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rrHE REGULATIVE ACTION OF BIRDS UPON INSECT 

ORCILLATI O NS. 

BY , . A. FORBES. 

Attention has already been repeatedly called in these studies to 
the fact (fundamental to this investigation) that the principal inju
ries clue to insects are done by a few species, existing, for a time, in 
numbers far above the average, and soon to retire again to a 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 tho e 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 th~ir 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 nunbers 
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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 cha:r:acter, and especially when no species of insects are 
unusually and excessively abund:w t. 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 nil. 

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 relat~ve 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 a result 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 
mo t a:ff cted showed that the branches, stripped of every vestige 
of green, were festooned with th webbing left by the worms. 
To th w b the withered remnant of the leave adhered as they 
f 11, the very petiole having b en gnawed off at the twigs. Not 
one per ent. of the trees w re uninjured, and th e w re invaria
bl on the outer part f th rchard. Tho e which had been 
attack d everal y ars in ·u i..; • sion were killed; an l th re was a 
lar ·e area in th midst of the orchard from which uch trees had 
been removed. One did not need to enter the enclosur to learn 
that the birds were pre nt in extraordinary numbers and variety. 
From ev ry part of it aro ea chorus of song more varied than I had 
ev r h ard in any similar area at that season of the year. Most of 
the common summer resid nts wer found there; and upon a second 
visit in 1882 many of the migrant p ecie likewise c urred. The 
first collection was made on th 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 we ks. At the first visit fifty-four 
birds were tak n, representing twenty-four sp cies and seven ther 
species were noted in the orchard of whi b no pe imens were 
obtained. On the se ond visit ninety-two birds were shot, :repre
senting thirty-one speci s, and four other speci s were s en. In 
1881 the worms were n arly all fully grown, and many of them 
bad already enter cl the ground for their transformation, so that 
the larvre were less abundant than they had b en arlier. In 1882 
most of them were about half-grown, only a few having reached 
adult siz . They were distinguishable with difficulty upon the 
leav s 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 n<l. of a thread. The owner of the 
orchard informed me that they were about twi e a.s abundant the 
preceding eason. 

TURDID.iE. Thrushes. 

TuRnus ..\IIGRAT RI s, L. Rom 

This speci s was abundant and nesting in th , orchard. Nine 
specimens were obtained in all, three in 1881 and ix 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 
prominen~ 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 Scarabreidre 
and Elateridre were the principal elements, the former represented 
by eighteen per cent., and the latter by eleven. Among the Scar
abreidre was a species known as a vine leaf-chafer (Anomala 
b'inotata), 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, althc;mgh 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. Carabidre, 
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 Coreidre and Cydnidre. Hymenoptera were 
still less abundant, composing only one per cent. of the food. 

MrMus CAROLINENSIS, L. C ATBIRD. 

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. ~anker-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 hown it u ual preferenc for ants, eating f ur
te n per c nt. of the e in ects. The e bird had taken an unusual 
numb r of ole ptera which made m r than half th food, 
hi fl carab, i 1 . b ut two-third of them b 1 nged to th 
inale pe (~lnonwla binotata) m ntioned abo under the 

£ od of th robin. Thr e f the e bird had lik wise aten large 
June bu Elaterid and their larvre occurred only in tri ial 
quantiti while arabiclre amounted to four per cent., chiefly 

ni odact lu . in tb robin, Diptera, rthoptera, and Arach-
nida, were not repre · nted in the food. 

filRPORHYX HU RUF ~ L. BROWN THR SH. 

This bird wa not c mmon in the orchard, and only four pe i
men were taken. The food of these was entirel animal, an 
unexpected ircum tanc as the brown thrush usually feeds 
lar ely upon ram. ix per cent. of the fo d on isted of 
thou and-leg , ancl in ect · made the entire remainder. Lepidop
tera were abou one-fifth of the food, and half of these were 
cank r-worm . Like the precedmg speci s, this bird had eaten 
an enormou number of beetles, which amounted to two-thirds of 
it food . Twelve per cent. of the whole was Carabidre, chiefly a 
species of hlreniu . carabreid tand at forty-four per cent., 
lar ely Diplota:s:.i Mel lontba, and Anomala. ix per cent. were 
Elateridre and three per ent. Rh nchophora. o specimens of 
the remaining order had been eaten by the e birds. 

S u m m a 1· y of t h Family. 

Treatino- now of the twenty-seven thru he mentioned as one 
roup we find that none of them had eaten any egetation what

ever; that ninet - ix per cent. of their food con isted of inse ts 
(myriapods and earth-worm making up the remaining four per 
cent.) · that ix.teen per c nt. was canker-worms; and only four 
per cent. predac u be tle ·. The Anomala previously men
tioned mad just a fourth f th ir entire food, other carabreidre 
bringino- up the av ra f that family to thirty-eight per cent. 

li k b etle (Elatericl.re) with their larv, w re five per cent. of 
the whole, and nout be tl (Rhynchophora) tw per cent. 
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SAXICOLID.iE. Bluebirds. 

SIALIA SIALIS, L. BLUEBIRD. 

This species was not at all abundant in the orchard in either 
year. Only one was taken in 1881, and four in 1882. A ll but 
two per cent. of the food of these five specimens consisted of 
insects, spiders makjng the remainder. Canker-worms were 
twelve per cent. of the food, and other L epidoptera five per cent. 
additional. Two-thirds of the food consisted of Coleoptera. 
Carabidre made more than one-third (twenty-three per cent.), 
belonging chiefly to a species (Anisoclactylus 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 Chrysomelidre, 
and fifteen per cent. Hemiptera, all belonging to the family 
Cydnidre. 

P ARID.iE. Chickadees. 

PARUS A.TRICAPILLUS, L. BLACK-CAPPED 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 Cerambycidre (Psenoce'i·us supernotatus) 
and Rhynchophora of undetermined species, twenty-five per cent. 
of the former, and ten of the latter. 

TROGLODYTID.iE. 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 larvre 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 H emiptera were taken in nearly equal quantities, t hir 
teen per cent. of the former and ten of the latter. Two of the 
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birds had eaten P enoc ,·u ,- , l{pernotat'll , _ amounting t four p r 
cent. of the food, and the other oleoptera were scattered through 
the familie arabidre, itiduli<lm, Scarabreidre, Elateridm and 

alandridm. The Hemipt ra were repre ented_,by trivial numb rs 
of four familie , includin

0 
a f w chinch bugs. 

IN I TILTID~. Warblers. 

lliL::UINTIIOPHAGA PEREGRL A, Wils. TEN ... ""E EE WARBLER. 

A single pecimen of tbi little warbl r was taken in 1882. 
Four-fifth of its food con isted of canker-worms, and all the 
remainder of a ingle pecies of beetle (T, l •,phonts bilineatus). 

DENDR<ECA £ TIVA Gmel. U:;\I IER YELLOW BIRD. 

This bird common every where at this eason, wa al o abund
ant in the orchard. Five sp imens w re shot in all. The food 
was in e ts, excepting ix per ent. of spiders. Two-thirds of 
the total amount eaten by all of the birds consist d of canker
worms. Coleoptera were tw nty-three per cent. of the whole 
amount six p r cent. being Aphodiu , and twelv per c nt . 
Psenoc m · upernotutus; already frequent! mentioned. arab 
idre and Calandridre were r pres nted by in io-ni:ficant ratios, and 
Lamp ridre by a single T lephoru aten by one of the birds. 
One per cent. of H emiptera, and two of Hymeuoptera complete 
the record. 

DENDR<ECA PENN YLT".A I A, L. 'CHESTNUT- IDED vVARBLER. 

T wo specimens of thi abundant migrant were hot in the 
orchard in 1 2. Like th preceding warbler, two-thirds of th ir 
food con i ted of cank r-worm , and an additional ten per cent. 
of other caterpillars. A few ant were eaten by both of the birds. 
Eleven p r cent. f ol optera, likewi e eaten by the two, was 
about equally divided betwe n ome undetermined Scarabreidre 
and P senocerus supeniotcttu . One of th birds had eaten plant
lice, which amounted to :fi.v per cent. of the food; and both had 
taken ants to the amount of six per cent. 

DENDR<ECA TRI.A.TA, Forst. BLACK-POLL WARBLER. 

F our of these bird were shot in 1882. Some undetermined 
seeds found in the crop of one of them reduced the in ect rati 
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to ninety-five. Again two-thirds of the food consisted of canker
worms. The same little borer (Psenoce1··us) 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<ECA 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 larvre and mites. 

GEOTHLYPIS TRICHAS, L. MARYLAND 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 undet ermined caterpillars. A few Staphylinidre and 
some specimens of Psenocerus composed the eight per cent. of 
Coleoptera. A small hemipter (Piesma cine1·ea) amounted to :five 
per cent., and four per cent. was gnats. 

Summary of the F a mily. 

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 supernotatusj 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. 

VIREONID.tE. Vireos. 

VIREO GILVUS, V. WARBLING VIREO. 

Three specimens of this little bird were shot, of purely insect
i vrous habit. They had eaten canker-worms to the amount of 
forty-four per cent.; and other oaterpillars made thirty-five per 
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nt. adcliti nal. f w ol optera (fifte n per cent.) of whjch 
one-thia1- w re carabid lan re, and tbre per c nt. of Cydnjdre 
(Podht::;) were the only other imp rtant lements. 1nornala 
binotata (eight per cent.) T leph ru , and an undetermined lonw 
horn were the other Coleoptera. 

A iPELID.LE. Wax-wings. 

A~IPELI CEDRORUM, V. CEDAR WAX-WING. 

A flock of about thirty of these birds was repeatedly started 
in the orchard during the fir t visit, but none were seen in 1882. 

e,en of the flock were shot, and the content of their stomachs 
carefully tudied. With the exception of a few Aphodii eaten 
by three of the birds in numbers too insignificant to figure in the 
ratio the entire food of all th se birds consisted of canker-worms, 
whi h therefore stand at an average of one hunclred per cent. The 
num her in each stomach, determined by actual count, ranged from 
seventy to one hundred and one, and was usually nearly a hun
dred. A suming that the e constituted a whole days food, the 
thirty birds were destroying three thousand worms a day, or 
ninety thousand for the month during which the caterpillar is 
exposed. 

HIRD DI I D.LE. Swallows. 

PETRO RELIDOX LU.i: !FRON , Say. CLIFF SWALLOW. 

This specie 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 (Aphoclius inquinatu ), with about two per cent. of unde
termined Hemiptera. 

FRINGILLID.LE. Finches. 

A TRAGA.LIN ' TRI TI , L. AMERICAN G OLDFINCH. 

A flock of these birds pa sed through the orchard, but only a 
single one was shot. o 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, containe~piders 
thirty per cent., seeds of pigeon grass (Setar-ia) fifteen per cent., 
an unrecognized beetle five per cent., and some undetermined 
caterpillars, certainly not canker-worms. 

SPIZELLA DOMESTIC.A., 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 a<lditional 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 Scarabreidre, including nine per cent. of Anomala), and six 
per cent. of Hemiptera, are all the other noteworthy items. 

SPIZELL.A AG RESTIS, Bart. FIELD SP ARROW. 

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 H emiptera, the food of this bird 
was equally divided between L epidoptera and Coleoptera. 
N early half the former ~onsisted of canker-worms, while the 
Coleoptera were represented by Histeridre, Scarabreidre ( chiefly 
the scavengers), Monocrepidius and Rhynchophora. 

SPIZ.A. AMERICAN A, Gmel. BLACK-THRO.A.TED BUNTING. 

This bird was the most abundant species in 1881, though but 
few were seen during the following May. Eleven 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 an·d mol

lusks, eighty-eight per cent. of the former and six of the latter 
(Helix). T en of these birds had eaten canker-worms, which 
made forty-thre_e per cent. of the food of the entire group; Lepi
doptera as a whole composing two-thirds of the food. Among 
the twenty-two per cent. of Coleoptera, we note Harpalus and 
Histeridre, 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 LUDOVICI.A.NA, L. Ro E-BREA TED 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 cat rpillars. About half the fifteen per cent. of Coleoptera 
were Rhyn hophora, the remainder being Anomala bi1iotata, one 
of the Lampyridre, and undetermined specimens. One-fifth of 
the food consisted of seeds not recognized. 

P.A.SSERINA CY.A.NE.A., L. INDIGO BIRD. 

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
positre. 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 binota,ta. 

S 'Um mar y of th e 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 Anomata binotata six per cent. 

ICTERIDM. Blackbirds. 

MoLOTHRus ATER, Bodd. CowBIRD. 

A single wandering specimen of this bird contained only Scar
abreidre, including Aphodius, and a few other Coleoptera, with 
about sixty per cent. of corn and some seeds of Polygonurn and 
other plants. 

AGELJEUS PH{E ICEUS, L. RED-WI GED 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 larvre of Nephelodes violans. Of the Coleoptera 
(eleven per cent.), part were AnoJ?ala and Elateridre, and the 
remainder consisted of specimens of Tanymecus corij'ertus, 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. 

lcTERUS GALBULA, L. BALTIMORE ORIOLE. 

Not common. Three were shot. 'rhese had fed only on 
insects,-Lepidoptera forty per cent. and Coleoptera sixty per 
cent., the former all canker-worms, and the latter chiefly Anomala 
binotata (fifty per cent.). Six per cent. of Cerarn bycidl'e and two 
of Rhynchophora should also be mentioned. 

lcTERUS 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 ..iENEUS, 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 Carabidre, including a specimen of Calosoma calidum, 
and the remainder were nearly all Lucanidre (Dorcus, eight per 
cent.) and undetermined Elateridre. 

Summary of the 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
bid.. made four p r cent., Cerambycidre two, Rhynchophora one, 
and Anoma,la binotat if urteen. 

TYRANNID.JE. Flycatchers. 

TYRANNU CAROLI "EN IS, L. KINGBIRD. 

This specie.s 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 
Elaterida~, two Larnpyridre, and more than fifty-eight Scarabrei
dre, all Anomala except thirteen per cent. of Apliodius inquina
tus, eaten by one of the birds. 

CoNTOPUS VIRENS, L. WOOD 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 TRAILL!, Aud. TR.A.ILL'S FLYCATCHER. 

Two specimens, shot in 1882, had eaten only insects, one-fourth 
of which were canker-worms, and one-third Icbneumonidre. 
Another fourth consisted of Coleoptera, nearly half of which 
were Anomala; and ten per cent. were ants and other Hymenop
tera. 

EMPIDO AX FLAVIVENTRIS, Bd. YELLOW-BELLIED FLYCATCHER. 

A single specimen had eaten a number of Lepidoptera and 
their larvre, but no canker-worms. Half the food was Coleoptera, 
nearly all Aphoclius and Anomala binotata,-fifteen per cent. and 
twenty-five per cent. respectively. The little Psenocerus was 
likewise taken by this bird, and a specim n of H ymenarcys 
(Hem1pt ra} 
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Summa1·y of th e 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 Scarabreidre include 
all but ten per cent. of the Coleoptera. 

CUCULIDJE. Cuckoos. 

CoccYzus 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. 

PIClDJE. 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. 
Carabidre (eaten by two of the birds), including Calosoma, Scar
ites, and several Harpalids. Twenty-nine per cent. of Scarabrei
dre embraced a Canthon and some specimens of Anomala bino
tata. Melanotus and other spring-beetles were also eaten by two 
of the birds. 

CoL.APTES .AUR.ATus, L. FLICKER. 

A single specimen, killed m 1881, had fed only on ants, the 
usual aliment of the bird. 

COL UMBIDJE. Doves and Pigeons. 

ZEN.AIDURA CAROLINENSis, L. MouRNING 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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PERDI IDJE. Quail and Partridge .. 

0RTYX VIRGI JANA, L. Q AIL. 

Two quails were ·hot, among half a dozen seen. All but four 
per cent. of their f od consi ted of corn and other seeds, chiefly 
those of ompositre. A single chrysomelid, a rhynchophorous 
beetle, and a arabid were the only insects found. 

Besides the pe ies of birds above mentioned, the following 
were noted rarely in the orchard, but no specimens were secured: 
and Vi? o 0U-1Jac it.·, 'turnelta, mctyna, Cyanurw:; C1'istatv,s, and 

ltceturn JJ lasgica. 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 hundre<l and forty-one, representing thirty-six of the 
species. Twenty- ix of thes species had been eating canker
worms, which were found in the stomachs of eighty-five speci
mens. That is to ay, seventy-two per cent. of the species, and 
sixty per cent. of the specimens, had eaten the worms. Taking 
the entire a semblage 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 pe 
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, t he 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 (Anornala binotata) and a small borer (Psenocerus 
supe1·notatits). 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 th~ thrushes and blue
bird. Of thirty-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 
P senocenis supernotatu,s, a small long -horned beetle found upon 
\he trees, is shown by the fact that of the twenty-five small arboreal 
birds (Paridre, Troglodytidre, and Mniotiltidre ), 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 el8ewhere under 
ordinary circumstances. For the purpose of this compar
ison I have selected the robin, the catbird, the black-throated 
bunting (Spiza arnericana), and the indigo bird (Passerina 
cyanea). In the table of the ordinary food of the robjn 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 N eplielodes violans not appear
ing on the former table; these together a~ounting to thirty-five 
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per ent. otwith tanclino- th number of Anomala eaten in the 
or hard, th ratio of the araba:id;_ are substantially the ame, 
a the ordinary food of the robin in lay consi ts largely of June 
beetle . The surplu of Lepidoptera s em to be balanced by a 
deficiency in all the other ord rs, no one of which ris to the 
averag of it ordinary food in May. The lo s is gr ate t, how
ever, in th Diptera, which drop from eleven per cent. to nothing. 

omparm the record of the fourteen catbirds shot in the 
orchard with that of twenty-two obtained in miscellaneous itua
ti n , we not , :fir t, that the caterpillars on the :first table are 
more than twice tho e of th s cond,-twenty-six in the one, and 
twelve in the other; and that this differen is evidently due to 
the fifteen p r cent. of canker-worms taken by the birds of the 
first group. Thi hows that the catbi rd, like the robin, had 
simply add d the a11ker-worm aten to it u ual ratio of cater
pillars. A more striking difference is shown in the totals of 

oleoptera which stand at fifty-six per cent. in the orchard birds, 
and tw nty-three in the others. This, again, is evidently due to 
the abundance of Anumala binotata · for when the ratio of this 
insect is subtra ted from the total of Coleoptera, the remainder is 
twenty per cent. a against twenty-three of the ordinary food. 
These e, ce ive ratio of Lepidoptera and Coleoptera are com
pensated by deficiencies in the Diptera, Arachnida, Myriapoda 
and Orthoptera, e pecially in the three :first named groups. The 
decided preference of this bird for ant is shown by the fact that 
the u ual 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 ( piza ame1·icana), 
killed in the orchard, are to be contrasted with twelve shot in 
fay 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 in the 
ratios of Coleoptera is not so easily explained, but is distributed 
among several genera of Scarabreidre and the small scavenger 
beetles. The excess of these two orders is compensated princi
pally by diminished ratios of veg etation, 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 (Passe1·ina 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 e~cess of insects in the orchard specimens 
appears under L epidoptera 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 t en 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 binotata eaten in the orchard. The excess of 
caterpillars and beetles taken by the former group, is partly com
penf?ated 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, migra:qt 
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, js a fact so 
extraordinary that its meanjng can not be mistaken. Whatever 
power the birds of this vicinity possessed as checks upon 
destructive irruptions of insect life, was being largely exerted 
h re 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 xpress 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 g iven 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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Number of Birds . ...... 3 7 1 I 1 1 8 a 14 2 18 47 1 2 3 

KINDS OF FOOD . 
NUMBER OF SPECIMENS AND RATIOS IN WHICH EACH ELEMENT 

OF FOOD W A.S FOUN D. 

1 3 6 2 6 18 1 1 
Rbynchopbora .. .... .. . . ... . .. . ... .01 .08 .02 .08 .03 .03 . ... .04 .02 

1 5 1 1 7 1 
5. Hemiptera .... .. .... .03 . .. ... . . .06 .01 . . .. . ... + .01 . .. t . .. . 

1 1 1 
Homoptera .. .. ... .. .. . . ... . . . . . . . .. . .. . . .. . ... + + . .. t . ... 

1 1 
Hetcroptera .. .. .. .... .. . .. . .. . .. .03 . . . . . . . . .. + ... . ... . ... 

1 1 
Lygreidai . . .. . .. . . .. . ... .. . . . .03 . .. .. ... . .... .01 . . .. ··•· . .. . 

1 
Cydnirlai . . . . . . 03 . ... .. ... .. .. . .. . . ... . ... . . .. . .. ... . . . . . 

6. Orthoptera (Acri li- 1 
d re) . . .. .. .. .. . .. . . . . .. . . .. .. . . . ... .... . ... . .. . .. . .10 . ... 

1 6 2 9 
III. ARACHNIDA .. .. . . . ... . . . . .30 .01 + .. .. . ... .01 . .. . . . ... 

1 1 4 3 2 6 17 1 2 
Vegetable Food ( eed ) . .. .. . .. 70 .35 .04 . . . .06 20 .03 .07 .70 .50 . ... 

2 2 
Compositre ....... ... .. . . ... ... .. . . ... . ... .01 .01 .. . . .. . . .. 

1 1 
Polygooum . .... . .. ... . .. . . . . . . . . . .. . . . . ... . .. .05 05 . ... 

1 1 1 
Wheat ...... ... .. . . . . . . ... . ... .. . . . .05 . . . .02 . . . . .45 . . .. 

1 2 2 2 7 
Setaria .... ... .. ... .. .... . .. - . .. ... .15 .01 . . + . . . .01 .01 .. . - -· . . .. . 

1 
Corn .. .... .......... ... . - . - .. ... ... . .. - .. ... . ... .60 . . . . --- . 

1 1 
Panicum .. .. - . - - . . .01 . .. + . . .. __ . 
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TABLES OF THE FOOD- Continued. 
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Number of Birds ... . .. 2 3 11 3 3 2 1 9 1 4 1 5 1 2 

KINDS OF FOOD. NUMBER OF SPECIMENS AND RA'fIOS IN WHICH EACH ELEMENT 
OF FOOD WAS FOUND. 

5ol 
' I 

11 3 3 2 1 9 1 4 1 5 2 
Animal ~~ood . . ... .. .... 1 .38 .68 1.00 1 .001 00 1.00 1.00 1 00 .80 1.00 .84 .. . . .04 

2 3 11 3 3 2 1 !l 1 4 1 5 2 
I I. lNSECTA. . . .... . . . ... 1.00 .30 .66 1 00 1.00 1.00 1.00 1.00 1.00 .so 1.00 .84 · ·· - .04 

1 1 1 2 2 1 6 1 1 2 
1. Hymenoptera . .... . . .03 . . . .01 .05 .12 .48 .02 .16 . . . . .01 1.00 .21 . ... . ... 

1 1 1 1 2 1 1 2 
Formicidw . . . .. . . . . .03 .. . . .01 . .. .04 .05 . .. . .02 . ... .01 1.00 .21 . . .. . . .. 

1 1 
lchucumonidre . . . . . .. . .... . . . . . . . . . . . .33 . . .. .07 . . . . ... .. . . . . .. . ... . .. . 

2 7 2 1 1 1 5 1 1 1 
2. Lepidoptera . .. ..... .97 . . . .34 .28 .05 .25 .30 .20 .95 .15 .. . . .12 . . .. . ... 

1 
N octu idre(larvre) .. . . . . . . . .05 . . .. . . . . . . . . .. . . . .. . . . . . . .. . . .. .... . ... . ... 

Ncph~lodes vio- 1 
lans (larvre ) . . . . . .. .05 . .. . . . . .. . . . .. . . . . . . . . . . .. . . . . . . ... 

2 6 2 1 3 1 1 1 
Pha lrenidre (larvre). .77 . . . .25 .28 ... .25 . ... .15 .75 .15 . . .. .12 .... . ... 

2 6 2 1 3 1 1 1 
Anisop teryx vernata .77 . . . . .25 .28 .. . .25 . . . . .15 .75 .15 . . .. .12 .. .. . ... 

3 1 4 
3. Dipte1·a . .... . . .... .. . . . . . . . . . . . . .55 . .. . .08 .19 . . .. . .. . . .. . . .. ... . . ... 

1 1 
Tipulidre .. .. .. ... . . . . . . .. .. . . . . .. . .08 .01 . .. . . . . . ... .. . . . . . . ... 

1 1 
Gnats .... . ... . ... ... .... . . . . . .. . ' .. .23 ' .. . ' ... .OS .. . . . ... . . . . . ... . . .. . ... 

2 2 
Muscidre .. . . . . .. . ... . .. . . . . . .. . .32 ... . .10 . . . . . .. . . .. . . . . . . ... . .. . 

3 8 3 2 2 1 8 1 4 4 2 
4. Ooleoptera . ......... . .. . .30 .29 .67 .28 .25 .50 .43 .05 .64 . .. . .51 . ... .04 

3 3 2 2 1 
Cara bidre .. ... .... . . . .. . . .16 .04 .. . . . . .. . ... . . . . .. . . .. . . .24 . .. . .19 . . . . .01 

1 1 
Nitidulidre .. . .. . ... . . .. . ... . .... .10 . ... .. . . .03 . . . . .. . . . . .. . . . . . ... . ... 

1 
Trogositidre .. .. .. .. . . . . . . . . t . . .. ... . .... . . .. .. .. . . .. . . .. .. . . ... . . ... . . . . 

1 1 
Lucanidre .. .. . . .. . .. . .. . .08 .02 . ... . . .. .. . . . . .. .. . . . ... . ... .. .. . .. . . . . . 

1 6 3 2 2 1 8 1 3 3 
Scarabreidre . .... . . . . .... .01 .17 .58 .18 .10 .40 .33 .05 .29 . .. . .23 . ... . . .. 

4 2 1 3 2 2 
Anomala binotata . . .. . . . . .14 .43 . ... .. . . .25 .17 . ... .04 . .. . .03 . ... . ... 

1 3 1 1 2 2 
Elateridre . .. .... .... .... .05 .03 .07 .. .. .. .. .. . . .02 . ... .09 . ... .07 . . . . . .. . 

1 1 
Lampyridre .. . . ..... .. .. . . . . .. . .02 . ... .. . . .. . . .01 . . . . . . . . . .. . . ... . ... 

3 1 1 
Ce ram bycidre . ...... ... .. . . .02 .. .. ... . . . .. .10 .01 .... .. .. . .. . ... . . .. . . ... 

Psenocerus super- 1 1 1 
notatus . ... .. .... .. . . .01 .. .. .... .. .. .10 .01 .... . .. . . ... . ... . ... . ... 

1 1 
Chrysomelidre .. . . . . . t . . .. . . . . . . .. .... . . .. . . . . . ... .. . . . . · • · · .02 
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TABLE OF THE FOOD - Concluded. 

Number of Birds . . .. . . . 2 

KINDS OF FOOD. NUMBER OF SPECIMEN!'! AND RATIOS IN WHICH EACH ELEMENT 
OF F OOD W .AS F OUND. 

Rhynchophora ... . . 
1 3 
t .01 

1 
5. H emiptera ... . . .. . . .. . . . . .. . . t 

1 
H omoptera .... . . . . 

Cy dnidre . . . . .. .. . . 
6. Orthopter a (Acridi -

dre ) .. . . . ... .. ... . 
V. CRUST.ACE.A (C raw - 1 

fish). .. .. . . . .. .08 
3 

Vegetable Food (Seeds) . . . .62 

Leguminosre . . . .. .. . 

Compositre . . .. .... . . 

Polygon um . .. ... . . . ... . 

t 

1 
.02 
1 

.02 
6 

.32 . ... 

2 
.01 
1 

Whea t . . . .. . . .. .. . . . . . . .08 

Seta ria . . ... .. . . . .. . 
3 4 

Corn ... . . . . .. . . . . . . . . . . .62 22 

1 1 
.10 .01 

1 1 
.10 .01 

. . .. 

2 
.20 

. . . . 

. .. . 

2 
.20 

2 
.16 

. .. . . . 

2 
.16 

GENERA. .A.ND SPECIES RECOGNIZED IN THE F OOD. 

1 
1.00 

1 
.25 

1 
.75 

1 
.01 

2 
.96 
1 

.02 
1 

.32 
2 

.03 

1 
.02 
2 

.57 

The following lists are intended to supplement the preceding 
tables and, taken tog ether with them, to present all the details 
concerning the food of the birds observed in the orchard, upon 
which the foregoing discussion is based. In the first list the g enera 
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: 

TURDIDlE. 

T urdus migratorius · H elix, Hyalina, Limnea humilis, Formica, 
N ephelodes violans, Anisopteryx vernata, E laplu-us ruscarius, 
Staphylinus badipes, Aphodius, A. inquinatus, Phyllo-

4 
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phaga, Anomala lucicola, A. binotata, Melanotus, Monocre
pidius, Graphorhinus vadosus, Alydus eurinus, Camus delius, 
R ymenarcys, Polydesmus serratus, Lumbricus. 

Mimus ca1·ol-inensis : Formica, F. fusca, Lasius, L. niger, 
N ephelodes violans, A nisopteryx vernata, Clivina striato
punctata, Anisodactylus, Rister americanus, R. perplexus, 
Onthophagus, Aphodius, A. inquinatus, Phyllophaga, Anoma
la binotata, Melanotus, Graphorhinus vadosus, Tanymecus 
confertus, Baris, Sphenophorus, Camus delius, Podisus 
spinosus, Iulus. 

H arporhynchus 1·ufits : Anisopteryx vernata, Chlrenius, Steno
lophus conjunctus, Rister americanus, R. perplexus, Aphodius, 
Diplotaxis georgire, Anomala binotata, Melanotus, Monocre
pidius, Baris confinis, Iulus. 

SA XICOLIDlE. 

Sialia sialis : Anisopteryx vernata, Anisodactylus baltimorensis, 
Aphodius, Anomala binotata, Chrysomela suturalis, Diabro
tica vittata, Coonus delius, Rymenarcys requalis, Euschistus. 

P arus atricapillus : 
tatus. 

PARIDlE. 

Anisopteryx vernata, Psenocerus superno-

TROGLODYTIDlE. 

Troglodytes domesticus : Anisopteryx vernata, Olibrus, Apho
dius, Monocrepidius auritus, Psenocerus supernotatus, Blissus 
leucopterus, Iulus. 

MNIOTILTIDlE. 

H elminthophaga peregrina : Anisopteryx vernata, Telephorus 
bilineatus. 

D endrceca cestiva : Anisopteryx vernata, Aphodius, T elephorus 
bilineatus, Psenocerus supernotatus. 

D endrceca p ennsylvanica : Anisopteryx vernata, Psenocerus 
s u pernota tus. 

D endrceca striata : Anisopteryx vernata, Aphodius, Psenocerus 
supernotatus. 

D end1·ceca virens : Anisopteryx vernata, Psenocerus superno
tatus. 

Geothlypis t1·ichas : Anisopteryx vernata, Psenocerus superno
tatus, Piesma cinerea. 

VIREONIDlE. 

Vireo gilvus : Anisopteryx vernata, Anomala binotata, Tele
phorus bilineatus, Euschistus. 

AMPELIDlE. 

Ampelis cedrorum : 
A. femoralis. 

Anisopteryx vernata, Aphodius inquinatus, 
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HIRUNDINIDlE. 

P et1·och liclon lunifrons: Aphodius inquinatus. 

FRINGILLIDJE. 

ot1trnicu,lu · pet8S 1·irws : Setaria. 
i].,izella dom,esti<;a : Anisopteryx vernata, Anomala binotata, 

Bari , etaria, Panicum. 
8pi.zella, rtgrestis: Anisopteryx vernata, Onthophagus, Aphodius 

A. inquinatus, Monocrepidius, Baris, Sphenophorus. 
rpiza amel'icana: H elix, A ·apestemon, Anisopteryx v rnata, 

Anisodactylu , Ips fa ciatu , Aphodius, A. inquinatus, 
Anomala binotata, Sphenophorus, Wheat, Setaria . 

Zwneloclia focloviciana: Anisopteryx vernata, Anornala bi
notata. 

Passerina cyanea : Aphidius, Anisopteryx vernata, Onthoph
agus, Aphodius, Anomala binotata, Monocrepidius, Baris, 
Setaria. 

ICTERIDlE . 

.11£olothrus ate?' : Aphoclius, Dibolia aerea, Polygonum, Corn. 
Agelceus pha:,niceus : N ephelodes violans, Anisopteryx v~rnata, 

Anoma1a binotata, Tanymecus confertus, Polygonum, Wheat. 
I cterus galbula: Anisopteryx vernata, Anomala binotata, Phy

matodes variabilis, Psenocerus supernotatus. 
I cterus spu,riu : Camponotus, Anisopteryx vernata. 
Quisccdus pu1pureus ceneu,s : Calosoma calidum, Dorcus paral

lelus, Crawfi.sh, Corn. 
TYRANNIDlE. 

Tyrannus carolinensis: Anisopteryx vernata, Aphodius m-
quinatus, Anomala, A. binotata, Melanotus. 

Gontopus vi?'ens: Ips fasciatus, Aphodius, A. inquinatus. 
Empidonax t1·ailli : Anisopteryx vernata, Anomala. 
Empiclonax flaviventris : Aphodius, Anomala binotata, Pseno-

cerus supernotatus, Hymenarcys. 

CUCULIDlE. 

Goccyzus e1·ytfitrophthalmus: Anisopteryx vernata, Anomala. 

PICIDlE. 

Melane1pes erythrocephalus : Camponotus, Anisopteryx ver
nata, Calosoma calidum, Scarites substriatus, Canthon hud
sonias, Anomala binotata, Melanotus, Corn. 

COL UMBIDlE. 

Z enaiclU'ra cm·olinensis : Corn. 
PERDICIDlE. 

Chrysomela suturalis, Polygonum, Setaria, Ottyx virginiana : 
Corn. 
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H eli. · : l Turd us migratorius, 1 Spiza americana. 
Hyalina : l Turdus migratorius. 
L irnncea humilis: l Turdus migratorius. 
Aga:pesternon: l Spiza americana. 
Formica sp.: l Turdus migratorius, 1 Mimus carolinensis. 
F. fusca: l Mimus carolinensis. 
L asiits sp.: l Mimus carolinensis. 
L. nige1· : 3 Mimus carolinensis. 
Camponotus : l Icterus spurius, 1 Melanerpes erythrocephalus. 
Aphidius : l Passerina cyanea. 
Nephelodes violans: 3 Turdus migratorius, 1 Mimus carolin

ensis, 1 Agelreus phreniceus. 
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 Dendrreca restiva, 2 Dendrreca pennsylvanica, 4 
Dendrreca striata, 1 Dendrreca virens, 1 Geothlypis trichas, 
3 Vireo gilvus, 7 Ampelis cedrorum, 2 Spizella domestica, 1 
Spizella agrestis, 10 Spiza americana, 1 Zamelodia ludovi
ciana, 17 Passerina cyanea, 1 Agelreus phreniceus, 3 Icterus 
galbula, 2 Icterus spurius, 2 Tyrannus carolinensis, 1 Empi
donax trailli, 1 Ooccyzus erythrophthalmus, 1 Melanerpes 
erythrocephal us. 

Elaphrus rusca1·ius: l Turdus migratorius. 
Clivina striatop11,nctata: l Mimus carolinensis. 
Calosoma calidum : l Quiscalus purpureus reneus, 1 Melaner-

pes erythrocephalus. 
Scarites substriatus: l Melanerpes erythrocephalus. 
Chlcenius: l Harporhynchus rufus. 
Anisvdactylits sp.: l Mimus carolinensis, 1 Spiza americana. 
A. baltimorensis : 2 Sialia sialis. 
Stenolophus conJitnctus : l Harporhynchus rufus. 
Staphylinus badipes : l Turdus migratorius. 
Ips fasciatus: l Spiza americana, 1 Oontopus virens. 
Olibrus: l Troglodytes domesticus. 
Hister americanus : l Mimus carolinensis, 1 Harporhynchus 

rufus. 
H. perplexus: l Mimus carolinensis, 1 Harporbynchus rufus. 
Dorcus pm·allelus : l Quiscalus purpureus reneus. 
Canthon hudsonias : l Melanerpes erythrocephalus. 
Ontlwp~iagus : l Mimus carolinensis, l Spizella agrestis, 1 Pas-

senna cyanea. 
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Aplwrhuc c:.]J .: 1 Turdu mi ratoriu 1 Mirnus carolinensis, 1 
Harporhynchu rufu 1 ialia iali 1 Troglodytes domesti
u , 1 Dendrce a re tiva 1 Dendr ca striata, 1 pizella 

aare ti 3 piza americana 1 Pa erina cyanea 1 Molothrus 
ater ontopu viren 1 Empidonax flaviventris. 

A. inquinatu : 1 Tur lu mi Tatoriu , 1 imus carolinensis, 2 
mpeli e lrorum 1 Petrochelidon lunifron , 1 pizella 

agre ti 1 piza americana 1 Tyrannu carolin nsis, 1 Con
topu viren . 

A .. f◄ m,omli, : l mpeli drorum. 
D iplotaxic g orgire : l H arporb nchus rufu 
Phylloplwgu : l Turdus migratorius 3 l\Iimus carolinensi . 
Anomola ~ -: l T rannu carolinen is 2 Empidonax trailli, 1 

occvzu er throphthalmus. 
A. lwicola: l Turdu migratoriu . 
~-:L binotatrr : 3 Turdus miaratorius 10 Mimus carolinensis, 2 

H arporb n bu rufu 4 ialia sialis, 1 Vireo gilvus, 2 Spizella 
dom tica piza am ricana, 1 Zamelodia ludoviciana, 4 
Pa erina cyanea, 1 Agelreus phceniceus, 3 Icteru galbula, 2 
Tyrannu arolinen is 1 Empidonax flaviventris, 2 Melaner
pe erythrocephalu . 

"J.lelanotu': l Turd us migratoriu , 1 Mimus carolinensis 1 Har
porhyncbu rufu 1 T rannus carolinen is, 1 Melanerpes 
erythrocephal us . 

.J..lfonocr :pidius : 1 Turdus migratoriu 1 Harporbyncbus rufus, 
1 pizella aare ti 1 Pa erina c anea . 

..1.1£. cmritu' : 1 T roglodytes domesticus. 
T eleplwnt bilineatus : 1 H elminthopbaga perearina, 1 Den

drceca resti va 1 Vireo gilvus. 
P hymatocle variabili : 1 Icteru galbula. 
P senoceru SU] rnotatus : l Parus atricapillus, 2 Troglodytes 

dome ticu , 3 Dendrceca restiva 2 Dendrceca pennsylvanica, 
3 D ndrceca triata, 1 D endrceca virens, 1 Geothlypis trichas, 
1 Icterus galbula 1 Empidonax flaviventris. 

h)·y om la utumli : l ialia sialis, 1 Ortyx virginiana. 
D ialn·oticrt ·ittrttrt : 1 ialia siali . 
D ibolia ai};·e(( : l ~Iolothru ater. 
Gm1 lwrhinu tclosus: 1 Turdus miaratorius, 1 Mimus caro-

linen i . 
T, mymecu,s corifi rtu : 1 Mimus carolinensis, 1 Agelreus phce

niceu . 
B aris : 1 Mimus carolinen is, 1 pizella domesti a, 1 pizella 

agresti 1 Pa erma cyanea. 
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B. conjinis: 1 Harporhyncbus rufus. 
Sphenoph.orus : 1 Mimus carolinensis, 1 Spizella agrestis, 1 Spiza 

americana. 
P ,iesma cine1·ect : 1 Geothlypis trichas. 
Blissus leitcopte1·us : 1 Troglodytes domesticus. 
Alydu · eu1·inits : 1 Turdus migratorius. 
Ga3nus deliitS: 1 Turdus migratorius, 1 Mimus carolinensis, 1 

Sialia sialis. 
Hymenarcys: 1 Turdus migratorius, 1 Empidonax flaviventris. 
H. a3qualis : 2 Sialia sialis. 
E itschistits : 1 Sialia sialis, 1 Vireo gilvus. 
P odisus spinosus : 1 Mimus carolinensis. 
Eolydesmus serratus : 1 Turdus migratorius. 
I u lus : 1 Mimus carolinensis, 1 Harporhynchus rufus, 1 Troglo-

dytes domesticus. 
Graw.fish : 1 Quiscalus -purpureus reneus. 
Lumbricus: 1 Turdus migratorius. 
Polyg_on7:rr:, : 1 Molothrus ater, 1 Agelreus phreniceus, 2 Ortyx 

v1rgmiana. 
Wheat : ~ Spiza americana, 1 Agelreus phreniceus. 
Setaria: 1 Coturniculus passerinus, 2 Spizella domestica, 1 Spiza 

americana, 1 Passerina cyanea, 1 Ortyx virginiana. 
Gorn: 1 Molothrus ater, 3 Quiscalus purpureus reneus, 2 

Melanerpes erythrocephalus, 1 Zenaidura carolinensis, 2 
Ortyx virginiana. 

Panicum: 1 Spizella domestica. 



THE FOOD RELATIONS OF THE CARABIDlE AND 

COCCI ELLIDlE. 

BY . A. FORBE . 

A group or a ociation of animals or plants is like a single 
organi m in the fact that it bring to b ar upon the outer world 
onl the surplus of force remaining after all conflicts interior to 
it elf have been adjusted. Whatever expenditure of energy is 
ne e ary to maintain the exi tino- internal balance amounts to so 
much power locked up, and rendered unavailable for external use. 
In many groups thi latent energy is so considerable and is liable 
to uch fluctuation , that a knowledge f its amount and kinds, 
and of the laws governing its distribution, is extremely important 
to on interested in mea uring or for eeing the sum and charac
ter of the outward-tending activitie of the class. 

This eem e pecially true of the insect world. If the checks 
upon the multiplication of insects and upon their average length 
of life which are due to in ects themselves were to be suddenly 
removed, there is mu b reason to suppose that the total external 
effect of the class would be very greatly intensified, at least for a 

time. 
v hether our purpose be mnely 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 depredation 
of insects upon pll!,nt and animals, it is equally necessary that we 
hould know the character and extent f t.he conflicts which pre

vail within the class, and should under tand 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 bas hitherto prevailed. The view of 
the functions of the two principal predaceous families of Coleop
tera (Carabidre and Coccinellidre) 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 Carabidre and Coccinellidre 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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ionally at 1 a t b th principl of natural ·electi n, e ·pecially ' 
a· applied to the machin r , f food prehen ion. vVhat , r 
d partur from the primitiv Y • tarian habit of animal an · 
Q_Toup ha acquired wa of cour e initiat cl to nabl it to draw 

n other foo 1 re ource than tho e previou ly open to it. But as 
animal food i usuall le abundant and le s generally di tributed 
than vegetable, it would not at fir t, be to the advantag of any 
that th hould bee me xclu iv ly d p n 1ent upon tb ' fornu:r; 
th ir interest woulc1 b be t ·erv cl by ·uch modifications of 
·tru ·ture an 1 habit as would nabl th 111 to draw upon one or t he 
other tore a cording to circurn tanc ·. Acquiring ·om polv r 
to capture and ma ticate animal food th y woul cl not wholly lose 
that of appropriating- veo-etable footl al. ·o · and how vn w~ll fitted 
their pr h n il an l li ·e tive oruan might become for th , form r 
function we hould exp t that th y would not alto ·eth r 1 
their fitne for th latter. It would be onl a · c.;ompetition on 
thi higher plane in r a · d to th pre. sure point, that a few m 111-

ber of the differ ntiating Toup would b e forc.;etl tu the hio-h t 
plane f complete l pendenc on animal food alon . 

The fir tr ~ult of an att mpt at a more exact and xhausti,·e 
in e ·tiaation of this subj t wer giv n b the writer in a bri f 
paper publi he l in Bull tin 3 of this seri . in X oYember, 1 O::" 
In another paper b ~Ir. F. l\I. v, bster in the same Bulletin t a 
ummary of previou l · r corcle :l b ' rvati n wa given, too-ether 

with man additional an l ori ·inal field note:. _-\.. few other it m · 
ha ·inc been publish d b other but confined, a far a · known 
to m to han ob ervation n ino·le inse ·ts. 

The method here followed a in th paper above mentio11 d, 
ha been that of dissection . The alimentary canals of b tl , 
taken in a great variety of situations, at various season· and at 
c.li:fferent times of day, have he n r mov d pla ed in glycerine on 
micros 01 e slide and open cl with mall knives anrl m unted 
11 edle o a to di pla th ·ontent · completely. The have 
th n b en tudi 1 with whate er pow r of the mi ro cope was 
n ·e · ar and mount cl a mi roscop lides for permanent pre· 
e1Tation an 1 repeate 1 xamination. The amount of information 

1" 't,;otes on Insecti,vorous Coleoptaa. By '. A. Forbe . Illinoi: tate 
Laboratory of Xatural Hi tory, Bulletin ,. o.:, pp. 103-160. 

tPp. 149-152. 
5 
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whi h ould thu b acquired by patient tudy, was ften quite 
·nrprising. Whil it was of course rar ly possible to distinguish 
·pecies, or even genera, all th fragments ould usually be classi
fi ed wit h some fair d gre of definiteness ; and there was om
monly no difficulty in making satisfactory estimates of the ratios 
of the cliff r nt food "lements present. 

In ome of the most important case , the facts elicit cl were f 
the highest degre of exactness. everal collections of pre la
ceous beetl s were made in situations wh re some particular 

. sp cies 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 fr m very minute fragm nts, whether th g iven 
insect had been eaten or not. Even where no solid structur s 
were present, and the cont ents of the alimentary canal w re 
entirely fluid, it wa still usually possible to say whether these 
fluids had an animal or a vegetable origin. After many observa
tions and som~ exp riments, 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 th latte r class of cases I have regarded it as 
proof that the food had been derived from animal sources, proba
bly usually consistin<J' of the juices of ins cts 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. W ebster, 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 w re also fre
quently bottled with the specimens, for comparison. The special 
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)ll tion · from th' or hard infrst<)d by C"ankcr-worms, and the 
rn-fi. Id. at .la.ck ·onvilk and ~ ormal o,, 'ITllll hv <"hinl'h-lrno·.·, ·' :-, 

w r mad , b - my lf. 

In th followino· cliscn iou, •ach g nus i · taken up ' 'paratcly, 
and the <l tails of its f o l ar' giv n both unc.1 'l' g neral c·irrum

. tan e a . h nvn by p' ·im n · from mis e l Ian Pons situations, and 

al nncl r th vanou p' 'uliar ·onditions illu trate l Ii · the 
p uial ollections, madP f r the purpo · f xhibiting th' f ocl of 

th s ins, ,t. a · relat cl to particularly i11juriou ·p i ·, at cl the. e 
ar follow ,c.1 l y a ·umma.r_y ancl tlis ·u · ·i 11 of the food of ach 
family, tak n a a unit. Th fa.ble exhibit, fir ·t, the fo cl of the 
family und r or linary ir nm. tauces; e ouc.1, und r pe ·uliar · n
dition · and, thir 1, und r all th,_. cir um tan · s, taken tog th r. 

F MILY R BlDLE. 

JI y not upon th f ocl of this family are derive cl from the 
di section and study of ne hun lred and seventy-fiv spe irnens, 
repre enting thirty-eio-ht sp ies and twenty genera. Eighty-two 
specimen were colle ted in mis ellan ou. situations, tw lv w r 
tak n in a fi ld infested by cabbaa -worm ·, ten in a rn--fielcl 
overrun b chincb-bug , and venty-one in an orchard whi ·h 
was being de troye 1 by cank r-worms. The first collection of 
eighty-two pecimen from various ituation · repres nted thirty
two pecies belonging to eighteen g nera. They were obtained 
in different part of the tate, from D Kalb County in th north 
to Tnion in the outh, and at all ea on· 0f the year, from pril to 
October· a.ml doubtless repr ent fairly well the fo d of the 
family in Illinoi · during· the entire y ar. The collections illus
trating the f od of the arabid::e a · re lat d to the cab bag -worm 
were made in a fi.el 1 of young plants at Normal, 111., in April, 
1 2 wh re th larv, of Af!J'Otis w111e.1·a were abundant ancl 
de tructi e. The coll tion howing th fool of this family in 
the' pres nee of the chinch-bu o·, consi ted of ten spe im n of a 
single spe ·i s found in July, 18 2, very abundant about th roots 
of corn in a field wher the bases of the stalks w r larg ly c v
ered by y ung chinch-bug . The thircl pecial colle tion con-
i ted of venty-on in ects, repre enting nineteen sp cies, b-

tainerl in May of two ·ur . siv " y "ar · (1 1 alH1 1 82) in au 
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orchard whi h 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. sc1·utato1·, col
lected in the orchard with the canker-worms, and by nine of 
C. caliclwn, which were variously distributed. The C. scrutato1· 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 occu rrence 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 C. caliclum, 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.-l<-

GENUS ScARITES. 

Two specimens of S. subten·aneits, taken m 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, wen ~ the 
only examples of Oarabidr,e prope1· whose food was studied, aBd 
all agreed in a strictly carnivorous character. 

*Mr. F. M. Webster has seen a G. calidum eating a small grasshop
per. 
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GEXU H BRACHYN R. 

A single sp cimen of Bmchynus fwncms, caught 111 Central 
Illinois, in May, had taken only liquid animal food. 

GE GALERITA. 

Seventeen specimens of Galen:ta }({nus, four collected in vari
ous situations, and thirteen in the o~charcl 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. con isted of v getable food eaten 
by two of the specimens, and. was apparently derived chiefly 
from th eeds of grass. A larger ratio of animal food is 
noticed in the thirteen taken where cank r-worms abounded. 
Here vegetation amounted t 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. Ins cts stand at eig hty-five per cent., seven 
per cent. beinD' Diptera, one per cent. unrecognizable insect larvre, 
and th whole of th e remainder caterpillars. The last were 
nearly all asily letermined 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 remamder 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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G EN . . LOXOP E ZA. 

Three specinP 11 s of t his g enus were studi ed, a.11 b -longing to 
the specjes L . 11,tl'in(' ntris, collect d in .July ancl September jn 
Northern and C ntral Illinois. One of these ha<1 at n immense 
numbers of minute, oval, binucleate cells, clet ' rmin cl by Prof. 
Burrill as spores of Sphn.·ronemei, probably Phuma, a fungus 
which forms small bl ack specks upon dead wood, ·te rns of weeds, 
etc. A second specimen had eaten some undet r-min ed insect, 
and about equal qu antiti es of three elements, namely : the above 
spores of Phorna and pollen and anthers of g rass,- doubtless blue 
grass, upon which the insect was taken. A fpw spores of Hel
minthosporium were likewise noticed. The cro1 of a third speci
men, taken at N onnal, was distended with an oily liquid, but 
contained nothing else except a few spores of H elminthosporium. 
This specimen had · probably been sucking the juices of some in
sect. The ratios of animal and veg etable food, as nearly as I 
could estimate them, were as forty-four to fifty- six. A specimen 
of thi.s species, captured in the orchard, had not recently taken food. 

GEN U ' C .A.LATHUS. 

Six examples of ( 1• r11·er;m·iits, three from DeKalb County and 
three from the orchard, are th e only representatives of this genus. 
One-third of the foo d of those first mentioned consisted of cater
pillars, a second third of other insect larvre, and the remainder of 
the pollen of oTass. The food of the second group was extremely 
similar, a third consisting, as before, of vegetation, anoth er thfrd 
of canker-worms, and the remainder of insect frag ments not 
further determinable. 

GENUS P L ATY N UR. 

The stomach of a single P. clecm·its, taken in the orchard, con
tained only liquid animal food. Two examples of P. linibcttus, 
both from Southern Illinois, in April, had derived about four
fifths of their food from the veg etable kingdom, partly seeds of 
grass and partly the parenchyma of exogenous plants. The 
remainder consisted entirely 0£ Aphides (plant-lice). These 
specimens were doubtless too few to give a correct idea of the 
average food of the g enus as a whole. 
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E ... :-; E ARTJIH,U:-;. 

Five pe ·imen f E. r·o/ ,-;sir.-.;, tak 11 a anou da,t s an<l 
plac had d rived about on -tenth f th ir f o<l from endo · n , 
and th r 'mainder wholl Tw >nt p "r nt., eat 11 

b on f th b tl niz0cl a.· ·at rpillar . arab, ,_ 
id} ar credit <l with an ther tw nty p •r nt., and un<l tennine<l 
larvre of oleopt ra with ab utan -<1ua.l rati . :\Iinute quantiti 
of funai wer n ti cl in th stoma ·h · of two of the· b tl , 
and tra s of un<l termin cl Al ·re in 11 

Two exampl s of E. snrl<llis, taken in the 'l'az well County 
orchard, had con urned nly in c t ·, all ·anker-w rms, xc pt 
trace of an ant and a ingl anat. 

Th insect ratio of th o·enu a, r pr ·ellt 0 d by these sev n 
·p cim n , tand at ninety-thr e per nt. 

GE ... us PTERO, 'TI ·uu:-;. 

Thirteen ·p 1mens w r dis· ctecl, repre · nting P. p ,1·mw1-

du , P. ay'i,, and P. lucttblwul11~. 

The number of ea h ·pe i s i · not ·ufficieut to aiv di tin ·tive 
food characters, an l the genu may th refor best be treat c1 as a 
whole. Seven of th " pecimeu , taken in miscellaneous situa
tions in Central Illin i in April, May, a,ud eptember, had foun<l 
about one-fourth of th ir f d in th v 'o· table kingdom, about 
one-third of which consisted of uncl tennined fungi, ancl th 
remainder chiefly of xogen us plants. A f 'W por s of Helmin
thosporium, probably accidental, wer notir- 'U in th st ma h of a 
ingl b etle. Forty-thre per ent. of th" foocl consi ted of 

insect among which Hymenoptera only were r "cogniz <l. A 
singl mite oc urred in ne of the h etl . . 1 lute sp cim "n 
taken in the orchard inf st <l by canker-worm ·, had eaten ndo
gen u Yegetation, t th amount of about on -fifth f th ir foocl. 
Caterpillar mad 1 ven p r c nt., ancl und--termin cl iu ects tw 
per ·ent., th r maining ratio h 1 ing ac ·ountetl for by th pr ·en ',e 
of liquid animal f od. 'I'wo-_thj 1'(1s of the contents f three 
spe im n tal 11 among th abl>ag s con.·i ·ted or animal matter, 
half of whi ·Ii wa clearly re(.; gnize<l a , tl1, 1arv~ of ., Lyrotis 
<fl11te,1'll inf ·tinu· th<' fi 1<1. Th remaining tl1ird · mp ·ing th 
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entire food of one of the beetle , consisted wholly of fragments 
of grass.* 

GENUS A IARA. 

Six specimens of this genus were dissected, three of .A. ca1·i
nata, one of A . anr;ustata, and two of A. impuncticollis. Three 
specimens of A . ccwinctta, 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 P eronospora. Ninety per cent. of that of a single A. ctn
gustata, taken in June, consisted of m~tes, the remainder being 
fragments of grass. An A . impu1ncticollis, 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 DIC.LEL us. 

Three examples of Diccelus elongatits 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 OHL.LENIUS. 

This genus is represented by twenty-three individuals, the next 
to the largest number studied of any genus of Carabidre. Six 
examples from Southern Illinois, collect d from April to Septem
ber, belong to the species C. elf/finis, C. ne11w1·aUs, and C. tomen
tositS. 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 fou rteen 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 sing le C'. cli(ffinis, taken among the cab-

-:;; A specimen of P. liicublandus was seen by Mr. F. M. Webster 
making a meal from a dead P. sayi. 



'l.'he Food Relatfo11s of the arabidce and GoccinellidtP. 43 

bage-worm , had aten only in ct , hie fly a at rpillar, and a 
larva of a beetle. mere trac of nd g nou vegetation wa 
also detected. Of ixteen p cimens coll te 1 amono- the anker
worm , three w re ryt/0·01 ll , and thirteen 1

• d(ffini ·. ut
worm made about ne-third of the fool of th fir t, an d eartl 1-
worms the remaining two-thirds. Th latter wer easily listin
gui hable by the p culiar pines mix d with dirt in the stomachs 
of the beetles. bout ninety p r cent. of the food of the ther 
pe ies wa of animal origin, and ab ut half the vegetable food 

was fun ·i. In ect made seventy-two p r 'ent., nearly half cater-
pillar f which th greater part (thirty-one per cent.) was anker-
worm Fragm nts of a fly were observ d in one of the heetl , 
and another had eat non of the T, leplwl'iclrP . Mite an l m ria
pod (Geophilus) had al o been devoured by one. 

GEN AGONODERUS. 

Fifteen specimen of Agonoderus were stu lied, ten f whi h 
wer tho ·e already referred to as representing the food relation of 
these beetles to the chinch-bug. Fragments of that insect 
amounted to about one-fifth th e foocl of all, and w re found in 
four of the beetle ; and plant-lice, taken by half that number, 
amounted to about eight per cent. A single ant, Lasius fl tVus, 
eaten by one wa rated at five per cent.; and ther inse ts 
brought the general average of the class up to tbirty-five p r 
cent. Vegetation made just half the food, all fragm ents of the 
higher plants except one per cent. each of H elmintho porium 
and Perono pora. A single Agonod rus, taken among the ab
bages, had eaten only undeterminable animal food . F our speci
mens from various situations had made a similar r cord, differing 
only by the presence of a few mites in the stomach of one of the 
beetles. Eleven per c nt. of fungi, taken by the group last 
mentioned, was deriv d from Ramularia and Coleosporiurn. The 
circumstances of capture, togeth r with the ontents of the 
stomach of one of these beetles, in dicat cl that it 11ad made its 
meal chiefly from the seeds of Jun grass, but the rernaind r of 
the vegetable food could not be mor d finitely classified. 

(i 
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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. ritsti
cus were examined, captured in McLean and D eKalb 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 H epaticre were noted in two of the 
beetles. T wo specimens of A. ha1"1·isi, 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 en tire 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. opaculits, fragments of 
seeds and other vegetation were the only objes:ts 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 ?ne 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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GENUS AMPI-IA, IA. 

Four examples of A. interstitiali· indicated that this speci 1s 
almost strictly vegetarian, only three per cent. of th 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 BRADYCELLU ·. 

A single specimen of B . clich1·ou · had eaten only in ects, whi h 
could not be forth r classified.* 

GEN s HARPALUS. 

Nineteen specimens of Harpalus wer studied, belonging t 
the three species ca.,ligiriosus, pennsylNtnicus, and lie1·bivagus. 
Two individuals belonging to the first of these species, from 
.r ormal and Towanda in August and September, had taken about 
one-tenth of their food from insects (caterpillars and Diptera). 
Twenty per cent. of unrecognizable animal food an<l five per cent. 
of mites bring the general average up to thirty-five per cent. 
The sixty-five per cent. of vegetation eat n consisted chiefly of 
tissues of grass. A little pollen of Compositre, an<l other exog n
ous structures were likewise recognized. Three per ceut. was 
fungi, all spores of Helminthosporium. even specimens of H . 
pennsylv inicus, caught in orthern, entral, and Southern Illi
nois, in April, Augu t, and September, had taken about one p r 
cent. of their food from the animal kingdom. This included an 
ant eaten by one of the beetles, and a few mites tak n by another. 
About half the vegetable foo<l was not further r cogniz,ahle. 
Twenty-nine per cent. was the pollen of rag-weed, taken by two 
beetles captured upon that p lant, and fourteen per cent. wa 
derived from June grass. Fungi made eight per cent. of th • 
food of these beetles, a little of it Helminthosporium, but chiefly 
P eronospora. Three examples of II. Ii 1·biVltgus, 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 

1"Mr. ·w ebster reports a ::;pecirn n of B. n 1pPMris taken in 1881 in 
the act of levourin g an earth-worn1. 
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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. caliyino
sus and H. p nnsylvcmicus, 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. lie1·bivagus, collected in the cab
bage fi eld, 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 fragm ents and by other micro
scopic eharacters. A piece of the epidermis of grass was noticed 
in one of the beetles. Taking the g enus 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 Oompositre each eleven per cent. and seeds and other 
tissues of g rasses, fourteen per cent. 

GENUS p ATROBUS. 

Two specimens of P. longico?'nis, 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
pill~rs, 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 FAMILY AS A UNIT. 

W e have now t o treat the various collections of Oarabidre upon 
which this paper is based, as distinct and unbroken groups, with
out reference to the g enera 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 th orchard o ft n mention d took sev nty-sev n p r 
cent. of their food from the am our s. Th individuals from 
the cabbage field, however, sh w no such excess of animal food 
as tho ju ·t mentioned, the rati . ta11<ling for them at forty-one 
per cent. If we seek to account for this striking surplus h wn 
by the eco11d group, we shall find, in the fir t place, a <lifferen ·e 
of more than sixteen per cent. betw en the ratios of insects eaten 
by the first and second group respectively- a fact clearly due to 
the presence of canker-worms where the second group wa ·ol
lect cl. 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 th dif
ferenc 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 th orchard, or else that th 
miscellaneous collections do not correctly represent the ordinary 
food of the Carabidre. Th truth I robably lies between the two. 
The extraordinary wetness of the ea on, together with the amount 
of rubbish on the ground in the or ·har 1, gave these be t l s an 
unusual opportunity to capture slugs and earth-worm , and 
afforded excellent harborage for all sorts of insects. On the 
other hand, many of the beetles from other situations wer pr -
erved especially for dissection because the circumstances of th ir 

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 appear d, 
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 nly-a fact which clearly shows that the preferenc s of 
the Cara bidre are for animal food. It should be noticed, howev r, 
that thj argument does not apply to all the genera, as is se n, 
for example, by recalling the re ord of Anisodactylus. The ten 
specimens of this genus taken in the orchard had eaten much 
more veaetation than the nineteen fr m various other place . 
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The combination of these various tables into the final one given 
will tend to correct the defi ciencies of the separate exhibits, and the 
averages of that table will consequ ently be found to represent 
more closely t he g eneral food of the family than either of the 
others. 

Continuing the comparison of th e three separate tables, we find 
that the beetles r epresented by the first had taken insects to the 
amount of t wenty-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 g eneral was but just 
beginning to stir abroad. The ratios of Diptera, Ooleoptera, and 
H emiptera, were but trivial in all these groups, and not worth 
separate mention. The extraordinary difficulty of determining 
the elements of the veg etable 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. Fung i 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 mollu k , earth-worm · myriapod and rachnida make up 
the remainder. 

All order of in e t are repr ented on the li t, with the excep
tion of Orthoptera an d N europt ra. The ratios of none of the e 
are of any pecial importance, except that of the Lepidoptera, 
which tand at fifteen per cent. Hymenoptera and Diptera are 
each one per cent., and Coleoptera and H emiptera each two. 
Among the Coleoptera, only carab, idre and Telephoridre were 
recognized· among the Hymenopt ra only a single ant; and 
among the H emiptera, plant-lice and chinch-bugs only. About 
half the vegetabl e food could be di tinauished as exogenous or 
endogenou the remainder being of too indefinite a character to 
be a i ned to either cla . As far as known, the endogenous 
food wa more than twice as abundant as the exogenous, and con-
isted almo t wholl of gras or gra -like plants. The fungi, 

which make somewhat more than a fourth of the food, require no 
further , pecial mention. 

If di carding the ratios given above, we look only to the nu·m
ber of specimens in which the various food elements are detected, 
we reach irnilar re ult . One hundred and seventeen individuals 
of the one bun lred and seventy-five represented by this final 
table had eaten animal food, and ninety- even had taken vegeta
tion. In ects were recognized in eighty-two, Lepidoptera in thirty
one (about one-half of which had eaten canker-worms), Diptera 
and oleoptera in nine and four respectively, and Hemiptera in 
seven. Earth-worms were found in five myriapods (Geophilus) 
in but one, and Arachnida (mites and spjders) in nine. Grass
like plant 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-



50 The Food R elations of the Carabidce and Coccinellidce. 

ively, of food of animal 01·igin. 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 
Chlrenius, and seventeen of Galerita had taken a bout 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 Carabic1::e proper 
had ea.ten only animal food, and that nearly all this was of a fluid 
character. 

Second, we find the Carabidre 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, as a rule, including indigestible fragments; and thirc1, 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 Loxop eza atr·iventr·.is studied. This 
will probablY. be found to feed largely upon pollen and fungus 
spores, after the manner of the Coccinellidre ; and the fossorial 
Carabidre will, perhaps, constitute a fifth. 

If we look now 1+) 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 quaclrate, blunt at the tips, and provided either with strong 
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ba al proce se or broall uµpo · d urface v getabl food 
i f mH.l to pre<lominat . ~alu oma i ~ an xample of th fir ·t f 
the e cla Chlreniu of the econ<l, anc1 ... ni oda ·tylu, f th 

third. The eeminQ· x ption to thi · o·en ralization Lown b 
o n 

the table at the lose of th pap r, ar found among those g 'll 'ra 
of whieh too f , sp ·imen · hav been studied to warrant o· neraJ 

h 

·onclu ion re pecting th ir foocl. 

FAMILY O "CI.i:TELLlD.Ji. 

Thi · farnil share with the pre ·edi1w th c: retlit of lirnitiug 
the multipli ·ation of ther in , ·ts, but "·a hown in the Bulleti11 
of th Laborator · pr viou 1 mention ed, apparently to (lep >11cl 
larg·el)· while in th au.ult tao· upon fungi antl other v ,a table, 

U ~ h 

food . The rn te in the paper men tion cl r ferre 1 h nveYer, tu so 
mall a num ber of p ·im n · as to make thi · eon lusion ( f lou bt

ful Yalue. :N" umerou di e ·tion of Coe inellid,t> mad, inee that 
tim ha, e afford d the material for a mu h more cum pr hen ivc arnl 
thorouo-h treatment of th u bj et and the result · of a car ful stud 
of thirt ' -nin e lides ar h r with ,?'iven. The A phi -eati1w habit of 
th oc inelli l.e i a fa t f such a y obsen'ation, and is ·o 
thorough! · well kn wn that I ha,· not thouo-ht it worth wliiJt, to 
in Ye tio·ate espe ially the f o 1 of be ~tl of tbi · family taken 
among plant-lice. 

Th colle ·tion from whi 'h the pre ent 11ot · are derived ,,re 
from a vari ty of miscellaneou ituatiun ' ancl al o from a ·orn
fiel l mentione l in the note on the food of the prece(ling fami ly 
in which hinch-bugs were sup rabundant, the purpose of tl1 
latter collection being to determine th food relations of the Co ·
cinellidre to those insects . It so happened t hat the same fi ,1c1 
was infested by the corn Aphis i11 g reat numbers, and the speci
mens obtaine l therein consequently illustrate to some extent th 
foocl of the lady-bugs in the pr ·en e of plant-lice. It was in 
this last situation only that larv~ were collert"'d, and the fa t h re 
given consequently relate almost wholly to th adult b tlP . 

GEN HIPPOD.,UIIA.. 

Eleven specimens of I-I. m, tculata taken in orthen , entral, 
and outhern I llinois at variou ason of the year from April to 

7 
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September, give an average of forty -six per cent. of animal food, 
all insect excepting a few mites eaten by three of the beetles, 
ancl amounting to only one per cent. of the food. The insect 
ratio, as far as recognized, with the exception of a single Podura, 
·onsisted wholly of p lant-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 fung·i, the pollen 
an<l spore 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 Pbyscia, 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 H elminthosporium. 

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 recogni:ted, but no structures of chincb-bugs occurrec1. 
All but five per cent. of the vegetable food was derived from 
spores of fungi, very largely Claclosporium. Helminthosporium 
amounted to nine per cent. Macrosporium and Septoria were 
also found. Three per cent. of the spores of Physcia and other 
li chens, and twu per cent. of th pollen of rag-wee(l and other 
Composit..e, complete th r 'Cord. 

Four examples of H . r·onverven!:i, all taken at onnal in 
August and September, liad 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 on of the specjmens 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 ar very similar to those 
just given for the other species. Pollen of Compositre ( dandeliou) 
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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Fi,P adult tak n at Jack n,ille, "- . re fou11cl to hav • 

maclP about m ' -thircl of th ir f od of in ect , ( c1ua 11:v 
c1iYic1 11 between plant-Ii an(l hinch-bng , a 11 aten b on of 
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Compo it:"\:' (el ven p r nt.), pore · of Ji he,n (two per ent.) 
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diff ,n cl hut littlp in food, t my :urpri '< frnm th e ac1ults ju t 

menti n <L ( 'hinch-hug , plant-Ji e arnl catPrpillars, in about 
equal ratio. , with tra of unr 'C'< gnizahl0 insPct , arnonnt t 
tw nt ·-thrC'e P' r ·ent. Poll n of Compo. it;e stands a n,·0 
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o. pnra ancl .~eptoria. 
H. !fl,, ,. ;,,t,.• wa r pr ·entPd l :r four ·ppcinwns akPn in the 

c·orn -tir·ld. The> cliff renc · I, w en th '1r food and tl1at of J-1. 
r·1J111 •,,,.!f' n,.; werP pmely triYial. In . ·t~ amount to thirty per 
e nt. all ·liirn-h-l ugs and pJa1 t-JieP tm ln' p <> r 'nt. f th form r 
and ei.., bte n r tl e latter. 'l'he . ,. nty per ·ent. of v g table 
food i · divid cl abont a befor , b tw( en poll n of ,ompo it,-e, 

· yen p e r cent. an1l . por of fungi fi.fty-rn1' per c nt. Licht n 
por were tak nm r fre ely howen•r and were e timat d at 
w ]ye p r cent., aten by all th etl ··. The fun ·i w re m tl -

CJado ·porium (f rt -thre p r ent.) hut eptoria, r <lo, Hel-
mintho. porium ancl P rono:pora likewi. e o cm. 

GEx s oc IXELJ,A. 

1x pe ·unens f thi g nu· wer stucli cl, three of ( '. :J-notata, 
andthr eof C'.3-11otota. llw refrom "ntr:1lillinoi exc pton, 
which wa from .Jack om-ill . Exdudin · th la t, the ratio of 
animal food eaten by these spe ·imen wa not far from two-third 
of the total, all plant-lice. Only a trace of pollen f Composit,, 
wa noti d in one of the in cts. Funo-u pores amounted t 
thirty-two per c nt. (ah ut half H lrninth ):porium an(l .,. tilag1 ), 
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and lichen spores to four per cent. The .J acksonvme specimen 
had eaten on ly fungi. 

GENUS CYCLONEDA. 

In the corn-field with the chinch-bugs, three specimens of C. 
san,quinea were collected, which had eaten plant-lice, pollen of 
Compositre, 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 FAMILY 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 Coccinellidre, an'd 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 Coccinellidre 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 deaden ed 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 Yegetation, 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 Co cinellidc them lYe , th latter had r a he l an x iv 
number, for whi h the ·upply of plant-lice wa rea lly in ·uffi ci nt, 
and that for thi r a on th y hacl re ·ort cl to fungi. 

Th bin ·h-bug taken hy th p cimens f th sec011c1 group 
amountec1 to nly ight 1 r c nt. f th ir ntire foo<l, and plant
li e to fourte n p r nt. - le than half tho taken by the other 
pecimen , which stancl at thirty- ix p r c nt. Th pollen eat n 

by ea h group wa thirte n p r cent.,- the sam in both. If w 
combine the two coll ction , and treat th thirty-nine specim n 
of both as a who] , w find that in ect foo<l. is ab ut a third of th 
entire amount, and that the oth r animal lements ar only trivial. 
The fun tion of the beetles of this family of limiting the multi
pli ation of plant-Ii e is expre sed by th fact that these insects 
·ompo a fourth of the food of thi entir collecti n. Th p ll n 
of gra es an l Compo itre make fourteen p r ent., the pores f 
lichens four per ent., and those of fungi nearly half th wbole 
(forty-five p r cent.) . The list of genera, a far as recognized, 
and the relative importance of these, may b found by reference 
to the table at the end of thi paper. 

FFICIENCY OF DATA. 

The f od of the Coccinellich se ms to be, on the whole, remark
ably simple and uniform, consisting almo t wholly of spores of 
the low r cryptogam ·, pollen grain ·, an<l. plant-li , aml varying 
but littl fr m one germ to anoth "r. This s imilarity is likewi · . 
r fleeted in the m uth part , which agre as closely in f rm and 
structure as do the ratios of the food. I have consequently littl 
doubt that th data derived from the thirty-nine sp irnens h r 
dis ussed, wrn b found sufficient for a · rrect general idea of tli 
food of the family und r ordinary circum tanc . 

With respe t to the Carabidre, we have oth r pro f. 'In th 
preliminary paper in Bulletin 3 alr ady r f rred to, based on. an 
examination f only twenty- ight specimen belonging to seven
teen p cie , the conclu ion wa announ , l that about one-half of 
the food of this family consisted f v getati n, an<l one-third of 
insects; and th veg tation was th ught to be about qually divided 
between cryptogam ·, grasses and exogens. If these figures or 
those of the pre ent paper were far wrong, the probabilities 
would be very slight ind ed that the two estimate would agree, 
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:p iall · as n c mpari on what"v r wa rnac1 ' of th two 
f data until th "' table· wer ' mplet ~ l in their pr " ent form. 

n, th refor , we find that th on hundred a.11d sev nty-fiv 
p imens f the prese11t paper, b I ngino· to thirty- eight p ci s, 

were estimated to l ave taken fifty-seven per cent. of animal food 
and thirty- ix of ins cts, and that the ratios of cryptoga m , gram
ina eous plants and xogens are r sp ctively fiv e, I v n, anrl fiy e, 
we must conclude that th se fio·ures ar a fair aYerage f the 

,., < 

ordinary food of the family. 

The foregoing pages have set forth th relations of th ( arab
iclre and th Cocci11 ellid:v t the species upon whi ch they feed, 
and a few general statem nts will now be proper con cerni 11 g tlie ani
mals which prey upon them in turn. Predaceou ground-beetles 
are peculiarly exposed to birds whi h commonly seek their foocl upon 
the ground, and we need not be surprised to fin cl that tht'y enter 
largely into the food of su ·h species as the thrush( s ancl th e blue
bird . Carabidre were found to furnish about fiv or six per cent. 
of the food of four bunrlrctl and twenty-three specimen s of th ese 
birds, as stated in a pa.per 0 11 that ubj ect in the t l1inl Bulletin of 
this series, but Coccin ellirl m did JJ Ot occur at all. I nde0t1, in the 
foo<l of more than four hundred other birds, of various famili es, 
Coccinellidm were found only in R egulns, ·yyJiere a single specie: 
was reckoned at one per cent. of the food. 

The great differences in th e food of the Carabida:, dis losecl hy 
this paper, give c nsirl rabl e importan ce to the question of the 
kinds of these beetles m st freely eaten by birds, allcl th follow
ing list of specit · and genera recognized in th e food of the col
lection of thrusl1e anc1 bluebirds above mention e(l is given as an 
answer. 

It will be see n tl1at there is a very wide difference between the 
number of Carabidm proper taken by these birds, and the number 
of Harpalidre, representatives of the form er group occurring in 
only six specimens, and of the latter in one hunched 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 Carabida:-. The genera most preyed 
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up n a.r Harpalu tak n b tw ·- iaht f th bird ni ·oda -

tylu b · ·hte f urte n, Crnta an hu by thir-
t, '11 t r ti an 1 Evarthru h · •lev n · numb r 

which r pr ' n fairl w 11 th r lati,· abun lan · ~ f individual· 
taking th vY 11 t , ho, v r, a r marka
l I d fi •ie>n y of th, highly c l r cl g 11 ra, u h a. G-al rita, 

Brach nu , L bia, Platyuu ·, ~lih·niu de. whi h ar ~ith 'r 
ab · nt r f und but rar 1 in the · birds foocl. Evid ntl th · 
more ·h wy bee ti ar, prot t d by ·om m r ff cti v , 
m an than b urity of color. Tn th-' foll win · list, th " figm 
pr din · th , 11am of "ach ·p ei ... of bird Ll n te th numb r 

f p im n · in whi h tlw in · c:t 111 ntion cl was found: 

IX' T OF GEXER A:ND :-:\Pb ' IE. ' . F 'I lXDELID.E AXIJ AR.\.B

lD}E EATEX BY 423 OI•' THE TlIRl'.'HE,' AMD THE BLUEBIRD. 

1. Ci indela le ont i: 1 .Jlimns ·arolin n~is. 
•) Carabus palustri : l .., iali<1, siali ·. 

;3, carit , sp .: l Harporh n ·u: rnfus. 
-!. Di hyrius globule u ·: ] '1\m1u palla ::;i. 
,). ~ pidoglo ·sa ·ubang-ulata: 2 Iinrns car 1iuen is. 
H. "ilivina bipu tulata: 1 Hal'porhyncu.- rnfus. 
7. Platynu, sp.: 11Iirnu: ean lim•n ·is, 1 Harporhyn ·us rufu , l 

ialia sial i ·. 
Evarthru ·, sp.: l Tunlu: mustt>linus, 1 'I'. migratoriu.- :Z. Mimus 

ar linensi , ,., 'ialia sia li:. 

tl. E. olo · ·u ·: 1 Turdus palla ·i, I Harporhyn ' U · rnfu . 

10. Pl 'rosti •hus ·p.: l Turclu · 111ust -, Jill\1 ·, L T. palla. i 1 T. rni-
grat riu 1 Harporhyn c u · rufos, ;> .._ ialia ·iaJi ·. 

11. P. In ublam1us : 1 Turdu mu:t ,Jinus, l ::-;ialia iali ·. 
12. P. :ayi: 1 Mirnu · carnlin -' n ·is. 
] ;-3_ Amara sp.: ] Tm lu · pa.lla:i l 'I'. ·wains ni , T. mig ra.t -

rius 2 "'ialia iali ·. 
1-t-. Bnt ·bylobus li th philu ·: ;3 'l'unlu · 1uigTa.t< riu ·. 
13. 'ht ~nius, p .: 1 Tunlu migratoriu · 1 Sialia iali ·. 
16. '. tom ' nt ·u : 1 ialia . iali ·. 

17. Laclino -r pi parall lu : I Tunlus migratlll·iu ·. 

1 . G pinu in ·ra atus: 1 'l'urdus rnigratoriu~. 

] U. -, ratacanthu · dubiu : 1 Tur<lu. must linu , 3 'l. mi rat riu., 
2 Mimus -~1rolin n i , Harporhyn ·1 1.- rufo.-, "' , ialia siali:. 
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20. A on c1eru , sp.: 2 Tur lu · mi ratorius, l Mi mus carolinensis, 
1 Harp rbyncus rufu · 1 iaJia sialis. 

21. A. pallipes: 2 Tur<lu · rnig ra.toriu , 1 Mimus carolinensis, 1 
Harporhyn ·u rufu · :3 ia.Jia si lis. 

22 . partiarius : 1 Turdu · miara.torius. . n 

23. nisodactylu , :f·: 1 Turdu · must linu , 1 1'. swainsoni, 2 T. 
migratoriu ·, ,., H arporhy11 us rufos, (3 ialia sialis. 

24. A. rusticus: 1 ialia ialis. 
25. . <liscoi<leus : 1 Tunlus pallasi. 
26. A. baltirnorensi : 2 Tunlus rnigratorius, 1 Mimus carolin n-

sis, 1 Sialia sialis. · 
27. Xestonotus lugubris : 1 Turdu s mu telinus, 1 Sialia siali s. 
28. Harpalus, sp.: 1 Turdus mu ·t linus, 7 T. migratorius, 4 Mirnus 

carolinensis, 8 H arporhyncus rufus, 6 ialia sialis. 
29. H. herbivagus: 1 Turdus mig ratorius. 
30. H. pennsylvanicus: ] Mirnus c:arolin n ·1s. 
31. tenolophus, sp.: 2 Turdu · palla i. 

In the followiu o- tables, the •lements of the food, arranged in 
systematic order, are placed at the left of each page, while a ver
tical column of the table is assig ned to each genus of beetle. 
The upper figure of each couple indi cates 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 xamples of the g enus. 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 tbe element against which it is placed was present in 
the food, but that the ratio was not estimated. 
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ARABID.1K- MI CELLANEOOS LLECTION . 

en rn 
::I 

::I rn >, ..c: ::I ad ..., ;..; ..., 
d Q) c) ·;;; 
o;l 'O o;l 
c) 0 'O <IS 

<IS 0 0 ..c: _., 
0 "' p. 

<IS b.O ·~ 8 ;..; 
:.) <l < <l 

""o . of pecimens ..... . 1 4 19 4 

NUMBER OF SPECIMENS AND RAT IOS IN WBHJH EAC H ELEMENT OF FOOD 
W AS FOUND. KINDS OF FOOD. 

----------
1 21422 1 5 1 61 2 1 5 1 3 11 1 141 43 

ANIMALFOOD .... . 1.001.001.00 SE.44 65.17 .90.73.221.00.75 ... 01 .24 .031.00 .07 .33.42 
1 4 1 2 1 5 j 4 5 2 1 1 1 2 1 30 

I. INSECTA ... . . . ... .... . .. . . 50 ..... 8 11 .~5 .17 · i l 43 ...... ·f ... .. .. 03 031.00 .03 .33 -~6 

Larvai...... . ... . ...... . .. . .. .. .. .. .. . .32 .... 10 ........... OE .. . .. .... . . . ....... . .. . 02 

1. Hymenopte1·a....... . . . . .. . .. .. .. . .is .. . .. . .. ..... .. . ....... .. . . ~1 1 .... ~1 

Formicidre . . . . . . . . . . . . . . . . ... .... . .. . : . . . . . . . . . . . . . . . . . . . . . . . . . ..... .. ..... 01 .. . + 
3 1 1 1 1 1 1 8 

2. Lepidoptera (l arvrej . ...... . ...... 63 .... 33 .. . 20 ... .17 .... .. ....... . 02 .30 .0 
1 1 

3 . .Diptera.... .. .. . . . .. . . . .. .. .. · .. · .. · .. · .. · · · 2 · .. .. .. · .. · + .. · t 
4. Ooleoptera ...... .... ............. .. .. ....... . 39 .............. . .. . .. .. ..... . . . . ... 02 

1 1 

:::.:~,~~ : : : : -• • • • • • • : • • •:: , kl •: • --· 1 : • • - , : • • • •:: : •: , i: 
~i.H1~fJ;-:rb~phidef ..... ... . .. .... ..... .. 17 .. ;·i· .i ... .. . .. . i'J ... .. .... . 2 .. 03 -~1 

(Mites) .. . \ ..... .. . . .. ... 1.01 .22. i - . .. . 01 .......... 01 . ... 01 

III. vrr:!tricus) .. ! .. .. .. .. . . . . . .. . .. .. . .. . .. . . . .. . 6 ... ... I.. . .. .. .... . 61 
2 3 2 2 1 4 4 2 1 4 15 4 12 2 58 

VEGETABLE FOOD . .. . . .. .. .... 12 .56 351.83 .10 27 .78 .. 251.00 .99 .76 .97 .... 93 .67 5 

seeds ........... . .. . .. .. .... ........ . ... 
1 

. .. 1
2 1

1 ..... ' . .. J ; ' .i6.it· ·6s .~o .~o 

1. Eroo(Jens ..... ........ .. . .. . .. ... 1.50
1
. .i4 25 .. :. is ... I ... ' .. . ~ .... .. i7 .. . . ~7 

~::;~·~~~~·~;~;;~~;: :: :::: :::: ::: ; :: : .::1::: :::1 ·:: + .. . ... !:::1::: :: :1.:: .f1 ::: i 
Ambrosia. ... .. ...... . ... ... .. ·1 ·i ·' ·2 · .i . ·i f . . i .. ).i . . 7 I !7 .i . -g3 
2. Endo(Jens .. . ........ . ......... 10 .11 .35 30 .10 ... 28 ' .25

1 

.34 .. ·1· ... . 23 .10 .17 
. . I 1 1 ~- ! 1 1 7 4 1 1 

G1ammere .......... . . ... .. ......... 10 .11 .3:> .30 .. . . ... 28 .......... . 25 .34 ........ 23 .10 .17 
1 ; l j 1 4 

Seeds .. . ........ ...... ................ . ... . .. 1. 30 . .. . . . ......... 
1

.. .05 . .. . .. + ... . 02 

:::~:m ;,~;;,,) : • • -•: • _____ : :, ;, ::: •• • -•• J --- ----;, :i __ _ _ __ I: 
2 2 

. .. . 01 t 
1 2 

3. H epaUcre .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... . .. .. 
1 I 

t . .. ... .. .. + 
1 1 

4 . .A l(JaJ ............. . .. .... ... .. .. . .. . .. . + 
t .. .. . . ... . .. ... . + 
1 I 1 2 3 5 1 23 
141.00 .11 .04 ..... .. 13 .07 .09 
1 1 

Protococcus ...... .......... ... ..... i . . 
3 
. .. . . i . . i . 

3 
. i .... . 

5. Fwngi ..... .. .. ... ......... ... .. t .45 ... 03 + .07 .21 .. . 

.14 .... .... .. . ............. 01 
1 

Coprinus . .. ....... . .... ...... . . . ..... . 
2 

Phoma ... ... .......... .. . .. ... ....... .45.. . . . . . . . . . . . . . . . . . . . . . . . . .. . ..... . .... .. . ... 02 
1 1 

... . .. . .. .. . ... . .... .. ..... . .. t . .. . .. t 
1 , 1 

. ...... t .. ....... . . .. .... . ..... t 
2 1 1 2 6 

Helminthosporium . ... ........... . ... t ..... . . .. t .. . ....... 1.00 . .. . .. . ... .. . t ... . 01 
1 1 2 

C-Oleosporium . ........ ..... .. . 

Dematiei. ... .... ... .. .. .. .... . 

Cladosporium. .... . .. . . . . . . . . . . .. . . . . .. . .. . . . . . . . .. . . . . .. ..... 01 .01 .. . . . . . . . .. t 
1 1 1 3 

::::~:::r~::: ::::::: :::: :::. ·::: ::: ::: ::: ::: ::: ::: :1~ :::· ::: ::: : j~ -~.1: :: :::: :~~ ::: :A: 
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CARABID.iE AND CANKER -WORM', 

KINDS OF FOOD. NUMBER OF SPECIMENS AND RATIOS IN WHICH EACH ELEMENT 
OF FOOD WAS FOUND. 

10 2 I 4 13 3 1 2 3 1 Hi 1 1 2 59 
ANIMAL FOOD .. ... 1.00 1.00 1.00 .94 .681.00 1.00 .80 .. 1.00 .92 .09 .25 .35 .77 

I. MOLLUSCA ........ 
5 2 13 3 2 1 

II. INSECT A ...... .. ... .50 .. .. .50 .85 .68 .... 1.00 .13 .. .. 

Larvre . . .... ... ... .... . 

1. Hymenopte1·a (ants) 

2. Lepidoptera (larvre) .. . 

Anisopteryx v ernata . 

Noctuidre . .. .. .... ... .. 

3 . .Diptera . .. . ... .... .. 

Culicidre . .. .. . .. ... .. . 

4. Ooleoptera . ..... .. . . 

Telephoridre .... . .. ... . 

III. A RACHNIDA ... .. . 

Spiders ...... . . ........ .. . 

Mites . .. . . .. . .. . .... . . 
IV. MYRIAPODA 1 

(Geophilus) .. I 
v. VERMES (Lum-1 

bric us) .. . . . . I 

2 
.11 

8 1 
.56 .33 .. .. 
7 1 

. 52 .33 . . .. 
1 

.01 . .. ... . 
3 1 

... . . 07 .02 

3 
.... 05 ... 

1 
.05 ... 
2 
t 

2 1 

1 
.05 .... 
2 1 

.\:10 .11 .. .. 
2 

.90 .... 

1 
.05 .... 
1 

.05 .... 

1 1 

1 1 
1.00 .... . .. .02 

12 1 1 2 42 
.64 .09 .25 .35 .50 
1 3 
.06.... .04 

8 
.41 .... 
5 

.26 .. .. 
2 

.12 .... 
1 1 

.01 .09 .... 

1 
.06 .. .. 
1 

.06 .... 
1 

.02 .. .. 

1 
.02 .. .. 
1 

.01 .... 
4 

10 1 

1 
+ 1 21 

.83 .26 
1 16 

.33 .21 

2 

3 
.03 
7 

.03 
1 
+ 
1 

.01 
1 

.01 
4 

.01 
1 

.01 
3 
+ 
1 
+ 
4 

.06 
23 

VEGETABLE FOOD .... .. .. , .06 .32 ... .20 1.00 .. .. 

.25 
5 

.08 .91 .75 
3 

.65 .23 

Seeds ... .. .. . ... ... . . .. . 

1. E mogens .......... . .. 

2. Endogens . . . . . .. .. . . 

Graminere . .. . .. . ... ... . . 

Seeds . . .... . . .. .. ... . . 

3. Fungi .... .. .. .... .. 

Peronospora . . . . . . . . . . . 

Ascomycetes . . . . ... . 

2 
.06 . 

1 
.20 .... 

1 
t 

.20 .. .. 
1 

.10 .... 
1 5 
.01 .50 .... 

4 

2 

.40 .. . 
4 

.30 ... 

·04 ... 

1 
.02 

1 5 
.32 .04 
1 4 

.17 .03 
1 1·0 
t .08 

4 
.06 
4 
.04 

1 4 
.16 .02 
1 1 

.16 .01 
1 
t 
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ARABTD,K A ' D 'ABBAGE WORM ND 'Hl 'H -H ;s, 

en 

II en ,;, = = h ~ .c = ;::; en ;.... .., 
en i,:.. <.) a., <.) a., 

'..3 = 'O Cl:! = ;.... 
'O ILJ ~ 0 'O cd ~ 
0 0 ~ 

s:: A 0 0. s A ;.... ~ -~ a., e 0 ;.... 8 0 .., :;:; bl) s:: cd = bl) 
~ <1 C,) <1 <1 p:1 (/) <1 ---- -

Number of pecimen Examined .. 3 1 1 1 2 4 12 10 

KI ' D OF FOOD . NUi\[BER OF SPECIMENS AND RATIOS l N wnicm EACU 

ANIMA.L FOOD .. .. ............ .. 

I. IN ECTA .... . . .. ...... .... . .. .. .. . 

L n.rvre . .... . . .... ........... . .. . ... . 

1. Hymenoptera . . . . . . .. . .......... . 

Lasius flavus .. .. ......... .. ... .. 
1 

2. Lepidoptera . ... . ................. . .33 

Caterpillar . .. . . ..... . .. .......... . 
1 

Agrotis annex a . ... . ... ..... ... . .33 

3 . .Diptera .......... ....... . .... . ... .. 

4. Coleoptu·a (larvre) . ... .. ...... . . . 

5. Uemiptera . .... . ..... . ... .. . ..... . 

Aphide ..... . .. ... . ..... . ..... . .. · 

Chinch-bugs ... .... .. . ... .......... . . 
1 

VEGETABLE FOOD ...... . . .... .. .33 

ecc1 . ..... ...... . ................. . . 

1. E wogens . . ..... . . . . .. . ....... . .... . 
1 

2. E ndogens . ........ ... . ...... .... . . .33 
1 

Grass .. . ... .. .. .... . . . . .. . . .. . ... ... . .33 

3. Fungi ... .... .. . . . .......... .. .... . 

Ilelminthosporium .......... . .. . . . . 

Peronospora . . . .. .. ...... . .... . 

ELEMENT OF l•' OOD WAS 1'' 00ND. 
1 1 1 1 i--7 
.50 1.00 I .. .. • .50 .10 .41 

1 1 4 
1 00 .10 .20 

1 2 
.60 .13 
1 1 
.60 .05 

1 
.. .. ·-- . .... .0 

1 1 
.10 .03 

1 1 
.30 .03 

1 1 1 1 4 9 
.50 t 1.00 .50 .90 .59 
1 1 4 6 
* * .90 .30 

1 1 1 4 
* t t .0 
1 1 3 
* t .0 

.51 
3 

.36 
1 

.02 
1 

.05 
1 
.05 

5 
.20 
2 

.0 
4 

.21 
7 

.40 

2 
.13 
2 

.11 

2 
.02 
1 

.01 
1 
.01 
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No. of Specimens . .... 

KINDS OF FOOD. 

CARABIDlE. GENERAL TABLE. 

u;; u;; 
u;; ,,; ::, u;; ::, en ::, ,,; en ::, .d ::, ~ -~ E ~ .d ;::l ~ .d """ r... """ ,,; t,'.. ,,; ,,; ::, -~ en ~ Q) C) 

~ ,,; 
E C) ,,; ::, ~ N ::, ::, ;.., ,,; ::, o:l 'O cs! rn ::, ::, ;.. 

c;! Q) ~ """ Q) 
~ .d """ ci ::, ·a 0 'O o:l C) .; .0 

o;I 
0 .§ ;:: .d ·;::: p. .d """ 

rn ;.. C) 
0 .d ~ s rn C) 0 """ ~ r... 0 c;! i o:l ~ p. 'O p. 0 

0 ;.. Q) o:l """ o:l r... 8:l """ 0 rn ;.., r... s cd "' o:l cs! cd ~ .; o:l Q) s C) :a o:l bl) ·a s c,j 
c,j """ 0:: C) ;.., 0 p::; I> """ A ;.. ;.., cs! ::, u p.. UJ P=l C!, ~ (.) ~ p.. ~ Q Q < < ~ ~ ~ p.. UJ 

11 2 6 1 17 3 ti 3 7 13 6 3 23 1 15 31 5 1 19 2 175 

NUMBER OF SPECIMENS AND RATIOS IN WHICH EACH ELEMENT OF FOOD 
WAS FOUND. 

11 2 6 1 17 2 5 2 7 12 2 3 22 9 5 2 1 7 1 117 
ANIMAL FOOD ..... 1.001.001.001 .00 .93 .44 .67 .45 .93 .73 .231.00 .88 .... . 34 .21 .07 1 .00 .12 .33 .67 

1 1 
I. MOLLUSCA (slugs). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .33 . .. . . . .. ..... . .... . .... . . .. 01 

5 3 17 1 5 1 7 7 18 6 3 2 1 5 1 82 
II. INSECTA .. .. . ....... .45 ..... 50 . .... 86 .11 .67 .12 .93 .34 . . .... . . 67 ..... 24 .05 .071.00 .09 .33 .36 

2 1 1 2 1 7 
Larvre ... . .... .. ..... .. . . ... .. .. ... ... . . 09 .... 16 .. . . 07 . .. . .. . .. . . 06 . .. .. 02 . ... .. . .. . . . . .. . . 03 

1 1 1 1 4 
1. Hymenoptera . ..... . . . . . .. .. .. . . ... . .. . . . . . .. .. .. 02 .07 ... .. . . ... ... . 03 . ..... . .... 01 .. . . 01 

1 1 3 
Formicidre . ....... .. . . ... . . .. . .. . . . ... .. 03 . .... . . .... 01 . .. t 

1 1 
L asius flavus ... . . . . . . . . . . . . . ...... .. . ... . . . . . 03 . . . .... .... .... . t 

11 2 3 2 10 2 1 31 
2. Lepidoptera ... . .. .. . .... •. • . . . . ... . 58 .... 33 . .. .40 .10 .. . . . ... 36 . . . . .... ... ... . ... 06 .30 .16 

5 1 1 1 3 1 1 13 
Larvre . . . ......... .. .. . .. ... .... . .. . ... . 18 . ... 17 .... 14 .03 .... .... 05 ....... . . . . ...... 01.30 .04 

7 1 2 4 1 16 
Anisopteryx vernata .. .. .. ... ...... . . . 39 . ... 16 ... . 26 . . . . .. .. . . . 18 ..... ... . .. . .. .. .. 05 . ... 08 

1 2 4 
Noctuidre (larvre). .... . . . . . . . . . . . . . . . . 01 .... .. . .. ... .... . . . . . . . 09 . ... ... ... .. . . ..... ..... 02 

1 1 
Agro tis annexa . . . .. . . · · · · . . . . . . . . . . . . .. . 07 .. .. . .. .. . ...... . . .. . . ....... .... . 01 

3 1 1 1 1 1 9 
3. J)iptera .... . ..... .. . · · · · . . .. . .... 05 .... 01 . ... 01 . .. . ...... t . .... .. . 03 . . ...... 02 .. .. 01 

1 1 
Culicidre . .. .. . . .. .. ... . .. . . . . ...... .. 01 ... .. . .. . .... .. .. .... . . . . . . .. . . ..... t 

2 2 4 
4. Ooleoptera . . ... .. . . . .. .. . . . ......... . .. .. .. . . . ... 28 ... . .. ... .. 06 . ..... .. .. .. .. ... . . .... . 02 

1 1 2 
Larvre . ..... . . . . . ... . . . . . .. ..... . .. . .. . . .. .. . . . .. .. . 14 . .. . . . ... . . 01 . . ... ..... . . ...... .. . ... 01 

1 1 
Scarabreidre . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . . . ... 14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t 

1 1 
Telephoridre .. ... .. ....... ...... ... ... . . . .... . . . .. . .. . ...... . ... 05 . ..... . ....... . . . . ... ... 01 

1 5 1 7 
5. Herniptera . . . ..... .. .. .. . . ... . ............... . 12 . . . .. .. . ......... . . . . 19 ...... .... . .. . 03 .02 

1 2 1 4 
Aphides . . ........ . . . ....... ... . . ... . . .. .. . . . ... . 12 . ..... ..... .. .. .. ... . 05 . .. ...... . . . . . 03 .01 

4 4 
Chinch-bugs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14 ... . .. ........ ... 01 

3 11 1 1 2 9 
III. ARACHNIDA .... . .. .. . .. ... ... .. . ... 04 . ...... ... ... 01 .15 ..... 01 . . . . t . .... ...... 01 . .. . 01 

1 1 
Spiders . . . . .. . .. .. . ..... . ........... .. .. 04 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t 
Mites .. . ........ ..... . . 
IV. MYRIAPODA l 

(Geophilus) . . j 
V. VERMES (Lum-i 

bricus) . . 

2 11 1 1 2 8 
. . . . . . . . . . . . . . . t ... .... .... .. 01 .15 ... . . 01 . . . . t ..... .. .. .. 01 .... 01 

1 1 
... ... . .. .... .... . . . .. ... . .... .. .. , .... . .. 01 . . . . ... . .. . . . . .. . . .... . t 

5 5 
.. ...... .. .. ........ . ... . .. . . .. . .. .. . . ... . 19 .. .. . . . ... . . .. . ...... ... 02 

4 3 3 2 1 6 5 8 1 12 26 5 18 2 97 
VEGETABLE FOOD . ... .... . ... ..... 07 .56 .33 .55 .07 .27 .77 ..... 121.00 .56 .79 .93 . .. . . 88 .67 .43 

2 2 7 1 6 1 19 
Seeds.............. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * ... .. .... ... 13 .16 .18 .. . .. 29 .50 .08 

2 1 2 1 1 2 1 4 14 
1. Ea,ooens . . . ... .. .... . .... . . . . ... .. .... 04 ... .. .. 33 ... . 08 .16 ..... 02 ..... 09 .03 .... . . .. 14 .... 05 

1 1 
* * Seeds .. . .... . ... .. ... . . . . . .. . .. . .... .... ... . .. . .. . . . . .. ::'.:==================== 
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No. of pe imen .... 

KINDS OF FOOD . 

.ARABID.l~. 'E B RAL TABLE- onclud d. 

NOlIBER OF SPE AND RATIOS IN WlllCl:I EACH ELEMENT OF FOOD 
WAS F OUND . 

-.,----,--~--,---,---,--- - - I I 3 I 3 
ompo it;_e '. pollen)... . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. .. . . i\ · .. g1 

Ambrosia .. . ...... ········ ... . ···· ·i · ·i · ·2· ·i · ·i' ·2· ·i · · · 4-1-· ··, ·s· i2 ·· · ··· ·i\ i · · ~~ 
2. E ndouen ..... . ... .. .. ....... . ..... 02 .11 .17 .20 .07 .12 * .01 . .. .. 14 .37 ..... 14 .10 .13 

1 1 2 1 1 i 1 I 2 36 5 I 1 26 
Gra.minero . ... .. ... ........... . . ... . . . . 02 .11 .17 .20 .... 08 * . ... 10 .34 . . .... 14 .10 .11 

1 1 5 1 S 
eect .... ... ... ... . .... . . .. .... . . . . ........... 20 . . . . . . * ........ ...... . 13 ... . .. . + ... . 03 

1 2 4 
Pollen ... . ....... . ...... .. ......... . . 11 .17 . ...... .. . .... 1 ...... . .... . .. . ..... . .. . ... 01 

Phleum (seeds). .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . / . ..... .. 67 .i3 .......... .... 83 
2 2 

3. Depaticce . .... . ... . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + ............ . 1" 
1 1 2 

4. A l(lm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t . . . . . . . . . t 1 · . . . . . . . . . . . . . . . . . . . . . . 1" 

Protococcn . ..... . ................. . .. i .:.s'.. 1 1 .a' ·q· ... t .. i . . 4. ·3· .. . ..... 6 .. i t 
5. Fun(li ... .... ... . .. .. . . . . . . . . . . . . . . . . + 

1

.45 ... . 02 + .04 .1 4 .... ~61.00 .04 .03 . . . ..... 11 .07 .~5 

Coprinus .. ..... . ........ . .. . .. .... . . .................. . . . ...... . 04 ......... . . . ... ........ t 
2 1 

Pboma . .. . .. .... . ......... ... ... . . .. . . .. .45 ..... ... .... . .... . .. . ... . .... . .... . ........... 01 
I I i i 

Coleosporium .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . .. .. . . . . . . t 

Dematiei. ... . ... .. ...... .. ...... . ... .. .... 2. , . • • • ., .. • • • • • • · ···.I t .. i · ·i · · · · · · · · · · · ·
2
· · · · l 

Helminthosporium ........ . . . ...... . . . .. + . .. . . . . .. . . . . . . . . . . 1. 00 .~1 .i .. .. .... + 
1 

. .. . g1 

Cladosporium... . ..... . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . ......... .. ... . + .01 .. .. . .. . . .... t 
1 1 1 2 5 

Peronospora. . . ............ .. . . ... .. . . . .. . ...... . . . ...... 12 . . . . . . . . . . . + + .. . .. .. . 05 . ... 01 
1 1 2 

:a::::~~e~::: : ::::: :: : ::: : : :· : ::: :: : : ::: ::: ::: ::: ::: .~. ::: :::: 1:0\::: j~ ::: ::: ::: : ::: :: : f. 

• 
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co INELLIDJE. 

Misce llaneous. Chioch-lln ~·s. General. 

~ d 
d 

.d .d ..., 
ad .~ ..., 

A ·s A 
8 d d 

~ ~ ad >, 8 ~ ad c! p:, ...... c,) c,) 
0:: a) d ;... d ...... 'O ;... d a) 'O <s! ;... 
~ h d "O C1) C1) 

i:3 "O C1) h d 
0 A .d 8 0 A A s 0 A A .d a 0.. ·c3 c,) 0.. ·c3 0 0.. ·c3 .9 0.. d ·r ...... 

8 0.. 
c,) 

8 c,) c,) c,) c,) c,) d s 0 ;... p ·~ 0 h ~ ~ 0 h ;... A 0 P=l : : u 0 Cl) ::.> 0 P=l Cl) 

Number of Specimen · · ····· 15 5 1 1 3 18 29 (i 3 1 39 

KINDS OF FOOD. 
NUMBElt OF SPEUIMENS ANO RATIOS IN WHICH EACH 

ELEMENT OF FOOD WAS FOUND . 

12 5 17 12 2 14 24 5 2 31 
ANIMAL FOOD . ........... .44 .64 . . . . .47 .25 . . . .32 .25 .35 .53 .32 . ... .37 

11 5 16 12 2 14 23 5 2 30 
I. INSECT A ............ . ...... .39 .64 . ... .43 .25 . .. . .32 .25 .32 .53 .32 . . . . .35 

1 1 1 1 2 2 
1. Lepidoptera ... ... .. . ...... t .... .... t .01 .. .. . .. . .01 .01 . ... .... . . . . .01 

1 1 1 1 
Larvre ........ ....... ......... .. . . . .. . . ... . .. . .Ot . . . . .. . . .01 .01 . .. . . . . . .01 

8 5 13 7 2 9 15 5 2 22 
2 Hemiptera .. .. . ······ .... .29 .64 .... .36 .21 . ... .32 .22 .25 .53 .32 . ... .29 

8 5 13 4 2 6 12 5 2 19 
Aphides ................ . ..... .29 .64 . . . . .36 .11 . ... .32 .14 .20 .53 .32 . ... .26 

2 1 3 2 1 3 
Siphonophora granarire ..... . .. . .... ... . .. . .05 . .. . .24 .08 .02 . .. . .24 . ... .03 

4 4 4 4 
Chinch-llugs ..... .. ........ .. .... . ... . . . . . ... .10 . .. . ... .08 .05 . . .. . . .. .... .03 

1 1 1 1 
3 Neuroptera (Podura) . . .. . . .01 ... . .... .01 . . . . . .. . . . . . ' .. . t . . .. . . . . . ... t 

4 4 2 2 6 6 
I I. ARAC HNIDA (Mites) . .. .. .01 ... . .. . . .01 t . .. . .... t .01 . . .. ... . .. .. t 

1 1 1 1 
I II. M Y RIAPODA (Geopbilus) .04 . . .. .03 . .. . . . . ... . .02 . . . . . ... . .. . .02 

13 2 1 16 14 1 3 18 27 3 3 1 34 
VEGETABLE FOOD .. . .. .. .56 .86 1.00 .53 .75 1.00 .68 .75 .65 .47 .68 1.00 .63 

1 1 2 1 1 2 
Pollen . . .. .......... .... .. ... . .03 t .... .02 .. . . ... . ... .01 -~ . ... . ... .01 

7 7 13 3 16 20 3 23 
1 Emo(Jens (Pollen ) . .. . .... .13 .... . .. . .09 .07 '. , . .47 .13 .10 . .. .47 . ... .11 

6 6 13 3 16 19 3 22 
Compositro ....... .. .. . . . .. .. .13 . . . . ... . .09 .07 .... .47 .13 .10 . ... .47 . .. . .11 

1 1 1 1 
Taraxacum .. .. .. .. .. . . .07 . .. . .... .05 . . .. . ... . .. . . ... .04 . .. . .... .. .. .03 

2 2 2 2 
Ambros ia .. . .. .... ... .... .... .... .... ... . * . .. . . .. . t * . . . . * . . .. ... . 

1 1 1 1 2 2 
Polygonum ...... ... .. ...... t .. .. .. . t * . .. . .. .. t t . .. . * .... . ... 

1 1 1 1 
Coniferre . ... . . .. ......... . ... t .. .. ... . t . .. . . .. .. . . . .. . t . . . . .. .. . ... t 

1 1 1 1 
2. Endo(Jens ...... . . .. .... .. . . .05 . . .. . ... .04 . .. . . ... . ... .... .03 . ... . ... . . . . .02 

1 1 1 1 
Graminere .......... .. .. . . . .. . .05 .... . . .. .04 . . . . . . . . ... . . . .. .03 . ... ... . . ... .02 

1 1 1 1 
Pollen . . .. .. . . . ... . . . .. ... .05 . . . . . . . . .04 . .. . . ... . ... . ... .03 . ... ... . . ... .02 

4 1 5 11 2 13 15 1 2 18 
3. Lichenes .. . .. .. . ..... .. .... .02 .04 . ... .02 .06 . ... .03 .05 .04 .03 .03 . ... .04 

1 1 6 1 7 7 1 8 
P hyscia . ................. . . .. .01 . . .. .. .. t * . ... t t .01 . ... t . .. .01 

11 2 1 14 14 1 2 17 25 3 2 1 31 
4. Fun(Ji .. .... .. .. ..... .. . . ... .33 .32 1.00 .36 .61 1.00 .18 .56 .46 .44 .18 1.00 .45 

1 1 1 1 
Myxogastres . ......... . .. . ... * . . .. . . . . t . .. . .... . . . . . ... t . . . . .. . . ... . * 1 1 1 1 
Sphroronemei .. . . . . . ......... * . .. . . ... .01 .. . . .. . . .. * . . . . . .. . .... * 1 1 7 1 8 8 1 9 
Septoria . ..................... "' .... .. .. .01 * . ... * * * . . . . * . . . . * 

1 2 3 2 2 3 2 5 
Ustilago ......... ..... .. .... .. * .08 . . . . .02 * . ... ... . * * .07 .... . ... * 1 1 1 1 
Uredo ... .. .. . .... . ..... .. ... . . ... . . .. * . . . . .. . . * t ... . . .. . . .. '" . ... . . .. 

6 1 1 8 11 1 12 17 1 1 1 20 
Helminthosporium . ..... ... . * .10 1.00 .17 * . ... * * . .08 * 1.00 * 

3 3 7 1 8 10 11 
Macrosporium .. . ..... . ...... * .... .04 * . . .. * ,/I * . ... .. .. .... * .... 

3 3 13 2 15 16 18 
Cladosporium ... ..... . ... .. .. * ... . .02 "' . .. . * * * . . .. .... . ... * .... 

3 3 7 7 10 10 
Peronospora .. .. .............. * .... .... .01 * . ... .. . . * * .. .. . ... .. .. * 

1 1 1 1 
Menispora ........... .. . . ... . . * ... . . ... t .... .... . .. . ... . * .... . . .. . ... * 



THE FOOD OF THE M LLER FRE H-WATER FL HE . 

BY H. A. FOREE'. 

In a pap r on th food of fi. h .:, publi h d in 1 0/· I chara ·-
t riz d th fo d f all th Illinoi A anthopt ri, with th ,·cep-
tion of th phr <l derid: p and in th pr en t arti l , which i 
to be r aard d a· a c ntinuation of that ju t m ntion ll, I prop , 
to urnmarize my ob rvation. n all th mall r fish s o · urina 
in the waters of th tate, with th xception of the dart r · 
(Eth o ·tomatin~), which wer tr ated in the pr c ding paper. 

The purposes and method f the investigation up n whi h th 
following discu · ion i ba ed, ar so similar t those already d -
cribed, that th y will not need any especial pr sent xplanation . 

The data for it have been obtained by a minut an 1 careful 
study of the content of th alim ntary canals of 319 p cim n ·, 
bel ngina to twenty-five speci ·, representing twenty-tw gen ra 
and seven families, namely: Aphrecloderich-e, C ttid, , Ga t rost i
dre, Atberinidre, CyprinodonticL , Umbridre, and Cyprinid, . 

An additional feature is th cl cription f th stru tur s sub
sidiary to alimentati n, given, in thi pap r, f r a h g nu , in or
der to furnish a basi · for a more exact discu ion of the r lations 
of structure to food-habit than 1 att -mpt d form rly. Und r 
this head I have included th length and c mplicati n of the ali
mentary canal, th chara ·t r f the pharyngeal stru tur , th 
number and <level pment of th gill-rak "' rs, and th pr nc of 
any peculiar pr hen il apparatn about the rn uth. 

First ivina for a h sp ·i s a bri f a count f it · numb •r and 
distribution throughout th tate, I shall adcl for a h a nu.· a 1 -
s ription of th e alimentary structur ·, f 11 wing thi · hy a <l -
tail d tatern nt of the ob •rvation · ma<l upon it f oc1, ancl 
clo ino- with a ·ummary of u ·h oh rvation , and a <li · u.· ion of 
the correlation · f structur to food chara ·t r , g iv n om time· 

;;; Bulletin o. , Ill. 'tate Lab. at. Hist., Pl. 18- 65 . .. 



66 The Food of the Snialler Fresh- Water F ishes. 

under the genus and sometimes under the special group to which 
the genus is assigned. 

FAMILY APHREDODERID.LE. 

T his family is represented by a single peculiar species ( Apli1·e
cloclerits sctyctnits), resembling the sun-fishes in most of its char
acters, bilt 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. W e 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.-x- The same author reports that in confine
ment it feeds voraciously upon small fishes, especially immature 
Cyprinidre ; and for this reason he bestowed upon it the name of 
pfrate pm·cli, 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 spirrnles. 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 tern porary ponds left by 

1*Proc. Phil. Acad. Nat. Sci., 1861, p. 95. 
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th r tr ating o,·erflow of str am oth r fr m p rman >nt lak s, 
and till o h r from ere k and ri Y r . · ' m the tliff r

ent 1 caliti vane but li tl on th , hol an l it i · s ar cly 
worth whil to li cu· th :>parat col l ti ns. That of th . , 
nineteen sp cim 'n wa almo t pur ly animal tra •s of a rninut 
fiowcrino· 1 lant (Y\ olffia), antl small quantiti s of filam 11tous 

lgre ;1 ly bei1w tak n by two of H1 ·p' ·im rn·. Fishe wer 
eaten b, but two, and were r "ckoned at two p r ent. of tlie 
food of the whole. One of th e f un 1 wa re o·nizal le a. a n 
""yprinoid, but the othn could not be d t rmin <1. Ins ct 
amounted t more than nin ty p r nt., all of tbem aquati , with 

the xception of a few gnat (Culi idn~) tak n by eight f the 
fi he·. early half of the fo d consi~ ted f larv,--. of hirono
mus :ind Corcthra. quatic ' leopt rous larne were recko1, cl at 
eleven per c nt., and specimen of Corixa, taken by thr e of th 
fi he at two. A ingl fi h had al o eaten Galgulus. A fourth 
of the food con i ted of n uropt rous larne (Ephemerid," and 
Libelluliclc ~) . Cru ta eans, thou ·h aptur d by more than half 
th fi he made but four per cent. of the food . A. far as r co ·-

o 
nized, thi element consiste 1 ·hie-fl of the am1 hipoc.l, Alto,· ·he ·tes 
lentata, and the c mmon i opod, A ellus. A f ,v sp cimen. of 

Cyprididm w .re noticed in two f the fishe , and ·•yclops and 

other op poda wer taken by five. One fish ha<1 eaten a 
Lumbriculu , a ·pe ies clo ely alli cl to the common earthworm . 

A careful omparison was made of th food of specirn 1is of 
, ariou :10- s- tho~ , consequently, in which the situation f the 
vent wa wid ly cli:fferent-but no diff .rences f foo<1 whatev r 
were cli tino·uishable. It is highly probable, ·on . qu ntly, that th 
explanation of this peculiar ·hara t r must b souf:,·ht else"vherc 
than in the food. vYith re pect to the other r latio11s of food to 
structure we have at present only to note the c 'inciden e of fi hes 
and aquatic insects a the principal lem ents f th~ fo c1 with the 

large mouth and inferior development of th g ill and pharyn_aeal 
apparatu , and hort an l simple intestine . 

F l\IILY COTTID.fE. 

Thi curiou family, chi fly marine, is repr ented in th 'tat 
by ev ral species fr m Lake Michigan, mostly from its t1e ,p r 

waters, and by a single one rece1:tly di ·covered in our streams. 
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POTAMOCOTTUS MERIDIONALIS, Gill. GOBLIN, BLOB. 

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, wbere small caves are not infrequent; hut 
the second is in an area deeply covered by drift, with rock no
w here 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
significant 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 Illinois, had 
eaten only animal food, about one-fourth of which consisted of 
fishes, one of which was furnished with ctenoid scales. Undeter
mined aquatic larvre (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 fish es, 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 G ASTEROSTEIDLE . . 

Of the interesting little stickle-backs, two species were studied, 
only one of which is common in the State. 

EucALIA INCONSTANS, Kirt. BLACK 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 p ·im ns from hock River, and one from Ce<lar Lake, in 
L~ke County, had clivi lecl their food about equally between plant 
and animal substances: the f nner, consisting; wh lly of :filamen
tous Algre, taken by four of the sp cim ns in quantities to make 
it certain that they were ingeste l purposely. The animal food 
was about qually ins cts and crustaceans, the former nearly all 
aquatic larv, ,, of Diptera (Chironomus b ing the commonest form), 
and the latter chiefly Entomostraca, of which Cladocera wer the 
most abundant. One of the specimens had eaten Cypris-some 
of them Cypi·is vidua. Cyclops was also noticed in three of the 
fishes, and amounted to three per cent. of the food. 

The herbivorous character f 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. 

PYGOSTEUS PUNGITIUS, Lac. MANY-SPINED 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 larvre of Chironomus and Simulium (sixty per cent.), and on 
Chydorus and other Cladocera (forty per cent.). 

With so small an amount of mat rial to illustrate the food of 
the family, we can only say that it evidently consists chiefly of 
aquatic larvre 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 
Algre, as in the cases examined. 

FAMILY ATHERINIDlE. 

LABIDESTHES 1ccuL u , Cope. SIL VER 'IDES. 

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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t etl1, while the throat is destitute of special pharyngeal appara
tu . The gill-rak rs are unusually well developed, being numer
ous, 1 nder, finely toothed, and longer than th e corresponding 
:filament of the g ills. Taking into account the small size of the 
fish, and the consequently small diameter of the apertures of the 
mouth and g ills, 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 t han half of crustaceans. The larvre of {;hironomus 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 D aplinia 
pulex , 1·etrocu1·va and !iyal'ina,, Simoceplialus amm·icanits, Bosmi
na, Chydorus, Pleuroxus, Alona., and Eurycercus; and among the 
Copepoda were Cyclops tlwmasi, Canthocamptus, Diaptomus, 
Limnocalanus, and Episckura lacustris. Spiders and terres
trial insects, accidentally washed or fallen into the water (the 
latter including Chalcidida:> , various Diptera, plant-lice, Tettigoni
dre, 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 nort.hern lakes, in which 
the Chironomus larvre were present in diminished ratios, while 
the Cladocera were more abundant. 

FAMILY CYPRINODONTID..£. 

T his family consists, in Illinois, of four species, one of Fundu
lus and three of Zygonectes.* The family is divided into two 
sections, ccwnivo1·ous and lie1'bivo1·ous, by Dr. Gi.i.nther in his "In-

-:;,r do not consider Fundulus menona, Jor. and Cope., as distinct. 
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troclu ti n to th tncly of ~ i 11 ' ·. ' ,.\.]though ur er n ra h th 
belon · to +-he arniv rous ecti n, it will h n that h y ar not 
by an m an tri ·tl ' nfin 1 t animnl f t1 " o- tati n mak
ing ab ut one-fifth of th i.r u ual nutrim ' llt. 

BARI ED KrLLlFL u. 

Thi , pecies i V ry abundan in th n rth rn part f th tate, 
p ciall in lak r in cl ar aml am1y ·tr am , but , ha 1) t 

taken it anywber In ntral r OU th ' l'll Illinoi . M t f ur 
oll ctions were mad In the lake f Lak an l I H nry un-

ties. 
The intestine is hort r than the body, th gill-rak r are Ii rt, 

btu , and few in number, th phary1w al jaw ar f th 1 a -
ment type, et with fine, harp t eth, and the m uth i mall, but 
xtraordinarily protra til . 

Ei ·ht specimens were stu lied, fr m ~ry tal and edar Lak . 
\..bout four-fifths of the food c n ·i ted of animal ul tanc, , th 

remaining fifth of v o·etation. Except a few filarn nt us lgre 
taken by ne of th pecim ns, the latter nsi t cl wh lly 

f e ds of variou · plants fallen into th wat r. Ei ·hty p r nt. 
of the food of two of the specim ns, and tw nty p r ent. f that 
fa third consi te<l of su ·h els; ratio· vicl ntly t large to hav 

b en taken accidentally. Two of the p 'im n had aten Plan
orbi., and all had eaten in ct , which macle ab ut f rty p r nt. 
of the food; terrestrial species, in luding pid r , maki1w tw lv 
per cent. mong th aquati forms were Chironomu larvn: , Hy
drophiliclm, and larv, , of Ephcmerict~, th latter eleven p r nt. 
Cru ta a were a fifth of th fo d, chi fly tile abundant :unphipod, 
Allorcli st .s d ntata. ypn anc1 and na wer lik w1 n ti ed 
in considerable quantity ( ev n per cent.), ·an 1 a f w p im n ' of 

various ladocera oc urretl. 

ZYGONECTES .L OTAT ·, Raf. T P MINN w. 

This pecie ranges in pond and luggi. h str ams tbrou bout 
the State, but is most abundant uthwards. H re it may om
monly be seen swimming slowly about in tagnant p 1 , with th 
head at the surface of the water, a if interested in th ph nomena 
of the weather, or p ibly wat hing for th app aran e of t rr -
trial insect·. The alim ntary trn tur · a.r in all r' l e t similar 
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t tho f Fundulus, exc pt that the intestine is po sibly a littl 
lon o- .. r, b in · about qual to the head and body. The only strik
in<Y p culiarity i the depr ssed head, with the mouth pla eel at the 
upper angl ancl opening obliqu ly upward. Thi , with the urfa -
swimming habit of the fish, has given rise to the suppositio11 that 
it fe d largely upon surface insects; but I did not find this to be 
the ca e, 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 
Algre, 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 Algre 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 H emiptera amounted to eleven 
per cent., and larvre of Agrion to three. Crustacea were esti
mated at only six per cent. They included G1·cingonyx gr ic'ilis, and 
various Cladocera, Ostracoda and Copepoda. Among the Euto
mostraca recognized were Daphnia, Chydorus, Pleuroxus, Acro
perus, Cypris, and (;yclops. Chironomus larvre were about one 
per cent., taken by only two of the specimens. 

ZYGONECTES INURus, Jor. and Gilb. BLACK-EYED ToP MINNOW. 

ZYGONECTEs DISPAR, Ag. STRIPED 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 g enus will be given instead. 
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Four-fifth f animal matt r 
Il arl · n -quart r b in h • a Plan rbi . 
anc.1 T .... a/ •rrtu ,• i nc ru . than half a11c1 11 arl , 

half of th f t rr larva~ u ually 
o al nntlant in th f d f in UIT tl h r 

in nly triYial quantity. n o hilh ·dru at n h 
thr f th fi ·hes. Ol'i.m altenwt(( am unt l to fiv p r nt. 

f th ir f c.1, \. rion larv, and a w rm (L pto ridn.>) t tw 
p r nt. "'ru ta ean four p r nt. of th wh 1 

artly .t: mphi1 c.la, hut En om traca. Th v g tabl 
f ocl ( ixt n p r ent.) wa: hi lffia, tak n b , fiv f th 
p 1m n fr m outh rn lak 1 n indivi luals hac1 h w v r 
at n filamentou lg 

S u m m a 1· y . 

Th only es ntial cliff r n b tw n th two g n ra xhib-
it cl b · the p cim n tu li cl i th mu h larg r rati L of t rr . -

trial in · ct aptured by Zyg n t s, thi · genus ating n arly 
t\vi' a. many as the oth r. Thi. fa t i. po · ibly r lat d t th 
urfac - wirnrnina habit already m ntion cl, l ut i · m r lik 1 lu 

to th mailer boc.li · of wat r in whi h the t p rninn ws ur. 
on ernina th food of th family a a whole, the alient chara -

t r are th presenc fa onsitl rabl quantity of v ,aetable food, 
(al out tw nty per ent.) th oc urr nt f fifteen p r nt. of Iol
lu a th in ignificant quantity f 'ru tac a aten (four p r nt.), 
ancl the importance f terr trial in ect a. a sour f uppor . 

F MILY MBRIDA3; . 

.MBRA Lnn, K irt. :\Iu1 J\Irr x w . 

Thi p cie the nly on fit farnil in Illinoi , i v ry al unc1-
ant in muddy pond and dit h ancl ha be n 11 t , (1 by u 
from Lake to mon unties. 

The inte tin i hort, le than th ho 1 ' in 1 · 11gth · th ·ill-
raker are thick and rath r 1 ng about n -half h length f th 
filam nt and the pharyng al a1 l aratu i wholl in. ianifi ant . 

T n . p cimens wer tuiliecl from ,· ix 1 alitif' all from outh-
rn Illin oi hut one, whi h wa. tak n in 'alum t Riv r. c>gc•ta-

bl food amount d to forty p ,r >11t . hi fl · olfiia at •11 I y 
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seven of the specimen· fr m outhern Illinois lakes. A consider
able quantity of uni ellula,r Algre 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 larvre . 
No terrestrial forms w re recognized. Corresponding to the 
greater development of th e gill-rakers, we :find the Entomostraca 
assuming greater importance in the food. These were r ckonecl 
at ten per cent.; three per cent. additional consisting of (h·an

gonyx yracilis. 

FAMILY CYPRINlDlE . 

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 reg ions. 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 Cyprinidre of Pennsylvania :-K-

" These differences of habit are associated with peculiarities of 
food and of the structure of the digestive system. Few 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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mcntar ' ·anal in tli form 'r th t ,th ar ' u ·uall · ·harp- •d(r d or 
hook d in th latt >r truucat hamm ' r, r p > u- ·hap 1.' 

In the in lucl d in th, · op, f 

thi p uliariti int tin rr p nd with th 
food. In th ~llbum ellu · 1·ubnfruns 1 they an but f ur-fi.fth th . " 

l n th of h ' acl and b dy ( x lulling caudal tin). In Jiyp ·ile-
pi · k ntukien is 2 Plwtug n is leucop ·, Al'.<f!JJ' us all' JW, l{, '

3 and 
na~ utus 3 Ericymba buccato ancl E. 'Ofjl s 'wn nut, ·illingu t a bout 

v n-ninth ; th f od f th la t fiv p ie i in t an 1 cru -
tac an the la t cl p ndinb largely on m llu · a. In the p i 
of ratichth · emotilu and Hyb p i with HyJ il 7Ji · cor
mctu 4 fifte n- ixte nth t qual the l n ·th; th habits in tiv-
rou . The g nera with lon ·er int tin are fir t, till 5 on and 

t"o-£fth to on and thre -fourth the 1 ngth; hro mu , H ybor
h ·nchu , and Pim phal s two and two-fifths to two and two-third , 
and Hyl o ·nathus f ur tim . The int tin in th ar g n r
ally filled with a oft, dark- olored lime without remain of 
in ect but of " · tabl on gm. In th r markable g nu · 

1amp toma the anal ext nrl. · to betw n ei
0
·ht and nine im 

th 1 ngth and lik that of ther v g tabl feed r i u ·ually 
found o cupied by the ino-e ta for a con iderable part f it 
length .' 

Thi tatement i m the main corr t as far as it go s, but it 
will b seen from the foll wing data, and from the 1i u i n of 
th food of the family, that it is far from th truth with r . p t to 
the genu ampostoma an l its alli s. 

If we examin tl1 e alim ntary tructur s f the '1yprini 1~ , to 
whi h refer n e has b en made in de ribing the fo d f t h pr -
ce liner famili , we hall find these fi h a ily <livid 1 into at 
lea ·t four tol rabl di tin t gr up , defin <l by chara t r lrawn 
from the gill-raker , the phary1w al te th and the int ·tin . In 
all but two of th o- nera f this paper·X- th aill-rak r ar hort 
an l in ignifi ant. Th phary11g al t th may b ith 'I' h ok cl or 
plain, and with or with ut grinding urfa" , whil th int hn 
an in length from le than that of th l o<l with ut th h ad 

- ------- --- ---
1 finnilu or N otropi . ~Photoo-eni analo tanu . 3Rhinichthy.. 4Lux

ilus cornutns. 0 Notemigonu . 
-:', I have use<.l her , for on venien e' sak , th no men latnr of the 

CaL:1)0,•·ue of the Fi h of Illinois, pnbli h l in our third bull tin. 



76 The Food oj the Smaller Fresli- Wate1· Pislies. 

t o seven or eig ht times the leng th of the head and body together. 
For convenience' sake I have g rouped the g enera as follows: 

Group !.-Intestine long. Pharyngeal teeth not or slightly 
hooked, with grinding surface. 

Oampostoma_, P imephales, Hyb01·hynchus, I-Iybognath:us. 

Group II.-Intestine rather long. Teeth hooked, with grinding 
surface. · 

Notemigonus, Olw·osomus. 

Group III.- Intestine short. Teeth hooked, with grinding sur
face. 

Hybopsis, L uxilus, Lythrurus, I-Iemit1·emia, Platygobio. 

Group IV.-Intestine short. Teeth hooked, without grinding 
surface. 

M innilus, Photogenis, Ericymba, Phenacobius, Semoti lus, 
0 eratichthys, Rhiniclitliys. 

The second group, consisting of N oternigonus 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. 

Foon OF THE y OUNG. 

The g enera and species of Cyprinidre 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 fe w 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 Algre, cells of Cosmarium and Closterium, 
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and matopleura an l r diat m an 1 p r tilao-o w r 
th v g tabl l ment , whil th h ad f a 

o-r at number f th iliat infu rian ~~Uf!I 1 11<t 1,i1'idis and a 

few p im n of Eugl 'nlt l ·u ·, r pr n d th animal ki11,?"<l m. 
Full half th ont nt f th int f th r to-

zoa m nti ncd. third p im n f th tak 11 from 
th Illin i River in Jun , had 1 riv cl ab ut · it 
f tl from Bo mina, th remain<l r on i ting 
mu lan·a and a minut larval h clra hnitl. In a p 'im n 

tenth of an in h l ng, tak n in Ma :kinaw r l in Auo·u t, Elt

gl JUl vii'idi<3 wa th mo t abun lant obj ·t, 
tenth of th fo d; anl Eugl ,ni rt·u' and a 

al o c urr cl. arious filam ntou lg,... p imf>n 
ium and o marium, and numb r of cliat m w r th remarnm 

elem nts. In anoth r specimen, tak n at th am . tim and 
pla e, about three-fourths of an inch in length, fungi and fmwu 
spor amounted to m re than half the food, altb u ·h the am 

f rms of Algre o urre l as befor , together wi h a f 'W example 

of Eugl na vil'iclis and Diffiugia. A Chironomus larva, a 1 lant
l u e, and ome other inse t not determined, ha·d al o b en at n. 

From th above we may conclude that the oun yprini<l, 

draw almo t indi criminat ly for their food supply, upon Protozoa, 
Algre and Entomostraca, cliff rin in this respe t from th youno· 

of all the oth r families which I have tudi d, , ith th ex ption 
of th Cat stomidre. It i worthy f note, a a uo-o- tiv co111-
ciden at least, that the other families just mention ~a , hi h were 
found to take Entomostraca and hironomus larva~ a th ir arli

e t food, were all po sessec.l of raptatorial t eth on the jaw wh n 

v ry younn; whereas in youno· u ker anc.l yprinitl, ~ th mouth 

i unarmed at all age . 

GROUP I. 

Inte tine long. Pharyngeal teeth not hooked, with grindino- urface. 

A IPO, TOM.A. ~ }IA.LU r, Raf. 

Thi· very peculiar fi h i xc din ly abumlant v 'r wh 'r x-
c pt in the great lakes. I have tak n it in tream f all mao-ni
tud fr m the Illinoi Ri, er to th . mall t er k l nt haY not 
yet nc unter ct it in Lak Iichio-an r in staanant p ol . It i. 
commonest, however, in swift ere k of medium sii . 
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It i di ·tin o- ui h d fr m all other p i by the o-reat 1 no-th f 
;:') ::::, 

the int tine, whi h is fr m six to nine tim s the length of th 
hocly, ancl is spirally coiled about the air bladd r. Th gill-raker 
are numerou , ab ut twenty in numb r to ea h gill, but are very 
hor , arcely pr j ecting beyond the anterior margin f the arch. 

They are evidently almost totally inefficient as a straining appa
ratu. 

Of the great number of specimens availabl e for diss ction, only 
nine were studied, since the contents of the intestines were founcl 
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 eptember. 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 org anic 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 veg etable ori
gin, consistiug chiefly of filamentous Algre, mingled with a few 
diatoms, but comprising occasionally minute fragments of other 
kinds of vegetation also. The only animal objects noted were 
occasional Chironomus larvre and Diffiugia. 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 £sh, which 
should evidently be classed as limophagous. The ratios of ani
mal to veg etable 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 PRO rnL.As, Raf. BLACK HEAD. 

This species is generally distributed throughout Central and 
Northern Illinois, but is not very abundant. We ha Ye taken it 
only in rivers and larger creeks, but have not found it south of 
Jersey County. 
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The a limentar canal i two or thr · tim the 1 n th f th .... 
b d ' and the gill -rak r ar £f n in numb r and om what 
rnor prominent than u ual, those n th o t rior pa.rt of the fir t 
ar h bein · about on -third th 1 no-th f th orre p nding fila
ment. 

Only four pe imen tu died on from th P a tonic a 
RiY r at Freeport and three from tter reek in J r y ounty. 
\Vith this fi h a with the pr ceding, ab ut thr e-f ur hs of th 
content of the int tin con isted of mud, th remain 1er being 
almost wholly in ects. Th se were partly terrestrial pe ie , oc
currina accidentally in the water, and partly aquatic larv. f Dip
tera. The vegetable food of these pecimens amount d nly to 
about one per cent., biefly various unicellu lar Algre. 

HYBORHYX H s OTATU • Raf. BL NT- ~o ED MrN ow. 

This extremely abundant minnow occurs in tream · and riv r 
throughout the tate, but has not be n found ?Y u in p nd . 

pe imens were taken, however, in the mall lak s of orthern 
Illinoi . 

The intestine i about two and on -half times the length of 
the head and body. The gill-rakers are few short an<l thick, 
being about one-fifth of the length of the orre ponding £lam nts. 

Nine specimens were studied from all part of the tate, when 
th fr food proved to be so uniform in character that further obser
vations were deemed unnece ·sa.ry. Mud made about eighty per 
cent. of the contents of the alimentary canal, the remainder con-
isting of unrecognizable vegetable debris, with a few filament 

of Alo-,~ . ndeterminable insects oc urred in on , and a inglc 
specimen of Cypris in another. 

HYROG ATH NUCHALis, Ag. BLUNT-.JAWED ML ~OvY. 

This species is likewi generally distribut cl in river , reeks 
and pond , occurring in our c 11 tions from Gal na t air , a.nd 
at a great number of points interm diat . 

The alimentary canal in thi genu i elongat , b ing about four 
times the length of the b dy. Th gill-raker are f w ancl ratb r 
short, triangular in form, and about on -fourth o on -fifth th 
length of their corre ·ponding filam nt.. 

Eight specimens of this speci wer ili s ct d with r ·ults in 
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all respects similar to those given for the other members of this 
group. Filamentous Alg , 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 r sults of the four species studied, belono-ing 
to this first gr up, 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 vea table 
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 betwe n Al
gre 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 Illinois. 

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 a.mounted to 
thirteen per cent., partly tissues of aquatic plants, with traces of 
fungi, but chiefly Algre of various forms, including a little Oscil
latoria. 
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TE;)IIGO ... HRY LE , i\Iit h. HI ER. 

Thi xtrem ly abundant minnow, commonly •all d the bin r, 
o urs in all waters throucrhout th tat , from the larg st riv r 
t th mall t ere k , and from Lak fichi an to mall stagnant 
ponds. 

Th int tin i horter than in any of th pr c ding speci s, 
althou h till rath r 1 ng, the head and body b ing c ntain d on 
and n -thircl time in it I ngth. The crill-rak r ar long, fin , 
and numerou , about tw nty in number on th anterior arch, and 
full one-third th I ngth of th corresponding filam nt , making, 
th refore, an ffective apparatus for the separation f the Ento
m traca from the water. As this fish pres nts a peculiar combi
nation of alimentary structures, and as it f d was found unusu
ally Yariou , a larger numb r f spe im ns w r studied than f 
an of the sp cies already discu sed. 

Tw nty-fiv :fish w re diss cted, from a gr at vari ty f it
nations in all parts of the State, and repr enting variou dat s 
from 1\Iay to eptemb r inclu ive. As th f od cliff r d widely 
a· orcling to ituation, that of specimens fr m c rtain localiti 
being more widely different than the food of different sp 01 

ha usually been found, it will be best to mention th most n-
pi uous differences depending upon situation. 

p cim ns taken from the Pecatonica River at Freeport, an 
extraordinarily muddy stream, noted for th abundance f it 
rnollu k , had at n no oth r food than univalve follu ca, hiefl 
Vctl1 rlta tl'icarinata an l Plan01·bis deflectus. An ther, from the 
Illinoi Ri,,er at P kin, had al eaten lar ly of mollu k , , hi! 
three taken in Ott r reek in J rsey C unty, in almost stagnant 
reache of the stream, extrem ly muddy, and gr en with Al 
hacl fill d their intestines with mud, lik Camp stoma; and still 
others from ponds n ar N rmal had aten only Entomo traca, 
about qually ladocera and Copepoda. Anoth r sp cim n fr m 
th Illinois River had taken imilar f od, all Daphnias. One pe i
m n from ipp rsink Lake, in the northern part f the tat , wa 

full of wild rice (Zizania). Taking all the groups to th r, an 1 
consid ring the sp cies as a whol , b i 1 the mud air a<ly m ·n· 

ti ned, about fourt en per c nt. of th food n i t d f m llu l 
and only six per cent. of in ct , n arly all f whi h w r f 
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terr trial peci s. Crustac ans amounted to fift en per cent., all 
Entomostraca. Veg tation 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 Algre, 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 Cyprinidre 
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 
g ill-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. 

GROUP III. 

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. 

HYBOPSIS HUDSONIUS. Clint. SPAWN-EATER. 

This fi.J). e 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 1s 
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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.1. Tipp r ink Lak and th Illinoi Riv r. Iud wa · found inn ti• -
abl qua11titi only in a iugl p im 'n, and th 'r in ·mall 
am unt. bout · v nty p r nt. f th d · <l f animal 
uh tan thr per ent. b ino- :fi h ·, taken by two f th 

mum wr:,. On had al o at n a mall bivah· mollu k. In · ts 
ma]' half the f cl, ab ut ne-thircl of th m of t 'IT ·trial p 1 • 

(Rhyn hophora) th r maind r b in<J' hi fly lan·,, of 'ph rn •ricl ·. 
f w Cbironomus larv:, ancl. an aquati h mipt 'r, w r th nly 

other kind det rmin d. Crustacea amount cl t thirt 11 p r • ut., 
n arly all O tracoda ( Oypri::; vicbta,) tak n by two f the p 'ci
m n from Chicago. V g table f od tand · at thirty- n p r 
c nt. eat n by ten of the specim n . One-thircl f thi consist cl 
of Alg .. , chiefly of the filam ntous f rms, th remaind r I 111g 
mi c llan ou fragment of exog nous pla:1ts, hi fly viJ. ntly 
aquatic. 

Lo al and indfv·idual pecnli irUie . . - The gen ral ummari of 
th food f so many individuals from so great a variety f situations 
oft n clisaui e interesting and important facts relating to th food 
re ources of the species, sin e an el ment tak 11 in larg quantity 
by on or two sp cimens may figur in the gen ral averag rn 

uch an insignificant ratio as to lead to the infer no that its 
occurrence is merely accidental. In oth r w nl , general av mg 
for a variety of situations will not n essarily inclicat ' all th food 
re ources open to the species. The an only I dem n trate l 
by exhibiting the pemliariti s of th record as w ll a· its 
gen ral average characters. For xample, the fact that nly 
eleven per cent. of the food of this p ci s consi t cl of Alg, has 
a omewhat different asp ct when we I arn that one of the p ci
men had eaten nothing else, ancl that they mad thr 'C-f urth of 
th f od of another. Three specimens had at n only in ·t , a.nd 
these made ninety p r cent. or mor of the fo cl of th r e oth r . 
Two had eaten nothing but Entomostra a, all the ('yJ ris nid1w 
pr >viou ly mentioned. V tabl tru tur made tit ntir' f od 
of f ur, and · ninety p r cent. or mor of the f d f hr e otb r 
sp 1m ns. Three out of f ur individual tak 11 at ipp r ink 
Lak in May, had d riv d from nin ty to n hunclr d p 'l' nt. f 
their foocl from t rr trial 1 tle8 f a in I fami ly (Rhyn hoph
ora), while phemerid larv o curr cl in th f cl f thr oth r in 
ratios exceeding seventy-five p r ent. 
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HYB r J • • TRAMINEus, _Cope. STRAW-COLORED MINNOW. 

Thi in ·io-nificant species has been found by us in rivers and 
small streams throughout the State. 

The g ill-rakers were few and short. 
Only fiv e specimens were studied, all from rivers in Central 

Illinoi . About three-fourths of their food consisted of animal 
matt r, nearly all neuropterous larvre (fifty-eight per cent.), 
Ephemerid::e 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 larvre, and four of the five had eaten 
vegetation amounting to as much as eighty per cent. 

LuxILUS CORNuTus, Raf. SHINER. 

'l'his 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 :::pecimens 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 larvre, Corixa, and larvre of Palingenia 
bil-ineata we~e among the forms recognized. The crustacean 
ratio was insignificant, standing at only three per cent., all the 
abundant amphipod, A.llorchestes dentata, with the exception of 
traces of a considerable variety of Entomostraca, incl~ding 
Chydorus, A croperus leucocephalus, and Cypris. One of the 
water-worms (Lumbriculus) was noticed in a single specimen. 
V eg etabl e food was reckoned at thirty-eight per cent., only about 
one-third of it consisting of Algre, and the rest of accidental 
fragm ents, including the seeds, anthers, and pollen of plants, with 
a little Potamogeton and various forms of fungus spores. One of 
the commonest of the Algre was Cladoplwra glomerata,* taken 

1*Kindly determined for me by Rev. Francis Wolle, Bethlehem, Pa. 
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1 ' tho e fr m •Effingham. Th fa t ha alr ad b n n t cl that 
f th p im 11 ha l •atcn nl fi h . Fiv had nfin d 

th m · lv · an m · t di t whil tw Iv bad 1 rn· d m r than 
ltalf their food fr m th v a tab) kinaclom, on of th m atin 
nin ty-five per c nt. and an th r on hundr d. 

HE::IIITREll[JA HETER D N, RTIIElC. lE::lll'l'RE IIA. 

This p cie extr m ly abun ]ant in 
been taken by us outh f the central part 
Rock Riv r it has b n o-en rally found in 
de cription from Lak Ii higan c.lown. 

rth rn Illinoi , has not 
f the tat . orth of 
tr am and lake of all 

The o-ill -raker ar f w in numb r, but thi k, triangular, and 
rath r lon o- those on the po terior part of th arch being from a 
fourth to a third the 1 ngth of the filam nt . Th intestin i' 
contain c.l one and one-fourth times in the length of th head and 
body. 

Eio-hteen specimen were studied, suitably distributed as to time 
and place. A little mud was found in the stomach of one. nly 
about one-tenth of the food consisted of vegetation, chiefly flowers 
and eeds. Traces of filamentou Algre occurred in two f the 
pe imen . nivalve Mollusca were noticed i11 one, and in cts 

in twel e, amounting to more than a fourth of the ntire food. 
These wer chiefly larvre of Chironomus ( tw nty per cent.), 
ephemerid larvre occurring in but one. Crustacea were reckoned 
at fifty -eight per cent., all Entomo traca, with the xception of a 
·ingl Allorchestes dentata. About two-thirds of these wer 

lado era, the r mainder being Ostracoda and op poda. Roti
f rs and Protozoa al o rarely occurred, the latt r including Centro
pyxi and Difflugia. Five of the sp cimen had eaten Entomos
traca only, and two other ninety per cent. r more. Only tw 
had derived more than half their food from vegetabl source . 

It will be seen that the peculiar fact with re pect t this species 
was th larg per cent. of Ent mo traca appropriat d. I find 
nothing in tb stru tur of th fi h to xplain this cir um tance, 
other than the som what unusual d v 1 pment f the gill-rak rs 
and the small iz of th spe 1es. The latter pr bably had mor 
to do with it than anythin else. It h uld be n t cl, h w v r, 
that nearly half the specimens wer d riv d fr m pla wh r 
Entomostraca w re x s iv ly abundant at th tim of th ir 

capture. 
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SUMMARY OF THE GROUP. 

T~king 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 larvre of 
N europtera are by far the most important insect species, and 
stand at twenty-five per cent. Entomostraca 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 gr.oup, organized more strictly for predatory purposes than 
any of the preceding, contains also the largest number of g~nera, 
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, Ph,otogenis, Phenacobius, 
Semotilus and Ceratichthys. 

MINNIL us 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. 

Eighteen 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 Algre. A 
minute fish had been eaten by one of these minnows. Insects 
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made two-third of th food nearly two-third f th m b ing t r
r trial. N ur terou larv, ' w r th prm i pal aq uati form , 
chi fly ·a e-worm an<l lan',' of ph m rid . 1'h ru ta a 
( twenty-tw per cent.) were all Entom tra 'a, ab ut tw -third 
of them ~lado ra, the r main l r p p tla. m no- th form r 
Bosmina and hydoru · wer r ogniz d, and Diapt mu among 
the latter. 

ix of thi species had eaten only in ect , and these made 
nin t3 per c nt. of th food of two others. n ha<l filled it elf 
with the larvre of Bibio ilbiJ nnis, at rre trial rub abundant in 
early pring. Three from P oria Lake, captur d in ct b r, had 
eaten ladocera only, nearly all a singl spe i , Bosmina lon
girostris. 

PHOTOGENI AN ALO TANU , Grd. ILVER :B'r . 

Excessively abundant in streams f all sizes. 
The gill-rakers are short, triangular, about one-f urth of th 

length of the filaments. The inte tine is shorter than the head 
and body. 

Thirty-three specimens of this species wer examined. Tw -
thir ls of th food was insects, seven per cent. fi h s taken by 
thr e individuals, and on per cent. spiders, bringing the rati f 
animal food up to seventy-one per cent. Be id . th , a Limna~a 
was eaten by one, and traces of Cladocera and Cop poda occur in 
three. early half the · in cts wer terrestrial, rixa and neu
ropterou larvre being the most important aquatic f rms. Th 
vegetabl food (twenty-nin .per ent.) was nearly all f terrestrial 
origin, about one-third consisting of Algre, b th £lam ntous anci 
unicellular, incluuin · pirogyra and GI ocystis. Se d , anthers 
and pollen of plants, and fragm nts of gra s-lik v g tati n were 
noticed. 

Eight of the specimens had taken only in cts, and in two other 
these amounted to ninety-five p r c nt. Two had fed up n 
terrestrial species only. Corixa mad ninety-five per cent. of the 
food of one. One had fed s 1 ly upon filamentous Alg , and 
ninety per cent. or more of the food of three oth rs consist d of 
vegetable structures in general. 
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P HEN AC0BIUS . . 0PIFERUS, Cope. 

This species occurs not very abundantly throug hout 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 was almost purely insects, 
only two per cent. being unrecognized vegetation. Seventy-six per 
cent. consisted solely of Chironomus larvre, 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 C0RP0RALis, Mitch. CHUB. 

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. 

T wenty-two specimens, from widely separated localities, give a 
ra tio of seventy-six per cent. of ani~al food, four per cent. being 
fi shes (partly Cyprinidre ), thirteen per cent. veg etation, and three 
per cent. worms. Insects make a little over half the whole, about 
one-half of them terrestrial. N o Chironomus larvre were found 
in the food of these fishes. Of neuropterous larvre only a trace 
occurred, aquatic Coleoptera were noted in two, and Corixa in one. 
Grasshoppers (Acrididre) made ten per cent. of the whole and were 
eaten by three of the specimens. Five had t aken 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 thi s series, p. 25. 
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oc 'U1T111g in two f the p mm n . um r u xampl f 
Gonliu w re found in two, an 1 wer r k n l at thr p r nt. 
of th f cl~<- The v aetable fo d (tw nty-f ur p r nt.) wa half 
_-\lo-,l·, th' r maind r mi llan u v etabl l bri . 

Eight had eaten only in ct , two havin fille l th m 1 v with 
oTa hopp r . Thr e fr m a prairi tr am n ar ormal had tak n 

onl crawfi h , whil f f ur p im ns aptur <l in J\I •L an 
County in July filarnentou Alg.. corn po d ninety-four p r ent. 
of th food. 

'1ERATI IITIIY BI ,.-UTT.A.TU,, Kirt. HoR.i: ED CHUB. 

Thi 1 verywhere abundant northward, chi fly, lik 
m tilu m th maller tr ams, but pref 1Ting swifter , at r . 

We hav n t taken it, how v r, outh of th c nt r of th tat . 
It differ from th prec ling memb r. of th group by th 

great r length of its alimentary canal, which con iderably ex ed 
the head aml body, the latt r b ing contain d in the int tin 
about one and on -fourth tirn s. The gill-rak r are n t p uliar. 

Thirteen pecimens from North rn and ntral Illinoi · had 
d riv d le s than half their food from the animal kin <lorn. Only 
about one-fourth of it con iste I of ins ct ·, larg ly as -w rm and 
other neuropterou larv< , another fourth b ing Crustacean 

( rawfi be ) eaten, how ver, by only two f th specimens. The 
vegetable fool (fifty-four p r cent.) wa ab ut equally divid cl 
between fi.lamentou · Algre and see ls of etaria and oth r ara -
like plants . 

.r otwith tan ling th mall ratio of ins t fiaur l ut, it 1s 
worthy f not that two specim n out of four aptured in a r k 

111 epternber ha l aten nly in ects, chiefly a -w rm , , hil 
th c mposed nin ty-fi ,- , p ' r ent. of th foo<l of another. ~ 

the inte. tines of the e fishes contained a consi<l rable quantity of 

grav 1, it i ... evicl nt that they hacl f l upon th bottom in rath r 
swift water. n th th r hand, two sp cim n had l riv d all th ir 
food from veg tabl our e and thr nth 'r ba l ,at n ighLy 
p r nt. r more of v g tation. Th xtraordinary amount of 
v getation in the fo <l of thi fi h i po sibly r lat cl to iii 
increas cl lenath of the alimentary anal. ::-, 

:,'These were not from the same specim ns a· tho e containing th 
grns hoppers. 
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SUMMARY FOR, THE GROUI->. 

Nin ty-fiv ·p imens of Group IV examined, representing 
five genera, had derived about three-fourths of their food fr m the 
animal kingtlorn, . three per cent. of it b ing fishes, sixty-one per 
cent. ins cts, one per cent. A rachnida, and eleven per cent. Crusta
cea. One-third of t he insects and spiders belong to terrestrial 
species. Chironomus larvre are among the most important aquatic 
el men ts, amounting to sixteen per cent.; neuropterous larvre 
coming next (eleven per cent.). About two-thirds of the crusta
ceans were erawfishes, the remainder being Claclocera and Copep
oda. The v getation (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 
Algre . 

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.for the Family. 

If we regard the two hundred and fourteen specimens of 
fourteen genera which I have studied, as fairly representative of 
the family Cyprinidre, 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. Cbironomus larvre, and an 
equal number larvre of Neuroptera. Of aquatic Coleoptera we 
have only-a trace, and of aquatic H emiptera (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. N early half the vegetable food consists 
of Algre (chiefly filamentous forms), the remainder being miscella
neous structures, derived from a· great variety of plants, mostly 
terrestrial. 
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ummino- up, in aw rd, th hara t ri Li f th f od of th fami -
ly a thu indicat d, w may a that about on -half of it · 

f animal ub tan n -thirtl h ing in ,t , an l on '-thirJ f 
th e of t rr trial p i , and t n p r 'nt. b in · ru t.a an · 
that no-fourth onsist d f v o- tati n, about qually a uatic an l 
t rr' trial and that th r maind r i mud, pr bably ntainino-
m re or 1 fluid r ani matter. 

CoMPARI F THE GR p 

It will be r m mber d that th gr ups w r ba d upon liff r-
n in the tructur r lating to th appr priation an 1 ma tica-

ti n of food. It i con equ ntly from a mpari on f th rati 
f th s groups that w hall d rive th m t int r stino- fa t 

r 'lating to th" c rre pond n of food and stru tur . Th rn t 
on pi u u r sult is th great prepond ranc of mud in th 

int tiu f th fi hes of th fir t roup, characterized by an extra-
onlinarily longat inte tine, and by pharyng al t th d titut 
of hook and provided with a broad a-rinding urfa e. H re, a 
alr ady noted, mud, and, and gravel amount d to about thr -
fourth of the matter ingested, while in the third and fourth group 
only trivial and accidental quantities occurr <1. In th c nd 
aroup, on the oth r hand, with inte tin s interrn diat in l ngth 
mud was still abundant, but much l s so than in th first, av r
aging 1 s than half the whole. If w x lud this indig stibl, 
matter, however, we hall find the fir t gr up still forth r li tin
o-ui h d by the predomina.nc of vegetation a compar d with 
animal matt r, the latt r b ing only about n -third the f rmcr, 
while in roups III and IV, n th other hantl, v g 'tati n 
amount to about one-third th animal f od. Th o-roup la t 
mentioned, distin ui hed from ach th r a · th y ar , only by the 
presenc of a ma ticat ry surfa e on the pharyu al t th in th 
first, and its absence in the econd, differ ar ely at all in th ir 
g neral fo d baracters, and this tructural f atur s cm th ref re 
to be of little significance. In b th the adimal rati am unt · t 
sev nty-five p r cent., and v getation tands in ach at twcnty
fiv ; whil insects are r pectively fifty and si ty-on . It i tru 
that we fin neur pt rous larvre greatly pr dominant in th fir 

roup, makino· n -f urth f th ir f d, ancl hiron mus htrv, 
in the se nd amounting t sixte n p r ent. Th , nd of 
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th fa t we find upon analysis to be evidently due to Ph naco
biu , by whi h g enus nearly all the Chironomus larvre were taken; 
and thi , as already shown, is explained not by any structural 
f ature, but by its peculiar habitat; and when ·we note that· 
aquatic larvre 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 Hemitremi-a, 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 N otemi
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 terminai 
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. 
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T .\BLE 01? 1~ OD: APHREDODERID ,R TO U I BRID ,11:. 

I 
N 11Blrn Of' SPE IME A ND RATIO ~ 

K[XOS OF ~ _ 0. WHICH EACU ELEMENT OF .i'' OOD WAS 
. FO ND . ________ _,_ ___ _ 

ANll\lAL 1.t' OOL> . .... .. . . ...... .. .. .. .. ·I .991.00 .·. 7·5· 1..00
01 

.• · .1. *90!· ··63··· 1· .· o·o· /0 ' .. ·5·9· 
l. FISHE .. .. .. . . .. . • . .. .. . . .. .. . .. .. .02 .27 

1i!:1~l~8
: .~~: ::: ·: ::::::::::.::::::::::::::.1:.:·:·:· ···· ·01 

·8~ ·8~, ·: : ·i~ ·s~ 
u1. IN ECT ..... . ...................... 91 .44 ::~i ]~ ·: :~7 ·:1al· :i._.* .. -: ,m -: i: 
Aquati · larvre ..... .. .. .. .... ... .. ... . 0 .36 .. . , ... , . ... .... .... .. . .. 

1 
. .. 

1. Ilym noptera. ...... . . . .. .. .. . . .. . . .. .. .. .. . .. . .01 .04 0 I .O~ .. .. .05 ... 
2. Dipt 1·a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 l .01 ' .43 .46 I .1 .21 .07 ·• .14 * 
Terre trial . .. . .. .. . .. .. .. .. .. . . .. .. . .. .. . . . .. . .30 .01 .02\ .... 

1 
.. • 01 ... . 

~~i~~ti~~tct\e.·.· :·:::::::.·.·· .. ··.·.:.·.·.· ·.· .. ·.:· ....... , ·· ·11 ·2~ .... . 01 ...... . 01 .. . .. . . .. .. .. .~o .01 .01 . .. .. .. t I .. . 
Aq,ua.ti~ (larvm) ..... .. ....... .. ...... . . ~43 ·.·.·. · .. .. 3.7_, .. 0.5 . . ·. 0·2·: 1··.·.·_ ·.·. ·.· . . 01 ... . 

nlic1tlm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , I 
·r~fi~f~:!~~·.~· .: ·:·:·:·:·<::.:.::.:.::.:.:: :::><:1 :gi .... ji ·: 05 ·:o~ ·::: :::: :::: ·:~i 

3. Col optera . .... . ....... . ~.... ..... .... .11 06 17 08 
T rr trial ............................... 11 · . : .. j. ::. :::: .: .. 
Aqua.ti larva~........... .. .. ... .. . .. . .. .03 .0 ... ..... . 04 
Hy<lrophilid ro . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0 . . . .03 

Philhydrn .. .. . .. . .. . .. . .. .. . .. . .031.04 .. . 02 
4. ffemipter a .. .. ......... .. .... .. . ........ . 02 .. . .. .. .01 .02 .17 .0 * .09 .03 
Terre trial.. .... . ....... .. . .. .. . .. .. .. .. . .01 .02 .05 .05 .. .. .04 .. 
Aquatic....................... .. ... . .. .... . . . . .11 .01 * 04

1 

... . 

Corixa . .. .. . .. .. .. . .. .. . .. .. .. . .. . .. .02 . ... 

1

.... . .10 .. .. * .03 .. . . 
5. Yeuroptera (lan·::c) . . . . . . . . .. .. . . .. .. . .25 . . . .. . .06 11 .03 .01 . . . . .05

11 
.. . 

Ephemerid:e .. ........... . . . ..... . . . .. .. .. 14 .... .. ····J .11 ----J---- .... . 0-l ... . 
Palin a-enia .......... ................... . 07 .. .. ...................... ·I .. .. 
dona ta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0G . . . . .o· . . . . . . .01 .. 

grion .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · 1 ·0l 03

1 

.. . .. .01 
Libellulidre. .. .. . .. . .. .. .. .. .. .. .. .. .. .11 .. .. . . .. .. .. .t .. ·1 · .... _· 
L ptoceridrc..... .. .. . . .. . .. . .. .. .. .. 1-- .. .. .. .. . .01 ... 
G Thysanurri (Poclura)...... . . . . . . . . . . . · • • • I 1' 
IV. ARACHNIDA .. .. . .. . .... .. .. .. • .. . .. .. ..... , .01 1 .03 .02 .03 . ... .02 "' 
Terre trial.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .01 1 .03 02 .03 .0:. 
IIydntchnithe .. ........ ....... ...... .. ·.· 0·4· 1· .2·9· 1·· .. 3·0· -t.40 -t -- 0·6·1 ··0.•> * ... -t 1, 
V. CRU TACE.\. .. .. . .. . . .. .. .. .. .. .. .. .. .. - .21 ~ .10, .13 
1. Aniphip oda . .. .. ....... .... .... . ..... 03 I .. . .13 * 02 ..... 05 .03 
2. I sopoda (A ellns) ........ .. .. ......... 01 .2\J .. . ... .. 
3. Otadocer·a ............................. I ....... · 1 ·28 .24 01 .02 t • .01 .06 
Jhphn.iitl ai . ......... .. .. .. ....... ... .... . ·· 1' ..... 14 .23 1 ..... Ol l ........... 1 ··· 

Lyn.·e 1<h . . ... ........ . . . .... .. . . . ... ....... J.. .. .14 .01 1 .01 t .... * ...... .. 
4. 08tracoda . .... . ... ... . ... .. . • ........... -t . . . . .01 . . . . .07 .02 .... . . 03 .04 
5. Oopepoda. . . . . . . . . ... . , . • . . . . . . . . + .01 .lG 1-- .. .02

1

.01 .. . .011 ... . ,:r. \'ERll:ES(Ohretop od a) . ..... .......... 1.02 ......... .. .... . .. ..... .. .... .. .. 
\IL Prot zoa .......... .. .. . .. ... ....... .... 1 . ....... 1.... ... t .... t .. .. 
VEGETABLEF OD .. ................... 01 . .... 25 1 .... . l!l .10

1
.37 .17 .41 

t ii~1f~e~~:::::::::·:::.::::::::::::>::: ·~~1 , :::, ·:~~ ::: :: :~:, :~: :gf ::: :~! :~3 
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TABLE OF FOOD OF CYPRINID.lE. 

--·-- ------ l--l--1--1--l--11--1---1--11--1---1--1--1--1 - 1- -1---1--1--1- _ 

No. of :specimens ... 9 4 9 8 30 25 3 28 1 17 5 21 18 61 18 33 9 22 13 95 

K I NDS OF FOOD. NUMBER OF SPEOIMENS AND .RATIOS IN W B IOB EACH ELE MENT OF FOOD WAS FOUND. 

A NIM .A.L .1!'00D .... ...... 27 ..... ... 07 .35 t .18 .69 .76 .62 .87 .73 .95 .71 .98 .76 .46 .'77 .48 
1. FISHES . . .. . .. .. .. . . . .. .. .. .. . . . .. . . . . .. . . .. .. .. .. .03 . .. . .14 .. . .04 .03 .. .. .. .. .04.... .. . . .tl 
I I . l\! OLLUSC A......... .. .. . . . . .. .. . . .. . .14 .. .. .07 .01 .. .. . .. . t t .. .. t .... ......... ..... . 
U1iivavves. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14 . . . . .07 . . . . . . . . t t . . . . t . . . . . . . . . . . . . . . . 
Bivavves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 01 . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . ... 
I I I. INSECTS . . ...... . . t .25 t ... .. 06 .06 .. ... 03 .51 .66 .45 .29 .48 .67 .63 .98 .156 .24 .61 .8' 
'I'errestrial..... . .. . . .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. . . .. . .. . . .03 .. .. .01 .02 * .. .. .. .. .. .. .OJ I .10 
Aquatic.. ...... .. . . . .. . . .. .. .. .. . .. . . .. .. .. .. . .. . .. .. .... .. . .. . .02 t t . .. . .01 .. .. .12 .03 .03 ... 
1. Hynienoptera ....... .. .. .. .. . .. .. . .. .. . . .. .. . .. . .. .. .. .. .02 .. .. .01 .05 .04 .. . 10 .. .. .04 .. 
2. Lepidopter a .... .... .. .. . 15 ..... ... 04 .03 .. .. .01 .. ..... t ... t .01 .05 ..... 01 .03 .02 . 
3 . .Diptera . .. ... ....... t .10 ...... . 02 t .. .. t .03 .05 .04 .24 .09 .14 .26 .'78 .08 .01 .25 .. . 
Terrestrial ... ... .. .. .. .. .. .. .. .. . . . . . .. . .. .. .. .. .. .. . .. . . .. . .. . . .01 + .11 .18 02 t ..... 06 ... 

Chironomid::e .. .. .. . .. .. .. .. .. .. . . .. .. .. . .. . .. .. . .. . . .. . .. .. . .. . .01 t .. .. .. . . .02 .... .. ........ . 
Aquatic (larv::e) .. .. t .. .. . . .. .. .. t + .... + .03 .... ... .. 20 .06 .02 .06 .'76 ..... 01 .17 .. 

UhiJ.·onomus .. .. . .. . . t ............ t 'I' .. . + .03 . . .. .... . 20 .06 ..... 03 .76 ..... 01 .16 08 
Sim11liun1 .. .. .. . .. . .. .. . . .. .. .. .. . . .. . . .. .. . .. . .. .. .. . .. . . .. . .. .. . .. .02 .02 ........ ......... .. 

4. Coleop tera ...... . .. .... . •.. . .. . . . . . . .. .. .02 .. .. .01 .18 .. .. .06 .. .. .06 .13 .02 .. .10 01 .05 ... 
Terrestrial . ...... . .. . .. . .. . . .. . .. . . .. . .02 ... . 01 .18 .. ... 05 .... . 06 .13 .01 .... . 05 .01 .04 . .. 

Carabid::e.. .. .. .. .. . . . . .. .. . . .. .. .. .. . .. . .. . . .. . .. .. . .. . .. .. .. .. . .. . .. .. . 04 .. . . .. . . 01 .. . . .01 j · .. 
Aquatic ... ... .. . . ..... . .... ..... . . . . .. ... . ... . . ... . . .... . . . ... . 01 . .. . t .. . . . . . . .. . . 03 ... . . 01 t 

Hali plus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .02 . . . . .01 .. . 
(}yrinidre (larvte ). .. .. .. .. . . .. .. .. . . .. .. .. . .. .. .. .. .. .. .. .. .01 . .. . t .. . .. .. .. .. . .. . .. .. .. .. .. . 
Hydrophilicl.~ ....... .. .. .. . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . .. . .. .. . .. . . .. . .. . .. .. .01 .. .. t .. .. 

5. Herni,pte1•a .. . . . .. .. .. . . .. . . .. . . .. .. . .. .01 .. . . .01 .01 . . . 02 .... + .11 .10 . .. . .03 . .. . .05 .. . 
'I'e r1·estrial .. .... . .. . . . .. . .. .. .. . .. . . .. . . . . .. .. .. . .. . .. . . .. t .... t .05 .01 .. . .. .. .. . 01 . 
Aquatic..... .. . .. .. . .. .. .. . . .. . . .. .. . .. .01 .. .. 01 .01 .. . . .01 .. .. .01 .05 .08 .. . .03 .. .. .03 .01 

<Jor ixa . .. .. . .. .. . .. . .. . . .. . . .. .. .. .. . .. . .. .. .. .. .. .. .. .. . .. .01 .. . .01 .. .. .08 .. .. .03 . .. . .02, . .. 
6. Orthoptera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . . ·.1·7· . ·.1·0· . ·.1·4· _._ 1_2_ .. ·1·6· .. 0121, ... 08. 

1. Neuroptera .. ... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .28 .58 .10 .03 .25 
Larvre ................ ........ .... .. .... .... .. .. .... ...... .... . 04 . .. .. 01 .. .. .01 .08 .... 03 .02 .. .. 
P tl })00. . . . . . . . . . . . . . . . . . . • ' . . . . . . ' . . . .. ' . . . . . . . . . . ' . . . . . . . . . . . . . . . . . . . . . . . . '03 ' . . . . . . . . . . . . 01 .. 
Ephemerid::e ... ....... .. . . . .. . .. . . .. . . .. .. .. .. .. .. .. . .28 .48 .06 .03 .21 .10 .01 .. .. .. .. .01 .02 .. ... 

0 , : Phryganeidre .. .. . .. .. .. .. .. . . .. .. .. .. . .. . .. . . .. . .. .. .. .. .10 .. .. .. .. .03 .07 . 5 .06 .... .12 .06 .. 
I V. ARACHNI DA. .. . .. . . .. . . .. . .. .. . .. t . .. . .. ... .. ... .. t t f .02 .01 . . ........ . 011 . 
V. CRUSTACEA ........ ... .. t ... . t .15 t .08 .13 .10 .03 .58 .21 .22 f -t .13 .22 .11 10 
1 . .Decapoda (Craw.fish) . .. . .. .. . .. . . .. . .. .. .. . .. .. . .. . .. . . . .. .. . . .. .. .. .. .. .. . . .. .. .. .12 .22 ._07_

1 

.... 
2. Arn,ph:ipoda.. . ..... . . . .. . .. . . .. . .. . . .. . .. .. .. .. .. .. .. . . .. . .03 .01 .01 .. . . . ...... . ... .. .. 
3. Cladocera .. .. . .. . .. . .. . .. . . . .. . . . .. .. .. .10 t .05 .01 .. .. t .36 .09 .15 t .. .. . . .. ..... 03 .0& 
Sididre (Daphnel la)... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .01 t . . . . . . . . . . . . . . . . . . . . . . . . .. . 
Daph niid£e. . .. .. .. .. .. .. . .. .. .. .. .. .. . ... .10 .... . 05 ... . .. .... . t + .12 t . ....... ... . 02 .. .. 
Lvnceidre .. . .. .. .. .. .. .. .. .. . . .. . . . .. .. .. * .. .. * .01 .. .. t .35 .09 + t .... ...... .. t .. 
4,- Ostracoda .. .. .. . .. . .. . . ... + .... t * .... "' .12 .... t . . 04 .04 .. . . .. . .. .. .. .. .. .. .. .. .01 
5. Copepoda,..... . .. . . .. . .. .. . .. . .. .. .. .. .05 .. .. .03 . .. . .10.. .. .17 .07 .07 t t .01 .. . . .01 .II 
VI . VERMES .. .. .. .. .. . .. . .02 .. .. .. .. .01 .' ..... .. .... .. ...... t t t .. .. . .. . .. .. .03 .. .. .01 ... . 
Lnmbriculus .......... .. . .. .. .. .. .. .. . .. . .. . . .. . .. .. .. .. .. . . t .. .. t .. .. .. .... . ............... . 
Naidre . . . . ... .... . .. . . . . . . . . .02 . . . . . . . . .01 ... ... . . . ... .... .............. ... . . .... . .. . ............. . .. . 
Gord ins .. .. .. .. .. .. .. . .. .. .. .. .. .. . .. . .. .. . . . .. .. . .. . .. .. .. .. .. .. .. . .. .. .. .. .. . . .. .. .03 .. .. .01 .. .. 
Rotifera . . .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. . . .. . .. . .. .. .. .. + + .............. .. .... .. .... .. 
VII. P ROTOZOA .. . .. . t ........... t . .. . .. .. .. .. .. , .. .. , .. . t t · .. · .. .. · .. · .............. .. 
VEGETABLE FOOD .20 .01 .20 .25 .18 .50 .13 .31 .31 .24 .38 .11 .26 .05 .29 .02 .24 .54 .23 .t-8 
Miscellaneous . ....... . . 02 t .15 . .. . 09 .21 .02 .11 .10 .01 .05 .03 .05 .01 .06 .02 .10 .02 .04 .. . 
1. F111rigi . . . . .. . .... .... .. . . ..... . .. T t .. t t . .. ..... t . ... t ..... .... . . .... .... .... .. .. . 
2 . ..dlgce .. ........ . .... . 18 .01 .05 .25 .09 .19 .09 .14 .11 .... . 12 .01 .05 .01 .09 .... . 12 .23 .09 .10 
MUD AND GRAVEL .75 .72 .80 .'75 .75 .15 .87 .51 · t ........ 02 .01 ........ t ........ t 29 

' 

• 



THE FIR '£ FOOD OF THE COMMO WHITE-FI H. 

( REG J: L PEIF RMI , :Mit h.) 

BY . A. F RBE . 

In a very large lake the ondition of lif ar remarkably uni
form. The v lume of wat r r main , of our , n arly 1 tant 
from season t eason and fr m year t y ar, and th extr m f 
ummer heat and winter c ld hav but a mod rat ff ct upon th 

t mp ratur of the lak a a wh le. n quently b th plant 
and animal lif exhibit th r a r gularity an 1 tabilit whi h ar 
in remarkable contrast to their fluctuati ns in mall r b di f 
water and on the surrounclin land. ot only do the r lativ 
number of individuals in th various p ci s r main al ut th 
ame, but th absolute number of a h mu t nece arily hang 

but little, a a rule. 
Such a tate of affair i eminently £av rable to an xact an l 

conomica,l balance of ·upply and l man<l, of income and x
penditur , of multiplication an l cl truction, among th inhabit
ant of the lake. Her , very speci s of animal, wh th r r cla
ceous or v g tarian, mu ·t fincl, in the urplu product f r w-'-h 
and reproduction among th pecie · up n whi h it d p nd · f r 
food, a far more constant and unvarying upply for its n l than 

lsewhere; and th speci s f d upon mu t be ubj ct t a far 
more reo-ular drain upon th ir urplu numb rs ntial 
structure . Wb r th re i little flu tuati n th r i littl " wa t . 

A ystem of life lik this, runnino- on with r lativ ly v n t n r 
for centuries, must of c urs be mu h 1 s fl . ·i'bl than n wh r 
wide and vi 1 nt f:luctuati n and ntinual r adju tm nt ar th 
rule; and a pecies in any way cl ply aff ·ted will h r 
have within itself far l ss r up rative p w r than on whi h ha 
been forced ao-ain and a ain - a h ar, p rhap - t rall 
against the most d strn tiv atta k a th pri f it c ntinu d 
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existence. Disturbances of the natural balance of life, of the 
primitive and spontaneous system of reactions by which the dif
f rent groups of organisms are related, will therefore be unusually 
serious and lasting; and where such disturbances result fr m 
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 unditly 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 react 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 yoimg. They apply perhaps 
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1 · to th whit -fish than to any h r ·p' ·i' · m th 
lak thi i f r · v 'ral r a n th m ·t imp rtant pur 1 
fr h-wat 'r fi h f th gr a lak r gion, and prov · t ha.v a dis
tinct! · Lliff r nt f ocl ,vh n 'Om\..; from that up n wlii hit i cl -
p --ml ut lat r. 

A r lino- t the r nt r port·* m r 
on milli n poun 1 of whit .-fi h w re tak n in th 

valu d at ov r thr -quart r of a milli n of d llar , and 
nti.ng 11 arl half th t tal um cl riv c.1 from th lake :fi ·h-

n fall kind . Th fi h ries mploy over :fiv th u ·an l men, 
and a fix cl apital f n milli. n thre hundr d anc.1 £ ry- ix thou-
and dollar . , h n w r fl •t that thi n nnc u · clrain up n th 

numb r f th p i i · n 'e · ·aril · to a n i 1 •rabl xtent an 
a k1iti n t the natural tax 1 vi c1 up n it b it· th r than 
man w that th re nm t b an arti.fi ial upply pr id 1, or 
th fi h ri · will oTadually fail. 

Th importan of the knowledo· of th fool f valuable a 
p i d no d mon ·tration sp ially wh n w onsider that, 
on i t ntl with what ha· be n aid abov , it may not be diffi

cult to overdo the work of pr pagation. 
If the wbite-fi h w re t be multiplied ind finit •ly, with ut any 

att ntion to th hara t r r al umlanc of it fo 1 upply, it 
w ul<l soon reach u h a number that it must infrino· upon its 

wn food apital c.limini h th aYerage numb r of th animals 
upon wbi h it lepend for nb i t nc , and :finally imlire tly 
cri pl it. ·elf. Then th rn ncy and labor xp nd c1 in its culture 
woulc.1 b principall lo t and the lat stat" of th spe i s w uld 
b w r than the fir t. An acquaintanc with the foocl of the 

ung i pecially ne cs ary b cau e th ·y ar planted by th 
fi h- ulturi t when ha ing already ab orb 1 th o-g-sa (the up
pl · f fo d by whi h th y are und r natural c ndition npportcd 
until th y lrn,~e time to catt r tit ms lv ' , id ,}y through the 
wat r), th y are in a p' uliarly h •lpl s·· oncliti n, unahl t wan
d r far in ear h of ·ub.·i t n , a.n 1 · mp 11 tl t find foo 1 
p ~ dil or peri h. n woul 1 sa,y ther •fore that their alimen-

tary r ourc an l habit ·h uld b' ,, 11 and thorou:::-·hl known, 
that th range p rio 1 and abundan of th orgam ·m upon 

Bulletin o. 261, ept. 1, 1 1. 
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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 
larvre. When that paper was prepared, I had, however, no oppor
tunity to study the food of the young of any members of the family 
Salmonidre, 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 (Catostomidre and Cyprinidre) were not strictly dependent 
upon the food elements a ~ove mentioned, but were likewise able 
to draw upon much smaller organisms, namely: the minutest 
Protozoa and unicellular Algre; 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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th ir m uth · th y litl n t di .Jar .... 3 wa up-
pli d witn weet r am but n id n wa a:ff rd d that h 
o ·upant fe l upon it. quantity f rain-wat r wa xp cl t 
th ra · f th un f r th purp ., f g n ratin, minut form 

f lif and a t a-p nful wa p ur lint jar . 4 rn r · nc1 

eY nino- in th hop that th ir Ir p r f od wa f thi r. 

In jar . 5 a ntri t · of fool wa pr vid l dr, fr ·h b f mill , 
boil cl potato and br a 1. The rumb f br ad an l th raprn r 

from th~ b f w r all hat th fi ·h w r · en to tak int th ir 
m uth . Th y <liet1 on aft r an th r , r rapicll · and in a f w 
t1a y all were dead. H forth r r mark : ' Thi. diffi ult f 
pr urii1_:., a uitable fo d f r th young whit -fi h ha b n th 
exp ri nee of the f w :fi h- ulturi t wh hav hat bed th m. ' 

Y\ ith th hope of a c rtaining the natura l fool of th 
a few pecnuen r pr ntin youn captured in th 
Riv r an l other from th hatch ry, " re ubmitt l b 
ner to ~Ir. . A. Brigg a micro c pi t, of '1hi aao. 
ple w re examin cl b ~Ir. Brigg , tw from a h 
ituati n . Tho e from th hatcher ontained n thing what v r, 

whil tho e from D tr it River ontain cl mun r u p im ns of 
of Diatoma , Yiz. Fl'ayiluria capucinu anc1 ;_'t >,pfi

wwdi'Clf' niayar e. Th only fact at that time kn wn would 
con equ ntly incli ate that th arli t food f th p i n i t d 
of Diat macere . 

Th whit -fi h as is well known, lays it gg in th op n lak 
in autumn the youno- not appearing until arly in th f llowing 
prmg. t tbi old an 1 tormy ea on in th expo. l ituati ns 

wh re the are to be ought it i practicall impo il le t :find the 
youn :fi h; a fact which rendered th tudy ~f th ir arli st food a 
subject of unu ual liffi ulty. Ther m d, in fa t, n practica
ble wa to r acb ati fa tory conclu ion· upon it x pt by xp r 
irnent upon individual artificially hatch cl. 

In Decemher, 1 0 I mad an arrang m nt, thr u h th kirn1-
ne of Pr f. Baird, of th mith onian In titution, with Jr. F. 

lark, up rintend nt of th . fi h hat h r. a,t rthvill , 
Mich. for a upply of youno- white-£. li to l sent m at interval 
from th hatchery un l r hi contr 1. Th pe im n furni he 1 
were taken from two lot.. The fi b of n lot hat h c1 .J anuar 
1 were k pt in a tank in the hat h r , wh r they w r upplied 
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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 m::tde by grinding 
small amphipoq. 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 g ill-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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fragm nts f Gammarus an l nothing el . Nin ty spe im n 
from the same 1 t w r xamin cl Febru:iry 25, an l food was 
found in fourteen. Four f th had eat n Gammaru fraD'
ments; two, larvre of gnats; n , a small Cypris, and ight c n
tained small fragments of the 1 av and t ms of va cular plants, 
including a bit of a nett d-v inecl leaf and a littl pi c of pine 
wood. Thirty-nine sp cimens, the la t of th ]ot, wer r c ived 
Iarch 15, and food was found in fourteen. I di ct cl nine of 

these, findina fragments f Gammaru in four, a larva of a gnat, 
a hiron mns larva, a larva of some undetermined fly, a minute 
vegetable fragment, a Cyclops, a Cypris, and an undetermined 
Ent mostracan each in one. Three hundred and forty fry fr m 
the hatching house were examined in all, in forty-sev n of which 
(fourteen per cent.) mor or les food was discernibl . Of the 
thirty-five dissected, eighteen ha l eaten Gammarus fragments; 
five, minute insect larv ; four, Entomostraca, and ight, small 
particles of vegetation. 

Only four lots were re eived from the spring, on th 9th, 14th, 
l 7tl1, 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 trac of filamentous Algre and a minute fragment 

f the parenchyma of some higher plant, with a few diatom·. 
But one of the second hundred contained even a trace of food, a 
minute quantity of some thread-like Alga, the cells of which still 
contained a little chlorophyll. In the third hundred likewise, food 
was found iu but one. This consisted of a few particles of veget
able parenchyma, doubtless derived from the decaying plant stru -
ture in or around the wat r. In the third lot of only forty-two 
specimens, six showed traces of food, consisting almost entir ly of 
a few filamentous Algre (including a fragment of Oscillatoria) and 
a little vegetable parencbyma. 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 aten any
thing (a little over three per cent. of the whole), and these had 
taken only Algre and vegetable fragments. 

An example of the water of the spring s nt me contained many 
Algre but no animals larger than rotifers. The water of the 
hatchery, being expo ·ed in pond: of consid rable 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 larvre 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 littl e 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 
Algre 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 to a 
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 confin'ement white-fish fry will feed 
upon both animal and vegetable structures to some extent, and 
that they can be induced to take minu

0

te 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 wate 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 larvre; 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 furp.ished with teeth, had 
been found carnivorous at an early age. 
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The in on lusiY hara t r f th re ult thu far 
it n c ary to attempt to imitat mor . closely th 
ti n of the younrr when hat h cl in the lak . ln 
I obtain d throuah the kim1n of Mr. larke tw 

btaiu cl, ·made 
natural i-
bruary 1, 

V p 1-

men of livina oung white-:6 h av <l from a lot h , a 
plantina in the wat r of Lake "i\Iicbiaan, off Ra in , "\ i on in. 
I uccee led in conveying- th t the lab ratory with ut lo , an l 
th r k pt th m for s v ral cla in a ala aquarium an l suppli d 
them with an abun<lan of th li ina objects to be obtain d b 
drawina a fine muslin n t thr ugh th tagnant pool of h 
vi init . The e con i ted f man · lliatom and filam nt u fr h
wat r lgre, of two or thr e p ci f Cyclop , f 'rrntlwco mp-
tu' illinois ,i is, and Diaptomw; wzguin us amona th op p da 
and of two rather large Cladocera inwceplwlu · v tulu an<l '. 
mnericanus. The e littl £.sh s were kept und r careful obs rva
tion for everal day , th wat r in the aquarium beina frequently 
aerated by pouring. Iany of them had, however, been injured 
by handling, and eleven of th specimens di d with ut taking 
f otl . It wa oon evident that th laraer Entomostraca (the im
ocephalu , and even the Diaptomu ), were quite b yoncl th siz 
an l trength of the e little fi h , and that only th maller Co
p poda among the animal available, could afford them any fool 
at fir t . The e they followed about from the beginning with sign 
of peculiar •intere t, occa ionally making irre olute att mpt t 
capture them. Two tla aft r th ir arrival one of th young 
whit -fi h had evidently taken f od, which proYed, on di e ti n, 
to be a small yclops. During th next two day nine oth r · b -
gan t at, cfo-iding their att ntion between the ydops ab ve 
m ntioned and the anth am1 tu , an l on th 22d two oth r 
took a yclop ea h an 1 a third a ant~1ocamptu . On of th · 
fi h ontained till a Jar r mnant of the ega- ac, showing that 
th propensity to a,ptur pr mu t antedat th ensati n f hun
g r. On the 2- th the fomt nth and last rema~nino· ti h aptur <l 
it Cyclop and wa it elf a rifi ed in turn. s an in<licati n 
of the efficiency of th raptatonal teeth, it may b worth whil t 
not that I aw one of th mall st fi he make a ·priua at a Cy-
lop , catch it, giv thr e or four violent wriggle , a1 cl drop it d ad 

to th bottom of tank. 
A a general statement of th r . nlt of the oh ·ervation 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 ~he 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 des~rip
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 dailx_ 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 wa finally end d, an equall car ful examination f llow d 
f the liYing contents f the water of th tank at that tirn . 

Th se :fi hes, like those previously describ 1, had alread 
rea h d the ag an l ondition at which it is cust mary to "plant" 
th m in the lake. The ventral were still und , elop d, the egg-
ac bad nearly di appeared, the four mandibular teeth were pre -

ent, and the median fin extended from the tip of the p ctorals on 
the b lly to a point oppo ite the midclle of the same fins on th back. 
In most the egg-sac did not protrude externally, bein reduced in 
som to a droplet of oil, but remaining in a few of a size at least 
as great as that of th head. The alimentary canal was of course 
a simple straight tube, without any distinction of tomach and 
inte tine. 

The su:ff ring of th fry in tran it had doubtless weakened the 
vitality of the urvivors, and alth ugh every are was tak n to 
keep the water of the tank fresh and pure, about one-third of 
those remaining died during the progress of the experim nt. The 
aquarium in which they were confined was built of glass, and 
had a capacity of about one hundred cubic fe t. The tempera
ture, tried repeatedly, stood at fort -two degree 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 pray, thus insur
ing p rfect 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 formecl alwa3 a greenish mu
cilaginous coating upon the interior of the muslin net. In this 
were entangled, a variety of rotifer , occasional filamentous Algre, 
and many Entomostraca, the latter belonging chiefly to the genera 

yclops, Diaptomu , and Limnocalanus among the Copepoda, and 
to Daphnia among the Cladoc ra. 

As the Entomostraca proved to be far th most important ele
ment of this food supply, the particulars re pecting them may b 
properly more fully given. The small st of all was a Cyclops, 
then new, but since described by me under the name of yclop<.: 
thomasi.* This little Entomostracan is only .04 inch long, by .011 

i;,on some Entomostraca of Lake Michigan and djacent Water . 
American Naturalist, Vol. XVI., o. VIII, Augu t, 1 2, pp. 6--!0 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 Diaptomits 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 D ciphn:ia hyal-ina, 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 c01~sistence 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 3, and 
Chironomus larvre 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 thes~ 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 bad devoured Diaptornus, and a 
third a single Cyclops thomasi and a shelled rotifer, Anwy,ea striata. 
The character o{ tl1e food at these earliest stages was so well set
tled by these observations that I deemed it unnecessary to exam-
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me the subsequent lots iu detail, but pa ed at once to the speci
mens taken on the 23d. Twenty-six of th e were examined, and 
found to have aten }hirty-three individuals of Cyclops thomasi, 
fourte n of Diaptomus ie,ilis, and fourteen of the minute rotifer 
already mentioned (_,_-1:nw·cea <?t1'iata). Two had taken a few diat
om (Bacillw·ia) and one had eaten a £lament of an A lga . Cy
clop wa found in sixteen of the specimens, Diaptomus in nine, 
and Anurrea in eight, only two of them being empty. The 
amount of food now taken by individual fi hes was much greater 
than before one specimen dissected baying eaten two Cyclops and 
six Diaptomu ::;icilis, male and female. Another had taken five 
Cyclop ·, one Diaptomus and five examples of Anunea st1·i tta. 
Still another had eaten four of the Cyclops, four Diaptomus, and 
one Anurrea. 

Twenty-fiv•e specimens were examined from those removed on 
the 2-!th of the month, at which time the water of the tank was 
drawn off and all the remaining £shes bottled. Four of these had 
not eaten, but the twenty-one others had devoured fifty specimens 
of D iaptonws sicilis, forty -seven of Cyclop tlwmasi, fourteen of 
An:unea stn' lta, and a single D aphnia hyalina, the latter being 
the large t object eaten by any of the fi hes. A few exampl s of 
their capacity may well be given. T he ninth example bad eat n 
six Diaptomus, two Cyclop thomasi and one Anurrea ; the tenth 
had taken eight Diaptomus, two Cyclops and an Anurrea; and 
the twentieth, seven Diaptomus and three Cyclops th01nasi . 
I n two of these examples were small clusters of orange g lobules, 
probably representing unicellular Algre . 

Summarizing these data briefly, we find that of the 106 peci
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, whi le more than 
five-sixths of tho e bottled ten days later had already eaten. The 
entire number of objects appropriated by these sixty-three fishes 
was as follows: Cyclop thomasi, ninety-seven; Dittptomus sici
lis, seventy-eight; 1nu1'cea st1'iata, twent3 -nine; Da1 hnia hyal
ina, one. even of the fishes had eaten unicellular Alg::e, two 
had eaten diatoms, and one, fi lamentous Al ·re . 
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From the above data we are compelled to conclude that the 
earliest food of the white-fish consjsts 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 spedes 
of Copepoda, Cyclops tlwrnasi and Diaptornus 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 ~pecies 
at different seasons of the year and their distribution iu 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 shor~, 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, I 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. Vl. Thomas, Esq., of Chicago, who, while making 
a specialty of the Diatomacere of the lake, has eollected and studied all 
its organic forms for several years, obtaining them from the city water by 
attarhing a strainer to a hydrant many times during every month 
throughout the year. 
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more densely populated by the e animals than the lake itself, a· 
has b en particularly evident at Racine and outh Chicago. 1-

ther are they commonly equally distributed throughout the water 
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 accor liug to the time of day, coming 
to the surface by nio·ht, and sinking again when the sun is bright. 

These facts make it important to the :fi.sh-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 
wbether they will find at once sufficient food for their support. A 
little xperience 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' 
rowmg. 

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 North ville, 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 Cyclniclce, read Pentatomidce._ 

Page 17, line 9, before Vireo; omit ancl. 

Page 23, above ARACHNIDA, for Cyclnidce, read P entatomiclce. 

Pages 25 and 27, above Orthoptera, for Cyclniclce, read P enta-
tomidce. 

Page 28, lines 2 and 8, for Graphorhinus vados1ts, read Epi-
cce1·us imbrricatus. · 

Page 64, under Hemiptera, for Siplwnophora granarice, read 
Aphis maidis. 

Page 69, line 5 from bottom, for jresh-wate1·, read local. 

Page 78, line 1, after all, insert the. 

Page 82, line 7, for cha1·acte1·, read charctcte1·s. 

Page 91, line 5, for consisted, read consists. 

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

Page 97, line 11, for f01·y-six , read f01·ty-six . 

Page 99, line 2, for witn, read with. 

Page 101, lines 12 and 13 from bottom, for stritcture, read 
structitres. 

Page 105, line 23, for aeration, read ae1·cttion . 
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