognized as Noctuida, 
three per cent. of leaf-chafers and twenty-one per cent. of 

Orthoptera—a total of fifty per cent. on this side of the 

account. On the other hand, the ichneumons amount to 

three per cent., the Carabidz to seven per cent., soldier- 

beetles to one per cent., soldier-bugs to three per cent. 

and spiders to eight per cent.—a total of twenty-two per 

cent. of predaceous and parasitic forms. Other elements 

are ants four per cent., Diptera only a trace, Aphodii six 

per cent., Iulide one per cent. and vegetable food thirteen 

per cent. The edible fruits amount only to about one per 

cent. of the food of these one hundred and eight speci- 

mens. Comparing with the Turdidaz, we find that the 

bluebird is essentially a thrush in food. From the robin 
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it differs principally in the larger number of Hymenop- 

tera (seven to four) and Lepidoptera (twenty-six to sev- 

enteen), the lack of Diptera (robin seventeen per cent.), 

the excess of Aphodii (six to two), of Pentatomide (robin 

one per cent.), of Orthoptera (twenty-one to four) and of 

spiders (eight to a fraction); .but especially in the 

matter of edible fruits (one to thirty-four). These differ- 

ences are but little greater, however, than those among the 

thrushes themselves. Compared with the thrush family asa 

whole, its salient peculiarities are its neglect of Diptera 

and garden fruits and its preference for Lepidoptera, Or- 

thoptera and spiders. 

Economic RELATIONS. 

Mr. B. D. Walsh, the first State Entomologist of Illinois, 

reasoning from the comparative numbers of injurious and 

beneficial insects, concludes that a bird must be shown to 

eat at least thirty times as many injurious individuals as 

beneficial before it can be considered useful.* 

According to this estimate, the bluebird does at least 

thirteen times as much harm as good; that is to say, the 

beneficial insects eaten would themselves have destroyed 

thirteen times as many injurious insects as the birds have 

eaten. This conclusion is so unexpected and astonishing 

that it certainly cannot pass without careful examination. 

In the first place we should bear in mind that nothing has 

_ yet been learned of the food of the young, and there is some 

reason for supposing that birds select the softer insects for 

their young. Whatever deficiency of credit may be due 

to this neglect of the food of the young is compensated 

in part, at least, by the fact that the number of caterpil- 

lars eaten is doubtless overestimated in comparison with 

hard insects, as their flexible skins remain in the stomachs 
of birds longer than the hard structures of insects. This 

is exactly contrary to the usual supposition, but the fre- 

quent occurrence of the empty and twisted skins of cut- 

worms in the stomachs of these birds, still recognizable as 

Noctuidz when not even a fragment of a single head re- 

mains, is sufficient evidence that the hard parts break up 

*“Birds vs. Insects.” Practical Entomologist, Vol. II., pp. 44-47. 
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and disappear before these delicate but yielding skins. 

Secondly, while our knowledge of the food of Arctians, 
cutworms and grasshoppers is sufficiently definite and full 

to enable us to predict with certainty exactly what would 

happen if those eaten by bluebirds were allowed to live 
and multiply, we have not the same complete and certain 
knowledge of the food habits of the different genera of 

Ichneumonide, the ground-beetles, the soldier-bugs and 

soldier-beetles. 
One hundred bluebirds, at thirty insects each day, would 

eat in eight months about 670,000 insects. If this number 

of birds were destroyed, the result would be the preserva- 

tion, on the area supervised by them, of about 70,000 moths 
and caterpillars (80,000 of them cutworms), 12,000 leaf- 

chafers, 10,000 curculios and 65,000 crickets, locusts and 

grasshoppers. How this frightful horde of marauders 

would busy itself if left undisturbed, no one can doubt. 
It would eat grass and clover and corn and cabbage, inflict- 

ing an immense injury itself, and leaving a progeny which 

would multiply that injury indefinitely. On the other 

hand, would the 160,000 predaceous beetles and bugs, 

spiders and ichneumons either prevent or compensate these 

injuries? I do not believe that we can say positively 
whether they would or not. 

In a discussion of the natural checks upon the cutworms 

Professor Riley, in his First Report as State Entomologist of 

Missouri, mentions two species of Ichneumon that para-_ 
sitize the larva, credits the spined soldier-bug and the Car- 

abid larva, Calosoma calidum, with its destruction, and 
says that some kinds of spiders are known to prey upon it. 

From the Report of the United States Entomological 

Commission for 1877, we learn that the grasshopper is 

preyed upon at one or the other stage by Agonoderus, Har- 

palus, Amara and other Carabids; by soldier-beetles, sol- 

dier-bugs and spiders; and that certain Ichneumonide 

parasitize the egg. It seems probable, therefore, that the 

beneficial insects eaten by bluebirds include the special 
enemies of the cutworms and grasshoppers it destroys; 

but he who knows best the small number of reliable ob- 

seryations upon which our general statements of the food 
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of predaceous insects rest, will have the most hesitation in 

trusting them without reserve. 

I would also call attention to the fact that we do not yet 
know that the normal rate of increase among these carniv- 

orous and parasitic insects is not sufficient to keep their 

numbers full to the limit of their food supply, and to fur- 

nish also a surplus for destruction by birds. Just as a tree 

puts forth more leaves than it needs, and sets more fruit 

than it can possibly mature, as an offset to the constant, 

normal depredations of insects, so there is much reason to 

suppose that our insect friends have become adjusted to 

this steady drain on their numbers. 
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NOTES UPON THE FOOD OF PREDACEOUS BEETLES. * 

BY F. M. WEBSTER, 

Pliny thought it nothing to the credit of the philoso- 
phers of his day, that while they were disputing about the 
number of heroes by the name of Hercules, and the site of 
the sepulcher of Bacchus, they should not have been able 

to decide whether or not the queen bee possessed a sting.’ 

While the problem of the bee sting has long been de- 

cided, and heroes by the name of Hercules have ceased to 

trouble the minds of men, there are problems of vital im- 

portance regarding the habits of the insects which, during 
the greater portion of the year, we meet daily in abun- 

dance, that still remain unsolved. 
The most important as well as the most abundant of 

these insects are the beetles. 
While found in almost every conceivable situation, 

while our naturalists count the species in their cabinets 

by the thousands, it would be difficult to point out a single 
species, the food habits of which we fully understand, 
when both the larve and imago state are taken under con- 

sideration. 
True, we have a sort of ritual laid down by entomolo- 

gists, based upon the fact that certain species have been 

known to feed upon certain substances, but this can no 

more be considered as proof that nothing else enters into 

their natural diet, than does the meat of which we may 
partake at dinner prove us to be strictly carnivorous, or 
the bread or fruit, that we are exclusively vegetarians. 

An illustration of this double diet of beetles is found in 
the case of the European Silpha opaca Linn., the larva of 
which has been known to feed to an injurious extent upon 

the leaves of the beet and mangel-wurzel.’ 

But one of the most fortunate in getting the benefit of 

our ignorance is the family Carabide, to utter a word 

against which is almost considered a sacrilege. 

*Although this paper does not belong with the studies made at the 
Laboratory, but is based entirely upon the author’s personal observa- 
tions, it is included with this series, with his permission, because it re- 
lates to the same subject. These observations precede, in point of 
time, those of the following paper.—s. A. F, 

Pliny, Hist: Nat. 1x1, G, £7. 
“Curtis, “Farm Insects,’ p. 388, 
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But, true to the adage ‘‘ murder will out,’ occasionally 

a species is found feeding upon vegetation with a voracity 

that would do credit to a Chrysomelid. Of these in 
Europe, besides the Zabrus gibbus in both stages, some of 

the Pterostichi, Amara, Omophron, and Calathus latus 

Westw., are said to injure grain by eating off the young 
shoots or destroying the seed.* 

Two species of Bembidium (/ampos and monticola) have 
been destructive to the forests of upper Austria.* 

Broscus cephalotes attacks the growing grain, and Aris- 

tus bucephalus devours the seeds of grass.’ 

In our own country the Omophron labiatum Fab. injures 
the shoots of young corn in the Southern States. 

Harpalus caliginosus Fab. is suspected of feeding upon 
grain in stack in Maryland, and also of eating timothy 

seeds from the heads.° 

E. T. Dale, of Jasper, Mo., forwarded to the editors of 

the American Entomologist specimens of an insect’ found 

by him feeding upon the seeds of a plant unknown to him. 

Upon examination they proved to be HZ. caliginosus.' 
According to Mr. Mather, of Marshalltown, Iowa, the 

larve of some species of ’Harpalus are destructive to his 

evergreens, he having found them eating off the roots.* 

The foregoing is a synopsis of all facts relating to the 

vegetable-feeding Carabidz, so far as known to the author 

of this paper. A number of years ago the writer com- 

menced the study of the food of beetles, correctly judging 

from what was then known, that either naturalists were 

in error in their suppositions or else that innocent insects 

were wrongly accused. And he is free to confess his par- 

tiality to the former theory as being the most correct. 

But after several years of study and observation, I have 

found to my astonishment not only the species accused 
but others also of this family feeding largely upon vege- 

table substances, both useful and noxious. Among my 

sReport U.S. Agr. Dept., 1868, pp. 79-80. 
4Deutsche Entomologische Zeitschrift, 1879, p. 417, 
5Westwood’s Introduction, I., p. 61. 
*Report U.S. Agr. Dept., 1868, p. 80, 
7Am. Ent., Vol. I., p. 80. 
8Am. Ent., Vol. III., p. 26, 
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earliest observations on this subject I noted the abun- 

dance of Carabide about the shocks of wheat in a field 

where a violent wind storm had blown down a large num- 
ber of sheaves, under which, upon their being replaced, 

large numbers of Harpalus caliginosus, pennsylvanicus 
and herbivagus, Pterostichus lucublandus and Anisodacty- 
lus baltimorensis were observed. 

The wheat was drawn in and threshed directly from the 

field, and a large percentage of the kernels were badly 

eaten. Previous to the threshing, in another field, a 

specimen of H/. pennsylvanicus was captured with a par- 

tially eaten grain of wheat in its mandibles. The eaten 
grains of the threshed wheat seemed to agree with the 

fragments found in the jaws of the beetle, and as no other 

destructive agencies were noted, the facts seemed to sug- 

vest that the damage was done by the before-mentioned 

Carabide. A few days after, H. pennsylvanicus was 
found eating the now fully ripe seeds from a head of up- 

right timothy grass, and was observed to detach them 

from the glumes. The same species has since been seen 

feeding largely upon ragweed, Ambrosia artemisicfolia 
Linn., during September, the seeds apparently being the 

favorite part. A short time after it was found upon tim- 

othy grass it was observed eating the seeds of prairie 

grass, Panicum crus-galli L.; and the same day another 
individual was found devouring an /ps fasciatus Oliv., one 
of the Nitidulida, thus proving its carnivorous propensi- 

ties also. HZ. caliginosus is likewise found eating the seeds 
of Ambrosia artemisicfolia. 

Hl. herbivagus feeds largely upon the tender shoots of 

grass during March, cutting them off just below the sur- 

face; but later it selects the tender blades and the discol- 

ored parts usually found under boards, ete. 

Amara angustata Say is found quite abundantly upon 

the heads of June grass, Poa pratensis L. But the most 
voracious Carabid enemy of this grass is the Anisodacty- 
lus sericeus Harris. 

Early in June, 1878, vast numbers of these beetles were — 
noted upon the heads of this grass; in fact, spots several 

yards in area were literally covered with them, After 
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patient watching—for they are very timid—the proof was 

conclusive that the unripe seeds were what they were after, 

and not microscopic insects as was at first supposed. 

The insect is not only cunning, drawing up its legs and 

dropping to the ground upon the least disturbance, after 

the manner of a Chrysomelid, but also shows considerable 

ingenuity. It grasps the lower extremity of the glume 

tightly in its mandibles, then relaxing slightly, passes up- 

ward and again tightens its grasp,—a series of movements 

which finally force the seed, which is now of the consist- 

ency of cream, out at the apex. This it at once proceeds 

to devour with an appetite which reminds one quite forei- 

bly of a tramp who has been obliged to earn his dinner in 

advance. Later in the season it is found feeding in the 

same manner upon the seeds of Agrostis vulgaris Witt. 
Specimens of Anisodactylus baltimorensis Say were ob- 
served feeding upon the marrow and fatty matter clinging 

to the tibia of some dead animal, probably that of an ox. 

Attention is called to this as being in perfect accord with 
microscopic observations reported by Mr. Forbes in the 

following paper, upon another specimen found upon grass 

a few months later. 
Calathus gregarius Say may be found abundantly upon 

the heads of timothy grass during the early mornings 

of the first of July. Of the genus Platynus only a single 

observation has been obtained, and this was during the 

latter part of June of the present year, when two speci- 

mens of P. cupripennis Say were seen harassing a half- 
grown cricket, which they had already disabled. The car- 
nivorous habits of beetles are often as difficult to discover 
as their vegetarian. Usually they are not at all in favor 

of public dinners, and, like beasts or birds of prey, prefer 

to drag their victims to some secluded nook to devour them ; 
hence, if the observer gets any insight into this part of 

their domestic affairs he must take them by surprise. In 

this manner a Staphylinus cinnamopterus Gray. was sur- 
prised while in the act of devouring an Anomoglossus pusil- 
lus Say, having first, to guard against its escape, eaten off 
four of its legs. 

In another instance a Dyschirius globulosus Say was ob. 
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served to spring upon a small salmon-colored maggot-like 

larva, and, after disabling it, to start off to select a proper 
place to devour it. After the lapse of several minutes, it 
returned to drag its victim under a small clod of dirt and 

leisurely feast upon it. 
After the same manner a Bradycellus rupestris Say was 

surprised under a stone while eating a small white thread- 

like worm. 

Another family of beetles whose hitherto almost untar- 

nished reputation it seems to have fallen to my lot to soil 

is the Coccinellide. With the exception of Epilachna 
borealis Fab. the larva of which feeds upon the vines of 
the gourd family,’ these insects in our country have been 

considered strictly carnivorous, although several European 

species are known to deviate from this rule. 

This season, specimens of Megzlla maculata DeG. have 
been taken while feeding upon the pollen of the dandelion, 

Taraxacum dens-leonis, and it is not at all improbable that 
the pollen of other plants also forms a part of their diet, 

as they are rather common upon the blossoms of plants 

and fruits. 

No accurate estimation of the value of the Coleoptera 
could be obtained without including the Telephoridz. Be- 

sides Chauliognathus pennsylvanicus Forst., which has been 
found feeding upon the larve of the Conotrachelus nenu- 

phar Hbst., and Telephorus bilineatus Say, which is such 
a powerful auxiliary in checking the ravages of the west- 
ern locust," Podabrus tomentosus Say has been observed 
feeding upon the cottonwood gall-lice, Pemphigus populi- 

vene Fitch, and the P. populicaulis Fitch. These beetles 
sometimes place themselves at the opening of the gall, 

occasionally as many as four together, and catch the ma- 

ture lice as they attempt an egress, and sometimes plunge 

their flat head and thorax into the cavity and draw forth 

and devour large and small indiscriminately. During the 

latter part of June and the first of July these beetles are 

very abundant, not only upon trees affected by gall-lice, 

but upon other plants also. 
*Am. Ent., Vol. II., p. 373. 
Am, Ent., Vol. I., pp. 35 and 51. 
uReport U. S. Ent. Comm., Vol. I., p.302. 



NOTES ON INSECTIVOROUS COLEOPTERA 

BY S. A. FORBES, 

Mouts StrRucTURES OF CARABID&. 

In studying the food of birds, I found it necessary to 
construct a key to the genera of the Carabidex, based pri- 

marily upon the mouth structures, and prepared for this 
purpose a large number of slides of the mouth parts of 

Illinois species. In studying these, two characters were 

noted, which proved to be of considerable service for clas- 
sification. The first of these is the frequent obliteration 

of the suture between the mentum and the gula (called 

the ‘‘gular suture’”’, by Dr. LeConte, in his Classification, 
Pt. I., pp. X., XIII., 14, 15 and 16), the mentum being, in 

such cases, connate with the gula. This is true of Blechrus, 
although in Trechicus and Metabletus of the same group 

the suture is distinct. The mentum is again connate in 

many species, at least, of several genera of Dapti and 

Eurytrichi; viz., Geopinus, Anisodactylus, Xestonotus, 

Spongopus and Amphasia; but is not connate in Notho- 

pus, Piosoma, Discoderes or Anisotarsus. This character 
was noticed nowhere else except in Amara angustata, 
which differs in this respect from all the other Amare in 

the Laboratory collection. This species is also peculiar in 

the very great development of the muscular ridges on the 

upper surface of the mentum. In the Lebiz this mental 

suture is distinct in the middle but obsolete at the ends- 

The second character referred to is found in the stipes 

of the maxilla. This body is covered with three plates— 

an outer, closely connected with the palpus, a lower, from 

which the two lobes of the maxilla spring, and an upper 

plate, which is applied to the under surface of the mandi- 

ble. The last of these usually presents, in the Harpalide, a 
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more or less prominent angle at about the anterior third of 

the outer margin, although this margin is sometimes reg- 

ularly curved. In two genera, Agonoderus and Stenolo- 

phus, this plate is produced forward and outward beyond 

the articulation with the palpus (which thus seems to 

spring from beneath it), forming an oblique lamina with a 

rounded outer angle and an acute tip. This character 

seems to distinguish Stenolophus from Harpalus, as far as 

I have been able to compare the species. 

Foop OF THE CARABIDA. 

The large numbers of Carabidz eaten by several of our 

common birds make it important that the somewhat doubt- 

ful food habits of this family should be more thoroughly 

studied; and I have undertaken the microscopic examina- 

tion of the contents of stomachs and intestines as one 

branch of this investigation. The factsthus obtainable 

perhaps cannot give us a complete idea of the food of these 

insects, but should probably be taken in connection with 
field observations, as these beetles are said frequently only 
to suck the juices of their prey, rejecting the solid parts; 
and where this has been done the fact will be only obscure- 

ly indicated by the contents of the alimentary canal. 

Where this contained an abundance of fatty chyme with 
no solid tissues to fix its source, I have sometimes doubt- 

fully inferred such an event; but usually liquid food will 

escape detection. 

The results of the examinations thus far made are so in- 

teresting that I am impelled to give the method I have 

found most successful and convenient, with the hope that 

others may turn their attention to the same subject. The 
dissection should be made as soon as possible after the 

beetle is taken,—within a few days at farthest,—as the 
more unstable elements of the food are apparently soon 

changed, even in strong alcohol. If the beetle is as large 

as Megilla maculata, the elytra and wings may be cut off 
and then, while the insect is held between the thumb and 

finger of the left hand, the edges of the abdomen may be 

carefully trimmed away with a pair of fine scissors (those 

with curved blades are best) leaving the soft dorsal cover- 



Notes on Insectivorous Coleoptera. 169 

ing attached only at the base and tip. If one blade of the 

scissors be now carefully passed under this dorsal integu- 
ment, it may be cut across and reflected (with the forceps 

and a mounted needle) forwards and backwards and cut 

entirely away. It will next be necessary to unroof the 
meso- and meta-thoracic segments, which usually contain 

at least a part of the crop. It will not be difficult to cut 

through the crusts of these segments at each side with the 

scissors-points. The terga may then be removed, as before, 

with forceps and needle. The specimen (if not too large) 
should now be transferred to a watch crystal, covered with 

glycerine and placed on the stage of the microscope; (a 

dissecting microscope is a convenience, but not indispen- 

sable). With mounted needles the reproductive or- 

gans, urinary tubes, etc., can be pushed out of the way, 

when the crop, stomach and intestine will be seen, vari- 

ously arranged according to the family and genus. It is 

an easy matter to cut the alimentary canal loose at either 

end and to remove it from the body, placing it upon a 

slide in a shallow cell, with glycerine enough to mount the 
contents. Here the superfluous structures should be picked 

away, as far as possible, and then the stomach and intes- 

tines may be torn open with needles, and their contents 
spread out and picked in pieces upon the slide. After 

the removal of the remnants, the cell may be covered and 
the contents studied with any power necessary. The cover 

should, of course, be finally cemented down and the slide 

preserved for verification and repeated examination. 

Galerita janus.—A specimen of this insect, taken at 

Bloomington, in September, contained but little food. 
All that was recognized consisted of insect fragments, one 
of which was a spinose tibia. It was impossible even to 

tell the order of the insect eaten. 

Lowopeza atriventris.—Four specimens of this species 

were examined, three of which were taken in June and 

the other in September. The alimentary canal of the first 

was entirely empty. The second, sent me by Mr. A.S. 

McBride, from DeKalb county, had eaten immense num- 

bers of minute, oval bi-nucleate cells, which, believing 

them to be spores of fungi, I referred to Prof. T. J. Burrill, 
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of the Illinois Industrial University. He reported them 

to be ‘‘spores of Spharonemei, probably Phoma’’—a fun- 

gus which forms small, black specks on dead wood, stems 

of weeds, etc. A third specimen from the same source 

had eaten some undetermined, insect and about equal quan- 
tities of three elements; viz., the above spores of Phoma, 

pollen and the anthers of grass (doubtless blue-grass upon 

which the insect was taken). A few clavate bodies were 

also noticed, consisting of a single row of nucleated cells,— 

evidently the acrospores of some fungus. A September 

specimen was taken at Normal. Its crop was distended 

with an oily liquid, but contained no other visible food 
except a few acrospores of a fungus. This specimen had 

evidently been feeding upon animal food of some sort. 

Calathus gregarius.—Three individuals of this species 
were examined, all caught on blue-grass in blossom, by 
Mr. Webster, of Waterman, and Mr. McBride, of Freeland. 
The crop and cesophagus of the first were distended witha 

brown mass which proved to be wholly made up of the 

pollen and fragments of the anthers of grass. A second 

specimen contained a smaller amount of pollen and an- 

thers of blue-grass, with minute fragments of a black and 
sparsely hairy insect. An antenna proved that it was a 

larva—probably a young caterpillar. The third contained 

traces of a similar larva and the fragments of the cornea 

of a perfect insect—evidently a remnant of some former 

repast. 

Anisodactylus baltimorensis.—The single specimen of 
this species had not recently taken food. The stomach 

was empty; but in the intestine was a large amount of 

chyme which possibly indicated liquid animal food. A 

specimen of A. rusticus gave only similar negative results. 

Anisodactylus sericeus.—A specimen taken in June 
showed fragments of anthers and pollen of grass, with 

other vegetable tissues, apparently derived from the seeds 

of grass. A small insect had also been eaten, as shown by 
particles much too few and minute for determination. A 

second specimen had taken precisely similar food—the in- 

sect here being represented by a few facets of the cornea. 

Amara angustata.—One of this species, likewise taken 



Notes on Insectivorous Coleoptera. 171 

in June, had also fed on vegetation, as indicated by a few 

particles of parenchyma too far digested for recognition ; 

but fully nine-tenths of its food consisted of spherica] 

eggs, in different stages of development, many of them 

easily recognizable as the eggs of mites. The most ad- 

vanced embryos had six legs anda pair of large palpi; and, 

by the shape of the abdomen and the position of the legs, 
recalled the larvze of the spinning mites (Tetranychi). 

Harpalus pennsylvanicus De G.—A specimen of this 
species taken running in the road, at Normal, August 81st, 

had the alimentary canal well filled with vegetable tissues, 
some of which were evidently derived from the ovules and 

roots of grass. Among these were the tips of an ovule 

with the styles unbroken and the tip of a rootlet with the 
root-cap entire. A single mite was found, and a few 

acrospores of fungi. This beetle was infested by a large 

number of intestinal parasites of the genus Gregarina. A 
second specimen had eaten similar vegetable food. Here 

a piece of the epidermis of a rootlet, still covered with 
trichomes, was noted, as well as several root-tips and 

fragments from the growing tips of grass. Pieces of the 
epidermis of grass with their peculiar zigzag cell boun- 
daries, confirmed these determinations. A detached stigma 
of a grass floret and a few stylospores completed the food. 

A third specimen, taken at Normal on the 5th of Septem~ 
ber, contained some vegetable tissues with spiral cells, 

the mandible and maxilla of an ant and vast numbers of 

minute, spherical corpuscles, which Professor Burrill re- 

garded as forms of bacteria such as occur on stagnant 

water. This beetle had apparently skimmed this minute 

vegetation from the surface of some pool. The fourth 

specimen of this species, received in September, from Mr. 

Webster, who collected it from the blossoms of ragweed, I 

found to have eaten large quantities of vegetable tissue, 

the fragments of which showed branched bundles of spiral 

ducts with parenchyma between. These were evidently 

the bracts or other floral organs of the ragweed. 
 _Harpalus caliginosus.—A single individual, running 

free upon the ground, had gorged itself with plant and 

animal food,—apparently about three times as much of 
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the former as of the latter. In the crop were a few hairs 

of a caterpillar and much half-digested muscle, with spores 

of fungi, a little epidermis of some graminaceous plant 

and a few pollen grains of Composite. In the stomach 

was a great deal of chyme, with fragments of the wings 

and tarsi of some minute dipter, more pollen of Com- 
posites and some vegetable parenchyma, apparently de- 

rived from unripe seeds of grass. In the ileum and colon 

these last mentioned tissues predominated, although the 

latter contained also a large quantity of pollen of Com- 

posite indistinguishable from that of ragweed (Ambrosia). 
Here were also found two feet of a larva,—possibly of the 

previously mentioned caterpillar. It is worthy of notice 

that these Harpali were full of eggs, of which there were 

about six in each abdomen. The crop of the second speci- 

men, taken at Normal, in September, was distended with 

a brown, oily fluid, containing no recognizable -material. 

In the intestine was a small mite and considerable vege- 

table parenchyma, apparently derived from some young 

seeds or ovules of plants. A little parallel-veined vege- 

table tissue was also seen, evidently derived from grass. 

fHarpalus herbivagus.—A specimen of this beetle, taken 

by Mr. McBride, in July, was filled with cryptogamic vege- 
tation which had the form of adense mat of slender branch- 

ing tubes enclosing many spherical cells. This, Professor 

Burrill, to whom one of the slides of this material was re- 

ferred, regarded as a fleshy or cartilaginous fungus with 

Palmella cells, although he thought that it might have 
been derived from a lichen. A second specimen, obtained 
by Mr. Webster, in March, had evidently been feeding on 
the young shoots of grass. - 

Cratacanthus dubius.—One of this species, taken at 
Normal, in August, contained no apparent food except a 

few spores of fungi. In the stomach were great numbers 

of Gregarina, apparently of the same species as those found 

in Harpalus pennsylvanicus. In the colon, especially, 
scores of these parasites in the ‘‘resting state’’ formed con- 

siderable masses which half filled the intestines. 

Evarthrus colossus.—One of this species, taken in Sep- 
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tember, had eaten a brown beetle of medium size, the frag- 

ments of which filled the whole alimentary canal. From 

the general appearance of these, from the tips of one ante- 

rior and one middle tibia and from a maxillary palpus, it 

was inferred that this beetle was one of the Scarabeide- 

A fragment of a mandible showing a ridged masticatory 

surface, made it likely that it was a vegetable feeder. 

. There was no trace of vegetable food in this Evarthrus. 

Another specimen, taken at Normal, in September, had 

eaten a large Coleopterous larva and two minute, indeter- 

minable insects. Traces of confervoid Algz were also dis- 

covered in the intestine. 

Pterostichus sayi.—A specimen of this species, taken at 
Normal, in September, was full of the remains of an un- 

recognized hairy insect with two tarsal claws. 

Pterostichus lucublandus.—This specimen, taken like- 

wise at Normal, in September, contained a multitude of 

fragments of some Hymenopterous insect, including a max- 

lary palpus and a labrum nearly entire, with pieces of the 

legs and tarsi. This beetle had also eaten a small mite and 

a few acrospores of fungi. 

Chlenius tomentosus.—One of this species, taken at Nor- 

mal, in September, contained traces of insect food not oth- 

erwise determined, and a nematoid parasite. 

Chlenius diffinis.—A specimen of this species, taken 
under a log, near Normal, in September, contained traces 

of some crustaceous insect, with pieces of vegetable tissue 

(apparently wood) penetrated by the mycelium of a fun- 

gus. Large vegetable fragments were also seen, which 

Professor Burrill determined as pieces of a large, fleshy 

fungus. The stomach likewise contained acrospores of 

Dematiei. 
Bradycellus dichrous.—-A specimen, taken at Bloom ing- 

ton, in September, had eaten insect food not otherwise 

determinable. 
Twenty-eight specimens of Carabide, representing sev - 

enteen species, are here reported. It will be seen that twen- 

ty-one specimens, belonging to fifteen species, had eaten 

animal food, and that twenty specimens, belonging to elev- 

en species, had eaten vegetation of some sort. I estimat- 
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ed as carefully as possible the relative amounts of these two 
kinds of food in the alimentary canal of each insect, and 
from these data concluded that about half the food of these 
twenty-eight specimens consisted of vegetation, and that 
one-third of it consisted certainly of insects,—the remain- 

der being made up of doubtful animal matter. About one- 

third of the vegetable food had been derived from erypto- 

-gamic plants and another third from the different struc-. 
tures of grasses, Composite and other miscellaneous vege- 
tation making up the remainder. Considering the fact, how- 
ever, that the commonest species were found feeding upon 

vegetation far the most generally, it is likely that, taking 

the Carabide as a group, not morethan one-third or one- 

fourth of their average food consists of animal matter. - 

Foop oF PoDABRUS. 

The contents of three stomachs of Podabrus tomentosus 

were examined; and all these had eaten only the spores of 

Phoma mentioned under Loxopeza. The specimens were 

all sent me in July, by Mr. A. 8S. McBride, of Freeland, Ill. 

Foop oF COCCINELLID!. 

Coccinella novem-notata.—Two specimens which were 

taken at Normal, in August, were examined, agreeing very 

closely in their food, each having eaten various spores of 

fungi (about ninety per cent.) and plant-lice (ten per cent. ). 
Among the fungus spores, Professor Burrill, to whom they 

were submitted, recognized spores of Ustilago and Helmin- 
thosporium; and a few lichen spores were also noticed. 
Brachyacantha ursina.—The stomach of one individual 

of this species contained only a few fungus spores.* 

Hippodamia convergens.—A specimen, captured in Au- 
gust, at Normal, had eaten great quantities of fungus 

spores, which composed about three-fourths of its food. 

Fragments of a mite and a plant-louse and a little pollen 

of Compositze were also found. In a second specimen, 

taken in September, the remains of a myriapod belonging 

to the family Geophilide, acrospores of a fungus, the pol- 

*I have assured myself that none of the fungi found in the alimentary 
canals of these beetles were entophytes, 
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len of Composite and the remains of a plant-louse were 

the only elements noticed. 

Megilla maculata.—Three specimens of this species 

were dissected,—one received from Mr. Webster in May, 

one from Mr. McBride in July, and one taken at Normal 
in September. The specimen from Mr. Webster was cap- 

_tured on the flowers of dandelions. Its entire alimentary 

canal was closely packed with hexagonal, spinose pollen 

cells, doubtless taken from that plant. A second had 
eaten the anthers and pollen of grass with a few spores of 

Myxogastres.* The third specimen contained pollen and 

fungus spores in about equal quantities. While these 

Coccinellidzee had made good their usual reputation as 

enemies of plant-lice, it should be noticed that these con- 

stituted only about ten per cent. of their food. 

If these specimens of the various families of predaceous 

beetles are fair examples of their class, the above facts 
imply that the individual carnivorous insect is much less 

valuable than has usually been supposed, while predace- 

ous insects as a class are much more beneficial. If these 

species are predaceous, as a rule, not more than from one- 

fourth to one-third of the time, the injury done by the de- 

struction of one of them is very much less than if they 

were, as is usually supposed, almost wholly carnivorous. 

But, on the other hand, if they can live on the soft parts 

of plants when animal food becomes scarce, their numbers 

will be maintained at a far higher figure than would be 
possible if they were dependent upon animal food alone. 

Preferring animal food to vegetable, as they doubtless do 

when equally obtainable, they operate as a much more ef- 

fective check on the undue increase of other insects than 
if their number were at all times strictly limited by the 

numbers of their food species. We should remember, in 

this connection, that we cannot ordinarily expect of any 
predaceous animal that it will do more than to eliminate 
the excess of the species it preys upon, keeping their num- 
bers down within certain constant limits. As a prudent 

sovereign finds it worth while to maintain a much larger 

* Burrill, 
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fighting force than is necessary to the ordinary adminis- 
tration of his government, in order that he may have al- 
ways a reserve of power with which to meet aspiring re- 
bellion, so it is to the general advantage that carnivorous 
insects should abound in larger numbers than could find 

sustenance in the ordinary surplus of insect reproduction. 

They will then be prepared to concentrate an overwhelm- 
ing attack upon any group of insects which becomes sud- 

denly superabundant. It is evidently impossible, how- 

ever, that this reserve of predaceous species should be 

maintained unless they could be supported, at least in 

part, upon food derived from other sources than the bodies 

of living animals. 
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PREFAGE. 

The present catalogue, although based essentially upon the 
list published in 1874, in the Annals of the Lyceum of Natural 
History of New York (vol. x. pp. 364-94) is rendered much 
more complete by the addition of nearly thirty species, and 
many facts which have been brought to light by subsequent 
investigations. The most important sources from which this 
additional information has been derived are the several lists of 
Illinois birds published by my friend Mr. E. W. Nelson,! of 
Chicago (now U. 8S. Signal Observer at St. Michaels, Alaska), 
but I have also been furnished with many interesting facts 
through correspondence with persons actively engaged in the 
‘study of the ornithology of the state, among whom I may 
especially mention Dr. J. W. Velie, of the Chicago Academy of 
Sciences, Mr. H. K. Coale, of Chicago, and Mr. C. K. Worthen, 

of Warsaw; the information thus derived being duly acknowl- 
edged in the proper places. 

To the 311 species of the catalogue of 1874, there are here 
added 31, which would bring the total number known to occur 

in Illinois up to 342 were it not for the fact that one species 
(Podiceps cristatus) was included upon erroneous information, 
and is therefore eliminated. Of the 341 species enumerated 
herein, no less than 213 are positively ascertained to breed 
within the limits of the state. Not a single species has been 
included except upon good authority, while, on the other hand, 
several are excluded on account of not having been actually cap- 
tured within the state, though some of them have been secured 
near Racine, Wisconsin, in the extreme southeastern corner 

of Wisconsin, rendering it therefore extremely probable that 
individuals of the species in question have at one time or another 

1For the titles of these, see pp. 168-170. 
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visited Illinois territory. A few species (e. g. Pica rustica hud- 

sonica and Lagopus albus) are given upon the authority of Mr. 
Robert Kennicott, but have not been noted by any subsequent 
observer. They may not now occur in Illinois, but this does 
not, however, affect the validity of Mr Kennicott’s record, which 

cannot be passed over on the strength of purely negative 
evidence. 

In the catalogue of 1874 I gave a list of 48 species ‘‘to be 
looked for’’ in Illinois, and which it was stated would ‘‘no doubt 

be yet found to occur within the limits of the state.’’ Of these 
no less than 15 have already been taken or observed, besides 
four (Dichromanassa rufa, Ajaja rosea, Pelecanus fuscus and 
Stercorarius parasiticus) whose occurence had not been antici- 
pated. We may therefore look with confidence to the capture 
of the remaining species of the list, when the extreme southern 
and northwestern borders of the state have been more thoroughly 
explored. 

As may be seen from an examination of the following cata- 
logue, the avian-fauna of Illinois is exceedingly rich and varied, 
probably no inland state or territory, not traversed by lofty: 
mountain ranges, being equal to Illinois in this respect. This 
great richness and diversity of bird-life results primarily from 
two causes,—the central position of the state geographically, 
and its great extent from north to south. The variety of surface 
which the state presents in different sections, notwithstanding 
the prevalence of large prairies, is also an important factor, 
no state, perhaps, east of the Pacific slope presenting greater 
contrasts of this kind. Stretching through nearly six degrees 
of latitude, the climates of the northern and southern portions 
are very diverse, the advent of spring, as determined by the 
first flowering and leafing of identical plants, averaging fully six 
weeks earlier near the Ohio river than in the vicinity of Chicago.* 

_ §The difference in climate between Cairo and Chicago, as determined by the U. 8. 
Signal Bureau, is as follows: 

An. mean. | Av. of hottest month. | Av. of coldest month. | An. range. | Latitude. 

Cairo utd tela ams 57.3 80.2 (August.) 31.3 (January.) |.......... 37.00 
Chicago........... 46.7 | 72.8 (July.) 20 (December.)|.......... 41° 52° 
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The two opposite sections of the state also differ essentially in 
the natural products of the soil,—the southern being clothed 
with almost continuous forests, which in the bottom-lands are 

remarkable for massiveness of growth and great variety of species, 
while in the central and northern portions extensive prairies 
largely prevail. Indeed, it is difficult to conceive of more com- 
plete contrast than that afforded by the cypress swamps, cane- 
brakes, and almost tropical luxuriance of vegetation of the 
southern bottom forests, on the one hand, and the extensive, mon- 

otonous northern prairies on the other. Intervening districts pre- 
sent every conceivable combination of prairie and woodland, while 
particular sections possess special features, such as the line of high 
precipitous bluffs along part of the western border, the romantic, 
almost mountainous range of rugged hills traversing the 
southern portion, from east to west, and the hilly region 
northwestward. The prairies of central and northern Illinois 
being a modified continuation of the ‘‘Great Plains,’’ a consid- 
erable number of birds characteristic of, or peculiar to, the 
‘‘Campestrian District,’’ together with others common to the 
whole of the Western Region, are thus brought into contact with 
eastern woodland forms; while the proximity of the Great 
Lakes, on the northeast, secures the presence of many species 
formerly considered of purely maritime or littoral habitat, 
but which in reality occur, at one season or another, on 
many of the larger streams of this inland state. Considering 
also in this connection the very large preponderance of the 
southern element in that portion of the state lying south of the 
parallel of 39° (approximately), and also the influx of northern 
forms during the winter season, it may be seen that no less than 

five distinct faune overlap on the area included within the 
boundaries of the state of Illinois,—the eastern, which, in its 
purity, of course largely predominates; the maritime and 
littoral, by way of the Great Lakes and the St. Lawrence; the 
boreal, coming down from the high north in winter; the western, 
extending eastward across the prairies to the border of the 
wooded country ; and, lastly, the southern, or ‘‘Austroriparian”’ 

fauna, a very considerable element of which extends up the 
Mississippi valley to at least the 38th parallel of north latitude. 
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The bird-fauna of Illinois, as at present understood, 
embraces members of 17 ‘‘orders’’ (according to the latest and 
most improved classifications), 51 families, 225 genera, and 339 

species. The subjoined tables are intended to show the relative 
number of species by which each family is represented, in 
numerical order. 



Table of Families of Birds represented in the Avian-fauna of Illinois, given 

in order of numbers of species. 
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1878. 

23. Rripeway, Rosert.—Notes on Birds observed at Mt. Carmel, Southern 

Illinois, in the spring of 1878. < Bull. Nutt. Orn. Club, October, 1878, pp. 162- 

166. [Twenty-five species mentioned, of which two, Helinaia swainsoni (?) 

and Ibis alba are new to the fauna of the state.] 

1879. 

24. Ripaway, Ropert.—On a new species of Peucca from Southern IIl- 

inois and central Texas. < Bull. Nutt. Orn. Club, October, 1879, pp. 218-22. 

[P. illinoensis.] 
1880. 

25. Ripaway, Ropert.—The Northern Waxwing (Ampelis garrulus) in 

Southern Illinois. < Bull. Nutt. Orn. Club, April, 1880, p. 118. [Pulaski county, 

December 18, 1879; S. A. Forbes. | 

26. Wipmann, Orro.—Notes on Birds of St. Louis, Mo. <Bull. Nutt. 

Orn. Club, July, 1880, p. 191. [Relates in great part to birds of Illinois, imme- 

diately opposite St. Louis. ] 
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{Nors.—The nomenclature of this list accords with that of the new catalogue of 

North American birds soon to be published by the Smithsonian Institution. The as- 

terisk prefixed to a number indicates that the species is known to breed in the state 

of Illinois.] 

Order PASSERES. 

(Oscines.) 

Family TURDIDA!.—Thrushes. 

Genus Hynoctcuna, Baird. 

/*1. H. mustelina (Gmel.) Baird. Wood Thrush. Summer sojourner; 

abundant. 
*2. H. fuscescens (Steph.) Baird. Wilson’s Thrush. ‘Transient south- 

ward; summer sojourner in northern portion. 

3. H. alicie, Baird. Gray-cheeked Thrush. Transient. 

*4. H. ustulata swainsoni (Caban.) Ridgw. Olive-backed Thrush. Tran- 

sient, but a few breeding in extreme northern portion. 

5. H. unalasce pallasi (Caban.) Ridgw. Hermit Thrush. Transient, 
but sometimes wintering in southern counties. 

Genus Mreruta, Leach. 

*6. M. migratoria (Linn.) Sw. & Rich. American Robin. Resident south- 

ward, mainly summer sojourner northward. 

Genus Mrimus, Boie. 

*7. M. polyglottus (Linn.) Boie. Mockingbird. Entire state, but very 

local, even in southern portion, where resident. 

Genus GALEOSCOPTES, Cabanis. 

*8 G. carolinensis (Linn.) Caban. Catbird. Summer sojourner; occasion- 
ally wintering southward. 

Genus HAaRPORHYNCHUS, Cabanis. 

*9 H. rufus (Linn.) Caban. Brown Thrasher. Summer sojourner; some- 
times wintering in southern counties. 
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Family SA XICOLIDAi.—Stonechats and Bluebirds. 

Genus Stara, Swainson. 

*10. Sialia sialis (Linn.) Haldem. Bluebird. Resident and generally 
distributed; less numerous, and sometimes.absent, in winter. 

11. S. arctica, Swains. Rocky Mountain Bluebird. Accidental visitor. 

(East side of Mississippi river, opposite Dubuque, Iowa; jide E. W. Newson, 
Bull. Essex Inst., VIII., 1876, p. 95.) 

Family PTILOGONATID &.—Fly-catching Thrushes. 

Genus MyrapEstres, Swainson. 

12. M. townsendi (Aud.) Caban. Townsend’s Solitaire. Accidental visitor. 

(Waukegan, December 16, 1875; cf. Netson, Pr. Essex Inst., VIII., 1876, p. 94.) 

Family SYLVIIDA.—True Warblers. 

Genus PoLropTina, Sclater. 

|*13. P. ewrulea (Linn.) Sel. Blue-gray Gnatcatcher. Summer sojourner; 

abundant, southward. 
Genus Rreuus, Cuvier. 

14. R. calendula (Linn.) Licht. Ruby-crowned Kinglet. Transient; win- 
ter sojourner southward. . 

15. R. satrapq, Licht. Golden-crowned Kinglet. Transient northward, 

winter sojourner southward. 

Family PARIDAt.—Titmice or Chickadees. 

Genus LoPHOPHANES, Kaup. 

*16. L. bicolor (Linn.) Bp. Tufted Titmouse. Resident; rare northward 
(where said by Nelson to occur only during fall and winter), but in some south- 

ern counties perhaps the most abundant bird. 

Genus Parvus, Linn. 

“*17. P. atricapillus, Linn. Black-capped Chickadee. Northern portion; 
resident, but not numerous in winter. 

*18. P. carolinensis, Aud.  Cavolina Chickadee. Whole state, but rare 

_ northward, where found only in summer (?); southward the only species, except 

perhaps in winter; abundant, and resident. 
19. P. hudsonicus, Forst. Hudson’s Bay Chickadee. Very rare winter 

visitant to extreme northern portion. (Rock Island, fide Nenson, Bull. Essex 

Inst., VIT., December, 1876, p. 95.) 

Family SITTID A!.— Nuthatches. 

Genus Srrra, Linnzeus. 

/ PL *20. S. carolinensis, Linn, White-bellied Nuthatch. Resident. 
*21. S. canadensis, Linn. Red-bellied Nuthatch. Winter sojourner south- | 

ward; breeds sparingly in extreme northern portion (NELSON). 
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Family CERTHIIDA.—Creepers. 

Genus Crerrata, Linneus. 

22. C. familiaris rufa (Bartr.) Ridgw. American Brown Creeper. Chiefly 

transient; winter sojourner southward; possibly breeding northward. 

Family TROGLODY TID 4.— Wrens. 

Genus Turyornorus, Vieillot. 

*23. T. ludovicianus (Gm.) Bp. ‘Great Carolina Wren. Resident and 
abundant southward; ‘‘ rare summer visitant’’ northward (Nelson). 

Genus THRYOMANES, Sclater. 

*9O4. T. bewicki (Aud.) Baird. Bewick’s Wren. In southern counties 

abundant and resident, being the common, and in many localities the only, 

‘“house wren.”’ More rare, and merely summer resident, northward. 

Genus TrocLopyrTEs, Vieillot. 

/¢ *25. T. aédon, Vieill. House Wren. Northern and central portions. Ap- 
parently entirely absent in many localities southward, where replaced by 
Bewick’s Wren. 

25a. T.aédon parkmanni(Aud.) Coues. Parkmann’s Wren. [Several speci- 
mens, from Hyde Park, in the collection of Mr. H. K. Coale, of Chicago, appear 

to be indistinguishable from typical examples of this western race. | 

Genus ANORTHURA, Rennie. 

26. A. troglodytes hyemalis (Vieill.) Coues. Winter Wren. Winter so- 
journer. 

Genus TELMATODYTES, Cabanis. 

*27. T. palustris (Wils.) Baird. Long-billed Marsh Wren. Resident 
(occasionally, at least) southward; summer sojourner northward. 

Genus CrstorHorus, Cabanis. 

*28. C. stellaris (Licht.) Caban.  Short-billed Marsh Wren. Summer 

sojourner northward; resident in southern counties. Frequents chiefly the 

prairie sloughs, but nearly everywhere much rarer than the preceding. 

Family MOTACILLIDA.—Wagtails and Titlarks. 

Genus AntTHus, Bechstein. 

29. A. ludovicianus (Gmel.) Licht. American Titlark. Transient visitor; 
sometimes winter sojourner southward. 

Family MNIOTILTIDA.—American Warblers. 

Genus Mnrorrira, Vieillot. 

*30. M. varia (Linn.) Vieill. Black and White Creeper. Summer sojourner. 
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Genus PROTONOTARIA, Baird. 

*31. P. citrea (Bodd.) Baird. Prothonotary Warbler. Summer sojourner. 

Abundant in southern counties; rare northward. Found chiefly in wooded 

swamps or the border of ponds in wooded bottoms. 

Genus Hetonaa, Audubon. 

*32. H. swainsoni, Aud. Swainson’s Warbler. Believed to be a rather 

rare summer sojourner in cypress swamps of the extreme southern part of the 

state. (See Bull. Nutt. Orn. Club, October 1878, p. 163.) 

Genus HeLMINTHOTHERUS, Rafinesque. 

*33. H. vermivorus (Gm.) Salv. & Godm. Worm-eating Warbler. Sum- 

mer sojourner. Rare northward, but common in southern counties. 

Genus HELMINTHOPHAGA, Cabanis. 

*34. H. pinus (Linn.) Baird. Blue-winged Yellow Warbler. Summer 

sojourner, and abundant (locally) in southern portion; not yet recorded from 

northern portion of the state, 

*35. H. chrysoptera (Linn.) Baird. Golden-winged Warbler. Chiefly 

transient, but a rare summer sojourner in semi-prairie districts of central and 

northern portions of the state, where it breeds sparingly. 

*36. H. rujicapilla (Wilson) Baird. Nashville Warbler. Summer sojourner 

northward; transient southward. 

37. H. celata (Say.) Baird. Orange-crowned Warbler. ‘Transient; com- 

mon some seasons. 
38. H. peregrina (Wilson) Baird. Tennessee Warbler. Transient. 

Genus Parua, Bonaparte. 

*39. P. americana (Linn.) Bp. Blue Yellow-backed Warbler. Summer 

sojourner; breeds throughout the state. 

Genus PERissoGLossa, Baird. 

40. P. tigrina (Gmel.) Baird. Cape May Warbler. Transient. 

Genus Denprazca, Gray. 

é *41. D. estiva (Gmel.) Baird. Summer Yellow Bird. Summer sojourner. 

The most familiar and generally dispersed member of the entire family. Famil- 

iarly known, in many sections, as the ‘‘ Wild Canary.”’ 

42. D. cerulescens (Linn.) Baird. Black-throated Blue Warbler. Transient. 

43. D. coronata (Linn.) Gray. Yellow-rump: Warbler. Winter sojourner 

southward; transient northward. 

44. D. maculosa (Gmel.) Baird. Black and Yellow Warbler. ‘Transient. 

//*45. D. cceerulea (Wilson) Baird. Cerulean Warbler. Summer sojourner; 

rare northward, but very abundant southward, where it is by far the most 
numerous of the species which remain to breed; inhabits the woods of tall trees, 

chiefly in bottom-lands, and therefore scarcely known except to the collector. 

*46. D. pennsylvanica (Linn.) Baird. Chestnut-sided Warbler. Summer 

sojourner in northern and central portions; transient in southern counties. 
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47. D. castanea (Wils.) Baird. Bay-breasted Warbler. Transient. 
48. D. striata (Forst.) Baird. Black-poll Warbler. Transient. 

49. D. blackburnice (Gmel.) Baird. Blackburnian Warbler. Transient. 

*50. D. dominica albilora, Baird. White-browed Yellow-throated Warbler. 

Summer sojourner; abundant, locally, southward, where frequenting chiefly the 

banks of streams in heavily wooded districts. 
*51. D. virens (Gmel.) Baird. Black-throated Green Warbler. Transient, 

a few breeding in extreme northern portion (jide Nelson). 
*52. D. pinus (Wils.) Baird. Creeping Pine Warbler. Summer sojourner; 

in the southern counties breeds in woods of deciduous trees, and occasionally 
winters. 

53. D. palmarum (Gmel.) Baird. Red-poll Warbler. Transient. ‘Some- 

times wintering southward. 

*54. D. discolor (Vieill.) Baird. Prairie Warbler. Summer sojourner. 

One of the least common species, frequenting chiefly the oak ‘‘barrens,’’ or other 

localities covered with a stunted growth. 

Genus Srurus, Swainson. 

*55. S. aurocapillus (Linn.) Swains. Golden-crown Thrush. Summer 
sojourner. 

*56. S. nevius (Bodd.) Coues. Small-billed Water Thrush; ‘‘ Water Wag- 

tail.’’ Transient; sometimes wintering in southern counties, and breeding 

sparingly in extreme northern counties (fide Nelson.) 

*57. S. motacilla (Vieill.) Coues. Large-billed Water Thrush; ‘‘ Water 

Wagtail.’’ Summer sojourner; abundant southward, rare northward. 

Genus Oporornis, Baird. 

58. O. agilis (Wilson) Baird. Connecticut Warbler. Transient. 

*59. O. formosa (Wilson) Baird. Kentucky Warbler. Summer sojourner; 
very abundant southward. 

Genus GEOTHLYPIS, Cabanis. 

*60. G. philadelphia (Wilson) Baird. Mourning Warbler. Chiefly tran- 
sient, but a rare summer sojourner in certain localities, even south of the paral- 

lel of 59°. Commonest in migrations, however, and breeding very sparingly. 
*61. G. trichas(Linn.) Caban. Maryland Yellow-throat. Summer sojourner. 

An abundant, familiar, and generally diffused species, partial to thickets 
and brier- patches. 

Genus Iorrerta, Vieillot. 

*62. I. virens (Linn.) Baird. Yellow-breasted Chat. Summer sojourner; 
rare northward. Usually a companion of the preceding, and distinguished for 
oddity and variety of its notes; hence, sometimes called ‘‘ Yellow Mockingbird.” 

Genus Myroprocrss, Audubon. 

*63. M. mitratus (Gmel.) Aud. Hooded Warbler. Summer sojourner; 
rare northward. 

64. M. pusillus (Wilson) Bp. Black-capped Yellow Warbler. Transient. 

*65. M. canadensis (Linn.) Aud. Canadian Fly-catching Warbler. Tran- 
sient, except in extreme northern portion, where breeding. 
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Genus SETOPHAGA, Swainson. 

'*66. S. ruticilla (Linn.) Sw. American Redstart. Summer sojourner; 

abundant and generally distributed. Easily recognized by its fan-shaped tail 
of black and red or yellow, in large patches; the male distinguished for his 

‘pretty plumage of black and orange-red. 

Family VIREONID4.—Vireos or Greenlets. 

Genus VrrEosyLviA, Bonaparte. 

/*67. V. olivacea (Linn.) Bp. Red-eyed Vireo. Summer sojourner. 

“68. V. philadelphica, Cassi. Philadelphia Vireo. ‘Transient; a few 

breeding i in the extreme northern part of the state. A not uncommon, but not 

a well-known species, greatly resembling the succeeding, but distinguished by 

the absence of a spurious primary, and by the decidedly sulphur-yellow tinge 

of the throat and breast. 
*69. V. gilva (Vieill.) Cass. Warbling Vireo. Summer sojourner. 

Genus LANIvIREO, Baird. 

*70. L. flavifrons (Vieill.) Baird. Yellow-throated Vireo. Summer 

sojourner. 
71. L. solitarius (Vieill.) Baird. Solitary Vireo. Transient; possibly 

breeding northward. 
Genus Vireo, Vieillot. 

*72. V. noveboracensis (Gmel.) Bp. White-eyed Vireo. Summer sojourner. 

A denizen of hazel-patches and open thickets; distinguished for its odd notes. 

*73. V. bellii, Aud. Bell’s Vireo. Summer sojourner. Much like the last 

in habits and notes, but chiefly confined to the prairie districts, and resembling 

a miniature Vireosylvia gilva in colors. 

Family LANIIDAs.—Shrikes. 

Genus Lantus, Linneus. 

/ 74. L. borealis, Vieill. Great Northern Shrike. Irregular winter visitant; 

possibly breeding sparingly in northern counties. 

*75. L. ludovicianus, Linn. Loggerhead Shrike. Resident: In many local- 

ities known as the ‘‘ Mockingbird,’’ from the great similarity in its general 

appearance to Mimus polyglotius. Frequents much the same localities as the 
latter. 

*75a. L. ludovicianus excubitorides.(Swains.) Coues. White-rumped 

Shrike. A mere variety of the preceding, having lighter colors, with the upper 

tail-coverts approaching white in color. Found with the preceding, and per- 

haps the prevailing form on the prairies. 

Family AMPELID A.—Wax-wings. 

Genus AMPELIS, Linnzeus. 

76. A. garrulus, Linn. Northern Wax-wing. Winter visitant chiefly to 

extreme northern counties; of irregular occurrence, even in northern portions; 
merely casual southward. 

ee a ee ee oe 
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| *77. A. cedrorum, Vieill. Cedar Wax-wing. Resident, except southward, 

where chiefly winter sojourner. 

Family HIRUNDINIDAl.—Swallows. 

Genus Proane, Boie. 

*78. P. subis (Linn.) Baird. Purple Martin. Summer sojourner. 

Genus PETROCHELIDON, Cabanis. 

*79. P. lunifrons (Say.) Lawr. Cliff Swallow. Summer sojourner. Much 

like the barn swallow in general appearance and habits, but distinguished by 

its square tail and by its curious gourd-shaped nests attached to the outside of 
buildings. Commonly called ‘‘Mud Swallow,’’ or ‘‘Square-tailed Eave 

Swallow.”’ ; 

Genus Hrrunpo, Linneus. 

*80. H. erythrogastra, Bodd. Barn Swallow. Summer sojourner. 

Genus Tacnycinera, Cabanis. 

*81. T. bicolor (Vieill.) Caban. White-bellied Swallow. Summer sojourner; 

usually breeding in holes of trees. 

Genus CoTILE, Boie. 

*82. C. riparia (Linn.) Boie. Bank Swallow—‘‘ Sand Martin.’ Summer 

sojourner; breeding in holes in banks of streams or railroad cuts. Distin- 

guished from the next by its white throat and dark band across the breast. 

Genus STELGIDOPTERYX, Baird. 

*83. S. serripennis (Aud.) Baird. Rough-winged Swallow—‘‘ Sand Mar- 
tin.’ Summer sojourner. A companion of the true Bank Swallow, and of 

very similar appearance, but distinguished by its uniform mouse-colored throat 

and breast. Often nests about bridges, or even old buildings; but usually in 
banks, like the Cotile riparia. 

Family TANAGRIDA.—Tanagers. 

Genus Pyranea, Vieillot. 

/} *84. P. rubra (Linn.) Vieill. Scarlet Tanager. Summer sojourner. One 

of our most brilliantly colored birds, known usually as the ‘‘Black-winged Red- 
bird.” 

*85. P. estiva (Linn.) Vieill. Summer Redbird. Summer sojourner; 
abundant southward, but rare in extreme north of the state. Very similar in 
habits, manners and notes to the preceding, and by many persons erroneously 
looked upon as a variety or particular stage of plumage of the same species; 
partial to open, upland woods. A fine songster, the song resembling that of 
the robin, but more sprightly and continued. 

Cc 
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Family FRINGILLIDA.—F inches, Sparrows, and Buntings. 

Genus HrsPERIPHONA, Bonaparte. 

86. H. vespertina (Cooper) Bp. Evening Grosbeak. Winter visitant to 
extreme northern counties. 

Genus Prntcoua, Vieillot. 

87. P. enucleator (Linn.) Vieill. Pine Grosbeak. Irregular winter visitant, 

chiefly to extreme northern portions. 

Genus CarpPopacus, Kaup. 

*88. C. purpureus (Gmel.) Baird. Purple Finch. Winter sojourner south- 
ward; breeds sparingly in northern counties. 

Genus Loxra, Linnzeus. 

89. L. curvirostra americana (Wilson) Coues. American Red Crossbill. 

Winter visitant, of irregular occurrence southward. 

90. L. leucoptera, Gmel. American White-winged Crossbill. Winter vis- 
-itant; occurring throughout the state, but, like the last, appearing very irregu- 
larly in the southern portion. 

Genus AlciotHus, Cabanis. 

91. A. canescens exilipes (Coues) Ridgw. White-rumped Redpoll. Win- 

ter visitant to northern counties. 

92. AA. linaria (Linn.) Caban. Common Redpoll. Winter visitant; rare 

or occasional southward, common and of regular occurrence in the north. 

Genus AsTRAGALINUS, Cabanis. 

} }/ KAY YY *93. A. tristis (Linn.) Cab. American Goldfinch. Resident. An abundant 
; species, familiarly known as the ‘‘ Lettuce-bird,’’ ‘‘Garden-bird,’’ ‘‘ Hemp- 

bird,”’ &. 

Genus CHRyYSsoMITRIS, Boie. 

94. C. pinus (Wilson) Bp. Pine Goldfinch. Transient, and occasional 
winter sojourner southward. Frequently a companion of the Purple Finch, 
feeding upon the tender buds of trees in early spring. 

Genus PLECTROPHANES, Meyer. 

95. P. nivalis (Linn.) Meyer. Snow Bunting. An abundant winter vis- 

itant in northern counties, but very rare in the southern portion of the state. 

Commonly known as the ‘‘ White Snow-bird,”’ and ‘‘ Snowflake.” 

Genus CENTROPHANES, Kaup. 

96. C. lapponicus (Linn.) Caban. Lapland Longspur. Winter visitant; 

sometimes abundant, even in the extreme southern portions; occasionally seen 

in full spring plumage in northern counties. 
97. C. pictus (Swains.) Caban. Painted Longspur. A winter visitant, like 

the last, but chiefly confined to the prairie districts, where sometimes extremely 

abundant. 
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Genus RuyNCHOPHANES, Baird. 

98. R. maccowni (Lawr.) Baird. McCown’s Longspur. Casual winter 

visitant. (Champaign, January, 1877; three specimens. H. K. Coale, Bull. 

Nutt. Orn. Club, April, 1877, p. 52.) 

Genus PassERcULUS, Bonaparte. 

*99. P. sandwichensis savanna (Wils.) Ridgw. Savannah Sparrow. Sum- 
mer sojourner, wintering southward. 

Genus Poacrres, Baird. 

*100. P. gramineus (Gmel.) Baird. Bay-shouldered Bunting. Summer 

sojourner; resident southward, where, however, it breeds sparingly. An inhab- 

itant of fields and meadows, or open prairies. This, with other species of sim- 
ilar habits, as the Savannah and Yellow-winged Sparrows, are familiarly known 
as ‘‘ Grass-birds,’’ or ‘‘ Ground-birds.”’ 

Genus CorurNnicuLus, Bonaparte. 

P*101. C. passerinus (Wilson) Bp. Yellow-winged Bunting. Summer 

sojourner; occasionally a few wintering southward. ‘This is the commonest of 
the ‘‘Grass-birds,’’ frequenting meadows, where well known from its peculiar 

lisping song which resembles the rasping note of a grasshopper (locust); hence 

known locally as ‘‘ Grasshopper-bird ”’ and ‘‘ Cricket-bird,”’ 
*102. C. henslowi (Aud.) Bp. Henslow’s Bunting. Summer sojourner; 

in southern counties sometimes wintering. A common species on weedy prairies, 

with habits much like the preceding, but with a different song (sounding like 

pil’-lut, or se’-wick,) which it utters while perched on the summit of a tall weed. 

*103. C. lecontei (Aud.) Bp. Leconte’s Bunting. Chiefly transient, but 

doubtless breeding in northwestern counties. Inhabits chiefly wet prairies, 
where it keeps hidden in the rank grass and sedges like the Ammodromi. 

[Taken in Chicago, May 2, 1878, by C. A. White (H. K. Coale, in epist.); at 

Riverdale, Cook county, May 13 and 17, 1875, by E. W. Nelson; and in Han- 
cock county by C. K. Worthen, ‘‘ both in fall and spring, as well as during sum- 

mer.’’ (See Bull. Nutt. Orn. Club, January, 1880, p. 32)]. 

Genus AMMODROMUS, Swainson. 

*104. A. caudacutus nelsoni, Allen. Nelson’s Sharp-tailed Bunting. A 
summer resident in northern counties, where it inhabits grassy marshes. It is 

a recently discovered race, and its distribution is consequently not well made 

out. It very likely winters in sheltered marshes in the southern portion of the 
state. 

Genus CHONDESTES, Swainson. 

*105. C. grammica (Say) Bp. Lark Bunting. Summer sojourner; entire 

state, but partial to the semi-wooded districts. Lasily distinguished from all 

other terrestrial sparrows (except the Chewink—Pipilo erythrophthalmus, 
which is otherwise very different), by the white-tipped tail; usually seen along 
roadsides. A sweet and indefatigable singer, surpassing the canary and every 

native species in continuity and sprightliness of song, through which are inter- 

spersed most pleasing trills and varied cadences. Nests indifferently on the 
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ground or in a small tree, the eggs being singularly handsome, of a crystal- 

white ground-color, peculiarly marked with irregular lines and spots of black 
round the larger end. 

Genus ZONOTRICHIA, Swainson. 

106. Z. querula (Nutt.) Gamb. Harris’s Sparrow. Casual visitor from the 

west. [Taken by W. H. Garman, at Normal, McLean county, November 14, 

1879, and near Bloomington, in spring of 1877]. (See Bull. Nutt. Orn. Club, 

January, 1880, p. 30.) 

107. Z. leucophrys (Forst.) Sw. White-crowned Sparrow. Transient north- 

ward; winter sojourner southward. 

[Z. gambeli intermedia, Ridgw. Western White-crowned Sparrow. Ob- 

tained near Racine, Wisconsin, April 20, 1871, by Dr. P. R. Hoy. Fide Nelson, 
p. 107.] 

[Z. coronata (Pallas) Baird. Golden-crowned Sparrow. A single specimen 

obtained near Racine, Wisconsin, in April, 1858, by Dr. Hoy. Fide Nelson, 

p. 108.] 

*108. Z. albicollis (Gmel.) Bp. White-throated Sparrow. Winter sojourner 

southward. A ‘‘rare summer resident’? in northern counties (fide Nelson, 

p- 108). 

Genus SPIzELLA, Bonaparte. 

109. S. montana (Forst.) Ridgw. Tree Sparrow. Winter sojourner. An 

_ almost constant companion of the preceding. 

'// \L/*110. S. domestica (Bartr.) Coues. Chipping Sparrow. Summer sojourner, 
occasionally wintering southward (?). 

*111. S. pallida (Swains.) Bp. Clay-colored Sparrow. Summer resident 

in certain semi-prairie districts westward and northward. 
PS Hf MNY*112. S. pusilla (Wilson) Bp. Field Sparrow. Summer sojourner north- 

ward; resident southward. 

Genus Junco, Wagler. 

113. J. hyemalis (Linn.) Scl. Common Snowbird. Winter sojourner. 
114. J. oregonus (Towns.) Scl. Oregon Snowbird. Chicago, October 14, 

1875; one specimen. [H. K. Coale, Bull. Nutt. Orn. Club, July, 1877, p. 82.] 1 

Genus Prucasa, Audubon. 

*115. P. estivalis illinoensis, Ridgw. Oak-woods Sparrow. Summer resi- 

dent in the southern third of the state, but very local; has been obtained only 
in Wabash and Richland counties, where not discovered until 1871. The typical 

form of the species has been recorded only from lower South Carolina and 
Georgia, and adjacent parts of Florida. Inhabits chiefly neglected fields, more 

or less grown up with weeds or bushes, and surrounded by woods. The favorite 

perch of the male while singing is an old dead tree, from which, at midday, 
in the most sultry weather of July and August, he pours forth his simple chant 
of exceedingly clear and sweet notes; but upon the least alarm dives into the 

bushes or weeds, and thus easily conceals itself. 
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Genus Mrenospiza, Baird. 

*116. M. fasciata (Gmel.) Scott. Song Sparrow. Summer sojourner north- 
ward, but only a winter sojourner in the southern counties, where, with the 

Swamp, Lincoln’s, White-throated, Fox-colored, Tree and Field Sparrows, it 

congregates in multitudes in the sheltered swamps in the heavily wooded districts. 
*117. M. palustris (Wils.) Baird. Swamp Sparrow. Abundant summer 

sojourner northward; equally abundant winter sojourner southward. 

*118. M. lincolni (Aud.) Baird. Lincoln’s Sparrow. Mainly transient; a 

few breeding in the extreme northern counties (j/ide Nelson), and sometimes 

wintering, in considerable numbers, in the south. 

Genus PASSERELLA, Swainson. 

119. P. iliaca (Merrem) Sw. Fox-colored Sparrow. Transient northward, 

but wintering in the south. One of the largest of our Sparrows, resembling a 
Thrush in its rufous coloring and spotted breast. 

Genus Preto, Vieillot. 

| h*120. P. erythrophthalmus (Linn.) Vieill. Ground Robin. Resident south- 

ward; summer sojourner northward. A well-known, familiar species, commonly 

known as the ‘‘ Chewink,”’ ‘‘ Jaree,’’ and ‘‘ Towhee.’’ 

Genus CARDINALIS, Bonaparte. 

*121. C. virginianus (Briss.) Bp. Cardinal Grosbeak. Abundant resi- 

dent southward; rare summer sojourner in extreme north. Commonly called 

‘*Red Bird ”’ or ‘‘ Crested Red Bird.”’ 

Genus ZAMELODIA, Coues. 

Pf *122. Z. ludoviciana (Linn.) Coues. Rose-breasted Grosbeak. Summer 

sojourner northward; transient southward. 

Genus GUIRACA, Swainson. 

*123. G. cerulea (Linn ) Sw. Blue Grosbeak. Summer sojourner. Appar- 

ently confined tothe southern portion of the state, where rare and local. Affects 

the same localities as the Indigo Bird, and seems like an “ enlarged edition ’’ of 
that species, but is at least twice the bulk, while the male has his duller blue 

plumage relieved by the rufous tips of the wing-coverts. 

Genus Passerina, Vieillot. 

/¢ *124. P. cyanea (Linn.) Gray. Indigo Bird. Summer sojourner. 

125. P. ciris (Linn.) Gray. Nonpareil Bunting. Summer visitant to 
southern counties. Possibly breeds, and should be diligently looked for. Thus 
far only one record of its occurrence within the state (Wabash county, near 

Mt. Carmel, June, 1871). The male is a very conspicuous bird,—bright red 
below, with blue head and green back; the female, uniform grass-green, paler 

and more yellowish below. 

Genus Sprza, Bonaparte. 

Ky *126. S. americana (Gmel.) Bp. Black-throated Bunting. Summer 

sojourner, abundant in most localities; an inhabitant of meadows and prairies; 
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an indefatiguable songster, whose notes, while lacking melody or sweetness, 

are, however, not unpleasing, and are variously interpreted as ‘ Dick- 

cissel,’’ ‘‘ Judas Iscariot,’’ &c., whence some of its various local names. The 

male having a yellow breast, adorned with a black shield-shaped spot, and 
thereby much resembling the Meadow Lark in color, while its haunts are the 

same, it is not unfrequently known as the ‘‘ Little Field Lark.’’ Its eggs, of a 
uniform pale blue, without markings of any kind, very closely resemble those of 
the common Bluebird (Sialia sialis.) 

Family ICTERID4.—American Starlings. 

Genus DoLicHonyx, Swainson. 

*127. D. oryzivorus (Linn.)Sw. Bob-o-link. Summer sojourner north- 

ward; transient southward. The male in spring plumage frequently called 
‘Skunk Blackbird.”’ 

Genus MoLtoturus, Swainson. 

 *128. M. ater (Bodd.) Gray. Cow Blackbird. Resident southward; 

summer sojourner northward. Sometimes known as ‘‘Clod-hopper,’’ from the 

habit, which it possesses in common with other ‘‘ blackbirds,”’ of following the 

ploughman. The only one of.our birds which never builds a nest, but habitu- 

ally deposits its eggs in the nests of other birds. 

Genus XANTHOCEPHALUS, Bonaparte. 

*129. X. icterocephalus (Bp.) Baird. Yellow-headed Blackbird. Summer 

sojourner; occasionally resident southward, confined to the prairie districts. 

Genus AcELaUus, Vieillot. 

/ *130. A. pheniceus (Linn.) Vieill. Red-winged Blackbird. Resident 
southward; summer sojourner northward. 

Genus StruRNELLA, Vieillot. 

MY ! *131. S. magna (Linn.) Sw. Meadow Lark. Resident; universally dis- 
tributed. 

*132. S. neglecta, Aud. Western Meadow Lark. Resident. Strictly a 

prairie bird; closely resembling the preceding in all respects except voice, the 

notes being all exceedingly different, and the song very far superior. 

Genus IcrTERUS, Brisson. 

'( *133. I. galbula (Linn.) Coues. Baltimore Oriole. Summer sojourner. 

The most common appellation of this familiar and brilliant species is ‘‘ Hang- 
ing-bird”’ but it is also known as the ‘‘ Hang-nest,”’ ‘‘ Golden Oriole,”’ ‘‘ Golden 

Robin,”’ *‘ Fire-bird,’’ &e. 
*134. I. spwrius (Linn.) Bp. Orchard Oriole. Summer sojourner. More 

abundant south than the preceding. 

Genus ScoLEcoPHAGUS, Swainson. 

135. S. ferrugineus (Gmel.) Sw. | Rusty Blackbird. Transient, some- 

times wintering southward. i 
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136. S. cyanocephalus (Wagler) Caban. Brewer’s Blackbird. An occa- 

sional straggler from the west. 

Genus Quiscauus, Vieillot. 
| Poe. ; : 
y Nyy *137. Q. purpureus ceneus, Ridgw. Bronzed Grackle. Resident south- 

ward; summer sojourner northward. The common “ Blackbird.” 

Family CORVIDA.—Crows and Jays. 

Genus Corvus, Linnzeus. 

*138. C. corax carnivorus (Bartr.) Ridgw. American Raven. Resident, 

but very local. 

*139. C. frugivorus, Bartr. Common Crow. Resident; abundant, and 

generally distributed.* 

Genus Proa, Cuvier. 

140. P. rustica hudsonica (Sabine) Baird. Black-billed American Magpie. 

Of very doubtful occurrence in Illinois, at least at present, but given by Mr. 

Kennicott as a rare winter visitant to the extreme northern counties. 

Genus CyanocrTra, Strickland. - 

sy “/*141. C. cristata (Linn.) Strickl. Blue Jay. Resident; abundant, and 
generally distributed. In most localities one of the most familiar of the native 

birds, quite in contrast to its habits in the eastern states. 

Family ALAUDIDA.—Larks. 

Genus EREMOPHILA, Boie. 

// Frs*142, E. alpestris (Forster) Boie. Horned Lark. Resident entire state, 

but chiefly the prairie districts. 

*It is altogether likely that the Fish Crow (C. ossifragus, Wilson), will eventually 
have to be added to the list of Illinois birds. I have several times heard, on the Wa- 
bash river, at Mt. Carmel, the notes of a Crow which were identical with those of this 
species, whose voice is exceedingly different from that of the common kind, being a 
sort of “cracked”’ croak, or barking sound; something like we would imagine a com- 
mon crow with a very bad cold to utter. The species should be sought for along the 
larger streams in the southern part of the state, since its habitat is strictly littoral 
and fluviatile, and at the same time essentially southern. ; 

+Mr. Nelson includes the pale form distinguished by the name of leucolema, Coues, 
in his list (p. 110). This, however, is an error, so far as the specimens upon which the 
statement was based are concerned, but one for which I am chiefly responsible. A 
series of specimens was submitted to me for examination, and certain examples, in 
very pale plumage, I pronounced to be the ‘var. leucolema.” In this I was mis- 
taken, the individuals in question proving to be the true alpestris, in much faded 
summeér plumage. Although it is frequently not easy to distinguish the adults of the 
two forms, there is never any difficulty with the young, that of lewcolema being 
many shades lighter in color, the difference being moreover absolutely constant. 
Iwas only made aware of my mistake by the subsequent inspection of young birds 
said to be the same form which I had previously identified as leucolema; and, neglect- 
ing to explain the case in time, am thus responsible in great measure for the 
statements made by Mr. Nelson in regard to these birds, as cited above. 
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(Oligomyode.) 

Family TYRANNIDA.—Tyrant Flycatchers. 

Genus TyrANNUuS, Cuvier. 

™/*143. T. carolinensis (Linn.) Baird. King Bird. Summer sojourner; 

commonly known as the Bee Bird or Bee Martin. 

Genus Myrarcuus, Cabanis. 

/}*144. M. crinitus (Linn.) Caban. Great Crested Flycatcher. Summer 

sojourner; usually a woodland species, but not unfrequently seen in towns, where 

it sometimes builds in the hollow branches of shade-trees, or even the eaves of 

buildings. ° : 

Genus SAyornIs, Bonaparte. 

*145. S. fuscus (Gmel.) Baird. Pewee. Summer sojourner, often winter- 

ing southward. 

146. S. sayi (Bp.) Baird. Say’s Pewee. Casual or accidental in northern 

part of the state (fide Nelson, Bull. Essex. Inst., VIII., 1876, p. 113). 

Genus Contorus, Cabanis. 

147. C. borealis (Sw.) Baird. Olive-sided Flycatcher. Rare, transient; 

possibly breeds in extreme northern counties. 
// S/W *148. C. virens (Linn.) Caban. Wood Pewee. Summer sojourner. 

Genus Emprponax, Cabanis. 

149. H. flaviventris, Baird. Yellow-bellied Flycatcher. Transient; pos- 
sibly summer sojourner northward. 

*150. EH. acadicus (Gmel.) Baird. Green-crested Flycatcher. Summer 

sojourner. More numerous southward than Traill’s Flycatcher, but inhabiting 

the same localities, and difficult to distinguish; nest very different, however, 

and plumage quite distinct on comparison. 

my*151. EH. pusillus trailli (Aud.) Baird.  Traill’s Flycatcher. - Summer 

sojourner; whole state, but said to be rare northward. 

*152. EH. minimus, Baird. Least Flycatcher. Transient southward; sum- 

mer sojourner northward. 

Order TROCHILI. 

Family TROCHILID Al.—Humming-birds. 

Genus Trocuinus, Linneus. 

//*153. T.colubris, Linn. Ruby-throated Humming-bird. Summer sojourner. 

Our only species. 
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Order CYPSELI. 

Family CY PSELID Al.—Swifts. 

' Genus Coarura, Stephens. 

*154. C. pelasgica (Linn.) Baird. Chimney Swift. Summer sojourner. 

Usually known as the ‘‘ Chimney Swallow.”’ 

Order CAPRIMULGI. 

Family CAPRIMULGID A1.—Goatsuckers. 

Genus ANTROSTOMUS, Gould. 

*155. A. carolinensis (Gmel.) Gould. Chuck-will’s-widow. Summer 

sojourner in southern counties. Confounded with the following, but note louder 
and less hurriedly enunciated; habits the same. 

Genus CAPRIMULGUS, Linnzus. 

*156. C. vociferus, Wils. Whip-poor-will. Summer sojourner. 

Genus CHORDEILES, Swainson. 

/ *157. C. popetue (Vieill.) Baird. Night Hawk. Summer sojourner. Pop- 

ularly supposed to be the whip-poor-will, but readily distinguishable on sight 
by the conspicuous white wing-spot, its partially diurnal habits, and other well- 

marked characteristics.* 

Order PICI. 

Family PICIDA!.— Woodpeckers. 

Genus CAMPEPHILUS, Gray. 

*158. C. principalis (Linn.) Gray. Ivory-billed Woodpecker. <A former 
resident in the extreme southern counties, but now extinct in many districts. 

Genus Picus, Linnzus. 

*159. P. villosus, Linn. Hairy Woodpecker. Resident; commonly known 

as the ‘‘ Big Sapsucker,’’ or ‘‘ Guinea Woodpecker.”’ 
{ *160. P. pubescens, Linn. Downy Woodpecker. Resident. The well- 

known ‘‘ Little Sapsucker,” or ‘‘ Little Guinea Woodpecker.” 

*Mr. Nelson (p. 114) gives “ var. henryi, Cass.,”’ as occurring and breeding in Cook 
county. We have, in conjunction with Mr. Nelson, compared the specimens referred 
to, with typical examples of the western form, and conclude that they are merely 
somewhat pale examples of the eastern bird, or true popetue, as restricted, 

D 



186 Catalogue of the Birds of Illinois. 

Genus Prcorpss, Lacepede. 

161. P. arcticus (Sw.) Gray. Black-backed Three-toed Weetpe) A 

rare winter visitant to extreme northern counties. 

Genus SPHYRAPICUS, Baird. 

162. S. varius (Linn.) Baird. Yellow-bellied Woodpecker. Winter 

sojourner in southern portions; transient northward. Not a conspicuous or well- 

known species, but, when distinguished, sometimes called the ‘‘ Red-throated 

Sapsucker,”’ or, on account of its mournful, whining note, ‘‘Squealing Sap- 
sucker.” 

Genus Hyntotomus, Baird. 

*163. H. pileatus (Linn.) Baird. Pileated Woodpecker. Resident, and 

in many districts still abundant. Popularly known as the ‘‘Log Cock,”’ ‘‘ Black 

Woodcock,”’ or, and perhaps most frequently, as simply ‘‘ Woodcock.” 

Genus CENTURUS, Swainson. 

/ *164. C. carolinus (Linn.) Bp. Red-bellied Woodpecker. Abundant res- 

ident southward; rather rare summer sojourner northward. Its popular names 
re ‘‘ Checkered Woodpecker,”’ ‘‘ Woodchuck,’’ and ‘‘ Chuck.” 

Genus MELANERPES, Swainson. 

/ *165. M. erythrocephalus (Linn.) Sw. Red-headed Woodpecker. Resi- 
dent; excessively abundant in heavily wooded bottoms of the southern counties, 

in winter. 

Genus CoLAPTES, Swainson. 

/ PAY *166. C. auratus (Linn.) Sw. Yellow-shafted Flicker. Resident. Has 

numerous popular names, as ‘‘ Yellow-hammer ”’ (the most frequent), ‘‘ Flicker,” 

‘‘High-hole,” ‘‘ Wake-up,”’ ‘‘ Pigeon Woodpecker,”’ &c. 

Order ANISODACTYL®. 

Family ALCEDINIDA.—Kingfishers. 

Genus CERYLE, Boie. 

*167. C. alcyon (Linn.) Boie. Belted Kingfisher. Resident southward; 

summer sojourner northward. . 

Order COCCYGES. 

Family CUCULIDA.—Cuckoos. 

Genus Coccyzus, Vieillot. 

My *168. C. americanus (Linn.) Bp. Yellow-billed Cuckoo. Summer sojourner. 

Commonly known as the ‘‘ Rain Crow ” or ‘‘ Wood Pigeon.”’ 
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| }*169. C. erythrophthalmus (Wils.) Baird. Black-billed Cuckoo. Summer 

sojourner. Popularly confounded with the preceding, but in most localities, es- 

pecially southward, much less common. 

Order PSITTACI. 

Family PSITTACID 4.—Parrots. 

Genus Conurus, Kuhl. 

*170. C. carolinensis (Linn.) Kuhl. Carolina Parakeet. Formerly abundant, 

and generally distributed; possibly now extinct in Ilinois. 

Order STRIGES. 

Family STRIGID Ai.—Owls. 

Genus Anuco, Fleming. 

*171. A. flammeus americanus (Aud.) Ridgw. Barn Owl. Of rare and 

irregular occurrence. Found at all seasons of the year, but nowhere common. 
to} 

Genus Asto, Brisson. 

*172. A. americanus (Steph.) Sharpe. Long-eared Owl. Resident. 

*175. A. accipitrinus (Pall.) Newton. Short-eared Owl. Chiefly winter 

sojourner, but breeding in northern counties. 

Genus Srrrx, Linnzeus. 

*174. S. nebulosa, Forst. Barred Owl. Resident. The common ‘‘ Hoot 

Owl.”’ 

Genus Ununa, Cuvier. 

175. U. cinerea (Gm.) Bp. Great Gray Owl. Very rare winter visitant to 
extreme northern counties (Nelson, p. 117). 

Genus Nycranz, Brehm. 

*176. N. acadica (Gmel.) Bp. Saw-whet Owl. Common resident in ex- 

treme northern portion; rare winter visitant southward. 

Genus Scops, Savigny. 

*177. S. asio(Linn.) Bp. Little Red Owl, or Mottled Owl. Resident. 

Universally known as the ‘‘ Screech Owl.”’ 

Genus Buso, Duméril. 

*178. B. virginianus (Gmel.) Bp. Great Horned Owl. Resident. 

178a. B. virginianus subarcticus (Hoy) Ridgw. Western Horned Owl. 
Winter visitant to northern portions. 
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Genus Nycrna, Stephens. 

179. N. scandiaca (Linn.) Newton. Snowy Owl. Winter visitant; of irreg- 

ular occurrence, but sometimes common. 

Genus SurniA, Duméril. 

180. S. funerea (Linn.) Sw. & Rich. American Hawk Owl. Winter vis- 

itant to extreme northern counties (Kane county, Sept. 1869; Nelson, p. 117). 

Order ACCIPITRES. 

Family FALCONIDAt.—Hawks, Falcons, Kites and Eagles. 

Genus HrErorauco, Cuvier. 

181. H. mexicanus polyagrus (Cass.) Ridgw. Prairie Falcon. A straggler 

from the west. 
Genus Fatco, Linnzus. 

*182. F. peregrinus nevius (Gm.) Ridgw. Duck Hawk. Resident, locally. 

Genus Aisaton, Kaup. 

*183. A. columbarius (Linn.) Kaup. Pigeon Hawk. Resident, locally; 

more common in spring and fall. 

Genus TrnnuNcuuuvs, Vieillot. 

*184, 7. sparverius (Linn.) Vieill. American Kestril. Resident; probably 
the most abundant species of the family, generally known as the ‘‘ Sparrow 

Hawk.”’ 

*184a. T. sparverius isabellinus (Sw.) Ridgw. Isabelline Kestril. An 

adult female in my collection is a very extreme example of this southern race. 

It was obtained at Mt. Carmel, October 5, 1874. The entire pileum is dark 

plumbeous, without the least trace of rufous on the crown, while the durky bars 

on the upper surface are everywhere much wider than the rufous intersperses. 

I have also a very typical male, the color very dark, with uniform deep plumbe- 

ous pileum and unspotted deep vinaceous breast. 

Genus PANDION, Savigny. 

*185. P. haliaétus carolinensis (Gm.) Ridgw. American Osprey. Resi- 

dent southward, at least in mild winters; transient northward (according to 

Nelson, p. 118). 

Genus ELANOIDES, Gray. 

*186. E. forficatus (Linn.) Ridgw. Swallow-tailed Kite. Summer 

sojourner; rare northward, but extremely abundant, at times, in the southern 

counties. Most numerous in August, on the prairies or near water-courses. 

Genus ELanus, Savigny. 

*187. E. glaucus (Bartr.) Coues. White-tailed Kite. Very rare summer 

sojourner in extreme southern portion. 
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Genus Icrrnta, Vieillot. 

*188. J. subcerulea (Bartr.) Coues. Mississippi Kite. Summer sojourner; 
rare northward, but, like the Swallow-tail, very abundant locally, especially in 

August, in the southern third of the state. Usually seen soaring in company 

with Turkey Buzzards or the Swallow-tailed Kites, often performing extra- 

ordinary and beautiful aérial evolutions. 

Genus Crrcus, Lacépede. 

*189. C. hudsonius (Linn.) Vieill. Marsh Hawk. Chiefly winter sojourner, 
but resident northward, and (probably) on southern prairies. 

Genus Accrpr1TER, Brisson. 

*190. A. cooperi, Bp. Cooper’s Hawk. Resident. Commonly known as 
the ‘‘ Blue Chicken Hawk,’’ ‘‘ Swift Hawk,’’ ‘‘ Quail Hawk,”’ &c. 

*191. A. fuscus (Gmel.) Bp. Sharp-shinned Hawk. Resident. 

Genus Astur, Lacépede. 

192. A. atricapillus (Wils.) Bp. American Goshawk. Winter visitant; 
rare southward. 

Genus Burro, Cuvier. 

*193. B. borealis (Gmel.) Vieill. Red-tailed Hawk. Resident. The com- 

mon ‘‘ Rabbit Hawk,”’ or ‘‘ White-breasted Hen Hawk.”’ 

193a. B. borealis calurus (Cass.) Ridgw. Western Red-tailed Hawk. 

Occasional, or accidental visitant from the west (Cook county, April, 1873; see 
Nelson, p. 119). 

194. B. harlani, Aud. Harlan’s Hawk; Black Warrior. Taken at War- 

saw, Hancock county, in March, 1879, by Mr. C. K. Worthen (see Bull. Nutt. 

Orn. Club, January, 1880, p. 31). 

*195. B. lineatus (Gmel.) Jard. Red-shouldered Hawk. Resident. The 
. most abundant species of the genus. 

*196. B. swainsoni; Bp. Swainson’s Hawk. An uncommon and rather 

local species. Obtained several times within the state, and found breeding in 

Richland county, by Mr. E. W. Nelson. (See Bull. Essex. Inst., IX., 1877, 
p. 47.) 

*197. B. pennsylvanicus (Wils.) Bp. Broad-winged Hawk. Resident. 
One of the rarer species in most localities. 

Genus AstTurINA, Vieillot. 

198. A. nitida plagiata (Licht.) Ridgw. Mexican Goshawk. Rare, per- 

haps accidental, summer visitant to southern portion. (Fox Prairie, Richland 

county, August, 1871; onespecimen. (See American Naturalist, July, 1872, p. 
430, and April, 1873, p. 203.) 

Genus ARCHIBUTEO, Brehm. 

199. A. lagopus sancti-johannis (Gm.) Ridgw. Rough-legged Hawk. 
Winter sojourner. 
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200. A. ferrugineus (Licht.) Gray. Ferruginous Rough-legged Hawk. 

Recently added to the fauna of the state, by Dr. Coues, who observed specimens 
near Rock Island, in October, 1876. (See Bull. Nutt. Orn. Club, II., p. 26.) 

Genus Aguiua, Brisson. 

*201. A. chrysaétos canadensis (Linn.) Ridgw. Golden Eagle. Chiefly 

winter visitant, but a few still breeding in rocky, unfrequented districts (see 

Nelson, p. 120). 
Genus HatimeErus, Savigny. 

*202. H. leucocephalus (Linn.) Savig. Bald Eagle. Resident, but most 

abundant in winter. The young, which in their second year exceed the adults 

in spread of wing and tail, as well as in apparent bulk, while their plumage is 

exceedingly different, are commonly called ‘‘ Gray Eagles.’’ Younger indi- 

viduals, or those in the first plumage, are distinguished as ‘‘ Black Eagles,”’ a 

name also applied to the Golden Eagle (Aquila chrysaétus canadensis). Many 

persons, even experienced hunters, are unaware of the identity of these black 

and gray Eagles with those having the head and tail white. The ‘‘ Washington 

Eagle,” or ‘‘ Bird of Washington,’’ of Audubon, was founded on a large-sized 

immature female of this common species. 

Order SARCORHAMPHI. 

Family CATHARTID 4.—American Vultures. 

Genus CATHARTES, Illiger. 

*203. C. aura (Linn.) Ilig. Turkey Buzzard. Resident and very abund- 

ant in southern half of the state; a rare summer sojourner northward.. 

Genus CaTHARISTA, Vieillot. 

*204. C. atrata (Wils.) Less. Black Vulture. Rare resident in southern 

counties. The common ‘‘ Carrion Crow’’ of the southern states. 

Order COLUMB. 

Family COLUMBID Ai.—Pigeons or Doves. 

| Genus Ecroprsres, Swainson. — 

*205. E. migratoria (Linn.) Sw. Irregular resident. 

Genus ZENAIDURA, Bonaparte. 

| NIK *206. Z. carolinensis (Linn.) Bp. Mourning Dove. Resident southward; 
summer sojourner northward. 
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Order GALLIN &. 

(Galline alectoropodes.) 

Family MELEAGRID A.—Turkeys. 

Genus MenEacris, Linnzeus. 

*207. M. gallopavo americana (Bartr.) Coues. Wild Turkey.* Resident. 

Grouse. Family TETRAONID 4. 

Genus Bonasa, Stephens. 

*208. B. wmbellus (Linn.) Steph. Ruffled Grouse. Resident.t 

Genus Cuprponia, Reichenbach. 

*209. C. cupido (Linn.) Baird. Pinnated Grouse. Resident. The com- 
mon ‘‘ Prairie Chicken”’ or ‘‘ Prairie Hen.”” - 

Genus Pepiaceres, Baird. 

*210. P. phasianellus columbianus (Ord.) Coues. Sharp-tailed Grouse. 
Resident; northern prairies only. Said to be very scarce, and less numerous 

than formerly. Should be looked for carefully. Has the same habits as the 

common ‘‘ Prairie Chicken,’’ and is quite similar in appearance, but may be 

distinguished by the form of the markings on the lower parts, which are 

V-shaped, instead of running straight across, bar-like, by the absence of the 

elongated feathers on the sides of the neck, and other differences. 

Genus Lagorus, Vieillot. 

211. L. albus (Gmel.) Aud. Willow Ptarmigan. Formerly a rare winter 

visitant to extreme northern counties, according to Kennicott. Not recorded 

*That the common wild turkey of the Eastern United States is identical specifically 
with the domesticated bird, there is no reason to doubt, since the able and exhaustive 
discussion of the matter by Judge Caton, in his recent treatise in -the American 
Naturalist for June, 1877, pp. 321-330. In view, however, of the perfect correspon- 
dence in plumage between the barnyard turkey, in its perfect normal plumage (we of 

— 

course except the albinescent, erythrismal, or rufous and cream-colored, and melan-: 
istic varieties,) with the wild bird of eastern Mexico and the southern Rocky Moun- 
tains of the United States, it seems most reasonable to regard the latter as the orig- 
inal of the domesticated race—a supposition greatly strengthened by historical cir- 
cumstances, which unavoidably lead to the conclusion that the bird was originally in- 
troduced into Europe by the Spaniards, after the conquest of Mexico, and afterward 
“transplanted” to the United States by the early European settlers. As to the mat- 
ter of nomenclature, the whole question depends upon whether Linnus based his 
diagnosis on the domesticated turkey or the wild North American bird. In the event 
of his M. gallopavo being meant for the former, the bird under consideration must be 
called americana, after Bartram; but if Linneeus had the wild bird of North America 
in view,then the latter name becomes a synonym of gallopavo, while the Mexican, and 
with ue ines cated bird, where unmixed with wild stock, must be called mexi- 
cana, Gould. 

+As is apparently the case throughout the Southern States, wherever this species 
is found, all tne Ruffed Grouse of Southern Illinois have, so far as [have seen, rufous 
tails. Inthe northern portion of the state examples with gray tails are common, as is 
the case in New England and the Middle States generally, especially in the mountain 
districts. This prevalence of the rufous-tailed type seems strictly parallel to the case 
of the little ** Screech Owl” (Scops asio), nearly all the individuals of which are of the 
bright rufous, or foxy-red phase in Southern [llinois, and is perhaps due to the same 
climatic causes. 
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by subsequent observers, and perhaps not now entering the state (see Nelson, 

p. 122). 

Family PERDICIDA.—Partridges and Quails. 

Genus Ortyx, Stephens. 

*212. O. virginiana (Linn.) Bp. Virginia Quail, or Partridge.* Resident. 
*212a. O. virginiana floridana, Coues. Southern Quail. Restricted to the 

heavily wooded bottom-lands of the southern portion of the state (see Nelson, 
Bull. Essex. Inst., [X., 1877, p. 43).f . 

Order HERODIONES. 

Family CICONIITDA.—Storks and Wood Ibises. 
Genus Tantauus, Linnzeus. 

*213. T. loculator, Linn. Wood Ibis. Summer sojourner in extreme south 

of the state, and an irregular summer visitant to northern portion. 

Family IBIDID Ai. —Ibises. 

Genus Eupocrmus, Wagler. 

214. E. albus (Linn.) Wagl. White Ibis. A summer visitant as far north 

as Mt. Carmel, where occasionally seen in small flocks. 

Genus Puecaptis, Kaup. 

215. P. falcinellus (Linn.) Kaup. Glossy Ibis. Summer visitant, of irreg- 
ular occurrence. 

Family PLATALEIDA.—Spoonbills. 

Genus AsAsA, Reichenbach. 

216. A. rosea (Briss.) Ridgw. Rosy Spoonbill. Although this species, 

like the Parakeet and Ivory-billed Woodpecker, may not now be found 

within the state, except, perhaps, as a rare or accidental summer visitant, I am 
informed by Mr. A. Wolle, a trustworthy dealer, of Baltimore, Maryland, that 

*It is, of course, quite unnecessary to discuss at length the question of whether 
this well-known bird is a“ quail’’ ora“ partridge.” Suffice it to say that these two 
terms, in their proper sense, apply strictly to two very distinct groups of species be- 
longing to this family, and peculiar to the Old World. Our bird is exactly half way 
between the true Partridge and Quail of Europe, in size and many of its other 
characteristics; and, though it is neither, in the strict sense of the word, it may as 
properly be termed one as the other. 

+Specimens obtained at Mt. Carmel, by Mr. Nelson, as well as those in my own col- 
lection,from the same locality,agree strictly with many Florida examples in their small 
size, very dark colors, and massive bills. There are, however, slight differences in 
color from the extreme developement of the race, as represented in specimens from 
Southern Florida. Thus, while the black of the jugulum is equally extended, the 
black bars of the lower parts are rather less heavy, and less regularly transverse. The 
most obvious difference, however, consists in the coloration of the dorsal surface, 
where the prevailing tint is bright rusty red, varied by large black blotches, in the 
Southern-Illinois birds, while in the Floridan examples the upper parts have a decided 
dull olive-grayish cast, tinged with rusty, and broken by smaller, more numerous, and 
more transverse markings. The massiveness of the bill, however, by some supposed 
to be specially characteristic of peninsular birds, is equally shared by Illinois speci- 
mens, one example, in my collection from Mt. Carmel, having this member more bulky 
than in any Florida specimen which I have ever seen! 
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he collected specimens some twenty years ago in the Mississippi bottom, a few 

miles below St. Louis, where it was not uncommon about the large ponds. It 

may yet be found in suitable localities, and should be carefully looked for in the 
southern marshes (see Bull. Nutt. Orn. Club, Jan. 1880, p. 31). 

Family ARDEIDA.—Herons. 

Genus ARDEA, Linneus. 

217. A. occidentalis, Aud. Great White Heron; Wiirdemann’s Heron.* 

A rare summer visitant to the southern part of the state (Mt. Carmel, Septem- 

ber, 1876). 

*218. A. herodias, Linn. Great Blue Heron. Summer Sojourner. A few 
remain in mild winters. 

Genus Hreropias, Boie. 

*219. H. alba egretta (Gmel.) Ridgw. American Egret. Chiefly a sum- 

mer visitant, but breeding in the southern counties. Popularly known as the 

‘** White Crane.’ Sometimes abundant late in summer. 

Genus GArzerra, Kaup. 

*220. G. candidissima (Gm.) Bp. Snowy Heron. Chiefly a summer vis- 
itant, but breeding southward. 

Genus DicHRoMANASSA, Ridgway. 

221. D. rufa (Bodd.) Ridgw. Reddish Egret. A summer visitant (pos- 
sibly breeding) in the extreme southern portion of the state (see Nelson, Bull 

Essex. Inst., IX., 1877, p. 60). 

Genus Froripa, Baird. 

*222. F’. cerulea (Linn.) Baird. Little Blue Heron. Summer sojourner in 

southern part of the state, where sometimes exceedingly abundant in latter part 
of summer. 

Genus Buroripes, Blyth. 

*223. B. virescens (Linn.) Bp. Green Heron. Summer sojourner. A well- 

known, widely distributed species, enjoying the inelegant but expressive sobri- 

quet of ‘* Schytepoke,’’ in addition to its other names of ‘‘ Poke,”’ ‘‘ Fly-up-the- 

creek,’’ etc. 

Genus NycrraAkDEA, Swainson. 

*204. N. grisea nevia (Bodd.) Allen. Black-crowned Night Heron. Res- 

ident southward, at least in mild winters; summer sojourner northward. 

Familiar names of this species are ‘‘ Quawk,”’ ‘‘ Squawk,”’ ‘‘ Quaw Bird,”’ &c. 

*See Bulletin of the U. S. Geological and Geographical Survey of the Territories, 
vol. iv, No. 1, pp. 227-37, for remarks bearing upon the probable identity of Ardea oc- 
cidentalis, Aud., and A. wurdemanni, Baird. 

E 
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Genus NycTrHEeroptius, Reichenbach. 

*225. N. violaceus (Linn.) Reich. White-crowned Night Heron*. Summer 

sojourner in southern portion of the state, breeding at least as far north as Mt. 
Carmel. 

Genus Boraurus, Stephens. 

*226. B. lentiginosus (Montag.) Steph. American Bittern. Resident south- 

ward; summer sojourner northward. Has various popular names, as ‘‘ Thunder 
Pump,”’ ‘‘Stake Driver,”’ &e. 

Genus ArpETTA, Gray. 

*227. A. exilis (Gmel.) Gray. Least Bittern. Summer sojourner, fre- 
quenting chiefly marshes and sloughs. 

Order LIMICOL EE. 

Family STREPSILIDA..—Turnstones. 

Genus Srrepsinas, llliger. 

228. S. interpres (Linn.) hg. ‘Turnstone. ‘Transient. Common along 

Lake Michigan. 

Family CHARA DRIIDA.—Plovers. 

Genus SQUATAROLA, Cuvier. 

229. S. helvetica (Linn.) Cuv. Black-bellied Plover. Transient. 

Genus CHARADRIUS, Linnzeus. 

230. C. dominicus, Miller. Golden Plover. Transient. 

Genus Oxyecuus, Reichenbach. 

// *231. O. vociferus (Linn.) Reich. Kill-deer. Resident southward; sum- 

mer sojourner northward. 

Genus AlctArres, Boie. 

*232. Al. semipalmatus, Bp. Semipalmated Plover. Transient. Proba- 

bly breeding in northern portion (Nelson, p. 123). 

*233. 42. melodus circumcinctus, Ridgw. Belted Piping Plover. Summer 

sojourner. Breeding abundantly northward (Nelson, p. 123). 

*Since the above was put in type, I have found this species very common in Knox 
Co., Indiana, on the line of the O. & M. Railroad, and on April 27 shot a female from 
her nest, in a tall and slender sweet-gum tree. An egg ready for ejection was found 
in the oviduct. The species is, at the present time (April, 1881), the commonest heron 
in this vicinity. 
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Family SCOLOPACIDA.—Snipe, Sandpipes, &c. 

Genus PHiLouEna, Gray. 

*234. P. minor (Gmel.) Gray. American Woodcock. Resident southward; 

summer sojourner northward. 

Genus GAaLLInaGco, Leach. 

*235. G. media wilsoni (Temm.) Ridgw. Common Snipe. Chiefly tran- 

sient, but breeding in northern portion, and wintering, sparingly, in southern 

sections. Known by the various names of *‘ English Snipe,’’ ‘‘ Common Snipe,”’ 

** Jack Snipe,’ and curiously, though very appropriately, ‘‘ Gutter Snipe.”’ 

Genus Macroruampuvs, Leach. 

236. M. griseus scolopaceus (Say) Coues.* Red-breasted Snipe. Transient. 
Known also as the ‘‘ Gray Snipe.”’ 

Genus MicropaLaMa, Baird. 

237. M. himantopus (Bp.) Baird. Stilt Sandpiper. Transient; considered 

very rare in most localities. 

Genus Trrnea, Linnus. 

238. T. canutus, Linn. Red-breasted Sandpiper. Transient. Often called 
‘**Robin Snipe *’ from the ‘‘ robin-red ’’ breast and lower parts. 

Genus ARQUATELLA, Baird. 

239. A. maritima (Briinn:) Baird. Purple Sandpiper. Transient. 

Genus AcroproMas, Kaup. 

/ 240. A. maculata (Vieill.) Coues. Pectoral Sandpiper. Chiefly transient, 

but a few remain in summer, and probably breed, in the northern portion of the 

state. Among its several popular names may be cited those of ‘‘ Jack Snipe” 

(also applied to Gallinago wilsoni), and ‘* Grass Snipe.” 

241. A. fuscicollis (Vieill.) Ridgw. Bonaparte’s Sandpiper. Transient, 

but occasionally occurring northward in summer, and possibly breeding. 

242. A, bairdi, Coues. Baird’s Sandpiper. ‘Transient. 

243. A. minutilla (Vieill.) Bp. Least Sandpiper. Chiefly transient, but 

a few remain in summer and probably breed, especially in northern counties. 

Usually associated with the preceding, which it closely resembles in appearance, 

the entirely cleft toes of the present species, compared with the partly webbed 

- ones of the other, being the readiest means of distinction. 

Genus PrenLipna, Cuvier. 

244. P. alpina americana, Cassin. Red-backed Sandpiper. Transient. 

Genus EREUNETES, Illiger. 

245. E. pusillus (Linn.) Cass: Semipalmated Sandpiper. Transient 
southward; summer sojourner northward, but probably not breeding (see Nel- 

son, p. 127). 

*J have seen no specimens of this species from Illinois, but all examples which I 
have examined from other parts of the Mississippi Valley are of the scolopaceus type. 
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Genus Canipris, Cuvier. 

246. C. arenaria (Linn.) Illig. Sanderling. Transient. 

Genus Limosa, Brisson. 

247. L. foeda (Linn.) Ord. Marbled Godwit. Transient. 

248. L. hemastica (Linn.) Coues. Hudsonian Godwit. Transient. 

Genus Toranus, Bechstein. 

*949, T’. melanoleucus (Gmel.) Vieill. Larger Yellow-legs. Transient 

southward; breeding in northern counties (see Nelson, p. 128). 

*250. T'. flavipes (Gmel.) Vieill. Lesser Yellow-legs. Mainly transient, 

but breeds sparingly northward. 

Genus Ruyacopuinus, Kaup. 

*251. R. solitarius (Wils.) Cass. Solitary Sandpiper. Summer sojourner. 
A common species, frequenting chiefly woodland ponds in company with the 

Water Thrushes (Siwrus), which it much resembles in movements, and known 

by the popular names of *‘Peet-weet’’ (a name also applied to the Spotted Sand- 

piper, Tringoides macularius), ‘‘ Tilt-up,’’ ‘* Teeter,”’ and ‘‘ Wood Snipe.”’ Fre- 

quently alights on branches of trees or upon fences. 

Genus SyMPHEMIA, Rafinesque. 

*252. S. semipalmata (Gmel.) Hartl. Willet. Summer sojourner. Easily 
distinguished at a distance from the other large snipe by the large white patch 

on the base of the primary quills, which is particularly conspicuous when the 

bird is flying. 

Genus Bartrramta, Lesson. 

*253. B. longicauda (Bechst.) Bp. Bartram’s Tatler. Summer sojourner. 

Chiefly a prairie bird. Usually known as the ‘‘ Field Plover,” ‘‘ Upland 

Plover,”’ or ‘‘ Prairie Plover.” ; 

Genus TryneirEs, Cabanis. 

254. T. rufescens (Vieill.) Caban. Buff-breasted Sandpiper. Transient; 

rare. 

Genus TrrnGorpEs, Bonaparte. 

*255. T. macularius (Linn.) Gray. Spotted Sandpiper. Summer sojourner. 
Resembling the Solitary Sandpiper in manners, but frequenting chiefly the 

banks and sand-bars of streams. Also called ‘‘ Peet-weet’’ and ‘‘ Sand Lark.” 

Genus NuMENtIvs, Linnéeus. 

*256. N. longirostris, Wilson. Long-billed Curlew. Transient in most 

localities. Formerly bred throughout the state, in suitable localities. and still 

does so in the central and northern districts. Occasionally winters in the extreme 

southern counties. 

257. N. hudsonicus, Lath. Hudsonian Curlew. Transient. 

258. N. borealis (Foster) Lath. Eskimo Curlew. Transient. 
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Family PHALAROPODID 42.—Phalaropes. 

Genus PHALAROPUS, Brisson. 

259. P. fulicarius (Linn.) Bp. Red Phalarope. Transient. 

Genus Loxprrrs, Cuvier. 

260. L. hyperboreus (Linn.) Cuv. Northern Phalarope. Transient. 

Genus StreGanopus, Vieillot. 

*261. S. wilsoni (Sab.)Coues. Wilson’s Phalarope. Summer sojourner. 

Family RECURVIROSTRIDE. Avocets and Stilts. 

Genus RecuRvriRosTRA, Linnus. é 

*262. R. americana, Gmel. American Avocet. Mainly transient, but a 

few breeding in suitable localities. 

Genus HimanrTopus, Brisson. 

*263. H. mexicanus (Miiller) Ord. Black-necked Stilt. Mostly transient, 

but breeding in some localities. ‘ 

Order GERANOMORPHE. : 

(Geranomorphe fulicarie.) 

Family RALLIDA.—Rails, Gallinules, and Coots. 

Genus Raxuus, Bechstein. 

*264. R. elegans, Aud. Red-breasted Rail. Summer sojourner, sometimes 

wintering southward. Known as ‘* King Rail," ‘* Mud Hen,’’ ** Marsh Hen,” &c. 

*265. R. virginianus, Linn. Virginia Rail. Resident southward; summer 

sojourner northward. 

Genus Porzana, Vieillot. 

*266. P. carolina (Linn.) Baird. Carolina Rail. Resident southward; 

summer sojourner northward. Known as ‘‘ Common Rail,”’ ‘‘ Sora,’’ and ‘‘ Or- 

tolan;’’ the last two names, however, more frequently applied to it along the 

Atlantic coast. Of these names, ‘* Sora ’’ is a very good one, not being applied 
to any other species, so far as known; that of ‘* Ortolan,’’ a name also applied 

to the Reed Bird ( Dolichonyx oryzivorus), and properly applicable only to a 

European species of Bunting (Emberiza hortulana), is in every way inappro- 
priate. 

*267. P. noveboracensis (Gmel.) Baird. Little Yellow Rail. Resident, 

except, perhaps, northward, where possibly only summer sojourner. 

*268. P. jamaicensis (Gmel.) Baird. Little Black Rail. Resident south- 

ward; summer sojourner northward. Breeds, in suitable localities, throughout 
the state. 
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Genus GALLINULA, Brisson. 

*969. G. galeata, Licht. Florida Gallinule. Resident, except northward. 

In some localities known as the ‘‘ Red-billed Mud Hen,”’ or simply ‘‘ Mud Hen.”’ 

Genus lonornis, Reichenbach. 

*970. I. martinica (Linn.) Reich. Purple Gallinule. Summer sojourner. 

Not common, but occurring throughout the state. 

Genus Funtca, Linneus. 

*271,. F. americana, Gmel. American Coot. Resident, except in northern 

part of the state. In some places known as the ‘‘ Mud Hen,” ‘t White-billed 
Mud Hen ”’ (in distinction from the‘ Red-billed Mud Hen ’’—Gallinula galeata), 
and ‘‘Crow Duck.’’ The latter name is given on account of the shape of the 

bill. 

(Geranomorphe «alectorides. ) 

Family GRUIDA.—Cranes. 

Genus Grus, Linneus. 

*972. G. americana (Linn.) Temm. Whooping Crane. Mainly transient, 

but a few breeding on the central prairies (Nelson, p. 133). Less numerous 

than formerly. 
*273. G. canadensis (Linn.) Temm. Sandhill Crane. Mainly transient, 

but breeding on the larger prairies. Much less numerous, and more local, than 

formerly. 

Order ANSERES. 

Family ANATIDA.—Swans, Geese, and Ducks. 

Genus Oror, Wagler. 

274. O. americanus (Sharpless) Bp. Whistling Swan. Transient; some- 

times winter sojourner. : 

275. O bueccinator (Richardson) Wagl. Trumpeter Swan. Transient, or 

occasional winter sojourner. 

Genus CueEn, Boie. 

276. C. hyperboreus (Pallas) Boie. Snow Goose. Transient, or occasional 

winter sojourner. 

276a. C. hyperboreus albatus (Cassin) Ridgw. Lesser Snow Goose. Occurs 

at the same time as the preceding. Both are commonly known as the ‘‘ White 

Brant.”’ : 

277. C. cerulescens (Linn.) Ridgw. Blue Goose. Chiefly transient, but 

winters in mild seasons. 7 

Genus AnsER, Linnzeus. 

278. A. albifrons gambeli (Hartl.) Coues. White-fronted Goose. Tran- 
sient, but remains in mild winters. 
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Genus Bernicia, Stephens. 

*279. B. canadensis (Linn.) Boie. Canada Goose. Chiefly transient, but 

breeds sparingly, in secluded localities, throughout the state, and sometimes 

occurs in mild winters. 
279a. B. canadensis hutchinsi (Sw. & Rich.) Ridgw. Hutchins’ Goose. 

Transient; sometimes wintering, but does not breed within the state. Known 

to some sportsmen as the * Little*Gray Goose.”’ 
279b. B. canadensis leucoparia (Brandt) Cass. Little White-cheeked Goose. 

Occasional visitant (Nelson, Bull. Nutt. Orn. Club, July, 1876, p. 41). 
280. B. brenta (Pall.) Steph. Brant Goose. A rare winter visitant. This 

is the true ‘‘ Brant,”’ and is the rarest of the geese which occur in the interior 

of the country. It is essentially a salt-water bird, but like all the species of the 

latter class (as the Surf Ducks, Eiders, &c.) occasionally visits the lakes and 

larger water-courses of the Mississippi Valley. The term ‘‘ Brant’’ is applied 
indiscriminately by gunners to all the smaller geese, including even Hutchins’ 

Goose. It is bestowed most frequently however, upon the White-fronted Goose 
(Anser gambeli). 

Genus ANAS, Linnzeus. 

*281. A. boscas, Linn. Mallard. Resident in some localities, but chiefly 

transient. Commonly known as the *‘ Green-head.”’ 
*282. A. obscura, Gmel. Dusky Duck; Black Mallard. Resident, or chiefly 

transient, like the preceding, but very much rarer. 

Genus CHAULELASMUS, Gray. 

*283. C. streperus (Linn.) Gray. Gadwall. Chiefly transient, but breeds 

sparingly, and sometimes remains in mild winters. 

Genus Daria, Leach. 

*284. D. acuta (Linn.) Bp. Pintail Duck. Mainly transient, but breeds 

sparingly and sometimes winters. 

Genus Mareca, Stephens. 

285. M. penelope (Linn.) Selby. European Widgeon. An occasional visitant. 

*286. M. americana (Gmel.) Steph. American Widgeon. Chiefly transient, 
but breeding in suitable situations. and sometimes wintering. Commonly 

known as the ‘‘ Bald-pate.”’ 

Genus SPATULA. 

*287. S. clypeata (Linn.) Boie. Shoveller; Spoon-bill Duck. Summer 

sojourner northward; transient and winter sojourner southward. 

Genus QUERQUEDULA, Stephens. 

*288. Q. discors (Linn.) Steph. Blue-winged Teal. Resident, but chiefly 

transient. 
289. Q. cyanoptera (Vieill.) Cass. Red-breasted Teal. Occasional visitant. 

The ‘Cinnamon Teal’’ of sportsmen. This species has the most extensive 
range of any American duck. its regular habitat extending from the Columbia 

river to Chili and Buenos Ayres. It breeds in South as well as in North America. 
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Genus Nerrron, Kaup. 

*290. N. carolinensis (Gmel.) Baird. Green-winged Teal. Resident, but 

chiefly transient. 

Genus Arx, Boie. 

*291. A. sponsa (Linn.) Boie. Summer Duck. Resident southward; sum- 

mer sojourner northward. Usually known as the ‘‘ Wood Duck.”’ 

Genus Funtrx, Sundevall. 

292. F'. marila (Linn.) Baird. Scaup Duck. Winter resident southward; 

transient northward. Rather rare. Known as the ‘ Black-head”’ (or ‘* Big 

Black-head’’), ‘* Blue-bill,”’ &e. 
*293. F’. affinis (Kyt.) Baird. Lesser Scaup Duck. Chiefly transient, but 

breeds in the northern part of the state (fide Nelson, p. 141), and winters in 

the southern portion. Much more abundant than the last. Known as ‘‘ Little 

Black-head,”’ &c. 

*294, F’. collaris (Donov.) Baird. Ring-necked Duck. The same remarks ° 

apply to this as to the preceding, but it is less numerous. One of the names by 

which it is most frequently known is that of ‘‘ Ring-bill.”’ 

Genus Airuya, Boie. 

295. AH. vallisneria (Wils.) Boie. Canvass-back Duck. Transient, or occa- 

sionally wintering. 
296. AZ. americana (Kyt.) Bp. American Pochard. Transient; occasionally 

wintering. The ‘‘ Red-head’’ of sportsmen. 

Genus CLANGULA, Fleming. 

297. C. islandica (Gmel.) Bp. Barrow’s Golden-eye. Winter sojourner. 

Occurs throughout the state. 
298. C. glaucium americana (Bp.) Ridgw. American Golden-eye. Winter: 

sojourner. ; 
299. C. albeola(Linn.) Steph. Buftle-head. Winter sojourner. Has vari- 

ous popular names, as ‘‘ Butter-ball,’’ ‘t Di-dipper,”’ &c. 

Genus Hisrrionicus, Lesson. 

300. H. minutus (Linn.) Dresser. Harlequin Duck. Winter sojourner. 

Occurring throughout the state. 

Genus Hareupa, Leach. 

501. H. glacialis (Linn.) Leach. Long-tailed Duck. Winter sojourner. 

Occurs, like the last, throughout the state on the larger streams. 

Genus SomatTeErra, Leach. 

302. S. mollissima dresseri (Sharpe) Coues. American Eider. Winter 

visitant, chiefly on Lake Michigan. 
303. S. spectabilis (Linn.) Boie. King Eider, Rare winter visitant (see — 

Nelson, p. 143), 

Genus (ipmmtra, Fleming. 

304. Gi. americana (Sw. & Rich.) Black Scoter.. Winter sojourner, chiefly 

on Lake Michigan. 
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Genus MELANETTA, Boie. 

305. M. velvetina (Cass.) Baird. Velvet Scoter. Winter sojourner; of gen- 

eral distribution, but most numerous on Lake Michigan. 

Genus PELIONETTA, Kaup. 

306. P. perspicillata (Linn.) Kaup. Surf Duck. Winter sojourner; occur- 

ring on all the larger streams, as well as upon Lake Michigan. 

Genus ErisMATURA, Bonaparte. 

*307. EL. rubida (Wilson) Bp. Ruddy Duck. Resident southward; sum- 

mer sojourner northward. 

Genus Mrraus, Linneeus. 

308. M. merganser americanus (Cass.) Ridgw. Buff-breasted Sheldrake. 
Winter sojourner. 

*309. M. serrator, Linn. Red-breasted Merganser. Resident, but chiefly 

transient; breeds (in northern counties) and winters (whole state) sparingly. 

Genus LorpHopytTeEs, Reichenbach. 

*310. ZL. cucullatus (Linn.) Reich. Hooded Sheldrake. Resident through- 

out the state; breeds everywhere, in suitable localities. Almost as truly arboreal 

as Aix sponsa (Summer Duck). 

Order STEGANOPODES. 

Family PELECANIDA.—Pelicans. 

Genus PELECANUS. 

B11. P. erythrorhynchus, Gmel. American White Pelican. Transient. 
312. P. fuscus, Linn. Brown Pelican. Accidental. One seen at Lima 

Lake, near Warsaw, Hancock county, by C. K. Worthen, in October, 1873. (See 

Bull. Nutt. Orn. Club, January, 1880, p. 31.) 

Family PHALACROCORACID 4—Cormorants. 
Genus PHALACROCORAX, Brisson. 

313. P. dilophus (Sw. & Rich.) Nutt. Double-crested Cormorant. Rare 

winter sojourner, but chiefly transient. 

*313a. P. dilophus floridanus (Aud.) Ridgw. Florida Cormorant; ‘‘Black 

Loon.’’ Summer sojourner. Abundant southward, where sometimes resident; 

rare northward. 

314. P. mexicanus (Brandt) Scl. & Salvy. Mexican Cormorant. Summef 

visitant to extreme southern portion (Cairo, fide C. K. Worthen; see Bull. Nutt. 

Orn. Club, January, 1880, p. 31). 

Family PLOTEIDA.—Anhingas or Darters. 

Genus Piorus, Linnzus. 

*315. P. anhinga, Linn. Snake Bird. Summer sojourner in extreme 

southern part of the state. Commonly known as the ‘‘ Water Turkey.”’ 

F 
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Order GAVIA. 

Family LARIDA!.—Gulls and Terns. 

Genus Rissa, Leach. 

316. R. tridactyla (Linn.) Bp. Kittiwake Gull. Winter visitant to Lake 

Michigan. 
Genus Larus, Linneeus. 

317. L. glaucus, Briinn. Glaucous Gull. Winter visitant to Lake Michigan. 
318. L. leucopterus, Fabr. Winter sojourner on Lake Michigan. 

319. L. marinus, Linn. Great Black-backed Gull. Winter visitant to 

Lake Michigan. 

320. L. argentatus, Briinn. European Herring Gull. Rare (or accidental) 

winter visitant to Lake Michigan (see Nelson, p. 145). 

*320a. L. argentatus simithsonianus, Coues. American Herring Gull. 

Winter sojourner throughout the state. A few remain in summer, on or near 
the larger bodies of water, but probably do not breed in our limits. 

321. L. delawarensis, Ord. Ring-billed Gull. Mainly transient, but 

winter sojourner southward, and rare summer sojourner (but not breeding ?) 

northward. 

322. L. atricilla, Linn. Laughing Gull. Rare summer visitant southward. 
323. L. franklini, Sw. & Rich. Franklin’s Gull. Transient. 

324. L. philadelphic (Ord.) Gray. Bonaparte’s Gull. Chiefly transient, 

but sometimes wintering, while a few apparently remain in summer in certain 
localities. 

Genus XmMma, Leach. 

029. X. sabinei (J. Sabine) Leach. Fork-tailed Gull. Rare winter visitant 
to Lake Michigan. 

Genus Sterna, Linnzeus. 

326. S. anglica, Montag. Marsh Tern. Rare summer visitant. 

327. S. caspia, Pall. Caspian Tern. Winter visitant. 

328. S. regia, Gamb. Royal Tern. Summer visitant. 

*329. S. fluviatilis, Naum. Common Tern. Mostly transient; abundant 

in suitable places, especially northward, where a few breed. 
*330. S. forsteri, Nutt. Forster's Tern. Summer sojourner. 

ool. S. antillarum (Less.) Coues. Least Tern. Summer visitant. 

Genus HypROcHELIDON, Boie. 

*332. H. lariformis surinamensis (Gmel.) Ridgw. Black Tern. Summer 

sojourner. The most numerous and generally diffused species of the family. 

Family STERCORARIID4.—The Skuas and Jaégers. 

Genus Srercorarius, Brisson. 

333. S. pomatorhinus (Temm.) Pomarine Jaéger. Winter visitant to Lake 
Michigan (Nelson, p. 145). 

334. S. parasiticus (Linn.) Saunders. Long-tailed, or Buffon’s Jaéger. 
Casual winter visitant. (See Bull. Nutt. Orn. Club, January, 1880, p. 31.) 
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Order PYGOPODES. 

Family PODICIPEDID&. 
Genus Popicreps, Latham. 

339. P. holbéili, Remh. American Red-necked Grebe. Winter sojourner. 

Genus Dyrxrs, Kaup. 

*336. D. auritus (Linn.) Ridgw. Horned Grebe. Chiefly transient, but 

wintering southward and a few breeding northward. 

dot. D. nigricollis californicus (Heerm.) Ridgw. American Eared Grebe. 

Winter sojourner. 

Genus PopinymBus, Lesson. 

*338. P. podiceps (Linn.) Lawr. Thick-billed Grebe. Summer sojourner 

northward; resident in southern counties. 

Family COLYMBID At. —Loons. 

Genus CoiymBus, Linnzeus. 

*399. C. torquatus, Briinn. Great Northern Diver; Loon. Chiefly winter 
sojourner, but nests very sparingly in extreme northern portion of the state. 

340. C. arcticus, Linn. Black-throated Diver. Rare winter visitant. 
341. C. septentrionalis, Linn. Red-throated Diver. Winter sojourner. 
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AP PEND )X; 

LIST OF SPECIES WHICH PROBABLY OCCUR IN ILLINOIS, BUT WHICH HAVE 
NOT YET BEEN ACTUALLY TAKEN WITHIN THE 

LIMITS OF THE STATE. 

TURDID2.—Thrushes. 
Genus HespErocicuua, Baird. 

1. H. nevia(Gmel.) Baird. Oregon Robin.—N. W.* Iowa (Allen, White’s 

Geol. Surv. Iowa, 1870, II., p. 419); New Jersey (Turnbull, Birds E. Penn. and 

New Jersey, 1869, 41; Allen, Pr. Essex Inst., 1864, 82); Long Island, N. Y. 

(Lawrence, Ann. Lyc. N. Y., 1866, 281); Ipswich, Mass., Del., 1864 (Allen, Am. 

Nat., 1869, 572; Maynard, Nat. Guide, 1870, 89). Probably a winter visitant. 

SITTID2.—Nuthatches. 
Genus Srrra, Linneus. 

2. S..pusilla, Lath. Brown-headed Nuthatch.—S. E. To be looked for 

among the pine-clad hills in the extreme southern part of the state. (Has been 

recorded from St. Louis, Mo., and Ohio.) 

MOTACILLID A!.— Wagtails and Titlarks. 

Genus Nerocorys, Sclater. 

3. N. spraguei (Aud.) Sel. Sprague’s Lark.—W. Undoubtedly occurs on 

the prairies during migrations, or in winter. A strictly prairie bird. 

MNIOTILTID4.—American Warblers. 
Genus H&LMINTHOPHAGA, Cabanis. 

4. H. bachmani (Aud.) Caban. Bachman’s Warbler.—S. EK. (South Car- 

olina and Florida.) 

Genus Prrtssocuossa, Baird. 

5. P. carbonata (Aud.) Baird. Carbonated Warbler. Discovered by Au- 

dubon in Kentucky, and therefore extremely likely to occur in Southern Illinois. 

Known only from Audubon’s description and figures. 

Genus DrenpRa@cA, Gray. 

6. D. kirtlandi, Baird. Kirtland’s Warbler. A very rare species, orig- 

inally discovered in Ohio (where specimens have more recently been obtained, 

as well as in Michigan and in the Bermudas). 

*The range of the species is indicated by initials, as N. W.,S. E., &c., for the north- 
western, southeastern, and other portions of the continent. 
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FRINGILLID 4. —Finches. 

Genus CENTROPHANES, KaAup. 

7. C. ornatus (Towns) Caban. Chestnut-collared Longspur.—W. Undoubt- 

edly to be found on the prairies, especially in northwestern portion of the state. 
Strictly a prairie bird. 

Genus CHRYSOMITRIS, Boie. 

8. C. notata (Du Bus) Bp. Mexican Black-headed Goldfinch. Obtained by 

Audubon at Henderson, Kentucky (the ‘‘C. magellanicus’’ of Audubon’s 

works), and possibly straggles to Southern Illinois. 

Genus CENTRONYX, Baird. 

9. C. bairdi (Aud.) Baird. Baird’s Bunting.—W. To be sought for on the 
larger prairies. An inconspicuous species, easily overlooked. 

* Genus PassERcULUS, Bonaparte. 

10. P. princeps, Maynard. Ipswich Sparrow.—N.E. To be looked for 
among the sand-hills along the lake shore. 

Genus AMMODROMUS, Swainson. 

11. A. maritimus (Wilson) Sw. Sea-side Finch.—E: Should be looked for 

in the grassy marshes of the northeastern portion of the state, where it doubt- 

less occurs along with A. caudacutus. 

Genus ZONOTRICHIA, Swainson. 

12. Z. coronata (Pall.) Baird. Golden-crowned Sparrow.—N. W. Taken at 

Racine, Wisconsin, in April, 1858, by Dr. Hoy (Nelson, p. 108). 

Genus ZAMELODIA, Coues. 

13. Z. melanocephala (Swains.) Coues. Black-headed Grosbeak.—W. Has 

been obtained in Michigan (Fox; reference not at hand). 

Genus CaLAMospPiza, Bonaparte. 

14. C. bicolor (Towns.) Bp. Lark Bunting.—W. A bird of the Great 

Plains, and undoubtedly occurring on the prairies of Illinois. 

Genus Prucaa, Audubon. 

15. P. cassini (Woodh.) Baird. Cassin’s Finch.—S. W. Has been ob- 

tained as far north as the prairies of middle Kansas (Allen, Bull. Mus. Comp. 
Zool., 1872, 137), and may straggle to southwestern Illinois. 

Genus PassEertna, Vieillot. 

16. P. versicolor (Bp.) Gray. Varied Bunting.—S. W. (Has been taken 

in Michigan ) 

CORVIDA.—Crows and Jays. 

Genus Corvus, Linneus. 

17. C. eryptoleucus, Couch. White-necked Raven.—S. W. A species readily 
distinguishable from the common Raven only by its smaller size, all the white 

of its plumage being on the bases of the feathers, and entirely concealed. 
Known range extends from Western Texas to Wyoming. May occur in South- 

western I]linois. 
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18. C. ossifragus, Wils.—S. and E. A species supposed to be peculiar 
to the vicinity of the sea-coast, but possibly ascending the Mississippi and its 

larger affluents as far as Southern Illinois (see note on page 185). 

Genus PrrtsorEus, Bonaparte. 

19. P. canadensis (Linn.) Bp. Canada Jay.—N. Obtained by Dr. Hoy, near 

Racine, Wisconsin, in the winter of 1859 (Nelson, p. 113). Possibly a very rare 

winter visitant to the extreme northern portion of the state. 

Genus APHELOCOMA, Cabanis. 

20. A. floridana (Bartr.) Caban. Florida Jay.—S. E. The Florida Jay is 

considered to be peculiar to a limited portion of the peninsula of Florida; but we 

see no reason to suppose that its range is thus restricted. The laws of geo- 

graphical distribution most emphatically suggest a wider distribution. Indeed, 

it has been recorded from Kentucky by certain authors; and, though the evi- 

dence upon which this record was based appears insufficient, it seems extremely 

probable that, like Peucwa estivalis, it may eventually be discovered far beyond 

its previously known range. Itis a species which inhabits thickets of bushes 

or low trees, and should be carefully looked for in such localities, which, in the 

form of ‘‘oak barrens’’ and the scrubby growth of crab-apple, wild plum, &c., 

abound in the southern part of Illinois. 

*  TYRANNID Al.—Tyrant Flycatchers. 

Genus TyRANNUS, Cuvier. 

21. T. vociferans, Swains. Cassin’s Kingbird.—S. W. A bird of the 

Great Plains, ranging as far north as Cheyenne, Wyoming. May occur 

in the semi-prairie districts of Western Illinois. 

22. T. verticalis, Say. Western Kingbird.—W. A great wanderer, hay- 

ing been obtained at many eastern localities, as Iowa (Allen, Mem. Boston 
Soc., I., 1868, 498); New Jersey (Turnbull, Birds E. Penn. & N. J., 1869, 41); 

Maine (Bryant, Pr. Boston Soc., 1865, 96); and District of Columbia (Jouy, 
Field and Forest, April, 1877, p. 178). 

Genus Minvunus, Swainson. 

23. M. tyrannus (Linn.) Bp. Fork-tailed Flycatcher.—S. A tropical species, 
but a great wanderer, having been obtained in several of the eastern United 
States; e. g. Henderson, Kentucky, New Jersey, and Mississippi (Audubon). 

24. M. forficatus (Gmel.) Sw.  Scissor-tailed Flycatcher.—S. W. Essen- 
tially a southern species (but chiefly Mexican), and, like the preceding, a great 

wanderer. Common in the semi-prairie districts from Texas to the Indian 
territory, where known as the ‘‘ Scissor-tail,’’ and ‘‘ Bird of Paradise.’’ Has 

occurred at Fort Riley, Kansas (Snow, Catal. Birds Kansas, 1873, 3), and at 

Trenton, New Jersey (Abbott, Am. Nat. 1872, 367). 

CAPRIMULGID At.— Goatsuckers. 
Genus PHAaL@#NOPTILUS, Ridgway. 

25. P. nuttalli (Aud.) Ridgw. Poor-will—W. Breeds as far east as 

Eastern Kansas (Allen, Bull. Mus. Comp. Zool., II., 1872, 179; Snow, Catal. 

Birds Kansas, 1872-3, 3). If occurring in:Illinois, would be found on the dryer 
prairies. 
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PICIDA.—W oodpeckers. 
Genus Prcvus, Linneus. 

26. P. querulus, Wils. Red-cockaded Woodpecker.—E. and 8S. A species 

partial, if not peculiar, to pine woods, and therefore likely to be found 
in the extreme southern part of the state. 

Genus PrcorpEs, Lacépede. 

27. P. tridactylus americanus (Brehm) Ridgw. Banded Three-toed 

Woodpecker.—N. Probably a rare winter visitant to the extreme northern part 

of the state. 

STRIGIDA.—Owls. 
Genus Nycrauer, Brehm. 

28. N. tengmalmi richardsoni (Bp.) Ridgw. Richardson's Owl.—N. Prob- 

ably a rare winter visitant to extreme northern counties. Has been obtained in 

Wisconsin by Dr. Hoy ( fide Coues, Birds Northwest, p. 314), while Mr. Allen 

gives it as found in Iowa*. 

Genus Srreoryto, Gloger. 

29. S. cunicularia hypogewa (Bp.) Ridgw. Burrowing Owl.—W. A species 

of the plains and open country, breeding regularly as far east as Fort Hays, 

Kansas (Allen, Bull. Mus. Comp. Zool., I1L., 1872, 180; Snow, Catal. Birds Kan- 

sas, 1872, 2). Has also been obtained in Eastern Massachusetts and near New 

York city (references not at hand). 

FALCONID 4.—Hawks, &e. 

Genus ASsaLon, Kaup. 

30. 42. richardsoni, Ridgw. Richardson's Merlin —N. W. A species 
oceurring throughout the whole extent of the Great Plains, and therefore likely 

to occur in any prairie district. Has been obtained in Kansas (spec. in U. 8. 

Nat. Mus.), and in Michigan. (F'. wsalon, Fox,—reference forgotton, and not 

now accessible to the writer. ) 

TETRAONID 2.—Grouse. 
Genus Canacer, Reichenbach. 

31. C. canadensis (Linn ) Bp. Spruce Grouse.—N. Possibly a rare winter 
visitant to extreme northern portion. 

CHARADRIID 4.—Plovers. 
Genus Popasocys, Coues. 

32. P. montanus (Towns.) Coues. Mountain Plover.—W. Possibly oc- 

curs on the dryer upland prairies. Has been obtained in Florida (Maynard; 

reference not at hand), and is a common species of the Great Plains west 

of the Missouri river. 

Genus Aararres, Boie. 

35. 42. melodus (Ord.) Bp. Piping Plover.—E. Although we are unable 

to give authority for the occurrence in IIlinois of the typical form of this species, 

*In his Catalogue of the Birds of Iowa, in White’s Geol. Survey of Iowa. 
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in which the black on the breast of the male is confined to two widely separated 
bars on each side, it undoubtedly occurs as a straggler, and should be looked for, 

especially along the lake shore. 

_IBIDID4.—Ibises. 

Genus PLEGADIs, Kaup. 

34. P. guarauna (Linn.) Ridgw. White-faced Glossy Ibis—S. W. Abun- 

dant throughout the west, in suitable localities, from the lower Rio Grande to 
the Columbia river, and doubtless straggles occasionally through the Missis- 

sippi Valley. 

ARDEIDA.— Herons. 

Genus HypRaAnassa, Baird. 

35. H. tricolor alone (Wils.) Ridgw. Louisiana Heron.—S. Un- 

doubtedly occurs in Southern Illinois. Has been observed in Indiana (near 

Hanna, June, 1876; see Nelson, Bull. Nutt. Orn. Club, April, 1877, p. 51.) 

ANATID 4i.—Ducks, Geese, and Swans. 

Genus CueEn, Boie. 

36. C. rossi (Baird) Ridgw. Ross’s Snow Goose.—N. W. Possibly an 

occasional straggler in winter. 

Genus DENDROCYCNA, Swainson. 

37. D. fulva (Gmel.) Burm. Fulvous Tree Duck.—S. W. Possibly occurs 

in the extreme south of the state. 

Genus Nomonyx, Ridgway. 

38. N. dominicus (Linn.) Ridgw. Masked Duck.—S. Has been obtained 

in Wisconsin and at Lake Champlain (references not at hand). 

LARIDA.—Gulls, Terns, and Jaégers. 

Genus STERNA, Linneus. 

39. S. dougalli, Montag. Rosy Tern.—E. An Atlantic coast species, very 

likely to occur on Lake Michigan. Is recorded from Northern Ohio (Wheaton, 

Ohio Agric. Rep., 1860, 275). 

40. S. macrura, Naum. Arctic Tern.—N. Doubtless a winter visitant to 

the northern portion of the state. Is recorded from Northern Ohio (Wheaton, 

l. c., 274). 
Genus HyDROCHELIDON, Boie. 

41. H. leucoptera (Weisn. & Schinz) Boie. White-winged Black Tern.— 

European Straggler. Possibly occurring as a straggler. Has been obtained in 

Wisconsin (Coues, Check List, 1873, 575 bis.] 

PODICIPEDID A.—Grebes. 

Genus AlcHMOPHORUS, Coues. 

42. AL. occidentalis (Lawr.) Coues. West: Grebe.—W. ‘ Possibly occur- 
ring on the larger bodies of water. 
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DESCRIPTIVE CATALOGUE 

OF 

North American Batrachia and Reptilia, 

FOUND EAST OF MISSISSIPPI RIVER. 

BY 

The students of general herpetology in this country have 
labored under great disadv antage, as the descriptions of American 
Batrachia and Reptilia are scé attered through many works, which 
are rarely found except in large scientific ‘libraries. In the fol- 
lowing pages an attempt is made to describe, in convenient form, 
the species found in Eastern North America, and the higher 
groups to which they belong. The nomenclature and classifica- 
tion used are the same as that adopted by Prof. E. D. Cope in 
his Check List of North American Batrachia and Reptilia. 
(Bull. of U.S. Nat. Mus., No. 1.) In order to facilitate the iden- 
tification of specimens, and in order that the catalogue may be 
available to the greatest number, when easily recognizable char- 
acters did not exist in the natural synopses, ‘they were added in 
artificial ones. 

The works of the following authors have been especially 
useful in preparing the present paper: E. D. Cope, Baird, 
Girard, Agassiz, Holbrook, Huxley, Dumeril, Bibron, Gray’s 
and Gunther’s British Museum Catalogues, also the reports of 
the government exploring expeditions, the volumes of the Pro- 
ceedings of the Philadelphia Academy of Sciences, ete, 

Many of the synopses have been compiled from the numer- 
ous exhaustive articles by Prof. Cope, several of which have 
been copied in part almost verbatim. The compilers are much 
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indebted to the Northwestern University, and to the Chicago 
Academy of Sciences, for free access to their museums and 
libraries. They also feel under especial obligation for assistance 
of various kinds to Professors 8. A. Forbes, Oliver Marcy, S. F. 
Baird, Mr. R. E. Earll, D. S. Jordan, and Doctors J. W. Velie 
and P. R. Hoy. In those instances in which the distribution of 
species has been extended beyond that given in Prof. Cope’s 
check list, the new locality is noted in italics. Preceding the 
glossary which is appended to the catalogue, will be found a 
description of the faunal regions of the United States, as limited 
by Prof. Cope. f 

SYNOPSIS OF CLASSES. 

Mammary glands absent; blood cold; not less than two 
aortic arches; no fin rays. 

a. Respiration through whole or part of life effected by 
means of branchiz; lungs present in adult; two occipital con- 
dyles; no thoracic diaphragm; usually no scales or scutes, when 
present they are imbedded in skin; limbs, when present, well 
developed, with two or more digits; heart trilocular; no sternal 
ribs; undergo metamorphosis after leaving egg....... Buatrachia. 

6. Respiration never effected by means of branchize, but 
after birth performed by lungs; no separate parasphenoid; a sin- 
gle convex occipital condyle; sometimes an incomplete thoracic 
diaphragm; body usually covered with scales or bony plates; 
metatarsal bones not anchylosed together or with distal tarsal 
bones; venous and arterial currents of blood mingled either in 
the heart itself, or at the origin of the aortic arches; undergo no 
metamorphosis after leaving egg. ../.....2.s0.-2e0e Leeptilia. 



BATRACHIA. 

SYNOPSIS OF ORDERS. 

A. Tail present; inferior pelvic elements not consolidated 
into a single vertical mass; proximal elements of tarsus not elon- 
gated; frontals not confluent with parietals. 

a. Dentaries and premaxillee without teeth, covered with 
horny plates; two ethmoids, forming part of palate 
laterally; maxillaries, prefrontals, palatines, and ptery- 
goids wanting; nasals present; posterior extremities 
absent; branchize persistent........ ... Trachystomata. 

b. Dentaries and premaxille toothed; two vertical ethmoids, 
one on each side of cerebral lobes; posterior extremi- 
ties present. 

w. Maxillaries, prefrontals, and nasals wanting; ptery- 
goids and palatines present; branchise persis- 
emesis chan, See eee: Proteida. 

y. Usual cranial bones present; pterygoids and pre- 
frontals sometimes absent;  branchiee wanting 
when completely developed. . Caducibranchiata. 

B. Tail absent in adult; coccyx represented by a single 
long cyclindrical bone; inferior pelvic elements consolidated into 
a single vertical mass; proximal elements of tarsus much elon- 
gated; frontals confluent with parietals; ethmoid, a ring usually 
ossified above, surrounding cerebral lobes; limbs four; body 
a he rele pe an ceaa pha ed) sig > heer ao Sa pase Anura. 

Order TRACHYSTOMATA. 

Family SIRENID. 

Premaxillz not anchylosed; two groups of vomerine teeth; 
parasphenoid edentulous; occipital condyles sessile; four persis- 
tent branchial arches; tongue free in front and on sides; eyes 
small; eye-lids not well developed; vertebree amphiccelian; car- 
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pus cartilaginous; metacarpals five. Head elongate; tail com- 
pressed. 

Toes tour; color uniform. 0 .\oy Seas Sid's Gane Siren. 
Toes three; with longitudinal bands or stripes. 

Pseudobranchus. 
Genus Stren, Linn. 

1. S. lacertina, Linn. Great Siren. Color dusky, approach- 
ing to black, with numerous white or yellowish pale abdomen 
purplish; eleven inches. Austroriparian region, North Carolina, 
Mexico, and Wortheastern Lllinois. 

Genus PsEupoprancuts, Gray. 

2. P. striatus, LeConte. Striped Siren. Color dusky, 
with a broad yellow or brown stripe on each side; abdomen 
speckled with brownish white, and with two longitudinal stripes 
paler than those above; nine inches. Georgia. 

Order PROTEIDA. 

Family PROTEID A. 

Premaxillee not anchylosed; vomero-palatine teeth; para- 
sphenoid edentulous; occipital condyles sessile; three persistent 
branchial arches; tongue -large and fleshy, free in front and on 
sides; eyes small, distinct; eyelids none; vertebrae amphiccelian; 
carpus and tarsus cartilaginous; metacarpals three; head elongate; 
trunk short and thick; toes four on each foot. 

Order CADUCIBRANCHIATA. 

Synopsis oF F Amines. 

A. Teeth on anterior or outer margin of palatines. Pre- 
frontals and pterygoids present; carpus and tarsus cartilaginous; 
vertebree amphiccelian. 

a. An axial cranial bone in front of ethmoid, and one 
forming palatal surface in front of parasphenoid; parie- 
tals prolonged laterally, not reaching  prefrontals; 
premaxillee anchylosed; occipital condyles pedicellate; 
a single gill-cleft on each side.......... Amphiumide. 

6. No anterior axial cranial bone; parietals and prefrontals 
prolonged, meeting and embracing frontals; premaxil- 
laries separated; occipital condyles sessile; gill-clefts 
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PrCHENG GF AUSEIE LGA. ae ce dio Menopomide. 
B. Teeth on posterior or inner margin of palatines; no 

anterior axial bope; gill-clefts closed in completely developed 
specimens. 

a. Vertebree amphiccelian; parietals embracing frontals; 
palatines with teeth on their posterior portion, not pro- 
longed over parasphenoid; occipital condyles sessile. 

#. Carpus and tarsus osseous; parasphenoid without 
dentigerous plates; pterygoids present; pre- 
frontals prolonged and embracing frontals. 

Amblystomide. 
y. Carpus and tarsus cartilaginous; parasphenoid 

with dentigerous plates; pterygoids wanting; 
prefrontals not prolonged or embracing frontals. 

Plethodontide. 
b. Vertebre opisthocelian; parietals not embracing frontals. 

x. Carpus and tarsus cartilaginous; palatines with 
teeth on their posterior portion, not prolonged 
over the dentigerous parasphenoid; pterygoids 
and prefrontals wanting; occipital condyles ped- 
Wee hiates & aia seer sos SE en ai Desmognathide. 

y. Carpus and tarsus osseous; palatines with teeth on 
the inner margin of the separate processes which 
extend backward over the non-dentigerous par- 
asphenoid; pterygoids and prefrontals present; 
occipital condyles sessile......... Pleurodelide. 

ARTIFICIAL SyNopsis OF FAMILIES. 

A. An opening on side of neck. 
a. Limbs small; toes 2-2 or 3-3............ Amphiumide. 
b. Limbs well developed; toes 4-5.......... Menopomide. 
B. No opening on side of neck when completely developed. 
a. No patches of teeth (parasphenoid) on middle of roof of 

mouth behind; one or more series (palatine), usually 
transversely arranged, in front........ Amblystomide. 

b. Patches of teeth (parasphenoid) on middle of mouth 
behind. Without a row of large red spots on the sides. 

g. Characters not combined as in the following. 
Plethodontide. 

y. Anterior margin of tongue attached; toes 4-5; 
costal folds not over 15; tail compressed and 
finned above and no dorsal band, or parasphe- 
noid patches of teeth well separated and a yel- 
lowish dorsal band............ Desmognathide 
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e. Teeth on roof of mouth consisting of two longitudinal 
rows (palatine), which approach - in front and diverge 
at back of mouth; usually with a row, of large fed spots 
onthe ‘sides. 2. ieee oe eae Pleurodelide. 

Family AMPHIUMID i. 

oes two'on each Toots. see re. es ee Amphiuma. 
Toes’ three on each foot. “Mae: yim eeee Murcenopsis. 

Genus Ampuiuma, Linn. 

_ 5. A. means, Linn. Congo Snake. Color above brownish 
to slate color; beneath paler; one and one-half feet long. From 
Mississippi to North Carolina. 

Genus Muranoprsis, Fitz. 

M. tridactylus, Cuvier. Color above brown to dark 
gray; beneath paler. Mississippi to Louisiana. 

Family MENOPOMID. 

Genus Mrnoroma, Harl. 

Palatine and maxillary teeth almost parallel; tongue trans- 
versely oval; limbs short and thick; toes 4-5, the two outer 
with membranous fringes; gill-clefts present. 

7. M. allegheniense, Harl. Hell-bender. Body cinerous, 
with dusky blotches; length, one and one-half to two feet. Trib- 
utaries of Mississippi, and streams of Louisianian district to 
North Carolina. 

8. M. fuscum, Holbrook. Body uniform umber; pale 
beneath. _ Headwaters of Tennessee river. 

Family AMBLYSTOMID. 

Genus Amspiystoma, Tschudi. 

Palatine series of teeth in the same line, though often inter- 
rupted; quadrato-jugal bone wanting; tongue large and thick, 
with a narrow free margin, except posteriorly. A series of 
mucous pores around and anterior to orbit. Digits 4-5, not 
webbed. 

A. Palatine series of teeth extending laterally behind internal 
nares; plicee of tongue radiating from its posterior portion. Par- 
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otoid glands not forming an ovoid distinct mass. Four phalanges 
in fourth toe. 

a. Costal grooves 10; palatine series in three patches. 
9. A. talpoideum, (Iolbr.) Gray. Mole Salamander. Head 

broad, width contained about three and five-tenths times in 
distance from snout to groin; external nares much closer together 
than internal; palatine. series of teeth convex backwards; tail 
short, compressed; patches of large pores on head; color brown 
or blackish above, paler beneath, irregularly marked with gray 
of a lichen-like character; dusky spots on back and tail; LL. 
three and one-half inches. Austroriparian region; mountains of 
South Carolina. 

4. Costal grooves 11; palatine series of teeth three. 
No or one indistinct plantar tubercle. 

10. A. opacum, (Graven) Bd. Opaque Salamander. Mid- 
dle series of teeth transverse or concave, behind posterior margin 
of nares; width of head in specimens three inches long, less 
than four times in distance from snout to groin; in adults, four 
and seven-tenths times; no regular patches of conspicuous pores 
on head and parotoids. Black, with a dorsal series of transverse 
grayish bands about fourteen in number, which are sometimes 
more or less confluent and sometimes interrupted medially; L. 
three and one-half inches. From Pennsylvania to Florida; 
Wisconsin and Texas. 

11. A. punctatum, (Linn) Bd. Large Spotted Salamander. 
Teeth as in the last; width of head in small specimens, three and 
five-tenths times to groin; in adults, four and five- tenths times; 
patches of conspicuous pores on head and parotoids; a deep dorsal 
groove; black, with a series of round bright yellow spots on 
each side of back; in alcoholic specimens, brown above with 
white spots; L. six inches. United States east of the plains; 
Nova Scotia. 

12. A. conspersum, Cope. Smaller Spotted Salamander. 
Middle series of teeth convex, advancing beyond posterior margin 
of nares; width of head about four and five-tenths times in 
distance to groin; skin smooth; body quite free from visible 
pores; no distinct dorsal groove; color above, leaden beneath 
paler; sides with one or two series of small whitish spots ; L. 
two and two-thirds inches. Pennsylvania to Georgia. 

y. Plantar tubercles two, distinct. 
13. A. bicolor, Hallowell. Middle series of teeth straight, 

nearly divided; external nares much closer together than internal; 
width of head more than one- quarter distance | to groin; tail short, 
much compressed; dorsal furrow slight; color above, olive brown; 
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beneath, yellowish, which rises on the sides as short blotches, 
above these several ill-defined yellowish spots; parotid region 
yellow; tail yellow with dark spots; limbs cross-banded; L. six 
inches. New Jersey. 

c. Costal grooves 12; mucous pores each side of muzzle. 
x. ‘Two distinct plantar tubercles; size large. 

14. A. tigrinwm, (Green) Bd. Tiger Salamander. No 
canthus rostralis; head long; external nares closer together than 
internal; tooth series continuous or slightly interrupted, generally 
convex forwards; parotid region much swollen; color usuall 
blackish-brown, with irregular scattered spots or blotches of 
yellow; those on lower part of sides largest, subquadrate, and 
more or less confluent; sometimes uniform brown above and 
yellow below; sometimes entirely yellow, with brown linear 
patches; L. eight inches. United States east of the plains. 

15. A. xiphias, Cope. Long-tailed Salamander. Canthus 
rostralis distinct; tail longer than head and body; external nares . 
closer together than ‘internal; muzzle obtuse; head small and 
short, width five times in distance to groin; palatine teeth in one 
series, slightly convex forwards; mandible projecting beyond 
muzzle; color above yellowish-olive; beneath brighter yellow; 
back and sides with reticulating bands of brown; a few rounded 
spots of the same on the belly; L. eleven and one-quarter inches; 
tail six. Ohio. 

y. No or one indistinct plantar tubercle; size small; 
palatine series of teeth interrupted. 

16. A. jeffersonianum, subsp. jeffersonianum, (Green) 
Cope. External and internal nares equidistant; width of head 
four and five-tenths to five times in distance to. groin; dorsal 
groove indistinct; eyes situated far back; tooth series transverse, 
in four patches; distance between anterior corners of eyes more 
than twice the length of orbital fissure; lead colored to black; 
with or without pale bluish spots on sides; L. five and five-tenths 
inches. Pennsylvania and Ohio northward. 

17. A. jeffersonianum, subsp. laterale, (Hall) Cope. Mid- 
dle patches of teeth convex forward; distance between anterior 
corners of eyes only twice length of orbital fissure; color black, 
with large white spots on sides and tail; smaller ones below; L. 
about one-half the preceding. In other respects like the last. 
Canada and Wisconsin northward; Worthern [llino?s. 

18. A. jeffersonianum, subsp. fuscum, (Hall) Cope. Color 
dark brown, with a darker shade or band along sides; L. three 
and eight-tenths. Indiana and Virginia. 
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19. A. jeffersonianum, subsp. platinewm, Cope. Width of 
head five and five-tenths to six times in length to groin; tooth 
series slightly convex; lead-colored above; paler below, with or 
without indistinct whitish blotches. Ohio; Southwest Lllinois. 

. Palatine series of teeth not extending laterally behind 
inner nares; plice of tongue radiating from a median longi- 
tudinal furrow; no distinct parotoid mass; four phalanges in 
fourth toe; no canthus rostralis; species small; costal grooves 14. 

20. A. cingulatum, Cope. Mandible shorter than muzzle; 
head elongate; width between eyes behind equal to distance from 
same to nares; width of head six and a half times in distance to 
groin; astrongly marked dorsal groove; palatine teeth entirely 
between inner nares; color black; beneath thickly speckled with 
gray; a vertical gray line between each pair of costal folds, which 
either meet the opposite one on the median line, or bifurcate to 
meet a similar bifurcation on the back; the annuli thus formed 
extend from head to end of tail; L. three and one-half inches. 
South Carolina. 

21. A. microstomum, Cope. Mandible longer than muzzle; 
head short; width between eyes behind equal to distance from 
same to end of muzzle; body stouter than preceding; width of 
head six and a half to seven times in distance to groin; dorsal 
groove slight; color brownish-black, paler beneath; usually with 
thickly and irregularly sprinkled spots or patches of plumbeous 
on sides, and less numerous spots above and below; L. four inches. 
Eastern region, west of Alleghanies. 

Family PLETHODONTID 4. 

Synopsis oF GENERA. 
A. Tongue attached from the central or posterior pedicel to 

anterior margin in a narrower or wider band; maxillary normal, 
with small teeth; parietals fully ossified. 

a. Two premaxillary bones, with fontanelle. 
Be Dirita 4 Bee Oe Pe Hemidactylium. 
POUR A a bile ep SW Wee Beate Plethodon. 

6. One premaxillary, without fontanelle. Digits 4-5. 
Stercochilus. 

4. Tongue free all around, attached only by the central 
pedicel; parietals well ossified; digits free. 

a. One premaxillary, with fontanelle. 
Se ATs Sok yanib hn dy penny BORE Manculus. 
MMe cals sa icpdl sina 4 asus ‘ole ea ota ies tes Spelerpes. 

b. Two premaxillaries, with fontanelle. Digits 4-5. 
Gyrinophilus. 
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ARTIFICIAL SYNOPSIS OF GENERA. 

A. Anterior margin of tongue attached. 
Pe OER eke. 5 ton nb youka Neate Peete Hemidactylium. 
b. Toes 4-5. 

x. Tail rounded and not finned, or with costal folds 
Not Over 14. Gia ete aces ae Plethodon. 

y. Tail compressed and finned above; costal folds 17; 
pale-yellow, brown-lined.......... Stereochilus. 

B. Tongue free on all sides. 
a. Does 4-4 SUP a Ae Sh ee: Sa oe eee Manculus. 
b. Toes 4-5. 

z Yellow or red above, spotted or lined with black 
or brown; or with not more than 12 costal folds. 

Spelerpes. 
y. Uniform purple-gray above; costal folds 14. 

Gyrinophitus. 
Genus Hremipactytium, Tsch. 

22. H. scutatum, (Schl.) Tsch. Four-toed Salamander. 
Costal furrows well marked; skin of back cut so as to resemble 
scutee; body short; limbs slender; tail rounded at base, com- 
pressed distally, one to two times length of body; color above 
brown, with irregular scattered black spots on sides; below 
whitish, with pitchy black spots; snout yellow; limbs and tail 
orange-brown; L. two and five-tenths inches. Rhode Island and 
Illinois to Gulf of Mexico. 

Genus Prietuopon, Tsch. 

23. P. cinereus, subsp. cinereus, (Green) Cope. Palatine 
series of teeth well separated medially, not extending beyond 
inner nares externally; costal plicee 16-19; form slender; tail 
cylindrical; limbs weak; inner toes rudimentary; above cinereous; 
no red dorsal band; below paler, sometimes spotted with darker; 
L. three and one-half inches. Eastern region. 

24. P. cinereus, subsp. erythronotus, (Green) Cope. A red 
dorsal stripe from head to tip of tail; in other respects like pre- 
ceding. astern region. . 

25. P. cinereus, subsp. dorsalis, Bd. M SS. _ Louisville, 
Kentucky; Salem, Massachusetts. 

26. P. glutinosus, (Green) Bd. Viscid Salamander. Pal- 
atine series well separated medially, extending outside of inner 
nares; costal plicee 14; form stout; tail rounded; limbs short, 
stout; inner digits distinct; black, usually with gray lateral 
blotches and smaller dorsal spots; L. four and one-half inches. 
Eastern and Austroriparian regions. 
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Genus SrerEocuitus, Cope. 

27. S. marginatum, Hall. Costal folds 17; body elongate; 
width of head contained more than seven times in length to 
groin; tail compressed from base; finned; size small; pale-yellow 
with brown lines. Georgia. 

Genus Mancutus, Cope. 

28. M. remifer, Cope. Tail stout, compressed; body 
shorter by length of femur; black, sides speckled with lighter. 
Florida. 

29. M. quadridigitatus, (Holbrook) Cope. Tail slender, 
cylindrical; body longer, and muzzle broader than in preceding; 
color above, dirty yellow, with minute dark brown spots, some- 
times forming lines on vertebral region; L. three and one-half 
inches. North Carolina to Florida. 

Genus Speterrss, Raf. 

A. Palatine teeth not contiguous with sphenoidal patches, 
nor extending outward beyond nares; tail compressed; costal 
grooves 13-14. 

30. S. bilineatus, Green. Two-striped Salamander. Costal 
plicee 14, generally indistinct; tail not keeled proximally above, 
about length of body; median digits long; color yellow, with 
two longitudinal black lines, and sometimes a third, on vertebral 
region; abdomen unmarked; L. two and three-quarters inches. 
Eastern and Austroriparian regions, except Texas. 

31. S. longicaudus, Green. Cave Salamander.  Costal 
grooves 13; tail keeled above, about twice length of body; digits 
widely separated, moderate; yellow, with numerous irregular 
black spots scattered over sides and back; belly immaculate; L. 
five inches. Eastern and Austroriparian regions. 

32. S. guttolineatus, Holb. Costal grooves 13; tail keeled 
above, longer than body, sometimes twice its length; inner digits 
longest; yellow with a dorsal and lateral black band; tail black, 
barred with yellow; belly mottled. North Carolina to Mississippi. 

Z. Palatine teeth contiguous posteriorly with sphenoidal 
Se not extended outside of nares; tail rounded at base, not 
eeled; costal grooves 15-17. 

33. S. ruber, subsp. ruber, (Daud.) Cope. Red Triton. 
Costal plicee 15-16; tail not so long as body; color above, red 
with numerous, crowded, somewhat indistinct, black spots; 
abdomen paler, unspotted; iris with a dark longitudinal bar; L. 
six inches. Eastern and Austroriparian regions. 
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34. 8. ruber, subsp. montanus, (Bd.) Cope. Costal plicee 
17; tail as long as body; above reddish-brown, with few, but 
well-defined, black or brown spots; beneath deep salmon-color; 
iris without dark bar; L. five inches. Alleghany Mountains, 
from Pennsylvania to South Carolina. 

35. 8. ruber, subsp. stecticeps, (Bd.) Cope. In MSS. 
South Carolina. 

Genus GyrinopHitus, Cope. 

36. G. porphyriticus, (Green) Cope. Purple Salamander. 
Costal plicae 14; width of head less than seven times to groin; 
canthus rostralis prominent; tail rounded at base, without fin; 
above yellowish-brown or salmon color, irregularly marked with 
gray; beneath whitish; L. six inches. Mountains, from 
Vermont to Alabama. 

Family DESMOGNATHID&. 

Genus Dresmoenatuts, Bd. 

Premaxillaries united, embracing a fontanelle; parietals 
ossified; tongue free on sides and posteriorly; digits distinct, 4-5. 

A. Costal plicee 18-15. 
37. D. ochrophea, Cope. Generally a single, imperfect, 

lateral series of pores; no tubercle in canthus of eye; tail 
rounded, not finned; posterior half of mandible in males non- . 
dentate; costal plicee 13; brown, with a yellowish dorsal band; 
back dotted; belly dirty white, immaculate; males darker; L. 
three inches. Mountains, from New York to Georgia. 

88. D. fuscus, subsp. fuscus, (Raf.) Cope. Generally two 
lateral series of pores, inferior, well developed, superior, irregular, 
or wanting; a tubercle in canthus of eye; tail compressed and 
keeled; mandible in males completely toothed; above brown, 
marked with gray and pink; belly marbled, the pale color pre- 
dominating; no red spots on sides; L. three inches. Massachu- 
setts to Mississippi; J/dinozs. 

39. D. fusca, subsp. auriculata, (Holb.) Cope. Above 
black, with a series of small red spots on sides; belly marbled, 
the darker color predominating; otherwise as in preceding. 
South Carolina to Louisiana. 

B. Costal plicee 12. 
40. D. nigra, (Green) Bd. Two well developed lateral 

series of pores; a tubercle in canthus of eye; tail flattened, 
attenuated, finned above; mandible in males completely toothed; 
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black above and below; L. six inches. Mountains, southward 
from Pennsylvania; JV. J/inois. 

Family PLEURODELID A. 

Genus Dremycrytus, Rafin. 

Palatine teeth in two longitudinal series, diverging behind; 
tongue attached, lateral margin alone slightly free; ribs rudimen- 
tary; tail small, compressed from base; toes four in front, five 
behind, the inner and outer rudimentary. 

41. D. miniatus, subsp. miniatus, (Raf.) Cope. Red Eft. 
Above red; sides with a row of large vermilion spots; beneath 
paler or yellowish, with numerous black dots; skin rougher than 
the following; terrestial; L. three and one-half inches. Eastern 
and Austroriparian regions. 

42. D. miniatus, subsp. viridescens, (Raf.) Cope. Spotted 
Triton. Above olive-green, varying in shade, with a pale dorsal 
streak; beneath lemon-yellow; other markings asin the preced- 
ing; dorsal crest more developed; aquatic. Eastern and Austro- 
riparian regions. 

Order ANURA. 

Synopsis oF Sus-OrpDERS AND FAMILIES. 

A. Toothless. 
a. Epicoracoid* divergent from coracoid, and connected with 

it by a longitudinal cartilaginous arch which is free from, 
but overlaps corresponding arch on opposite side. 

Sub-order Bufoniformia. 
Superior plate of ethmoid ossified; sacral diapophyses 

dilated; coccyx attached to two condyles; tongue 
Mee POstehioky i kl2. PUPA SO. Bufonide. 

b. Epicoracoids, when present, in contact with coracoids; 
the distal ends of the former separated from those of 
the latter by articular cartilage only. 

Sub-order /irmisternia. 
Epicoracoids wanting; sacrum and coccyx not con- 

fluent; sacral diapophyses dilated... Hngystomide. 
B. Teeth on upper jaw. 
a. Epicoracoids directed forward, divergent from coracoids, 

and connected with them by overlapping cartileges. 
Sub-order Arcifera. 

*The precoracoid and acromial of some authors. 
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x. Ooceyx and sacrum articulated by two condyles. 
Sacral diapophyses dilated; vertebree proccelian ; 
terminal phalanges articulated inferiorly to penul- 
timate, swollen at base, distal portion slender, 
nail-like; abdomen areolate........... Hylidae. 
Sacral diapophyses cylindrical; vertebrae procee- 
lian; mandible toothless; terminal phalanges not 
29,10 PPCCAIIN Eadie tei «fom abies Cystignathide. 

y. Coccyx and sacrum confluent; sacral diapophyses 
dilated; vertebree proccelian ; terminal phalanges 
GOntINWOUS, COMIC i) 0 cee Scaphiopide. 

b. Epicoracoids in contact with coracoids, not connected 
with them by overlapping cartilages. 

- Sub-order L2aniformia. 
Sacral diapophyses cylindrical; xiphisternum and 

manubrium osseous; ear well developed; fronto- 
parietals never embracing fontanelle. .. Ranidw. 

ARTIFICIAL SYNOPSIS OF FAMILIES. 

A. Toothless. 
a. Parotoid glands present; tympanic membrane visible; 

skin more or less warty. «ic... 1-1 «es alee Bufonide. 
b. No parotoid glands; tympanic membrane concealed; 

skin smooth... 5.42 0h 6 eee ae eis Lingystomide. 
B. Teeth on upper jaw. 
a. Parotoid present; a large, flat-edged spur on heel. 

Scaphiopide. 
b. No parotoids or large spur on heel. 

z. Terminal phalanges dilated; external metatarsi 
bound together. 
abdomen granulated; terminal phalanges swollen 
at base and with slender, nail-like ends. . Hylidae. 
2. Abdomen smooth; terminal phalanges swollen 
at end and terminating in a viscous disk. 

Cystignathide. 
y. Terminal phalanges continuous; external metatarsi 

separated by, a wera’: 5.5/2 twee Ranide. 

Sub-order BUFONIFORMIA. 

Family BUFONID A. 

Genus Buro, Laurenti. 

Ear perfectly developed; prefrontals in contact with each 
other and with the fronto-parietals, the latter entirely osseous; 
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parotoids not confluent, rounded; two metatarsal tubercles; tongue 
oval, elongated; toes more or less palmated; skin tuberculous; 
no dorsal ossification on head; subgular vocal vesicle in males. 

43. B. lentiginosus, subsp. americanus, LeConte. Common 
Toad. Superciliary ridges well marked, though but moderately 
elevated and not ter minating in a knob posteriorly; ; Skin on head 
thick, adhering to skull; tympanum well developed; parotoids 
large, sub-reniform ; internal: metatarsal tubercle large and spade- 
shaped; toes semipalmated; large tubercles on back; beneath 
granulated; color above, greenish or yellowish-brown, with 
scattered black spots or patches; two black patches under eyes, 
and occasionally spots about nostrils and jaws; beneath dirty 
yellowish, sometimes spotted and blotched; L. two and one-half 
inches. Eastern United States; west to the plains. 

44. B. lentiginosus, subsp. lentiginosus, Latr. Superciliary 
ridges much elevated posteriorly and terminating in a rounded 
knob; mouth very large; tympanum and parotoid well developed, 
the latter uniform; toes semipalmate; back warty; abdomen 
granulated; above dusky brown, tinged with yellowish, and more 
or less blotched ; beneath dirty yellowish-white; L. two inches. 
Austroriparian region. 

45. B. lentiginosus, subsp. fowleri, Putnam, MSS. Massa- 
chusetts to Lake Winnipeg. 

46. B. quercicus, Holb. — Superciliary ridges slightly 
elevated, terminating posteriorly in a small knob; snout pointed ; 
tympanum small ; parotoids large, oblong; metatarsal tubercles 
small; toes slightly webbed; yack with a few small warts ; 
beneath eranulated : body gr eatly depressed; back dusky, with a 
pale yellow vertebral line, on each side of which are black 
blotches, with here and there a tinge of reddish-brown; beneath 
silver-gray, with a yellowish tinge around vent; L. three- -quarters 
of an inch. Florida to North Carolina and Louisiana. 

47. B. valliceps, Wieg. Upper surface of head deeply 
concave; skin thin, firmly adhering to skull; superciliary ridges 
prominent; tympanum large; parotoids small; toes semipalmate ; 
above yellowish-brown, with a broad dorsal streak of same tint, 
on each side of which is generally a black bar, extending the 
whole length of body; sides maculated; beneath unicolor in 
adults, spotted j in young. Texas district and Louisiana. 
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Order FIRMISTERNIA. 

Family ENGYSTOMIDi. 

Genus Eneystoma, Fitzinger. 

Ethmoid arch ossified; prefrontals in contact with each 
other, and with the completely ossified fronto-parietals; terminal 
phalanges simple; ear fully developed; head small, not distinct 
from body; tympanic membrane concealed; toes free or slightly 
palmate; metatarsi with small tubercles. 

48. FE. carolinense, Holb. Head short, pointed; body 
thick, nearly oval; skin smooth; toes unwebbed; above chestnut, 
darker along vertebral line; below grayish, thickly sprinkled 
with black specks; L. one inch. Austroriparian region. 

Order ARCIFERA. 

Family HYLID. 

No postorbital process to fronto-parietals, which embrace a 
large fontanelle; xiphisternum deeply emarginate; pupil hori- 
zontal; vomerine teeth present; true pollex a simple metacarpal, 
without phalanges. 

A. Digital dilations small. 
a. Toes broadly webbed; tongue extensively free, 

deeply notched behind:..).). 1... Acris. 
6. Toes free; superior plate of ethmoid osseous; pre- 

frontals Separater(\. ha eho + oles Chorophitus. 
B. Digital dilations well developed; tongue completely 

attached or one-third free; posterior digits webbed; vomerine 
teeth in transverse or posteriorly convergent fasciculi..... Lyla. 

Genus Acris, D. et B. 

49. A. gryllus, subsp. gryllus, LeConte. Head elongated ; 
snout pointed; tympanum rather indistinct; hind legs very long; 
inner and hind part of thighs reticulated; body above, brownish 
or cinereous; middle of head and back green or reddish-brown; 
a triangular dark patch between eyes; a white line from orbit to 
arm; two or three large oblique dark patches, usually margined 
with white on sides; these markings sometimes wanting; beneath 
white, often varied with dusky; chin and throat tinged with 
yellowish; L. one and one-half inches. Austroriparian region. 

50. A. gryllus, subsp. crepitans, Bd. Head rather obtuse ; 
inferior surface of thigh plain; general appearance of the pre- 
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ceding; L. one and one-half inches. Eastern and central 
regions. 

Genus Cuoropuitus, Bd. 

51. C. triseriatus, Wied. Above light-bluish ash; a dark 
dorsal stripe, commencing at snout and bifurcating about middle 
of body; astripe on each side of this, and one on the side of 
head and body, the latter edged with white below; abdomen 
whitish; L. one inch.. Eastern and central regions. 

52. C. triseriatus, subsp. corporalis, Cope, MSS. New 
Jersey. 

58. C. nigritus, LeConte. Above olive-brown, tinged with 
yellow and speckled with small, white granulations; an inter- 
rupted vertebral line from snout to rump; upper lip white, ° 
above which is an irregular dark patch, extending from near 
snout to shoulder; head and extremities ash color, the latter 
with dusky bars; abdomen yellowish-white; L. one and one- 
half inches. South Carolina and Georgia. 

54. C. angulatus, Cope. Above chestnut-brown or bronzed ; 
upper lip white, above which is a black patch that passes near 
and terminates beyond shoulder; abdomen yellowish-white; L. 
one inch. South Carolina. 

55. C. ocularis, Daud. Above uniform olive; a_ black 
streak from snout to shoulder; an oval blotch on sides; two or 

three small spots on loin. South Carolina to Georgia. 
56. C. ornatus, Holb. Above dove-color with several 

oblong, dark brown blotches, margined with yellow, on each 
side of vertebral line; a black vitta from snout to near shoulder, 
and one from shoulder towards lower jaw; most of upper jaw 
yellowish; limbs with dark bands; anterior and posterior surtace 
of thigh with yellow spots; beneath white; throat with a few 
black spots; under surface of legs flesh-color; L. one and one- 
fourth inches. South Carolina and Georgia. 

Genus Hyua, Laurenti. 

57. H. andersont, Bd. Above rather deep pea-green; 
paler on sides and on margin of upper jaw; a narrow band of 
purplish-brown from eye to a little beyond insertion of arm; 
sides margined below by large, irregular spots of saffron; similar 
spots on a ground of paler shade before and behind humerus 
and femur, and beneath tibia; a band of mulberry tint on tibia 
anteriorly; beneath whitish flesh color; an oval spot of green 
on each side of throat; L. one inch, eight lines; femur eight 

3a— 
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lines; tibia nine lines; foot twelve and one-half lines. New 
Jersey to South Carolina. 

58. H. squirella, Daud. Above olive-green, with irregular 
dark blotches; a dusky bar between orbits; an indistinct band 
from nostril to eye; a white line along upper jaw to shoulder; 
beneath greenish-white in front, darker behind; throat with a 
few dark spots; extremities obscurely marked with darker 
above, flesh-colored beneath; L. one and one-quarter inches; 
thigh eight-tenths of an inch; leg eight-tenths of an inch; tarsus 
and toes nine-tenths of an inch. Austroriparian region. 

59. H. carolinensis, Penn. Above bright green’ with 
occasional golden spots; a pale yellow line on sides of body; 
also one on posterior border of arm, and before and behind leg; 

“limbs not barred; beneath yellowish-white; thigh yellow; leg 
flesh color; L. one and three-quarters inches; thigh eight lines; 
leg eight and one-half lines; tarsus and toes one inch, two 
lines. Austroriparian region. 

60. H. pickéringt, Holb. Above yellowish-brown or fawn- 
color, with dusky spots and lines, the latter usually forming an 
oblique-angled cross on back; a line on top of head, extending 
back at an angle; another from nose to arm; limbs transversely 
barred, the dusky markings frequently very indistinct; beneath 
whitish; L. eleven and one-half lines; femur five and one-half 
lines; tarsus and toes nine and one-half; tibia five and one-half. 
Eastern region. 

61. H. femoralis, Daud. Above cinereous, with large dark 
blotches; a triangular patch between eyes; six or eight sub- 
triangular spots of bright yellow on posterior surface of. thighs, 
arranged nearly in a line; beneath, white; chin sometimes 
marked with dusky; limbs with dusky spots or bars; color 
above somewhat variable, the darker markings not always 
present; L. one and one-half inches. Eastern part of Austro- 
riparian region. 

62. H. versicolor, LeConte. Common Tree Toad. Above 
gray, greenish, or brown, with large, irregular dark blotches ; 
below white; posterior part of abdomen yellow; skin above 
with minute warts and granulations; exceedingly variable; L. 
two inches; femur one inch; tibia nine-tenths; foot one and 
four-tenths. Eastern and Austroriparian regions. 

63. H. gratiosa, LeConte. Above varying from bright 
green to cinereous or greenish-dusky, with roundish spots or 
irregular blotches of darker, or speckled with variously shaped 
spots of the same; a few small yellow spots on back and sides; 
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upper lip white, sometimes varied with green or dusky; in some 
specimens a line extends from jaw along sides, in others, the 
sides are variegated with rounded spots of darker, and the 
line is absent; beneath whitish, more or less inclining to yellow 
or orange; chin marked with dusky or green; limbs barred; 
yellowish or reddish beneath; skin coarsely granulate above: 
L. two and five-tenths inches; "femur one and two- tenths inches; 
tibia one and _ fifteen- hundredths: foot one and six-tenths. 
Florida; lower Georgia. 

Family CYSTIGNATHID &. 

Genus Lrraopytxs, Cope. 

Prefrontals in contact, and usually with the fully ossified 
fronto-parietals; ear fully dev eloped; xiphisternum broad, with- 
out style; external metatarsi bound together; digits nearly or 
quite free; terminal phalanges with a distal transverse limb, 
supporting a viscous disk; abdomen smooth. 

64. L. ricordi, D. si B. Southern Florida. 

Family SCAPHIOPIDA. 

Genus Scaputorus, Holb. b) 

Tympanum, cavity of tympani, parotid glands, and vomerine 
teeth present; derm involved in cephalic ossification, which is 
complete; cuneiform bone furnished with a spade-like process 
which is covered with a corneous sheath; xiphisternum cartila- 
ginous; toes more or less webbed. 

65. S. holbrooki, Harl. Above brownish; a yellowish or 
pale ashy band on each.side, sometimes indistinct; a vertical 
light line on end of muzzle, and two longitudinal streaks some- 
times present; occasionally a pale interorbital crossband and 
light markings on sides; head large; maxillary rounded; eyes 
prominent; tympanum distinct; tongue large, emarginate; 
vomerine teeth opposite posterior border of. internal nares ; 
parotids small, prominent; a gland on each side of thorax, near 
axilla; skin ‘ot. back minutely tuberculous; of sides, more 
coarsely, below nearly smooth; cuneiform process very long 
size moderate. Eastern United States. 
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Order RANIFORMIA. 

Family RANIDA. 

Genus Rana, Linn. 

Vomerine teeth present; external metatarsi webbed to the 
base; terminal phalanges elongated, acute, or slightly dilated 
at tip; dorso-lateral dermal folds present or absent; abdomen 
smooth. 

66. L. areolata, subsp. capito, LeConte. Above dark 
slate color, speckled with black; six rows of roundish spots on 
back, speckled and irregularly marked with spots of same form 
and color on sides; beneath yellowish-white, spotted and varied 
with dusky; arms and legs above gray, speckled and barred 
with black; beneath yellowish, especially at axille and groins; 
spotted and varied with dusky; head very large, broad, and 
blunt; coarsely punctured above; a deep concavity between 
nostril and eye; a broad, cutaneous fold from orbits to beyond 
middle of body; a second from corner of mouth to shoulder; 
body above very rough; posterior surface of thighs granulate; 
fingers slightly palmate at base; L. four and two-tenths inches; 
width of head at corners of mouth, one and five-tenths; arm 
one and nine-tenths; leg four and seventy-five hundredths; 
femur one and one-tenth; tibia one and forty-five hundredths; 
foot two and two-tenths inches. Florida. 

Prof. Cope recognizes a second subspecies, /2. areolata 
areolata, whose habitat is the Texan district, the following 
description of which is taken from the Mexican Boundary 
Survey: ‘‘Head very large, subelliptical; snout prominent, 
nostril situated half way between its tips and the anterior rim of 
eyes, which are proportionally large; tympanum spherical and 
of medium size; its central portion yellowish-white, whilst its 
periphery is black; body short and stout; limbs well developed; 
tingers and toes very long, without being slender; ground color 
of body, and head yellowish-green, marked with brown; besides 
there are thirty or forty brown areole.’? In our manuscript 
notes we had described a Rana from Benton Co., Indiana, as a 
new species. It differed so much from the description of Z2. 
areolata areolata and L. areolata capito, that we felt justified in 
giving it a new name provisionally until other specimens could 
be obtained so as to decide more definitely its relationship, if 
there was any specific, with 2. areolata. An abstract of the 
following description was published in the second edition of 
Jordan’s Manual of Vertebrata, under the name of /2. cireulosa. 
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Since then, other specimens have been examined and carefully 
compared with some from Florida and Texas. These have con- 
vinced us that specitic differences do not exist between them. By 
comparing the description with those above, it will be seen, 
however, to differ as widely from them as they do from each 
other; therefore, if they can be retained as subspecies, the 
specimens falling under the following description will naturally 
form a third subspecies for which we propose to retain the name 
formerly used specifically, that is, eirculosa. 

67. L. areolata, subsp. circulosa. Above brownish-black, 
divided by very narrow lines of clay-color into circular and irreg- 

* ular blotches, which are largest posteriorly; arms with dark 
blotches; legs with transverse bars; posterior face of thighs mot- 
tled; beneath white; a few black spots along jaws; head broad, 
depressed; snout very obtuse, not produced; skin coarsely 
punctate above; a deep concavity between nostril and eye; 
diameter of tympanum and length of eye the same; internal 
nares oblique; the vomerine patches of teeth arranged obliquely 
between them; region above and behind tympanum much 
swollen; a broad, cutaneous fold on sides of back, narrower 
behind; a similar one from eye to arms; a third between these 
posteriorly; large oval tubercles on sides; hind surface and 
posterior half of under surface of thighs coarsely granulate ; 
fingers distinctly webbed at base; toes palmated only between 
first phalanges, the webs narrow and incised; L. three and 
forty-six hundredths inches; femur one and forty-two hun- 
dredths; tibia one and sixty-three hundredths; foot two and forty- 
five hundredths; arms one and eighty-five hundredths; width of 
head ‘one and thirty-two hundredths; length of leg five and five- 
tenths inches. Description taken from an alcoholic specimen 
collected in Benton Co., Indiana, by Mr. E. F. Shipman. 

In the collection of the Smithsonian Institution, there are 
specimens bearing the specific name of 72. areolata from Llinois 
(2), Texas (1), Florida (1), and Georgia (1). Those from 
Illinois, Florida, and Georgia have been labeled 2. areolata 
capito, the other £2. areolata areolata. The specimens from 
Illinois (northern portion) are in coloration like the one we have 
described above from Indiana, under the name of 7. areolata 
circulosa. The Texas specimen is white below, above light 
brown with dark brown biotches, rounded on front portion of 
body and encircled by a narrow whitish line, more angular 
posteriorly; otherwise as in 72. areolata circulosa. The Florida 
specimen is white below and yellowish or greenish above, and 
covered with rounded and more or less irregular brown spots; 
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otherwise as in 2. areolata capito. The Georgia specimen is 
plain brown above; below thickly and tinely mottled with brown 
and white; otherwise as in the last. The measurements of 
these are as follows: 

Length. Width Head. | Arm. | Femur. Tibia. Foot. 

| 

N. Illinois....... 2.00 in -75 in. .98in. | 68 in 87 in 1.31 in 
N. Illinois....... Leto iep Ae .93 ** Coif ae Siete T2bp Fe 
RVOrida).. .2)>.'=- - 2.12 * -90) ** 1.24 * LOOT er 1.06 ‘* J250/en 
Georgia......... Zien Gy 1.20 ‘* leas eee Lsi Se 18) ee 
Texas 3.12 1.06 “ 1.60 “ 1.50 “ 155 25 « 

68. 2. halecina, Kalm. Common Frog. Above greenish, - 
often bright, with distinct pale-edged dark blotches; a whitish 
line on sides of head; legs barred; beneath white or yellowish, 
occasionally dusky markings on throat; head rather elongated; 
tympanum moderate; a glandular fold along upper jaw and a 
well marked one on each side of back; generally a pair of ridges 
on coccyx; femur less than tibia; the latter more than one-half 
length of head and body; toes moderately webbed; L. two and 
three-quarters inches. North America. 

69. 2. palustris, LeCoute. Pickerel Frog. Above pale 
brown, with two rows of large oblong square blotches of dark 
brown on back, one or two on sides; spots in the same row 
sometimes confluent; a brown spot above orbits; one near 
snout; a dark line from nostril to eye; upper jaw white, spotted 
with black; arms with dark blotches; legs with transverse bars 
above; posterior surface of thighs mottled; beneath yellowish- 
white; head short, rather obtuse; body slender; tympanum 
moderate; glandular folds depressed, inconspicuous; toes well 
palmated; L. two and three-quarters inches; femur about equal 
to tibia, and one-half total length. Eastern region. 

70. RR. septentrionalis, Bd. Above brown or olive, with 
vermiculations of lighter; sometimes a few dark blotches poste- 
riorly; beneath white or yellowish, unblotched; a cutaneous 
fold on each side of back; femur and tibia about equal, and 
about one-half length of body; L. two and one-half inches. 
Canada to Montana. 

71. &. clamitans, Merrem. Green Frog. Above green or 
brownish, darker posteriorly; generally with irregularly disposed 
small blackish spots; arms with dark blotches; legs with narrow 
transverse bars; beneath white, sometimes tinged with yellow, 
and frequently marked with dusky in front; posterior surface of 
thighs mottled with black; tympanum large; an elevated 
cutaneous fold on each side of back; toes well palmated; femur 
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and tibia about equal, and one-half length of body; L. three 
inches. Eastern United States. 

72. R. cateshiana, Schaw. Bull Frog. Above greenish of 
varying shades, marked with numerous small dark spots; head 
usually bright, pale green; extremities blotched; posterior 
surface of thighs mottled with blackish; below yellowish- white, 
otten clouded with dusky; cutaneous folds none or incon- 
spicuous; head very large, as broad as long; tympanum large; 
interval between patches of palatine teeth comparatively larg 2e 5 
toes broadly webbed to the base of last joint; femur about 
equal to tibia, and less than one-half total length; L. five inches. 
Eastern United States. 

73. FR. temporaria, subsp. sylvatica, LeConte. | Wood 
Frog. Above pale reddish-brown; a dark brown vitta, narrow 
before and broad behind, from snout to near shoulder, bordered 
below by a yellowish white line; a black spot usually at base of 
arms; flanks mottled in front; extremities with transverse dark 
bars above; below white, sometimes mottled on anterior surface; 
head small, pointed; tympanum small; a narrow cutaneous fold 
on each side of back; femur and tibia about equal, the latter 
considerably more than one-half total length; L. one and three- 
eighths inches. Eastern region. 

74. L. temporaria, subsp. cantabrigensis, Bd. General 
appearance and size of preceding; light colored lateral folds 
and a dorsal line from snout to arms; sometimes dark spots 
above; a narrow light line along posterior face of thighs; tibia 
about one-half length of body. ” Canada to Rocky Mountains. 



REPTILIA. 

SYNOPSIS OF ORDERS. 

A. Cloacal aperture transverse; penis double; dorsal verte- 
bree movable upon one another and ribs upon them; teeth 
present; lungs free; limbs when fully developed, with free 
digits; heart trilocular. 

a. Rami of lower jaw loosely united in front by ligament 
and muscle, attached behind to a movable quadrate 
bone, which in turn is connected with a movable squa- 
mosal; palatine united to pterygoid only; no pectoral 
arch or urinary bladder; no eyelids or tympanic 
CAV IDV eRe Rie bdo nn 5 ome aati gee Ophidia. 

b. Rami of jaw more firmly united; no movable squamosal; 
anterior ends of palatines united to maxille and 
vomers; pectoral arch and urinary bladder present; 
usually with movable eyelids and a tympanic cavity. 

Lacertilia. 
B. Cloacal aperture round or longitudinal; penis simple. 

a. A dorsal shield or carapace present, composed of the 
much-flattened spinous processes of the dorsal vertebree, 
and the greatly expanded ribs, which are united to 
superficial bony plates; ribs and dorsal vertebree 
immovable; all vertebrze without transverse processes; 
an abdominal plate or plastron; pectoral and pelvic 
arches within shield; scapula and precoracoid anchy- 
losed; quadrate firmly united to skull; heart trilocular; 
lungs fixed against inner periosteum of carapace; no 
true teeth; urinary bladder present...... Testudinata. 

6. No carapace or plastron; anterior dorsal vertebree with 
elongated and divided transverse processes; teeth in 
sockets; lungs free; four well-developed limbs; heart 
quadrilocular; rami of lower jaw united by suture; 
quadrate immovably fixed to skull; no urinary bladder; 
movable eyelids, and rudimentary external ear. 

Crocodilia. 
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Order OPHIDIA. 

Synopsis oF FAmMILigs. 

A. Maxillary bone vertical; fangs erectile, perforated, and 
not grooved externally; a deep fossa on each side of head behind 
nostril, partly occupying the excavated maxillary... .. Crotalide. 

LB. Maxillary bone horizontal, not excavated; rudimentary 
extremities none. 

w. Maxillary with a permanently erect, perforated, and 
usually grooved tooth; neural spines and pleura- 
pophyses short; caudal hypopophyses bifid. 

LHlapide. 
y. Maxillary produced to premaxillary, bearing solid 

teeth; coronoid bone wanting......... Colubride. 

ARTIFICIAL Synopsis oF FAMILIES. 

A. Sub-caudal scutellz entire; head very distinct from body. 
Crotalide. 

ZL. Sub-caudal scutelle bifid. 
«. Postorbitals wanting; head continuous with body. 

Elapide. 
y. Postorbitals present; head variable..... Colubride. 

Family CROTALID. 

A. Top of head scaled; tail terminated in a rattle. 
Crotalus. 

£L. Top of head covered with symmetrical plates. 
a. Tail terminated in rattles............. Caudisona. 
6. Tail terminated in a horny point...... Aneistrodon. 

Genus Croratus, Linn. 
1. C. horridus, Linn. Northern Rattlesnake. Muzzle 

covered above with small plates or numerous scales; two mar- 
ginal shields between superciliary and rostral; rostral high, 
narrow, cuneiform; scales 23-25 rows, all carinate; 12-14 labials; 
two rows of scales between them and the orbit; a light line 
from superciliary plate to angle of mouth; on body two series 
of brown dorsal rhombs, which are confluent, except on the 
anterior part, forming transverse zigzag blotches; tail black; 
general color sulphur-brown of various shades; G. 165-170. 
Eastern and Austroriparian regions. 

2. C. adamanteus, subsp. adamanteus, (Beauv.) Cope. 
Diamond Rattlesnake. Muzzle, marginal shields, and rostral, 

4— 
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the same as in the preceding species; dorsal rows 27; 14-16 
labials; three rows of scales between suborbitals and labials; 
general color brown; three series of complete brown rhombs 
with yellow edges, the median row largest and separated only 
by their yellow margins; a yellow line from superciliary to 
angle of mouth; G. 165-170, North Carolina to Florida; 
Mississippi. 

Genus Caupisona, Laur. 

3. OC. miliaria, Linn. Ground Rattlesnake. Color above 
dark grayish ash; a series of 38 or 45 dark brown dorsal 
blotches, with a narrow yellowish border; a broad dorsal band 
of brownish-red passing through these from head to tail; three 
‘series of blotches on each side; a white line from lowest part 
of orbit extending back obliquely to angle of mouth; below 
reddish-yellow, marmorated with blackish blotches and minute 
dots; dorsal rows 22-95, all carinated; G. 130-140. Austro- 
riparian and Sonoran regions. 

4. C. tergemina, (Say) Cope. Massassauga. Color above 
brown; about thirty-four deep chestnut-brown dorsal blotches; 
blackish externally, and with yellowish-white margins; three 
lateral series of blotches; a narrow band of yellowish-white 
from the pit to neck; below blackish-brown and yellowish; color 
above sometimes uniform black; dorsal rows 25, all carinated 
except the outer one; G. 135-150. astern region west of 
Alleghany Mountains; Georgia. 

Genus Ancistropon, Beauv. 

5. A. piseivorus, subsp. pisctvorus, Lac. Water Moccasin. 
No loral plate; two pairs of occipitals; upper wall of pit formed 
by anti-orbital; third: labial large, constituting the inferior wall 
of orbit; general color brown, with 20 or 380 indistinct dark 
vertical bars, one or two scales wide; beneath black with 
yellowish-white blotches; an obsolete brown streak behind eye; 
dorsal rows 21-25; G. 188-145. Austroriparian region, except 
Texas. Hey, 

6. A. atrofuscus, Troost. Black Moccasin. Above dusky 
with rhomboidal smoky-gray dorsal blotches, disappearing near 
the black tail; beneath white, blotched with black and minutely 
punctate; upper lip white; dorsal rows 25; G. 130-140. 
Mountains of Tennessee and North Carolina. 

7. A. contortriw, Linn. Copper Head; Cotton Mouth. 
Loral present; suborbital plates present; one pair of occipital 
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plates; posterior wall of pit formed by anteorbital; general 
color hazel-brown, brightest on top of head; on sides 15-26 
dark blotches, somewhat resembling an inverted Y; sides of 
head yellowish-white; chin and throat unspotted; beneath dull 
yellowish, with a series of 35-45 large dark blotches on each 
side; dorsal rows 22-23; G. 150-155. Eastern and Austroripa- 
rian regions. 

Family ELAPIDZ. 

Genus Enars, Schu. 

Body slender; tail short; head somewhat depressed, gen- 
erally continuous with body; scales smooth; anal entire; sub- 
caudal bifid; nasals two; loral none; anteorbital one; post- 
orbitals two. 

8. £. fulvius, subsp. fulvius, Linn. Harlequin Snake. 
Head black anteriorly with a yellow ring across the occipital 
region; body anuulated with alternating red and black rings, 14— 
19 of each, which are separated from one another by a narrow 
band of yellow; the black rings covering about eight scales, the 
red six, and the yellow one or two; tail with alternate rings of 
black and yellow; colors beneath the same, but duller; the red 
spaces spotted with black; dorsal rows 15; G. 205-210. Aus- 
troriparian region. 

9. £. distans, Kenn. Body slender; annulated with alter- 
nating black and reddish rings, which are not separated by 
lighter ones; the black rings are narrow on the body, four or 
five scales wide, and are broad upon the tail, about eight scales 
wide; the plain, unspotted, reddish rings of the back, three or 
four times as wide as the black ones; on the tail, only a third 
or fourth as wide; dorsal scales small. Florida. 

Family COLUBRID. 

ARTIFICIAL SYNOPSIS OF GENERA. 

A. Dorsal scales smooth; anal divided. 
a. Nasals one. 

ibe Eretrontalienes. izisily./ionihgio oe as 6. Harancia. 
2. Prefrontals two or none. 

z. Anteorbital absent. 
+Postorbital one; unicolor........ 1. Carphophtops. 
tPostorbitals two; striped............. 5. Abastor. 

See 27 
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y. Anteorbitals present. 
+Superciliaries small, narrow, width nearly unitorm ; 

eye small.nit). ‘nish lee es Je eae eee 7. Contia. 
tSuperciliaries quite large, broadest posteriorly; eye 

Manoa hay... sokied (Ace ae een he 13. Cyclophis. 
b. Nasals two. 5 

A oral absent, y.' 56 Oe ae te eee ee eee 4. Tantilla. 
2. Loral present. 

x. Anteorbitals present. 
+One anteorbital. 

*Dorsal rower Lilt (th ee eee 12. Dromicus. 
** Dorsal rows 125, o20si0 Sas. see 14. Coluber. 

tT wo anteorbitals. — 
*Head depressed; anteorbitals nearly equal in 

SA- MERE As PS a ae KCTS. 11. Diadophis. 
**Head deep; upper anteorbital much the largest. 

17. Bascanium. 
yg. Anteorbitals absent...41 aes. Seewin een 2. Virginia. 

B. Dorsal scales smooth; anal entire. 
@, ioral absent 24) 3.3 J As See Sa eet ee ee ...9. Osceola. 
b. Loral present. 

1. Rostral acute, produced forwards, causing a sharply 
pointed Snoubs 0 cma ngs eRe 8. Cemophora. 

2. Rostral not produced. 
a. Superciliaries moderate; scales scarcely overlapping; 

Head, depressed <tc G..yo gia sana 10. Ophibolus. 
y. Superciliaries broad; scales imbricate; head deep. 

15. Spilotes. 
C. All or part of dorsal scales carinate; anal entire. 

@. “Postirontals §WO palis..// 2 00 det. eee 16. Pityophis. 
bs. Postirontals onespalt, io. sede ae eee eee 18. Hutwnia. 

D, All or part of dorsal scales carinate; anal divided. 
a. Nasals two. 

1. Rostral produced, recurved and keeled .23. Heterodon. 
2. Rostral not produced. 

oe? One preitontal oicz)./ Je ce face ao urn eee 3. Haldea. 
y. Two prefrontals. 
{Loral present. 

*Scales on back slightly carinate; sides smooth; 
AO A2B SS Ss UN Me ys eek as 14. Coluber. 

** All dorsal scales carinate; G. 130-170. 
21. Tropidonotus. 

ioral absent. cee nik i!) See 19. Storeria. 
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b. Nasal one. 
1. Two prefrontals; two postorbitals. 

w. Nasal not grooved below nostril; tail very long. 
13. Cyclophis. 

y. Nasal grooved; tail short..... 20. Lropidoclonium. 
2. One prefrontal; three postorbitals...... 22. Helicops. 

1. Genus Carpnorutorps, Gerv. 

Prefrontals present or absent; nasal one; orbit formed 
anteriorly by loral and postfrontal; postfrontal one; superciliaries 
very small; vertical broad; dorsal scales smooth; anal divided. 
head continuous with body; unicolor. 

a. One pair of frontal plates. 
10. C. helene, Kenn. Snout shorter and narrower than in 

the following species. Color above lustrous chestnut brown; 
beneath flesh color, which extends to second row of lateral scales; 
dorsal rows 13. Southern Illinois and Mississippi. 

b. Two pair of frontal plates. 

11. C. amenus, Say. Ground Snake. Color above chest- 
nut brown; yellowish or salmon color beneath; dorsal rows 13; 
G. 120-180. Massachusetts to Louisiana and Illinois. 

12. C0. vermis, Kenn. Worm Snake. Color above lustrous, 
purplish black; beneath flesh color, extending to third row of 
lateral scales; dorsal rows 13. Larger than the preceding species. 
Missouri, Kansas, and Southern Illinois. 

2. Genus Virani, B. and G. 

Nasals two, nostril in the anterior one; loral and postorbital 
forming anterior border of orbit; postorbitals two; vertical broad; 
dorsal scales smooth; anal divided; eye moderate; head distinct 
from body. 

13. V. valerie, B. and G. Color above yellowish or gray- 
ish brown, with minute black dots irregularly scattered or con- 
stituting rows; beneath yellowish; subrhomboidal dorsal scales 
in 15 rows; G. 120-130. Maryland to Illinois, and North Caro- 
lina. 

14. V. elegans, Kenn. Color above uniform light olive- 
brown; beneath dull yellowish-white; dorsal scales very narrow 
and elongated, in 17 rows. Southern Illinois and Arkansas. 

3. Genus Haupra, B. and G. 

Prefrontal one; nasals two; loral and postfrontal forming 
anterior part of orbit; postorbital one; superciliaries large; verti- 
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cal hexagonal, elongate; dorsal scales carinate, in 17 rows; anal 
divided; G. 120-130; eye large; head distinct from slender body; 
unicolor above. 

15. ZZ. striatula, (Linn) B. and G. Above reddish-gray; 
below salmon color; G. 125-130. Virginia to Texas; Lddinois 
(Ridgway). 

4. Genus Tantitia, B. and G. 

Nasals two; loral absent; anteorbital one; posterior one or 
two; dorsal scales smooth; anal divided; eyes small; head con- 
tinuous with body; unicolor. 

16. 7. coronata, B. and G. One anteorbital; two postor- 
bitals; color above reddish-brown; head a deep chestnut-brown; 
a black band across neck above, in front of which is a narrow 
lighter space; dorsal rows 15; G. 140-145. Georgia and Miss- 
issippi. 

5. Genus Asastor, Gray. 

Nasal one, grooved beneath nostril; loral and postorbital 
forming anterior part of orbit; postorbitals two; vertical elon- 
gated; dorsal scales smooth; anal divided; eyes moderate; head 
continuous with body. 

17. A. erythrogrammus, (Daud.) Gray. Red-lined Snake. 
Color above bluish-black, with three longitudinal lines of red 
(yellow in alcoholic specimens); median line narrowest; beneath 
flesh color, with two series of bluish-black blotches; dorsal rows 
19; G. 175-185. North Carolina to Alabama; Jddanois. 

6. Genus Faranora, Gray. 

Prefrontal one; nasal one; loral and postfrontal form anterior 
part of orbit; postorbitals two; dorsal scales smooth; anal divided; 
eye small; head slightly distinct from body. 

18. #. abacura, (Holb.) B. and G. Red-billed Horn Snake. 
Color above bluish-black, with sub-quadrate red spots on the 
flanks; beneath red, barred and blotched with black; dorsal rows 
19; G. 170-175. Austroriparian region. 

7. Genus Contra, B. and G. 

Nasal one; loral present; anteorbital one; postorbitals two 
or one; superciliaries small, narrow; width nearly uniform; ver- 
tical broad; dorsal scales smooth; anal divided; eye small; head 
short, depressed. 
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19. C. pygewa, Cope. Postorbitals two; color above black, 
with faint pale lines along the center of each scale on several 
lateral rows; beneath yellowish; tail reddish; dorsal rows 17; G. 
118-122. Florida. 

8. Genus Cemornora, Cope. 

Dentition isodont; rostral acute, produced forward, causing a 
sharply pointed snout; nasals one or two; loral one; anteorbital 
one; postorbitals. two; superciliaries small; dorsal scales smooth; 
anal entire; eye small; head subconical, continuous with body. 

20. ©. coccinea, Blumenbach. Superciliaries very narrow; 
upper labials six; body yellowish-red (crimson. in life), crossed 
by from 20 to 26 black rings, enclosing yellow ones; beneath 
uniform yellowish-white; dorsal rows 19; G. 160-170. Austro- 
riparian region. 

9.. Genus Oscroia, B. and G. 

Nasals two; loral absent; postfrontals very large, touching 
upper labials; anteorbital one; postorbitals two; dorsal scales 
smooth; anal entire; eye large; head distinct from slender body. 

‘21. O. elapsoidea, (Holb.) B. and G. Scarlet Snake. Post- 
orbital large, and extending to second upper labial; rostral very 
broad; ground color bright red, fading beneath, annulated by 
about 18 pairs of jet black rings, each enclosing a white one; the 
black rings tapering on the sides, the white ones widening; head 
red, maculated with black; a yellow collar on upper part of neck, 
bordered by black lines; dorsal rows 19; G. 175-180. Virginia 
to Florida; /dlinovs. 

10. Genus Opureotus, B. and G. 

Nasals two; loral present; anteorbital one; postorbitals 
two; superciliaries moderate; dorsal scales smooth, scarcely 
overlapping; .anal entire; head depressed; body rather thick; 
tail short; eyes small. . 

A. Dorsal rows 21. 
a. Predominating color black. 

22. O. getulus, subsp. getulus, (Linn.) Cope. Chain Snake. 
A series of large black blotches along middle of back, and another 
on eacheside; these are separated from one another by narrow, 
continuous, yellow lines; abdomen with central black blotches, 
which are usually confluent with those on sides; G. 210-225. 
East of Alleghanies, from Maryland to Florida and Louisiana, 
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23. O. getulus, var. sayt, (Holb.) Cope. King Snake. 
Above black, with a yellow spot in the center of each scale; 
these spots sometimes form interrupted transverse lines across 
the back; the scales between with indistinct or obsolete spots; 
abdomen yellowish white with black blotches; G. 210-225. 
From Alleghany to Rocky Mountains, north to Illinois; Wés- 
consin (Hoy.) 

6. Predominating color not black. 

24. O. doliatus, subsp. doliatus, (Linn.) Cope. Corn 
Snake. Color red (in alcohol, yellowish); back crossed by 
pairs of narrow black lines, between which are yellow ones; the 
lines of each pair separate on sides and become confluent with 
the nearest one of the adjacent pair; abdomen varied irregu- 
larly with black; G. 190-215. Maryland to Kansas; Illinois, 
Arkansas, Louisiana, and Texas. 

25. O. doliatus, subsp. coccineus, (Sch!.) Cope. Red Snake. 
The same as last, except that the black lines are not confluent 
with those adjacent, but form black rings extending around the 
body, the ends of which sometimes meet on the abdomen and 
sometimes not; G. 180-210. Florida to New Mexico; Kansas; 
Lllinors. 

26. O. doliatus, subsp. triangulus, (Boie.) Cope. Milk 
Snake. Color above grayish ash, with a dorsal series of about 
fifty chocolate blotches and two other series on each side. The 
dorsal ones about four scales long and 12-15 wide, separated by | 
intervals of one and one-half to two scales; beneath yellowish- 
white, with square black blotches; G. 200-215. Virginia to 
Canada; Iowa and Wisconsin. 

_ 27. O. rhombomaculatus, Holb. Color above light chest- 
nut, with a dorsal and two lateral series of darker rhomboidal 
blotches; the dorsal ones, about fifty in number, one and one- 
half to two and one-half scales long, six or seven wide, and 
separated by intervals of about three scales; beneath reddish- 
yellow, obscurely blotched with light brown; G. 200-205. 
North Carolina, Georgia, Illinois. 

LB. Dorsal rows 25. 

28. O. calligaster, Say. Above light olivaceous brown or 
gray, with a dorsal series of about 60 subquadrangular, emargi- 
nate, dark chestnut-brown blotches from head to tip of tail; two 
smaller lateral series on each side. Illinois to Kansas and 
Arkansas. 
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11. Genus Drapoputs, B and G. 

Nasals two; loral present; postorbitals two; anteorbitals 
two, rarely equal in size; dorsal scales smooth, anal divided; eye 
large; head depressed ; unicolor, with generally a light ring on 
the occipital region. 

A. Dorsal rows 15. 
29. D. punctatus, subsp. punctatus, (Linn.) Cope. Ring- 

necked Snake. Eye over fourth and fifth upper labials; body 
above bluish-black; beneath yellowish-orange, with a series of 
sub-triangular spots along sides of scutelle, and sometimes a 
similar medial series; tail beneath unicolor; eight upper labials 
and chin yellowish; a yellowish-white occipital ring, about two 
scales wide; G. 140-160. United States and Canada, east of 
the plains, and Texas. 

30. D. punctatus, subsp. amabdilis, (B. and G.) Cope. 
Eye over third and fourth upper labials; above blackish-brown; 
beneath yellowish-white, with crowded small black spots from 
head to end of tail; the seven upper labials and chin blackish- 
brown; occipital rmg narrow; scales on sides considerably 
larger than those on back; G. 180-185. Western United 
States, east to Ohio. 

&. Dorsal rows 17. 
31. D. arnyi, Kenn. Color above uniform leaden-black; be- 

neath yellow, spotted thickly and irregularly with black; the 
spots on under part of neck smaller; occipital ring light yellow, 
narrow, one and two half scales wide. Illinois and Kansas. 

12. Genus Dromicus, Bibron. 

Posterior maxillary tooth largest, not grooved, separated by 
an interspace from the rest; nasals two; loral rarely wanting; 
postorbitals two; dorsal scales rather short, rarely slightly cari- 
nate; generally in 17 or 19, exceptionally in 15 or 238 rows; 
anal divided; eye moderate. 

32. D. flavilatus, Cope. Nostril in the prenasal; color 
above golden brown; the two lower rows of scales gold-edged ; 
color of back commencing on the third row of scales; vertebral 
row sometimes darker tipped; below whitish; dorsal rows 17; 
G. 126. Coast of North Carolina. 3 

13. Genus Cyctopuis, Giinther. 
Teeth equal, smooth; snout protruding; loral one, occasion- 

ally wanting; postorbitals two; dorsal scales smooth or carinate; 
anal divided; eye large. 

5 



36 NORTH AMERICAN BATRACHIA AND REPTILIA. 

33. C. vernalis, DeKay. Summer Snake. Color above 
green; below yellowish; tail between one-third and one-fourth 
total length; dorsal rows 15, all smooth; G. 130-140. Eastern 
and Austroriparian regions. 

34. OC. estivus, (Linn.) Giinther. Grass Snake. Cvlor 
above bright green; below yellowish-white ; tail more than one- 
third of total length; dorsal rows 17, the vertebral ones strongly 
keeled; G. 150-160. Austroriparian region, north to New 
Jersey and Southern Illinois. 

14. Genus CotussEr, Linn. 

Nasals two; loral present; anteorbitals one; postorbitals 
two; dorsal scales slightly carinate along back, smooth on sides 
(the carinations sometimes obsolete); anal divided. 

A. Without longitudinal brown bands. 
a. Seales in 29 rows. 

35. C. emoryi, (B. and G.) Cope. Vertical longer than 
head; color above ashy-gray, with a dorsal series of transverse 
brown blotches, and two smaller lateral rows (sometimes traces 
of a third); dorsal blotches narrowly margined with black; 
beneath yellowish-white, with indistinct brownish blotches; ten 
or twelve outer rows of dorsal scales smooth, the rest slightly 
carinated; G. 210-220. Mississippi Valley to Kansas and 
Illinois. 

36. C. lindhewmert, B. and G. Vertical as broad as long; 
a series of black dorsal and lateral blotches; intermediate 
spaces lighter; scales edged with white; beneath greenish- 
white; bluish slate color on centers of scutelle, especially pos- 
teriorly; dorsal scales obsoletely carinated; outer ten rows 
smooth; G. 225-235. Texas, Arkansas, and Southern Illinois. 

b. Scales in 25 rows; vertical broader than long. 
87. C. vulpinus, B. and G. Fox Snake. Color above 

light brown, with about 60 transverse,. quadrate, chocolate 
dorsal blotches, margined with black; one or two lateral rows 
of same color; dorsal blotches three or four scales long; beneath 
yellowish-white, with alternating quadrate black blotches; the 
four lateral rows of scales smooth; G. 200-210. Massachusetts 
to Kansas, and northward. 

c. Scales in 25-27 rows; vertical longer than broad. 
38. OC. obsoletus, subsp. obsoletus, (Say.) Cope. Pilot. 

Snake. Color above uniform black; a few scales narrowly 
edged with white; beneath slaty-black, except ‘on the chin and 
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throat, which are yellowish; dorsal rows 27, the seven outer 
smooth; G. 230-235. Eastern United States from Texas to 
Massachusetts. 

39. C. obsoletus, subsp. confinis, B. and G. Color above 
ashy-gray, with a series of about 45 dark chocolate-brown dorsal 
blotches, with indistinct black margins; blotches six or seven 
scales long and eleven wide; twosmaller lateral series; beneath 
yellowish, blotched with black; dorsal rows 25, outer six 
smooth, the rest obsoletely carinated; G. 235-240. Austroripa- 
rian region to Missouri; S. //dinozs. 

40. C. guttatus, Linn. Color above light red, paler on 
sides, with a series of about 45 dark brick-red quadrate dorsal 
blotches, deeply margined with black; two more or less distinct 
series of similar lateral blotches. In some alcoholic specimens 
the blotches are hazel, with lighter intervals; beneath yellowish- 
white, with sub-quadrate black blotches; dorsal rows 27, very 
obsoletely carinated; G. 215-235. Austroriparian region to 
Virginia; S. Lllinois. 5 

£&. With four longitudinal brown bands. 
41. C. quadrivittatus, Holb. Chicken Snake. Color 

above greenish-yellow, with a brown lateral and dorsal band on 
each side; beneath light straw color; dorsal rows 27, only five 
or eight median ones carinated; G. 230-240. North Carolina 
to Florida. 

15. Genus Spinores, Wagler. 

Nasals two; loral one, sometimes two; anteorbitals one or 
two; postorbitals two; superciliaries very broad; dorsal scales 
smooth, slightly carinate along the back in some foreign species ; 
anal entire; head deep. 

42. §. coupert, Holb. Postorbitals over the fourth labial; 
color above black; beneath dark slate; no red markings on 
abdomen; G. 185-187. Georgia. 

43. S. erebennus, Cope. Postorbitals over the fifth labial; 
color above black, with scattered spots of reddish-white at base 
of the scales; beneath slate color, anteriorly with bases of 
scutelle red; G. about 195. Texas to Alabama. 

16. Genus Prryoputs, Holb. 

Vertical elongated, sometimes absent; posterior frontals 
two pairs; loral one; anteorbitals one or two; postorbitals three 
or four; dorsal scales carinate along back, smooth on sides; 
anal entire. 
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44. P. melanoleucus, Daud. Pine Snake. Bull Snake. 
Anteorbital one; postorbitals three; color above whitish, with 
a dorsal series of brown blotches, margined with black, 24 to 
the anus; three series of lateral blotches which are more or less 
confluent; dorsal scales in 29 rows, the four outer ones smooth, 
the next three obscurely carinate; G. 220-230. New Jersey to 
South Carolina, Ohio, dfichigan (Gibbs). 

45. P. sayi, subsp. say?, Schl. Western Pine Snake. 
Anteorbital one; postorbitals three; color above chestnut-brown, 
with numerous transverse reddish-orange blotches, which form 
bands posteriorly; sides mottled with black and orange; dorsal 
scales in 25 rows; G. 220-225. Illinois to Kansas and: north- 
ward. 

17. Genus Bascantum, B. and G. 

Nasals two; loral present; anteorbitals two, upper much 
the larger; postorbitals two; dorsal scales smooth; anal 
divided; eye very large; head narrow, deep; body slender. 

46. B. constrictor, Linn. Center of eye over fourth labial, 
which alone is in contact with postorbital; color above in adult, 
pitch-black; beneath with greenish tinge; young with dorsal 
blotches; dorsal rows 17; G. 175-190. Austroriparian and 
Eastern regions. 

47. B. anthicum, Cope. Eye over third and fourth or 
fourth and fifth labials; color above black, varied with many 
yellow scales which are either single or grouped in irregular 
spots; beneath yellow; dorsal rows 17. Louisiana. 

48. B. flagelliforme, Catesb. Center of eye over junction 
of fourth and fifth labials, the last in contact with the postorbital; 
color above black anteriorly and brownish posteriorly, lightest 
on tail; beneath yellowish-white, blotched with brown anteri- 
orly; dorsal rows 17; G. 200-210. South Carolina to Florida. 

18. Genus Eura#nia, B. and G. 

Nasals two; loral present; anteorbitals one or two; post- 
orbitals three or four; dorsal scales carinate; anal entire; 
general color three light stripes on a dark ground. 

A. Lateral stripe on third and fourth rows of scales. 
a. Scales little or not spotted, in 19 rows. 

x. Dorsal band complete. 
*Stripes uniform in color. 

49. E. saurita, (Linn.) B. and G. Riband Snake. Oolor 
above bright chocolate; light brown below, lateral stripes; 
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beneath greenish-white; tail more than three and less than 
three and one-quarter times in total length; G. 150-160. Aus- 
troriparian and Eastern regions. 

50. EF. faireyz, B. and G. Garter Snake. Color above 
blackish-brown; beneath greenish-white; color above and below 
lateral lines the same; tail less than one-third total length; G. 
165-180. Mississippi Valley from Louisiana to Wisconsin. 

**Stripes not uniform in color. 

51. £. proxima, (Say.) B. and G. Color above black; 
dorsal stripe ochraceous yellow or brown; lateral ones greenish- 
white or yellow; light below lateral lines; beneath greenish- 
white and yellowish; tail three and one-half or more times in 
total length; G. 165-180. Mississippi Valley north to Wiscon- 
sin; Texas and Northern Mexico. 

y. Dorsal band incomplete or wanting; all scales keeled. 

52. HE. sackeni, Kenn. Color above olive-black; not 
lighter below the very narrow greenish-yellow lateral stripes; 
beneath uniform greenish; tail one-third total length. Floridan 
district. 

6. Scales above and below lateral line with sub-quadrate 
black spots. 

53. HE. radiz, B and G. Hoy’s Garter Snake. Color 
above varying from deep brownish-black to olive-green; with 
three narrow gamboge-yellow stripes; six series of black spots, 
sometimes obscure; below greenish with black markings pre- 
dominating on sides; tail about five times in total length; 
superior labials seven; dorsal scales rough, in 19-31 rows; G. 
150-160. Central region to Lake Michigan; Oregon. 

L. Lateral stripe on second and third rows of scales. 
a. Scales in 21 rows. 

54. EH. vagrans, B. and G. Color above ashy or brown, 
with dorsal stripe on a single row of scales, sometimes wanting; 
on each side about 100 small black spots in two series; beneath 
plumbeous or slate color; superior labials eight; G. 160-180. 
.Central, Pacific, and Northern regions; J/linois (Nelson). 

b. Scales in 19 rows. 
w. A dorsal band. 

55. &. sirtalis, subsp. sirtalis, (Linn.) Cope. Common 
Garter Snake. Color above olivaceous-brown, three series of 
small spots on each side, about 70 from head to anus; the upper 
series encroaching on the narrow and rather indistinct dorsal 
stripe; greenish-white below the lateral lines and on abdomen; 
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G. 135-160. Entire North America, except Sonoran region and 
along Pacific coast. 

56. FE. sirtalis, subsp. parietalis, (Say.) Cope. Color above 
olive-brown; two series of quadrate black blotches on sides, be- 
tween which are blotches of brick-red; beneath bluish-green; 
G. 155-160. Central and Pacific regions; Indiana and Illinois. 

57. E. sirtalis, subsp. obscura, Cope. Color above uniform 
brown; spots obscure; dorsal and lateral bands distinct. Eastern 
sub-region north of Washington; northern part of Pacific 
region. 

58. E. sirtalis, subsp. dorsalis, (B. and G.) Cope. Color 
above olivaceous, with three broad greenish-white stripes; below 
lateral ones and on abdomen greenish-white; two rows of small - 
spots on each side, the superior row connected by a narrow line; 
upper labials seven or eight; G. 160-170. Entire North 
America. 

y. No dorsal band. 

59. E. sirtalis, subsp. ordinata, (Linn.) Cope.  Oolor 
above olive, with three distinct rows of dark square spots, about 
85 from head to anus; lateral and dorsal stripes very indistinct 
or wanting; beneath greenish-white, with black spots on sides of 
scuttele; G. 135-155. Northern part of Eastern region and 
North Alabama. 

19. Genus StorertA, B. and G. 

Nasals two; loral absent; anteorbitais one or two; postorbi- 
tals two; dorsal scales carinate; anal divided; head distinct from 
small body; general color brown, with two dotted dorsal lines. 

60. S. dekayi, (Holb.) B. and G. DeKay’s Brown Snake. 
Color above gray or chestnut-brown, with a clay-colored dorsal 
band; a series of dots alung its margin, two scales apart; two 
other dotted lines and traces of a third on sides; a dark patch 
on each side of the occipital; beneath grayish-white; one ante 
and two postorbitals; dorsal rows 17; G. 120-140. Central, . 
Austroriparian and Eastern regions. 

61. S. occipitomaculata, (Storer.) B. and G. Red-bellied 
Snake. Color above gray or chestnut-brown, with sometimes a 
paler vertebral line, margined by a series of black dots; three 
light blotches on base of head; beneath red or salmon-color; 
two anterior and posterior orbitals; dorsal rows 15; G. 115-130. 
Eastern region; South Carolina and Georgia. 
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20. Genus TroprpocLtonium, Cope. 

Nasal one; grooved below nostril; ioral present; anteorbital 
one; postorbitals two; dorsal scales carinate; anal divided. 

62. TZ. kirtlandi, (Kenn.) Cope. Kirtland’s Snake. Body 
stout; head small, continuous with neck; tail short and small; 
ground color light reddish-brown, with four dorsal series of 
circular black spots, the two central series smallest; beneath 
uniform reddish, with a row of small black spots on ‘each side; 
dorsal rows 19; G. 130-140. Illinois to Ohio. 

21. Genus Troprponorus, Kuhl. 

Nasals two; loral present; anteorbitals one or two; postor- 
bitals two or three; all dorsal scales carinate, except occasionally 
one or two outer rows; anal divided. 

A. Five or more longitudinal bands on a light ground. 

63. ZT. grahami, Band G. Anteorbitals two; postorbitals 
three, lower very small; a light brown dorsal band, on each side 
of which is a narrow black band, three scales below is a second 
black line, and between the abdomen and sides a third; above 
the second line the scales are brown, below it straw color; 
beneath yellowish, with a blackish band under tail; dorsal rows 
20, all carinate; G. 160-165. Mississippi Valley to Nu eanst ae 
Michigan. 

64. 7. leberis, Linn. Anteorbitals two, upper larger; post 
two, upper smaller; color above chestnut or chocolate-brown; a 
black band on median row of scales, another on the fifth, and a 
broader yellow band on the first and second; beneath yellowish, 
with two brown bands; dorsal rows 19, all carinated. Austrori- 
parian and Eastern regions. 

65. TZ. rigidus, Say. Anteorbitals two, upper larger; post 
two, nearly equal in size; color above ereenish- -brown, with a 
deeper brown spot at base of each scale on the flanks; two brown 
bands on back; beneath dull yellowish, with two series of brown 
blotches; dorsal rows 19, two outer obsoletely or not at all cari- 
nated. Pennsylvania to "Georgia, east of the Alleghanies. 

£. Unicolor or transversely barred or blotched. 
w. No suborbital plates. 

Dorsal rows 19, all carinated. 

66. Z. compsolemus, Cope. Postorbitals three, lower very 
small; color above blackish-brown, with indistinct pale transverse 
bands, two or three scales apart; beneath a stone-brown, generally 



42 NORTH AMERICAN BATRACHIA AND REPTILIA. 

darkest in the center; a yellow spot near anterior border of each 
of the anterior gastrosteges; G. 125-130. Florida. 

Dorsal rows 21, all carinated. 

67. 7. compressicaudus, Kenn. Body much compressed 
near tail; postorbitals three, upper and lower small, middle one 
with lower border produced to labials; color above yellowish- 
olive; four black stripes on neck; body anteriorly crossed by 
zigzag black bars, posteriorly with three series of spots, not 
alternating. Florida. 

68. TZ. wstus, Cope. Nostril in the prenasal plate; postor- 
bitals two; color above yellowish ferruginous, palest on the head 
and darkest on the tail; anteriorly are indistinct half bands; 
posteriorly the bands cross the back completely; beneath salmon 
colored; G. 125-130. Florida. 

Dorsal rows 23-25. 
69. 7. fasciatus, Linn. Postorbitals two or three; color 

above blackish-brown, with transverse black dorsal blotches, and 
about 85 sub-triangular or oblong red spots on the flanks; some- 
times broken rings of yellow dots across back; beneath reddish- 
white, sometimes blotched with black; G. 128-135. Austrori- 
parian regions. 

70. T. sipedon, subsp. siypedon, Linn. Postorbitals three; 
color aboye brownish, with three series of alternating dark 
blotches bordered with black, more or less confluent, especially 
anteriorly, about 30 from head to tail; the light intervals some- 
times obsolete; beneath yellowish blotched with brown; G. 185— 
145. Eastern and Austroriparian regions, except Texas. 

71. 7. sipedon, subsp. woodhousei, B. and G. Color above 
dusky, with three series of black blotches, about 40 in number; 
a narrow whitish line between the dorsal blotches; beneath yel- 
lowish, sometimes spotted with black; G. 140-150. Texas to 
Missouri; Jdlinois. 

72. T. sipedon, subsp. erythrogaster, Shaw. Postorbitals 
three; dorsal scales very strongly keeled on posterior part of 
body; color above uniform reddish (black in alcohol), and beneath 
copper color; G. 148-155. Austroriparian region, except Texas; 
Michigan, //linozs, Kansas. 

Dorsal rows 29, all carinated. 

73. ZT. tawispilotus, Holb. Postorbitals two; color above 
reddish-brown, with three series of subquadrangular blackish 
blotches, about 46 in number; the dorsal series seven to ten rows 
wide, and two to three scales long; the lateral series nine to ten 
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rows wide, and three to five scales long; beneath yellowish-white, 
with brown blotches; G. 140-145. North Carolina to Georgia. 

Dorsal rows 27, all carinated. 

74. 7. rhombifer, Hallowell. Postorbitals two or three; 
color above light brown; about 50 dorsal blotches of same color, 
surrounded by black lines; beneath yellowish-white, blotched 
with darker; G. 140-145. Louisiana to Illinois and Michigan. 

y. A suborbital series of plates; dorsal rows 29-31. 
75. 7. cyclopium, Dum. et Bib. Ante and _ postorbitals 

two; (in Cuban specimens, one anteorbital and only 28 dorsal 
rows); color above dark plumbeous brown, with blackish alter- 
nating vertical bars, one or one and one-half scales wide, and 
three and one-half or four scales apart; beneath brownish-white; 
G. 140-145. Florida; 8. Zllinois. 

22. Genus Herricors, Wagler. 

Teeth smooth, the posterior two in upper jaw longer than 
and separated from the others; prefrontals one or two; nostril 
not higher than wide; nasal grooved; loral sometimes absent; 
anteorbitals one or two; postorbitals two or three; temporals four 
to twelve; upper labials eight or nine; lower nine or eleven; 
dorsal scales carinate in 10 to 25 rows. 

76. H. alleni, Garman. Head continuous with neck; one 
prefrontal; nasal plates meeting behind rostral; loral present; 
one ante and three postorbitals; color in longitudinal bands; the 
vertebral dark brown, five and two half scales wide; the next 
yellowish-brown, two half scales wide; the next dark brown, two 
and two half scales wide; the next brownish-yellow, two and one- 
half scales wide; beneath and on upper labials dull yellow or 
straw color; dorsal scales smooth, in 19 rows, exterior very wide; 
two vertebral rows of tail strongly keeled; G: 128. Florida. 

23. Genus Hereropon, Beauv. 

Posterior palatine teeth largest; rostral produced, recurved 
and keeled; behind rostral and between frontals one or more 
sinall plates; nasals two; loral one or two; orbit bordered below 
and on sides by a continuous chain of small plates; dorsal scales 
more or less carinate, smooth in some foreign species; anal 
divided; head broad and short; body stout; tail short; head, 
neck and body capable of great dilation. 

A. Azygos in direct contact with frontals. 
17. H. platyrhinus, (Latr.) Cope. Blowing Adder. Ros- 

tral prominent; scales on back of head carinate; center of eye 
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over fifth labial; color above yellowish or brownish, with darker 
dorsal blotches, 20 to 30 from head to anus; sides more or less 
mottled with dark blotches; occasionally uniform black above; 
dorsal rows 23-25; all, or all but two or three outer rows strongly 
keeled; G. 125-150. ’ Austroriparian or Eastern regions. 

78. LH. platyrhinus, subsp. atmodes, (B. and G.) Cope. Ros- 
tral obtuse, but little prominent; scales on back of head obsoletely 
carinate; center of eye over fourth labial; color above pitch-black, 
with 25 light yellow transverse dorsal bands (sometimes nearly 
obsolete); sides mottled with black and yellowish; beneath 
yellowish, blotched with black; young specimens somewhat 
lighter; dorsal rows 23; the scales with short keels, the outer 
rows obsoletely carinate; G. 130-145. North Carolina to 
Georgia. 

BL. Azygos encircled by from five to ten small plates. 

79. H. simus, subsp. simus, (Linn.) Cope. Hog-nosed 
Snake. Vertical as broad as long; upper labials high, seven to 
eight; ground color above light brownish-yellow, with a dorsal 
series of about 35 transverse black blotches; on sides from one 
to three smaller series; beneath yellowish, obscurely maculate; 
dorsal rows 25, outer ones smooth; G. 115-135. Austroriparian 
region, except Texas; Lliinows and Wesconsin. 

Order LACERTILIA. 

SYNOPSIS OF FAMILigs. 

A. Vertebree proccelian; parietal bone single. 
a. Pterygoid in close contact with sphenoid. 

Teeth simple, conical, and pointed, attached to the inner 
side of the jaws; tongue scaly; body covered by 
square equal shields; limbs usually absent; tail very 
SHOT Ue sel a TA Ta PU eee tS Amphisbenide. 

b. Pterygoid not touching sphenoid. 
x. Supranasal plates not more than one pair; clavicle 

with a dilated proximal end. 
Premaxillary single; temporal fossee not roofed; 
xiphisternal fontanelle present; tongue squamose 
or squamose-papillose; nostril either in a plate or 
putre (6 UE Ok ee eae Tede. 
Premaxillary double; temporal fossxe roofed ; 
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xiphisternal fontanelle rarely present; tongue 
squamose; nostril in a plate.......... Seincide. 

Supranasal plates numerous; internasal plate large, 
transverse; head shielded behind; tongue papillose, 
sheathed at the tip; clavicle with a simple proximal 
end; mesosternum cruciform ..........4 Anguide. 

Tongue simple, papillose; clavicle with a simple, 
proximal end. 

Articular bone and xiphisternal fontanelle want- 
ing’; abdominal ribs present ......... Anolide. 
Articular bone and, generally, xiphisternal fon- 
tanelle present; abdominal ribs rarely present. 

hae 
B. Vertebre usually amphiccelian; parietals double. 

Pterygoid not touching sphenoid; tongue papillose. 

= 

w 

Gecconidw. 

ArtiFiciAL Synopsis or FAMILizs. 

A. Limbs none. 
Tongue scaly; eyes invisible.......... Amphishenide. 
Tongue not scaly; eyes visible. ........... Anguide. 

B. Limbs present. 
x. Toes simple. 

1. Tongue deeply bifid at end; scales of back small, 
er Siiteare he Weal a tinas aveget Fach une Teide. 

2. Tongue not deeply bitid. 
Scales of back lar ge, smooth. .... Seineide. 
Scales of back large, carinate........ Iquanide. 

y. Toes expanded into disks near the end. 
Toes clawless; scales of back large, keeled. Geeconide. 
Toes with claws; scales of back granular... Anolide. 

Family AMPHISBAINID 4. 

Genus Rutneura, Cope. 

Nasal shields present; ten or twelve plates on head; no pre- 
«nal pores; tail depressed, and tuberculous above; eyes invisible. 

80. R. floridana, Baird. Floridan Blind Snake. Vertical 
plate large and irregularly pentagonal; occipitals small; three 
small plates on each side of vertical; nasal single ; superior labials 
four; inferior three or four; sternal plates small, about 12; three 
pair of preanal plates in a longitudinal Series, superior maxillary 
teeth 5-5, anterior pair longest ; 14 to 16 rings on tail, all but 
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basal ones tuberculous; color dirty white; head yellowish above. 
Florida. 

Family SCINCID At. 

Nasal plate single, ungrooved, nostril in the center; rostral 
erect, triangular; scales smooth; limbs present; toes compressed, 
five on each foot. 

Palate toothless; supranasal plate none; lower eyelid 
with a transparent disk; ear large, circular, entirely 
OXPOSE iio. Locke. GUN ge tere cae gine operant Oligosoma. 
Palate toothed; supranasal plates two; lower eyelid 
scaly; limbs strong; ear dentate in front..... Humeces. 

Genus Oricosoma, Grd. 

81. O. laterale, (Say.) Grd. Ground Lizard. Head short; 
body and tail long; color above chestnut, with a black lateral line 
from snout to near tip of tail; beneath neck silvery-white; abdo- 
men yellowish; tail blue; limbs weak. Austroriparian region; 
South Carolina. 

Genus Eumecrs, Wieg. 

82. HE. septentrionalis, (Bd.) Cope. Northern Skink. One 
postnasal plate, not separating the internasals and postfrontals; 
color above olive; with four equidistant and equal dark stripes, 
covering two half rows of scales; two narrow white lateral lines 
traversing the centers of a single row of scales, margined by 
black; upper lateral stripes separated by six rows of scales; be- 
neath greenish. Minnesota, Nebraska, and Wisconsin. (Hoy.) 

83. E. egregius, (Bd.) Cope. Floridan Skink. One post- 
nasal plate, separating postfrontal and internasals; four upper 
labials; two central dorsal rows of scales largest; ear very small; 
color above reddish-ash, with two white lines on each side, mar- 
gined with dusky; sometimes a third; each on the center of a 
single row of scales; upper lateral lines separated by two plain 
rows of scales. Florida. : 

84. E. onocrepis, Cope. Frontal in contact with vertical; 
postfrontals not in contact medially; superciliaries three, anterior 
longest; superior labials eight; dorsal scales equal; color above 
dark brown, darkest on sides and lightest on tail; two narrow 
light lines on each side of head and neck, none on body or tail ; 
below white or straw color. Florida. 

_ 85. E anthracinus, (Bd.) Cope. Coal Skink. Color above 
dark bronze, with four yellow lateral stripes, between and above 
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and below which are lines of anthracite black; the upper yellow 
line on the center of a single row of scales; the lower on parts 
of two rows; tail dark blue above; below yellowish-white. 
Pennsylvania to Texas, in mountains. 

86. £. obsoletus, (B. and G.) Western Skink.  Parieto- 
occipital and vertical the largest cephalic plates; color above 
greenish-white; the scales narrowly margined with black; beneath 
uniform. Sonoran region, borders of Central and Austroriparian, 
Lllinois (Forbes). 

87. EL. fasciatus, (Linn.) Cope. Common Skink.  Post- 
nasals one or two, separating internasals and postfrontals; super- 
ciliaries five; superior labials eight; dorsal scales equal; color 
above bluish-black, or olive-brown, with five yellow lines, the 
median one forming two on the head; the superior lateral ones 
bordering the superciliaries; inferior lateral. extending forward 
on superior labials; the median and superior lateral line on parts 
of two rows of scales; the inferior lateral on one and one-half or 
two rows before and just behind arms, but covering a single row 
on sides; the lines are two rows apart, and frequently partially 
or wholly absent. Head sometimes reddish. Below yellowish- 
white. Central, Austroriparian, and Eastern regions. 

Family TEIDA. 

Genus Onemiporrorvs, Wieg. 

Body slender; above covered with small, granular scales; 
below large ones; tail long, ringed with large, carinated scales ; 
head long, narrow, pyramidal, covered with large regular shields ; 
ear large; tongue long and slender, bifid at end; generally two 
gular folds; outer part of arms and legs covered with large shields. 

88. C. serlineatus, (L.) D. and B.  Six-lined Lizard. Inter- 
nasal none; superciliaries three, two large; color on head and 
along back dusky brown; on each side three yellow longitudinal 
lines, the upper one short, and somewhat indistinct; between 
these longitudinal lines jet black; throat silvery-white; abdomen 
bluish-white. Sonoran, Austroriparian regions to 8. E. Virginia; 
Lllinois and Wisconsin. 

Family ANGUID. 

Genus Opnerosaurus, Daud. 

Tongue arrow-headed in shape, with a triangular notch in 
front; anterior free part with granular papille; teeth in several 
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rows on the palate; nostrils lateral in a single plate; supra-nasal 
shields narrow and numerous; ear small; body serpentiform, 
with two deep lateral furrows; limbs none. 

89. O. ventralis, Daud. Glass Snake. Markings some- 
what variable, but generally yellowish on back, frequently with 
spots of brown or greenish; two narrow brown or black dorsal 
lines; sides brown, with two narrow longitudinal greenish: lines, 
often spots of the same; below yellowish white. Austroriparian 
region; Kansas; Iuinois and Southern Wisconsin. 

Family IGUANIDE. 

Genus SceLovorus, Wiegman. 

Body depressed, covered with large, keeled scales; caudal 
and dorsal the same, except that those of the back are arranged 
in transversely diagonal series and those of tail in simple trans- 
verse; back not crested; sides not serrate; head without spines, 
the plates smooth, slightly CONVEX 5 throat with a fold on each 
side; nostril superior, subapical; ear with a dentate fringe of 
scales in front; femoral pores distinct; toes simple. 

90. S. undulatus, subsp. undulatus, Uarl. Superciliaries 
in four rows, the two outer and the inner small; scales of back 
large, strongly carinate, about 35 oblique rows from head to base 
of tail; scales on inside of tibia not carinate; color: variable; 
above greenish or bluish with transverse undulating dark bands; 
below yellowish, mottled with darker and usually a large blue 
or greenish blotch on throat and sides; length about seven inches. 
North America, except Sonoran and Lower Californian regions. 

91. S. floridanus, Baird. Superciliaries in three rows, the 
inner and outer small, the middle large; scales of back large, 
rough, about 33 oblique rows from head to base of tail; scales on 
sides of tibia carinate; color above greenish-yellow, with two 
broad yellow stripes, five scales apart, and with distinct blackish 
transverse bars; larger than 8. undulatus. Florida. 

Family ANOLID. 

Genus Anoris, Merrem. 

Teeth on palatines; toes 5-5, long and slender; the penulti- 
mate joint in all except the inner ones, which are ‘rudimentary, 
much expanded; hind limbs longer than the fore; scales of body 
small and rounded; skin on throat loose and m: re or less inflata- 

a 
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ble: back with or without a crest; upper jaw rounded at end, 
even with the lower; rostral erect. 

92. A. principalis, Linn. Green Lizard; Floridan Cha- 
meleon. Head pyramidal, broad and flattened; tail rounded and 
tapering, covered with imbricate scales, which are larger than 
those of the body; length more than one and one-half times that 
of head and body; color of head brown; of body above, varying 
through all shades from bright pea-green to bronze- brown; a 
lighter dorsal stripe; back and sides with fine brown AGZAg lines ; : 
body below ashy, greenish, or soft white; loose skin on throat 
with longitudinal brown lines; sometimes scarlet; no crest. 
Austroriparian region. 

Family GECCONIDE. 

Genus SpH#Ropacrytus, Cuv. 

Seales of back equal, granular or rhombic; tail with a 
central series of shields; neither femoral nor preanal pores; eye- 
lids circular. Toes with a single series of transverse plates beneath; 
clawless, with a terminal compressed point; free, slender, sub- 
cylindrical at base, with a small, entire, circular terminal disk, 
convex beneath. 

93. S. notatus, Baird. Scales on back and sides large, 
strongly carinated, on belly smaller, smooth, hexagonal; above 
light br -ownish- yellow; dotted all over with reddish- ‘brown, most 
distinctly on head and least on belly. Key West, Fla. (Cuba). 

Order TESTUDINATA. 

Synopsis oF FAMILIES. 

A. Forearm and hand, and leg and: foot, in the form of 
wings or paddles; not capable of distinct movements at wrist 
and ankle joints; digits flattened, elongated, and bound immov- 
ably together by the integument. 

au. Feet scaleless; the anterior pair very large; the pos- 
terior smaller but broad.............. Sphargidide. 

b. Féet covered with scales.............. .. Chelonide. 
&. Limbs not in the form of paddles, capable of distinct 

movements at wrist and ankle joints. 
a. Shield leathery, incompletely ossified; feet with few 

scales; head ‘long and pointed; body very flat. 
Trionychide. 
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b. Shield completely ossified. 
x. Fingers and toes not bound closely together; more 

than the distal phalanges free. 
*Tail crested, very long and strong; plastron 

narrow and small; bony vertebral plates 12, 
continuous the whole length of carapace; 
plates of plastron nine; head large; neck long 
and stout; body highest i in front.. Chelydride. 

*< Tail short; plastron usually broad and large. 
1. Lower jaw with a long, strong, sharp point 
at symphysis; bony vertebral plates from 5—‘, 
not continuous; plates of plastron eight in 
adult; iliac bones arched outwards; coracoids 
reaching back of middle transverse suture of 
plastron; coracoid and pubis closely approxi- 
mated ; skin loose on knees and elbows; tail 
tipped with a horny spur in males. 

— Cinosternide. 
Lower jaw without long point at symphysis; 

Bae vertebral plates 10, ‘continuous; plates of 
plastron nine; iliac bones nearly parallel ; cor- 
acoid not reaching middle transverse suture ; 
skin clinging more or less to knees and elbows. 

Limydide. 
y. Fingers and toes bound ‘closely together; only the 

last joint free; bony vertebral plates abont 10; 
plates of plastron nine; iliac bones wider apart at 
hip jomts'than at-sacrum. 2.2.2 Testudinide. 

Family SPHARGIDID 4. 

Body highest in front and widest at the anterior edge of the 
bridge; posterior limbs much exposed; head high, short and very 
broad at the back; two pits and two teeth-like projections on the 
upper jaw; a single, median projection on the lower. There is 
but one genus in the family. 

Genus Spuarais, Merrem. 

Body covered by a smooth coriaceous skin; feet without 
nails; several longitudinal ridges along carapace. 

94. S. coriacea, Rondelet. Leathery Turtle. Color above 
dark brown; below whitish; nodules along the longitudinal 
ridges of carapace, On the Atlantic coast to Massachusetts, 
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Family CHELONID 4. 

Body highest in front, and widest about the middle; no 
tooth-like projections on the j jaws; carapace heart-shaped. 

A. Costal scales five on each side; scales around the large 
median plate on top of head 13 to 20; scales on cheeks 15 to 20); 
cutting edge of lower jaw not serrated......... T: halassochelys. 

B. Costal scales four on each side; scales around large 
median plate on top of head seven. 

a. Scales on cheeks from 7 to 10; cutting edge of lower 
dey MUG SEPTALE 6 it 2 3020p .54 mo he Seale Eretmochelys. 

b. Large scales on cheeks 15 to 20; cutting edge of lower 
a CEP DIV SCPTALG.) 5 wis) sin te are's dhe wet is Chelonia. 

Genus THALassocue.ys, Fitz. 

95. 7. caowana, Linn. Loggerhead Turtle. Head low, 
broad and flat; jaw with strong, pointed beaks; shell smooth, 
subcorditorm; vertebral scales 5, costal 10, and marginal 25 to 
27; scales not imbricate; two nails to each paddle. Entire 
Atlantic coast. 

Genus Errermocuetys, Fitz. 

96. LE. imbricata, Linn. Tortoise-shell Turtle. Head low 
and broad; anterior part of jaws produced forward into a pro- 
jecting bill; scales on shield imbricated, forming thick, hard 
plates: four’ pairs of costals; no horny plates on neck; two nails 
to each paddle. Southern Atlantic coast. 

Genus Curetonta, Brong. 

97. C. mydas, Schw. Green Turtle. Head high and nar- 
row: upper jaw slightly notched in front; lower jaw with a small 
projection; the sides deeply serrated; body oblong; scales of 
shield thin, not imbricated; a single nail to each paddle. Atlan- 
tic coast, south of Long Island. 

Family TRIONYCHID 4. 

Head long and narrow; nostrils not subdivided by an inter- 
nal ridge; edge of upper jaw sharp, and serrated behind. 

Amyda. 
Head broad; nostrils subdivided by a ridge which projects 

from the median wall; edge of upper jaw not serrated. 
rae ae, 
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Genus Amypa, Ag. 

98. A. mutica, (Les.) Ag. _ Fresh-water Leather Turtle. 
Back depressed; no spines on anterior margin of carapace, and 
no tubercles on back. Color above, ‘in adult, nearly plain olive; 
in young, more or less spotted with black; below whitish, with- 
out spots. North of the Ohio river, in tributaries to the Mis- 
sissippi and St. Lawrence. 

Genus Aspiponectss, Wag. 

a. Lower surface of body and under part of feet white. 
99. A. ferox, Schw. Soft-shelled Turtle. Tubercles on 

shield in male larger than in female; in the young, two or three 
concentric black lines, separating the pale margin from the light 
brown colored back, which is studded with black dots and ocel- 
lated spots, becoming blotched in the adult. Georgia to Western 
Louisiana. . 

6. Lower surface and under parts of feet spotted with 
black. 

100. A. spinifer, Les. Common Soft-shelled Turtle. A 
blunt median keel, sloping uniformly on the sides; in the young, 
a single black line about the edge of the carapace; shield olive- 
brown, with dark spots; spines less prominent in males than in 
females. North of the Ohio river, in tributaries of the Missis- 
sippi and St. Lawrence. 

101. A. nuchalis, Ag.  Agassiz’s Soft-shelled Turtle. 
Marked depressions on either side of the blunt median keel, 
which has a triangular dilation in front; spines and _ tubercles 
prominent in the male. Cumberland and Upper Tennessee 
rivers. 

102. A. asper, Ag. ‘Tubercles large and coarse, behind 
supported by prominent bony warts on the osseous plates; in 
the young, two or three black lines around the posterior part of 
the carapace. Tributaries of the Lower Mississippi. 

Family CHELYDRID &. 

Head narrow about the nose and eyes, broad behind; feet 
strong, and toes with long, strong claws; web small. 

a. Eyes lateral and distant; alveolar plate very broad; 
strong pointed projection at the symphysis of the 
jaws; three scales on each side between costal and 
mareinal Tows seeye se su ook ee ee Macrochelys. 
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6. Eyes superior, rather close together; alveolar plate 
narrow; a small pointed projection at symphysis 
of jaws; no scales between the costal and marginal 
|sCOh : OREN Spe OR ACTA RL Ge: PRR Reels Chelydra. 

Genus Cuetypra, Schw. 

103. C.serpentina, Linn. Common Snapping Turtle. Head 
rough, covered with soft skin; tail with two rows of large scales 
beneath; ridges of carapace disappearing with age; jaws moder- 
ately hooked. Throughout the United States, except Pacific 
sub-region. 

Genus Macrocuerys, Gray. 

104. Mf. lacertina, Schw. Alligator Snapper. Head very 
large, covered with smooth, symmetrical plates; tail with many 
small, imbricate scales beneath; carapace strongly tri-carinate; 
the keels not disappearing with age; jaws strongly hooked. 
South of Missouri river, in tributaries to the Mississippi and 
Gulf of Mexico; north to Wisconsin.* Rare. 

Family CINOSTERNID A. 

Head pointed in front; eyes situated far forward; lower jaw 
terminating in a sharp point; limbs slender; feet short. 

a. Plastron small, narrow behind, with eleven scales; 
front and hind portions very little, if at all, movy- 
mole om-nmd lori eee Po Pe I. Aromochelys. 

6. Plastron larger; front and hind portions broad and 
rounded, freely movable on middle part (except 
often in old specimens); scales 8 to 11. Alveolar 
plate flatand rather broad.......... Cinosternum. 

Genus AROMOCHELYS, Gray. 

105. A. odoratus, Latr. Musk Turtle. No point at sym- 
physis of upper jaw; the end of lower curved somewhat upward 
and outward; scales of carapace not imbricated in adult; shell 
dusky, clouded, sometimes spotted; two yellow stripes, one 
above, the other below the eye, extending along the neck. Aus- 
troriparian and Eastern sub-regions. 

106. A. carinatus, Gray. Little Musk Turtle. <A point or 
chisel edge at symphysis of upper jaw; scales of keel somewhat 
~ *Fide Dr. P. R. Hoy. 
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imbricated; edged with black, and with black lines or dots radi- 
ating from their posterior portion to their front and lower mar- 
gins; no stripes along neck. Louisianian district; Vorthern 
Lllinors. 

Genus Crnostrrnum, Wagl. 

107. C. pennsylvanicum, Bosc. Mud Turtle. Jaws strong, 
and hooked in front; scales smooth; color above dusky-brown; | 
below variable, yellowish to chestnut; head dark, with light 
dots; throat yellowish. -Austroriparian and Eastern sub-regions. 

Family EMY DID. 

A. Plastron and carapace immovably united by a bony sym- 
physis; no hinge across middle of plastron. 

a. Alveolar surface of jaws broad. 
1. Alveolar surface of upper jaw with a submedian 

ridge, parallel to margin; toes short and 
strongly webbed; head with thin, hard skin; 
upper jaw notched in front....... Pseudemys. 

2. Alveolar surface of jaws smooth; in front part 
of upper a deep groove; toes short; head cov- 
ered with soft skin; upper jaw not notched in 
BOW £ /abeNe aia coke eben eeepc eigen Matlacoclemys. 

b. Alveolar surface narrow. 
1. Alveolar groove well marked, except in front; 

toes strong, broadly webbed and spreading; 
hind feet largest; carapace rather flat. 

Chrysemys. 
2. Carapace considerably arched; toes with a small 

web; feet nearly equal in size; species small. 
3 Chelopus. 

ZB. Plastron and carapace united by a cartilaginous lateral 
suture; plastron hinged across the middle. 

a. Carapace somewhat depressed; plastron more or less 
emarginate behind; feet strongly webbed. . Amys. 

b. Body short and high; plastron rounded or truncate 
in front and behind; feet nearly free of webs. 

Cistudo. 

Genus PsrupEmys, Gray. 

A. No scales upon loose skin between legs; ridge on alve- 
olar surface of upper jaw tuberculate; shield in young covered 
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with more or less confluent ocellated or lozenge-shaped figures, 
which become more transverse in adult, and may wholly disap- 
pear in old age. 

a. Strong, coarse serratures on both jaws; prominent 
hooks at symphysis of upper. 

108. P. rugosa, Shaw. Red-bellied Turtle. Above dusky 
with variable markings; generally with irregular bands or blotches 
of red; below dusky or reddish; head and neck brown, with 
obscure reddish lines. New Jersey to Virginia. 

109. P. mobilensis, Holb. Above brown, reticulated with 
yellow lines; below yellow, more or less blotched with black; 
head and neck brown, with yellow, longitudinal lines; serratures 
of lower jaw coarser than in upper. Florida to Texas. 

6. Lower jaw alone distinctly serrated; upper compara- 
tively smooth; notch at its symphysis small. 

110. P. concinna, LeC. Above brown, with yellowish lines, 
which are mostly longitudinal on vertebral row of scales, trans- 
verse or bifurcating on the costal, and concentric or transverse on 
marginal; below yellow; neck with yellow or reddish lines. 
Austroriparian region. 

ce. Both jaws smooth. 
111. P. hieroglyphica, Holb. Hieroglyphic Turtle. Above 

olive-brown, subdivided into spaces of various shapes, by more 
or less concentric yellow lines; below dusky yellow; head and 
neck dark brown with yellow lines. Middle, Western, and Gulf 
States. 

B. Scales upon loose skin between legs and on neck; low 
ridge on alveolar surface of upper jaw not tuberculate; vertebral 
scales, with numerous longitudinal bands; costal scales with 
transverse ones; marginal scales with concentric figures; in old 
age the bands disappear; edge of marginal plates notched. 

112. P. scabra, Linn. Rough Terrapin. Above dark 
brown, with irregular and broken bands of yellow; head and neck 
black, with yellow lines; throat with broader lines; carapace 
broad, high, keeled, and covered with coarse rugosities; deeply 
serrated behind. North Carolina to Georgia. 

113. P. troosti, Holb. Yellow-bellied Terrapin. Above 
dusky, with a greenish tinge, and slightly mottled; below brown- 
ish-yellow, more or less blotched with black; head and neck 
obscurely banded with yellowish lines; carapace not keeled, and 
with but slight rugosities. Valley of Mississippi to Illinois. 
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114. P. elegans, Wied. Above brown, more or less marked 
with irregular lines of yellow or brownish-yellow; below yellow, 
with dark blotches; head and neck dusky, with bright red or 
yellowish lines on sides and beneath; carapace smooth and flat. 
Central region; Texan district; Southern Illinois. 

Genus Matacociemys, Gray. 
a. A spoon-shaped dilation at extremity of lower jaw. 

115. IL geographicus, Les. Map Turtle. Above olive- 
brown, with paler streaks and intersecting lines, which are espec- 
ially distinct on neck, legs, and edge of carapace; plastron yel- 
lowish; carapace sometimes well keeled; the vertebral row of 
scales not imbricated. Mississippi Valley, Pennsylvania, and 
New York. 

116. JL. pseudogeographicus, Holb. Above as in lagt, but 
with the markings less distinct and of large figure; yellow stripes 
on head, neck, and legs; plastron yellow, with black or reddish- 
brown markings; carapace keeled; vertebral row of scales more 
or less imbricated by a black projection on their posterior border. 
Mississippi Valley to Wisconsin and Northern Ohio. 

b. No spoon-shaped dilation on lower jaw. 
117. Uf. palustris, Gmel. Diamond Back. Carapace 

sometimes a plain greenish-gray, sometimes almost black, and 
sometimes with concentric stripes; plastron varying from light 
yellow to yellowish-green or reddish-brown; plain or dotted, or 
concentrically striped; shell smooth or with concentric grooves. 
Coast from New York to Texas. 

Genus OurysEmys, Gray. 
118. ©. picta, Herm. Painted Turtle. Body rather flat; 

bridge connecting carapace and plastron wide but flat; scales of 
carapace greenish-black, edged with a paler tint; marginal scales 
with bright red markings; plastron yellowish, generally blotched. 
Eastern region, Louisiana and Misissippi. 

119. C. reticulata, Bose. Southern Painted Turtle. Body 
moderately high and elongated; bridge high and wide; plastron 
somewhat narrow; above dusky or dark brown, reticulate with 
yellow lines, which are frequently obscure in adult specimens; 
beneath yellow, sometimes with black markings. Gulf States. 

Genus Curtorus, Raf. 
a. Edge of upper jaw straight, slightly notched in front, 

but not produced downward. 
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120. C. guttatus,'Schw. Speckled Tortoise. Snout rounded, 
and its sides not compressed laterally; above black with yellow 
spots; rarely plain black; plastron black, or yellow spotted with 
black. Eastern region, east of Ohio. 

6. Upper jaw more or less deeply notched in front, and 
projecting in the form of an arched bill. 

121. C. muhlenbergi, Schw. Sides of head compressed, 
but not narrowing downward; carapace with or without a keel, 
and the scales either plain or concentrically grooved; a large 
tooth on either side of notch in upper jaw; above dark brown, 
obscurely blotched with lighter; neck with a dark orange blotch 
on each side: below dark with yellowish or reddish spots. New 
Jersey and Eastern Pennsylvania. 

122. C. inseulptus, LeC. Wood Turtle. Sides of head com- 
pressed, and nose narrowing downward; in the adult the scales 
either have radiating ridges, « or are smooth; above reddish-brown, 
with radiating black lines: plastron yellow with black blotches; 
throat and extremities reddish. Eastern region, east of Ohio. 

Genus Emys, Brong. 

123. FE. meleagris, Shaw. Riga tee Tortoise. Black, 
usually with yellow spots on the carapace; head spotted; plas. 
tron yellow with black blotches; young nearly circular, and 
entirely black except the plastron, which is edged with white. 
Alleghanian district to Wisconsin. 

Genus Cistupo, Flem. 

Vertebral scales about as wide as long; the young, and often 
the adult, with a distinct keel. 

124. C. clausa, subsp. clausa, Gm. Box Turtle. Shell 
broad; colors variable; above blackish with yellow blotches, or 
numerous small spots and lines; sometimes the background 
appears yellow with black markings; beneath usually blackish, 
with a yellow border, occasionally all yellow; hind feet with four 
toes.* Eastern part ‘of United States. 

125. ©. clausa. subsp. triunguis, Ag. Three-toed Box 
Turtle. Three toes on hind feet; color pale yellowish, with few 
spots. Austroriparian region to Georgia, Eastern Pennsylvania. 

*A number of specimens from Pease River, Florida, collected by Dr. J. W. Velie, 
and a considerable number in the National Museum, from Lake Okeechobee, agree in 
the following distinguishing characters, and may represent a local Floridan variety: 

Carapace more arched thanin the last; costal plates flatter, and sloping abruptly 
downward; marginal plates flaring but little; shell narrower and higher; color above 
blackish; a yellow dorsal line; vertebral scales with a few lines of yellow; on the 
costal scales the lines are few and long, radiating from the posterior upper corner; 
beneath yellowish, with generally small scattered black spots and streaks; scales of 
carapace, in small specimens, somewhat imbricated. 



58 NORTH AMERICAN BATRACHIA AND REPTILIA. 

Family TESTU DINIDA. 

Genus Trsrupo, Linn. 

126. 7. Carolina, Linn. Gopher Turtle. Above brownish; 
head almost black; beneath yellow; fore limbs large and strong; 
hind ones short and rounded; plastron projecting beyond the 
carapace in front. Austroriparian region. 

Order CROCODILIA. 

Family CROCODILID 4. : 

Head depressed, elongated; nostrils approximated at end of 
muzzle; tongue fleshy, adherent; teeth in a single row; body, 
depressed ; with solid, carinated shields on back; tail compressed 
laterally; presacral vertebree proccelian. 

Nasals entering into formation of nasal aperture; teeth 
unequal. 

a. Muzzle broad; sides of head subparallel; forehead 
divided longitudinally by a ridge; fourth pair of man- 
dibular teeth received in pits in sides of upper jaw. 

Alligator. 
b. Muzzle narrow, head tapering; fourth pair of mandib- 

ular teeth received into grooves in edges of upper jaw. 
Crocoditus. 

Genus AxiieatTor, Cuv. 
127. A. mississippiensis, Daud. Common Alligator. Nu- 

chal plates four, separate from cervical; on back eight longitu- 
dinal series of quadrilateral and strongly tuberculo-carinated 
plates; flanks covered by nine or ten rows of smaller, smooth, 
rhomboidal plates; beneath, the smooth square plates are arranged 
in transverse and longitudinal rows; above dusky brown or 
black in adult; in young barred with yellow; beneath yellowish, 
somewhat dusky. Austroriparian region. 

Genus Crocopiius, Cuv. 
128. C. americanus, Seba. Floridan Crocodile. Muzzle 

elongated; nuchal plates four to two; cervicals six; dorsal plates 
in four longitudinal series; vertebral large, regular, broader than 
long; lateral series scattered, irregularly hexagonal; head and 
back of male rough, of female comparatively smooth; the former 
leaden black above; almost or quite destitute of yellow; the lat- 
ter uniformly mottled with black and yellow; beneath pale yellow, 
darker on sides, with fine irregular streaks and spots of black. 
Floridan district. 

OO a 
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FAUNAL REGIONS OF UNITED STATES. 

Austroriparian Fegion.—Bordered on the south and east by 
the Gulf of Mexico and the Atlantic; on the north and 
west by a line extending south through the eastern part of 
North and South Carolina, west through upper Georgia and 
Alabama, north through the western part of Tennesssee and 
Kentucky to Southern Illinois, west and south to Indian 
Territory, and across the western corner of Texas to New 
Mexico and the Rio Grande. It includes three districts: the 
Floridan—the southern portion of Florida; the Lowzstan- 
zan—tfrom the Floridan to Texas; the Zexan—Texas. 

Eastern Region—Bordered on the south by the Austroriparian ; 
on the east by the Atlantic; on the west by a line running 
north from the northeast corner of Indian Territory to 
the southeast corner of Dakota, thence northwest. 

Pacifie Region—Bordered on the east by the Sierra Nevada 
mountains; on the west by the Pacific; on the south by 
Lower California. 

Lower Californian Region—Occupies the peninsula of that name. 

Central Region—Bordered on the east and north by the East- 
ern; on the west by the Pacific; on the south by the Aus- 
troriparian and Sonoran regions. 

Sonoran Legion—Includes parts of Nevada, New Mexico, Ari- 
zona, and Sonora in Mexico. 



GLOSSARY. 

Alveolar surface—That portion of the jaws where the teeth are 
usually found. 

Amphicelian—Said of those vertebrae that are concave at each 
end. 

Anal—Pertaining to the anus. 
Anal plate—The plate or scale which covers the anus in front. 
Anchylosed—Firmly united, as when bones are grown together. 
Annulated—Ringed or banded transversely. 
Anteorbital plate—That situated along the anterior margin of 

the eye, the largest dimension of which is vertical. 
Areolate—Divided into small spaces which are bounded by parts 

differing in color or structure. 
Articular bone—The portion of the lower jaw which articulates 

with the quadrate. 
Azygos—A plate directly behind the rostral. 
Branchie—Gills,; the respiratory organs of fishes, etc. 
Bridge—The bony or horny plates which unite the carapace and. 

plastron of turtles. 
Canthus—Corner or angle. 
Canthus rostralis—Oorner or angle of snout. 

. Carapace—The dorsal shield of turtles; usually composed of 
bony plates covered by horny scales. 

Carinate—Keeled or ridged longitudinally. 
Carpus—The wrist bones connecting the forearm with the long 

bones of the hand. 
Clavicle—The collar-bone or anterior inferior portion of the pec- 

toral arch. It does not form part of socket for arm. 
Cloacal aperture—Entrance into the cloaca, or chamber into 

which the rectum, and the genital and urinary organs open. 
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Coceyx—The vertebree of the tail, or those behind the sacrum. 

Condyle—Articulating surface of a bone. 
Connate— United into one body. 
Coracoid—A bone or cartilage on the ventral side of an animal, 

which helps to form the socket for the articulation of the arm. 

Coriaceous—Leathery. 
Costal—Pertaining to or in relation with the ribs. 
Costal grooves or plice—Grooves or folds between the ribs. 
Cruciform—Cross-like. 
Dentaries—Distal ossification of the mandible or lower jaw. 
Depressed—F \attened. 
Diaphragm—The muscular septum separating the thoracic and 

abdominal cavities. 
Diapophyses—Transverse processes of the vertebrie. 
Digits—Fingers and toes. 
Distal—Remote from point of attachment. 
Dorsal—Pertaining to the back or upper surface. 
Edentulous—W ithout teeth. 
Emarginate—Slightly notched at tip. 
Epicoracoid—Equivalent to precoracoid of Huxley. It is a por- 

tion of the coracoid bone or cartilage lying in front of and 
more cr less separated from the rest by a fontanelle. 

Femoral pores—Pores along the under surface of the thigh. 
Fontanelle—A space between bones occupied by a membrane. 
Fossa—A depression or excavation more or less cup-shaped. 
Fronto-parietal—A bone formed by, and occupying the place of, 

the frontal and parietal. 

G. Gastrosteges—Transverse band-like plates on the abdomen. 
Gular fold—A transverse fold across the throat. 
Hypopophyses—A process from the median line of the under 

surtace of the bodies of the vertebre. 
Iliac bones—That part of the pelvic bones which articulates with 

the vertebre. 
Imbricate—Overlapping, like shingles. 
Internasals—Plates on top of snout, between nasals. 
Isodont—Equal toothed. 
Keel—Ridge. 
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Labials—Plates that border the mouth, except the rostral. 
Loral—aA. plate between nostril and eye, whose longest dimen- 

sion is longitudinal. 

Mi oie Ve lower jaw. 

Marginal plates—Those around the margin of the carapace. 
Maxillary bones—Those at side of upper jaw, and separated in 

front by premaxillaries. 

Metacarpals—Long bones in hand separating the — from 
the phalanges. 

Metatarsals—Bones in foot separating tarsals from phalanges. 
Nares—Openings of nose, external and internal. 
Nasal—Pertaining to the nose. 
Nasal plates—Those about the external nares. 
Neural spine—The median dorsal spine of the vertebre. 
Nuchal—Pertaining to nape of neck. 
Occipital plates—Those behind the vertical. 
Ocellated—With eye-like spots, usually round with a lighter 

border. 

Opisthocelian—Said of the vertebree when concave on the pos- 
terior end only. 

Palatine teeth—Those on the palate bone; generally on anterior 
part of mouth. 

Palmate—W ebbed. 
Papillose—Covered with papille or small fleshy projections. 
Parotoid—A projecting gland behind jaw on side of neck. 
Phalanges—The bones which form the fingers and toes. 
Pectoral arch—The bones that support fie fore limbs, as the 

clavicle, coracoid and scapula. 

Pedicellate—With a stem, stalk, or foot. 

Penultimate—N ext to the last. 
Plantar tubercles—Tubercles on the soles of the feet. 
Plastron—The abdominal shield of turtles. 
Pleurapophyses—The true ribs or their homologues. 
Plice of tongue—Folds or grooves on the surface. 
Plicate—Transversely folded or wrinkled. 
Pollexe—Thumb. 
Postfrontal plate—One in front of vertical. 
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Postorbital plates—Those behind the eye. 
Preanal pores—The pores in front of the anus. 
Prefrontal plate—tIn front of posttrontal. 
Premazillary bones—Those which form anterior border of upper 

jaw, meeting in median line. 

Procelian—V ertebre concave in front only. 
Proximal—N earest. 
Pubis—The anterior segment of the lower portion of the pelvic 

bones. 
Quadrate bone—The proximal bone in the series forming the 

lower jaw; the one by which the rest are joined to the 
cranium. 

Reniform—Kidney-shaped. 
Lostral plate—The one that forms the tip of the snout. 
Rugosities—Roughnesses or wrinkles. 
Semipalmate—Toes half webbed. 
Serrated—W ith saw-tooth projections. 
Sessile—Attached without any stalk or foot. 
Squamosal—Like a scale. 
Sternal plates—Those on the abdomen. 
Sternal ribs—The ribs which are attached to the sternum. 
Subapical—N ear the apex. 
Subcaudal—Beneath the tail. 
Subcircular—Nearly round. 
Subcylindrical—Al|most cylindrical. 
Subgular—On the throat or under surface of the neck. 
Suborbital plates—Those between eye and labials. 
Superciliary—Over the eye. 
Superciliary plate—On top of head, over eye. 
Supranasal plate—One above the nasal. 
Symphyses—J unctures of bones, especially along median line. 
Tarsal bones—Those in the ankle between the long bones of 

foot and leg. 
Temporal plates—Between occipitals and labials. 
Tympanum—The drum-head of the ear. 
Ultimate—Last or farthest. 
Vertebra—One of the bones of the back. 
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Vertebral—Along or in relation to the vertebree. 
Vertical plate—In center of top of head, between eyes. 
Vesicle—A sack or bladder-like cavity. 
Vomerine teeth—Those on vomer. 

Vomeropalatine—Those on the united vomer and palate. 
Xiphisternum—The posterior segment of the sternum. 
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ERRATA: 

P. 6. After description following Family PRO- 
TEID& read: 

Genus Necrurus, Raf. 

3. LV. lateralis, (Say) Bd. Mud Puppy. Above 
brownish, with darker sub-cireular spots; generally a 
dark stripe from snout back to eyes. A more or less 
distinct lateral band in young. Below dusky. Large, 
bushy, bright red gills, forming three tufts on each side 
of head. Head depressed; snout truncated; gular fold 
well developed; tail much compressed. 14 feet. Eastern 

region, except New England and Eastern Middle States, 
and from a few points in Austroriparian. 

4. lV. punctatus, (Gibbes) Cope. Above nearly 
uniform dark olive, with numerous small orange or 
yellowish dots irregularly distributed over the whole 
surface, and large, dark, ill-defined spots at distant inter- 
vals. No lateral band. Beneath pale flesh color. 
Smaller and more slender than the preceding species. 
Eastern S. Carolina. 

P. 18. Before Fremisrrrnta and Arctrera, for 

Orper read Sus-oRDER. 

iP. 22. Before Rantrormra, for Orper read Sus- 

ORDER. 
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THE REGULATIVE ACTION OF BIRDS UPON INSECT 

OSCILLATIONS. 

By S. A. FORBES. 

Attention has already been repeatedly called in these studies to 

the fact (fundamental to this investigation) that the principal inju- 

ries due to insects are done by a few species, existing, for a time, in 

numbers far above the average, and soon to retire again toa much 

lower limit. As the number of a species which reach maturity is 

determined by the checks on its multiplication, it follows that these 

oscillating species are held in check by variable forces, and to the 

variations in these checks we must look for an explanation of 

their oscillations. On the other hand, we must expect to find 

that those insects whose numbers remain relatively constant from 

year to year are under the control of restraining influences of a 

much more uniform character than the preceding class. 

Concerning the effects of birds upon insect life, and through 

this upon the interests of agriculture, there are therefore three 

questions to answer : — 

1. Do birds originate any oscillations among the species of 

insects upon which they feed? That is, are their food habits ever 

so inconstant from year to year that species which are at one time 

principal elements of their food, are at other times neglected and 

allowed to multiply without restraint ? 

2. Do birds prevent or restrain any oscillations of insects now 

noxious, or capable of becoming so if permitted to increase more 

freely ? That is, do they bring to bear upon any such species a 

constant pressure so great that those insects would increase 

unduly if this pressure were removed by the destruction of the 

birds ? 

3. Do they do anything to reduce existing oscillations of inju- 

rious insects ? Do they sometimes vary their food habits so far 

as to neglect their more usual food and take extraordinary numbers 
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of those species which, for any reason, became superabundant for a 

time ? 

For the purpose of answering these questions, two separate 

lines of investigation are necessary. For the first two we require 

a knowledge of the food habits of the various species of birds 

under ordinary circumstances, when the conditions of life are of 

average character, and especially when no species of insects are 

unusually and excessively abundant. On the other hand, for an 

answer to the third question we must look to the food habits of the 

birds under extraordinary circumstances, where the opposite 

condition of affairs prevails. We must learn to what extent birds 

depart from their usual practices when confronted by an uprising 

of some insect species. If they concentrate for its suppression, 

they must assist more or less effectively to reduce to order the 

disturbed balance of life; but if they remain indifferent to this 

condition of things, their influence is m7. 

The present paper is a contribution to a discussion of the last 

of the above questions. As a striking and conclusive example of 

an extraordinary condition of insect life, and of the food of birds 

in the presence of a disturbed balance of nature, I selected an 

orchard which had been for some years badly infested by canker- 

worms, shot a considerable number of birds therein for two suc- 

cessive years, representing nearly all the kinds seen in the orchard, 

made full notes of the relative abundance of the species, exam- 

ined carefully the contents of all the stomachs obtained, with 

reference not only to the presence of canker-worms but of all 

other insects as well, and tabulated the results as the basis of this 

paper. Besides preparing as full an account of the food of these 

birds as practicable, I have brought the summaries on these tables 

into comparison with those derived from birds of the same species 

shot in ordinary situations during the same month. These com- 

parisons have been confined to a few of the kinds obtained in 

the orchard, for the reason that most were not found there in suf- 

ficient number to give a fair idea of the average food of the 

species. The collections were made in an orchard of forty-five 

acres of bearing apple-trees (belonging to Mr. J. W. Robison ) 

in Tazewell County, Ill., which had been infested by canker-worms 

for about six years. As aresult of their depredations, a consider- 

able part of the orchard had the appearance, from a little distance, 
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of having been ruined by fire. Closer examination of the trees 

most affected showed that the branches, stripped of every vestige 

of green, were festooned with the webbing left by the worms. 

To the webs the withered remnants of the leaves adhered as they 

fell, the very petioles having been gnawed off at the twigs. Not 

one per cent. of the trees were uninjured, and these were invaria- 

bly on the outer part of the orchard. Those’ which had been 

attacked several years in succession were killed; and there was a 

large area in the midst of the orchard from which such trees had 

been removed. One did not need to enter the enclosure to learn 

that the birds were present in extraordinary numbers and variety. 

From every part of it arose a chorus of song more varied than I had 

ever heard in any similar area at that season of the year. Most of 

the common summer residents were found there; and upon a second 

visit in 1882 many of the migrant species likewise occurred. The 

first collection was made on the 24th of May, 1881, and the 

second on the 20th of the same month im the following year. 

The season was less advanced at the time of the second collection 

than at the first, so that the actual difference between the two was 

probably not less than two weeks. At the first visit fifty-four 

birds were taken, representing twenty-four species, and seven other 

species were noted in the orchard of which no specimens were 

obtained. On the second visit ninety-two birds were shot, repre- 

senting thirty-one species, and four other species were seen. In 

1881 the worms were nearly all fully grown, and many of them 

had already entered the ground for their transformation, so that 

the larvze were less abundant than they had been earlier. In 1882 

most of them were about half-grown, only a few having reached 

adult size. They were distinguishable with difficulty upon the 

leaves of the trees; but when a large branch was shaken or jarred, 

from a dozen to twenty would expose themselves by spinning 

down and hanging at the end of a thread. The owner of the 

orchard informed me that they were about twice as abundant the 

preceding season. 

TURDIDA. Thrushes. 

TurRpDus MIGRATORIUS, L. Rosin. 

This species was abundant and nesting in the orchard. Nine 

specimens were obtained in all, three in 1881 and six in the fol- 
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lowing year. The food was wholly animal, neither fruit nor any 

other kind of vegetation having been taken by any of the birds. 

Only three of the above number had eaten canker-worms, which 

composed, as nearly as could be estimated, about one-fifth of the 

food of the entire group. Insects made ninety-three per 

cent., the remainder consisting of a common species of my- 

riapod (five per cent.), earth-worms, and gasteropod  mol- 

lusks. Ants were eaten by these birds only in trivial 

numbers. Diptera, Orthoptera and spiders were conspicuous 

by their entire absence. Cut-worms were extraordinarily 

promineng in the food, making twenty-eight per cent. of the 

whole. Half of them consisted of a single large, injurious 

species (Nephelodes violans). Among the Coleoptera, which 

amounted to thirty-six per cent. of the whole, the Scarabzeidze 

and Elateridze were the principal elements, the former represented 

by eighteen per cent., and the latter by eleven. Among the Scar- 

abeide was a species known as a vine leaf-chafer (Anomala 

binotata), which made fourteen per cent. of the food. This in- 

sect was scarcely less abundant than the canker-worm, and 

appeared in extraordinary numbers in the food of nearly all the 

species of birds examined, although it had not attracted the atten- 

tion of the owner of the grounds. I searched a small vineyard ad- 

jacent, but saw no signs of unusual injury to the leaves. Carabidee, 

although common in the orchard, had scarcely been touched by 

the robins, only a single specimen of the family occurring. 

Hemiptera were found but in trivial numbers, representing about 

equally the families Coreide and Cydnide. Hymenoptera were 

still less abundant, composing only one per cent. of the food. 

Mimus CAROLINENSIS, L. CaTBIRD. 

This species was very common, and thoroughly at home among 

the trees, where it was doubtless nesting. Fourteen specimens 

were taken, three at the first visit and eleven at the second. 

With the exception of two per cent. of myriapods, their food con- 

sisted entirely of insects. Canker-worms had been eaten by eight 

of the birds, but not in any great number, as they composed but fif- 

teen per cent. of the food of the species. A few cut-worms had 

been taken, and a larger number of other caterpillars, bringing 

the total for Lepidoptera up to about one-fourth of the food. 
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The catbird had shown its usual preference for ants, eating four- 

teen per cent. of these insects. These birds had taken an unusual 

number of Coleoptera, which made more than half the food, 

chiefly Scarabeeidz. About two-thirds of them belonged to the 

single species (Adnomala binotata) mentioned above under the 

food of the robin. Three of these birds had likewise eaten large 

June bugs. Elateridze and their larva occurred only in trivial 

quantities, while Carabidz amounted to four per cent., chiefly 

Anisodactylus. As in the robin, Diptera, Orthoptera, and Arach- 

nida, were not represented in the food. 

HarporHyncuus ruFus, L. Brown THRvusuH. 

This bird was not common in the orchard, and only four speci- 

mens were taken. The food of these was entirely animal, an 

unexpected circumstance, as the brown thrush usually feeds 

largely upon grain. Six per cent. of .the food consisted of 

thousand-legs, and insects made the entire remainder. Lepidop- 

tera were about one-fifth of the food, and half of these were 

canker-worms. Like the preceding species, this bird had eaten 

an enormous number of beetles, which amounted to two-thirds of 

its food. Twelve per cent. of the whole was Carabidz, chiefly a 

species of Chleenius. Scarabzidz stand at forty-four per cent., 

largely Diplotaxis, Melolontha, and Anomala. Six per cent. were 

Elateridze, and three per cent. Rhynchophora. No specimens of 

the remaining orders had been eaten by these birds. 

Summary of the Family. 

Treating, now, of the twenty-seven thrushes mentioned as one 

group, we find that none of them had eaten any vegetation what- 

ever; that ninety-six per cent. of their food consisted of insects 

(myriapods and earth-worms making up the remaining four per 

cent.); that sixteen per cent. was canker-worms; and only four 

per cent. predaceous beetles. The Anomala previously men- 

tioned made just a fourth of their entire food, other Scarabeeidz 

bringing up the average of that family to thirty-eight per cent. 

Click beetles (Elateridze) with their larve were five per cent. of 

the whole, and snout beetles (Rhynchophora) two per cent. 
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SAXICOLID. Bluebirds. 

Sratia sraLis, L. BLuEsren. 

This species was not at all abundant in the orchard in either 

year. Only one was taken in 1881, and four in 1882. All but 

two per cent. of the food of these five specimens consisted of 

insects, spiders making the remainder. Canker-worms were 

twelve per cent. of the food, and other Lepidoptera five per cent. 

additional. Two-thirds of the food consisted of Coleoptera. 

Carabides made more than one-third (twenty-three per cent.), 

belonging chiefly to a species (Anisodactylus baltimorensis) 
which depends largely upon vegetable food. Four of the 

birds had eaten Anomala binotata, which made thirty-six per 

cent. of the food of the whole. Five per cent. was Chrysomelide, 

and fifteen per cent. Hemiptera, all belonging to the family 

Cydnide. 

PARID. Chickadees. 

PaRus ATRICAPILLUS, L. BLacK-caAPPED CHICKADEE. 

This little bird, unfortunately, was not at all common in the 

orchard; and only two specimens were taken, one in each year. 

Sixty-one per cent. of their food consisted of canker-worms, eaten 

by both the birds, and Coleoptera made the entire remainder. 

These were nearly all Cerambycidwe (Psenocerus supernotatus) 

and Rhynchophora of undetermined species, twenty-five per cent. 

of the former, and ten of the latter. 

TROGLODYTIDA. Wrens. 

TROGLODYTES DoMEsTICUS, Bartr. House WREN. 

Several specimens of this little species were observed, some of 

them evidently nesting. The food was chiefly insects,—all, in 

fact, but six per cent. of spiders and one of thousand-legs. 

Nearly half the food of these birds consisted of canker-worms, 

and other Lepidoptera and their larvee brought the average of the 

order up to fifty-nine per cent. A few gnats and other Diptera 

(four per cent.) and five per cent. of ants were also noted. Cole- ~ 

optera and Hemiptera were taken in nearly equal quantities, thir- 

teen per cent. of the former and ten of the latter. Two of the 
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birds had eaten Psenocerus” supernotatus,-amounting to four per 

cent. of the food, and the other Coleoptera were scattered through 

the families Carabidz, Nitidulide, Scarabzidee, Elateridee and 

Calandride. The Hemiptera were represented_by trivial numbers 

of four families, including a few chinch bugs. 

MNIOTILTIDA.. Warblers. 

HELMINTHOPHAGA PEREGRINA, Wils. TENNESSEE WARBLER. 

A single specimen of this little warbler was taken in 1882. 

Four-fifths of its food consisted of canker-worms, and all the 

remainder of a single species of beetle (Velephorus bilineatus). 

DENDR@CA #sTIVA, Gmel. SumMMER YELLOW Brrp. 

This bird, common every where at this season, was also abund- 

ant in the orchard. Five specimens were shot in all. The food 

was insects, excepting six per cent. of spiders. Two-thirds of 

the total amount eaten by all of the birds consisted of canker- 

worms. Coleoptera were twenty-three per cent. of the whole 

amount, six per cent. being Aphodius, and twelve per cent. 

Psenocerus supernotatus, already frequently mentioned. Carab- 

idz and Calandridz were represented by insignificant ratios, and 

Lampyridz by a single Telephorus eaten by one of the birds. 

One per cent. of Hemiptera, and two of Hymenoptera complete 

the record. 

DENDRECA PENNSYLVANICA, L. ‘CHESTNUT-SIDED WARBLER. 

Two specimens of this abundant migrant were shot in the 

orchard in 1882. Like the preceding warbler, two-thirds of their 

food consisted of canker-worms, and an additional ten per cent. 

of other caterpillars. A few ants were eaten by both of the birds. 

Eleven per cent. of Coleoptera, likewise eaten by the two, was 

about equally divided between some undetermined Scarabeide 

and Psenocerus supernotatus. One of the birds had eaten plant- 

lice, which amounted to five per cent. of the food; and both had 

taken ants to the amount of six per cent. 

. DENpDRa@caA srRiaTa, Forst. Briack-PpoLL WARBLER. 

Four of these birds were shot in 1882. Some undetermined 

seeds found in the crop of one of them reduced the insect ratio 
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to ninety-five. Again two-thirds of the food consisted of canker- 

worms. The same little borer (Psenocerus) eaten by so many of 

the smaller birds in this orchard, made fifteen per cent. of the 

food; and an Aphodius and an undetermined carabid bring up 

the ratio of the Coleoptera to nineteen per cent. Four per cent. 

of ants, a few gnats (five per cent.), and traces of Hemiptera and 

mites were the only other elements detected. 

DENDR@CA VIRENS, Gm. BLACK-THROATED GREEN WARBLER. 

A single specimen of this migrant was shot in 1882. Seventy 

per cent. of its food consisted of canker-worms, fifteen per cent. 

of Psenocerus, and five of undetermined Hemiptera. The remain- 

ing ten per cent. was made up of trivial numbers of Hymenop- 

tera, gnats, coleopterous larvae and mites. 

GEOTHLYPIS TRICHAS, L. MarynaAnp YELLOW-THROAT. 

This resident warbler occurred but sparingly in the orchard. 

One specimen was seen in 1881, and two were obtained in 1882. 

Lepidoptera made four-fifths of their food, about equally canker- 

worms and undetermined caterpillars. A few Staphylinide and 

some specimens of Psenocerus composed the eight per cent. of 

Coleoptera. A small hemipter (Piesma cinerea) amounted to five 

per cent., and four per cent. was gnats. 

Summary of the Family. 

Of the warbler family as a whole, as represented by these 

fifteen specimens, I need only remark that fourteen of the birds 

had eaten canker-worms, which composed nearly or quite two- 

thirds of the food of the group; that ten per cent. consisted of 

Psenocerus supernotatus; and that the remaining averages, with 

the exception of six per cent. of undetermined caterpillars, were 

so much subdivided as to have little or no significance. 

VIREONIDA.  Vireos. 

VIREO GiLtvus, V. WarBLING VIREO. 

Three specimens of this little bird were shot, of purely insect- 

ivrous habit. They had eaten canker-worms to the amount of 

forty-four per cent.; and other caterpillars made thirty-five per 
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cent. additional. A few Coleoptera (fifteen per cent.) of which 

one-thig were carabid larva, and three per cent. of Cydnide 

(Podisus), were the only other important elements. Anomala 

binotata (eight per cent.), Telephorus, and an undetermined long- 

horn, were the other Coleoptera. 

AMPELIDA. Wax-wings. 

AMPELIS CEDRORUM, V. CEDAR WAX-WING. 

A flock of about thirty of these birds was repeatedly started 

in the orchard during the first visit, but none were seen in 1882. 

Seven of the flock were shot, and the contents of their stomachs 

carefully studied. With the exception of a few Aphodii eaten 

by three of the birds in numbers too insignificant to figure in the 

ratios, the entire food of all these birds consisted of canker-worms, 

which therefore stand at an average of one hundred per cent. The 

number in each stomach, determined by actual count, ranged from 

seventy to one hundred and one, and was usually nearly a hun- 

dred. Assuming that these constituted a whole day’s food, the 

thirty birds were destroying three thousand worms a day, or 

ninety thousand for the month during which the caterpillar is 

exposed. 

HIRUNDINID. Swallows. 

PETROCHELIDON LUNIFRONS, Say. CiirF SwALLow. 

This species was nesting in great numbers under the eaves of a 

barn at the edge of the orchard, and many of the birds were 

continually circling through the air. A single specimen was shot, 

and found to contain nothing but the very abundant scavenger 

beetle (Aphodius inguinatus), with about two per cent. of unde- 

termined Hemiptera. 

FRINGILLIDA. Finches. 

ASTRAGALINUS TRIsTIS, L. AMERICAN GOLDFINCH. 

A flock of these birds passed through the orchard, but only a 

single one was shot. No canker-worms had been eaten by it; 

but about seventy per cent. of its food consisted of undetermined 

seeds, and the remainder of a harpalid beetle. 

2 
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CoTURNICULUS PASSERINUS, Wils. YELLOW-WINGED SPARROW. 

A single specimen of this bird, shot in 1881, contained@spiders 

thirty per cent., seeds of pigeon grass (Se¢aria) fifteen per cent., 

an unrecognized beetle five per cent., and some undetermined 

caterpillars, certainly not canker-worms. 

SPIZELLA DOMESTICA, Bart. CHIPPING SPARROW. 

This species was not common in the orchard in 1881, and only 

a single specimen was obtained; but in the following year it was 

found much more abundant, and seven additional were taken. 

About one-third of the food consisted of caterpillars, half of 

which were recognizable as canker-worms. A large number of 

gnats (twenty-eight per cent.), nearly as many Coleoptera, (prin- 

cipally Scarabzeidee, including nine per cent. of Anomala), and six 

per cent. of Hemiptera, are all the other noteworthy items. 

SPIZELLA AGRESTIS, Bart. FireLtp Sparrow. 

This species was less abundant than the preceding, and was 

represented by only three specimens. With the exception of five 

per cent. of gnats, and one of Hemiptera, the food of this bird 

was equally divided between Lepidoptera and Coleoptera. 

Nearly half the former consisted of canker-worms, while the 

Coleoptera were represented by Histeridee, Scarabzeidze (chiefly 

the scavengers), Monocrepidius and Rhynchophora. 

SPIZA AMERICANA, Gmel. BLacK-THROATED BUNTING. 

This bird was the most abundant species in 1881, though but 

few were seen during the following May. Hleven were shot at 

the first visit and three at the second. With the exception of a 

little wheat eaten by two of the birds, and a trace of undeter- 

mined seeds, the food consisted almost entirely of insects and mol- 

lusks, eighty-eight per cent. of the former and six of the latter 

(Helix). Ten of these birds had eaten canker-worms, which 

made forty-three per cent. of the food of the entire group; Lepi- 

doptera asa whole composing two-thirds of the food. Among 

the twenty-two per cent. of Coleoptera, we note Harpalus and 

Histeridze, each four per cent., Aphodius and Anomala likewise 

each four per cent., and Sphenophorus and other Rhynchophora, 

two per cent. 
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ZAMELODIA LUDOVICIANA, L. Rosk-BREASTED GROSBEAK. 

Only two were seen, and both were killed. A very few canker- 

worms were found (five per cent.) with fifty-eight per cent. of 

other caterpillars. About half the fifteen per cent. of Coleoptera 

were Rhynchophora, the remainder being Anomala binotata, one 

of the Lampyridz, and undetermined specimens. One-fifth of 

the food consisted of seeds not recognized. 

PASSERINA CYANEA, L. Inpico Brrp. 

This bird, noted as common in 1881, was by far the most abun- 

dant species in the orchard at the second visit. Eighteen speci- 

mens were shot, two in the first and the remainder in the second 

year. Although this bird is one of the typical finches, only three 

per cent. of its food consisted of seeds, chiefly Setaria and Com- 

posites. Canker-worms made fifty-nine per cent., eaten by all the 

birds but one, and other caterpillars an additional eight per cent. 

With the exception of a trace of Hymenoptera, the remainder of 

the food consisted entirely of beetles, about one-third of which 

were Anomala binotata. 

Summary of the Family. 

Only seven per cent. of the food of the forty-seven members ot 

this family (commonly called seed-eaters) consisted in fact of 

seeds; and insects made up all but two per cent. of the remain- 

der. The most interesting items on the general list are canker- 

worms forty per cent., predaceous beetles (Carabida) two per cent., 

and Anomala binotata six per cent. 

ICTERID. Blackbirds. 

Mo.orurus ATER, Bodd. Cowsrrp. 

A single wandering specimen of this bird contained only Scar- 

abeeide, including Aphodius, and a few other Coleoptera, with 

about sixty per cent. of corn and some seeds of Polygonum and 

other plants. 

AGEL&US PH@NIcEUS, L. ReED-wINGED BLACKBIRD. 

Two specimens of this bird, which were also accidentally in the 

orchard, had fed about equally upon insects and upon wheat and 
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other seeds. The Lepidoptera (twenty-seven per cent.) were 

nearly all the larve of Nephelodes violans. Of the Coleoptera 

(eleven per cent.), part were Anomala and Elateride, and the 

remainder consisted of specimens of Tanymecus conjertus, eaten 

by one of the birds. A grasshopper had also been taken by one, 

making ten per cent. of the food; and traces of Hemiptera were 

recognized. . 

IcTERUS GALBULA, L. BALTIMORE ORIOLE. 

Not common. Three were shot. These had fed only on 

insects,—Lepidoptera forty per cent. and Coleoptera sixty per 

cent., the former all canker-worms, and the latter chiefly dnomala 

binotata (fifty per cent.). Six per cent. of Cerambycide and two 

of Rhynchophora should also be mentioned. 

IcrERUS sPURIUS. L. ORCHARD ORIOLE. 

This bird was common in 1881, although but two were shot; 

but was not noticed the next year. More than three-fourths of 

the food of these consisted of canker-worms, and other caterpil- 

lars made an additional twenty per cent., leaving but three per 

cent. for ants. 

QUISCALUS PURPUREUS &NEUS, Bartr. BRonzED GRACKLE. 

Wandering specimens of the grackle were seen, and a few 

were apparently roosting in the trees at night. But three were 

shot, all of which had fed chiefly upon corn, which amounted to 

sixty-two per cent. of their food. Fragments of a crawfish were 

found in the stomach of one. Half the thirty per cent. of Cole- 

optera were Carabidz, including a specimen of Calosoma calidum, 

and the remainder were nearly all Lucanide (Dorcus, eight per 

cent.) and undetermined Elateridze. 

Summary ofithe Family. 

The five species of this family mentioned were represented by 

but eleven specimens, which, taken together, were found to have 

made two-thirds of their food of insects, the remaining third of corn 

and wheat with a few seeds of weeds. Canker-worms, eaten by 

the orioles, only amounted to one-fourth of the food of the whole, 
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and Coleoptera to a little more than another fourth. Of these, Cara- 

bidze made four per cent., Cerambycidze two, Rhynchophora one, 

and Anomala binotata fourteen. 

TYRANNIDA. Flycatchers. 

TYRANNUS CAROLINENSIS, L. KINGBIRD. 

This species was not uncommon, but only three were shot. 

Two of these, to my surprise, were found to have eaten canker- 

worms, which made more than a fourth of the food of the whole. 

Five per cent. of the remainder consisted of undetermined Hem- 

iptera, and all the balance was Coleoptera. Seven per cent. was 

Elateridx, two Lampyridz, and more than fifty-eight Scarabeei- 

die, all Anomala except thirteen per cent. of Aphodius inquina- 

tus, eaten by one of the birds. 

Controrus vVIRENS, L. Woop PEWEE. 

Three of these were shot, none of which had taken canker- 

worms. Their food consisted chiefly of flies and gnats, which 

amounted to fifty-five per cent. Thirteen per cent. of Aphodius 

and ten per cent. of Ips, with a few ants and other Hymenoptera, 

are also worthy of mention. 

EMPIDONAX TRAILLI, Aud. TRAILL’s FLYCATCHER. 

Two specimens, shot in 1882, had eaten only insects, one-fourth 

of which were canker-worms, and one-third Ichneumonide. 

Another fourth consisted of Coleoptera, nearly half of which 

were Anomala; and ten per cent. were ants and other Hymenop- 

tera. 

EMPIDONAX FLAVIVENTRIS, Bd. YELLOW-BELLIED FLYCATCHER. 

A single specimen had eaten a number of Lepidoptera and 

their larvee, but no canker-worms. Half the food was Coleoptera, 

nearly all Aphodius and Anomala binotata,—fifteen per cent. and 

twenty-five per cent. respectively. The little Psenocerus was 

likewise taken by this bird, and a specimen of Hymenarcys 

(Hemiptera). 
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Summary of the Family. 

The nine flycatchers taken had eaten only insects, of which 

nearly half were Coleoptera, and the remainder were about 

equally distributed between the Hemiptera, Lepidoptera, and 

Diptera, Canker-worms make fifteen per cent. of the whole, and 

Anomala binotata seventeen per cent. The Scarabzeidze include 

all but ten per cent. of the Coleoptera. 

CUCULID. Cuckoos. 

CoccyzZUS ERYTHROPHTHALMUS, Wils. BLack-BILLED Cuckoo. 

Three-fourths of the food of a single specimen shot consisted 

of canker-worms, other caterpillars making an additional twenty 

per cent. Anomala binotata was the only remaining element. 

PICIDAt. Woodpeckers. 

MELANERPES ERYTHROCEPHALUS, L. RED-HEADED WOODPECKER. 

This bird was abundant in the orchard, evidently nesting in the 

trees, although but four specimens were shot. Two of these had 

eaten corn, which amounted to twenty per cent. of the food. 

Fifteen per cent. was canker-worms, and twenty-four per cent. 

Carabidz (eaten by two of the birds), including Calosoma, Scar- 

ites, and several Harpalids. Twenty-nine per cent. of Scarabzei- 

dz embraced a Canthon and some specimens of Anomala bino- 

tata. Melanotus and other spring-beetles were also eaten by two 

of the birds. 

CoLAPTES AURATUS, L. FLICKER. 

A single specimen, killed in 1881, had fed only on ants, the 

usual aliment of the bird. 

COLUMBIDA. Doves and Pigeons. 

ZENAIDURA CAROLINENSIS, L. Mournine Dove. 

Several mourning doves were seen, and a single specimen was 

taken. Three-fourths of the food of this was corn, and the 

remainder the seeds of some leguminous plant. 
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PERDICIDAL. Quails and Partridges. 

OrTYX VIRGINIANA, L. QUAIL. 

Two quails were shot, among half a dozen seen. All but four 

per cent. of their food consisted of corn and other seeds, chiefly 

those of Composite. A single chrysomelid, a rhynchophorous 

beetle, and a carabid, were the only insects found. 

Besides the species of birds above mentioned, the following 

were noted rarely in the orchard, but no specimens were secured: 

and Vireo olivaceus, Sturnella magna, Cyanurus cristatus, and 

Cheetura pelasgicu. The blue jay was seen eating canker-worms in 

the trees. The total number of species observed in the orchard wa 

therefore forty, and the number of specimens obtained and studied 

was one hundred and forty-one, representing thirty-six of the 

species. Twenty-six of these species had been eating canker- 

worms, which were found in the stomachs of eighty-five speci- 

mens. That is to say, seventy-two per cent. of the species, and 

sixty per cent. of the specimens, had eaten the worms. Taking 

the entire assemblage of one hundred and forty-one birds as one 

group, we find that thirty-five per cent. of their food consisted of 

canker-worms; and if we exclude the species evidently merely 

accidental in the orchard, the average of canker-worms in the 

food of those properly belonging there rises to about forty per 

cent. 

For a correct estimate of the probable effect of the birds 

in limiting the increase of the canker-worm, it is necessary to 

take into account some of the features of its natural history. 

The larval life of the insect lasts about one month, after which it 

enters the ground and pupates, where it remains until the follow- 

ing spring. The imagos, the females of which are wingless, 

emerge about the middle of April. They lay their eggs upon 

the bark of the trees, usually at night, remaining concealed upon 

the ground by day under fallen leaves and other rubbish. The 

eggs remain upon the trees about a month before the worms 

emerge, when the latter crawl up the trunk and commence their 

attacks upon the leaves. The pest is consequently exposed to 

destruction from the time it emerges until it disappears again, the 

adults falling an easy prey to birds which search the ground for 
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food, and the eggs to the small species which pry about the trunks 

of trees. The entire period during which the insect is doubtless 

fed upon by birds will usually amount to somewhat more than 

two months. 

Besides the abundance of the canker-worms noted in the food 

of these birds, it is evident that two or three other species of insects 

occurred in this situation in extraordinary numbers, especially the 

vine leaf-chafer (Anomala binotata) and a small borer (Psenocerus 

supernotatus). The purple cut-worm (Nephelodes violans) was 

also somewhat commoner than usual. The Anomala was eaten 

by thirty-nine of the specimens, representing fifteen species, and 

amounted to eleven per cent. of the food of all the birds taken in 

the orchard. Many of these were too small to feed upon so large 

an insect, and a better illustration of the abundance of this 

beetle may be gathered from the food of the thrushes and blue- 

bird), (Of hinty- -two specimens of these families, nineteen had 

eaten the vine leaf-chafer, which amounted to twenty-seven per 

cent. of the food of all. Only fourteen of the same birds had 

eaten the canker-worm, which amounted to less than twenty per 

cent. of the food. It seems likely, therefore, that some of these 

birds were attracted to the orchard, not by the canker-worms, but 

by the superabundance of Anomala. The unusual frequency of 

Psenocerus supernotatus, a small long-horned beetle found upon 

the trees, is shown by the fact that of the twenty-five small arboreal 

birds (Paridz, Troglodytidz, and Mniotiltidz), thirteen had eaten 

this beetle, which composed nearly one-tenth of their food. 

We have next to make the comparison of the food 

taken in the orchard by the species most abundant there, 

with the food of the same species, taken elsewhere under 

ordinary circumstances. For the purpose of this compar- 

ison I have selected the robin, the catbird, the black-throated 

bunting (Spiza americana), and the indigo bird (Passerina 

cyanea). In the table of the ordinary food of the robin for 

May, published in Bulletin. 3 of this series, as represented by 

fourteen specimens, caterpillars amounted to but twenty-three per 

cent., whereas in the orchard they rise to fifty-four per cent. This 

difference between the averages is almost exactly accounted for 

by the ratios of canker-worms and Nephelodes violans not appear- 

ing on the former table; these together amounting to thirty-five 
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per cent. Notwithstanding the number of Anomala eaten in the 

orchard, the ratios of the Scarabzidv are substantially the same, 

as the ordinary food of the robin in May consists largely of June 

beetles. The surplus of Lepidoptera seems to be balanced by a 

deficiency in all the other orders, no one of which rises to the 

average of its ordinary food in May. The loss is greatest, how- 

ever, in the Diptera, which drop from eleven per cent. to nothing. 

Comparing the record of the fourteen catbirds shot in the 

orchard with that of twenty-two obtained in miscellaneous situa- 

tions, we note, first, that the caterpillars on the first table are 

more than twice those of the second,—twenty-six in the one, and 

twelve in the other; and that this difference is evidently due to 

the fifteen per cent. of canker-worms taken by the birds of the 

first group. This shows that the catbird, like the robin, had 

simply added the canker-worms eaten to its usual ratio of cater- 

pillars. A more striking difference is shown in the totals of 

Coleoptera, which stand at fifty-six per cent. in the orchard birds, 

and twenty-three in the others. This, again, is evidently due to 

the abundance of Anomala binotata; for when the ratio of this 

insect is subtracted from the total of Coleoptera, the remainder is 

twenty per cent. as against twenty-three of the ordinary food. 

These excessive ratios of Lepidoptera and Coleoptera are com- 

pensated by deficiencies in the Diptera, Arachnida, Myriapoda 

and Orthoptera, especially in the three first named groups. The 

decided preference of this bird for ants is shown by the fact that 

the usual ratio of these insects is scarcely diminished, fourteen 

per cent. having been taken in the orchard and eighteen else- 

where. 

Fourteen of the black-throated bunting (Spiza americana), 

killed in the orchard, are to be contrasted with twelve shot in 

May from various situations. A striking difference is seen at 

once in the insect ratios, which amount respectively to eighty- 

eight and forty-seven per cent. This surplus of insects eaten by 

the orchard birds is readily traced to the orders Lepidoptera and 

Coleoptera. Of the former these birds had eaten more than three 

times their ordinary average, and of the latter nearly four times 

the usual amount. The excess of Lepidoptera is clearly due, as 

usual, to the presence of the canker-worms, since the balance left 

3 
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after subtracting the canker-worm ratio from the average of that 

order taken by the first group, differs by only three per cent. from 

the average taken by the second group. The discrepancy m the 

ratios of Coleoptera is not so easily explained, but is distributed 

among several genera of Scarabeide and the small scavenger 

beetles. The excess of these two orders is compensated princi- 

pally by diminished ratios of vegetation, which amount to only 

six per cent. in the birds shot in the orchard, and fifty-two per 

cent. among those taken through the country at large. Diptera and 

all the lower orders of insects as well as Arachnida and Myriapoda, 

are also omitted from the food of the orchard birds. 

Insects composed ninety-seven per cent. of the food of eighteen 

indigo birds (Passerina cyanea) shot in the orchard, and but fifty- 

seven per cent. of the food of fifteen individuals taken elsewhere, 

the balance in both cases being seeds, chiefly Setaria, Polygonum 

and wheat. The excess of insects in the orchard specimens 

appears under Lepidoptera and Coleoptera, the former sixty-seven 

per cent., the latter twenty-nine, as compared with twenty-eight 

and nineteen per cent. respectively, in the other group. The 

Lepidoptera of the orchard birds are nearly all canker-worms, as 

are likewise ten per cent. of those taken by the specimens from 

various situations. The difference in the ratio of Coleoptera 

taken by the two groups was exactly compensated by the ten per 

cent. of Anomala binvtata eaten in the orchard. The excess of 

caterpillars and beetles taken by the former group, is partly com- 

pensated also by the almost total disappearance of all other 

insects from the food. 

What, now, may we conclude, from the above data, respecting 

the influence of birds upon such entomological insurrections as 

are illustrated by the uprising of the canker-worms in Mr. Rob- 

ison’s orchard? 

Three facts stand out very clearly as results of these investiga- 

tions: 1. Birds of the most varied character and habits, migrant 

and resident, of all sizes, from the tiny wren to the bluejay, 

birds of the forest, garden and meadow, those of arboreal and 

those of terrestrial habit, were certainly either attracted or 

detained here by the bountiful supply of insect food, and were 

feeding freely upon the species most abundant. That thirty-five 
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per cent. of the food of all the birds congregated in this orchard 

should have consisted of a single species of insect, is a fact so 

extraordinary that its meaning can not be mistaken. Whatever 

power the birds of this vicinity possessed as checks upon 

destructive irruptions of insect life, was being largely exerted 

here to restore the broken balance of organic nature. And while 

looking for their influence over one insect outbreak we stumbled 

upon at least two others, less marked, perhaps incipient, but evi- 

dent enough to express themselves clearly in the changed food 

ratios of the birds. 

2. The comparisons made show plainly that the reflex effect of 

this concentration on two or three unusually numerous insects was 

so widely distributed over the ordinary elements of their food 

that no especial chance was given for the rise of new fluctuations 

among the species commonly eaten. That is to say, the abnormal 

pressure put upon the canker-worm and vine chafer was compen- 

sated by a general diminution of the ratios of all the other ele- 

ments, and not by a neglect of one or two alone. If the latter 

had been the case, the criticism might easily have been made that 

the birds, in helping to reduce one oscillation, were setting others 

on foot. 

3. The fact that, with the exception of the indigo bird, the 

species whose records in the orchard were compared with those 

made elsewhere, had eaten in the former situation as many cater- 

pillars other than canker-worms as usual, simply adding their 

canker-worm ratios to those of other caterpillars, goes to show 

that these insects are favorites with a majority of birds. 
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TABLES OF THE FOOD. 

The Regulative Action of Birds upon Insect Oscillations. 
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TABLES OF THE FOOD — Continued. 
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TABLES OF THE FOOD — Continued. 
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TABLES OF THE FOOD -— Continued. 
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TABLES OF THE FOOD — Continued. 
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TABLES OF THE FOOD — Concluded. 
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GENERA AND SPECIES RECOGNIZED IN THE FOOD. 

The following lists are intended to supplement the preceding 

tables and, taken together with them, to present all the details 

concerning the food of the birds observed in the orchard, upon § ands 
which the foregoing discussion is based. In the first list the genera 

and species recognized in the food of each kind of bird are 

given separately ; in the second the food elements are systemati- 

cally arranged, and against the name of each element the names 

of all the species of birds are placed in whose food that element 

was recognized. The figures preceding the names of the birds 

in the second list indicate the number of individuals in which the 

given element was found : 

Turdus migratorius * 

TURDID&. 

Helix, Hyalina, Limnea humilis, Formica, 
Nephelodes violans, Anisopteryx vernata, Elaphrus ruscarius, 
Staphylinus 

4 

badipes, Aphodius, A. inquinatus, Phyllo- 
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phaga, Anomala lucicola, A. binotata, Melanotus, Monocre- 
pidius, Graphorhinus vadosus, Alydus eurinus, Coenus delius, 
Hymenarcys, Polydesmus serratus, Lumbricus. 

Mimus carolinensis: Formica, F. fusca, Lasius, L. niger, 

Nephelodes violans, Anisopteryx vernata, Clivina striato- 
unctata, Anisodactylus, Hister americanus, H. perplexus, 

Onthophagus, Aphodius, A. inquinatus, Phyllophaga, Anoma- 
la binotata, Melanotus, Graphorhinus vadosus, Tanymecus 
confertus, Baris, Sphenophorus, Coenus delius, Podisus 

spinosus, Iulus. 

Harporhynchus rufus: Anisopteryx vernata, Chlenius, Steno- 
lophus conjunctus, Hister americanus, H. perplexus, Aphodius, 
Diplotaxis georgiz, Anomala binotata, Melanotus, Monocre- 
pidius, Baris confinis, Iulus. 

SAXICOLIDE. 

Sialia sialis: Anisopteryx vernata, Anisodactylus baltimorensis, 
Aphodius, Anomala binotata, Chrysomela suturalis, Diabro- 
tica vittata, Coenus delius, Hymenarcys eequalis, Kuschistus. 

PARID®. 

Parus atricapillus: Anisopteryx vernata, Psenocerus superno- 
tatus. 

TROGLODYTIDZ. 

Troglodytes domesticus: Anisopteryx vernata, Olibrus, Apho- 
dius, Monocrepidius auritus, Psenocerus supernotatus, Blissus 9 Pp Pp 5) 

leucopterus, Tulus. 
MNIOTILTID ®. 

Helminthophaga peregrina: Anisopteryx vernata, Telephorus 
bilineatus. 

Dendreeca estiva: Anisopteryx vernata, Aphodius, Telephorus 
bilineatus, Psenocerus supernotatus. 

Dendreeca pennsylvanica: Anisopteryx vernata, Psenocerus 
supernotatus. 

Dendreeca striata: Anisopteryx vernata, Aphodius, Psenocerus 
supernotatus. 

Dendreca virens: Anisopteryx vernata, Psenocerus superno- 
tatus. : 

Geothlypis trichas: Anisopteryx vernata, Psenocerus superno- 
tatus, Piesma cinerea. 

VIREONIDH. 
Vireo giluus: Anisopteryx vernata, Anomala binotata, Tele- 

phorus bilineatus, Huschistus. 

AMPELID®. 
Ampelis cedrorum: Anisopteryx vernata, Aphodius inquinatus, 

A. femoralis. 
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HIRUNDINID&. 
Petrochelidon lunifrons: Aphodius inquinatus. 

FRINGILLID&. 

Coturniculus passerinus :  Setaria. 

Spizella domestica: Anisopteryx vernata, Anomala binotata, 
Baris, Setaria, Panicum. 

Spizella agrestis: Anisopteryx vernata, Onthophagus, Aphodius 
A. inquinatus, Monocrepidius, Baris, Sphenophorus. 

Spiza americana: Helix, Agapestemon, Anisopteryx vernata, 
Anisodactylus, Ips fasciatus, Aphodius, A. inquinatus, 
Anomala binotata, Sphenophorus, Wheat, Setaria. 

Zamelodia ludoviciana: Anisopteryx vernata, Anomala_ bi- 
notata. 

Passerina cyanea: Aphidius, Anisopteryx vernata, Onthoph- 
agus, Aphodius, Anomala binotata, Monocrepidius, Baris, 
Setaria. 

ICTERID®. 

Molothrus ater: Aphodius, Dibolia aérea, Polygonum, Corn. 

Ageleus pheniceus: Nephelodes violans, Anisopteryx vernata, 
Anoma'a binotata, Tanymecus confertus, Polygonum, Wheat. 

Icterus galbula: Anisopteryx vernata, Anomala binotata, Phy- 
matodes variabilis, Psenocerus supernotatus. 

Icterus spurius : Camponotus, Anisopteryx vernata. 

Quiscalus purpureus ceneus: Calosoma calidum, Dorcus paral- 
lelus, Crawfish, Corn. 

TYRANNID&. 

Tyrannus carolinensis: Anisopteryx vernata, Aphodius in- 
quinatus, Anomala, A. binotata, Melanotus. 

Contopus virens: Ips fasciatus, Aphodius, A. inquinatus. 

Empidonax trailli: Anisopteryx vernata, Anomala. 

Empidonax flaviventris: Aphodius, Anomala binotata, Pseno- 
cerus supernotatus, Hymenarcys. 

CUCULID&. 

Coccyzus erythrophthalmus: Anisopteryx vernata, Anomala. 

PICID®. 

Melanerpes erythrocephalus: Camponotus, Anisopteryx  ver- 
nata, Calosoma calidum, Scarites substriatus, Canthon hud- 
sonias, Anomala binotata, Melanotus, Corn. 

COLUMBID&. 

Zenaidura carolinensis: Corn. 

PERDICID&X. 

Ortyx virginiana: Chrysomela suturalis, Polygonum, Setaria, 
Corn. 
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Helix: 1 Turdus migratorius, 1 Spiza americana. 

Hyalina: 1 Turdus migratorius. 

Limnea humilis: 1 Turdus migratorius. 

Agapestemon: 1 Spiza americana. 

Formica sp.: 1 Turdus migratorius, 1 Mimus carolinensis. 

F’. fusca: 1 Mimus carolinensis. 

Lasius sp.: 1 Mimus carolinensis. 

L. niger: 3 Mimus carolinensis. 

Camponotus : 1 Icterus spurius, 1 Melanerpes erythrocephalus. 

Aphidius: 1 Passerina cyanea. 

Nephelodes violans: 38 Turdus migratorius, 1 Mimus carolin- 
ensis, 1 Agelzeus phoeniceus. 

Anisopteryx vernata : 3 Turdus migratorius, 8 Mimus carolin- 
ensis, 2 Harporhynchus rufus, 1 Sialia sialis, 2 Parus atrica- 
pillus, 3 Troglodytes domesticus, 1 Helminthophaga pere- 
grina, 5 Dendroeca zstiva, 2 Dendroeca pennsylvanica, 4 
Dendreeca striata, 1 Dendroeea virens, 1 Geothlypis trichas, 
3 Vireo gilvus, 7 Ampelis cedrorum, 2 Spizella domestica, 1 
Spizella agrestis, 10 Spiza americana, 1 Zamelodia judowe 
ciana, 17 Passerina cyanea, ik Ageleus pheeniceus, 3 Icterus 
albula, 2 2 Icterus spurius, 2 Tyrannus carolinensis, 1 Empi- 

donax trailli, 1 Coceyzus erythrophthalmus, 1 Melanerpes 
erythrocephalus. 

Elaphrus ruscarius: 1 Turdus migratorius. 

Clivina striatopunctata: 1 Mimus carolinensis. 

Calosoma calidum: 1 Quiscalus purpureus zneus, 1 Melaner- 
pes erythrocephalus. 

Scarites substriatus: 1 Melanerpes erythrocephalus. 

Chlenius: 1 Harporhynchus rufus. 

Anisodactylus sp.: 1 Mimus carolinensis, 1 Spiza americana. 

A. baltimorensis: 2 Sialia sialis. 

Stenolophus conjunctus: 1 Harporhynchus rufus. 

Staphylinus badipes: 1 Turdus migratorius. 

Ips fasciatus: 1 Spiza americana, 1 Contopus virens. 

Olibrus: 1 Troglodytes domesticus. 

Lister americanus: 1 Mimus carolinensis, 1 Harporhynchus 
rufus. 

H. perplexus: 1 Mimus carolinensis, 1 Harporhynchus rufus. 

Dorcus parallelus: 1 Quiscalus purpureus zeneus. 

Canthon hudsonias: 1 Melanerpes erythrocephalus. 

Onthophagus : 1 Mimus carolinensis, 1 Spizella agrestis, 1 Pas- 
serina cyanea. 



The Regulative Action of Birds upon Insect Oscillations. 31 

Aphodius sp.: 1 Turdus migratorius, 1 Mimus carolinensis, 1 
Harporhynchus rufus, 1 Sialia sialis, 1 Tro lodytes domesti- 
cus, 1 Dendreeca eestiva, 1 Hendreses striata, 1 Spizella 
2 ae 3 Spiza americana, 1 Passerina cyanea, 1 Molothrus 
ater. 2 2 Contopus virens, | Empidonax flaviventris. 

A. inguinatus: 1 Turdus migratorius, 1 Mimus carolinensis, 2 
Ampelis cedrorum, 1 Bawookahden lunifrons, 1 Spizella 

agrestis, | Spiza americana, 1 Tyrannus pahncnee 1 Con- 
topus virens. 

A. femoralis: 1 Ampelis cedrorum. 

Diplotaxis georgie: 1 Harporhynchus rufus. 

Phyllophaga: 1 Turdus migratorius, 3 Mimus carolinensis. 

Anomala sp.:| 1 Tyrannus carolinensis, 2 Empidonax trailli, 1 
Coccyzus erythrophthalmus. 

A. lucicola: 1 Turdus migratorius. 

A. binotata: 3 Turdus migratorius, 10 Mimus carolinensis, 2 
Harporhynchus rufus, 4 Sialia sialis, 1 Vireo gilvus, 2 Spizella 
domestica, 2 Spiza americana, 1 Zamelodia negeicane 4 

Passerina cyanea, 1 Agelzeus phceniceus, 3 Icterus : galbula, 2 
Tyrannus carolinensis, 1 Empidonax flaviventris, 2 Melaner- 
pes erythrocephalus. 

Melanotus: 1 Turdus migratorius, 1 Mimus carolinensis, 1 Har- 
porhynchus rufus, 1 “Ty rannus carolinensis, 1 Melanerpes 
erythrocephalus. 

Monocrepidius: 1 Turdus migratorius, 1 Harporhynchus rufus, 
1 Spizella agrestis, 1 Passerina cyanea. 

M. auritus: 1 Troglodytes domesticus. 

Telephorus bilineatus: 1 Helminthophaga peregrina, 1 Den- 
droeca zestiva, 1 Vireo gilvus. 

Phymatodes variabilis: 1 Icterus galbula. 

Psenocerus supernotatus: 1 Parus atricapillus, 2 Troglodytes 
domesticus, 3 Dendrceca zestiva, 2 Dendrceca pennsylvanica, 
3 Dendrceca striata, 1 Dendrceca virens, 1 Geothlypis trichas, 
1 Icterus galbula, 1 Empidonax flaviventris. 

Chrysomela suturalis: 1 Sialia sialis, 1 Ortyx virginiana. 

Diabrotica vittata: 1 Sialia sialis. 

Dibolia aérea: 1 Molothrus ater. 

Graphorhinus vadosus: 1 Turdus migratorius, 1 Mimus caro- 
linensis. 

Tanymecus confertus: 1 Mimus carolinensis, 1 Ageleus phee- 
niceus. 

Baris: 1 Mimus carolinensis, 1 Spizella domestica, 1 Spizella 
agrestis, 1 Passerina cyanea, 
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B. confinis: 1 Harporhynchus rufus. 

Sphenophorus: 1 Mimus carolinensis, 1 Spizella agrestis, 1 Spiza 
americana. 

Piesma cinerea; 1 Geothlypis trichas. 

Blissus leucopterus: 1 Troglodytes domesticus. 

Alydus eurinus: 1 Turdus migratorius. 

Cenus delius: 1 Turdus migratorius, 1 Mimus carolinensis, 1 
Sialia sialis. 

Hymenarcys: 1 Turdus migratorius, 1 Empidonax flaviventris. 

H. equalis: 2 Sialia sialis. 
Euschistus; 1 Sialia sialis, 1 Vireo gilvus. 

Podisus spinosus: 1 Mimus carolinensis. 

Polydesmus serratus; 1 Turdus migratorius. 

Iulus: 1 Mimus carolinensis, 1 Harporhynchus rufus, 1 Troglo- 
dytes domesticus. 

Crawfish; 1 Quiscalus :purpureus zeneus. 
Lumbricus: 1 Turdus migratorius. 

Polygonum: 1 Molothrus ater, 1 Agelseus phoeniceus, 2 Ortyx 
virginiana. 

Wheat: 1 Spiza americana, 1 Agelzeus phoeniceus. 

Setaria: 1 Coturniculus passerinus, 2 Spizella domestica, 1 Spiza 
americana, | Passerina cyanea, 1 Ortyx virginiana. 

Corn: 1 Molothrus ater, 3 Quiscalus purpureus zneus, 2 
Melanerpes erythrocephalus, 1 Zenaidura carolinensis, 2 
Ortyx virginiana. 

Panicum: 1 Spizella domestica. 



THE FOOD RELATIONS OF THE CARABIDA AND 

COCCINELLID A. 

By S. A. FORBES. 

A group or association of animals or plants is like a single 

organism in the fact that it brings to bear upon the outer world 

only the surplus of forces remaining after all conflicts interior to 

itself have been adjusted. Whatever expenditure of energy is 

necessary to maintain the existing internal balance amounts to so 

much power locked up, and rendered unavailable for external use. 

In many groups this latent energy is so considerable and is liable 

to such fluctuations, that a knowledge of its amount and kinds, 

and of the laws governing its distribution, is extremely important 

to one interested in measuring or foreseeing the sum and charac- 

ter of the outward-tending activities of the class. 

This seems especially true of the insect world. If the checks 

upon the multiplication of insects and upon their average length 

of life which are due to insects themselves were to be suddenly 

removed, there is much reason to suppose that the total external 

effect of the class would be very greatly intensified, at least for a 

time. 

Whether our purpose be merely to understand the internal 

economy of insect life as a part of the general system of nature, 

or to apply such knowledge to a regulation of the depredations 

of insects upon plants and animals, it is equally necessary that we 

should know the character and extent of the conflicts which pre- 

vail within the class, and should understand how the various sub- 

ordinate groups limit each other’s numbers and activity, either 

indirectly by competition, or directly by destruction. 

The following notes are a contribution to a more exact knowl- 

edge of this subject than has hitherto prevailed. The view of 

the functions of the two principal predaceous families of Coleop- 

tera (Carabidze and Coccinellide) which is common among 
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entomologists, is largely due to a hasty generalization, based upon 

insufficient data. Observations of the food of these beetles have 

hitherto been left almost wholly to chance, and have nowhere 

been systematically pursued—from which it has resulted that we 

know their habits only in the most conspicuous situations, and 

have not a fair idea of the general average of their food. 

Neither have observations of any kind been numerous enough to 

enable us to detect clearly differences of food habit in different 

species or genera of these families; but, with slight occasional 

exceptions, all Carabidae and Coccinellide have been classed 

together as essentially carnivorous. 

Besides insufficient observation, a tendency to reason too confi- 

dently from structure to function is responsible for many mistaken 

notions—a tendency particularly liable to mislead when applied 

to the habits of animals. It is frequently assumed that the most 

prominent and peculiar adaptive structures are necessarily indica- 

tive of the most important and customary habits, and that struct- 

ures especially fitted for one function are thereby incapacitated for 

every other. 

The first of these assumptions ignores the fact that many 

adaptive structures are acquired for the sake of the advantage 

derived, not in ordinary, but in extraordinary circumstances. The 

struggle for existence is one of greatly varying intensity, and the 

really decisive moments of the conflict are often only brief and 

occasional. The time spent in actual combat by very belligerent 

and very powerful animals, is doubtless but a small fraction of 

their whole lives; and yet by far the most prominent and import- 

ant of the structural peculiarities which serve to distinguish them 

from their more peaceful allies, may be those which enable them 

to triumph in these occasional but critical instants. Likewise the 

pinch of starvation must commonly be felt only at rare intervals, but 

no structures will be more thoroughly elaborated or carefully pre- 

served than those serving to give the animal the advantage 

during these brief periods, since the continued existence of the 

species depends on these no less than on those of constant use. 

From the prominent adaptive structures we may safely infer, as a 

general rule, what the animal will do in the stress of a life and 

death struggle, but not necessarily what are its ordinary practices. 

The second of the above assumptions is also negatived, occa- 
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sionally, at least, by the principles of natural selection, especially 

as applied to the machinery of food prehension. Whatever 

departure from the primitive vegetarian habit of animals any 

group has acquired, was of course initiated to enable it to draw 

on other food resources than those previously open to it. But as 

animal food is usually less abundant and less generally distributed 

than vegetable, it would not, at first, be to the advantage of any 

that they should become exclusively dependent upon the former; 

their interests would be best served by such modifications of 

structure and habit as would enable them to draw upon one or the 

other store, according to circumstances. Acquiring some power 

to capture and masticate animal food, they would not wholly lose 

that of appropriating vegetable food also; and however well fitted 

their prehensile and digestive organs might become for the former 

function, we should expect that they would not altogether lose 

their fitness for the latter. It would be only as competition on 

this higher plane increased to the pressure point, that a few mem- 

bers of the differentiating group would be forced to the highest 

plane of complete (anne: on animal food alone. 

The first results of an attempt at a more exact and exhaustive 

investigation of this subject, were given by the writer in a brief 

paper published in Bulletin 3 of this series, in November, 1880.* 

In another paper by Mr. F. M. Webster in the same Bulletin,+ a 

summary of previously recorded observations was given, together 

with many additional and original field notes. A few other items 

have since been published by others, but confined, as far as known 

to me, to chance observations on single insects. 

The method here followed, as in the paper above mentioned, 

has been that of dissection. The alimentary canals of beetles 

taken in a great variety of situations, at various seasons and at 

different times of day, have been removed, placed in glycerine on 

microscope slides, and opened with small knives and mounted 

needles, so as to display the contents completely. These have 

then been studied with whatever power of the microscope was 

necessary, and mounted as microscope slides for permanent pres- 

ervation and repeated examination. The amount of information 

* Notes on Insectivorous Coleoptera. By S. A. Forbes. Illinois State 
Laboratory of Natural History, Bulletin No. 3, pp. 153-160. 

TPp. 149-152. 

5 
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which could thus be acquired by patient study, was often quite 

surprising. While it was of course rarely possible to distinguish 

species, or even genera, all the fragments could usually be classi- 

fied with some fair degree of definiteness; and there was com- 

monly no difficulty in making satisfactory estimates of the ratios 

of the different food elements present. 

In some of the most important cases, the facts elicited were of 

the highest degree of exactness. Several collections of preda- 

ceous beetles were made in situations where some particular 

species of noxious insect was especially abundant, with a view to 

determining to what extent the latter was preyed upon by its 

supposed enemies. In such cases it was not difficult to tell with 

certainty, even from very minute fragments, whether the given 

insect had been eaten or not. Even where no solid structures 

were present, and the contents of the alimentary canal were 

entirely fluid, it was still usually possible to say whether these 

fluids had an animal or a vegetable origin. After many observa- 

tions and some experiments, it was found that partially digested 

animal food in the stomach of a beetle was commonly bathed in a 

black juice, which, when examined under a high power of the micro- 

scope, was seen to contain nothing but a minutely divided flocculent 

matter, probably composed of irregular aggregations of 

fat droplets and other organic particles. This fluid was never 

found in connection with purely vegetable contents, but some- 

times filled the stomach alone, and contained nothing to indicate 

its origin. In all the latter class of cases I have regarded it as 

proof that the food had been derived from animal sources, proba- 

bly usually consisting of the juices of insects recently captured. 

For the determinations of the fungi mentioned herein, I am 

indebted chiefly to Prof. T. J. Burrill, of the Industrial University 

at Champaign. 

The insects dissected for this paper were partly obtained in the 

course of miscellaneous collecting, and partly secured for me 

especially for the purpose, by one of my entomological assistants, 

Mr. F. M. Webster, who kept careful notes of the situations in 

which the specimens were taken, the hour of the day when they 

were captured, and the objects upon which it seemed probable 

that they had lately fed. Examples of the latter were also fre- 

quently bottled with the specimens, for comparison. The special 
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collections from the orchard infested by canker-worms, and the 

corn-fields at Jacksonville and Normal overrun by chinch-bugs, 

were made by myself. 

In the following discussion, each genus is taken up separately, 

and the details of its food are given both under general circum- 

stances, as shown by specimens from miscellaneous situations, and 

also under the various peculiar conditions illustrated by the 

special collections, made for the purpose of exhibiting the food of 

these insects as related to particularly injurious species, and these 

are followed by a summary and discussion of the food of each 

family, taken as a unit. The tables exhibit, first, the food of the 

family under ordinary circumstances; second, under peculiar con- 

ditions; and, third, under all the circumstances, taken together. 

FAMILY CARABIDA. 

My notes upon the food of this family are derived from the 

dissection and study of one hundred and seventy-five specimens, 

representing thirty-eight species and twenty genera. Highty-two 

specimens were collected in miscellaneous situations, twelve were 

taken in a field infested by cabbage-worms, ten in a corn-field 

overrun by chinch-bugs, and seventy-one in an orchard which 

was being destroyed by canker-worms. The first collection of 

eighty-two specimens from various situations represented thirty- 

two species, belonging to eighteen genera. They were obtained 

in different parts of the State, from DeKalb County in the north 

to Union in the south, and at all seasons of the year, from April to 

October; and doubtless represent fairly well the food of the 

family in Illinois during the entire year. The collections illus- 

trating the food of the Carabidz as related to the cabbage-worm 

were made ina field of young plants at Normal, IIL, in April, 

1882, where the larvee of Ayrotis anneru were abundant and 

destructive. The collection showing the food of this family in 

the’ presence of the chinch-bug, consisted of ten specimens of a 

single species found in July, 1882, very abundant about the roots 

of corn in a field where the bases of the stalks were largely coy- 

ered by youn g chinch-bugs. The third special collection con- 

sisted of seventy-one insects, representing nineteen species, ob- 

tained in May of two successive years (1881 and 1882) in an 
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orchard which had been infested for several years with the canker- 

worm to such an extent as to cause the total destruction of a 

large part of the trees. 

GENUS CALOSOMA. 

This genus is represented by three specimens of C. serutator, col- 

lected in the orchard with the canker-worms, and by nine of 

C'. calidwm, which were variously distributed. The C. scrutator was 

found to have eaten only animal food, about two-thirds of which 

was recognizable as of insect origin. The remaining third was 

due to the occurrence of liquid animal food, or the fluid to which 

I have given this interpretation. In the stomach of one of the 

beetles the insect food consisted only of minute particles of a 

reddish brown crust which it was impossible to classify further. 

A single (. calidum, taken in May in Central Illinois, contained 

only liquid animal food. Seven specimens, taken in the orchard 

above-mentioned, had likewise fed upon animal food alone, forty 

per cent. recognizable as insects, and the remainder not otherwise 

determinable. As far as can be judged from the contents of the 

alimentary canal in these thirteen specimens, the species of this 

genus are strictly carnivorous, and have the habit either of suck- 

ing the juices of their prey, or of selecting only those parts most 

easily masticated, reducing these to indistinguishable fragments. 

Certainly there was not the slightest trace of vegetable food in 

any of these beetles.* 

GENUS SCARITES. 

Two specimens of S. swbterraneus, taken in 1882, one at 

Normal and the other at Anna, in Southern Illinois, had eaten 

only animal food, one-half of which was unrecognizable, and the 

remainder insects. Four specimens of the same species, taken in 

the cabbage-field, have a precisely similar record. 

These nineteen specimens, belonging to three species, were the 

only examples of Carabide proper whose food was studied, and 

all agreed in a strictly carnivorous character. 

*Mr. F. M. Webster has seen a C. calidum eating a small grasshop- 
per. 
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GENUS BRAcHYNUS. 

A single specimen of Brachynus fumans, caught in Central 

Illinois, in May, had taken only liquid animal food. ’ y> cae 

GENUS GALERITA. 

Seventeen specimens of Ga/erita Janus, four collected in vari- 

ous situations, and thirteen in the orchard in Tazewell County, 

had made a much more varied record. All of the group first 

mentioned had eaten insects, which amounted to eighty-eight per 

cent. of their food, nearly all caterpillars of undetermined species. 

The remaining twelve per cent. consisted of vegetable food eaten 

by two of the specimens, and was apparently derived chiefly 

from the seeds of grass. A larger ratio of animal food is 

noticed in the thirteen taken where canker-worms abounded. 

Here vegetation amounted to only six per cent., all of exogenous 

origin, as shown by the branching bundles of spiral cells in the 

vegetable fragments noticed, while the animal food amounted to 

ninety-four per cent. Insects stand at eighty-five per cent., seven 

per cent. being Diptera, one per cent. unrecognizable insect larvae, 

and the whole of the remainder caterpillars. The last were 

nearly all easily determined as canker-worms, which amounted to 

a little over half the food. Seven individuals of the thirteen had 

eaten these worms. Five per cent. of the food (taken by three of 

the specimens) consisted of spiders, and four per cent. (taken by 

a single specimen) was animal food, not otherwise determinable. 

The remains of a caterpillar in the stomach of a single beetle 

were clearly distinguished as those of a noctuid larva (cutworm). 

If from the ratios of animal food taken by the examples from 

the orchard we subtract the ratio of canker-worms (fifty-two per 

cent.) the remainder is just seven times the ratio of vegetation eaten. 

Recalling the percentages of animal and vegetable food taken by 

the four specimens first mentioned, we find that here also the 

former is almost exactly seven times the latter. This shows beyond 

question that the canker-worms eaten were in addition to the ordi- 

nary ratio of animal food taken by this species under the usual 

conditions. 
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GrEeNusS Loxopnza. 

Three specimens of this genus were studied, all belonging to 

the species LZ. wériventris, collected in July and September in 

Northern and Central Illinois. One of these had eaten immense 

numbers of minute, oval, binucleate cells, determined by Prof. 

Burrill as spores of Sphwronemei, probably Phoma, a fungus 

which forms small black specks upon dead wood, stems of weeds, 

etc. A second specimen had eaten some undetermined insect, 

and about equal quantities of three elements, namely: the above 

spores of Phoma and pollen and anthers of grass,—doubtless blue 

grass, upon which the insect was taken. A few spores of Hel- 

minthosporium were likewise noticed. The crop of a third speci- 

men, taken at Normal, was distended with an oily liquid, but 

contained nothing else except a few spores of Helminthosporium. 

This specimen had probably been sucking the juices of some in- 

sect. The ratios of animal and vegetable food, as nearly as | 

could estimate them, were as forty-four to fifty-six. A specimen 

of this species, captured in the orchard, had not recently taken food. 

GeENus CALATHUS. 

Six examples of (’. yregarius, three from DeKalb County and 

three from the orchard, are the only representatives of this genus. 

One-third of the food of those first mentioned consisted of cater- 

pillars, a second third of other insect larvae, and the remainder of 

the pollen of grass. The food of the second group was extremely 

similar, a third consisting, as before, of vegetation, another third 

of canker-worms, and the remainder of insect fragments not 

further determinable. 

GENUS PLATYNUs. 

The stomach of asingle P. decorus, taken in the orchard, con- 

tained only liquid animal food. Two examples of P. dimbatus, 

both from Southern [linois, in April, had derived about four- 

fifths of their food from the vegetable kingdom, partly seeds of 

grass and partly the parenchyma of exogenous plants. The 

remainder consisted entirely of Aphides (plant-lice). These 

specimens were doubtless too few to give a correct idea of the 

average food of the genus as a whole. 
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GENUus EVARTHRUs. 

Five specimens of #7. colossus, taken at various dates and 

places, had derived about one-tenth of their food from endogens, 

and the remainder wholly from insects. Twenty per cent., eaten 

by one of the beetles, was recognized as caterpillars. Scarabie- 

idv are credited with another twenty per cent., and undetermined 

larvee of Coleoptera with about an equal ratio. Minute quantities 

of fungi were noticed in the stomachs of two of these beetles, 

and traces of undetermined Alow in one. 

Two examples of /#. sodu/is, taken in the Tazewell County 

orchard, had consumed only insects, all canker-worms, except 

traces of an ant and a single gnat. 

The insect ratio of the genus as represented by these seven 

specimens, stands at ninety-three per cent. 

GENUS PYEROSTICHUS. 

Thirteen specimens were dissected, representing P. permun- 

dus, P. sayi, and P. lucublandus. 

The number of each species is not sufficient to give distinctive 

food characters, and the genus may therefore best be treated as a 

whole. Seven of the specimens, taken in miscellaneous situa- 

tions in Central Illinois in April, May, and September, had found 

about one-fourth of their food in the vegetable kingdom, about 

one-third of which consisted of undetermined fungi, and the 

remainder chiefly of exogenous plants. A few spores of Helmin- 

thosporium, probably accidental, were noticed in the stomach of a 

single beetle. Forty-three per cent. of the food consisted of 

insects, among which Hymenoptera only were recognized. A 

single mite occurred in one of the beetles. Thite specimens 

taken in the orchard infested by canker-worms, had eaten endo- 

genous vegetation, to the amount of about one-fifth of their food. 

Caterpillars made eleven per cent., and undetermined insects two 

per cent., the remaining ratio being accounted for by the presence 

of liquid animal food. Two-thirds of the contents of three 

specimens taken among the cabbages, consisted of animal matter, 

half of which was clearly recognized as the larvae of Ayrotis 

aunneva infesting the field, The remaining third, composing the 
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entire food of one of the beetles, consisted wholly of fragments 

of grass.* 

Genus AMARA. 

Six specimens of this genus were dissected, three of A. cari- 

nata, one of A. angustata, and two of A. impuncticollis. Three 

specimens of A. carinata, taken in Southern Illinois in April, 

1882, had eaten only vegetation, partly derived from gramina- 

ceous plants, and partly consisting of seeds and exogenous tissues. 

About one-fourth of the food was recognizable as fungi, chiefly of the 

genus Peronospora. Ninety per cent. of that of a single A. an- 

gustata, taken in June, consisted of mites, the remainder being 

fragments of grass. An A. dmpuncticollis, taken in the orchard 

with the canker-worms, had eaten only vegetable food, chiefly 

undetermined, but with traces of fungi. Another of the same 

species from the cabbage field, had derived its food about equally 

from plant and animal sources, that from the former consisting 

chiefly of grass. 

Genus DicatLus. 

Three examples of Dicelus elongatus had taken only animal 

food, as indicated by the fluid contents of the stomachs. One of 

these was found in the orchard, and the other in Central Illinois. 

GENUS CHLANIUS. 

This genus is represented by twenty-three individuals, the next 

to the largest number studied of any genus of Carabide. Six 

examples from Southern Illinois, collected from April to Septem- 

ber, belong to the species C. diffinis, C. memoralis, and C'. tomen- 

tosus. The animal food of these was about three times the veg- 

etable. Two-thirds consisted of insects, of which caterpillars 

alone were determinable; and earth-worms eaten by one of the 

beetles made about eight per cent. More than half the vegeta- 

ble food consisted of fungi, which included fourteen per cent. of 

some fleshy fungus, apparently Coprinus, together with spores of 

Dematiei. Fragments of exogenous plants were recognized in 

one of the beetles. A single (. diffinis, taken among the cab- 

*A specimen of P. lucublandus was seen by Mr. F. M. Webster 
making a meal from adead P. sayi. 
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bage-worms, had eaten only insects, chiefly a caterpillar, and a 

larva of a beetle. A mere trace of endogenous vegetation was 

also detected. Of sixteen specimens collected among the canker- 

worms, three were C. erythropus, and thirteen C. diffinis. Cut- 

worms made about one-third of the food of the first, and earth- 

worms the remaining two-thirds. The latter were easily distin- 

guishable by the peculiar spines mixed with dirt in the stomachs 

of the beetles. About ninety per cent. of the food of the other 

species was of animal origin, and about half the vegetable food 

was fungi. Insects made seventy-two per cent., nearly half cater- 

pillars, of which the greater part (thirty-one per cent.) was canker- 

worms. Fragments of a fly were observed in one of the beetles, 

and another had eaten one of the Telephoridw. Mites and myria- 

pods (Geophilus) had also been devoured by one. 

GENus AGONODERUS. 

Fifteen specimens of Agonoderus were studied, ten of which 

were those already referred to as representing the food relations of 

these beetles to the chinch-bug. Fragments of that insect 

amounted to about one-fifth the food of all, and were found in 

four of the beetles; and plant-lice, taken by half that number, 

amounted to about eight per cent. A single ant, Lasius flavus, 

eaten by one, was rated at five per cent.; and other insects 

brought the general average of the class up to thirty-five per 

cent. Vegetation made just half the food, all fragments of the 

higher plants except one per cent. each of Helminthosporium 

and Peronospora. A single Agonoderus, taken among the cab- 

bages, had eaten only undeterminable animal food. Four speci- 

mens from various situations had made a similar record, differing 

only by the presence of a few mites in the stomach of one of the 

beetles. Eleven per cent. of fungi, taken by the group last 

mentioned, was derived from Ramularia and Coleosporium. The 

circumstances of capture, together with the contents of the 

stomach of one of these beetles, indicated that it had made its 

meal chiefly from the seeds of June grass, but the remainder of 

the vegetable food could not be more definitely classified. 

6 
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GENUS ANISODACTYLUS. 

This large and abundant genus is represented by thirty-one 

specimens, belonging to six species. Five specimens of A. rusti- 

cus were examined, captured in McLean and DeKalb Counties in 

May, June, and July. Two of these had taken only liquid animal 

food, but the remaining three had eaten no animal matter at all. 

Among the fungi found, Cladosporium and Peronospora were 

recognized, and fragments of Hepaticze were noted in two of the 

beetles. Two specimens of A. harrisi, taken in Union County 

in April, 1882, had eaten only vegetation, all seeds of grass and 

of other plants. A single A. discoideus from McLean County in 

June, contained nothing but liquid food. Seven examples of A. 

baltimorensis, widely distributed in time and place, had derived 

only about fourteen per cent. of their food from the animal king- 

dom, all taken by one of the beetles, whose stomach contained 

only chyme. About half of the eighty-six per cent. of vegeta- 

tion, composing the entire food of the remaining six specimens, 

was demonstrably obtained from the seeds of June grass, upon 

which several of the insects were taken. Two examples of A. 

sericeus from Northern Illinois had made about three-fourths of 

their food of grass, and the remainder of unrecognizable insects. 

In the stomachs of two specimens of A. opaculus, fragments of 

seeds and other vegetation were the only objects found. 

Taking together the nineteen specimens of this genus above 

mentioned, collected in various places, we find that animal food 

made about one-fourth of the total, and that the vegetation as far 

as recognized was chiefly derived from June grass and other 

graminaceous plants. 

The record of ten specimens taken from the canker-worm 

orchard, is not especially different from that of the foregoing 

group. Only one of these had eaten animal matter at all, ninety 

per cent. of the food of this consisting of undetermined Diptera. 

Here, again, the recognizable vegetation was chiefly graminaceous, 

only ten per cent. being clearly derived from exogenous plants. 

Two specimens from the cabbage field afford no occasion for 

special remark. The stomach of one was distended with liquid 

animal food; that of the other contained vegetation only. 
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GEeNus AMPHASIA. 

Four examples of A. interstitialis indicated that this species is 

almost strictly vegetarian, only three per cent. of the food con- 

sisting of insects. Of the remaining ninety-seven per cent., little 

can be said except that it was certainly of vegetable origin. 

GENUS BRADYCELLUS. 

A single specimen of 6. dichrous had eaten only insects, which 

could not be further classified.* 

GENus HARPALUS. 

Nineteen specimens of Harpalus were studied, belonging to 

the three species caliginosus, pennsylvanicus, and herbivagus. 

Two individuals belonging to the first of these species, from 

Normal and Towanda in August and September, had taken about 

one-tenth of their food fn insects (caterpillars and Diptera). 

Twenty per cent. of unrecognizable animal food and five per cent. 

of mites bring the general average up to thirty-five per cent. 

The sixty-five per cent. of vegetation eaten consisted chiefly of 

tissues of grass.. A little pollen of Composite, and other exogen- 

ous structures were likewise recognized. Three per cent. was 

fungi, all spores of Helminthosporium. Seven specimens of H. 

pennsylvanicus, caught in Northern, Central, and Southern Illi- 

nois, in April, August, and September, had taken about one per 

cent. of their food from the animal kingdom. This included an 

ant eaten by one of the beetles, and a few mites taken by another. 

About half the vegetable food was not further recognizable. 

Twenty-nine per cent. was the pollen of rag-weed, taken by two 

beetles captured upon that plant, and fourteen per cent. was 

derived from June grass. Fungi made eight per cent. of the 

food of these beetles, a little of it aoeinthe-voaene but chiefly 

Peronospora. Three examples of H/. herbivagus, taken in North- 

ern Illinois, had eaten only vegetation, about one-third of it. 

graminaceous, and another third fungi. Only seven per cent. of 

the food’of the above twelve specimens of this genus, taken from 

*Mr. Webster reports a specimen of BL. rupestris taken in 1881 in 
the act of devouring an earth-worm. 
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ordinary situations, consisted of animal food, of which a little less 

than half was insects. Fungi made thirteen per cent., and the 

remaining vegetable food was about equally divided between 

grasses and exogenous plants. Three specimens of H. caligino- 

sus and H. pennsylvanicus, taken among the canker-worms, had 

derived one-third of their food from those caterpillars, while the 

other two-thirds consisted of vegetation, sixteen per cent. being 

Peronospora, and the remainder chiefly seeds and exogenous 

tissues. Four specimens of H. herbivagus, collected in the cab- 

bage field, in April, had eaten none of the cabbage-worms, and 

only ten per cent. of insects (Diptera). ‘The remainder of the 

food consisted apparently of fragments of seeds, as indicated by 

the contents of the cells of the fragments and by other micro- 

scopic characters. A piece of the epidermis of grass was noticed 

in one of the beetles. Taking the genus Harpalus as a whole, as 

far as these nineteen specimens can be supposed to indicate its 

food, we find that only about one-eighth of it consisted of animal 

substances. Insects stand at nine per cent., two-thirds of them 

caterpillars,—ants and Diptera making up the balance. Among 

the items on the vegetable side of the account, we find fungi and 

pollen of Composite each eleven per cent. and seeds and other 

tissues of grasses, fourteen per cent. 

GENUuS PATROBUS. 

Two specimens of P. longicornis, one from Central and the 

other from Southern Illinois, had eaten nearly twice as much 

vegetation as animal food. The latter consisted chiefly of cater- 

pillars, and included in fact nothing else but traces of plant-lice, 

eaten by one of the two. A little of the vegetation was derived 

from grass, but the source of the remainder could not be satisfac- 

torily traced. 

THe Famity Aas A UNIT. 

We have now to treat the various collections of Carabidz upon 

which this paper is based, as distinct and unbroken groups, with- 

out reference to the genera of which they are composed. The 

eighty-three specimens of all the species obtained in miscellane- 

ous situations, are found to have derived forty-two per cent. of 

their food from the animal kingdom, while the seventy specimens 
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captured in the orchard so often mentioned took seventy-seven per 

cent. of their food from the same sources. The individuals from 

the cabbage field, however, show no such excess of animal food 

as those just mentioned, the ratios standing for them at forty-one 

per cent. If we seek to account for this striking surplus shown 

by the second group, we shall find, in the first place, a difference 

of more than sixteen per cent. between the ratios of insects eaten 

by the first and second groups respectively—a fact clearly due to 

the presence of canker-worms where the second group was col- 

lected. This species was eaten by sixteen of the seventy beetles, 

and composed about one-fifth of the contents of all the aliment- 

ary canals. This accounts, however, for only about half the dif- 

ference noted, the remainder appearing in the larger ratios of the 

other insects, of mollusks, of earth-worms, and of undetermined 

animal food. 

This indicates either that other forms of animal life than the 

canker-worms were superabundant in the orchard, or else that the 

miscellaneous collections do not correctly represent the ordinary 

food of the Carabidae. The truth probably hes between the two. 

The extraordinary wetness of the season, together with the amount 

of rubbish on the ground in the orchard, gave these beetles an 

unusual opportunity to capture slugs and earth-worms, and 

afforded excellent harborage for all sorts of insects. On the 

other hand, many of the beetles from other situations were pre- 

served especially for dissection because the circumstances of their 

capture made it seem probable that they were feeding upon veg- 

etation. 

These tables indicate one interesting and important fact with 

regard to the preferences of this family, namely, that where an 

extraordinary abundance of any kind of animal food appeared, 

with a consequent increase in the percentage of that kind appro- 

priated by the beetles, this increase was compensated, not by a 

decrease in the other animal elements, but in the ratios of vege- 

tation only—a fact which clearly shows that the preferences of 

the Carabidze are for animal food. It should be noticed, however, 

that this argument does not apply to all the genera, as is seen, 

for example, by recalling the record of Anisodactylus. The ten 

specimens of this genus taken in the orchard had eaten much 

more vegetation than the nineteen from various other places. 
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The combination of these various tables into the final one given 

will tend to correct the deficiencies of the separate exhibits, and the 

averages of that table will consequently be found to represent 

more closely the general food of the family than either of the 

others. 

Continuing the comparison of the three separate tables, we find 

that the beetles represented by the first had taken insects to the 

amount of twenty-six per cent.; that those from the orchard had 

about doubled this ratio; while those from the cabbage field fell 

a little short of it. This last fact is probably related to the time 

of the year when these beetles were taken—the middle of April 

in a very late spring, when insect life in general was but just 

beginning to stir abroad. The ratios of Diptera, Coleoptera, and 

Hemiptera, were but trivial in all these groups, and not worth 

separate mention. The extraordinary difficulty of determining 

the elements of the vegetable food from the minute fragments 

found in the stomachs of these beetles, makes it impossible to 

enter into much detail with respect to this. The miscellaneous 

collections and those from the cabbage field had found a little 

over half their food in the structures of plants, while those from 

the orchard had obtained from this source somewhat less than a 

quarter. Pollen of exogenous plants, which will be found to form 

so large a ratio of the food of the family next to be considered, 

appeared here only in three of the specimens, and amounted to 

but three per cent. of the entire food of the first group. These 

beetles fed much more largely on graminaceous plants, the recog- 

nizable tissues of which amounted to about seventeen per cent. 

in the first group, and eight in each of the special col- 

lections. Fungi were reckoned at about one-tenth of the food of 

the beetles included in the first collection, and only two per cent. 

of those from the orchard. The spores of the omnipresent Hel- 

minthosporium make the most important contribution to this 

element of the food, but a number of other genera were recog- 

nized. 

A few words will suffice for the final table, summarizing the 

data relating to all the collections, from whatever source derived. 

This table presents the ratios from one hundred and seventy-five 

specimens, and as already remarked, a little over half the food of 

all consisted of animal matter, about one-third being insects, 
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while mollusks, earth-worms, myriapods and Arachnida make up 

the remainder. 

All orders of insects are represented on the list, with the excep- 

tion of Orthoptera and Neuroptera. The ratios of none of these 

are of any special importance, except that of the Lepidoptera, 

which stands at fifteen per cent. Hymenoptera and Diptera are 

each one per cent., and Coleoptera and Hemiptera each two. 

Among the Coleoptera, only Scarabeidze and Telephoridz were 

recognized; among the Hymenoptera only a single ant; and 

among the Hemiptera, plant-lice and chinch-bugs only. About 

half the vegetable food could be distinguished as exogenous or 

endogenous, the remainder being of too indefinite a character to 

be assigned to either class. As far as known, the endogenous 

food was more than twice as abundant as the exogenous, and con- 

sisted almost wholly of grass or grass-like plants. The fungi, 

which make somewhat more than a fourth of the food, require no 

further special mention. 

If, discarding the ratios given above, we look only to the num- 

ber of specimens in which the various food elements are detected, 

we reach similar results. One hundred and seventeen individuals 

of the one hundred and seventy-five represented by this final 

table had eaten animal food, and ninety-seven had taken vegeta- 

tion. Insects were recognized in eighty-two, Lepidoptera in thirty- 

one (about one-half of which had eaten canker-worms), Diptera 

and Coleoptera in nine and four respectively, and Hemiptera in 

seven. Earth-worms were found in five, myriapods (Geophilus) 

in but one, and Arachnida (mites and spiders) in nine. Grass- 

like plants were taken by thirty-six, and fungi by twenty-nine. 

Scanning the totals for each genus on this final table, a few 

results are noted which are worthy of special remark. First, we 

observe that at least two very abundant genera, represented by 

specimens enough to give us a fair probability that the average 

food is correctly exhibited, can hardly be classed as carnivorous 

insects at all, namely, Harpalus, with its nineteen specimens and 

twelve per cent. of animal food, and Anisodactylus, with its 

thirty-one specimens and twenty-one per cent. of the same. 

Amara and Amphasia should probably be placed in the same cat- 

egory, six specimens of the first and five of the second having 

taken but twenty-three per cent. and seven per cent., respect- 
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ively, of food of animal origin. The excessively abundant Agon- 

oderus ranks but little higher as a carnivorous insect, fifteen 

examples having derived only about one-third of their food from 

animal sources. On the other hand, twenty-three specimens of 

Chleenius, and seventeen of Galerita had taken about nine-tenths 

of their food from insects, mites, myriapods and earth-worms. 

Thirteen specimens of Pterostichus had obtained three-fourths of 

theirs from similar sources, while Evarthrus and Calathus, repre- 

sented by seven and six specimens respectively, had averaged 

ninety-three per cent. and sixty-seven per cent. 

The fact has already been alluded to that the Carabidz proper 

had eaten only animal food, and that nearly all this was of a fluid 

character. 

Second, we find the Carabidz dividing into at least three tol- 

erably distinct groups as respects their food: first, those which 

seem usually to seize their prey and suck its juices, and take veg- 

etation rarely, if at all; second, those which take a much larger 

ratio of animal food than of vegetable, but masticate and swallow 

it, asarule, including indigestible fragments; and third, those whose 

habit is essentially vegetarian, but which still take solid animal 

food in diminished ratios. A fourth group, consisting of Lebia 

and its allies, is perhaps obscurely indicated by the facts relating 

to the three specimens of Loxopeza atriventris studied. This 

will probably be found to feed largely upon pollen and fungus 

spores, after the manner of the Coccinellidee; and the fossorial 

Carabidae will, perhaps, constitute a fifth. 

If we look now tp the structures of these beetles for some 

explanation of their differences of habit, we shall find correspond- 

ing variations in the form and structure of the mandibles. Where 

the mandibles are long and curved, and are destitute of basal 

molar processes, but are provided at or near the middle of the cut- 

ting edge with processes relatively long and sharp, the beetle seems 

to feed substantially upon soft or liquid animal food. If they are 

of medium length, somewhat slender, broad at base and tapering 

distally, with the tip acute, and provided with basal processes which 

are not especially prominent or sharp, the food is chiefly animal, but 

solid structures are masticated and swallowed, and some vegeta- 

tion appears in the alimentary canal; while, finally, if they are short 

and quadrate, blunt at the tips, and provided either with strong 
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basal processes or broad opposed surfaces, vegetable food 

is found to predominate. Calosoma is an example of the first of 

these classes, Chlzenius of the second, and Anisodactylus of the 

third. The seeming exceptions to this generalization shown by 

the tables at the close of the paper, are found among those genera 

of which too few specimens have been studied to warrant general 

conclusions respecting their food. 

FAMILY COCCINELLID. 

This family shares with the preceding the credit of limiting 

the multiplication of other insects, but was shown in the Bulletin 

of the Laboratory previously mentioned, apparently to depend 

largely while in the adult stage upon fungi and other vegetable 

food. The notes in the paper mentioned referred, however, to so 

small a number of specimens as to make this conclusion of doubt- 

ful value. Numerous dissections of Coccinellidze made since that 

time have afforded the material for a much more comprehensive and 

thorough treatment of the subject, and the results of a careful study 

of thirty-nine slides are herewith given. The Aphis-eating habit of 

the Coccinellide is a fact of such easy observation, and is so 

thoroughly well known, that I have not thought it worth while to 

investigate especially the food of beetles of this family taken 

among plant-lice. 

The collections from which the present notes are derived, are 

from a variety of miscellaneous situations, and also from a corn- 

field mentioned in the notes on the food of the preceding family, 

in which chinch-bugs were superabundant, the purpose of the 

latter collection being to determine the food relations of the Coc- 

cinellidz to those insects. It so happened that the same field 

was infested by the corn Aphis in great numbers, and the speci- 

mens obtained therein consequently illustrate to some extent the 

food of the lady-bugs in the presence of plant-lice. It was in 

this last situation only that larvee were collected, and the facts, here 

given consequently relate almost wholly to the adult beetles. 

Genus HrippopaMIA. 

Eleven specimens of H. maculata, taken in Northern, Central, 

and Southern Illinois at various seasons of the year, from April to 

7 
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September, give an average of forty-six per cent. of animal food, 

all insects excepting afew mites eaten by three of the beetles, 

and amounting to only one per cent. of the food. The insect 

ratio, as far as recognized, with the exception of a single Podura, 

consisted wholly of plant-lice, which amounted to thirty-five per 

cent., while the fifty-four per cent. of vegetable food contained 

only pollen of plants and spores of lichens and fungi, the pollen 

and spores occurring in about equal quantities. The former was 

chiefly from flowers of grass and composite plants, about seven 

per cent. of the first and fifteen per cent. of the second. One 

per cent. of the pollen of Polygonum, and a trace of the pollen 

of pine, both eaten by a single beetle, are the only other items 

under this head. Lichen spores, including Physcia, were reckoned 

at two per cent., and those of fungi at twenty-five per cent. At 

least two-thirds of the latter, eaten by nearly half the beetles, 

consisted of spores of Helminthosporium. 

Three specimens of this species, taken in the corn-field at 

Jacksonville, had eaten much smaller ratios of animal food, which 

amounted to only thirteen per cent., all insects. . Traces of plant- 

lice were recognized, but no structures of chinch-bugs occurred. 

All but five per cent. of the vegetable food was derived from 

spores of fungi, very largely Cladosporium. Helminthosporium 

amounted to nine per cent. Macrosporium and Septoria were 

also found. Three per cent. of the spores of Physcia and other 

lichens, and two per cent. of the pollen of rag-weed and other 

Composit, complete the record. 

Four examples of A. convergens, all taken at Normal in 

August and September, had eaten about the same amount of 

animal food as the preceding species (forty per cent.), but differed 

in the distribution of it by the fact that one of the specimens had 

eaten a myriapod (Geophilus), and that a caterpillar had been 

taken by another. Insects proper amounted to but twenty-five 

per cent., over half plant-lice. The vegetable food of this species 

stands at fifty-six per cent., as compared with fifty-four of the 

preceding, and the ratios under this head are very similar to those 

just given for the other species. Pollen of Composite (dandelion) 

makes thirteen per cent. that of grass makes five per cent., spores 

of lichens two, and those of fungi thirty-three per cent. As in 

H. maculata, Helminthosporium was by far the most important 
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fungus element. The other genera recognized were Septoria, 

Ustilago, Macrosporium, Coleosporiun, Peronospora, Menispora, 

and some spores of Sphewronemei and Myxogastres. 

Five adults, taken at Jacksonville, were found to have 

made about one-third of their food of insects, equally 

divided between plant-lice and chinch-bugs, each eaten by one of 

the beetles. The vegetation consisted, as usual, of pollen of 

Composite (eleven per cent.), spores of lichens (two per cent.), 

and of fungi (seventy-one per cent.). The list of the last includes 

Septoria, Ustilago, Helminthosporium, Macrosporium, Cladospo- 

rium, and Peronospora. 

Two larvee of this species, taken at the same place and time, 

differed but little in food, to my surprise, from the adults just 

mentioned. Chinch-bugs, plant-lice, and caterpillars, in about 

equal ratios, with traces of unrecognizable insects, amount to 

twenty-three per cent. Pollen of Composite stands at five 

per cent., lichen spores at seven, and spores of fungi at sixty-five, 

including the same genera as those just mentioned, except Peron- 

ospora and Septoria. 

Af. glacialis was represented by four specimens, taken in the 

corn-field. The differences between their food and that of A/. 

convergens were purely trivial. Insects amount to thirty per 

cent., all chinch-bugs and plant-lice, twelve per cent. of the former 

and eighteen of the latter. The seventy per cent. of vegetable 

food is divided about as before, between pollen of Composite, 

seven per cent., and spores of fungi fifty-one per cent. Lichen 

spores were talen more freely, however, and were estimated at 

twelve per cent., eaten by all the beetles. The fungi were mostly 

Cladosporium (forty-three per cent.), but Septoria, Uredo, Hel- 

minthosporium and Peronospora likewise occur. 

GENUS COCCINELLA. 

Six specimens of this genus were studied, three of C’. 9-notata, 

and three of ('.5-notata. All were from Central Illinois except one, 

which was from Jacksonville. Excluding the last, the ratio of 

animal food eaten by these specimens was not far from two-thirds 

of the total, all plant-lice. Only a trace of pollen of Composite 

was noticed in one of the insects. Fungus spores amounted to 

thirty-two per cent. (about half Helminthosporium and Ustilago), 
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and lichen spores to four per cent. The Jacksonville specimen 

had eaten only fungi. 

GrENus CYCLONEDA. 

In the corn-field with the chinch-bugs, three specimens of C. 

sanguinea were collected, which had eaten plant-lice, pollen of 

Composite, lichen spores and spores of fungi. The first made 

about one-third of their food, the pollen grains were estimated at 

nearly half, and lichen spores at three per cent. The eighteen 

per cent. of fungi were of the usual character. 

THe Famity As A UNIT. 

A summary and comparison of the food of these two groups, 

taken singly without reference to their genera, develops some in- 

teresting and unexpected facts. Although the corn-field in which 

the second collection was made was teeming with insects of the 

kinds especially tempting to the Coccinellide, and although these 

beetles themselves were there in truly surprising numbers, it is 

not easy to believe, considering the tables upon which this dis- 

cussion is based, that the Coccinellidz were attracted to the field 

by the abundance of insects available for their food. The beetles 

of the first group are seen to have eaten nearly twice as many 

insects as those from the field of corn, while the fungi eaten were 

as thirty-six to fifty-six respectively. Only eighteen specimens 

were dissected, out of the large number collected in the corn-field, 

but the contents of their stomachs were of so uniform a character 

that there was every reason to suppose that they illustrated cor- 

rectly the food of the family at that time and place. It would 

therefore seem possible that these beetles were attracted rather 

by the stores of fungi in the field, than by the chinch-bugs and 

Aphides. The condition of the leaves and stalks of the corn, 

drained and deadened by insect depredations, was such as to 

afford an excellent nidus for the development of those fungi 

which spring up every where spontaneously upon dead and decay- 

ing vegetation, and these were in fact extremely abundant. An 

alternative explanation is perhaps more probable. The condition 

of the field gave abundant evidence that the plant-lice had been 

very much more numerous some time before; and it is possible 

that, as a consequence of this decrease of food, and the increase of 
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the Coccinellidze themselves, the latter had reached an excessive 

number, for which the supply of plant-lice was really insufficient, 

and that for this reason they had resorted to fungi. 

The chinch-bugs taken by the specimens of the second group 

amounted to only eight per cent. of their entire food, and plant- 

lice to fourteen per cent.,—less than half those taken by the other 

specimens, which stand at thirty-six per cent. The pollen eaten 

by each group was thirteen per cent.,—the same in both. If we 

combine the two collections, and treat the thirty-nine specimens 

of both as a whole, we find that insect food is about a third of the 

entire amount, and that the other animal elements are only trivial. 

The function of the beetles of this family of limiting the multi- 

plication of plant-lice is expressed by the fact that these insects 

compose a fourth of the food of this entire collection. The pollen 

of grasses and Compositz make fourteen per cent., the spores of 

lichens four per cent., and those of fungi nearly half the whole 

(forty-five per cent.). The list of genera, as far as recognized, 

and the relative importance of these, may be found by reference 

to the tables at the end of this paper. 

SUFFICIENCY OF DATA. 

The food of the Coccinellidze seems to be, on the whole, remark- 

ably simple and uniform, consisting almost wholly of spores of 

the lower cryptogams, pollen grains, and plant-lice, and varying 

but little from one genus to another. This similarity is likewise 

reflected in the mouth parts, which agree as closely in form and 

structure as do the ratios of the food. I have consequently little 

doubt that the data derived from the thirty-nine specimens here 

discussed, will be found sufficient for a correct general idea of the 

food of the family under ordinary circumstances. 

With respect to the Carabidw, we have other proof. In the 

preliminary paper in Bulletin 3 already referred to, based on, an 

examination of only twenty-eight specimens belonging to seven- 

teen species, the conclusion was announced that about one-half of 

the food of this family consisted of vegetation, and one-third of 

insects; and the vegetation was thought to be about equally divided 

between cryptogams, grasses and exogens. If these figures or 

those of the present paper were far wrong, the probabilities 

would be very slight indeed that the two estimates would agree, 
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especially as no comparison whatever was made of the two 

sets of data until the tables were completed in their present form. 

When, therefore, we find that the one hundred and seventy-five 

specimens of the present paper, belonging to thirty-eight species, 

were estimated to have taken fifty-seven per cent. of animal food 

and thirty-six of insects, and that the ratios of cryptogams, gram- 

inaceous plants and exogens are respectively five, eleven, and five, 

we must conclude that these figures are a fair average of the 

ordinary food of the family. 

RELATIONS TO Brrps. 

The foregoing pages have set forth the relations of the Carab- 

ide and the Coccinellida to the species upon which they feed, 

and afew general statements will now be proper concerning the ani- 

mals which prey upon them in turn. Predaceous ground-beetles 

are peculiarly exposed to birds wlich commonly seek their food upon 

the ground, and we need not be surprised to find that they enter 

largely into the food of such species as the thrushes and the blue- 

bird. Carabidae were found to furnish about five or six per cent. 

of the food of four hundred and twenty-three specimens of these 

birds, as stated in a paper on that subject in the third Bulletin of 

this series, but Coccinellidee did not occur at all. Indeed, in the 

food of more than four hundred other birds, of various families, 

Soecinellidae were found only in Regulus, where a single species 

was reckoned at one per cent. of the food. 

The great differences in the food of the Carabidie, disclosed by 

this paper, give considerable importance to the question of the 

kinds of these beetles most freely eaten by birds, and the follow- 

ing list of species and genera recognized in the food of the col- 

lection of thrushes and bluebirds above mentioned is given as an 

answer. 

It will be seen that there is a very wide difference between the 

number of Carabidee proper taken by these birds, and the number 

of Harpalidee, representatives of the former group occurring in 

only six specimens, and of the latter in one hundred and sixteen. 

On the other hand, fifty-nine of the birds had taken Harpalids 

which may be fairly classed with the second group established in 

this paper, and fifty-seven had taken those belonging to the third 

group, or phytophagous Carabidae. The genera most preyed 
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upon are Harpalus, taken by twenty-eight of the birds, Anisodac- 

tylus by eighteen, Agonoderus by fourteen, Cratacanthus by thir- 

teen, Pterostichus by twelve, and Evarthrus by eleven; numbers 

which represent fairly well the relative abundance of individuals, 

taking the entire season through. We note, however, a remarka- 

ble deficiency of the highly colored genera,—such as Galerita, 

Brachynus, Lebia, Platynus, Chlenius, etce., which are either 

absent, or found but rarely in these birds’ food. Evidently these 

more showy beetles are protected by some more effective 

means than obscurity of color. In the following list, the figure 

preceding the name of each species of bird denotes the number 

of specimens in which the insect mentioned was found: 

LIST OF GENERA AND SPECIES OF CICINDELIDH AND CARAB- 

IDAi EATEN BY 423 OF THE THRUSHES AMD THE BLUEBIRD. 

1. Cicindela lecontei: 1 Mimus carolinensis. 

2. Carabus palustris: 1 Sialia sialis. 

3. Scarites, sp.: 1 Harporhyncus rufus. 

Dischyrius globulosus: 1 Turdus pallasi. 

5. Aspidoglossa subangulata: 2 Mimus carolinensis. 

6. Clivina bipustulata: il Harporhyneus rufus. 

=~ Platynus, sp.: | Mimus carolinensis, | Harporhyncus rufus, 1 
Sialia sialis. 

8. Evarthrus, sp.: | Turdus mustelinus, | 'T. migratorius, 2 Mimus 

carolinensis, 5 Sialia sialis. 

9. E. colossus: 1 Turdus pallasi, 1 Harporhyneus rufus. 

10. Pterostichus sp.: 1 Turdus mustelinus, | T. pallasi, 1 'T. mi- 
gratorius, | Harporhyncus rufus, 5 Sialia sialis. 

11. P. lucublandus: 1 Turdus mustelinus, | Sialia sialis. 

12. P. sayi: 1 Mimus carolinensis. 

13. Amara, sp.: | Turdus pallasi, 1 T. swainsom, | T. migrato- 
rius, 2 Sialia sialis. 

14. Brachylobus lithophilus: 3 ‘Turdus migratorius. 

15. Chlenius, sp.: 1 Turdus migratorius, I Sialia sialis. 

16. C. tomentosus: 1 Sialia sialis. 

17. Lachnocrepis parallelus: 1 Turdus migratorius. 

18. Geopinus incrassatus: 1 Turdus migratorius. 

19. Cratacanthus dubius: 1 Turdus mustelinus, 3 'T. migratorius, 
2 Mimus carolinensis, 2 Harporhyneus rufus, 5 Sialhia sialis. 
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20. Agonoderus, sp.: 2 Turdus migratorius, 1 Mimus carolinensis, 

1 Harporhyncus rufus, 1 Sialia sialis. 

21. A. pallipes: 2 Turdus migratorius, | Mimus carolinensis, 1 

Harporhyncus rufus, 2 Sialia sialis. 

22. A. partiarius: 1 Turdus migratorius. 

23. Anisodactylus, sp.: 1 Turdus mustelinus, 1 T. swainsoni, 2 T. 
migratorius, 2 Harporhyncus rufus, 6 Sialia sialis. 

24. A. rusticus: 1 Sialia sialis. 

25. A. discoideus: 1 Turdus pallasi. 

26. A. baltimorensis: 2 Turdus migratorius, 1 Mimus carolinen- 

sis, 1 Sialia sialis. 

27. Xestonotus lugubris: 1 Turdus mustelinus, 1 Sialia sialis. 

28. Harpalus, sp.: 1 Turdus mustelinus, 7 'T. migratorius, 4 Mimus 

carolinensis, 8 Harporhyncus rufus, 6 Sialia sialis. 

29. H. herbivagus: 1 Turdus migratorius. 

30. H. pennsylvanicus: 1 Mimus carolinensis. 

31. Stenolophus, sp.: 2 Turdus pallasi. 

In the following tables, the elements of the food, arranged in 

systematic order, are placed at the left of each page, while a ver- 

tical column of the table is assigned to each genus of beetle. 

The upper figure of each couple indicates the number of speci- 

mens in which the given element was found, while the lower fig- 

ures (decimal) show the ratio of the element to the entire food of 

of all the examples of the genus. The dagger has been used 

to indicate a trace too small to figure in the percentages, 

usually less than one-half per cent., and an asterisk 

denotes that the element against which it is placed was present in 

the food, but that the ratio was not estimated. 
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CARABID®.— MISCELLANEOUS COLLECTIONS. 
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CARABIDEH AND CANKER-WORMS. 

; Bo - 

2 2 Ve le ~ | CPCS eee 

Si/slSlelslPlSiSsleleiael/sl4iele 
SElmalHilolelBye)/ex}]s8/8]e8)]2] a) & 
1 n = moti) coh =) elo g We) et | oe & f= 
x S ao | SB] sl a > + onl if] =| | os =} 

Bes Oi l[AIO/O/M|AlA SA /Al/O;/4s+/4 |) la 

No. of Specimens.....| 10 | 2] 4/138)3] 1) 2] 3] 1) 1/)16)10] 1] 3) %0 

eS Sry NUMBER OF SPECIMENS AND RATIOS IN WHICH EACH ELEMENT 
Bype OE oen- OF FOOD WAS FOUND. 

10; 2) 4) 13) 3 2 3") ee i ee) 
ANIMAL FOOD..... 1.00)1.00)1 .00) .94).68}1.00]1.00} .80).. 92) .09) .25) .85) .77 

1 
I. MOLLUSCA........ Bosscelllarcte ve flee «fle a si]steret|lereleve lf latere s | leetecc|ll evel, [La OU I) foeee | een one a .02 

5 2 | 13) 3 Pai al 12°) Doe aes eae 
IDE SENSE OWA. <. fencers = .50]....| .50 -85 168) 4252) 200) 1S). online Ae 09) .25) .35 20 

Se ee ee ae, Pee oc lati el eed Ne rt 106] /csaleee 04 
1 1 

We Aa meenoptena, (ANLS)| fe jars|\e cs a/)||-sersseil atete fleyetsllletsets | aks) fetetesa farted tales eons Tet: 
Sint Qik 8 4.}/21., 

2. Lepidoptera (larve)|... .56] .33) . Bsa ee Ballance Rut alsbs |[soc 83! .26 
TM a 2 5 1 | 16 

Anisopteryx vernata.|... ae 83 90}... es meee seu B38 = 

INO CHULA Ser eepieeliverete= Bee ate leretoealdeeace) ps Ut opera lbs eo Pd eet | [ses 03 
3/1 1 Uae al q 

By WOON Rs Soonenseosesl sae peeeeeee | O02 le “0p : 01) .09 e 

Gahicidee tiie cge yee iaescral snes sa ora [2 RSI este (of ail ease | OOD |leyatereill srstesll stata (eeteenel Hees ae onan + 
1 1 

4. Coleopiera..........|.... Aare) AIA ede Beatles ial [baa [SAY Gaal fase. ae BAI el fe ee 

Telephoride...........|.... Het |e eoallecvnlls (06) 22. 8) Sarees 01 
3 1 4 

III. ARACHNIDA ......|.... Sone 5 : Ol se lento eeee 01 
1 

SPIGSLS2 these esis een aes sopefson=||Uslh. RP se einige 01 
2 1 3 

IMCS). Sepioaciomie teats. AD eaclore Nips ate leon odors laa: 1028) co aeeslleeete + 
IV. MYRIAPODA 1 1 

(Geophilus)..§ |....|.-.- 01) . + 
V. VERMES Cee 4 4 

bricus)...... rae abit bee yee eens ots sisice 06 
2/1 | al 5110) 1] 2 | 23 

VEGETABLE FOOD)....|.... ¢ 06] .382) . -20/1.00}. 08} .91) .%5 ae 23 
3 5 

Seedsiccie Goce hastel sete Pie | Hse here iaostal nmranl bral iolos 420) (ae .82| .04 
2 1 1| 4 

1. Hauogens..:..........|.... Sprollece ol Meld pala oie |eocte fer =e) eek Ole 17! .08 
1 1| 5 1/10 

2. Hndogens .........-.. 00) [ease | orale: 01 a” of 7 ae 

Gramine®.............].. .|.--- biciieral (ea a eee liareebed|(etiaa praton lhe, ch 40)... 06 
4 4 

SEOs es Hage semis caries ee ce ietetenalh se ee [Ps ge epee ened hero tevedl crete lead oe lh 2B Q) tetemepl hearse are 
1 2 1/ 4 

SPUN Gena rem lie cull acetone + “04). 46 ae 

Peronospora........ Al \(icersty Ifareseiyh|laesetverll e-gactlk cepa | cg atest (apeeseel [Pave heel Reseaeate eee : 16 oT 

INSCOMIY. COTES eects st ete lett a mee AU ah other AU eta Leese Reeve Geek ae eee 02 + 



The Food Relations of the Carabide: and Coccinellide. 61 

CARABIDA, AND CABBAGE WORMS AND CHINCH-BUGS. 
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CARABIDA. GENERAL TABLE, 
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THE FOOD OF THE SMALLER FRESH-WATER FISHES. 

In a paper on the food of fishes, published in 1880,* I charac- 

terized the food of all the Illinois Acanthopteri, with the excep- 

tion of the Aphredoderidze; and in the present article, which is 

to be regarded as a continuation of that just mentioned, I propose 

to summarize my observations on all the smaller fishes occurring 

in the waters of the State, with the exception of the darters 

(Etheostomatina), which were treated in the preceding paper. 

The purposes and methods of the investigation upon which the 

following discussion is based, are so similar to those already de- 

scribed, that they will not need any especial present explanation. 

The data for it have been obtained by a minute and careful 

study of the contents of the alimentary canals of 319 specimens, 

belonging to twenty-five species, representing twenty-two genera 

and seven families, namely: Aphredoderide, Cottidee, Gasterostei- 

dx, Atherinidze, Cyprinodontidz, Umbride, and Cyprinide. 

An additional feature is the description of the structures sub- 

‘sidiary to alimentation, given, in this paper, for each genus, in or- 

der to furnish a basis for a more exact discussion of the relations 

of structure to food-habits than I attempted formerly. Under 

this head I have included the length and complication of the ali- 

mentary canal, the character of the pharyngeal structures, the 

number and development of the gill-rakers, and the presence of 

any peculiar prehensile apparatus about the mouth. 

First giving for each species a brief account of its numbers and 

distribution throughout the State, I shall add for each genus a de- 

scription of these alimentary structures, following this by a de- 

tailed statement of the observations made upon its food, and 

closing with a summary of such observations, and a discussion of 

the correlations of structure to food characters, given sometimes 

*Bulletin No. 3, Ill. State Lab. Nat. Hist., pp. 18-65. 
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under the genus and sometimes under the special group to which 

the genus is assigned. 

FAMILY APHREDODERIDL. 

This family is represented by a single peculiar species ( Ap/re- 

doderus sayanus), resembling the sun-fishes in most of its char- 

acters, but remarkably distinguished by the fact that the vent, 

although occupying the normal position in the young, opens in 

the adult far forward under the head, moving gradually to the 

front with increasing size. This fish is not over three inches in 

length. It occurs in rivers and smaller streams, as well as in lakes 

and ponds throughout the State. We have collected it from the 

Illinois River and various tributaries, as well as from the lakes 

connected with that stream, and from ponds and creeks through- 

out Southern Illinois. It has also been taken in the Calumet 

River near Chicago, and from lakes in that vicinity, but is not 

known to occur in Lake Michigan. It is said to be nocturnal in 

its habits, by Dr. C. C. Abbott, who kept specimens in an aqua- 

rium for some time.* The same author reports that in confine- 

ment it feeds voraciously upon small fishes, especially immature 

Cyprinidae; and for this reason he bestowed upon it the name of 

pirate perch, by which it has become generally known among 

ichthyologists. The observations presently to be detailed will 

show, however, that his specimens were doubtless forced to feed 

so largely upon fishes for want of food more natural to them, 

since in their native haunts fishes make but a small percentage of 

their ordinary food. 

The intestine of this species is short and simple, less than the 

length of the head and body without the tail, and distinguished 

only by the character previously mentioned. The gill apparatus 

is ineffective, the rakers being very. short, thick, blunt, and few, 

and covered with short spinules. The pharyngeal jaws consist 

of small plates, covered with short, sharp spinulose teeth, similar 

to those of the sun-fishes. The mouth is large, but not remarka- 

bly protractile. 

The specimens dissected number nineteen, representing seven 

different dates and localities, throughout Central and Southern 

Illinois. Some were taken from small temporary ponds left by 

*Proc. Phil. Acad. Nat. Sci., 1861, p. 95. 
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the retreating overflow of streams, others froin permanent lakes, 

and still others from creeks and rivers. The food from the differ- 

ent localities varies but little, on the whole, and it is scarcely 

worth while to discuss the separate collections. That of these 

nineteen specimens was almost purely animal, traces of a minute 

flowering plant (Wolffia), and small quantities of filamentous 

Alge only being taken by two of the specimens. Fishes were 

eaten by but two, and were reckoned at two per cent. of the 

food of the whole. One of these found was recognizable as a 

Cyprinoid, but the other could not be determined. Insects 

amounted to more than ninety per cent., all of them aquatic, with 

the exception of a few gnats (Culicide) taken by eight of the 8 
fishes. Nearly half of the food consisted of larvae of Chirono- 

mus and Corethra. Aquatic coleopterous larvee were reckoned at 

eleven per cent., and specimens of Corixa, taken by three of the 

fishes, at two. A single fish had also eaten Galgulus. A fourth 

of the food consisted of neuropterous larvae (Ephemeride and 

Libellulidze). Crustaceans, though captured by more than half 

the fishes, made but four per cent. of the food. As far as recog- 

nized, this element consisted chiefly of the amphipod, A//orchestes 

dentata, and the common isopod, Asellus. A few specimens of 

Cyprididz were noticed in two of the fishes, and Cyclops and 

other Copepoda were taken by five. One fish had eaten a 

Lumbriculus, a species closely allied to the common earthworm. 

A careful comparison was made of the food of specimens of 

various ages—those, consequently, in which the situation of the 

vent was widely different —but no differences of food whatever 

were distinguishable. It is highly probable, consequently, that the 

explanation of this peculiar character must be sought elsewhere 

than in the food. With respect to the other relations of food to 

structure, we have at present only to note the coincidence of fishes 

and aquatic insects as the principal elements of the food with the 

large mouth and inferior development of the gill and pharyngeal 

apparatus, and short and simple intestine. 

FAMILY COTTID. 

This curious family, chiefly marine, is represented in the State 

by several species from Lake Michigan, mostly from its deeper 

waters, and by a single one recently discovered in our streams. 
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Poramocorrus MERIDIONALIS, Gill. Gosiin, Bios. 

Although this fish has not hitherto been recorded from the 

State, we have found it abundant in small streams in Southern 

Illinois, and a single specimen has been sent us from McHenry 

County, near our northern limits. ‘The first of these situations is 

in a limestone region, where small caves are not infrequent; but 

the second is in an area deeply covered by drift, with rock no- 

where exposed. 

The general appearance of this fish is not unlike that of a cat- 

fish, the head being broad and flat, the mouth very large, and the 

skin smooth. The gill-rakers are few, short and thick, and of in- 

sionificant character; the pharyngeals are similar to those of Aphre- 

doderus, but form thicker and larger plates; the intestine is short 

and simple, its entire length being less than that of the head and 

body. 

Six specimens of this species, taken in Southern Tllinois, had 

eaten only animal food, about one-fourth of which consisted of 

fishes, one of which was furnished with ctenoid scales. Undeter- 

mined aquatic larvae (thirty-six per cent.) and other insects, were 

estimated at forty-four per cent. of the food. Crustacea, all belong- 

ing to the genus Asellus, eaten by two of the fishes, composed the 

remaining twenty-nine per cent. The general resemblance of the 

food of this species to that of Aphredoderus seemingly corre- 

sponds to the similar character of their alimentary structures. 

FAMILY GASTEROSTEID. 

Of the interesting little stickle-backs, two species were studied, 

only one of which is common in the State. 

EvucaLia Inconsrans, Kirt. Brack STICKLEBACK. 

This fish is abundant in streams and lakes in the northern part 

of Illinois, but has not been taken by us south of Rock River. 

Its mouth is small; the gill-rakers are long and slender (about 

half as long as the corresponding filaments), but are not unusually 

numerous; the pharyngeal apparatus is insignificant or wanting; 

and the intestine is short and simple, not longer than the head and 

body together. 
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Four specimens from Rock River, and one from Cedar Lake, in 

Lake County, had divided their food about equally between plant 

and animal substances: the former, consisting wholly of filamen- 

tous Algw, taken by four of the specimens in quantities to make 

it certain that they were ingested purposely. The animal food 

was about equally insects and crustaceans, the former nearly all 

aquatic larvee of Diptera (Chironomus being the commonest form), 

and the latter chiefly Entomostraca, of which Cladocera were the 

most abundant. One of the specimens had eaten Cypris—some 

of them Cypris vidua. Cyclops was also noticed in three of the 

fishes, and amounted to three per cent. of the food. 

The herbivorous character of this fish seems not to be related to 

any structural facts; but the occurrence of the large ratio of En- 

tomostraca is at once accounted for by the well-developed gill- 

rakers, these serving as a straining apparatus by means of which 

the fishes possessed of it are able to appropriate minuter organ- 

isms than would otherwise be available for their food. 

PyGosrrEus puncitius, Lac. Many-SprnEp STICKLEBACK. 

This species has hitherto been found by us only in Lake Michi- 

gan, and in Calumet River near its mouth. 

But two specimens were dissected; and these had fed wholly 

on larve of Chironomus and Simulium (sixty per cent.), and on 

Chydorus and other Cladocera (forty per cent.). 

With so small an amount of material to illustrate the food of 

the family, we can only say that it evidently consists chiefly of 

aquatic larvae and Entomostraca, together with a considerable per- 

centage of vegetable substances. In the absence of any appara- 

tus for mastication, the latter will doubtless be found to consist of 

Algze, as in the cases examined. 

FAMILY ATHERINIDAL. 

LABIDESTHES SICCULUS, Cope. SILVERSIDES. 

This elegant little fish, the only fresh-water representative of 

its family, is generally abundant throughout the State, and has 

“been collected by us in a great variety of situations, from the 

northern lakes to the Wabash River. 

It is long and slender, the mouth small and well furnished with 
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teeth, while the throat is destitute of special pharyngeal appara- 

tus. The gill-rakers are unusually well developed, bemg numer- 

ous, slender, finely toothed, and longer than the corresponding 

filaments of the gills. Taking into account the small size of the 

fish, and the consequently small diameter of the apertures of the 

mouth and gills, it will be seen that it is provided with an espe- 

cially effective straining apparatus. The intestine is unusually 

short, the entire alimentary canal measuring considerably less than 

the length of the body without the head. 

The following account of its food is derived from the dissection 

of twenty-five specimens, obtained from Crystal Lake, Fox River, 

and Calumet River in Northern Illinois, from Peoria and Mack- 

inaw Creek in the central part of the State, and from Little Fox 

River in the Wabash Valley. The food of these specimens was 

purely animal, a little over half consisting of insects, and a little 

less than half of crustaceans. The larve of Chironomus were 

among the most important elements of the food, standing at thirty 

per cent. of the whole. The crustaceans were all Entomostraca, 

and represented a great variety of both Copepoda and Cladocera, 

although none of the specimens examined happened to have eaten 

Ostracoda. Among the Cladocera recognized were Daphnia 

pulex, retrocurva and hyalina, Simocephalus americanus, Bosmi- 

na, Chydorus, Pleuroxus, Alona, and Eurycercus; and among the 

Copepoda were Cyclops thomasi, Canthocamptus, Diaptomus, 

Limnocalanus, and “pischura lacustris. Spiders and terres- 

trial insects, accidentally washed or fallen into the water (the 

latter including Chalcididae, various Diptera, plant-lice, Tettigoni- 

dee, Thrips, and Podura), amounted to twelve per cent. of the food. 

The only peculiarities of food corresponding to differences of local- 

ity were found among the group from the northern lakes, in which 

the Chironomus larvze were present in diminished ratios, while 

the Cladocera were more abundant. 

FAMILY CYPRINODONTID. 

This family consists, in Illinois, of four species, one of Fundu- 

lus and three of Zygonectes.* The family is divided into two 

sections, carnivorous and herbivorous, by Dr. Giinther in his “In- 

*I do not consider Fundulus menona, Jor. and Cope., as distinct. 
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troduction to the Study of Fishes.” Although our genera both 

belong to the carnivorous section, it will be seen that they are not 

by any means strictly confined to animal food, vegetation mak- 

ing about one-fifth of their usual nutriment. 

FUNDULUS DIAPHANUS, LeS. Barrep KILuirisu. 

This species is very abundant in the northern part of the State, 

especially in lakes or in clear and sandy streams, but we have not 

taken it anywhere in Central or Southern Illinois. Most of our 

collections were made in the lakes of Lake and McHenry Coun- 

ties. 

The intestine is shorter than the body, the gill-rakers are short, 

obtuse, and few in number, the pharyngeal jaws are of the pave- 

ment type, set with fine, sharp teeth, and the mouth is small, but 

extraordinarily protractile. 

Hight specimens were studied, from Crystal and Cedar Lakes. 

About four-fifths of the food consisted of animal substances, the 

remaining fifth of vegetation. Except a few filamentous Alovw 

taken by one of the specimens, the latter consisted wholly 

of seeds of various plants fallen into the water. Eighty per cent. 

of the food of two of the specimens, and twenty per cent. of that 

of a third consisted of such seeds; ratios evidently too large to have 

been taken accidentally. Two of the specimens had eaten Plan- 

orbis, and all had eaten insects, which made about forty per cent. 

of the food; terrestrial species, including spiders, making twelve 

per cent. Among the aquatic forms were Chironomus larvee, Hy- 

drophilidze, and larvae of Ephemeridie, the latter eleven per cent. 

Crustacea were a fifth of the food, chiefly the abundant amphipod, 

Allorchestes dentata. Cypris and Candona were likewise noticed 

in considerable quantity (seven per cent.), and a few specimens of 

various Cladocera occurred. 

ZYGONECTES NoTAtTus, Raf. Tor Minnow. 

This species ranges in ponds and sluggish streams throughout 

the State, but is most abundant southwards. Here it may com- 

monly be seen swimming slowly about in stagnant pools, with the 

head at the surface of the water, as if interested in the phenomena 

of the weather, or possibly watching for the appearance of terres- 

trial insects. The alimentary structures are in all respects similar 
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to those of Fundulus, except that the intestine is possibly a little 

longer, being about equal to the head and body. The only strik- 

ing peculiarity is the depressed head, with the mouth placed at the 

upper angle and opening obliquely upward. This, with the surface- 

swimming habit of the fish, has given rise to the supposition that 

it feeds largely upon surface insects; but I did not find this to be 

the case, as the seventeen specimens studied contain no example 

of an insect of this character. 

These specimens were taken from a considerable variety of situ- 

ations throughout Central and Southern Illinois, and at various 

times of the year. The animal food amounted to about ninety 

per cent. of the whole. Vegetation, almost wholly filamentous 

Alew, was taken by ten of the specimens, but in such quantities 

by various individuals as to make it certain that its presence was 

not accidental. In one, for example, the intestine was packed 

with these Algv to the exclusion of all other food, and in three 

others this made more than half the whole. One specimen had 

also eaten Wolffia. Mollusks (Physa) had been eaten by three, 

and insects amounted to seventy-three per cent. Spiders and 

various terrestrial insects made fully a fourth of the food. Philhy- 

drus, taken by three of the specimens, was reckoned at eight per 

cent. Corixa and other aquatic Hemiptera amounted to eleven 

per cent., and larva of Agrion to three. Crustacea were esti- 

mated at only six percent. They included Crangonyz gracilis, and 

various Cladocera, Ostracoda and Copepoda. Among the Ento- 

mostraca recognized were Daphnia, Chydorus, Pleuroxus, Acro- 

perus, Cypris, and Cyclops. Chironomus larve were about one 

per cent., taken by only two of the specimens. 

ZYGONECTES INuRUS, Jor. and Gilb. Briack-tyvEp Top Minnow. 

ZYGONECTES DispaR, Ag. SrripeD Top Minnow. 

The first of these species is peculiar in this State, as far as 

known, to Southern Illinois, not having been taken by us north of 

White County. The second ranges throughout. 

Six specimens of the first and two of the second were studied. 

The food characters presented do not differ sufficiently from those 

of Zygonectes notatus to make it worth while to treat them sepa- 

rately, and a summary for the genus will be given instead. 



The Food of the Smaller Fresh- Water Fishes. 73 

Four-fifths of the food of the genus consisted of animal matter, 

nearly one-quarter being Mollusca, including Physa, Planorbis, 

and Valvata sincera. Insects make less than half, and nearly 

half of these were of terrestrial origin. Chironomus larve, usually 

so abundant in the food of insectivorous minnows, occurred here 

in only trivial quantity. Specimens of Philhydrus were eaten by 

three of the fishes. Corixa alternata amounted to five per cent. 

of their food, Agrion larvee and case worms (Leptoceridx) to two 

per cent. Crustaceans were only four per cent. of the whole, 

partly Amphipoda, but chiefly Entomostraca. The vegetable 

food (sixteen per cent.) was chiefly Wolftia, taken by five of the 

specimens from southern lakes. Ten individuals had, however, 

eaten filamentous Aloe. 

Summary. 

The only essential difference between these two genera exhib- 

ited by the specimens studied, is the much larger ratios of terres- 

trial insects captured by Zygonectes, this genus eating nearly 

twice as many as the other. This fact is possibly related to the 

surface-swimming habit already mentioned, but is more likely due 

to the smaller bodies of water in which the top minnows occur. 

Concerning the food of the family as a whole, the salient charac- 

ters are the presence of a considerable quantity of vegetable food, 

(about twenty per cent.) the occurrence of fifteen per cent. of Mol- 

lusca, the insignificant quantity of Crustacea eaten (four per cent.), 

and the importance of terrestrial insects as a source of support. 

FAMILY UMBRID/E. 

Umsra uimt, Kirt. Mup Minnow. 

This species, the only one of its family im Illinois, is very abund- 

ant in muddy ponds and ditches, and has been collected by us 

from Lake to Union Counties. 

The intestine is short, less than the body in length; the gill- 

rakers are thick and rather long, about one-half the length of the 

filaments, and the pharyngeal apparatus is wholly insignificant. 

Ten specimens were studied, from six localities, all from South- 

ern Illinois but one, which was taken in Calumet River. Vegeta- 

ble food amounted to forty per cent., chiefly Wolffia, eaten by 
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seven of the specimens from Southern Tlinois lakes. A consider- 

able quantity of unicellular Aloze was also taken by one. Mol- 

lusks, eaten by two, were reckoned at five per cent., all Physa. 

Insects drop to fourteen per cent., chiefly undetermined larvee. 

No terrestrial forms were recognized. Corresponding to the 

greater development of the gill-rakers, we find the Entomostraca 

assuming greater importance in the food. These were reckoned 

at ten per cent.; three per cent. additional consisting of Cran- 

gonyx gracilis. 

FAMILY CYPRINIDA. 

This family includes all the fishes properly known as “minnows,” 

embracing, in fact, by far the larger part of the smaller fishes of 

the State. Both in number and in variety of species it is much 

the most important family of fresh-water fishes. It includes, in 

Illinois, about forty species, nearly or quite one-fourth of the 

whole number known to occur in our territory. They occur in all 

waters from the Mississippi River and Lake Michigan to the 

smallest streams and ponds; but are much the most abundant in 

creeks and rivulets. The species differ greatly with respect to 

their favorite haunts, some affecting the principal lakes and larger 

rivers, others occurring most commonly in clear and rapid brooks, 

while still others are most frequent in the sluggish and muddy 

streams of prairie regions.» The principal economic interest of the 

fishes of this family is due to the well-known fact that they fur- 

nish an important part of the food supply of larger species. 

But little has hitherto been done upon their food in the United 

States. In fact, I have seen nothing more accurate or comprehen- 

sive than the following general statement made by Prof. Cope, in 

his paper on the Cyprinidz of Pennsylvania:* 

“These differences of habit are associated with peculiarities of 

food and of the structure of the digestive system. Hew families 

of vertebrates embrace as great a variety in these respects as the 

present one. There are carnivorous, insectivorous, and graminiv- 

orous genera, which are distinguished as among mammalia, the 

former by the abbreviation, the last by the elongation of the ali- 

*Trans. Amer. Philosophical Society, Vol. 13, New Series, page 353. 
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mentary canal, in the former the teeth are usually sharp-edged or 

hooked, in the latter truncate, hammer, or spoon-shaped.” 

“In the American genera, as far as included in the scope of 

this essay, the peculiarities of the intestines correspond with the 

food. In the Alburnellus rubrifrons,' they are but four-fifths the 

length of head and body (excluding caudal fin). In Hypsile- 

pis kentukiensis,’ Photogenis leucops, Argyreus atronasus® and 

nasutus, Ericymba buccata, and Exoglossum maxillingua, about 

seven-ninths; the food of the last five species is insects and crus- 

taceans, the last depending largely on mollusca. In the species 

of Ceratichthys, Semotilus, and Hybopsis, with Mypsilepis cor- 

nutus,* fifteen-sixteenths to equal the length; the habits insectiv- 

orous. The genera with longer intestines are, first, Stilbe® one and 

two-fifths to one and three-fourths the length; Chrosomus, Hybor- 

hynchus, and Pimephales two and two-fifths to two and two-thirds, 

and Hybognathus four times. The intestines in these are gener- 

ally filled with a soft, dark-colored slime, without remains of 

insects, but of vegetable origin. In the remarkable genus 

Campostoma the canal extends to between eight and nine times 

the length, and, like that of other vegetable feeders, is usually 

found occupied by the ingesta for a considerable part of its 

length.” 

This statement is in the main correct as far as it goes, but it 

will be seen from the following data, and from the discussion of 

the food of the family, that it is far from the truth with respect to 

the genus Campostoma and its allies. 

If we examine the alimentary structures of the Cyprinide, to 

which reference has been made in describing the food of the pre- 

ceding families, we shall find these fishes easily divided into at 

least four tolerably distinct groups, defined by characters drawn 

from the gill-rakers, the pharyngeal teeth and the intestines. In 

all but two of the genera of this paper* the gill-rakers are short 

and insignificant. The pharyngeal teeth may be either hooked or 

plain, and with or without grinding surface, while the intestine 

varies in length from less than that of the body without the head 

‘Minnilus or Notropis. *?Photogenis analostanus. *Rhinichthys. *Lux- 
ilus cornutus. °Notemigonus. 

*T have used here, for convenience’ sake, the nomenclature of the 
Catalogue of the Fishes of Illinois, published in our third bulletin. 
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to seven or eight times the length of the head and body together. 

For convenience’ sake I have grouped the genera as follows: 

Group I.—Intestine long. Pharyngeal teeth not or slightly 

hooked, with grinding surface. 

Campostoma, Pimephales, Hyborhynchus, Hybognathus. 

Group II.— Intestine rather long. Teeth hooked, with grinding 

surface. 

Notemigonus, Chrosomus. 

Group III.— Intestine short. Teeth hooked, with grinding sur- 

face. 

Hybopsis, Luxilus, Lythrurus, Hemitremia, Platygobio. 

Group I[V.—Intestine short. Teeth hooked, without grinding 

surface. 

Minnilus, Photogenis, Hricymba, Phenacobius, Semotilus, 

Ceratichthys, Rhinichthys. 

The second group, consisting of Notemigonus and Chrosomus, 

may be again divided according to the development of the gill- 

rakers, which are numerous, long, and slender in Notemigonus; 

few, short, and insignificant in Chrosomus. 

Foop OF THE YOUNG. 

The genera and species of Cyprinidz are not easily recognized, 

even in the adult, the characters upon which they are based being 

often either trivial or extremely variable; and when one has to 

do with individuals small enough to show the earliest food of the 

family, it is commonly quite impossible to identify even the genus. 

In the few specimens which I have studied, I have not attempted - 

such determination, although I have reason to believe that most 

of those examined belong to some species of Minnilus. 

Their food was so far peculiar, as compared with the young of 

other families, that I will describe in detail that found by dissect- 

ing six specimens under an inch in length. The first of these, 

three-eighths of an inch long, taken in Fox River on the 8th of 

July, had eaten only a small Chironomus larva, and a single ex- 

ample of Bosmina. Two specimens, six-tenths of an inch long, 

captured in August in a creek in Central Illinois, had derived 

their food from quite different sources. Filaments of Spirogyra 

and other filamentous Algze, cells of Cosmarium and Closterium, 
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and Cymatopleura and other diatoms, and spores of U stilago, were 

the vegetable elements, while the head of a Chironomus larva and 

great numbers of the ciliate infusorian Huylena viridis, and a 

few specimens of Huglena acus, represented the animal kingdom, 

Full half the contents of these intestines consisted of the Proto- 

zoa mentioned. A third specimen of the same length, taken from 

the Illinois River in June, had derived about eight-tenths of its 

food from Bosmina, the remainder consisting of a small Chirono- 

mus larva and a minute larval hydrachnid. Ina specimen seven- 

tenths of an inch long, taken in Mackinaw Creek in August, F’'u- 

glena viridis was the most abundant object, making about six- 

tenths of the food; and Huglena acus and a species of Phacus 

also occurred. Various filamentous Algz, specimens of Closter- 

ium and Cosmarium, and numbers of diatoms were the remaining 

elements. In another specimen, taken at the same time and 

place, about three-fourths of an inch in length, fungi and fungus 

spores amounted to more than half the food, although the same 

forms of Algz occurred as before, together with a few examples 

of Euglena viridis and Difflugia. A Chironomus larva, a plant- 

louse, and some other insect not determined, had also been eaten. 

From the above we may conclude that the young Cyprinidie 

draw almost indiscriminately, for their food supply, wpon Protozoa, 

Algze, and Entomostraca, differing in this respect from the young 

of all the other families which I have studied, with the exception 

of the Catostomide. It is worthy of note, as a suggestive coin- 

cidence at least, that the other families just mentioned which were 

found to take Entomostraca and Chironomus larvz as their earli- 

est food, were all possessed of raptatorial teeth on the jaws when 

very young; whereas in young suckers and Cyprinidee, the mouth 

is unarmed at all ages. 

Group I. 

Intestine long. Pharyngeal teeth not hooked, with grinding surface. 

CampostoMA ANOMALUM, Raf. Srone Luaeer. 

This very peculiar fish is exceedingly abundant everywhere ex- 

cept in the great lakes. I have taken it in streams of all magni- 

tudes, from the Illinois River to the smallest creeks, but have not 

yet encountered it in Lake Michigan or in stagnant pools. It is 

commonest, however, in swift creeks of medium size. 
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It is distinguished from all other species by the great length of 

the intestine, which is from six to nine times the length of the 

body, and is spirally coiled about the air bladder. The gill-rakers 

are numerous, about twenty in number to each gill, but are very 

short, scarcely projecting beyond the anterior margin of the arch. 

They are evidently almost totally inefficient as a straining appa- 

ratus. 

Of the great number of specimens available for dissection, only 

nine were studied, since the contents of the intestines were found 

so uniform in character that it was not deemed worth while to 

multiply instances. These were from both extremes and also 

from the center of the State, but were all taken in July, August 

and September. The intestine was invariably filled from end to 

end with a black and slimy matter, which, when examined under 

the microscope, was found to consist almost wholly of fine mud. 

When the intestine was emptied and the contents stirred up in 

alcohol and repeatedly decanted so as to separate the coarser frag- 

ments, the organic matter was easily distinguished. It made on 

an average, only about one-fourth of the contents of the intestine, 

the remainder consisting of the finest particles of sand and clay. 

Not far from one-fifth of the whole amount was of vegetable ori- 

gin, consisting chiefly of filamentous Algze, mingled with a few 

diatoms, but comprising occasionally minute fragments of other 

kinds of vegetation also. The only animal objects noted were 

occasional Chironomus larvee and Difflugia. Sometimes the intes- 

tine was wholly filled with almost pure mud, in which no organic 

structures whatever could be detected. Date and locality seemed 

to make no material difference in the food of this fish, which 

should evidently be classed as limophagous. The ratios of ani- 

mal to vegetable food were scarcely different from what one would 

expect to find in the intestine of a fish which had the habit of 

swallowing mud rich in organic matter, the greater ratios of vege- 

tation being apparently due to the fact that plants are more abun- 

dant in the water than animals. 

PIMEPHALES PROMELAS, Raf. Briack Hap. 

This species is generally distributed throughout Central and 

Northern Illinois, but is not very abundant. We have taken it 

only in rivers and larger creeks, but have not found it south of 

Jersey County. 
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The alimentary canal is two or three times the length of the 

body, and the gill-rakers are fifteen in number and somewhat 

more prominent than usual, those on the posterior part of the first 

arch being about one-third the length of the corresponding fila- 

ments. 

Only four specimens were studied, one from the Pecatonica 

River at Freeport, and three from Otter Creek in Jersey County. 

With this fish as with the preceding, about three-fourths of the 

contents of the intestine consisted of mud, the remainder being 

almost wholly insects. These were partly terrestrial species, oc- 

curring accidentally in the water, and partly aquatic larve of Dip- 

tera. The vegetable food of these specimens amounted only to 

about one per cent., chiefly various unicellular Algz. 

HyYBorRHYNCHUS NOTATUS, Raf. BLunt-NosED Minnow. 

This extremely abundant minnow occurs in streams and rivers 

throughout the State, but has not been found by us in ponds. 

Specimens were taken, however, in the small lakes of Northern 

Illinois. 

The intestine is about two and one-half times the length of 

the head and body.’ The gill-rakers are few, short and thick, 

being about one-fifth of the length of the corresponding filaments. 

Nine specimens were studied from all parts of the State, when 

their food proved to be so uniform in character that further obser- 

vations were deemed unnecessary. Mud made about eighty per 

cent. of the contents of the alimentary canal, the remainder con- 

sisting of unrecognizable vegetable debris, with a few filaments 

of Algw. Undeterminable insects occurred in one, and a single 

specimen of Cypris in another. 

HyYBoGNaTHuUS NUCHALIS, Ag. BLuNT-sAwED MInNow. 

This species is likewise generally distributed in rivers, creeks 

and ponds, occurring in our collections from Galena to Cairo, and 

at a great number of points intermediate. 

The alimentary canal in this genus is elongate, being about four 

times the length of the body. The gill-rakers are few and rather 

short, triangular in form, and about one-fourth to one-fifth the 

length of their corresponding filaments. 

Hight specimens of this species were dissected, with results in 
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all respects similar to those given for the other members of this 

group. Filamentous Algz, diatoms, and a few accidental fungus 

spores, were the only objects found imbedded in the quantities of 

mud which filled each intestine. 

SUMMARY OF THE GROUP. 

If we average the results of the four species studied, belonging 

to this first group, we shall find that about three-fourths of the 

contents of the stomach and intestine consist of soft, black mud, 

the remaining fourth being derived from both animal and vegetable 

substances, about three times as much from the latter as from the 

former. The animal food is chiefly insects, both terrestrial and 

aquatic, and the vegetation is divided about equally between Al- 

gz and miscellaneous fragments of higher plants. This group, 

with long intestine and grinding pharyngeals, is consequently to 

be considered as essentially limophagous. We find this peculiar 

form of pharyngeal teeth associated only with intestines of this 

type. 

Group II. 

Intestines moderately long; pharyngeal teeth hooked, with grinding 

surface. 

CHROSOMUS ERYTHROGASTER, Raf. RED-BELLIED Dace. 

This species is locally abundant, although not generally com- 

mon. It occurs in clear streams in the northern part of the State, 

but has not been taken by us in Central or Southern [linois. 

The length of the fish is contained one and two-thirds times in 

the length of the intestine; the gill-rakers are few and rather short, 

triangular, acute, and about one-fifth the length of the corre- 

sponding filaments. 

I examined carefully but three specimens of this species, de- 

rived from two localities. These were alike in the presence of 

great quantities of mud, which amounted to about eighty-seven 

per cent. of the contents of the intestine. The animal food was 

confined to a trace of Cladocera. The vegetation amounted to 

thirteen per cent., partly tissues of aquatic plants, with traces of 

fungi, but chiefly Alow of various forms, including a little Oscil- 

latoria. 
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NoTEMIGONUS CHRYSOLEUCUS, Mitch. SHrNner. 

This extremely abundant minnow, commonly called the shiner, 

occurs in all waters throughout the State, from the largest rivers 

to the smallest creeks, and from Lake Michigan to small stagnant 
ponds. 

The intestine is shorter than in any of the preceding species, 

although still rather long, the head and body being contained one 

and one-third times in its length. The gill-rakers are long, fine, 

and numerous, about twenty in number on the anterior arch, and 

fully one-third the length of the corresponding filaments, making, 

therefore, an effective apparatus for the separation of the Ento- 

mostraca from the water. As this fish presents a peculiar combi- 

nation of alimentary structures, and as its food was found unusu- 

ally various, a larger number of specimens were studied than of 

any of the species already discussed. 

Twenty-five fishes were dissected, from a great variety of sit- 

uations in all parts of the State, and representing various dates 

from May to September inclusive. As the food differed widely 

according to situation, that of specimens from certain localities 

being more widely different than the food of different species 

has usually been found, it will be best to mention the most con- 

spicuous differences depending upon situation. 

Specimens taken from the Pecatonica River at Freeport, an 

extraordinarily muddy stream, noted for the abundance of its 

mollusks, had eaten no other food than univalve Mollusca, chiefly 

Valvata tricarinata and Planorbis deflectus. Another, from the 

- Illinois River at Pekin, had also eaten largely of mollusks, while 

three taken in Otter Creek in Jersey County, in almost stagnant 

reaches of the stream, extremely muddy, and green with Algz, 

had filled their intestines with mud, like Campostoma; and still 

others from ponds near Normal had eaten only Entomostraca, 

about equally Cladocera and Copepoda. Another specimen from 

the Illinois River had taken similar food, all Daphnias. One speci- 

men from Nippersink Lake, in the northern part of the State, was 

full of wild rice (Zizania). Taking all these groups together, and 

considering the species as a whole, besides the mud already men- 

tioned, about fourteen per cent. of the food consisted of mollusks, 

and only six per cent. of insects, nearly all of which were of 
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terrestrial species. Crustaceans amounted to fifteen per cent., all 

Entomostraca. Vegetation stands at fifty per cent., more than 

half of it accidental vegetable debris, partly from aquatic and 

partly from terrestrial plants. About one-fifth of the food con- 

sisted of Alove, half of which was filamentous in character, and the 

remainder desmids, including Closterium, and various diatoms. 

The peculiar character of the alimentary structures of this 

species are very clearly reflected in this summary of its food, the 

elongate intestine corresponding to the presence of mud, and the 

well developed gill-rakers to the occurrence of Entomostraca. I 

have not yet noticed any structural peculiarity of the Cyprinidze 

related to the habit of feeding upon mollusks. 

SUMMARY FOR THE GROUP. 

The two species foregoing agree only in their mud-eating pro- 

pensity, — probably habitual in one and occasional in the other,— 

the first having the longer intestine, and the second the longer 

gill-rakers. To this last difference we doubtless must trace the 

different relations of these fishes to Entomostraca. 

I find nothing whatever, by comparison of the food of these 

specimens with those of the preceding group, to show the mean- 

ing of the hooked form of the pharyngeal teeth. 

Grovp ITI. 

Intestine short, teeth hooked, with grinding surface. 

This group includes Hybopsis, Luxilus, Lythrurus, Hemitre- 

mia, and Platygobio. My studies were limited to three genera: 

Hybopsis, Luxilus and Hemitremia. 

Hyegopsis Hupsonius. Clint. SPAWN-EATER. 

This fine minnow is common everywhere to the northward, 

especially in Lake Michigan and the other lakes of Northern 

Illinois, but not abundant south of the central part of the State, 

although it has been taken to its extreme southern limit. It has 

never occurred in our collections in the smaller streams, but is 

confined to the lakes, rivers, and creeks of some magnitude. 

The gill-rakers of this minnow are short and few. 

Seventeen specimens were studied, from Lake Michigan, 
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Nippersink Lake and the Illinois River. Mud was found in notice- 

able quantities only in a single specimen, and there in small 

amount. About seventy per cent. of the food consisted of animal 

substances, three per cent. being fishes, taken by two of the 

minnows. One had also eaten a small bivalve mollusk. Insects 

made half the food, about one-third of them of terrestrial species 

(Rhynchophora), the remainder being chiefly larvae of ephemerids. 

A few Chironomus larva and an aquatic hemipter, were the only 

other kinds determined. Crustacea amounted to thirteen per cent., 

nearly all Ostracoda (Cypris vidwa) taken by two of the speci- 

mens from Chicago. Vegetable food stands at thirty-one per 

cent., eaten by ten of the specimens. One-third of this consisted 

of Alow, chiefly of the filamentous forms, the remainder being 

miscellaneous fragments of exogenous plauts, chiefly evidently 

aquatic. 

Local and individual peculiarities.—The general summaries of 

the food of so many individuals from so great a variety of situations 

often disguise interesting and important facts relating to the food 

resources of the species, since an element taken in large quantity 

by one or two specimens may figure in the general average in 

such an insignificant ratio as to lead to the inference that its 

occurrence is merely accidental. In other words, general averages 

for a variety of situations will not necessarily indicate all the food 

resources open to the species. These can only be demonstrated 

by exhibiting the pecw/iaritics of the record as well as_ its 

general average characters. For example, the fact that only 

eleven per cent. of the food of this species consisted of Algw has 

a somewhat different aspect when we learn that one of the speci- 

mens had eaten nothing else, and that they made three-fourths of 

the food of another. Three specimens had eaten only insects, and 

these made ninety per cent. or more of the food of three others. 

Two had eaten nothing but Entomostraca, all the Cypris vidua 

previously mentioned. Vegetable structures made the entire food 

of four, and ninety per cent. or more of the food of three other 

specimens. Three out of four individuals taken at Nippersink 

Lake in May, had derived from ninety to one hundred per cent. of 

their food from terrestrial beetles of a single family (Rhynchoph- 

ora), while ephemerid larvze occurred in the food of three others in 

ratios exceeding seventy-five per cent. 
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HyYBopsiIs STRAMINEUS, Cope. STRAW-COLORED MINNOW. 

This insignificant species has been found by us in rivers and 

small streams throughout the State. 

The gill-rakers were few and short. 

Only five specimens were studied, all from rivers in Central 

Illinois. About three-fourths of their food consisted of animal 

matter, nearly all neuropterous larvae (fifty-eight per cent.), 

Ephemeride standing at forty-eight per cent., and case-worms at 

ten. Crustacea were ten per cent., all Cyclops except a trace of 

Canthocamptus. About one-fourth of the food was vegetation, 

chiefly seeds of grasses, occurring, of course, only accidentally in 

the water. Two had derived from ninety to one hundred per cent. 

of their food from ephemerid larve, and four of the five had eaten 

vegetation amounting to as much as eighty per cent. 

LuxiLus cornutus, Raf. SHINER. 

This large and fine minnow is probably the commonest fish in 

Illinois, occurring in lakes and streams of all sizes everywhere 

throughout our limits. 

The gill-rakers are short and few, and of insignificant develop- 

ment, and the intestine is shorter than the head and body. 

Twenty-one specimens were studied, from all parts of the 

State and at various seasons of the year. Animal food amounted 

to two-thirds of the whole, fourteen per cent. being fishes, eaten, 

however, by only one of the specimens. Insects, eaten by 

nineteen, were reckoned at forty-five per cent., only one-fourth of 

them terrestrial. Gyrinid larvee, Corixa, and larvee of Palingenia 

bilineata were among the forms recognized. The crustacean 

ratio was insignificant, standing at only three per cent., all the 

abundant amphipod, Allorchestes dentata, with the exception of 

traces of a considerable variety of Entomostraca, including 

Chydorus, Acroperus leucocephalus, and Cypris. One of the 

water-worms (Lumbriculus) was noticed in a single specimen. 

Vegetable food was reckoned at thirty-eight per cent., only about 

one-third of it consisting of Alga, and the rest of accidental 

fragments, including the seeds, anthers, and pollen of plants, with 

a little Potamogeton and various forms of fungus spores. One of 

the commonest of the Algz was Cladophora glomerata,* taken 

*Kindly determined for me by Rev. Francis Wolle, Bethlehem, Pa. 
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by those from Effingham. The fact has already been noted that 

one of the specimens had eaten only fishes. Five had confined 

themselves to an insect diet, while twelve had derived more than 

half their food from the vegetable kingdom, one of them eating 

ninety-five per cent. and another one hundred. 

HeMITREMIA HETERODON, Cope. Norruern Hemirremra. 

This species, extremely abundant in Northern Illinois, has not 

been taken by us south of the central part of the State. North of 

Rock River it has been generally found in streams and lakes of all 

descriptions, from Lake Michigan down. 

The gill-rakers are few in number, but thick, triangular, and 

rather long, those on the posterior part of the arch being from a 

fourth to a third the length of the filaments. The intestine is 

contained one and one-fourth times in the length of the head and 

body. 

Eighteen specimens were studied, suitably distributed as to time 

and place. A little mud was found in the stomach of one. Only 

about one-tenth of the food consisted of vegetation, chiefly flowers 

and seeds. Traces of filamentous Algz occurred in two of the 

specimens. Univalve Mollusca were noticed in one, and insects 

in twelve, amounting to more than a fourth of the entire food. 

These were chiefly larvae of Chironomus (twenty per cent. ), 

ephemerid larvz occurring in but one. Crustacea were reckoned 

at fifty-eight per cent., all Entomostraca, with the exception of a 

single Allorchestes dentata. About two-thirds of these were 

Cladocera, the remainder being Ostracoda and Copepoda. Roti- 

fers and Protozoa also rarely occurred, the latter including Centro- 

pyxis and Difflugia. Five of the specimens had eaten Entomos- 

traca only, and two others ninety per cent. or more. Only two 

had derived more than half their food from vegetable sources. 

It will be seen that the peculiar fact with respect to this species 

was the large per cent. of Entomostraca appropriated. I find 

nothing in the structure of the fish to explain this circumstance, 

other than the somewhat unusual development of the gill-rakers 

and the small size of the species. The latter probably had more 

to do with it than anything else. It should be noted, however, 

that nearly half the specimens were derived from places where 

Entomostraca were excessively abundant at the time of their 

capture. 
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SuMMARY OF THE GROUP. 

Taking now this group as a whole, we remark, first, the absence 

of mud mingled with their food, as related to the greatly dimin- 

ished length of the alimentary canal. We have now also a 

decided predominance of animal food, which is about three-fourths 

of the entire amount, and note likewise the first occurrence of 

fishes. Although Mollusca occur in this group, it is in quantity 

too small to appear in the ratios. Insects make about half the 

food of all, nine per cent. being terrestrial forms. The larva of 

Neuroptera are by far the most important insect species, and 

stand at twenty-five per cent. Hntomostraca make a fifth of the 

whole food, distributed among all the orders. The vegetation 

eaten was largely of a purely miscellaneous and incidental char- 

acter, only about a third of it being derived from aquatic plants. 

Group IV. 

Intestine short; teeth hooked, without grinding surface. 

This group, organized more strictly for predatory purposes than 

any of the preceding, contains also the largest number of genera, 

embracing nine of those occurring in Illinois. It was not thought 

necessary to study all of these, and my dissections were confined 

to five of them, namely: to Minnilus, Photogenis, Phenacobius, 

Semotilus and Ceratichthys. 

MINNILUS ATHERINOIDES, Raf. EMERALD Minnow. 

This species is everywhere abundant in streams and lakes, but 

does not occur in ponds. It is most common northward, swarm- 

ing in summer along the shores of Lake Michigan. 

The gill-rakers are short, triangular, and about one-fourth the 

length of the filaments; and the intestine is less than the length 

of the head and body. 

Highteen specimens were studied, all from the northern half of 

the State. The food was almost strictly animal, but five per cent. 

consisting of vegetation, and this chiefly of accidental character, 

occurring in trivial ratios. Only a single specimen had taken 

about forty per cent. of its food from filamentous Algw. A 

minute fish had been eaten by one of these minnows. Insects 
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made two-thirds of the food, nearly two-thirds of them being ter- 

restrial. Neuropterous larve were the principal aquatic forms, 

chiefly case-worms and larvee of ephemerids. The Crustacea 

(twenty-two per cent.) were all Entomostraca, about two-thirds 

of them Cladocera, the remainder Copepoda. Among the former 

Bosmina and Chydorus were recognized, and Diaptomus among 

the latter. 

Six of this species had eaten only insects, and these made 

ninety per cent. of the food of two others. One had filled itself 

with the larvee of Bibio albipennis, a terrestrial grub abundant in 

early spring. Three from Peoria Lake, captured in October, had 

eaten Cladocera only, nearly all a single species, Bosmina lon- 

girostris. 

PHOTOGENIS ANALOSTANUS, Grd. SILver FIN. 

Excessively abundant in streams of all sizes. 

The gill-rakers are short, triangular, about one-fourth of the 

length of the filaments. The intestine is shorter than the head 

and body. 

Thirty-three specimens of this species were examined. Two- 

thirds of the food was insects, seven per cent. fishes, taken by 

three individuals, and one per cent. spiders, bringing the ratio of 

animal food up to seventy-one per cent. Besides these, a Limniea 

was eaten by one, and traces of Cladocera and Copepoda occur in 

three. Nearly half the insects were terrestrial, Corixa and neu- 

ropterous larvee being the most important aquatic forms. The 

vegetable food (twenty-nine per cent.) was nearly all of terrestrial 

origin, about one-third consisting of Alga, both filamentous ana 

unicellular, including Spirogyra and Gloeocystis. Seeds, anthers 

and pollen of plants, and fragments of grass-like vegetation were 

noticed. 

Eight of the specimens had taken only insects, and in two others 

these amounted to ninety-five per cent. Two had fed upon 

terrestrial species only. Corixa made ninety-five per cent. of the 

food of one. One had fed solely upon filamentous Alga, and 

ninety per cent. or more of the food of three others consisted of 

vegetable structures in general. 
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PHENACOBIUS SCOPIFERUS, Cope. 

This species occurs not very abundantly throughout the State, 

from Galena to extreme Southern Illinois. It has been taken by us 

almost invariably in swift and shallow streams. 

The mouth is small and inferior, provided with fleshy lips 

somewhat resembling a sucker’s in form. The gill-rakers and 

pharyngeal teeth are as usual in this group and the intestine is 

contained once and a half in the length of the head and body. 

The nine specimens studied were from five localities, distributed 

from Galena to Union county. The food wasalmost purely insects, 

only two per cent. being unrecognized vegetation. Seventy-six per 

cent. consisted solely of Chironomus larve, and six per cent. of 

case-worms. Adult chironomids, taken by two of the specimens, 

amounted to two per cent. A few Cyclops found in a single 

specimen were the only Crustacea eaten by these fishes. 

The peculiar character of this food, almost precisely that of a 

darter, is evidently related to the habitat of the fish.* 

SEMOTILUS CORPORALIS, Mitch. CHus. 

This is a widely distributed and very abundant fish, perhaps the 

commonest species in the small creeks; but is less abundant in 

lakes and ponds. 

The head and mouth are unusually large for a minnow; the 

intestine is six-sevenths the length of the head and body; and the 

gill-rakers are of the usual form. 

Twenty-two specimens, from widely separated localities, give a 

ratio of seventy-six per cent. of animal food, four per cent. being 

fishes (partly Cyprinidze), thirteen per cent. vegetation, and three 

per cent. worms. Insects make a little over half the whole, about 

one-half of them terrestrial. No Chironomus larve were found 

in the food of these fishes. Of neuropterous larvee only a trace 

occurred, aquatic Coleoptera were noted in two, and Corixa in one. 

Grasshoppers (Acrididz) made ten per cent. of the whole and were 

eaten by three of the specimens. Five had taken crawfishes, 

which made twelve per cent. of the entire food. No Entomostraca 

were noted, with the exception of one per cent. of Cyclops 

*For a discussion of this matter, see Bulletin 3 of this series, p. 25. 
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occurring in two of the specimens. Numerous examples of 

Gordius were found in two, and were reckoned at three per cent. 

of the food.* The vegetable food (twenty-four per cent.) was half 

Alge, the remainder miscellaneous vegetable debris. 

Eight had eaten only insects, two having filled themselves with 

grasshoppers. Three from a prairie stream near Normal had taken 

only crawfishes, while of four specimens captured in McLean 

County in July, filamentous Algze composed ninety-four per cent. 

of the food. 

CERATICHTHYS BIGUTTATUS, Kirt. Hornep Cuus. 

This species is everywhere abundant northward, chiefly, like 

Semotilus, in the smaller streams, but preferring swifter waters. 

We have not taken it, however, south of the center of the State. 

It differs from the preceding members of the group by the 

greater length of its alimentary canal, which considerably exceeds 

the head and body, the latter being contained in the intestine 

about one and one-fourth times. The gill-rakers are not peculiar. 

Thirteen specimens from Northern and Central Illinois had 

derived less than’ half their food from the animal kingdom. Only 

about one-fourth of it consisted of insects, largely case-worms and 

other neuropterous larvee, another fourth being Crustaceans 

(crawfishes), eaten, however, by only two of the specimens. The 

vegetable food (fifty-four per cent.) was about equally divided 

between filamentous Alga and seeds of Setaria and other grass- 

like plants. 

Notwithstanding the small ratio of insects figured out, it is 

worthy of note that two specimens out of four captured in a creek 

in September had eaten only insects, chiefly case-worms, while 

these composed ninety-five per cent. of the food of another. As 

the intestines of these fishes contained a considerable quantity of 

gravel, it is.evident that they had fed upon the bottom in rather 

swift water. On the other hand, two specimens had derived all their 

food from vegetable sources, and three others had eaten eighty 

per cent. or more of vegetation. The extraordinary amount of 

vegetation in the food of this fish is possibly related to the 

increased length of the alimentary canal. 

*These were not from the same specimens as those containing the 
grasshoppers. 
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SUMMARY FOR THE GRouP. 

Ninety-five specimens of Group IV examined, representing 

five genera, had derived about three-fourths of their food from the 

animal kingdom, three per cent. of it being fishes, sixty-one per 

cent. insects, one per cent. Arachnida, and eleven per cent. Crusta- 

cea. One-third of the insects and spiders belong to terrestrial 

species. Chironomus larvee are among the most important aquatic 

elements, amounting to sixteen per cent.; neuropterous larvae 

coming next (eleven per cent.). About two-thirds of the crusta- 

ceans were crawfishes, the remainder being Cladocera and Copep- 

oda. The vegetation (nearly one-fourth of the entire food) was 

chiefly of miscellaneous origin, nine per cent. only being recog- 

nizable as of aquatic forms. This was almost entirely filamentous 

Alge. 

Concerning this fourth group it may consequently be said, 

roughly, that the food consists of insects, crustaceans, and vegeta- 

ble debris, about two-thirds of it the first, one-fourth of it the last, 

and one tenth, the other. 

Summary forthe Family. 

If we regard the two hundred and fourteen specimens of 

fourteen genera which I have studied, as fairly representative of 

the family Cyprinidz, and strike a separate balance of their food, 

we shall find that about thirty per cent. of the contents of the 

alimentary canal consists of mud; that one-half of it, or a little less, 

is animal matter, and that vegetation amounts to about one-fourth. 

Insects make one-third of the entire food, about ten per cent. 

being terrestrial species, eight per cent. Chironomus larvze, and an 

equal number larva: of Neuroptera. Of aquatic Coleoptera we 

have only-a trace, and of aquatic Hemiptera (Corixa), but one per 

cent. Crustacea stand at ten per cent., nearly half of them 

Cladocera, Entomostraca as a whole amounting to about three- 

fourths of the crustacean ratio. Fishes are only two per cent., and 

mollusks less than one. Nearly half the vegetable food consists 

of Algze (chiefly filamentous forms), the remainder being miscella- 

neous structures, derived from a: great variety of plants, mostly 

terrestrial. 
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Summing up, in a word, the characteristics of the food of the fami- 

ly as thus indicated, we may say that about one-half of it consists 

of animal substances, one-third being insects, and one-third of 

these of terrestrial species, and ten per cent. being crustaceans; 

that one-fourth consisted of vegetation, about equally aquatic and 

terrestrial, and that the remainder is mud, probably containing 

more or less fluid organic matter. 

COMPARISON OF THE GROUPS. 

Tt will be remembered that the groups were based upon differ- 

ences in the structures relating to the appropriation and mastica- 

tion of food. It is consequently from a comparison of the ratios 

of these groups that we shall derive the most interesting facts 

relating to the correspondence of food and structure. The most 

conspicuous result is the great preponderance of mud in the 

intestines of the fishes of the first group, characterized by an extra- 

ordinarily elongate intestine, and by pharyngeal teeth destitute 

of hooks and provided with a broad grinding surface. Here, as 

already noted, mud, sand, and gravel amounted to about three- 

fourths of the matter ingested, while in the third and fourth groups 

only trivial and accidental quantities occurred. In the second 

group, on the other hand, with intestines intermediate in length, 

mud was still abundant, but much less so than in the first, aver- 

aging less than half the whole. If we exclude this indigestible 

matter, however, we shall find the first group still further distin- 

guished by the predominance of vegetation as compared with 

animal matter, the latter being only about one-third the former, 

while in Groups III and IV, on the other hand, vegetation 

amounts to about one-third the animal food. The groups last 

mentioned, distinguished from each other as they are, only by the 

presence of a masticatory surface on the pharyngeal teeth in the 

first, and its absence in the second, differ scarcely at all in their 

general food characters, and this structural feature seems therefore 

to be of little significance. In both the animal ratio amounts to 

seventy-five per cent., and vegetation stands in each at twenty- 

five; while insects are respectively fifty and sixty-one. It is true 

that we find neuropterous larva greatly predominant in the first 

group, making one-fourth of their food, and Chironomus larvze 

in the second amounting to sixteen per cent, The second of 
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these facts we find upon analysis to be evidently due to Phenaco- 

bius, by which genus nearly all the Chironomus larvee were taken; 

and this, as already shown, is explained not by any structural 

feature, but by its peculiar habitat; and when ‘we note that’ 

aquatic larve together amount in Group III to twenty-five per 

cent., and in Group IV to twenty-seven, we see that the signifi- 

cance of the difference mentioned disappears. A similar explana- 

tion is found of the difference in the ratios of Entomostraca,— 

that of the first group amounting to twenty per cent. and that of 

the second only to four. An examination of the tables shows that 

this predominance in the group first mentioned is nearly all tracea- 

ble to Hemitremia, a very small fish with rather elongate gill-rakers. 

The importance of these gill structures is still more clearly 

indicated, as already noticed, by the difference between Notemi- 

gonus and Chrosomus of the second group, and clearly far out- 

weighs the structure of the teeth as an indication of the food 

habits of the fish. 

The general conclusions reached may be thus briefly stated: 

An extraordinarily elongate intestine indicates the limophagous 

habit, rather than an especial preference for vegetable food. The 

length or number of the gill-rakers has much to do with the 

abundance of Entomostraca and other minute animal forms in the 

food of the fish, while the presence or absence of the terminal 

hook or the masticatory surface to the pharyngeal teeth is not thus 

far shown to have any sensible influence upon the general average 

of the food. Finally, a species may depart widely in food char- 

acters from those more nearly allied to ‘it in structure, if its 

favorite haunts are peculiar. 

Eo RE — 
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THE FIRST FOOD OF THE COMMON WHITE-FISH. 

(COREGONUS CLUPEIFORMIS, Mitch.) 

By S. A. FORBES. 

In a very large lake the conditions of life are remarkably uni- 

form. The volume of water remains, of course, nearly constant 

from season to season and from year to year, and the extremes of 

summer heat and winter cold have but a moderate effect upon the 

temperature of the lake as a whole. Consequently both plant 

and animal life exhibit there a regularity and stability which are 

in remarkable contrast to their fluctuations in smaller bodies of 

water and on the surrounding land. Not only do the relative 

numbers of individuals in the various species remain about the 

same, but the absolute number of each must necessarily change 

but little, as a rule. 

Such a state of affairs is eminently favorable to an exact and 

economical balance of supply and demand, of income and ex- 

penditure, of multiplication and destruction, among the inhabit- 

ants of the lake. Here, every species of animal, whether preda- 

ceous or vegetarian, must find, in the surplus products of growth 

and reproduction among the species upon which it depends for 

food, a far more constant and unvarying supply for its needs than 

elsewhere; and the species fed upon must be subject to a far 

more regular drain upon their surplus numbers or unessential 

structures. Where there is little fluctuation there is little waste. 

A system of life like this, ranning on with relatively even tenor 

for centuries, must of course be much less flexible than one where 

wide and violent fluctuation and continual reidjustment are the 

rule; and a species in any way deeply affected will here 

have within itself far less recuperative power than one which has 

been forced again and again—each year, perhaps—to rally 

against the most destructive attacks as the price of its continued 
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existence. Disturbances of the natural balance of life, of the 

primitive and spontaneous system of reactions by which the dif- 

ferent groups of organisms are related, will therefore be unusually 

serious and lasting; and where such disturbances result from 

human interference, as by the yearly capture of large numbers of 

any important fish, it is especially desirable that artificial means 

of compensation be taken to restore the disturbed balance as 

nearly as possible. Excessive loss will be made good by natural 

reactions far more slowly than if it occurred to a pond or river 

species, accustomed, as most of the latter are, to fill up rapidly 

enormous gaps in their numbers. 

On the other hand, to multiply wndwly by artificial measures any 

species naturally abundant in such a lake, will have scarcely a 

less disturbing influence than to diminish its numbers in the same 

ratio. The relatively nice balance between the demand for food 

and food supply which here naturally obtains, is such that an ex- 

traordinary increase in a species must soon reict to diminish 

greatly its food resources —a fact which will then take effect on 

the species itself, reducing it below its natural, original level; 

and if both excessive capture and excessive multiplication go on 

side by side we shall have this result finally aggravated to an ex- 

treme degree. 

As fishes are caught before the end of their natural lives, but 

planted by the fish culturist when young, it is evidently the food 

of the young which will be first and most seriously affected by 

over-production. Only a part of the adults, perhaps a small frac- 

tion, will live a life of ordinary natural length, many being cap- 

tured before they have attained even the average size; but a far 

greater number, perhaps nearly every one, must survive the earli- 

est period and must consequently draw most heavily upon the 

earliest food resources of the species when these differ from those 

of the adult. 

The above considerations are brought forward here to show the 

especial importance, to us, of a study of the system of natural 

interactions by which the animals of our great lakes affect each 

other, if we would avoid the necessarily injurious consequences of 

our own interference with the natural order there obtaining, and 

above all to show the extraordinary value of a knowledge of the 

food habits and food capital of the young. They apply perhaps 
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more forcibly to the white-fish than to any other species in the 

lakes; because this is for several reasons the most important purely 

fresh-water fish of the great lake region, and proves to have a dis- 

‘tinctly different food when young from that upon which it is de- 

pendent later. 

According to the recent census report,* more than twenty- 

one million pounds of white-fish were taken in the Great Lakes 

in 1879, valued at over three-quarters of a million of dollars, and 

representing nearly half the total sum derived from the lake fish- 

eries of all kinds. These fisheries employ over five thousand men, 

and a fixed capital of one million three hundred and fory-six thou- 

sand dollars. When we reflect that this enormous drain wpon the 

number of the species is necessarily, to a considerable extent, an 

addition to the natural tax levied upon it by its enemies other than 

man, we see that there must be an artificial supply provided, or 

the fisheries will gradually fail. 

The importance of the knowledge of the food of so valuable a 

species needs no demonstration, especially when we consider that, 

consistently with what has been said above, it may not be diffi- 

cult to overdo the work of propagation. 

If the white-fish were to be multiplied indefinitely, without any 

attention to the character or abundance of its food supply, it — 

would soon reach such a number that it must infringe upon its 

own food capital, diminish the average number of the animals 

upon which it depends for subsistence, and so finally indirectly 

cripple i itself. Then the money and labor expended in its culture 

would be principally lost, and the last state of the species would 

be worse than the first. An acquaintance with the food of the 

young is especially necessary, because they are planted by the 

fish-culturist when, having already absorbed the ege-sac (the sup- 

ply of food by which they are under natural conditions supported 

until they have time to scatter themselves widely through the 

water), they are in a peculiarly helpless condition, unable to wan- 

der far in search of subsistence, and compelled to find food 

speedily or perish. One would say, therefore, that their alimen- 

tary resources and habits should be well and thoroughly known, 

that the range, period and abundance of the organisms upon 

*Census Bulletin No. 261, Sept. 1, 1881. 
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which they feed should be carefully determined, and that each 

locality where the young are deposited should be closely searched 

for the purpose of ascertaining whether their food species occur 

there at the time in sufficient quantity to prevent immediate star- 

vation. 

Previous studies of the food of young fishes of a variety of fam- 

ilies, reported in the third Bulletin of this series, had showed that, 

with exceptions presently to be mentioned, the earliest food of all 

the families studied consisted almost wholly of. various species of 

Entomostraca and some equally minute and delicate dipterous 

larvee. When that paper was prepared, I had, however, no oppor- . 

tunity to study the food of the young of any members of the family 

Salmonidze, to which the white-fish belongs, neither could I learn 

that any such studies had been made by others; and I could only 

infer the same fact with regard to this family from the general 

character of the results obtained by the study of the other groups. 

Even this inference, however, was rendered doubtful by the dis- 

covery that the youngest individuals of two of the toothless fami- 

lies (Catostomide and Cyprinidz) were not strictly dependent 

upon the food elements above mentioned, but were likewise able 

to draw upon much smaller organisms, namely: the minutest 

' Protozoa and unicellular Algz; and as the adult white-fish is like- 

wise destitute of teeth, it was not by any means certain that their 

young would not fall under the latter category. Upon looking up 

the literature of the subject, I found that although the food of 

the adult had been very well made out in a general way,* only 

two items had been published respecting the food of the young. 

In the report of the United States Fish Commission for 1872-3, 

an assistant commissioner, Mr. J. W. Milner, made some experi- 

ments on young white-fish hatched artificially, supplying them 

with a number of articles of food, in the hope of finding some- 

thing suitable for their nourishment. 

“A. few crawfish,” he says, “were procured and pounded to a 

paste, and small portions put into jar No. 1; the young fish ate 

it readily. They were fed at night, and the next morning every 

one of them was found to be dead. Jar No. 2 was supplied with 

bread crumbs, and the fish were seen to take small particles in 

*Report of the U. S. Fish Commission for 1872-3, pp. 44-46, 
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thejr mouths; they did not die so suddenly. Jar No. 3 was sup- 

plied witn sweet cream, but no evidence was afforded that the 

occupants fed upon it. A quantity of rain-water was exposed to 

the rays of the sun for the purpose of generating minute forms 

of life, and a teaspoonful was poured into jar No. 4, morning and 

evening, in the hopes that their proper food was of this character. 

In jar No. 5 a variety of food was provided, dry, fresh beef, milk, 

boiled potato, and bread. The crumbs of bread and the scrapings 

from the beef were all that the fish were seen to take into their 

mouths. They died, one after another, very rapidly, and in a few 

days all were dead.” He further remarks: “This difficulty of 

procuring a suitable food for the young white-fish has been the 

experience of the few fish-culturists who have hatched them.” 

With the hope of ascertaining the natural food of these fishes, 

a few specimens, representing young captured in the Detroit 

River, and others from the hatchery, were submitted by Mr. Mil- 

ner to Mr. S. A. Briggs, a microscopist, of Chicago. Four exam- 

ples were examined by Mr. Briggs, two from each of the above 

situations. Those from the hatchery contained nothing whatever, 

while those from Detroit River contained numerous specimens of 

two species of Diatomacee, viz., Hraugilaria capucina and Steph-- 

anodiscus niagare. The only fact at that time known would 

consequently indicate that the earliest food of the species consisted 

of Diatomacee. 

The white-fish, as is well known, lays its eggs in the open lake 

in autumn, the young not appearing until early in the following 

spring. At this cold and stormy season in the exposed situations 

where they are to be sought, it is practically impossible to find the 

young fish; a fact which rendered the study of their earliest food a 

subject of unusual difficulty. There seemed, in fact, no practica- 

ble way to reach satisfactory conclusions upon it except by exper- 

iment upon individuals artificially hatched. 

In December, 1880, I made an arrangement, through the kind- 

ness of Prof. Baird, of the Smithsonian Institution, with Mr. F, 

N. Clark, superintendent of the U.S. fish hatchery at Northville, 

Mich., for a supply of young white-fish to be sent me at intervals 

from the hatchery under his control. The specimens furnished 

were taken from two lots. The fishes of one lot, hatched January 

18, were kept in a tank in the hatchery, where they were supplied 
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with water from a spring, which had been cooled by exposure to 

the air in artificial ponds before entering the hatchery, in order 

to retard the development of the fry. The ordinary range of 

temperature in the tank, was from thirty-five to thirty-nine de- 

grees. These fishes were fed daily with a paste made by grinding 

small amphipod crustaceans (Gammarus) in a mortar. 

The second lot, hatched January 20, was kept, unfed, in a per- 

forated tin box, in a rivulet flowing from a spring, about sixty feet 

from its source. The water had a uniform temperature of forty- 

seven degrees. 

Those in the spring being in warmer water than the others, de- 

veloped much more rapidly, and it was believed that the character 

and source of this water was such as to furnish them at least a 

small supply of such food as young fishes are accustomed to ap- 

propriate. 

Ninety specimens were received from the hatchery February 9, 

at which time they were three weeks old. They were thirteen 

mm. (half an inch) in length by one in depth. The egg-sac was but 

partially absorbed in. most of the lot, but in those most advanced 

was represented by an oil globule back of the head. The pectoral 

fins were well developed, but no trace of the ventrals had as yet 

appeared. The single median fin extended well in front of the 

vent, and forwards on the back nearly to the head. The opercles 

did not fully cover the gills. The most highly developed spec- 

imens — those whose gill-sacs had nearly disappeared — had, at a 

short distance on either side of the symphysis of the lower jaw, 

a sharp, strong, raptatorial tooth, curved backwards and slightly 

inwards. The base of this tooth was very broad, and the point 

acute and slender. At a point behind each of these teeth about 

half their distance from each other, was a second much smaller 

tooth, directed almost exactly inwards. The upper jaw was, how- 

ever, wholly toothless. 

These fishes were all passed under the microscope, after having 

been rendered transparent, but only four of them contained any- 

thing whatever; three a little dirt, and the fourth a minute frag- 

ment of the crust of the Gammarus, with which they had been 

fed. 

Of one hundred and eleven specimens received February 17, 

seventeen had taken food. I dissected nine of these and found 
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fragments of Gammarus and nothing else. | Ninety specimens 

from the same lot were examined F ebruary 25, and food was 

found in fourteen. Four of these had eaten Gammarus frag- 

ments; two, larve of gnats; one, a small Cypris, and eight con- 

tained small fragments of the leaves and stems of vascular plants, 

including a bit of a netted-veined leaf and a little piece of pine 

wood. ‘Thirty-nine specimens, the last of the lot, were received 

March 15, and food was found in fourteen. I dissected nine of 

these, finding fragments of Gammarus in four, a larva of a gnat, 

a Chironomus larva, a larva of some undetermined fly, a minute 

vegetable fragment, a Cyclops, a Cypris, and an undetermined 

Entomostracan each in one. Three hundred and forty fry from 

the hatching house were examined in all, in forty-seven of which 

(fourteen per cent.) more or less food was discernible. Of the 

thirty-five dissected, eighteen had eaten Gammarus fragments; 

five, minute insect larvae; four, Entomostraca, and eight, small 

particles of vegetation. 

Only four lots were received from the spring, on the 9th, 14th, 

17th, and 25th of February, after which all died of starvation. In 

the first hundred only one was found which had taken food, and 

this had eaten a trace of filamentous Alow and a minute fragment 

of the parenchyma of some higher plant, with a few diatoms. 

But one of the second hundred contained even a trace of food, a 

minute quantity of some thread-lke Alga, the cells of which still 

contained a little chlorophyll. In the third hundred likewise, food 

was foundin but one. This consisted of a few particles of veget- 

able parenchyma, doubtless derived from the decaying plant struc- 

ture in or around the water. In the third lot of only forty-two 

specimens, six showed traces of food, consisting almost entirely of 

a few filamentous Alow (including a fragment of Oscillatoria) and 

a little vegetable parenchyma. Desmids and diatoms were ob- 

served in trivial numbers. 

The total number received from the spring was two hundred 

and forty-two, of which but eight were found to have eaten any- 

thing (a little over three per cent. of the whole), and these had 

taken only Alow and vegetable fragments. 

An example of the water of the spring sent me contained many 

Algz but no animals larger than rotifers. The water of the 

hatchery, being exposed in ponds of considerable size, afforded a 
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better opportunity for the development of animal life, to which 

fact was doubtless due the occurrence of insect larvee and Ento- 

mostraca in the intestines of the fishes reared in it. The situation 

of the spring, on the other hand, was particularly unfavorable, as 

it was under the hatchery, and consequently in the dark. 

The observations above described on the specimens kept in 

spring water, have but little value for the reason that evidently 

very little food was contained in the water flowing through their 

cage. The vegetation in the streams being chiefly filamentous 

Algee and the number of Entomostraca apparently trivial, very 

little of either vegetable or animal food could reach the little 

prisoners. It is not surprising, therefore, that notwithstanding 

their greater age and the higher temperature of the water in which 

they were kept, a much smaller ratio of the specimens had taken 

food than of those captured in the hatchery. From the contents 

of their intestines we can only infer that these fishes, reduced toa 

desperate strait by starvation, will snatch at almost anything con- 

tained in the water. The result obtained by a study of those from 

the hatching house was more significant, but still unsatisfactory. 

It seemed to indicate that in confinement white-fish fry will feed 

upon both animal and vegetable structures to some extent, and 

that they can be induced to take minute fragments of the higher 

crustaceans, but not in sufficient quantity to keep them alive. 

The fact that animal food was more abundant than vegetable in 

this last lot, indicates nothing of their natural preference, since it 

was doubtless also more abundant in the water containing them. 

More light was thrown upon the earliest food habits of these 

fishes by the discovery of raptatorial teeth upon the lower jaw, 

than by these dissections of their alimentary canals. All the fam- 

ilies of fishes which I had previously studied whose young were 

provided with teeth were found strictly dependent at first upon 

Entomostraca and the minuter insect larvze; while only those 

whose young were toothless fed to any considerable extent upon 

other forms. The discovery of teeth in the young white-fish, 

therefore, placed this species definately in the group of those car- 

nivorous when young. The fact that the adult was itself tooth- 

less interfered in no way with this inference, because other tooth- 

less fishes (Dorsoma) whose young were furnished with teeth, had 

been found carnivorous at an early age. 
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The inconclusive character of the results thus far obtained, made 

it necessary to attempt to imitate more closely the natural condi- 

tions of the young when hatched in the lake. In February, 1881, 

I obtained, through the kindness of Mr. Clarke, twenty-five speci- 

mens of living young white-fish, saved from a lot which he was 

planting in the waters of Lake Michigan, off Racine, Wisconsin. 

I succeeded in conveying these to the laboratory without loss, and 

there kept them for several days in a glass aquarium and supplied 

them with an abundance of the living objects to be obtained by 

drawing a fine muslin net through the stagnant pools of the 

vicinity. These consisted of many diatoms and filamentous fresh- 

water Algw, of two or three species of Cyclops, of Canthocump- 

tus illinoisensis, and Diaptomus sanguineus among the Copepoda, 

and of two rather large Cladocera, Simocephalus vetulus and S. 

americanus. These little fishes were kept under careful observa- 

tion for several days, the water in the aquarium being frequently 

aérated by pouring. Many of them had, however, been injured 

by handling, and eleven of the specimens died without taking 

food. It was soon evident that the larger Entomostraca (the Sim- 

ocephalus, and even the Diaptomus), were quite beyond the size 

and strength of these little fishes, and that only the smaller Co- 

pepoda among the animals available, could afford them any food 

at first. These they followed about from the beginning with signs 

of peculiar ‘interest, occasionally making irresolute attempts to 

capture them. Two days after their arrival, one of the young 

white-fish had evidently taken food, which proved, on dissection, 

to be a small Cyclops. During the next two days nine others be- 

gan to eat, dividing their attentions between the Cyclops above 

mentioned and the Canthocamptus, and on the 22d two others 

took a Cyclops each and a third a Canthocamptus. One of these 

fishes contained still a large remnant of the egg-sac, showing that 

the propensity to capture prey must antedate the sensation of hun- 

ger. On the 25th the fourteenth and last remaining fish captured 

its Cyclops and was itself sacrificed in turn. As an indication 

of the efficiency of the raptatorial teeth, it may be worth while to 

note that I saw one of the smallest fishes make a spring at a Cy- 

clops, catch it, give three or four violent wriggles, and drop it dead 

to the bottom of tank. 

As a general statement of the result of the observations made 
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on these fourteen fishes, we may say that eight of them ate a sin- 

gle Cyclops each, that one took two, and another three of the 

same, that one took a single Canthocamptus, that two specimens 

captured two each of this genus, and that finally, a single fish ate 

Cyclops and Canthocamptus both. The final conclusion was a 

highly probable inference that the smallest Entomostraca occur- 

ring in the lake would prove to be the natural first food of the 

species. 

In order to test this conclusion with precision, I arranged a sim- 

ilar experiment on a larger scale and under more natural condi- 

ditions. Through the generosity of the Exposition company, of 

Chicago, I was allowed the use of one of the large aquarium tanks 

in the exposition building on the lake shore, and by the repeated 

kindness of Mr. Clarke, of Northville, Michigan, I was furnished 

with a much larger number of living white-fish. Five thousand 

fry were shipped to me in a can of water, but through unfortunate 

delays in changing cars at intermediate points, about two-thirds 

of these were dead when they reached my hands. Those living 

were immediately transferred to the tank, through which the 

water, taken from the city pipes, had already been allowed to run 

for several hours. As this water is derived from Lake Michigan 

at a distance of two miles from the shore, and had at this time the 

exact temperature of the open lake, the conditions for experiment 

were as favorable as artificial arrangements could well be made. 

Sending a man with a towing net out upon the lake with a 

boat, or upon the remotest breakwaters, immense numbers of all 

organic objects in the water were easily obtained. After enclosing 

the exit of the tank with a fine wire screen, to prevent the escape 

of objects placed in it, we poured these collections of all deserip- 

tions indiscriminately into the water from day to day, thus keep- 

ing the fishes profusely supplied with all the various kinds of food 

which could possibly be accessible to them in their native haunts. 

From this tank one hundred fishes were taken daily and placed in 

alcohol for dissection and microscopic study, to determine pre- 

cisely the objects preferred by them for food. These were ex- 

amined at a later date, and all contents of the intestines were 

mounted entire as microscopic slides, and pemanently preserved. 

A careful study, was of course made of the organisms of the lake, 

as shown by the product of the towing net, and when the experi- 
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ment was finally ended, an equally careful examination followed 

of the living contents of the water of the tank at that time. 

These fishes, like those previously described, had already 

reached the age and condition at which it is customary to “plant” 

them in the lake. The ventrals were still undeveloped, the egg- 

sac had nearly disappeared, the four mandibular teeth were pres- 

ent, and the median fin extended from the tips of the pectorals on 

the belly to a point opposite the middle of the same fins on the back. 

In most the egg-sac did not protrude externally, being reduced in 

some to a droplet of oil, but remaining in a few of a size at least 

as great as that of the head. The alimentary canal was of course 

a simple straight tube, without any distinction of stomach and 

intestine. 

The sufferings of these fry in transit had doubtless weakened the 

vitality of the survivors, and although every care was taken to 

keep the water of the tank fresh and pure, about one-third of 

those remaining died during the progress of the experiment. The 

aquarium in which they were confined was built of glass, and 

had a capacity of about one hundred cubic feet. The tempera- 

ture, tried repeatedly, stood at forty-two degrees Fah. A steady 

current of the water of the lake was maintained through this tank, 

entering through a rose, from which it fell in a spray, thus insur- 

ing perfect a¢ration. 

By far the greater part of the organic contents of the water of 

the lake, as shown by the product of the towing net, consisted of 

diatoms in immense variety, which formed always a greenish mu- 

cilaginous coating upon the interior of the muslin net. In this 

were entangled, a variety of rotifers, occasional filamentous Algze, 

and many Entomostraca, the latter belonging chiefly to the genera 

Cyclops, Diaptomus, and Limnocalanus among the Copepoda, and 

to Daphnia among the Cladocera. 

As the Entomostraca proved to be far the most important ele- 

ments of this food supply, the particulars respecting them may be 

properly more fully given. The smallest of all was a Cyclops, 

then new, but since described by me under the name of Cyclops 

thomasi.* This little Entomostracan is only .04 inch long, by .O11 

*On some Entomostraca of Lake Michigan and Adjacent Waters. 
American Naturalist, Vol. X VI., No. VIII, August, 1882, pp. 640 and 
649. 
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wide. The next in size, and by far the most abundant member of 

this group was a Diaptomus, likewise new, described in the paper 

just cited under the name of Diaptomus sicilis. This appears in 

two forms, one evidently young in the stage just preceding the 

adult. Full grown individuals were .065 inch long, by one-fourth 

that depth. The Limnocalanus was a much larger form, evidently 

preying, to a considerable extent, upon the two just mentioned. 

All the Cladocera noticed were Daphnia hyalina, an elegant and 

extremely transparent species, occurring likewise in the lakes of 

Europe. A single insect larval form (Chironomus) should likewise 

be mentioned in this connection, since it had about the same size 

and consistence of the Entomostraca, and was consequently equally 

available for food. 

The specimens of each of the above species from a certain 

quantity of these collections were counted, in order to give a defi- 

nite idea of their relative abundance in the lake. The Diaptomus 

numbered 225, the Cyclops 75, Limnocalanus 7, Daphnia 38, and 

Chironomus larve 1. It was a curious fact, however, that when 

the water was drawn off at the end of the experiment, more than 

half the Entomostraca were Limnocalanus; a fact partly to be ex- 

plained by the predaceous habit of the latter, and partly by the 

facts relating to the food of the fishes themselves, which are pres- 

ently to be detailed. 

The fry were placed in the tank and supplied with their first 

food on the evening of the 12th of March. On the 14th, ‘one 

hundred specimens were removed, and twenty-seven of these were 

dissected. Twenty were empty, but the remaining seven had 

already taken food, all Cyclops or Diaptomus. Three had eaten 

Cyclops only, and six Diaptomus, while two had eaten both. 

Fourteen of these Entomostraca, seven of each genus, were taken 

by these seven fishes. From those captured the next day, twenty- 

five specimens were examined, of which nineteen were without 

food. Of the remaining six, three had eaten Diaptomus and three 

Cyclops; five of the former being taken in all, and ten of the lat- 

ter. Three specimens were next examined from those caught on 

the 19th of March, two of which had devoured Diaptomus, and a 

third a single Cyclops thomasi and a shelled rotifer, Anurca striata. 

The character of the food at these earliest stages was so well set- 

tled by these observations that I deemed it unnecessary to exam- 
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ine the subsequent lots in detail, but passed at once to the speci- 

mens taken on the 23d. Twenty-six of these were examined, and 

found to have eaten thirty-three individuals of Cyclops thomasi,. 

fourteen of Diaptomus sicilis, and fourteen of the minute rotifer 

already mentioned (Anwivea striata). Two had taken a few diat- 

oms (Lacillaria) and one had eaten a filament of an Alga. Cy- 

clops was found in sixteen of the specimens, Diaptomus in nine, 

and Anurea in eight, only two of them being empty. The 

amount of food now taken by individual fishes was much greater 

than before, one specimen dissected having eaten two Cyclops and 

six Diaptomus sicilis, male and female. Another had taken five 

Cyclops, one Diaptomus and five examples of Anurwa striata. 
Stil another had eaten four of the Cyclops, four Diaptomus, and 

one Anurza. 

Twenty-five specimens were examined from those removed on 

the 24th of the month, at which time the water of the tank was 

drawn off and all the remaining fishes bottled. Four of these had 

not eaten, but the twenty-one others had devoured fifty specimens 

of Diaptomus sicilis, forty-seven of Cyclops thomasi, fourteen of 

Anurea striata, and a single Daphnia hyalina, the latter being 

the largest object eaten by any of the fishes. A few examples of 

their capacity may well be given. The ninth example had eaten 

six Diaptomus, two Cyclops thomasi and one Anurea; the tenth 

had taken eight Diaptomus, two Cyclops and an Anurea; and 

the twentieth, seven Diaptomus and three Cyclops thomasi. 

In two of these examples were small clusters of orange globules, 

probably representing unicellular Alge. 

Summarizing these data briefly, we find that of the 106 speci- 

mens dissected, sixty-three had taken food, and that the ratio of 

those which were eating increased rapidly, the longer the fishes 

were kept in the aquarium. Only. one-fourth of those examined 

on the fourteenth of the month had taken food, while more than 

five-sixths of those bottled ten days later had already eaten. The 

entire number of objects appropriated by these sixty-three fishes 

was as follows: Cyclops thomasi, ninety-seven; Disptomus sici- 

lis, seventy-eight; Anurwa. striata, twenty-nine; Daphnia hyal- 

ina, one. Seven of the fishes had eaten unicellular Algze, two 

had eaten diatoms, and one, filamentous Algze. 
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From the above data we are compelled to conclude that the 

earliest food of the white-fish consists almost wholly of the small- 

est species of Entomostraca occurring in the lake, since the other 

elements in their alimentary canals were evidently either taken 

accidentally, or else appeared in such trivial quantity as to contrib- 

ute nothing of importance to their support. In fact, two species 

of Copepoda, Cyclops thomasi and Diaptomus sicilis, are certainly 

very much more important to the maintenance of the white-fish in 

this earliest stage of independent life than. all the other organisms 

in the lake combined. As the fishes increase in size, vigor, and 

activity, they doubtless enlarge their regimen by capturing larger 

species of Entomostraca, especially Daphnia and Limnocalanus. 

A few words respecting the relative abundance of these species 

at different seasons of the year and their distribution in the lake, 

will have some practical value. We may observe here an excel- 

lent illustration of the remarkable uniformity of the life of the 

lake as contrasted with that of smaller bodies of water already 

referred to, in the introduction to this paper. | While in ponds 

minute animal life is largely destroyed or suspended during the 

winter, the opening spring being attended by an enormous in- 

crease in numbers and rate of multiplication, in Lake Michigan 

there is but little difference in the products of the collecting 

apparatus at different seasons of the year.* There is a slight 

increase in the number of individuals during spring and early 

summer, but scarcely enough appreciably to affect the food 

supply of fishes dependent upon them. They are not by any 

means equally distributed, however, throughout the lake, my own 

observations tending to show that there are relatively very few of 

these minute crustaceans to be found at a distance of a few miles 

from shore, and that in fact by far the greater part of them usually 

occur within a distance of two or three miles out. Indeed, the 

mouths of the rivers flowing into the lake are ordinarily much 

*For definite assurance of this fact, 1 am indebted less to my own ob- 

servations (which are, however, consistent with it as far as they go) than 

to the statements of B. W. Thomas, Esq., of Chicago, who, while making 

a specialty of the Diatomacez of the lake, has collected and studied all 

its organic forms for several years, obtaining them from the city water by 

attaching a strainer to a hydrant many times during every month 
throughout the year. 



The First Food of the Common White-Fish. 109 

more densely populated by these animals than the lake itself, as 

has been particularly evident at Racine and South Chicago. Nei- 

ther are they commonly equally distributed throughout the waters 

in which they are most abundant, but like most other aquatic ani- 

mals, occur in shoals. In the deeper portions of the lake, 

many species shift their level accordiug to the time of day, coming 

to the surface by night, and sinking again when the sun is bright. 

These facts make it important to the fish-culturist that the par- 

ticular situation where it is proposed to plant the fry should be 

searched at the time when these are to be liberated, to determine 

whether they will find at once sufficient food for their support. A 

little experience will easily enable one to estimate the relative 

abundance of the Entomostraca at any given time and place, and 

they require nothing for their capture more complicated or difficult 

of management than a simple ring net of cheese-cloth or similar 

material, towed behind a boat. This may be weighted and sunk 

to any desired depth, so that the contents of the water either at 

the surface or at the bottom, may be ascertained by a few minutes’ 

rowing. 

In conclusion, I wish again to express my great obligation to 

the United States Fish Commissioner, Prof. S. F. Baird, and to 

Frank N. Clark, Superintendent of the United States Hatchery 

at Northville, Mich., through whom, as already stated, the speci- 

mens were derived upon which these studies were made. My best 

thanks are also due to the Exposition company of Chicago, and 

especially to their secretary, the Hon. John P. Reynolds, for the 

use of a tank in the Exposition building, and for many courtesies 

received while the experiment there was in progress. 



ERRATA. 

Page 6, line 12 from bottom; page 8, line 15; page 11, line 2; 

for Cydnide, read Pentatomide. 

Page 17, line 9, before Vireo, omit and. 

Page 23, above Aracunipa, for Cydnide, read Pentatomide. 

Pages 25 and 27, above Orthoptera, for Cydnide, read Penta- 

tomide. 

Page 28, lines 2 and 8, for Graphorhinus vadosus, read EH pi- 

cerus imbricatus. 

Page 64, under Hemiptera, for Siphonophora granarie, read 

Aphis maidis. 

Page 69, line 5 from bottom, for fresh-water, read local. 

Page 78, line 1, after a1, insert the. 

Page 82, line 7, for charucter, read characters. 

Page 91, line 5, for consisted, read consists. 

Page 92, line 2 from bottom, for more, read most. 

Page 97, line 11, for fory-six, read forty-six. 

Page 99, line 2, for witn, read with. 

Page 101, lines 12 and 13 from bottom, for strwetwre, read 

SCPUCTUT ES. 

Page 106, line 23, for aération, read aération. 
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