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StQl&lt.Cll eontents of 551 young pike (11·152 m:illiaetert in length}, 

:,Jt-5 aall yeUov perch &114 431 othctr fiah repi-eantirlg 18 apee.iea wn exam.ined. 

AU spec:t•ua wre collected b-01ll an a:rea Widely used by spawning pike trom 

llougb:ton ~, Hichip.u. Orgqiams util~ for toed. by young pike included 

ltltaaostraea, us.eta (chiefly Ch1ronomi4-)1 ta4poles, minnow, darters, 

and other pike. As pilte increased in aiu ~Y passed tlrto'Qg'b. a a8fln1 te fe$d• 

ing succession ot -tomostrace. te insects to vertebrates (chiefly tiah). 

eannibalism -. extensive, as shown. by the :re.et that 19. 7 l)e'X"cent ., ot 203 pike 

al millimeter& or.more in total length c;oll.ected in 1939 had eaten otmr pike. 
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Sall.est pile found to b• c-.nntbau •N !1 m:lll~wra long.. e~tition 

betwen yo,:ing pike .a. :met other spe~:i.•H of fish for inverttbrate :tooi 

118$ very 4!vident. --~ :;elleW pueh _. by f.a-t the moat illt;portant fish 

PNda.tor -fl£ JOGS Pilat. C~tition for fOOtl, pr$4at:ton $ml cannibalism 

lRln ~snt tae-tors in ti. hip ~i ty of yow.,.g pia in th.ea ftrst 

few weeks ot l.1f•. 

introduction 

In the :put, mo,t of the inves~igation ot food habits of pike (J:sox 
~ 

luctu) baa b•n fliWcted -~- fiah ot .<.:011.Paratively large aiae with little 

attention to very SMll idiviiuals. lb.tt pl:'cuaent exa1nation of tbe food 

habits of ffFl ISlrlall p11- al'lfl tianes t.M0¢iatri with them :repnenta one 

phaS$ ~ the detaiJAa. life hil'Jto17 tstudy of :pib .a. byV. 1 .. OV'bine at 

lloupton Lake, lose~ County, Michigan., in 1939, 194() am 1~2. hta tor 

this report •re eolleetea. ~ the spriq a.D.d IU,11111.er of 1939 and 1~ 

tr-. tu a.raiM,ge <litcmts Whieh en~ iougllton tau in the- bmled.iate vicinity 

ot Pewraon "• a.sort -an4 'lhah serwa ae a apawnu.g ground tor adult pike 

and rearing ground tor tll.$ youna. A tescriptf.cm of these <litche1, Which «rain 

aun-oundiq ~•bes, h.$.s been giwn pN,vioely (Ce:rbine1 1941). A complete 

count as mac1e of all adult p:Um m.ig&ting from the lake into the ditches in 

1939, 1940 and 1941. Accurat• count• •re also dbtaimd ct the number or 

young pike ma,rat1na from.the ditches into the lake during the first two yee,rs. 

In 1941, a reliable estimate ot the number of mgr-.tina young vu_ made. !beae 

data (Carbine, 19"-) m.'8 surmaa.:rized a& follows: 

lllliber ot sp3.w,ning teal.es 125 

Bum.bet:> of spa,m.tng males 28o 

lumber of mtgating young 7,239 

lSffl:0 

65 

81-

1,li-95 

l~~ 

56 

70 

8,000 



Caleulatit/mS 1hov tha1; the ~l:tty ot •SP ,.a 10-. pin on t. 

spawning grounds • '$,ppro:xbatel-7 9g.Ba., 99.93 a.ud · 99.56 percent , tar 

1939, 1940 .and 1942;,:res~ctivel.7 (Ctil'bine., l.~). Altb.Ough tewer egp 

wen depoaitei in the Jt.atSbe3 each eueceeding, yeu., obsenations in4ic:ate4 

thit.'t luge nl.tllbers o'I fr:, awvtve4 th:'ougb. batehiq • the perioci' of 701.k 

absorption each yae ani. appe.-a. to be u nUl'llrout in 1940 u in coi-res­

:ponding i,ttr1ods in 1939 awl. 191t,a. Grad.Uy the n'tlflber,. of young oblilerve& 

each ,ear a.wUlllled even 'WltOJte m.ost of them. ha4 l"e&e~ a length ot l ineh. 

Pike try be.au to msrate ·t,om. the :ma.t"a:1-s an.a. titche1 into ltollgb.ton 

.l.t.ke Yben they ha4 att&inei a length of abon 20 :m.ill.tmeters, and a large 

percentage ot the .total n,_.r of mi.grants entere4 the laa Yithin 6 _.lea 

aft~ hatching 1-aan. Some indiv14uala Nmainecl in the di'tchea until late 

..._r, wman the f~ 1pa.wn1.ng are• l.a.rgel.7 tbrie4 -,., Along Yi th the 

sp·a~ pike, small )'elln perch (hna nt.ttace~} and many other apecituJ 

ot tiah a-4 inches tn le~ lillOVed. troa the liJte into tm Ai tchoe and wn 

:pnaent in the -,awning uiea &urtng the enaDll:tng:; llOiltb.a. In the ap:ring of 

1939, these fish 'Rftt .U~ to en:~1' the ti tenes tor cml.y one tiay, further 

btrJ being ,rewntei by a weir. ln 1940 ·awl l~ they were not hin.d.ered 

1'rom •n:terin$ the ditches dutillg ti. en,tre pa.t'iod of inveetigation. !this 

-.seoeiation ot yo~ pike, u4 V$.rie>U$ ~ species is a natural eonclition 

wb.ieh llll4.UBStiomt.bly had -~ iJQO;rtant bearing - tb.♦ Sun'i val an! grovth of 

the tonier .• 

Collection o-t &pe'Ci11lelUJ a.na.·metllGda of s~ analysis 

Collection, ot young pike, z,tllff perch an4 18 other species of fish •• 

effected by the •• ot •in.ct•, dip nets, m1.Jmo'W traps and wire. f:rcm May 6 

\ to .h.l;r 3, ~ 33 collecti- of pike and ll oollJlctione ot otilm' :l"iah ..., 

· secured. In. 1940, 17 eollecticm.s of pike and 13 collections ot other fisb.es 

wre cibtl!l.ine4 b"m. May 6 to June 13. Species ¢,f fish other than pike collected 

a suffid.ent aumbera tor stoma.eh anal.pea ai-e listed in !able l. 



Species of fie. coll.ectecl ftlr 11tomach ana~• fG\U14 

assoc:tawd With YOl.m.S pia .'f/ 

Y•Uow pe"b 

llluepll 

Pmapldaleed 

~k stickleback 

Velten SII.Udlli&Ow 

11-.eklide darter 

~···.~ter 

l~n creek chub 

Weatern gelilen shiar 

----•Y llimaOY 

Bluntu• mtnnw 

1~m ctJllllOn shiner 

Bl.aekchin shiaer 

•~rn bl&Cmo• ahinft 

Great Lakita apottail shiner 

BoaJf'ace shiner 

1'orthern mimic Shiner 

Perea fJ.a.vt•••• (JU tch.111) 

Jg-1• ·~· maeroc~ . (BatineSI\JJt) 

.4mbl9lttes £• !!i!Btr1s· (Jtattm,sque) 

'112!!is S!:b'boau (tJ.DAu) 

8ual1a 1n¢.-taae (Xinlad} 

. ..c....lmb.....,n.,...· ·.· li1l1 (XU'tl..aai.) - -
B'lMb'ezte~ maculat._ . (GU'U'Cl) 

POecilich;ts! ex11ts {c.n.ra.ra.) 

Sel!101r.tlu a. a~$tU (Jttteld.ll) 
., ' .... . '' . 

X 

X 

X 

X 

X 

X 

lote•ieu !!lsoi.u.c.- . avat• (lt&fine•t•) x 

!fl:?!e!thu balll&:1--1 (111lbba) x 

Bz:bor~w, netatu (l&fineeqa) 

,.~,1• eorn\ttuS .. troakli• (Ap.aaiz) 

llOtrS?1S heterOiOl\ (Copt) 

JQtr91s h. heterole:ei• (Eipmn&mi. and. - · ·.· · Eipnmann) 
Botr!lis ~- h~\11 (Clinton) 

lotrgeis rubellus (Agassiz) 

l10tt9Pit !.• volueellus (Co»e) 

X 

X 

X 

X 

X 

X 

••• 

••• 

••• 

X 

X 

•- .. 

••• 

X 

••• 

••• 

X 
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:In the laboratory the total lezigth ot ~h f'i$h _. ntorie4 to th• 

•.-.st milliJlleter, and_ the n~ l'«llOved a.na. ~ 11!14er a l.w powe:r, 

Yi4" fieU binoeular m1croseope. food '>!"pn.iad weN l:'0~41 i«entifid, 

eotlntea., and th• volume ot ea.eh kind of orge.niem. either :meuuna. by water 

d.isplacement or estimated. In ~iz:J.ng the kta obtain.04, t:req•ney of 

oce'Q.'fflmce .and percentage ot t<>tal fooi vol'l.a wre ecmaiared in &ttermtning 

the itaportanee ot vu-10\18 fi>Oi organiSQ in the 4iets of tba fiahes eoaeenieA. 

Only those stomach.$ eQntaining toed wre 'U.NCI.- in the eUc\ll.ation of the :per­

c,nt$.ges ot various tooa. i~ 1n the st_,.dUI- •11tat1ve exam.1na-tion of 

1t0mae:t:uJ and intestines ot pike -ucl ether fishes reve.U.4 tbat t.b.e contents 

•:re veey simile a aost in41vi4ua.l.a; therefore lt~b. content• $.lone •re 

i temiHa. in the fooi. atuy. 

11.- auller than 1t.o miUtmeters in 1-ngtb. wre plaeti4 in 5•illimetff 

si• pou;,a, and larp:r 1mi.1Yidual.S- in 10· and IO••illi.m.et4'tl' s1u gr,ov.pa. 

•lyses of tOQd. were .a. on• basis ot these divisions. An imlirt4al toed 

~is w.s :mda tor each coUectt<m ot perch but othez- species wre gro'tl,Pe4 

together Without regaril for s1• • collection date. 

JU• at Wich pike begin to teed 

ro~en try 10-ll millimeters in length, colleetet in 1940, still ea:n-ied 

a considerable am.oun't of Yolk ua. ha4 taken no f()O(l. ~o 1ndivi4:uals U m.illi• 

meters i.n length obtained in 1939 &Jl.O'Wed no tl"&ee of the yolk sac and had been 

actively feeding. One contained -. 0&!:2rus an4 a Stmoce;eha.l.ua; the other, 

2 Ch1aorws, 2 Ctulthoe9t12.S and l ostraeOQ.. ten individ.WLJ.a 12 :millu.ters in 

length sec111'e4 in 1939 ahoWed no trace of yolk remaining and all had eaten several 

kind.a ot Cladocera, Cope-pods. and &straeoda. NlJll.ber •f food orga.niems ranged hem 2 

t 0 tll-,. In 194(), 2 of 4 pike l2 a1llimeters in length still ahowe4 traces of yolk 

and hai taken no tood. !he other two c:ontaine4 S-imDce;ph&lua_ and Cw;&):,us and had 

eomple~Y,absorbei. the yolk a-ac. Bight try 13 m.iUiDUetera in length all had 
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eaten quntities ot eope,oda, elaaoeerans ~. <>•~cod.a~ One. SPf!<d,•n conta:tnecf. 

64 entomostracu.s, ·u.i a chi1'onomil ~ &ad· P'•lP•! ,Ooi ere;an:tsu in the 

at~h• o'f theae 8 t:r:y varied in nlmlber trcra 7 ... 66. It appe_.s that a.cti\1$ 

t••d:t:ng in :pike try beCi• when a length ot 11 .. a ailli:mete:rs is nacbad •and 

my occur: eftn before the yolk sac is completely a'b1or\led. 

·1ooc1 ct young pikie 

.A total of 6;1 11peeim.ens •lta.S. eXll!li,neA1 ot which 318 ol:rtaiud in 1939 awl 

a33 eecUl"ed in 1949 eQnttd.XteA t(;X)4 •wrial. »ata. obtaim4 · tra stomac:h ex­

ainat :toa Justantiated obqrvationa es to the YWaeious •ture ot the •P••d••· 
hom. the. t1- feeling begins fry attack-= «eve• prey Qf' ctmt.:pa;ratiV91y large 

s11e. $:mall pike wre t:equently observed lying. qu.1etl.y in nit tor prey and 

dashing out to engulf a,ri:mming en:ttmio~raca.nsarut ill.sects or to attack -.nether 

pike.• tM<li:ng apparently occ~d. in a variety of :tw.bita.ts ff# not only were 

b'ee ~. oPgan:ihUlS eaten, but judging from. the nWAMr ct c:hU-onG1114 ~ 

$!l\l ost,.-acods in the diet, a consi«erable aou:o.tot tor$8inl occ:~ on or 

near the bottom. !adpoles and minnOYS •re eatell as sc.x:tn u the pike were 

large e~ to laanttle tbellt... CannibaU.sm, Which bepn. at a le~ of tl milli• 

meters, ns ver:, apparent, part:tc~ly am<>ng the pike colle~ted in 1939,. 

Joding habits Gf· :roung pike ue closely ~lated to their aizt and can be 

d1Viclei into three.· stages. ~ first, lasting trom .the time they begin to 

feed until they reach a length of about 25 :milliaters, is one ot feeding mainly 

upon h'tomostra.ea. ln the second stage, evident in fish about 26-501Uillimeters 

in length, the food vol1/IJJlfl conaiats pri11J8rily of tmmature aquatic insects. In 

the third. stage, .characteristic of piu larger than about 50 m.illillletera, the 

diet ii c~oaea. al'm.ost entirel.y of fish ad other vertebrates.. ~re ia a 

great deal ot overlapping shoWn in the teetling habits of young pike of all sit:es 

but in gemitl'al the feeding sequence, •• they increfUle in size, is lntaostra•a 

to insects to tish. !his sequence 1mS been fo\\Ud to occur luring the development 



ot any pndaeeQU.S tishes (A~ am lifankuuson, 1928; DdJ:te, 1922; l!MtrG1 1934J 

l•oes, 1888; P•••, 1918: Surber, 1941; feater, 1931 ·and others) .. 

Close ~nt in the relative im.porta-• of major gou;ps of food Ol'g&nimu 

enteriug into the diet in bo~ 1939 and 1940 is very apparetd~ (~bles 2 Gd 3). 

!he same food treas are evident tor both yea.re, ana the feeding succession ot 

En:tom.Gst:n.ea to insctttts tc vertebrates (thiefly fish}., as shown in. figs. l and e, 

ew.oeen, of which the smaue:r toms, chiefly 2!al4o:ru&, Pleuroxu ana sa.1ho1:eberi1, 

predominated. wpr ffl'Wl sueh as $!!!S5>.halus.and·J!!l!!!Yus were eaten more 

fNq•ntly by fish in the 21-2; millimeter ·st'ot.l). »a1;i11n1-. and !osmiU were 

eaten i».f!'eq•ntl;y, and Pol~• appeared only in stomachs collected on June 5 

and 81 194(). Ccpepods wre a major toed i tea for pike. v;p to 26 millimtere looll 

but nptdly di11tinished in ~ as :f1$b. grew lupl:'. S!l;<=l9s •s uet 

abUl:14allt in stomachs. Cant!!!9tus, Dia;etomu and O!Jm-aut,itum. occurred leas 

treq•ntly. Ost:racoda were eaten eousistentl.Y' although in small g,-.n,tities by 

tish •·'W to 70 millimeters in length. Stomaeb.S ot TI .ls. percent of the pike under 

21 millimeters and 39.1 :percent of all those under 60 millimeters obtained in 

1939 contained lntaaostraca exclusively. In 1940, 68. 7 percent of filh under 

21 :milli:m.eters and lt-3.lt. percent of those under 60 millimeters had eaten only 

Entom.ostraea. 

Insect i'oQd..--Although insects formed an appreciable percentage of the total ............ 
volume of food of pike ham. ll-70 millimeters in length, they were ot greatest 

:tm,portance in the diet of fish between26 and 50 ·millimeters long. Insect food 

consisted entirely of larvae, pup• and~• of a.ciuatic: for.ms. Midge lN'vae 

ani pupae, principally Chironamidae, formed tba bullt of the insect food alth.ough 

beetle J.anae, mayfly nymphs (Elasturus and E_pb.emereUa),and dragon.fly n.yi.uphs 

were consumed treq,ue:ntly. 



ru• group 
(m.illimeters. l 

11-15 

16-20 

21-25 

26 ... 30 

31-35 

36 ... lt,o 

41-50 

51...60 

61 ... ao 
81-100 

101-152 

Num~r 
of ;eike 

56 

59 

56 

34 

25 

16 

9 

24 

12 

7 

... 8 .. 

i'abla 2. 

eccurrence o~ •J• groups g tood orge.a1-. b. •~ ot 

yo'W:lg p.11- c•llec,:1iecl in 1939. 

Pircen:taa- · Pereenta.p 
ot stomach.a ot·total-
containing food. 
organism volume .. 

100.0 65.t9 

98.3 58.8 

80.4 21,.6 

73.5 5.0 

60.Q 2~5 

31.2 8:.7 

44.4 0.1 

25.0 0.3 

o.o o.,o 

o.o o.o 
o.o o.o 

Rreentage Per~enGi,i 
otetcm1Hha ot to~l 
q~t.,ining food 
•e:Ri• VOl\lllt 

:t.6.l 34.1 

28.8 

51.8 

58.8 

71.9 

8'7 .. 5 

,,., 
;o .• o 

16.6 

0 •. 0 

41.t 

38.0 

31.2 

47.0 

41.7 

13.9 

ll.4 

oh 

0 •. 0 

fireeniap fircentap 
of at--.c:bs of total 
containing foed 
O!Jl!!:i• VGltllle 

o.o o.o 

o.o 
25.0 

32.,3 

alt-.o 

;t.8.7 

44.4 

Jt.5.8 

66.7 

100.0 

85.e 

0.0 

lt-0.4 

63.e 

· 50.0 

49.6 

S5.4 

. 88.3 

97.7 

100.0 

99 .. 6 

A•:rap .. nabe:r 
otor~i._ 

J?!lt· 11t~h 

9.3 

12.8 

26 .. ] 

7.5 

7.6 

8.8 

3 .. 9 

3,.8 

0.7 

o.6 
1.4. 



Oecu:rrence ot major groups of foodorgatau in•~ ot 
1 
i 

yowig pike collected. in 1939. 

liitomoa:traea Insects 9ertebrate1 
Percentage Percentage hfteatae,e Percentage Percentage· Percentage 
of atOMChs of total of stomachJl of total of stomac.ha of total Average nnmber 

Sia gr~ ?llmlber containing :food containing food CE>ntaining f'ood ot orga»:lsm 
(milltmet.era} of pilat oreism vol'\11111t 0%'1!;!ift volume oreism. volume J?!r at~ 

11-1; 21 100.0 68.2 33.3 31.8 o .. o o.o 32.0, 

16-20 59 100.0 75.7 28.8 23.8 o.o o.o 54.3 

21-25 35 100.0 62.7 60.0 37.3 o.o o.o 76 .. 7 

26 ... 30 24 91.7 15.6 83.3 75.6 4.2 8.8 19.1 

31 .. 35 15 86.7 7.4 80.o 41.9 13.3 47.4. 13.0 

36-40 17 64.7 9.0 64.7 65.8 ; .. 8 22.9 9 .. 0 

41-50 39 53.8 5.0 56.4 26.3 7.7 65.1 7.,3 

51 ... 60 10 50.0 l..5 60.0 48.o 30.0 50.5 a.4 
61-8o 2 o.o o.o 50.0 10.7 50.0 89.3 1.5 

81-100 4 o.o 0.0 25.0 2.9 100.0 97.1 1 .. 1 

101-136 7 o.o o.o o.o o.o 100 .. 0 100.0 1.0 

----- - - -- --
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May, were eaten by all sizes of pike from 26-152 millimeters but were 

eonsl.'&Tll&d much more frequently by larger Specimens. !base maphibia.ns tormea 
7. 6, 13. 3 and 37 .4 per cent of tm total food volume ot all pike collected 

1n both years in the 21 ... lf.o, i..1-80 .and 81-152 millil'lleter size p-ou;ps, respec ... 

tivel.7. 1ish, other than pi.kit, did not appear in the stoma.ch contents of 

pike SMller than 5l m1Utmeters but tol'lle'd an increasing~ large part of 

the foo4 of larger specimens. lfortbarn m.uiic ahiner, roeytace shiner, 

llimlO'W wn identified in t'.be stomachs. 

other pike for.med the chief vertebrate constituent of the diet of 

specimens 2l-8o millimeters in length captured in 1939. fewteen (25 percent) 

~rs ot the 21-e; millimeter size group e.tl4 ll (32 .. 1 percent) of those 

in the 16.-30 millimeter group collected. in 1939 ·bad eaten otur pike. 

Judging from the stomach contents, cami1be.liam. vas mu.ch ll01"e extitna1:ve in 

1939 the.n in 1940. In the lattel" yea- only 7 st-...eha of the total number 

examined eon-tainei other pike. fable 4 sh()'l'I$ the relative length of cannibal 

pike and. thoN Which wre eaten. Minimum. difference in length between predator 

{23 millilJl.eters) bd. prey (16 llilltmeters) was 7 millimeters.. !he fact that 

tion of their voracity and. indicates that their predisposition to eat each other 

is an important factor in reducing their own population. 

Other :food.--J'ev organisms., other than those previously discussed, ap ... 

peared in the stomachs. Snail.a occurred in 4 specimens and l:Iya.e.carina in 

2 indi vicluals. Plent debris was found in a -rev stomachs of :fish over 8o 

11.illtmeters in length b~ was undoubtedly taken while capturing animal food 
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Com.parti.eon betailft . the 1~® of cauibal pike ant; p:t.ke 

fol.'llld in their ateachs. lish colleetea in 1939 ... 

Dumber ol 
.stomachs 

Si• group liUlllbff of containing 
(millimeters) specimens pike 

91 ... 25 

26-30 

31 ... 35 

36-40 

43.-50 

5l-6o 

61-60 

81-100 

101 ... 151 

11 

5 

2 

0 

l 

l 

21 

26 

31 

36 

. ·--··• 
;t 

14 

9+ 
102 

25 

30 

35 

rt 
1l •.• 

60 

78 

94 

10! 

23.3 

~n.a 
32.4 

36.5 

.... 
55 .. 6 

76.0 

94.0 
102.0 

ll 

12 

13 

15 

..... 

17 

20 

l.8 

• • • 

.. •· 

14 .. l 

15.1 

15.6 

17.5 

.... 
13.t 

li-4.5 

~. ·• 
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(h111»m."iton of organi.-- eaten by Jike and. 

those fOUDd in plukton. asmplea 

In oriel" to e~ the plankton organ:1aras ;t01Dld in the h&bi tat 

nth those in the ateimaehs1 tour plankton samples (20 ... ;o gallons of vater 

strained wougn a plankton net t• each sample) wn obtained at the 

e&1tlll time an4 pl.ac:e tbat collections of pike WN ll!Ade. COll'lpRison of 

the Nlati ve aln:mdance of various genera of lntom.ostraea--all ether 

plankton organib8 WJ"e enluied sill.ft they. wre not nten--Vith thoM 

consUIIN. b;y young pike show that in two instances uny ot the :mtero­

~teaaa wre eaten in '1:LNet proportion tt>their abtmduc:e (table 5). 

In the other two cues llm.eh less agreew:nt 1n relative ab\1:lldance ia 

evident. It 1a possible tu.t the ... 11 n~r ot stomach& collected on 

ino$$ dates on which Nl4t1.ve numbers of orpnias eaten -4 these in 

pl.ukton samples shoYe4 little eonespomenee ani 414 ~t give a repn­

Mntative pietUl"e ot the t•eAing llabit1 of the pike pepl/&lation at that time. 

It Should be noted that auplii, pne,rally abuo.dant in the pl.ank.ton na.ples, 

WJ'$ not eaten. Although tu ktaft not eoneluive, it. appears that 

young p1lc.e are ~w1stic. in their teeiing and tend to eat those 

orpni8Jlll Which are most abundant pi-ovidin.g they are large enougb. to 

intef.'&st them.. Since Entomostraca ue so i11Portant in the diet ot pike 

in their first tev ween of lite, ii; is probable that the abwdance or dearth 

of these orgard.sms is an. important factor in the initial survi:val ot the 'fry. 

Effect ot change in t'&od habits 

on growth i-ate of young pike 

Growth· rate of pike (Carbine, 1942) showd a marked increase after the 

awn.ge length of fish had reached 44.t millimeters in 1939 a.nd 39.3 milli­

•ters in 194(). Vertebrates and large insects formed the bulk ot the toed 

of fish in the 41 ... 50 millimeter group in both years. !he inc:reued daily 
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, 1!able 5. 
Compeie:on of btomes~ eaten by pf.ls$ nth Bntemoatraca :found 1n p1tmld.ea samples .. -¥ 

------:B=.unibe==:l:'-o.=r£~------===3 §t~(il~=~n:~· ilijrJ 
Date ~h• Size range of Ol"g&m.Rm ·total numbff of 
tsample With of pib in organ:i_,, in 
eGJ.l.eeted content• (ml.liDt:~) OJ.-fP!!:!! et~ n~ 

~ l.1, 1940 8 13-l~ 

. 

't.1rOXWI 
oatnca 
Stmoca11-I• 

&r-
1~,hal.us m\.l.l"OX,US 
ditiicai 
qhydorus 
!JlSl!is 
0411!:entteua ! .. - .. 

le is 
l) tOJtlUS 

513 
35 
II 
·6 

' ' l 

w. 
21 
l~ 
12 
6 

648 
313 
183 
ff 

.· .. ~ 

10 , 
l 

17 
12 . 
6 
4 
4 
3 
l 
l 
l. 

8'7.6 
5.9 
3.7 
1.0 
o.s 
o.a 
0.1 

69.5 
12.l 
8.1 
6.9 
3.4 

47 .. ; 
27.4 
13.5 
j.4 
2.g 
0.7 
o.6 
~ 

45,.8 
20.2 
10.2 
6.S 
6.8 
5'.l 
1.7 
1.7 
1 .• 7 

3,540 
255 
180 
135 
120· 
6o 

~ 
1,243 

m 
370 
lo!. 
44 
38 

181 
109 
85 
61 
61 
36 
12 
12 

loO 
44 

" 19 
15 
15 
15 
15 
15 

81.1 
5.8 .,.1 
3.<;L 
2.8 
1.ft 
i:, 

44.7 
35.6 
13.3 
3.7 
l.6 
l.l 

]2.6 
19.5 
1;.2 
10 .. ·9 
10.9 
6.; 
2.2 
a.a 

46.e 
12.9 
12.9 
;.4 
le.-;;4 
4.4 
4.4 
4.4 
4.4 
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growth :ra:• in .J\me· coine1Qtid VU7 el•sely- '!rt th the IPP•ln.t.?"Gcta tJt larger 

foei. iwu (p.-ticui.ly t'ish) in the 4:i1.1rt. cf :,ia collected &t that tia. 

Since i~ased gt'owtb. rate oce~d a~ • •i• Which col'ftaponded :rath.or 

eloselywith'!me· size at Yh.ich van.1:ttion hom invertebrate to vertebrate 

food w.s wr., evident, it appears that ·-.n accelerated growth rate 1$ eor ... 

i-ei.tea. vith the c~ to a veitteb1-aW diet. 

e~tition .fo'Jt f'ood between young pi.kit ud· other fish 

That capetiticm. for vartoWJ foci orp.nif/DIS existed betwen the.pike end 

other speties .of fishpre-.nt in the Aitch.et_. claely show b7 analteia of 

the s'iomaeh contents •t yell.ow perch (~ablet 6 and 7) and. other apec:ies of 

tiah (un,ubli1Jha4). • ·the. degN$ of c~ition is enunt in the J!'Cltlativt 

abW1dallce ot vuiou tn,es ot food in the. stomachl ot dttterent •pecies &114 

iU'ftllrent sin greupa .of pilot (kble 8).. What \leu'in& e_.t:l:tion for tool 

had .on ain.u:•v1vil a:na. PQWth· of 1')ug pike cannot be ietendn.ecl sinee no tn­

to$tien is available co~1ng.the a&.tq,uacy or i~quaey ot the r.mtur-.l 

food •vePliea available.. Kow1'er, fH·•petition neceasvu., ndued the· tOOd. 

sup:,lf; ',ant: •1 have beei,, a. factor ill the menali ty of' young pika .. 

C~taceantQO<l ... ...J(oat ~cies ot fish.ate entoDIOstracans to·scne extent 

awd·ottend competition to pike 1;q> to 40millimeters inlength.$04 partieulvly 

to thOae unter 20 m:J.Umtera. 'Jha b'N01t stickleback, golden sh:Lne:r, blaclmoM 

llliimov, spottail shiner, and. m.imic $bin.er cons'tllled considerable q'Q&lltities of 

l!lntomoatraea. these organisuoeeurred in Jt.7.3 ... 90.0 percent. ot :the stoma.cha 

ot tbe$e fish and. formed from l.6. 0 .. 57. 7 percent .. of the total food volume. 

:tnaec:~ food. .... ...Coapetition for insects between young pike $nd other fish 

associated Vith them was very pron,ouncea.. :I..a.naa and PlIP&e, pa.;rtiew.arly 

· those of the Chironomidae, were cons~ by all sizes of. pf;ke, yellow pereh 

an4 est other fish. !hose .. f'ilh which t'ed on chironai'ds extensively and 

thereby eompete4 directly nth p1.ke1 :particul.a:rly those 1n the 21-50 aillimeter 
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!!able 6. 

S\1111lD8.l!"Y of stomach eonten:t«.J. ~ all ~llow perch collected in 1939. •~ ot stomacu 

with contents 78, vi'thout 17., 

(L • larvae, P ~ pupae, If•~) 

lumber or· Percentage Most lwrage·mmiber Percentage 
$tom&ehs of stomachs organ.tad of orpniams in ot total 
eontaining eontaining inuy etomachs containing :a'QIDber of' 

<>re1•~ ore,nisms . or;eimJ stoma.eh them ~isms 

lmtGmostraca. 16 20ti5 461 66.6 79.a 

Claclocera 11 14.1 62 l.8.4 15.1 

Copepoda 9 u.; 450 95.8 64.l 

Malacostraca 

Amphipo4a : 3 3:.8 3 1 .. 7 .. 4 

lusecta 69 88.5 a. 3 .. 7 19.6 

Dipten 20 25.7 18 6.3 9.4 

Chironom14M (L) 8 10.2 3 l.5 .9 
Cbironomidae (P) 13 16.6 18 7.9 7.6 

Culic:idu (I.) 6 7.7 5 2.0 .9 

Ephemeroptera (N) ;8 74.3 6 2.4 10.2 

Coleoptera (L) l 1.3 l l.O .'trace 

Vertebrates 

P1ke 8 10.2 3 l .. 2 .8 

Average number of organismt/J per stomach 17.2 
A:verage volume per stomach in cubic centimeters 0.027 

. 
r 

Percentage. 
of' 

total 
volllllle .. n 

6.0 

a .. 3 

3.5 

~ 

69.4 

13.S 

1.0 
10.5 

2.3 

55.6 

~ace 

24.6 
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ftbi. 7• 
f:hm,m.ary et stomach contents .<4· all · ;yell.ow perch ~oll.eeted in 1940. Number · of atQmacha 

'With contents 2611 vJ:thout 280. 
(L • larvae, P • pupu; 1i • nymph, A • adult) 

,. Number of Pereen~ Mo4't · J.vuage maber Percentage Ptl:N$nt_. 
atomaehs of •~1ul organisu o:r orgu.11l11Si in cf t.ot•l ot 
containing containing in 8.llY' stomac:mt .c~n:tain1ng .'.-muber of total 

·-~-I!! .... • _1sm;_·:: __________ or...,·•• .. I!!-· ··.,_1_._i ____ a.,..wee-· .... t .... au....,,:,...,' _ .... st .... · .omac........., ..... h .... · ___ __,,t.h«m .... · ·-·---------••···.· .. 11!! .... •-'i_.ams_,. ___ ...,110 ... l .... ma ....... · · ___ _ 

Entomostraca. 72 26·.9 55,.1 0 .. 9 
Cl.$doce:ra lt-8 l '7' .. 9 li-8 8 .8 IL 5 o~ 5 
eopepooa 45 16.8 391 35.4. 43.6 . o.4 
011vuooa l 0 .. 4 2 2.0 !trace 'brace 

M&laeonraca 
Al11.ph1poda 2 0.8 

IWJeeta 201 75. 3 
l)ipt.ra . 141 52 .. 8 · 

Chironam.truur, {L) 132 49 .. 4 
Chiroru>lllidmt· ·tr) l.ll li-1 .• 6 
~iei~ (:t.) 3 1.1 
Anthomyidae (t) l 0 .. 4 

Oo.onata 
A;d.soptera (K) 9 3.3 
Zygoptera (N) 7 2.6 

_;Jlpbearoptera ('.I} · l2 4. 5 
Enh~tera (A) 8 3-~ 
'b'ichopten (L) 32 l2 .o 
Coleoptera (L) 27 10 .1 

Verwbrates 67 25.1 
J.m.phibia. (lfadpole.) . l o.J. 
lish 

Pike 63 23.6 
Cypr'lni<iae l o.4 
lish 8mains 2 0.8 

Average n\lil'iber ot.~ganiamis per stomach 13.7. 
Average volume per stomach in eub1e c:entiJMttel°S o.o44. 

6 

49 
~7 
33 
1 
5 

22 
19 
13 
8 

12 
16 

·l 
3 
3 
l 
l 

3 .. 5 

9.1 
,,:'8 
4.9 
L.O 
;.o, 

ll.3 
5.8 
2.7 
3.6 
2.3 
2.8 

1.0 

1.1 
1.0 
1 .. 0 

0.2 
42 .. 7 
)4.9 
20.9 
13.9 
i.rraee 
O.l 

l.l 
l .. l 
0.9 
0.8 
2 .. 0 
1.9 
2.0 

!race 
a.o 
2.0 

'l'ra<:tt 
\'race 

0.1 
29.1 
l.0.8 
;.a 
3.2 
0.1 

'1..:J 

o., 
o.8 
o.6 
9.3 
6 .. 5 
o.6 

69.8 
0.7 

69.1 
68.9 
0.1 
O.l 



Stomc:tie 
With 

&ecie~ . . eontenta . 

Pike (ll-lO mill.i.lleten) 195 
Pike fn-40 aill:imeteff) .222 
Pike (41-80 millimeters) 94-
Mke (8l-152·millimeten) 38 
Yellow perch 345 
Pmapkinseed 13 
Bl.uegill l. 
Bock.': ·,oas s 2 
Brook st:tc~back 10 
Mudnlim10v 19 
lllaekffide clarter 24 
Iowa darter 46 
Creek chub ll 
ltedbeUydaee 36 
Bruay ailUlOW 20 
Gol.&im tmi.l'ler 35 
Blwtnea 1lim.tow i.s 
COl'tllll.'m shiner 18 
Bl.aekchin sh:i.ne 20 
lU.acmese ah±aer ·~ 
st,ottail $hiner 25 
Bos,:tue shiner 14 
Jiimie sll.iner 55 

:..~tap Percentage 
o:t stoma.cha .. er tou.1 · 
eonta:in:tng 1"~ •. ·.· 
e,etsu · voll.llle 

, .L 

••-• 
25.5 
23 .. 1 

.. .. . 

...... 

20.0 
85.3 
48.o 
lq,.3 
1'-7.3 

67.3 
15.7 
1.5 ..... 
l .. 7 

·'!race 
. -•. 
~ .. 4 
lt..5 
~ 

3.6 
. ---

•-. -

,, -•. 

- 19 -
B»ls 8. 

15.6 32.7 · ••• • •• 
65.J 47.3 14,9 25.3 
~o.'e 20.0 9.6 23.5 
U) .. 6 ~ 13.2 6.5 
78;3 35 .. 4 ao.6 62.o 
9t?.3 96.S ..... .... 

100 .. 0 100.0 • • .. • •• 
100.0 100 .. 0 • .. • • ... 
fo .. o 6,T.6 ..... .. •• 

· 68.4 ,,.1 .. . . . . ,. 
1.80.0 100.0 .... • ... 
93 .. ; 96,.1\ . ... • •• 
63,.6 7,.9 9.1 1.4 
55.6 n .. ~ .... . ... .. •· 
20.0 
16.7 
~.4 
ao.o 
41.2 
4o.o 

100.0 
38.2 

•... .... •-
•-•• 

. ·-•·•. . •-• ,.o 
. . •-..... 
3.6 

.... ... . ... . •-. 
14.l .... . 
" .. 

2.3 10.0 
rr.1 54 .. 2 
73,.7 ,i.5 
1 • .2 0.1 l 

••• • •• ... . .. ... . .. ... . .. 
5.3 •• , . . . .. ·•·• 

••• • •• 

... --~ ... . .. ... . .. ... . .. 

.... . •-•-•-... . .. ... . .. ... . .. --~ ... 

atli C 

er~hs 
ce•tn1Dg 
.material. 

. •-. 
0.5 

12~8 
10 .. 6 ..... 
.. ... 
•- •-• 
.. . .. ..... 
31.6 ... 
lt-.3 
9.1 

38.9 
100.0 
40.0. 
83.3 
5.5 
5.0 

20.6 
~-G 

.f 
,/"' ~ 

lat debris 
at,ase 

o'I total 
:rooa 

V01llll8 

. lfl-'&ee 
o.a 
2 .. 0 

•- ... 
•·•. 
•·• . .... . •·• 
~ 
1~.lt-
78.8 

100.0 
30 .. 8 
97.0 
16.7 
~ 
1.6.0 
23.1 .. " 
)G.4 



au.• g:rou;p, •Ni yell.Ow :peren, b~k stiekleback, auivd.nnov, Iowa 

icter, creek chub, bletno• llbm.ov, redbell.y a.aee, eomm.on shiner, 

b~hin sluner, bl.Mkn.ue llhuie:r, epottail ahtneJ>, ruyf..- Shiner, 

ui miaie ehine:r .. :mttect ct c~ition tor inNcta, particularly 

chironaids, on the ·survival. and 8f'G'Wth of YO\Ul.S pike cannot be ac­

curately eital.ue.te4. ieven11a1e,a, it 11 not i~ble that the ~tal 

eompetition fGr What a;r haw been a :U.mited insect food supply •1 have 

affected pike dw:rsely 4ving the iuaect feeding •ta&•. 
verteb~te t~ .. --Veey little cOUl].)etitton enated between the ptu 
>•" ............ 

11nd otber fiab. tw ta4pole• and m.=.ows. ?ttllov perch, mud.minnows and 

cmk eh\\bl cons\imei au,.nows 'to a lil'f:1 ted. extent an.a. ate few tupelee. 

It it ts considend tbt 10\Uli. pike th•iaael•• u.-e too4 tor other pike, 

the!n perch would be a cempetite ot tome importance t01: they no doubt 

4eezoeaa.4 thtt n~ or pike tty availablt to the cama.ibals in tm 

pop'Ul&tion.. 

Predators ef yotm.g pike 

In view of the amau nV:lllMJ' o:t 10-a :pi'klt that fNnived the tu-st 

few -.ks dter hatching, theNt is no dcl)ubt that _p:re4ation played an 

important role in the reduction of the ptpulation (Carbine, 1ga.1, 19",). 

perch and other fish preae.nt in thGl 41tehef couumed many young and the 

pi1- theUelves •• responsible a large •uu.i-e tor the ?'4lduetion in 

nwabera through cannibalism. Yellow perch (61-120 millimeters in total 

length) present in both years but more alnmdant in 19lt,O proveci to be a 

most important fish ;predator. Of the 345 yellow perch stoma.cha Which 

contained food, 71 (20.6 pe~ent} J contained one ar ~ pike, Ybich 

constituted 62.0 perc~nt et the total vol1ilme of stomach contents. Most 

pike eaten by perch :ranged troll 12 ... 36 millimeters in length (average length 

ab&ut 25 uu.llmten) • !he extent to Whieh pilat were eaten b;y pe:reh in both 

l.939 and 1940 is alhown in !able 9. Average length of pike eaten vaera~t 



Collection --
1939 
Kay, 
Kay 11-16 
.,. I() 

)Sq 23-24 
May 17 

1~ 
Mf,y 13 .. ,.. 
a1 a:r .,,,.ea 
M;.;yf9 
May 30 
.~31 
Juna 1 
IUW!t I 
.ru. 3 
J-une 4, 
J,me; 
~· 8 

- 11 .. 
fable 9. 

·Extent te Which 101mg pia wre eaten by perch .lhowri. 
for 

e~cb perch tollection in 1939 a.nil 194(). 

fitlllber iJ ·. :pffCU1 
etmu.ehs Vitb. 

contents 

51 
I 
6 

ll 
7 

fncentilg4t of 
•t~he con­
ta'bi!j 11• 

7.7 
o.o 

. 66.7 
o.o 
o.o 

fi:rceniage il 
total food voll1.ll'IIJ9 
C!!H-d of £ilra 

3.0 
o.o 

sa.2 
o.o 
o.o 

62.0 
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one ... :thil"i of the average length · of the pereh 'Whieh 1:te t• ancl is pro .. 

be.'bly •u- the :maxim.a siu 1J"ffl7 that these fish cr:ould eat "wi:th euct. 

lly He.y 1.7, 1939 and Jl'llle 8, 1940, the averap length cf pi• was 44.t 

an4· 38.3 millimeters, na:pecttvely., and irutica.tes t~y were reaching 

htticient aiH that pe:reh wre no longer able to teed t'.reel1 lq>On them, 

this pnbably ex,p;l.ain$ why no 11mau· pike wre toU'Eld in perch stOllil.ehs 

eoilected on Hay a3 ... 24 ~ 27, 1939 an4· .on Jime 8,. 1940. 

et all other fish eoll.ected in 1939 ·an4 l~G, onl;r the crffk chub, 

bl.Mk¢hil1 lhiner .ana. :m.utic abi.dl" contained pik$. It iB not int.pobabla, 

howver; that meat fish.es aaurociatei Yi th the pilte try eouUl.lliflQ. . them. to 

•~ extent. on Maf a, 1942, the trap at the &y- •u- contained el pike, 

5. p\Rpltt.nseedl au4· 4 -.-iuowe. If.be pUll.lp~eu eentainei a total ot 12 

pike and the 'lll'Wimlinttows a total ot 16. This high inciune. wa.s no dbubt 

4• to the availability of the pike tr,. in the trap. 

hher animals in.eh ae birclt1 ~ly .amt 4aaaelf'ly ~bs, beetle 

~ amt water bugs (»elestc)matid.ae) ·were obse:n-e4 to capture e.4 e.e.t 

JOU?lg pike (note• (,)f William ,. Cubine) • 

liecwus1cn -.nd ooncl.ueiou 

lt is evident tra the 4ata obtained thatpred-.tion, cannibalism 

·ana. 10lQetition tor available food between young ;pike anii tbAf species 

associated With them in the ditches ns i~ a taetor in the high 

~li ty rate. !he g.nater e.bundanee ot small :,ellov :p4areh an.a. other 

fish tnthe 4itches in 1940 than in 1939 no <1.oubt contributed •tgniticantly 

to the lmr production in l9'l0. Observations on the numbeJ:> of perch and 

ft}ler fi&h·preaent .in 1,a.2 are incomplete; theretore no co.,pariaon with 

other )'ears is poasible. 

ln 1939 pike fry began to migrate tra the ditches into lioughton take 

on Kt.y 11, 10 days e.tter batching., at an average length of 19 :inillilueters, 

ana. 85.4 percent., ot the total m.granta llG'Yei into ·the lake in the suceeed .. 
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ing 20 ... aay period. h 19'+0, the first yc)talg (ave.nge length 23 ldlli• 

•wrs) moved to the lake cm May 25, at a.a,s at'ter the first tr, are 

obH!"'ffd in the ditches, ana. only 111. .. 9 percent of the total run of 

fiah entere4 the lake in the folloving 7 .. aa, period. !he 12-uy 

delay in the beg:bm.ing ot: the l.ak.enrd 111grat1on ot try in 19'0 ot-

:te:nd greater op:portutd. ty tor exten1i ff las•• in the i.itcbits and marshes 

tJ:rrougb. predation ad cannibalism tium in the previous ye&Jt. Since 

mon 70\UA& •-.ed. downatreaa from the ursnes to the .lake a. bright days 

t.htm on cleUtJ.y days, au exten4ed :periei ~ Ol'UC&lt veatner, au.ch as 

occurred in 1940, vould otter JlOl'e favorable coa4itieim8 tor losses due to 

the causes :mentionecl above. A recluction in the nUl'liber of prebtora in the 

spawning :m&l"ahe1 may nc;n; nece1sar:tly result in a J.e•nned llOl"tality of young 

pike becauae cannib&l.1•, knew to be the chief --. of pia :m.t'Wta.li ty a 

experimental ponds (Carbine, 1945), YOUld. still OCC'Ql" te reA•• the population 

to a low level. 

Altb.otlgh eam.l)etition, predation and eaaibalilll '111Ml••t1oaab]J ca.wae 

the loes of many you.us pia, other untavor&ble conclitiaa aucn as low 

wte level.a and lilaitecl Spawning areas are no cloubt of gN&t significance 
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