
Pk~.d for. Trans. 
••- .Fish. Society 

Original, .&J!lerican Fisheries Society 
cc, Fish Division ,_----- _ · 

Institute for Fisheries Research 
Report No. 1121 Education-Game - -

July·24, 1947 Dr. J. w. Leonard 

An Analyaia of the 1••4:Utg Habits of' iainbow trout 

u4 .Lak11 trout in Bireh Lab, C.es Couty, lliohiga.J, -

:Uiohlgan Department -of Conservation 

Ami Arbor • .Miohigu 

Ab,1;raot 
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In Birch Lake, an ologotrophio lake in aouthw-eatern Miohip.n_. nin

how,troui. &ml lalce trout have•• etook~4 at ftl"ioua tiaee ia u ettoi--t 

to make -the 4•ep• wtw, of -the l.ak♦ pl"O'ri.4e more tiehina;. 0..... a 

6-yea.r period, or••l ebau olerks collected atomachl of Ja2 ninbOW 

trout and -25 lake trout taken by angler,. Aualyata of t}le contents ot 

these stomachs reve&led that While the two species of trout were com

peting with eaoh ether for f'ood, neither apeo1ee preyed upon th-e incli .. 

gen.cue cieeo populati,on nor compe'b$d with it tor tood • .Aqua.tie inseota 

and fish made up the greater part of the die1. ot both specie• ot trout. 

fhe bulk of the tilh portion of the diet oonsiated largely of forage 

epecies. perch and cetrarohids occurring but seldom in the stem.ache. 

Rainbow trout took very little eurtaoe food except during late June. 

when there •• a ma.ea emergence of the burrowing :mayflies. and in October 



Introduction 

state normally devoid of .salmonids. So auceessfu.l have been the initial 

ati:em.pts to establish a...11.d exploit a rainbow trout aport fiehfi"y that 

limits as an aid, in line nth research findings, to wider utilisation 

Littl• ha• b$en published heretofore on th.$ feeding habits of rain, .. 

a 
bow trout occupying a lake ot the type mere commonly auppo:rting/lgam.e 

fish population wholly made up of auch essentially piscivorous species 

as mud picker$l, pike, y•llow pereh, urgaouth and smalaouth bass and 

other centrarchids. Biological inventctries made by survey parties 

operated by the lHehigan Institute ~or F•iaheries Research during the pa.st 
' 

decade have shown that Birch Lake supports a rich and varied pe;pulation 

of :forag$ ani:ma.ls, both -vertebrs.te and invertebrate, justifying the 

aunmption that an analysis of the game fiehes' diet should reveal feed .. 

iAg habits typical ol' the speoi<',S and not unduly weighted. by availability 

ot only a. few reetrieted f ora.ge sources. The present study ambraees 
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results of analyses ct stomachs eolleotod througheut the greate1• p&rt 

of the ice.£i-ee season, from rainbow tl"out 7 .5 to 22.5 inches in total 

length, ove:r a 6..yea:r period. It is felt that the colleetions eove.r a 

suftieiently wide re.nge of aeason, time, an.d fish si&e to establish the 

attu:uiard diet of the apeciea in Bireh Lake. 

One of the more speci.fio reasons f'c.r au interest in the problem 

here repo:rted lies in tbe fa.et 1.hat ciseoee oooUl" in Birch Lake and have 

long provided a zill-net f'iahery yitl>lding sport and :food, for a few 

days etuih y~, to residents of the 11icinitJ;r, some ot whom tea.red that 

rainbow t~0cut l'llight, ti' introduoed into the lake, deplete the eisoo 

population by predation. A:nothe?' reason waa the Institute« e desire t.o 

luik up feeding habit• with growth r:ate studies of mown-e.€';e rainbows,. 

All rainl:u,nr and la.k• trout in Birch. Lakot h$.VG been stocked from bateh$1'7 

aubtu,quent agc,-elaas :recognition. The growth l"ate will b~ treated in 

a separate report at._ later date .. 

Deaeription ot Biroh Lake 

Birch Lake hae a aurfaee area ot 300.s acres and a maximum. depth 

ot 95 feet. It it 1.1 mi.lea long by 0.77 mile wide, the long axis 

l7ir:lg in a N"~-SE direction. rt is supplied by numerous springs flowing 

the year around. Through its QUtlet it is ultimately tributary to the 

st. Joseph River., which empties into Lake Miehige.n. The shallow., barren,, 

sandy shoal areas are relatively narrow., a.nd terminate in an abrupt 

drop-off. The dominant bottom materials of shoals and slope are sand and 

mul, with some gr&vel along the shoals of the eastern and western shore. 



11ar1 F•domiatea 'Nw•• the ;.toot and 70-toot eontoure whil• pulpy' 

peat i'Ol'llls the 'bott• at deptha greater than 70 feet. ~• lake is 

aurrou.udeti ·by wo~d.etl_. rolltng hill•• 

.! aruvay made on July s. 1937. reve-aJJtd. the prea•m,• of a thermo ... 

ol~ !:)•tween the depth.a ot 15 and J6 feet. On t}q-111 date.disaolw-1 

•qgen was pr.esent in th• amoul\t et a.3 P•f••• at the aurface;, the 8U'1$: 

at 4; teet. and 4.6 P•P••• t,t 'thtt bottom (9!} fff't)J pH •• (i.4 at the 

surtao:t, 7•5 at the bottom. as determ.:bled with aB:ellige diao caparatorJ 

methyl ♦nnp alkalinity•• U!2 P•P••• at the aurtaoe, 1.40 P.P••• at 

th• 'bot\cm; b'ee OOa, absent from the sw:-t«ff to a depth of 27 t"♦eiJ, •• 

present at 'fill• rate of o.J ,.,.m. at 45 teet, o.6 P•P••• at the botta. 

A See•hi :Oin wae viaibl• -to a- depth 6f 17 feet •t 9•00 ••• on a elff.i'> 

da'f• With the air t~t-.re ataa~ •t 9f/t F. •n July 8, tlu, watw 

temperature rangri from SO- ,. at the am-ta.ff through 75• ,. at l,? ten~ 
50° ,. at 39 flileil:, to ~ F. e.t 9' feet. 

Atuatlo vegetation b not abun&mt, and ie largely oat'in.ed to 

shoal areas. Anaobu1• ... deasi.a 1• co:m.JUD to a depth of 18 te•t• 

@:wato2!lflla 4•••• and !V:i!f&ll'Wll •etoatUlli to the l5•foot eontour. 

Chan. •P• ooova to a depth of 10 feet. li'ft otheJ" apeeie~ooour bttyond 

'8,other pl.ants known trom Bi:reh Lake include lll!!:oao:t:,:l• umbellate., 

laJaa :tla:ilia, !z!fba• odor&ta, ?uEha: e.n-enum, Potuogeton 

aneatifoliue, !• hiesii,. !• nate.ne., !• 2ectinatue1 f.• P!normitanu•• 

P. 1ootaitorm.ia, Ranunoulua l5i1"oetris., and h,irpua acutus. .... .. . : 

a depth ot 6 feet. 



StunpltJs of the invertElbrate te:wie. were takan with plankton net 

and Ekman dredGe on July 8. vertical haul of the pl~11kto:u net from a 

depth cf 90 feet to tha aurt'ace yielded plankton organicms at the rate 

of 2.7 eubio oentini.eters per cubic ra~teri a hori$ontal haul or 100 feet -

taken at the $ur:t'ace yielded 2.1 eubio effntimeters par cubic mater. Both 

samplos were d.11,,ninated by Tmt.omos·traca. nesul·ts of the ~..an dredge 

samples are shown in Table l. Alt.hough rntAD.1 ritore ISa:tnplas. taken thro~h

out the year. 1r-0uld be required ae a basis for an aeourate estimate of 

the total invertebrate fauna p.roduetion of th~ lake, the data available 

indicate a production eqwtl to -the average for other ol&gotrophie lt.kea 

in southwestern l!liohigttn the\ t have be&:n surveyed 'by the Iru:ti tute 

( lmpubH.thed data)• 

Specie-a ot tish mown to ooeur in Birch. lA!Jce a.re listed: in fable 2 • 

It is qu.ite possible that additiom\\l species are preaent •e welli, ••

pecially other cyprinicls. All spaoies of' trout shown in the table h.ave 

been introc.hteed at various tim.et frOl'!l hatchery stocks. 

Rainbow Trout Diet Analyses 

In all,, 322 rainb<ffl trout stomachs were a'ftile.ble for a.nalysi1a. 

-Of the total, 165 were from. fish between 7•5/8 and 12 inohea total 

length; 157 were from specimens between 12 ... 1/8 and 22 ... 1/2 inehes total 

length. Praetieally all of the c,ollactions were taken by anglers using 

a wide variety of b$.its, including night--crawlersit minnowl!_, cheese, 

meati, viscera. ot f'ish., wet and dry artificial flies., spinnersi, plugs 

and. spooru11. A very ame.ll nmriber wer• obtt.ined from expari:menta.1 gill-n•t 

oatohea. Colleetions were me.de o-.er the 6-yea.r period trorr: 1941 to 19401 



iable 1-.-Sjmmary, by major categories, o:f' bottom org•nims obtained by :Enan 
1937. 

~edge f'rom Birch Lake. Michigan, 9 :00 "f 11,,0 a.m"', July 8, ,1 Four 

1/4-aquare .foot samples ta.ken at eaeh st1'.tion. 

_______________________________ ..,.... ________ .,... _________ _ 

Depth in tee~ 

fype ot bottom 

Vegetation 

Voluae of orptl,ia• :pet' 
squr• foot bna:'bitJ eentimeters) 

Orp.niaa ( nnbera) 

Ol:lgootuu,te w•rm• 

Orayt1ah 

Maytlyi~fhl 

DragonflJ · nymphs 

I 

•·•···· 
•.•.. 
l 

•·••· 
•.. ,. 

ll III 

3 

4 

-• ·•-• 

6 

•·•·• 

rv V 

••·• .... 
•••• 

W.4ge lUTae 4 17 11; 92 
------·----+---'I -·--~ ............ _,,.__,.____.....,.,,..............._~--_...... 

I. 5 



Ciaoo 

Ooast rainbOW' trout 

Common brook trout 

Qomm.cm lake trout 

Cemmon white sucker 

Northern oreek ehub 

Weatern golden . shiner 

Blt.okehin shiner 

Northern. blaclcno•• shiner 

Bluntnose minnow 

Northern brown bullhead 

Tadpole madtom 

Lefi&osteua osseus \DYUX'U& 

Leuoiehthys vtedi subap. 

Sa.Imo trutila farlo 

Sal.mo gairdnerii irid•ua 

Salvalittus f. fontinalia 

Cristi vomer n. namay~ush - .. 
C..toetom.us ,,_ QOmm&rsonnU. 

Semotilus a. atromuulatua 

Notropis cornutua Oe!fsooephalua 

Notropis !!,• heteroclon 

Notrofi• !• volucellua 

Notroii• !• h.-berolep:la 

!zborhpichus notatua 

.Ameiurua n. nebuloau 

Sehilbeodes.gyrinus 

Mud pioker·el 

Western bande4 killitiah 

Yellow peroh 

Logperoh 

IGWa. darter 

PumpkitUIJ&ecl 

Commoti bluegill 

Northern :rook bus 

~ 
Common and scientific names used here follow !lubb& and. ta1le1~ (1941). 

Fundul us diaRb.anus meu.na 

Perea flaye.aeena 

Pel'oin& eaerode~ au~ap .. 

Poeeil1eht5:a exilia 

Mieror•rca. ~• mi,orop•roa 

M1oroiterus !• dolomieu 

Buro ealmoiclea -
L•e• Oz:!n•llu•, 

L•1om.1! §ibboaue 

Lepai~ !,• macroehirl.Ut 

.Am'bloflitee !.• rupeawis 

Labid:eathea •• ,Jieou.lus -
Cottus b. bairdU . 



inclusive, and cover a !&.week span frr.,m June 25 to December 19, 1n ... 

elu11••• A point ot lntft'es't not6d in. ~•dng ii that with a single 

exception no fish ot the aia.ller size group were taken after August 31. 

0a a baeia of total volum.e ot stoma.ch contents, the various material$ 

the tote.l bulk. In subsequent treatment ot the data, known be.it materu.11 

were atu4iedJ 1ntest1nal contents were not e:xa.mined .• 

employed by the man.7 'WOrkera in thia field. 
;ii 

the t.abul.ationa to follow 

reader with a complete pieture ot the rela:ti:ve dietary importance· ot the 

var:tcua food organisms, and permit ready compariaon with results published 

tables, together with t1gurea showing the mas:imum end average numbers 

of eaeh item 1n the stomachs containing them. Since many published 

reports have uaed volume ae the eole oriterion f'c,r relative importance 

inolu4ed here. It is the feeling or the writers. however. that volumetric 

data may often be misleading, especially if unaccompanied 'by informs:tion 

on numbers and f'requemiy ot oocurrenoe of' organisms as well, and when 

based on small series of stoma.cha. A single bulky specimen, actually 

ot rar• occurrence, :may assume an unwarranted position of dominance OVff 

smaller but commoner food it••• while digestive action may obscure the 

real •lue ot rare and common food. organisms alike,. lt stome,ehs 1-ve 

been collected in large numbers, and over a wide range ot time, inequalities 



t 

·. . 

4u.e ·to 41gesid.w aetion will. t4··· ooutee, t•4 to atjut th•••l••• 
to ta end 'that oerta.in oonolutorua •1 'be a.rawa trtlllll 110l••trio 

tigv••· 
figure 1 has 1:tM11 prepa,e4 to ahw the tilwp .U.tt•qo•• wh1ob 

oec\UTet, h'e ytu to yciu, in th• rreqv.enoy ·ot ~l"eno~ ot 'the 
' 

l'U'ioua majv teo4 oategori•• in the rainbow atomaoha. fh• tater- ·· 

annual d.iapulty •• not great tv aqua:tio 1a1:eot;. llut. waa cnma.14•• 

· able tor other group,. Cnyftah au "ud.1, tor -.m,l•• which uoounte4 

tor J pwoe:at ot idle t,rtal .diet (oomputft ·• a ftl•.-1• be.ala for the 

•tire 6.i.yeu- pettio4). wwe.eaple'Uly abaat haa at-..oha eollectef 

fr• l9W,. to 1941, inolu.liflf tull ,.,.,.. tound 1a t'ffo.,.thJ.r4a ot the 

l'ffm&CJbl take 11t 1,42, in only OlUJ•'thir4 of th••· taken bl l.94J l 

aollulk ft-equeaoy Yl\l"led. tr-om .·a,. rr••nst in 194l, to 88 pffoe-t la 19~• 

la or4,• to 4ew"'1af the. -.teni of 41tt•NM•lb.t...._1ng4• 

to ala• of the pl"•torJ th troutwere ar1-itrM-il7·a1.•w·b,_o ·two 
el.a• group•, •• oom,riaiag speeill•• 1e iaeue .or le•• in total length. 

th• otb.- ocmtai:ltng the larger f'llh. · tr• l&.1/8 •o 22.1/2 lnoh••• 

· leaw.t• app"1" in Table ;, plot\M uader major f<Jod orpn1a oat.gor1••• 
. . consumed 

aDd are brOk• down further 1D fable 4 .c, tar •• 1peeie1 ot f:l•h••A are 

oon.ovnecl. lo turtho break4oft of other tood group• bas bea. made en 

a ,...dater ab,e baaie, eilloe the ._.· epnies t4 ~•vat.a preclomina..._ 

1a the atomachs of both •iae groupa. 

fable; ehon clearly that the two moat important group• ot tood 

orpnia1 b, the diet ot the Birch Lake rainbow trout were aqua:tio s.n. 
aaota (with f flff esoept:ton• in ilamature growth etagea) and f1abea, the 

ton.er eoovring 1n 89 percent of all ailoma.cb.8 and. aeooimting tor 
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Aquatie insects 

Wat.v id.~• 

Spiders 

. Fish 

Algae 

Higher plants 

An.ml d•bris 

Inorganic d&bris 

Combined traces 
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Tlml• 4.-Lt•t of fiahsc t~d bl ri~•~• or· rain~ ~t t-rQm &iroh :Lan,. ttimd~"Uc• sl,.:.miag rrfflt~~~ .r -...,.: • 
,...,._ mD:ir~ua ud AVU'&~~ ~wt'bfl':8 p# n--.eh. bd Pf!!N~i:]t oE t.tal vol~ flt t:iah •'t&Jh, ~- ... 

(ten~ alt.tea leu ~mm ~ ot •• peroet. 

••• 
••• 
11 
~ 

J. 
J 

·••· 
5 
1 
a 

<It•• 
••• 
~ 

•••• 

••• 

••• 
~ 'fel- ineluc• -1."th •t~e ,.._1• 
'3' lnclwq .- .. t.~•. ,1.s .. · t::J.~11-

-~ ....... -,, -- _WM .• 

••• 
••• 

' 1 
2 
9 

••• 
••• 

••• .. .. 
1 

lJ 
••• 
••• 
••• 

••• 
••• 

• •• 

••• 
••• 
1.9 
1.0 · 

••• 
••• 
li.O 
1.5 
1.3 

• •• 
1.0 

• •• 

• •• 

-F'&f'O-~ 
,4·ww 
Yolma 

• •• 

• •• 
• •• 

• •• 

••• 
I 

• •• 
• •• 
••• 
• •• 

100 

a~1uu; 
eoo:ta1i1ing 
•pnia 

< 

l. 
l 

1? 
1 
1 
7 
l· 
l 

10 
2 , 
l 
1 
4 
j 
·~ 

l 
J 
1 
l 

10 
·a; 
••• 

1 
1 

12 
l 
1 

Jl 
4 
l 

'4:7 
2 
2 
1 
2 
1 
1 
J 
l 
2 
l 
1 
I. 

·••· 
••• 

1.0 
1.0 
11._e; .,..;; 
1.0 
1.0 
;-6 

,, a.s 
1.0 
1.1 
1.3 
i.; 
1 • .0 
1.2 
i.o 
1.0 
1.7 
1 .• 0 
i.s 
ld 
1.0 
l..h. 

• •• 

J 

t 
l 
1 
4 
s ---·14 

• J 
tN.M • a 

I 
1 

t 
1 .... 
2 

11 
1 

~~ 
tftM 

17 
1 
1 

' .1 .... 
8; 
ti 
I 

WUtt· 
J 
~ 
1 

' ---l 
tNoe ---6 • • •• 

• •• 

. i 

et orpn-
1,- ill at.-c.lla Pffl'§ent 
--~ .the of total 
~~ volume 

1 1.0 a 
1 1.0 t 2a 2.7 

·1 1.0 1 
a 1., 2 
J.J. t-3 4 • 2., 4 
l 1.0 t .... 

41 6.1. 15 
2 l.li, l 
2 l.J. 4 
1 1.0 trlH 
e 1.2 80 
1 1.0 1 
1 l..O 7 

lJ L6 1 
1 1 • .0 ~ 
2 1.; s 
1 1.0 ·1 
l. 1.0 true 
4 !.5 I 

••• • •• • • •• . ... l 

••·• .... 100 



a; peroent of the total volume• th~ latter oceurring in 41 pereen:t of 

all stomachs .and eom.priaing 4J p•rcent ot the total volume. '1'he volu. ... 

ti.ah in the smaller trout. as would be expeoted. lt i.1 intaesting to 

note., however• that n-en the larger trout did not lose theil" taate tor 

inaeeta. but te4 upon them freely• nearly halt (49 peroo:o.t) ot the larger 

tr01tt haviag ne tiah in their et--.•h•. the ooovrenoe ot algae .and 

high.er plant; -.t&riala ah•• that . utiU.aation · ot · ve.getable 111&terial by 

species ot 01-.dooc,ra and Copepoda., oeowred in about one-tewth of the 

._1.1er trot1t, in only one ... teath of the lvie:t. Sinee eisec:n11 are oon ... 

ilid.er$d. to Ind.largely on plankton• it 1• apparut that i.hw rainbvw• 

oft- them but little tood oompet.ition. Decapod er-uatae•n• Wfte taken 

..-.r-, iutreqt1entl1, u.d ••posed J percent ot the diet, volum.etrieallJ• 

almost aol•l1 b♦otua• of ll large oN.yf'1eh (Cam'barue ep.J taken by trout 

of the larger abe g1>ou1>- Only 10 apeobl•• ot !z!le:U.a k.a.iokerboekeri 

u.4 2: of Ge.mmarua taaoiatua appeared 1n the '22 atoma.oha. Kollu.ska1 / 

'Whi.oh altilo made up 3 percent of the diet volU11etrioall7. ooourt"ed in 

over one-third of the atomaoha of trout ot both eiie groups. and were 

repreeenteti by epeeiEus of 10 4itterent genera'?'. 9 of them gastropod.a, 

3 
'<I !::z!!!•• Eelisou., Planor'bis• P&••• Valw.ta, Bz:!?hinia, Amnicola, 

!'z!:gulo1?1ia, Pa.lude•trina and Piaidium. 

the other a •tingernai1• elam. 



A comparison of fable 4with !able 2 refta.l1 that of the 31 speoiea 

of fishes known to occur in the lake, 17 ore found in the atomaoha, 

including th& md.dentitied: salmon.id. Soa.les ot four other a, the oiaoo, 

earmaon sucker, mud min.now and Iowa darter, app•red in one stomach each 

but have been omitted fr<Ym the tabulation 1n the belief that they were 

probably aeoidentally ingested with bottom ma:terial and did not represent 

fish eatu. Every apeeiea of eyp-rinid kaOWll to ~bit the lake•• 

represented in the 4iet. The mudc:r a.huier, loti-021• !.• YOluoellus. led 

all •~•1•• of fish in trequ,enoy of oecurr-enee and. greatest number per 

iJ.uU?id•l stomach• but •• surpa•••• volumetrically by' the lffe frequent!:, 

oo•uning yellow perch. It ta noteworthr that trout of the smaller 

aize group fed aoarcely at all en game or pan t11hea. 

One important q11:estion answered. by ?able 4 is that eoncerning the 

pou1ible bltluenoe et the n.1nbaw trout in reducing the 01100 p.opuleition 

of Birch Lake. It 1• ol:rri.oua that there are :n.o g.-oua4a tor apprehenai.on. 

on this eoore. The rai».bow• are not predatory on the oieooJ a.ad: rd.nee 

it ha.a bee shown in fable, that they are not hU.VJ' plankton feeders. 

it •••• unlikely that the two apeeies are in oonfli.ot. So fe.r a.a teed ... 

ing habits are oonoerned, the tw'o species should be able to thrive and 

each provide a ntiataotoey fiehery. 

A wide variety of aquatic inaeeta appeared in the atom.ache ot trout 

of both abe classes, a1 ia ahown by Table 5. Thr•• ordert, Ephemeropt&ra, 

friohoptera. and Diptera, tar outweighed all others in frequency of 

ooe1n1rrence, n:amber of individuals eaten; and pereerit of total volua.e 

(Figure 2). Chil"onomid midge larvae and pupae, the most frequently 

occurring single insect group, included Polzyedilum nubeoulosum, T!&Pua 

nellatus. 'lanz!!osua ~ueun4ua dimor;ehus, Ohironom.ua plum.osus, lo'biteru.s, 
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'la.bl• ; ..... nuctuatiGns in.ams.ual•OCClU"l'"enee of species of aqutio insqt~ 

Heuroptera (Alder flies) 
Sia:ua infmaata 

Pleeoptera (Stonet1ie11) 
:t•Of$!'la sp. 

Hemipten. (Water buga) 
Aretoooriu. 1p • 
lfotonffte. undulata 
Beiostoma flumbeum 

• Ooleopter& (Water beetles) 
Haliplus sp. 
fiihacidae 
Gyrinid&e 
Hydrophilidae 
~yopid&e 
Donacia. sp. 

Yeara..g, in whioh 
speoiff oecurred 

1 
! 

ichoptera (Oadiisflies) 
HydroptiU.u.e 
Qxyethil"a •P• 
le.ikiioia eelina 

tae•.•P• -=:ephilidae 
fi;tooella "'lu.isita. 
«.jt.,oeiXa arlh 
0.0flt1d,I sp • 
deoetia e44leatoni 
~r~enode1 tare 
fiG--.olea ·1n~u•ta ....... ,. 

j: ea s•;eulohral1• 
ac rcent:-us •P• 

ipten ttrut fli••> ~ 

Jipula a.b~omiulie 
Oh!r<meS.ai•· ·. · . 
Oeratopogonidae 
Cule,c •P• 
Soiorus iuncti,2.nnia 
l!imiiium vanuatum 

' 

Yeai"a Ut which 
s •oiea oocurr•4 

~ All forms listed were taken in immature stages except the tollow~g, E;ehetll$ra. s:imulens, 
both ~ph• and aubimagoea1 Haliplua •P• ~d Donacia sp.; pupae and adultsJ lfydroptilldae, 
~rfte, .pupae and adul tsJ '.?ipuii abdominalia and Cule,c •P•• both larvae and a4ults • 

2 
'.vi The yeara 1941 • 1946 .re repre•ented. by the numbers l • 6. 



b4 mode•n•• _.,. .,_s.e• of Hf.l.i.s J.uu• .»,I p•• wee u.te. A 

apn1ee ot ~-...near el~• tlomiaatfM!_ tollwed'bf two epeoiee et 

+ei:00-11, eel an un4et.rittne4 Sfdl"opttltt. . two 'b•roring maJfU.••• 

luagenb. oooulta an4 !Jh••• 111llal.Ua, ww• i'M .-,t ilnpwtant. •1•ent 

of the •phfllllfl'oglenn portion of the d.in. which aooouted for over 

thrft1uvt•Jt• of tu t..-1 wl•• of a,-.,1~ iaaeota. Ot·partio~ar 

tntveat •• th• tact that .._,.u, ~•••ttD.ted Gilly by lt:Jllll)hs, oooun-.i · 

1n •~ha throlllgllout th.e &'tfb'• ••••ona.l ·..-n ooY.-ed by tbs oell•tioniJ, 

•••• th• Egh--. •• repreaent•4 bt ~bi ancl n.b:1-t"• ooourriug 
. ·. . . . '. ', . '. 

tog•t1-' in atoma•hl.•ver ·a ffrJ shoi-tperio4 of 'time in lat• ky···aa4 
. . 

•• obvioual.7 utlli.cN bf. the ra~•. oaly 4tal'i,q ita emerg•n•• perio4• , ••· 

It 1• lm"pl'lliAg. that. two ., .. 1 •• Who•• JQllpha Jl'••--b~f po.••··· • ., 
eial.la habit•. •hOUl.d-.hiblt cuohe wide,41ape.rlt,- -~ theVOQii diet. 

. . ,· . . . -

·Other ,eou11at-1t1e, tA oooVl"cu,e •f a4uatio weo-te a• diepl•1•4 · 

by the a4uat1e Cel-,t~,:· HJ?l"•••t• bf •ta. . ,-Utee b,di found · ~ ·. 
. . 

ttGiMha oel.leot
1
-4 bl l.91,1.S al.JJ by blaokfq {Sillw.l•l. le.nae, ._ • · · 

stoutly, Xaof!!la •t• fu two la•t-•9' f•l'llli, r•Pt.'.•aeittM. 01· -.ly a 
.· ' ' 

tn indJ:ri.due.l•• woul«l an be .xpett•d. la \ypS.-1 lak•. elffiromllet•• 

e.nd -, repr•••~ . a. tvny in.to ~ tepe a4,1aeent · to the outlet •--~ 

(which •• aereene4 to prffht •••P• of tiah Ira the lake) liy' the trout 
aquatic·· . . .. 

•ting -tha. Although/\11•1,t•r• haft often lMNn OOD8id.ere4 unpalatable 

to tieh owing to their notloeable MOJ!'I and. th• atingl.ng p~-.1d.alit:lea 

of Cfll"tam tamll••• nota'bl7 the notoneeticla, :tepresentati'fte of th1a 

orcler were of 1teaq though not abudant oocur,'nce in the. atomaeu. 

It has not bea cona14ered protiilabl• to tabulate thet~rl"efm"ial 

i.D1eot portion ot the cH.•t bf taxonomic eategori••• Bowner, it ahou.14 · 



'be noted that lud ir1111eot1 appared very infrequently throughout the 

&ta'ler but were •ten in gre.t quantlt,- during Oetober and early Bovem'ber. 

a addition tc eolleoting rainbow trout stom:achs, the er•el oeneua 

el.erk• covering Biroh Lake obtained stomach• from. 25 lakf> trout £Criativamer 

!.• ~z:cnteh}, the contents of which a:r• analyzed in Table 6. On th• 

basis of th.11 limited aeries of speeinum.s, it would appear that the lake 

trout are more strongly p1101voroua than the rainbows. but teed upon 

aquatio :waeots frequently en.ou.gh to be Pated as dirttcit competitors of 

the raiiibowa for both hlteot and fish foocl o:rganiema. 'fher-e were no 

indication.a that eiaooea, larg• or aMll, entered the lake trout•a diet. 

Two lake trout bad •t•n adult J'lmtt beetles, and another a large hawk-

moth lUft, •vid.eMe that evci theae lovers ot deep water •Y n• and. 

tnea tak• aurtace food. 

The o ... d tion of the. r•inbow trout cU.e\ is. euoh es to aaerve 

oonaiderat1on when l'!lAne.gement of th• li:tch Lek• tither,- 1• 'beini plamiett., 

The auttabilit¥ ot the eiviromenii ff# rainb.-s is apparent&-. the 

oath<>lic1ty ct their t♦ed.ing bl.bits. 'nt~ar• a'ble to utilite inhabi

tants of the aha.llow littoral zone. au.eh as a majority ot the :immature 

ate.gee ot aquatic inaecteJ the bott• fauna of the deeper aon«u1, ae 

evid.4mo•d l)J' nymph.a of Rea1enia which occur in .fair numbere toe. de~th 

ot 6o teet, and immature ehircmomid.11 which tu.·• abundant even at the lake'• 

greateat deptb.1 and. organiaa ef the open water, such aa forage fish•• 

ud. plankton. Since terreeti-ial inaeota and flying stage, of aquatio 

inaeets were oonaumed :moat sparingly exeept for a f6'fll days during the 

b•vy emergence ot !1Jheme,ra aimulans in late •Y and during oetober when 

the great 'bulk ot tel"l"e•trial insects appeared in th• diet, it is obvioua 

that tly tiaherm.enlfill be able to expect a tair measure ot suoeesa only 



table 6.., •• 0ontent.1 ot 2S atomach111 of lake trout talten from Jireh Lake, J.U.c.bigq1 
1941 • 1946. (L • larva, P • pupa, N • nymph, A • adult).. · . 

Kuu,U.11ea (Leeches) 

A(luat:i• ~seete 

lpheneropteTa .(~ea1en1•. oooulta,,!) 
Odom ta .. (Jmallam ,!E.• ,I) 
:levop1'era t!~a,Jj infa'tlL,L) 
1-.tpt_.. \Atotocori• ap.,Aj 

· friochopt.-. ·• (~~•a. •P• ,!) 
Diptera ~ Chirtm,omidae, _!: uli !) 

Wat•r aitea 

Fish 

Cypi-ui.1da• (~ntifiable} 
lfotndfonua •!2:sol8'leas auratua 
lotro1 · s •PP• ·. . . 

· lotro1l• cornutiu, •!!:l•ocephalua 
loti=ozit het•rotiin 
lfotroel• !• voluoellua 

. Jiborheehu•. note.tu• 
unlufu IG'.;ehinua 

f9rea fl•veae•n• 
lenGuciiidae 
L~-1• ~• . muroohuus 
Punf!1'1us gungitiu 
Cottui ap,, 
flah:·remaina 

Alp.e 

Righe:r plants 

Tote.ls 

Number 
a eoiea 

1 

l 

8 

l 
1 
1 
1 
1 

' l 

l 

; 

a 
l 

16 

' 1 
2 
l 
1 
1 
l 
l 
l 
l 
l 
l 
l 

••• 

•• • 

••• 
... . 
29 

Pereen:t of 
atoma.eh.e 

of _containlag 
or 1•11: 

4 

4 

80 

76 
4 

20 
4 
8 

48 
1, 
16 

5 

8 
4 

76 

16 
4 
a 
4 
4 
8 
4 
4 
4 
4 
8 

20 
4 

4o 

4 

4 

• •• 

••• 

5um.ber ot organ. 
1811.8 in stoma.cha 
eontai:nin them 
?'6XiaG 

l 1.0 

l 1.0 

19 6.5 

ll 3•1 
l 1.0 
2 1.2 
l 1 .• 0 
l 1.0 
a 3.7 

9 4.; 

9 4 .• , 

a i., 
1 1.0 
l 1.0 

12 2.6 

7 ;.o 
l 1.0 
3 2.5 
l 1.0 
l 1.0 
4 2.5 
1 1.0 
5 1.0 
l 1.0 
l 1.0 
2 2 .• 0 
2 1.4 
l 1.0 
4 1.s 

••• • •• 

••• . ... 
••• • •• 

••• • •• 

fereent 
of total 
volume 

trao• 

true 

11 

9 t~•· 
trace 
tn.o 

1 
l 

trae• 

-··· 
I 

l 
l 

e, 

7 
J 
4 
l 
a 

' 4 
12 
17 

traoe 
19 
2 
l 
6 

-trace 

trace 

4 

100 



when their attention is attracted by the ma.as &mergenee ot E., sim.u.lans -
just mentioned, e.nd •ven thia insect •·• represented. in stomachs by 

:me.n.y mo:r-fi ~pha i.lum subtmagoes, an indication t11at feeding was heaviest 

while th& n,m.phe were rising from the bottom to the surtaee preparatory 

to trer.i.s:fon:dng., Anglei"a aoeldng to take rainbows during .the summer 

ture• have tunk: to a pout tolerabl& to th• speQieia, gengally l.!, te•t 
more 

or A below the swfaee. 

Reither tne :rainbn aor the lake trout appearat to be sie;n:1f'i~utl;y 

either species. Yellow pereh anti the variout oentrarehids played sueh 

a small part in the diet of the trouts that it is ap:f?&rent their popula. ... 

tions are not at present being significantly redueed by' trout predation• 

Although yellow peroh made up ontt-fi£th of the 'Volume of all fish con

sumed. by the rainbow trout, they appeared in only 3 percent of the 

etamaeha; centrl!U"chids, making up 11-1- percent of the total fish volume, 

were eontained in only 7 percent of the stomachs. NQnu3rically, only 



.t;,c.ntrarchids included J largemouth bass, 2 • 4•1/2 inehea long; 

6 bluegills, ;14 .,. 5 inohes lontu 1 gr•en sunfish, h;-7/8 inches longJ 

and 16 Lepom:la spJ l/2 • l ineh in length. 

~ ,1ve of the perch :rang;ed from 5 ... 1/4 ... 4•1/2 inches in length. 

the wau•m•r months of the year the se.l:monid.a and cumtrvchida probably 

JHtldom oocupy the same levels of the la.k:e; but it further reduc'hions in 

the eentrarchid and perch populations are desired, an increased trout

stoeking program Id.ght f<Jf'ce the trout to teed more extensively en yoll.l'tg 

'baas., bluegills; suuliah and pereh during th.e ~older mentha. 

Aok'nowle~t• 

fhe stomaeha up• which this study is bf,t.sed. were collected by 

Bhyner Seholma. and e. 'lray YQcder of th• Institute ataff,. The limnoloiical 

dat• on Birch Lake were obtained by an Institute •urvey party headed by 

Dr. David. c. Chandler, n<m of Ohio State University; plants collected 

by this party were determined by Dr. F. Gn.aal. We are grateful to 

Prof. Karl F'. Laglar, University of Miehig,-an, for identifying the fish•• 

in all the stomaeha reported upon, and to Dr. Uenry van der Sohalie, 

U.niv&rsity of Michigu, who determined the molluw. The histograms in 

Figures land 2 were drafted by William Cristanelli. 

Summary and Conclusions 

1. Analyses of' stomach contents of 322 rainbow- trout and 25 lake 

trout eollected fl"om. Birch Lak&,. ca.es County, '.Michigan, over a 6 ... yea.r 

period, a.Pe prEuJented. 



clmiiei that the presence of' these trout in Birch Lake is not jeopard.bing 

the residen.t eisco population,. 

4. iei:thet' species of trout f•d extenaiv•ly on perch or eentrar ... 

fish and aqua.tie inseet dietary eom.p01'.1$11ts .. 

6. Birch Lake rainbow trout fed on s'!lrfaee organisms to a signifi• 

mayfly EJ.?h~r• simultm$ was e1nergi:r1g. and &~in 1n Oetobe.r $.1\d 81U"llf 

l'fovember when large numbet-a and many speeiea of terrestrial in&eets 

appeared in t~,e stomachs,. It ia therefore oonclwled that fly fishing 

e'-1m be expected tc meet with success only so long • regulations permit 
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