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Stomach examinations were wAde of bluegills (Lepomis macrochirus 

Rafinesque), perch (Perea flavescens Mi tchill), and pumpkinseeds (Lepornis 

6ibbosus Linnaeus), a large series of which were collected, summer and 

winter, from Wintergreen lake, near Battle Creek, Michigan, during the 

years 1935-1938. Collections were :ma.de under the direction of Dr. M. D. Pirnie 

of the w. K. Kellogg Bird Janctu.ary or 1lichigan state College. The stomachs 

were sent to ..... ,,n.e Institute for }:ts:!'leries Research for exa.'!l.ination and in 

the beginning of th~ study Dr. J. w. Leonard sorted and identified the 

co"1.tents. later this work vras ta.ken over by Dr. J. w. I.Iofi'ett who also 

tabulated much of' the bluegill material. The analyses v1ere :-ontinued by 

the author after Dr. Uoffett left the Instlt1;.te staff. 

Although the li tera.ture abounds 'Ni th food. ztudies, few deal with 

p9.n. fish and still fewer exten:i over :nore than one sei,..so:.1 or yeo.r. It was, 

+;:.0refore, considered. an opportunity to study the food utilized by these 

fish at all sea s,.ms a~'1d for a three-year peri o<l. 

Eethods 

All fish ,.-,ere h':::e~1 b;,r a.rlGling except for o!le collection (i,1iay, 1936) 

s9.d.e by the Institute with seines and gill nets. .A limit;cd. mu,1.ber of 
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fishermen were per:ni tted to us0 the la::C:e on cond:;. tion that their catch 

be submitted to be weighed, neasured, and have the stomachs removed. 

All of these fish were therefore of legal size (6 inches) or over and 

were taken durin6 the ope::i season (June 25-March 31). 

Stor.1achs ,;rere placed in 95 :!)er cent alcohol as soon as they were 

rem•ovec. fron tc.e fish. Later the contents ·were removed from the stomach 

and the tota.l volume neasured by water displaceraent. The orge.nisns 

vrere then sorted and identified. The number of individuals in each 

category was counted and their volume taken. 

Identifications '.',ere carried to onl~• relatively large groups 

(genus, sub-fa::ri.ly, or fa.r,.1ily in most cases). This -was done, first, 

because li:ni tations of time would not permit more exact identification 

3.nd, second., specific deter.n.ina.tion is thought to be of little value in 

such a food study. The numbers given are actual counts except in cases 

of numerous plankton organisms and excessive frag'!!lentation (Mollusca, etc.) 

where conserve.ti ve estimates were made. The ·water d.isplacer:i.ent 1:1.ethod 

of m~asuring volumes is far from satisfactory but is still the most 

generally used. a centrifuge tube calibrated in O.l cubic centi!D.eters 

1.'ra.s employed. Smaller volumes were estimated. Blotting paper vm.s used 

to absorb excess moisture before measurement. 

Description of lake 

Wintergraen Lake (T, 1 s., R. 9 ;-.;., Sec. 3) is loc9.ted on the 

·w. K. Kellogg Bird S<.1...."lctuar-; of i;licl~ig"l.n State College in Ross Towns!-tlp, 

Kalamazoo County, ;fich:.gan. The lake has an area of 8.pproxirnately 20 

acres a:.1::. a ,:iaxill1\lI'.l depth of 20 feet. In r.iost of the area. the vrater is 

shallow e::ioug.."1 to perci t plant growth. The predominant -ootto::n material 

is pul:_:,y peat vrith 1:1.ore or less marl i~'ltervixed. 



-3-

Previous :institute investigations showed the ,~,ost ir.1por't?..11t game 

~- ' · th 1 k t ' ki d ' 1 · 11 1 t' 'h (·-~isnes i~ .e a e o oe punp. nsee s, o uebi ~s, argemou n ~assnuro 

sa.lmoides (IAcepede)), and perch. Forage fish were also abu..."lda.nt~ the 

;'1ost important being the bl1:1.ck-chi1med shiner (lfotropis heterodon (Cape)), 

black-nosed shiner UTotropis heterolepis heterolepis Eigen".19.nn and 

Eigenma:un), golden shiner (lfotemigonus CI"'Jsoleucas aura.tus (Rafinesque)), 

e.nd the blunt-nosed minnow (Hyborhynchus notatu.s (Ra.finesque)). The 

lake is used by large numbe~s of' vro..ter fowl especially during the spring 

and fall migrations. 

From a fisheries stan.:ipoint tl1.e 18.ke is probabl;;- one of the richest 

in Southern Eichigan. The extent to which the bird droppings a.re 

resi_:onsible for this fertilit:.r is not kno,·m. It seems probable, ho,,.;ever, 

that the a.mount of ulan.1.cton and rooted vegetati.::m might be greatly 

incrce.zerl.. The unusually rapid growth of the fish ( Table 1) is certainly 

an indication of an abundance of fish food, 

:r'oo:1 i{ecords 

In the consideration oi' tne data the results for each year were 

cli vided into a summer period and a. ·::inter period. The v,i.nter period me.y 

be defined as that part of t:~e year when the ice ...-ms of su.ffioient thickness 

to permit fishing through it ( usually December-:iarch). The swnrn.er period 

is the pe!"iod when fishlns v.1t::; done in the open water. :Etoughly this -:rould 

be fro::n April through November except that the ls.ke vra.s close::i. to fishing 

fr om April 1 to June 24. Actually ,-rrost of the fishing ·v.ras dor..e in July, 

11,1.4gu::;t, and September. The nu:nber of collecti<:ms ,·10.de b;,· periods and 

:::ont!:.s is s:1:J"Nll in Table 2. Tbe number c:' st0P1.acl1s ,:ith a:id without contento 

~s given fo~ the t~ree species. 
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.A. list of tl,e grou::,s ,:;f orga:?:1J.sns £'01 .. ,.rd. in the stomachs is given 

neriods for eaci:. species, also the number of stomac:is -r.1 th contents, 

t'.--,e totaJ. ::J.U.-rnber of orgar.ci.sms, and the total volu...c1e of contents. Data 

are prese!:ted on the average m.mibor 9.nd volume of each kine. 0f organis:r.i. 

in the stomachs vrhich contained. that particular group., the per cent of the 

total number of stomachs (with contents) which contained each group, and 

the per cent of the total volume made up by the group of organisms. 

Bluegills 

In the surr.ner periods, midge larvae (Chironomidae) were :present 

in all or nearly all of the 93 bluf:;;gill stomachs in fairly large nu.-rnber:, 

(Table 3). Other organisms inportant in the diet for all three years 

were plankton crustaceans (Cladocera). midge larvae (Ceratopogonidae)., 

mayflies (Caenis)., caddisflies (Trichoptera), phantom midge larvae 

(Chaoborus), and snails (Heliosomai• The table shows, however., that the 

number of fish stomachs containing e.ny one of these organisms w.ried 

greatly fro~c1 year to ye9.r. 

Somo food organisms were co:rmnon in the stcJmachs certain years but v,ere 

M an;j.nalcules 
absent in others. oss ~~ax (Bryzoa) were folL~d in 52.0 per cent 

in 1927 but were not present any other yea.r. 1To da.-inselfly nymphs (Zygoptera) 

were found in 1935 al though they were present in a large part of those 

stomachs taken in 1936 and 1937. The snails (Physa) anc the fingernail 

clams (Pisidium) were found frequently in 1937 collactions but were not 

observed in the stomachs from other years. Several other similar 

examples are shown in the table. 

In volume., midge larvae "':!ere most important the first two years but 

v1cre displaced ":Jy moss ~ in 1937. Cladocera;1s :~!.B.d.e up a small 

but ccmsistent part of the v-olume each year. Few otner orgo.::-;ism.s ·Nere 
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present in sufficient q;__,an.tity to be significant. Debris, chiefly 

unidentified animal material, made up a rather large part of the volume 

every year. 

Leonard (1940) found that bluegills of somewhat comparable size 

from Ford lake, ~;:ichigan, contained dragonfl;';' anJ. damselfly nymphs 

(82 per cent). Smaller specimens contai~ed plankton crustaceans 

(20.9-5'1. 7 per cent), fly larvae (20 per cent), and small amounts of 

mayfly, dragon.fly and damselfly nymphs. These fish were collected in 

late October. :E.'wers and Boesel (1936) found that small bluegills 

(21-37 mm. total length) in Buckeye Lake, Ohio, had eaten plankton 

crustaceans (86.21 per cent) and insects, chiefly midge larvae (lJ.23 

per cent). This information was obtained from. specimens collected 

during July and August. 

The ,tinter food of 250 bluegills (Table 4) varied qua~titatively 

and quali ta.ti vely from period to period and fro:n the corresponding SUilirter 

periods. In 1935-36 the more important organisms in order of frequency 

found in the stomachs were damselfly nymphs, midge larvae (Chironomidae), 

various mayflies (Hexagenia, Caenis, Baetis, miscellaneous Baetidae, and 

miscellaneous Ephemeroptera), Cladocerans, CopepodsJ and scuds (Hyalella). 

About one-fourth of the stowAchs contained debris. In 1936-37, the 

sto~ach contents of the fish examined were much less varied. Cladooera.ns 

a:ad phantom midge larvae were by far the r:1ost numerous i tem.s. !Io other 

or;':l.nisms were observed in significant nu."'!lbers and debris we.s not found 

in ne!\sura"ole amounts. Pha.nto:-:1 :r.udge lar-va.e we:r-8 the predominant organism 

in the stomachs collected in 1937-38. Cladocerans and copepods were also 

important. The mayflies (Baetis), midge larvae (Chironomidae), and 

d.a..'11.sclfly nymphs were present in some of the sto!!'.achs. Very few other 

organisms were observed and :'.lone in significant numbers. Debris wa.s 

found in only 4.5 per cent. 
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By volume, each year one kind of organi S!:l v1a.s found to be of primar.f 

and one of secondary importance. The volu,~e of most of the other 

organis~s was too small to be significant. In 1935-36, damselfly 

nymphs were first and the mayflies (liexagenia) second in importance. 

In 1936-37, most of the volume consisted of Cladocerans and phantom 

midge larvae and in 1937-38, of phantom midge larvae and damselfly nymphs. 

Moffett and Hunt, in an unipublished study of the winter food of 

bluegills of Cedar Lake, Michigan (Report No. 791), fou.--id t.½.at fish 

lJ-1-0-199 mm. in total length contained Mollusca (3. 74-24.23 per cent), 

Cladocera (6.38-25.51 per cent), Ephemeroptera (11.77-43.07 per cent), 

Trichoptera (5.33-24.18 per cent) and Diptera, chiefly Chironomus larvae 

(7.12-10.67 per cent). 

Perch 

So few perch were taken in the summer period that it was not thought 

advisable to separate the data by years. Therefore the results for 

all three years are lu,'tlped together (Table 5). The nore important organisms, 

in order of frequency of occurrence in the 24 stomachs, were midge larvae 

(Chironomidae), phantom midge larvae, fish, and midge larvae (Ceratopogonidae). 

Chironomidae were also most important by volU:'!e, with fish in the secondary 

position. The small a.mount o:' debris was chiefly animal remains. 

In a study of the stomach contents of 100 :male and 100 female perch 

taken from Ford Lake, Michigan, on September 9, 1936, Eschneyer (1938) 

found tJ:J.f,.t 31 ~ales and 24 fern.ales 00::ita.ined Corethra ( Chaoboru.s). 

Fourteen J".18.les and 22 females contained Chironomidae, and 3 males and 2,5 

fem.ales contained. r:ri.nnovrs. 1furnberger (1931) fou...'1.d that the food of' 

perch 100-390 :mm. long fro:11 Big Sandy lake, Hi_nnesotn., consisted chiefly 

of fish and crayfish. I.angford ar_d Ma.rtin (1941) state the.t fish and 

the pl9.n.Lt0n cr-.ista.ce'.l.r:. Leptodora were especially ir.1portant ir~ the diet 
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of perch 102-119 mm. in standard length fron Costello La.ke, Ontario. 

Sibley and Ri~sk-J-Korsakoff (1930) found that in perch over 70 rrm. long 

fro'Tl the st. Lawrence watershed i!l lfow York the stomachs co!ltained 

:':lainly insects, scuds, and Y:ater sovrbugs. Large fish fro:rr certain waters 

had fed mainly on plankton. Only 9 of the 463 perch examined contained 

fish. Turner (1920) found that small perch fron western Lake Erie as they 

grow change their diet from plankton crustaceans to insect larvae and 

medium-sized crustaceans and, a~er reaching 100 mm., to larger snails 

and crayfish. Perch 45-162 mm. in total length from Buckeye Lake, Ohio, 

exa.>nined by Ewers and Boesel (1936) contained Cladocera (24.07 per cent), 

Byalella (18.54 per cent), Copepoda (17.26 per cent), Chironomidae 

(14.81 per cent), and Zygoptera (4.64 per cent). All of the above 

information was obtained from specimens collected during the summer 

months. 

The food of perch taken during the winter periods is shown in 

Table 6. In 1935-36, the majority of the stomachs exa."'llined contained 

fish. Of the fish remains in identifiable condition, bluegills were 

::T!.ost numerous and minnows (Cy=_:,rinide.e) second. Midge larvae (Chironomidae) 

'l.nd dar:-J.Selfly nymphs ..,,ere the only other organisms present in the stomachs 

in im~ortant numbers. In 1936-37, aLmost all of the sto~~chs exa~ined 

contained Cladocerans. Some phantom midge larvae and midge larvae 

(Chironomidae) were also found. None of' the stomachs contained fish. 

Phantom midge larvae were predominant in the 1937-38 collections. l~dg:e 

larvae (Chironomidae) and Cladocerans were also present in important 

numbe!"s. A re.ther large nunber of fish were found in the stomachs. Bali' 

of the:m were ide21tifiabl.:; as mnnov,s. 

It ~c of interest that, although the nerch st,;inaohs in 1936-J? and 

1937-38 contained plankton, only Cladocerans ~ere present. During the same 
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periods the bluegills had ta.ken both Cladocerans and Copepods, which shows 

that both were present in the lal::s. Perha.?s large perch are unable to 

f~ed on Copepods. The gill ra.~ers of bluegills are, of course, I!'!Uch 

better ad.anted to strainint,; out plan1.'"ton organisms than a.re those of perch. 

By volume, fish made up 89.6 per cent of the total stomach contents 

in 1935-36. No other organisms were present in significant a.mounts. 

In 1936-37, most of the volwne Yras composed of Cladocerans with midge 

larvae (Chironomidae) seco.nd. r~ 1937-38, fish accounted for 67.8 per cent 

of the volume and midge le.rva.e ( Chi.ronomidae) were again of secondary 

importance. 

Moffett and Hunt (manuscript) found th.at perch of Cedar Lake, 

Michigan, 140-199 mm. in total length, had a diet composed almost entirely 

of fish in winter,and that over 80 per cent of the total stomach contents 

was rriade up of small bluegills. 

The results of thls investigation and those of other workers seem 

to indicate that perch may feed on a great variety of orga.nism.s. The 

6reat variation in quality and quantity of stonach contents from year to 

year, from season to season, and from viater to ·water may indicate that 

the availability of the food organism is t~e chief factor in determining 

v,:1a t is ea ten. 

Pumpkinseeds 

Pumpkinseeds were obtained in sufficient numbers for purposes of 

comparison only during the summer periods of 1936 and 1937. The stomachs 

of thirty-four purn.pkinseeds caught during the vr.i.nter periods were all 

enpty. 

In the summer period of 1936 midge larvae (Chironomidae), snails 

(Eeliosoma), fingernail clams, and scuds were pr~scnt in~ large part 

c:: the stor,.achs. :t:-ayf'lies (Ca.er.is) and !'.!ri.dge le.rvae (Cera.topogonidae) 
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fl.lso occurreu. frequentl;y. In 1937 alnost e.E ct the ~tomachs contained 

some midge larvae ( Chiror,cmidae). ~ils, mayflies, caddisflies, a.nd 

.:ha.nto,:1 rridge larvae Y:ere of lesser importa!:..ce. 

By per cent of total volume of stomach contents, finger!lail cl8.:-1s, 

snails, and m.id,;e larvae ( Chironcr.:idc.;;:) ranked. in the order mentioned in 

the 1936 collections. In 1937 midse larvae (Chirononidae) nade up over 

one-half and. fingernail clm:1s over one-l'curth of the total voltm1e. 

General Discus~ion 

The collections for this investigation., as well as general fishing 

experience, have shovm that, of any group of fish caught, a. large per cent 

v:ill contain no food. In an attempt to throw more light upon the f'eeding 

habits of the fish, the nu:!"lber of e~pty as well as full stomachs ~~re 

considered in determining avert=>~ges of total numbers and volu..TTI.cs (Table 8). 

There was a great deal of variation in the ratio betv,een full and 

empty sto111achs, especially in the winter period. Tables 4 and 6 show 

that during the year of gree.test variation (1935-36), the bluegills end 

perch contained chiefly insect larvae. These organism.s -would :-;:robably 

tend to be relatively limited in numbers e.nd distributio:a and so woulc. 

:::wt be equally avc1.i1F-ble to all fish. In 1936-37 wher: few of either 

perch or bluegills were empt-.f., plankton crustacear..s v:ere the principal 

organisms in the diet. Plankton was presumaol~r nbu:..-id0.nt and about equally 

availatle to all. 

There is little correlation be-'c?:ee:'.: tr.e tot-B.l number e.r...d total 

vclw,10 of stoynac:--. c:::,ntents frcrL perioc. to period. This is due to the 

i;reat variety of orgar..isrr.s in tr.e c:1.iet 1::.nci the great variation i::1 the 

d ze of org0.nisEs. The voluree of an a.verE1.i;e food organis:n for the bluegills 

i::l -tr.e vrinte::- pericd 1936-37 v!B.s 0.0002? cc. In 1935-36, the volun:e of 
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th~ average orga.r,ism from -cerch stonachs was O .132 cc., or 600 tb:es the 

size of tne bluegill food item. Plankton vras predorr.ir:ant in the diet 

in the first case a.::cd fish of rela.tivel;y le.rge size in the seccr..d. 

It v.ould sesm that the avera.6e volune of stornaci, co:r..tents for a 

s.i;;ecies s':-,oulc be about the s<:t;-:10 Eor a.n:r lake or seasor:.. If enou6h 

};'roperly distributec. sa.:rr:oles v.·ere te.l:en, it should be possible to 

ap;iroxir'.m.te tr.is amount. Ir: the present instance the average volwne per 

storr.ach wi t~1 cont":nts (Line· g in Table 8) varies greatly from period to 

period for any given species. I-fovrever, if tr.e empt-J stomachs a.re also 

considered, (Line h, Table 8),the variation in most cases is not nearly 

so great. This figure may be nearer the true average volume of sto~ach 

contents for species e.nd period. 

In the sumner periods the average volume of stomach contents of the 

bluegills is relatively large but in the vrinter periods it was much 

reduced.~ Perch, on the other hand, show little variation in average 

vvlu.~e of stomach contents from periou to period. frJ inspection it seems 

probable that the bluegills in a year eat about as much on the average 

as the perch but that the a.mount is ::nore uniforrrJ.y distributed in the case 

of the perch. 

Su.rr.nary 

1. The grovrth rate of the fish indicates that fish food cor..di tions 

in Y1intergreen Lake must be better than average for Eichlgan. 

2. Constituents o::' the diet of a species ,.rurr v:ith the year and 

season, possibly because of the availability of the food organisrr,s. 

J. Large perch can feed on Cladocerans but nay be unable to take 

Copepods. 

~ Moffett and Hunt (manuscript) founci t:iat the average volume of stomach 
co~~tents for the larger Cedar Lake bluegills varied i:0. ·winter from 
0.26-0.112 cc. per stomach. 
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4. 1",nen plankton organisms are abundant they a.re probably available 

to m.ost fish capable of ta.king them so that few go without food. 

5. The volume of stomach contents of \"ifintergrecr. Ls.ke ":)luegills is 

much greater in the summer than in the winter period. 

6. There does not seem to be a consistent seasonal variation in 

the volume of food in the perch of Wintergreen lake. 

7. A better figure for the true average volume of stomac::. contents 

is obtained when empty, as well as full, stomachs are considered. 
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Table 1 

Gro-.vth rate• 7fintergre6n Lake 

Blue~ills Peroh Pum12nnseed 
Summer Avere.ge Tente. tive Average Tentative Average Tentative 

Age* of Number of total length state average 1-TUt'.lber of total length state average Number of total length state average 
group life specimens in inches total length specimens in inches total length speci:r!lens ii;: inches total length 

0 1 . . . ... 1.7 . . . . . . 2.9 • • • . .. 1.9 

I 2 ... • • • 3.0 . . . . .. 4.7 . .. . .. 2.7 

II 3 4 7.2 4.3 . . . ... 6.2 1 5.6 4.1: 

III 4 76 8.o 5.6 3 7.8 7.1 Lil+ 6.9 5.8 

IV 5 16 8.8 6.7 • • • ••• 7.8 10 7 .6 6.L 

V 6 23 9.1 7.4 1 9.8 9.J.i. 16 e.2 6.8 

VI 7 26 9.2 7.8 8 10.2 10.2 16 3.2 7.1 

VII 8 15 9.2 7.9 4 11.l 10.~. 2 o.o 7.8 

"VIII 9 10 9.4 8.3 4 11 • .3 11.3 • • • . .. ... 

* Age determinations and tentative state averages by W. C. Beckman. 
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Wintergreen Lake, Fish Collections 

Blue5ills Perch Puml,'!kinseed 
Number Number Number 

Number of with Number Number of i.dth Number Number of with Number 
Season ~fonth - Yea.r collections contents empty collections contents empty collections contents empty 

Summer July, 1935 ... 1 6 . . . . .. . .. 
1935 Aug., II 4 10 5 2 9 2 ... . .. 

Sept., 11 1 19 . . . ... . . . . .. . .. . .. . .. 
Viinter Dec., " 1 13 6 1 1 ... . .. 
1935-36 Jan., 1936 16 115 340 14 35 89 7 ... 22 

Feb., II 6 2L, Li5 5 11 29 1 ... 1 
!~arch, II 2 1 7 3 2 10 1 2 ... 

Summer Ma.y, 11 * 2 39 Li. 2 29 1 . . . . . . ... 
1936 June, 11 1 1 L, . . . • • • . .. . . . ... . .. 

Hinter Deo., 11 h 43 10 . .. . . . . . . . .. . .. ... 
1936-37 Jan., 1937 . . . . . . . . . 1 1 3 ... . .. 

Feb., II 1 3 ... . . . . . . . . . . . . 
March, 11 2 10 3 18 1 . .. . . . ... . .. 

Sunuaer June, " 1 1 ... . .. . . . . . . . . . . .. 
1937 July, n 1 4 . . . 1 10 ... . . . . . . . . . 

Aug., " 1 1 1 5 . . . . . . . . . ... . .. 
Sept., " 2 20 1 9 8 1 !~ ... . . . 

Winter Deo., " 5 23 63 2 21 4 1 ... 3 
1937-30 Jan., 1938 2 10 4 . . . . . . . .. ... . .. . .. 

Fab., " 2 14 1 ... 5 . . . . . . . .. . . . 
March, II 1 11 7 ... . . . . .. . .. . .. . .. 

* Collections made l>y 1. ,., 
.r • R• party. 
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Bluei,;ills, su!T!:'ler, Wintergreen Lake , t,i 
,d 193 1936 
't 1937 39 stoma.ohs with oontents ,. 

25 stomachs with 
29 stol!1fl.chs with contents 

contents 10,359 organisms 
11,639 organisms 

4,142 organisms 
(-:1· 26,70 oc. of contents 

25,32 oc. of c::intents 
29.0 cc. of contents 

Average 
Average Average 

vollune in Per cent of; number of Per cent of stomachs Average volume in Per cent of number of Per cent of stomachs Average volume in Per cent of 

nu.'!lber of Per cent of stomachs Average 
total volwne !.ndi vi duals contaiP-in~ or anisms cubic oentimeters total volume individuals containinc- or anisms cubic centimeters 

individuals containin o rge.nis~ cubic centimeters 

total volum" 

Or anisms 

.... Bryzca 
52.0 0.613 31.5 

Annelida 
1.0 2.6 tr. tr. Hirudinea 

Eollusca 
Gastropoda 

tr, tr~·~ 10.8 66.7 0.068 6.6 8.8 24.0 0.033 0.3 

Heliosoma 1.0 3.4 
1.0 2.6 tr. tr. .. ·. ' 

4.6 

Anmicola 

28.0 0.016 0.4 

Physa 
1.6 17.9 tr. tr. ... Pelecypoda 

44.0 28.0 0.258 7,1 

Pisidium 
Arthropoda 

Crustacea 

1,315.0 31.0 0.253 7.9 193.2 51,3 0.095 7.1 28.0 0.257 7.1 

Cladocera 93.6 
• • ,i 4.0 5,1 tr. tr. 7.5 8.o tr. tr • 

Ostracoda 
r 6.3 7.7 tr. tr. 37.5 24.0 0.008 0.2 

... Copepoda . . •;· 4,6 23.1 0.011 0.4 ... Amphipoda 
tr. tr;·,,, · 13.0 51.3 0.026 1.9 Jzyalella 2.0 20.7 ... Insects. 

1.0 4,o 
... 

0.5 0.005 tr, 

Ephemeroptera 
' 4.9 17.9 0.018 Baetidae 

tr. 9.1 82.l 0.037 4.1,. 6.8 48.o 0.007 0.3 
1.5 13.8 tr. 

1.3 

Caenis 
0.008 0.2 

12.0 0.003 tr. 

Ba.etis 6.o 3.4 
Odo~ 

5.2 JJ.J 0.068 3.3 1.2 16.0 0.206 J.J 

... Zygoptera 
1.0 2.6 0.200 0.7 ... 

2.li 0.050 0.2 1.0 12.0 

Anisoptera 
1.0 

tr. tr • 
. . . ~~. 

17.9 0.023 o.6 2.5 8.o 

;iemiptera 
3.4 0.050 0.2:·": 1.3 

0.012 0.1 

Coleoptera 1.0 
O~Jf:f: 1.8 25.f> tr. tr. 6.8 56.0 0.175 1.0 

Trichoptera 7,7 10,3 0.033 
• ; ;l.,~'.-,-\i,. 1.7 7,7 0.008 0.1 Diptera 

0.007 0'2 '· : 2.5 43.6 tr. tr. 2.2 l,o.o tr, tr. 

Ceratopogonidae 3.3 24.1 
0.582 58i21:1 • l41.6 97,5 0.296 42.1 57.7 100.0 0,2?.l 21.8 

Chironomidae 111.1 100.0 : .S:~_:_;:. 
7.8 41.i. 0 0.007 0.3 

•• ·t' ;,· Tanypodinae 
tr. tr~ 1.0 5, l 0.012 0.1 5.5 32.0 0.008 0.3 

Chaoborus 1.3 10.3 
1.0 C .. o tr. tr • 

. . . Araohnida 
1.0 7.7 tr. tr. 1.0 4.o tr. tr. 

Araneida 
tr. tr. l,h 12.8 tr. tr. 2.2 20,0 tr. tr. 

~dracarina 2.0 3.4 
Terrestial insects ... 2.0 7.7 0.283 3.3 Coleoptera ... 1.0 10 •. 1 0.025 0.1., Hymenoptora 

89.7 0.369 33.1. 71.3 0.27() 29.1 84,o 0.311 25.8 
j)ebris 

"· 



Organisms 

I.'.ollusca 
Gastropoda. 

Ileliosoir.a 
Arthropods. 

Cruste.cea 
Cladocorit 
Copepoda 
Aznphi pode 

eys.lella 
Insecta 

Ephe:rreroFtera 
Hex~-t:;enia 

Baetidae 
Ca.enis 
~ 

Odon~ 
Zygoptere 
Anisoptera 

Trichoptera 
Diptera 

Chironomidae 
Chaobarus 

v!JOrde.ta 
iish, specie? 

1.Jebris 

,1.verage 
nwnber of Per cent 

93 -193 
153 stomachs wi t.;h contents 
12,220 org,,.nisms 
39 .L~. cc, of contents 

of stomachs /\.·✓ erage volul",e in Per cent of 

fab1o 4 

Bluegills, Winters, 
Wintergreen Lake 

193 -1937 
53 etomachG vri th con ten ',c 
26,192 organ:irn:c; 
5,785 cc. of c0ntents 

Average Avere.ge 

1937-193 
/.J4 stomachs with contents 
1,635 organisms 
1,112 cc. of· contents 

number of Per cent of istomachs Average voltlll'.e in Per cent of number of Per cont of stomachs Average volume in Per. cent of 
individuals containing; orgo.nisms cubic contimetcrs total volume ===---:;.:.:.;;.:.:.;==;,,_;:..:.s.,;.;.;.:=.;;:;.:._...;.;=~...:..;;.==:..:.;:.::..;;;__....;:..:...;.:.;,,;:;.-'-'=-~--'1:;::· r.;;.1d.;.;:i...;v.;;;i...;d...;u_"'·..;.l.,;..s __ c_o_n_t_a_J._n_l_n6..._0_.r_,,6._a_ni_·_s_m_s~..:c..:u:.:b;;.i,;;c_.::;,ce;:.;n::.t;:.;i;;:m:;::e;..:t..:e.:.1·.:.s __ t..:;.o:.ta=l~v..:o;;:l;;:um=e-...;1.:;::· n:;::d:;:i:.;vic.;:.:d:.::u...;a.::cl.::cE __ c;;.o;:.;n.;;.tcc·a.:.::i;;;ru:::·:;::n,.6....;;.or""g"'an-=i.;...s:;;;n:.;;;;·s~~c,;;.;u..;.b1;.:.· c.c-c;..ee,;n.;...t;,::;i:::m;:.;e..;;t..;.e.:c.r_s __ t_o_t_·o._l_v_o_l __ um...;._e __ _ 

1.0 2.6 0.012 0.1 

590.0 10.4 0.124 5.0 562.6 
2,2 13.7 tr, tr. 
2.0 3.3 tr. tr. 
3.0 17.6 0.002 0.1 
1,1 5.9 0.077 1.7 
1.3 11.l 0.085 3.7 
1.4 13. 7 0.254 13.5 
2,2 13. 7 0.016 0.9 
1.7 1.e 0.001 tr, 
1.5 7.2 0,010 0.3 1.2 

25.7 57.5 0.261 58,2 1,0 

1.0 o.6 0,020 tr, 
1.4 5,? 0.044 1.0 1.0 

2,0 30.7 0.033 4,0 2. 5 
3,3 23.5 0.010 0.9 0.6 

1.0 2,() 0.533 4.1 1.0 
28.0 0.058 6.5 

06.G 0.112 

'7 c:' 0.004 , ._., 

J.8 0.005 

1,9 0.025 

3.8 0.005 
66.(; 0.016 

1.9 0.015 

0.3 

0.2 

o.L 

0.2 
9.8 

0.3 

40,2 
4. 7 

2.0 

2,0 
1.8 

7.0 

3.4 
20.4 

43.2 
15.9 

2.3 

6.e 
20.5 

11.4 

1~.9 
3L..o 

4,5 

o.oo, 
tr. 

tr. 

0.007 
0.001 

0.040 

0.013 
0.026 

0.020 

7.0 
tr. 

tr. 

1,4 
0.7 

14.1 

6.3 
67.6 

2.8 



Table 5 

Perch, Summer I Wintergreen lake 

1935-1937 
24 stoma.ohs ,d. th contents 
471 organisms 
8.0~2 cc. of contents 

Average Per cent Average Per cent 
number of stomachs volume o:f 

of con ta.ining in cubic total 
Organisms individuals organisms centimeters volume 

Annelida 
Oligochaeta 4.0 4.2 0.200 2.5 

Mollusca 
Pelecypoda 3.0 4.2 tr. tr. 

Arthropoda 
Insecta (misc.) 1.0 8.3 tr. tr. 

Odonata 
Zygoptera 1.0 4.2 tr. tr. 

Diptera 
Chironomidae 23.3 66.7 0.309 61.1 
Ceratopogonidae 4.7 16.7 0.019 0.9 

Chaoborus 6.8 37.5 0.024 2.7 
Chordata 

Fish, species? 1.0 33.3 0.249 24.6 
Debris ••• 58.3 0.047 8.2 



_.ole 6 

f-Jrch, ·;{inter, ',Vintergreen Le.l::e 

------------------------,1n-93;;:r-_,:19;;-::3i?:(,-----------------------,1-;J931re,~-:'i13'93~77 -------------------------,,.1.,..,93:-::7,-_-=-19-c3:-,,0,---------------

J;[l stomachG with contents 2?. stor.tach,: mth cc,,tents 35 stomachs vrith contents 

Arthropoda 
Crnstacee. 

Cladonore. 
iU11phi 1;iocla 

i~•alelln. 
lnscct4 (!rise.) 

Ephemero::,tera 
liE:Y-2.fG_.enia. 
~n--

Odon~ 
Zygoptern. 
Anisoptcra 

Diptera 
Chiron'Jmidae 

Pisces (species?) 
Cyprini,he 

1:otrcpis 
Uotemigonus 

Centrarchi<l~.-:: 
Huro (~li crop t'lrus 7) 
~ci.i.s macrochirus 

uebris 

Average 
number of 

individuals 

1.0 
1.0 

1.0 
1.0 
1,5 

11.0 
1.0 

9.7 
5.0 
1.4 
1.0 

l ,'.l 

1.0 
1.1 

299 organisms 14,020 orgr.uls:;1s 1,310 organisms 
h0,18 cc. of cont;ents !r, 1al0 cc. of contents 12.03 cc. 0f contents 

Per cent of stor.iachs 
conta.inin · or anisms 

3.6 
3.6 

r' ~ 
) •) 

J.'5 
7.3 

16.J,. 
1.3 

25.5 
1 n ,v 

31-1,6 
5.5 

7.3 
i.e 

11..i,6 
12.7 

Avere.ge volu.me in 
cubic centimeters 

tr. 
tr. 

0.233 
tr. 

0,0CJ7 

0.181 
tr, 

0.126 
tr. 

0.91)~ 
0.675 

0.762 
3.!,00 
l,2JJ 
o.ooc 

Per cent of 
total volume 

tr. 
tr. 

1.7 
tr. 
tr. 

,.,.o 
tr. 

L, .11 
tr. 

)..J.;.6 
5.0 

7.6 
G,5 

23.9 
0.1 

Average 
nUJT\ber cf 

individuals 

657.7 

5.0 

16.8 
2.9 

Per cent cf stomachs 
containin r or ;•9.uJ. sm.s 

4.5 

45.5 
54.5 

9.1 

Average volu.~e in 
cubic centimeters 

0.179 

0.015 

0.059 
0.003 

Per cent of 
total volume 

85.0 

0,3 

13,I+ 
0.9 

0,3 

Average 
number of 

indi vi duals 

li2 .3 

1.0 

6.o 

32.4 
15.7 
1.0 
1,0 
1.0 
2.0 

Per cont of s to,aachs 
contaimn or ani sms 

20.0 

5,7 

2.9 

51,4 
74.3 
17.1 
11,/-1-
2.9 
2.9 

... 
22.9 

Average volume in 
cubic centimeters 

0.014 

tr. 

0.025 

0.155 
0 .OJ), 
o.L:33 
0.862 
0.200 
1.900 

0.011 

Per cent of 
toto.l volume 

o.G 

tr. 

0.2 

23 .2 
7.3 

21.6 
28.7 
1.7 

15.s 

0.7 



Table 7 

Pw:npkinseeds, Summer, Wintergreen lake 

193 1937 
JO stoma.ohs with contents 19 stoma.cha with contents 
1,123 organisms 2.J-1-04 organisrns 
6.195 cc. of contents 8.,210 cc. of contents 

Average Per cent Average Per cent Average Per cent Average Per cent 
number of stomachs volume of number of stoma.ohs volume of 

of' containing in oubio total of containing in cubic tot."l.l 
Organisms :i.ndi viduals organisms centimeters volume individuals organisms centimeters volume 

Bryzoe. . . . . . . . .. • •• ... 5.3 tr. tr. 
Annelida 

Oligochaeta (terr~) 1.0 23.3 o.olil-1- 5.0 1.0 5.3 tr. tr. 
Hirudinea 1.5 6.7 tr. tr. ... . .. . .. 

Mollusca 
Gastropoda. . . . . . . ••• . .. 6.6 57.9 0.029 3.7 

Heliosorna 9.1 90.0 0.050 21.8 ••• . .. . .. . .. 
P~sa • • • . . . . . . . .. . . . . .. ... . .. 
.Amnioola. . . . . . . • •• . .. . .. . . . ... . .. 

Peleoypoda • • • • • • • • • . .. • •• . .. ... . .. 
Pisidium 9.2 86.7 0.097 40.7 126.5 21.1 0.600 28.2 

.Arthropoda 
Crustacea . . . ... . .. . . . . .. . .. 

Cladooera 1.5 20.0 tr. tr. . . . . .. . .. . .. 
Ostracoda . . . ••• . .. • •• 25.0 5.3 tr. tr. 
Amphipoda • • • • • • . .. . .. . . . ••• . .. . .. 

~nlella 4.3 83.3 o.oo6 2.3 . . . ••• . .. . .. 
Inseoa. 1.0 6.7 tr. tr. 1.0 5.3 tr. tr. 

Ephemeroptera 2.0 3 • .3 0.005 tr. 1.5 10.5 tr. tr. 
Ca.enis 2.3 53.3 0.013 3.3 9.1 47.4 0.016 1.7 

Odonata . . . . . . . .. ••• . . . . . . . .. ' .. 
Zygoptera 1.0 13.3 0.019 1.2 1.0 10 • .5 0.020 0.5 

1'richoptcra • • • • • • • •• ••• 1.9 36.8 0.006 0.5 
Diptera . . . . . . . . . . . . . .. . . . ... . .. 

Cera topog;or1idae 1.7 53.3 tr. tr. 2.6 42.1 tr. tr. 
Chircn<)ffiidao l,'J_.8 96.7 0.027 12.4 93.3 94. 7 0.252 .53.4 

Chaollorus • • • . . . ••• . .. 1.0 31.6 tr. tr. 
Chordata. 

Fish species 1.0 6.7 tr. tr. . . . ... . .. • •• 
Debris . . . 63.3 0.043 13.2 ... 84.2 0.06!1 12.0 



Surr.r;1er 

1935 1936 

(e.) l::u.~ber of ntome.chs "'~ +" ~;.L, Vl ._ conten-::s 29 39 
(b) 1:Tu..TT',be r of er.-~rt:r s ~: J:---1£:tclw r' I _, q .. 

( c) Total nu.--nber '.)f organisms 4,1)~ 10,359 
(,.1\ v.J Total volur:10 of or 6a:ni srr.s (cc.) 29.0 26.70 
(e) Average :-1u.mher r:if orgar,isms per 

stc!!'.ach ( •.vi th co:1tents) 1)-1,2.8 265.6 
l n.' .i'i.:ver9.ge :1u:-:1b0r 0f orga.:--.d .. 01-:-~s \l) 

..,...,'.J_ 
i.J -..,J 

stornac:-c ( "'f' 
\ y •• 0.ll sb)T.acts) 121.3 2!_p. 9 

(g) .&vere..ge volu.rne 'D·Or StOT'.1!1 1J~l 

(vr.:. t'1 content;) 1.000 o.635 
(h) Avers.be voJ:1.A.rr.e per sto!-r:acb. 

(of all st<:rrna.;hs) 0.853 0.621 

Gross nu."n.ber(; r.:.:.d. ... ~~- 1 ~.-_:r::.es., 
1.'{intargre er:. la 1.- • · 

Blue-ills 
Winter 

1937 1935-36 1936-37, 1 937-38 

25 153 53 U: . .. 393 10 74 
11,635 12,220 26,192 1,635 
25.32 39.L:h 5.785 1.42 

L65.6 79.8 494.2 37.2 

11,5.6 22.2 }).5 • 7 13.9 

1.01.3 0.258 0.109 0.032 

1.013 0.072 0.092 0.012 

Si.i.,."'.Lr.J.er 
, __ .,µ -:,7 
_:.)I_; 2-_; 

24 
10 

1;71 
s.095 

19.6 

13.9 

0.337 

0.238 

Perch PurrcP ki r..s e e d 
Winter Si.urn er 

1935-36 1936-37 1937-38 1936 1937 

48 22 35 30 19 
128 L J, r. 

l-+ _, 
200 14,020 1,310 1,12.3 2,hC4 / ,. 

40.18 4.410 12.03 6.19,S e.510 

6.2 637 .3 : 7 .L~ 37.1.; 126 • .5 

1.7 539.2 J3.6 32.1 126.5 

0.837 0.200 0.3L:1~ 0.206 0.448 

0.226 0.170 '.J.308 0.177 o.L.48 
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