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average standard length of 246.5 mm. they beGan to prey upon small bluegill 

finger lings. 

Data are presented to show that all but fine;erling bluegills are 

direct food competitors of the grayling. Observations indicate that 

the effects of this competition a.re already resulting in a reduction 

of the grayling population. It is su~sested as probable that the non­

reproducing graylin6 will be unable to maintain satisfactory growth and 

viability in the face of continued competition from the prolific bluegills. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

In an earlier report t~e writer (Leonard, 1939) presented an account 

of an experiment vn th Ifontana gray ling (T~llus monta.nus Wdlner), 5,000 

of which were introduced as 4-inch fingerlings into Ford Lake, a small 

landlocked lake in northern ~lichiga.n. This report included a brief dis­

cussion of the pbysical, chemical and biological characters of the lake, 

a series of observations on the feeding habits of the grayling, and a 

summary of all information available in the literature of grayling feeding 

habits. It was noted that one of the most unusual aspects of the diet 

of the Ford Lake grayling was the dominant position occupied by various 

groups of predacious insects, notably Odona.ta and dytiscid Coleoptera. 

The grayling, which were hatched on June 24, 1936, are completing 

the third year of their life at the time of this writing. The first 

report covered collections made in :.:-:ay and October of 1937. The present 

report deals v:ith collections nac.e in April, :u:ay, July arid Octo;.Jer, 1938, 

and Uarch, 1939. 

One aapect of the conditions under which the Ford Lake gray ling 

population exists has undergone a significant alteration since the first 
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observations were recorded. Owing to a :misunderstanding, a pla.uting of 

bluegills (presumably finf;erlings) was ma.de in the lake during the summer 

of 1937. This was most unfortunate, because all fish had been removed 

by rotenone treatment prior to the introduction of the grayling, in order 

that they might be free from the possible competition or predatory activ• 

ities of any other fishes. The progress of the experiment was not halted, 

however, and certain discoveries have resulted from the presence of the 

bluegills. One of the most interesting of these is tha~ by the time 

grayling had attained an age of sixteen months and an average standard 

length of 246.5 mm.. (average total length 11.5 inches) they began to prey 

upon young bluegills. Consumption of fish by Montana gra.yling has been 

reported only once (Brown, 1938), and in this instance the prey were small 

trout fry ta.ken where they were concentrated just belO"JI a hatchery outlet., 

the situation not being a natural one. The position of bluegill finger­

lings in the gra.yling diet rose from 3.5 per cent of the total in October., 

1938. to 34.0 per cent in March. 1939. Continued utilization of this food 

~i.11 undoubtedly depend largely upon the degree of success attending re­

production of the bluegilis, since it is obvious that physical limitations 

would prevent the grayling from. feeding upon e:ny but the smaller individuals. 

In the ensuing tabulations determinations of food organisms encountered 

in the grayling stomachs are carried as far as is feasible. Lack of 

lmowledge of life histories of many of our aquatic insects has prevented 

specific determinations in many cases, notably those of the midges and 

caddisflies. Lengths. weights and collection data for each series of fish 

are recorded in the text. 

All frat;r:tents of anL'138.l and plant matter too finely coI!Jillinuted for 

recognition have been considered as debris. Because the proportions of 
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the various organisms represented in the debris appeared to be in direct 

ratio to their abundance among the recognizable organis:ras, the debris has 

not entered in the tabular calculations; but the relative percentages of 

animal debris, plant debris and identifiable organisms are listed in the 

text. Unless specifically indicated otherwise, all aquatic insects were 

ta.ken in imr..ature stages, terres.trial insects as adults. In instances 

of specific growth-stage indication, "L" stands for larva, "P" for pupa, 

"W" for eymph and ".A11 for adult. 

Table 1 shows the diet of the grayling for each collection summarized 

by :major taxonomic categories of food organisms. Table 2 provides the 

same information for the bluegills, except that these latter were collected 

on the same date and are recorded by size groups. It appears certain that 

the three size groups recognized represent only two age classes, and that 

the two smaller groups are composed of specimens of the same age separated 

by different rates of growth, probably hacause of varying success in 

competitive feeding,-a condition commonly encountered smo~ centrarchids. 

Since this paper was prepared a collection of over 100 bluegills of this 

aGO class ws.s m.ade (May 24, 1939), using artificial flies. The two size 

0lasses persisted at this tine. Individuals of the larger groups could 

be recognized as soon as hooked by their greater vigor and endurance, and 

by their more vivid coloration. The smaller specimens appeared distinctly 

pale and "washed out!' 

Collection No. l.1 On April 21, 1938, five male and four female 

grayling were taken on artificial flies. The specL~ens had the following 

size ranges: Standard length, 183 to 198 rnn., average 190.0 :mm.; total 

length, 204 to 231 !!El., averare 218.0 m.; weight, 58.4 to 83.1 g., average 

72.3 g. (Table 3). The ratio of· ic.:mtitia'trle organisms to debris was: 
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identifiable organisms, 62 per cent; animal debris, 34 per cent; plant 

debris, 4 per cent. 

During the late afternoon a large number of ch.ironomids began to 

transform. over shallow shoal areas. Their energence attracted a large 

part of the grayling population., and for about half an hour, or until 

a sudden shower began, the v,rater literally boiad with rising fish. 

A No. 10 Dlack Gnat fly was used, and so avid were the Graylini; that 

almost every cast drew a strike. It is not surprising that the Diptera 

as a group composed 30.6 per cent by volume of the food taken. The 

large amounts of Odonata eymphs (33.3 per cent) and aquatic ColeopJ,.;o:ra 

(13.9 per cent) probably indioat.e that the grayling had been occupying 

and feeding over the shoal areas for some time prior to the peak of the 

midge emergence. 

Collection No. 2.c Eleven males and seven females were taken by 

means of artificial flies on May 8, 1938. Size ranges of these speci­

mens were as follows:-Sta.nda.rd length, 172 to 216 mm • ., average 199.8 mm.; 

total length, 220 to 25S mm., average 233.6 m:::.; weight, 57.6 to 112.0 g. 

aver~ge 91.5 g. (Table 4). The ratio of identifiable organisms to debris 

wass identifiable organisms, 64.6 per cent; animal debris, S0.2 per cent; 

plant debris, 5•2 per cent. 

iihen this collection was :ma.de, great nU!Ilbers of er:tpidids, or dance­

flies, were swarming over the water. Their ready availability, coupled 

with the gregarious ha.bits of feeding g;ra.yling., doubtless explains the 

fact that the e:mpidids alone accounted for over two-thirds of the total 

volume of Diptera consumed. Uym~~ of Enall~~~ hagsni~ although bulking 

slightly smaller than the empidids, were taken more generally, and were 
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encountered in all but three stomachs. Corixidae were even n.ore prevalent 

and, although ma.king up only four per cent of the total volume, occurred 

in all eighteen stomachs. Of the terres-crial insects, only the Hymenoptera 

made a significant contribution to the diet. The group was almost wholly 

represented by large winged f'e!f.a.les of the common carpenter ant, Camponotus 

herculaneus pe~~sylvanicus. Adults of the :;ninute dytiscid beetle, Bidessus 

sp., found coIJ:::J.only in the graylins stomachs previously reported on, occur 

only in the May 8 collection. 

Collection no. 3.1 A series o:!.' seventeen males l;/,lld eleven females 

was collected by means oi' a. graded gill net set e/v 9: 30 p .n., July 5, and 

lifted at 10:00 a.:m., July 6, 1938. The size range of these individuals 

was as follO'Vrs: S-tandard length, 214 to 250 r.m., average 226.5 mm.; total 

length, 254 to 295 mn., a.vera.r;e 268.9 mm.; wei~hts not available. (Table 5). 

The ratio of identifiable food organisms to debris was: identifiable 

organisms, 52.7 per cent; animal debris, 40.3 per cent; plant debris, 7.0 

per cent. 

Stomachs fron this collection contained a higher percentage of plai.kton 

(4.3 per cent composed aL"llost entirely of Bosmina) than any others reported 

on here~ The Odonata, although still well represented, were at their lowest 

point, probably because the peak of the emergence see.son had just passed. 

The extraordinarily large amount of Diptera, 1,'18.d.e up almost wholly of larvae 

and pupae of a chironomine midge tentatively determined as LiL'.!Ilochironomus 

modestus, is aL~ost certainly due to increased activity in anticipation 

of emergence on the part of these organisms, resulting in their being more 

readily detectec and captured by the grayling than is usual. The same con­

clusion is even more ce:ttainly justified in the instance of the Trichoptera 

which, represented almost entirely b)~ pupae of Oecetis inconspicua, make 
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the first significant contribution to the diet by this group since the 

inception of the study. 

It is possible that an explanation of the small amounts of' water 

beetles and all terrestrial insects present in these stomachs lies in 

the fact that the collection was made at night. when few terrestrial 

insects were available, a..'1.d by nee.us of a gill net, which might tend 

to exclude individuals feeding at or ver; near the surface. A collection 

nade just at dusk might have revealed a larger proportion of terrestrial 

and surface-inhabiting aqua.tic insects • 

. A.no·cher, perhaps more probable explanation, is that the surface 

waters, which warm.ad to 76° F. during the afternoon preceding the net­

set may have held a temperature high enough to exclude the grayling 

.from. them. 

Collection No. 4s On October 29 and 30, 1938, nine males and seven 

females were taken on artificial flies. The size ranges of these 

specimens were as follows: Standard length, 230 to 258 mm., average 

246.5 mm.; total length, 275 to 311 xmn.., average 292.8 mm.; weight, 154.4 

to 224.8 g., average 185.S g. (Ta.ble 6). The ratio of idsntifiable food 

organisms to debris was: identifiable organisms 63.4 per cent; animal 

debris, 28.3 per cent; plant debris, s.3 per oent 

In this collection the diet was dominated by adult aquatic Coleoptera, 

especially Dytiscidae (Acilius and Coptotomus) and Gyrinida.e,, each family 

represented by two species. The Odonata were next in importance; almost 

all of their volume was due to cyrnphs of~ junius. Cooling of the 

surface ws.te:.·., is refler:ted in the marked increase in the diet of a wide 

variety of terrestrial insects, demonstrating a willingness on the part 

of the grayling to feed at the surface when temperature conditions are 

favorable. 
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For the first time fish appear in the diet. It may be concluded that 

the grayling were at this time just attaining a size sufficient to enable 

them to presy upon th~ small bluegills. Svetvidov (1931) states that the 

white grayling from Lake Baikal feeds on fish and a.mphipods; iieckel and 

Kner (1858) and. von Siebold (1863) list minno,vs and fry as regular items 

in the food of the Buropean grayling • .As has been pointed out above, 

·there are nc known records of the Hichigan grayling feeding upon fish, 

and the only record of Montana grayling feeding on fish is based on a. 

rather tumatural situation where trout fr'tJ were abnorme.lly abundant, 

just below the outlet of~ fish hatchery. 

Collection No. 5: O:i !1:areh 1 and 2, 1939., four males and six females 

wore secured by t1ngling through tlie ice, using burrowing mayfly nymphs as 

bait. The size ranges of the specimens were: Standard length, 230 to · 

269 mm., average 252.2 mm.; total length, 272 to 514 mm., average 298.3 mm.; 

weight, 179 to 240.5 g., average 212.0 g. (Table 10). The ratio of identi­

fiable food organisms to debris was: identifiable organisms, 71.8 per cent; 

animal debris, 17.0 p6r cent; plant debris, 11.2 par cent. 

Aside from the large amount of bluegill frJ cons'\lllled, the most inter­

esting feature of this collecti~n was the occurrence, for the first time, 

of significant amounts of snails. Dragonfly nynphs and adult water beetles 

were abundant, as usual. Aquatic Diptera, represented by ohironomine 

larvae, were present in negligible quantity. 

A compru-ison of the figures listed in Tables 2, 8, 9, and 10, shows 

at a glance that bluegill::; and grayling in Ford Lake feed largely upon 

the same groups of invertebrates. There is apparen-t; a considerable dis­

pa.ri ty 1-)etween the diets of each of the three size groups of bluegills. 
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Members of the smallest group fed almost exclusively on plankton, small 

mayfly ~hs and chironomids. In the middle size group pla:nkton, chiro­

non'.ids and aphids bulked about the same, but the Odonata. loom al.Ir.ost as 

large, and many other organi.SJ:l.S shOYr in S!l8.ller a.mounts. The largest 

specimens fed on anisopteran dragonfly nymphs alm.ost to the exclusion of 

otho:- E;roups. It vrould s.prear that; menbers of tho middle size group fed 

at "'.;he surface more readily than the smallest or largest ind.i vidua.ls. 

Some workers believe tha!.; cor.q,etition from more aggressive, introduced 

species of fish is the principal cause for the extinction of the 1,lichigan 

grayJ- i.ng and for the decrease in. numbers of Hontan.a gr~ling in their 

native waters l!l8JlY of Vlhich, in recent years, have been s·cocked with brovm, 

cutthroat, rainbow, and eastern brook trout. 

There exists a strong likelihood that the g;rayli?t£; will fail rapidly 

in Ford Lake, due to the competitive food habits of the prolific bluegill. 

Already there have been noted indicatio~s of a marked drop in the Ford 

La.ko grayling population a.nd although definite figures will not be available 

until the population has been removed it is hardly open to question that 

the great increase in the number of bluegills has already had a serious 

effect upon the grayling. Co:m.ple"'tion of the Ford Lake experiment should 

provide an answer to the question of Y:hether or not a non-reproducing 

population of l'lontana grayling can live and grow successfully in a lake 

which contains sucii. a fecund and highly co:mpeti"i;ive species as the bluegill. 
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TABLE l. RESULTS OF ST01U.CE .AUALYS:SS OF FHr.; COLLLCTIONS 

OF MONTANA GRAYLnm SU'.i2LJ..RIZBD BY MAJOR GROUPS 

April 21 l:18.y 8 July 5-6 Oct. 29-30 March 1-2 
Organism 1938 1938 1938 1938 1938 

Mollusca • • • ••• ia-&.ce ••• 11.0 

Lntomostraca trace trace 4.3 • • • ••• 

lialacos·traoa 9.7 trace c.4 trace ••• 

Epheaeroptera 6.5 2.0 2.2 0.1 6.5 

Odona.ta 38.7 19.4 13.2 18.0 17.2 

IIemiptera 3.2 12.0 3.2 2.8 2.7 

Coleoptera 16.1 13.9 2.4 53.8 28.0 

Trichoptera ••• o.6 12.a 0.1 o.s 

Diptera. 19.3 20.4 57.9 trace o.3 

By-draoarina ••• trace ••• • •• ••• 

Orthoptera ••• • • • 1.2 3.9 ••• 

Ilemiptera ••• o.s • • • 0.1 • •• 

Homoptera ••• ••• • •• 0.3 ••• 

Coleoptera ••• 3.9 0.2 11.7 ••• 

Diptera • • • trace • •• 1.0 ••• 

r:ymenoptera 6.5 27.2 0.2 4.1 ••• 

Araneae trace ••• • •• ••• I e I 

Fish ••• • •• • •• 3.5 34.0 



TABI.3 2. RhSULTS OF ST01iACE .A.i"u\LYS:C:S OF TIIR:B SIZ: GROUPS 

OF BLUEGILLS, SU1LUuUZ:C:D BY MAJOR GROUPS 

Ave. Standard Length Ave. Standard Length Ave. Standard Length 
Organism 21.a mm. 40.4 mm. 117 .s mm. 

Annelida . ·•. ••• 4.0 

Mollusca ••• 1.9 2.s 

Entom.ostraoa 51.7 20.9 ••• 

:Mala.co straca 6.6 4.7 trace 

Ephemeroptera 21.7 a.5 ••• 
Odonata ••• 13.5 82.4 

Hemiptera ••• ••• ••• 

Coleoptera • • • ••• ••• 

Trichoptera ••• 1.1 0.7 

Diptera 20.0 20.1 o.5 
eydraee.rina • • • ••• trace 

Orthoptera ••• • •• 6.6 

Ilemiptera ••• 1.9 • •• 

IIom.optera ••• 20.0 • •• 

Coleoptera ••• 2.2 0.2 

Diptera. ••• 0.3 • •• 

Bymenoptera ••• a.s • •• 

Araneae ••• ••• • •• 
Fish • • • ••• • •• 

Psocoptera ••• 0.9 • •• 

Plant Material ••• 2.8 o.4 

.Anil"l..al Debris ••• • •• 2.6 



TABLE 3. STOMACIT CONTLlfTS Oli' F'ORD LA.Kb GR,WLilJG. BASED Orf A SEIUBS OP 5 MALI;S · 
AND 4 FEI.IALES COLLF.."CTED APRIL 21, 1938. SEE TEXT FOR DETAILS. 

Number :Humber Numberof st0lll8.chs Most organisms Least organisms Average number of Percent·or 
Organism 0£ or containing in in organisms in s~oma.chs total volume, 

s.eeoies individuals or~anisms fJJJ¥ stomach ~ stomach oontainin~ them less debris 

ENTOMOSTRJ\.CA trace 
Dia.I?tomua sp. l 12 l 12 12 12 trace 

MALACOSTRACA 9.7 
lfyalella nickerbockerii l 42 4 27 2 10.s 9-:f 

EPIIBl.IBlWPT L:H.A 6.5 
;3_hemera simulans N 1 4 2 2 2 2.0 ~ 
B asturus sp. N 1 9 s 5 1 s.o s.3 

ODO:NATA 38.7 
Ena.llacma, spp. N 2 16 7 5 1 2.2 ]r.s 
Tetra~oneuria sp. N l 2 1 1 1 1.0 16.l 

HEMIPTERA 3.2 
Corixidae A 1 6 6 2 1 1.2 3-f 

C0LEOPTERA lG.l 
Dytiscidae A 2 3 2 2 l 1.5 trace 
Dytiscidae L 1 25 l 25 25 25.0 12.9 
Gyrinidae A l 4 4 l 1 1.0 3.2 
Soarabaeidaa A• 1 2 2 1 1 1.,0 tl·ace 
Elateridae A* 1 l 1 l 1 1.0 tra.oe 

DIPTEP..A 19.3 
Tanypodina.e L 1 2 2 1 1 1.0 trace 
Chironominae A 2 106 6 31 6 17.6 H~G 
Chironominae P 1 2 2 1 l 1.0 +..race 
Chironominae L 2 4 4 l 1 1.0 3.2 
Ceratopogonidae L l 11 5 6 1 2.2 trace 
Stratioozy-iidae L 1 11 2 8 3 5.5 3.3 

liYMEllOPTi..Jl.A. 6.5 
Tenthredinidae* l 3 1 1 1.0 63 

A.WJEA.E trace 
Thomisidao• l l 1 1 1 1.0 trace 

*Terrestrial organiSJll&. 



TABLE 4. STOMACH CO:HTEUTS OF FORD LAKE GRAYLING. BAS::::D ON A SLRIES OF 11 :MA.Ll.:S 
l\lID 7 FEM.AI.BS COLLECTED IJA.Y 8, 1938 • SEE Tf;;xT FOR DETAILS. 

Number Number Mum.her af stomachs !Jost organisms Least organisms Average number of Percent of 
Organism o:t: o:t: containing in in organisms in stomachs total volume, 

species indiviciuals or~anisms ~ stomach __ ,my stomach _containin~ them less debris 

ENTOUOSTRACA 
Bosmina l 1 1 1 1 1.0 trace 
Diaptomus l 24 5 10 1 6.0 trace 

MA.LA.COSTRil . .CA 
~!lla l 21 10 4 l 2.1 trace 

EPHBr.1lliR OP1'.i:;f{A 2.0 
;hemera simulans N 1 1 1 1 l 1.0 traze 

ast-urus oupidus N 1 l l l l 1.0 trace 
~is sp. N l 15 8 3 1 1.9 2.0 

ODONA.TA 19.4 
Enallagma hageni N 1 49 15 8 1 3.3 19:4 
Tetragoneuria sp. N l l l l l 1.0 trace 

ll:CVlIPTlill.A 12.0 
Corixidae A 1 18 11 6 l 1.6 -r.o 
Notoneotida.e A 1 8 7 2 l 1.1 8.0 
Gerridae A 1 l l 1 1 1.0 trace 

COLEOPTERA 13.9 
IIaliplus sp. A 1 1 1 l l 1.0 trace 
Co~totoI!ll.1s sp. A 1 5 5 1 , 1.0 5.3 .4. 

Di essus sp. A l 35 7 17 1 5.0 o.G 
Dytiscidae, sp. L 1 2 2 1 1 1.0 trace 
Dytisoidae, sp. A l 2 2 l 1 1.0 4.0 
Gyrinidae A 2 11 9 2 1 1.1 4.0 

TRIClIOPTEKA o.s 
Sericostomatidae L l l l l l 1.0 o.s' 

DIPTEHA 20.4 
Ta...-,.ypodinae p l 18 13 5 1 1._3 75:3 
Chironominae L 2 56 12 12 l 4.7 1.3 
Chironominae p l 53 13 12 1 4.0 3.2 
Chironominae A 1 11 4 8 1 2.7 trace 
Ceratopoe;onidae L 1 12 9 4 1 1.3 o.s 
Chaoborus punotipennis L l 15 4 9 l 3.7 0.9 
midida.e A 1 69 10 20 1 6.9 13.8 

atiomyiidae L l 3 2 2 l 1.5 o.s 
(continued) 



Organism 

IlYDRACAH IHA 

lIEhlIPTB.R.A. * 
}.:;11ioocephalida.e 

COLEOP:i.'f:i:A"' 
l•'a.tnily? 
Chrysomelida.e 
Aphodius sp. 

DIP'£ERh"' 
Doliohopodidae 

RYMEHOP1'ERA * 
F'ormioidae 
F'emily? 

lrurnber 
of 

species 

l 

l 

3 
1 
l 

l 

1 
1 

*Terrestrial organisms. 

Wumber 
of 

intliviuu.als 

9 

l 

3 
5 
2 

1 

29 
9 

TABLE 4. (Continued) 

Number<£ stomachs !Jost organisms Least 
containing in 
orl:!'fl.nisms 8:::Y stomach - _, a.?J.¥ 

6 4 

l 1 

l l 
3 ~ ,:, 

2 l 

l 1 

5 8 
5 4 

organisms Average number of Percent of 
in organisms in stomachs tott1.l volume, 
.,tom.a.oh _ ooncaining them less debris 

1 1.5 trace 

o.6 
1 1.0 o:s 

3.9 
1 1.0 o:s 
1 1.7 3.3 
l 1.0 trace 

trace 
l 1.0 trace 

2'7.2 
l 5.8 26.6 
1 1.a o.s 

100.53/o 



TABLE 5. STOTuIACH CONTI;l:ITS OF PORD LAK8 GRAYLI!-JG • BASl~D OH A Sillr:xs OF 17 IJAL~S AND 
11 FEI.If..Li::S COLLLC'l':SD JULY 5 AND 6, 1938. SES TEXT F'OR DB'.i.'AILS. 

Number l'iumber Number of stomachs Most organisms Least organisms Average number of Percent of 
Organism ot of containing in in organism.a in stoma.ohs total volume 

SJ?OCies individuals orf.r.o.ni.Sms ani stomach ~ stomach conta.ini~ them less debris 

MOLLUSCA tra.oe 
Peyse. sp. 1 2 2 l l 1.0 trace 
Pisidium sp. 1 1 1 l l 1.0 trace 

ENTOM.OS1'RACA 4.3 
Bosmina. sp. l +7.600 3 +6,.000 l +3,000 u 
Dia;i2tomus sp. 1 6 2 5 l 3.0 trace 

MA.LA.C03TRACA 2.4 
!!lalella sp. 1 67 15 14 1 4.4 2.4 

EPJIBME11CPTERA " .., 
"'•"' 

Baetida.e l 8 6 3 1 1.3 ~ 
Efhemerella bioolor lI l l l 1 l 1.0 traoe 
Caenis simulans N l 131 9 46 1 14.5 2.0 
Trioofi!?hodes allaotus N l l 1 1 1 1.0 trace 

ODO:NA'rA 13.2 
Enallar;,nie hageni 1 7 5 2 1 1.4 0~ 
Allfl.X tutl.US l 78 18 14 1 4.3 10.s 
Cibelulidae 2 8 5 3 l 1.6 o.4 
Tatr~oneuria sp. 1 3 1 3 3 3.0 1.7 

1lli11 IPT .:C:11,A !3.2 
Cori:x::idae A 1 38 12 9 1 3.1 3.0 
lfotcnootitla.e A 1 5 4 2 1 1.2 0.2 

COLEOP'i'ERA 2.4 
llali;elus sp. L l l l 1 l 1.0 trace 
i'.iaii~Ius sp. A 1 1 1 1 1 1.0 trace 

.Gyrinida.e A 1 14 7 3 1 2.0 1.9 
Dytiscidae L 2 3 2 2 l 1.5 0.3 
Dytiscidae A 1 2 2 1 1 1.0 0.2 

TlUClIOPTERA 12.8 
Polyoentropida.o L 1 1 1 1 1 1.0 7cr 
Oecetis inoonsEicua p 1 371 6 86 1 61.8 12.4 
Sericosto:ma.tidae P 1 1 1 l l 1.0 0.2 
Family? A 1 1 1 1 1 1.0 traco 

(continued) 



Organism 

DIPTERA 
Chiroucmtlnae L 
Ch.i.ronominae p 
Ceratopogonidae L 
Cera-t:,opogonidae p 
Chc.oborus punotipennis 
Stratiomyiidae L 
~zso;es sp. L 

ORT!IOPTI:lu\ 
CeuthoJ2hilus maoulatus 

COLEOPT:SHA* 
Scarabaeida.e 
Faoily? 

HY.MENOP'rill:i.A 

Uumber 
of 

Number 
of 

Species in<livi~uals 

.., 
4036 "' 

2 2084 
1 12 
1 34 

L l 10 
l l 
l l 

l l 

1 1 
l l 

Cm1ponotus pennsylvanious 1 1 

·--
*Terrestrial organisms. 

TABLE 5. (Continued) 

:Number of stomachs Most organisms Loa.st organisms Average number of Peroen·b of' 
containing in in orgauiams in stomaohs-b:>tal volume 
organ.isms ~ stomach all¥ stolll8.ch containing them less debris 

57.9 
27 710 3 179.0 29-7 
27 250 2 77.l 27.6 

2 8 4 6.0 trace 
16 7 l 2.1 0.2 

5 4 l 2.0 traoe 
l l 1 l.O 0.2 
l 1 l 1.0 0.2 

1.2 
l 1 1 1.0 u 

0.2 
"I l 1 1.0 'a.]" ... 
l l 1 1.0 trace 

0.2 
1 l 1 1.0 o":2 

160.d~ 



TABLE 6. STOMA.CH CONTENTS OF FORD LAKE GRAYLL1lG. BASED ON A SI:.;r{IES OF 9 MALi;S 
AND 7 FEMALES COLLECTED OCT. 29-SO • 1939. SEE TE.1.T F'OR DETAILS. 

Organism 
Number 

of' 
Number 

of' 
species individuals 

AMJ?EIPODA 
Tiyalell! ap. 

EPIIELib1WPTE:RA. 
L!hem.era simulans 
r:C a.sturus oupidus 

ooomrn .. 
Go(Jlphus exilis 
AnA:c junius 
Ana.."'C iunius 
Libel ulida.e 
Libellulidae 

IIBll!.II";:' u i.A. 
Corixidae A 
Notoneota undulata A 

COLEOPT1:1'1A 
Dy-l;iscidae 
Gyrinidae 
Hydrophilidae 

A 
it 
A 

TRICHIPTERA 
Sericostoma.tidae L 

DIPTEHA 
Chironomidao 

ORTHOPTERA 
Ceuthophilus :ma.oulatus 
Iaoustida.e 

HEMIPTERA* 
J,iiridae 
Lyc;oeida.e 
Pentatomidae 

*Terrestrial organisms. 
1 1 11l.,.,,.q ~ f'l"''?_., 

l 

l 
l 

1 
1 
1 
1 
1 

2 
1 

2 
., 
,:., 

1 

l 

1 

1 
l 

2 
2 
1 

4 

l 
1 

4 
18 

2 
7 
2 

26 
2 

32 
68 
4 

2 

l 
2 

21 
4 
l 

Number of' stomachs Most organisms Least. o:r~a.nisms 
oonhs.inin~ in in 
organisms any stomach aey stomach 

3 

l 
l 

3 
7 
l 
5 
2 

12 
1 

14 
13 

3 

2 

4 

1 
1 

9 
2 
l 

2 

l 
1 

2 
4 
2 
3 
1 

5 
2 

4 
19 

2 

1 

1 

1 
2 

5 
3 
1 

(continued) 

1 

l 
l 

1 
1 
2 
1 
1 

l 
2 

l 
1 
1 

1 

1 

1 
2 

1 
1 
1 

Average number of Percent of 
crg;n.nisms in stomachs total volumt 

containing them less deb:ri1 

1.3 

1.0 
1.0 

1.3 
2.6 
2.0 
1.4 
1.0 

2.1 
2.0 

2.3 
5.2 
1.3 

1.0 

1.0 

1.0 
2.0 

2.3 
2.0 
1.0 

trace 

n 1 
y • .J. 

o;r 
trace 

16.0 
~ 
12.2 
0.1 
l.2 
0,.7 

53.8 
24.o 
29.l 
o.7 

0.1 
o.'i' 

trace 

3.9 
o:I' 
3.8 

0.1 
0.6 

traoe 
0.1 



TABLE 6. (Continued) 

Number Number Number of stomachs Most organisms Least organisms Avera1';e number of Peroent of 
Or g~.ni sm of of containing in in orgttn.inms in stomachs to·tal vol~ 

species individuals organisms •aJ:Jy a to:maoh any- stoma.oh containing ·them less debris 

HOUOFTi.1.'.H.A o.s 
Cercopida.e 2 3 2 2 1 1.3 0.2 
Aphididao 1 21 6 9 2 3.5 0.1 

COLEOP'l'i::RA * 11.7 
Stapeylinidae l 2 2 l l 1.0 trace 
Buprestidae l 1 l 1 1 1.0 0.1 
Tenebrionidae 1 l l 1 l 1.0 trace 
Soarabaeidae (Aphodius 

sp.) 2 176 15 29 1 11.7 11.2 
Chrysomelidae 2 4 4 1 l 1.0 0.1 
Curc:llionido.e 1 4 2 2 2 2.0 o.s 

DIPTL"TU.* 1.0 
Bioionida.e l 2 2 1 l 1.0 'o.3 
Tach:lnida.e 2 2 l 2 2 2.0 0.1 

lI:r.a'1:CliOPTERA 4.1 
Ic}m.oumonidae 2 3 3 1 1 1.0 o:a-
Br""'oonida.e l l l 1 l 1.0 truce 
Form!cidae l l l 1 1 1.0 trace 
Ya:;;pida.e (y. maoula.to.) 1 7 7 1 1 1.0 " "l v•v 

FISH 3.5 
Bluegill (!'._. maoroohira) l 9 5 3 l 1.0 3.5 

Y,V--V, \., -...) • I •J 

*terrestrial or~anisI'ilS. 



TABLE 7. STOMACII CONTENTS Qi'i' FORD LA.le: GR.AYLilm. BASED ON A SElUl~S OF 4 MALES 
l\lf.0 6 Fll1ALLS COLLECTI;D l1ATWH 1-2, 1939. sru:; TKX.T FOI~ DETAILS 

-- , ____ 
Humber l!UD.lber Wumher of· stomachs Most organisms Least orlianisms Average number of Percent of 

Organism of of containing in in organisms in stomachs total volume, 
5pecios individ11c .. 1G organisms :uzy- btomaoh any stomach oontnlninr; the1:1 less debris 

MOU,USCA 11.0 
Phys~ sp. 1 11 2 6 5 5.5 ll.O 
Helisome. sp. l 1 1 l l 1.0 trace 

EPEJBJWPTl:JlA 6 r. .o 
b'phe:rn.ora simulane N l 6 2 4 2 3.0 r.3' 
liexagcnia oocuita N 1 2 2 l l 1.0 s.o 
£tenonema tripunotatum N 1 2 2 l 1 1.0 1.3 
Blac ·Eurus oupidus N 1 23 4 20 1 5.7 o.9 

ODON.A.TA 17.:2 
~lo.gma spp. 2 58 2 5""/ l a.a 1.8 
Aeshna sp. 1 1 l 1 1 1.0 0.9 
~3unius 1 8 4 4 1 2.0 11.6 
Libellulidae 2 4 3 2 1 1.3 2.9 

HEMIPTERA 2.7 
Corixida.e A 1 9 5 2 1 1.8 ;r--· 

I.,. ·7 

COLLOPT11EA 28.0 
Dytiscidae A J. 14 8 5 l 2.8 973 
Gyrinidae A 1 49 8 17 2 6.1 18.7 

TRICHOPTb.."U\. o.s 
Serlcostoma.tidae p l 1 l l l 1.0 o.'!' 

DIP7Ei.:lA 0 ,, .• v 
Chi1·onomino.e L 1 49 8 14 l 6.1 o;s 

FISH 34.0 
Dl1~egill (~- ma.crochix-a) l 40 10 8 l 5.0 54.0 

ioo.o¾ 



.. 
TADLl.; 8. STOUACH cmrrBNTS OF BLuBGILL.3 nw::I l''ORD LAl{L, MIC}UGAlJ. BA.s};D m: A SillU.8S OF 9 SPEC ILL;:.JC COLLEC'E,D 

OCT. 28-29, 1939. SIZE EA.'NGEG: t.L., 15-26 nr:n •• ave. 21.8 nnn.; T.L., 1:}.33 nr.:1., o.ve 27.4 nun. 

O:re;anism 

BlJ1'< !.:·:·.u: ·; •i:1{:\ CJ\. 

llosrniua sp. 

l{lALJ,CO~~·rrr:.f CA 

Number 
of 

Nurrtber 
of 

species individuals 

1 14'/ 

I1i'['-'·l t) 11 a ~iokerLod:erii 1 2 

EPllliM ... .:IWP-r:li:J.u\ 
_£tc1.:~a10rt0Ehlebia. sp. 1 3 

DIPTl..::.:A 
Chirono11rus spp. 2 15 

Number of' stoma.ohs :Most organisms Least organisms 
containing in in 
organisms any stoma.ch any stomach 

8 50 

l 2 2 

3 l l 

4 8 l 

Average number of 
organisms in stomachs 

containing them 

18.4 

2.0 

1.0 

1.9 

Percent of' 
total volume 

lesis aebris 

51.7 

(l.6 

~1.7 

20.0 

100.0;-r 



TABLE 9. ST011ACE COHTLH'l'i., OF I3LUSGILL FINGI..:J.;:LIHGS FR.OJ' FORD L.Alill, MICHIGAN. BASi;D OW A SERL:,S OF 15 Sl'.L',Cfol•;jk; 
COLLECTBD OCT. 28-29• 1938. SlZl~ Ril.NGb: S.L., 33-50 m.T:1.., ave. 40.4 nm.; T.L., 42-63 mm •• av-e. 50.9 mm. 

Number Number Number of stomachs Most organisms Least orr.;anisms Average number of Percent• of 
Or1~a.nism of of containing in in organisms in stomachs total 

.. ' 
VO .L ume , 

species individuals organisms any stoma.ch e.rw s-tomach containing them lass debris 

110LLUSCA 1.9 
.Uclisona --- sp. l 2 1 2 2 2.0 r.s 

El'JTOUOSTRi\.CA 20.9 
Bom:dna sp. 1 38 3 20 3 16.0 87/ 
D.i..afLoinus sp. 1 51 6 20 4 8.5 12.2 

XALACO;:; Tl~ACA 4.7 
" 1 "1 !!JL&. e.L a knickerbooker:ii l 14 5 6 1 2.8 :r:;r 

EPIL,'.i;f, __ ,Ii'.OP'l'ru{A s.5 
~-h_wn.ert: simulans 1 1 1 l 1 1.0 2.2 
Par-aTeptoEh!ebia sp. 1 5 3 3 1 1.6 3.8 
Bal,itis -- sp. l 1 1 l 1 1.0 •) r: (., ... . J 

ODOl1} .. 'J.'i'. 1;1;. f) 
;~·m:.llar,2,ia sp. l 4 l l 1 1.0 1.3:'5" 

Tl1 IC 1:8 r~.rs.t.:i. 1.1 
~cricostoill8.ti<la.e l 3 1 l l 1.8 r.T 

DIP1'Llti1. 20.7 
Chironmninae 2 111 11 30 1 10.9 ~o.-·r 

PSOC()r/..,_;_:} .. ("', [l 
• .i • • ,. 

f'SO(:ida.e l 2 1 l 1 1.0 o.~i 
IIEiJIP'L:..'hA"' 1.9 

1:1.d.clae l 1 1 l 1 1.) G 
HOUOFTt7 ~/\. l~l (-\ ,, ..,..., .. ,._, 

C.l.,;e.llcll idae 1 l 1 1 1 1.0 ...... ,-
\)•~I 

.A:i_i~-idiJae l 33 7 9 3 4.7 J. ;,'. '{ 

COL.GO J"i' I::RA * " 
,., 

'-.- • r~ 

Sti.'Lpli.,,<,rlinidae 1 J. 1 1 1 1.0 ·--w 
0.0 

::i G U.J: a.1:>110 i U. B.t, 1 1 l 1 1 1.0 1.c 
FF.J..::tlly 'l 1 1 1 1 1 1.0 o.i 

DIPTUU,* 0.3 
l•'anily? 1 1 1 1 1 1.0 0.3 

iIYEi.:WOP'.CL:RI, o.6 
IcL.110-u:'l.onido.e l 1 1 l 1 1.0 o;rr 
Cyn:i.pi ... ln.o 1 1 1 1 1 1.0 truce 

1\LG .. '.J, ,--. 4 2.8 tJ . . . . .. ••• . .. 
100.0-1: 

*Terrestrial orca.nisms. 



TiillLl: 10. STOL:ACH COlfl',]\fT[; OF BLU:SGILLS }1WL F%.D LAIL_;, MICIIIGAU. BASED ON A SLl~ILS OF lU SPi:CL,T:i,JS 
OCT. 28-29, 1938. SIZ __ . l:.t.J.1fG:8: S.L., 105-130 nun.., tWe. 117.8 mm.; T.L., 132-160 mm., ave. 146.8 

Organism 
Hu.war 

of 
Number 

cf 
spocies individu~ls 

Aiffl.SLIDA 
Lu::1brioida.e 

MOLLUSCA 
Helisoma ap. 
'Bttr;culium sp. 

l'lAL!1.G ~::, '.I'E....11.C.A 
,Itro.lolla. knickerbockerii 

ODc,~·1\:T..:\ .. 
'''"""'l·u~ """"1" l:i.""" '•J ~)!.,,., ... .&. u ~....... ~ J.. 

Anu.:x. junius N 
:fetra • oneuria ,::1E:OSUra 

si:71.u ans N 
La.dona j';1-lia1 U 
Coliti1or.us e isa N 

·mr G.1.:;.;:1>1'EilA 
Phryi;oneidae 

DIP'.C£lu\. 
CLironomidae 
Gerat;:ipor;o:niJae 

I:IYDP..i,.CARIHA 
1 ~-Jn,.clmidae 

OR 'l'UOP'C:SRA 

L 

Ceuthophilus meri<Uonalis 

COlliOP')'.,~;ru\ * 
Gflrahide.e 

AlHl,lAL DiBRIC, 

PLAl'iT DL:DlUS 

*Terrascrial ore;anisms. 

l 

l 
l 

l 

1 
1 

1 
l 
1 

l 

2 
1 

l 

1 

1 

••• 

1 

4 
1 

l 

4 
3 

G 
16 

2 

1 

14 
7 

1 

l 

1 

... 
• •• 

Nu.-ro.ber of s·bomachs Most or1;a.nis:ms 
con·baining 
organisms 

1 

4 
l 

1 

3 
3 

2 
7 
2 

1 

4 
2 

l 

l 

1 

l 

2 

in 
any stomach 

1 

1 
1 

1 

2 
l 

3 
6 
1 

1 

7 
4 

1 

l 

1 

. . . 
••• 

Lea.st organisms 
in 

any stomach 

l 

l 
l 

l 

1 
1 

3 
1 
l 

l 

1 
3 

1 

1 

1 

• •• 

• •• 

-~-----

Average number of' 
orcnnisms in stomachs 

con·baining; them 

1.0 

1.0 
1.0 

1.0 

l.3 
1.0 

0.0 
2.3 
1.0 

1.0 

3.5 
3.5 

1.0 

1.0 

1.0 

• •• 

• •• 

·.a.··· .. ·.· .. ·; i . - • - • .... ~ 

. -'it~-' - -,.· 

trnoe 
ti•a.ce 

8?.4 
IT:T 
10.6 

18.G 
Sb.4 

4:.1 

0.5 
TCT 

la·ace 

t;-.•cice -·---·t;1•!1.ce 

o.4 
106.0% 
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