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MRODUCTIOI 

the purpo•• of thia im'e1tiee,tion wa, to eatablial>. a ba.ais tor 

pn41cting the potentialitiea of l.are:emouth bt.se-bluetill type luea 

1.1 ri1h-ps-odueing env1r.~ont3. ~iu~h a prediction must of .neCflsdty 

inTOlN a knowledge of •bundf.noe ot 'bottam, 1ie ad.-d'w-ell1.ng, ffld pl&llkton 

'>rpnimu in a ncapare.tlnly omall ha.bi tatJ ralationahip b9tw••n tood 

orga.nimu present and those organism• u ..k:en ~.s food by fishes ot the 

smae u-eaJ am tM e.pproxi:r.a.te sit:e and .oompr.id tto11 of th• fi•h 

population.. !nvolTt'>d in this atud.y waa; the p.·oble:m of &eleotivity 

&f tofld by the ti•h and or s.vaila.bility of • •~uatio imt'~rte'brates aa 

fteh food. 

S1.D.oe tbAt tint illportant work on food ot t11he1 (Forb••• 1878), 

a ~•t maxi.y •tud.1eo of fish food•htabits MN yi~lded valuable intorma ... 

tion. During thi s ea:r.o period a nalth. of JQI.Wria.l. hu accuaul•tecl on 

the aubjeot ot lake productivity 1n tel'U of plankton and ms.cro1copio 

bottom ta'IIDA, am a lb4tecl aaount or data 11 a:nilabl~ on the weight 

and ocmpoaition ot tilh populations as produC4Ml under natural oondltiona. 

Beoaup theae etudie1 of f'i11h population.a, fieh fooca. f.Dd lake• have 

not l>Nn -.de at the ... tb:lo, or 011 the BN\8 lake• or under 1triotl7 

ocmparabl• oonditiona. tMre haa bMn little oorrelation of the 

intonution a't'llllable rn. these 1Jffeat1gat1ona. 

Sinoe tiaherit• management is m.ak:iJ:1.t auch ra.pid atride1 it b9ooraea 

inonuingly neaeaaary tor fiaheries wo!'ker1 to be able t() naluate 
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lalc•• ill wnu ot tiah produoticm. To ald in auob. an appra1a&l. tun 

ia IINd tor aon ooaplete knowledge of ti. atancliag orop of poaaibly 

uabl• t'1eh tood 1n. a lalc• and. ita nlatiouhip to the fi•h•• of the 

.... •tw• Nullllrou attempts have bffn ud.• to ab.ow the relatiouhip 

betwNn batta tauna and ft.ah procluotion. Many work•r• have taken 

bottom euspl•• in atnau and lak:ea and. made qualitative and quant1• 

ta.tin 00W1ta of tbe tood orgNli-. in ord•r to aeoun 1Dtonna.tion 

uaetul in datenniniDg etoot1np; polioi••• Sn'eral 1D.Teat1gator1 ban 

oouidered the nlaticmahip of bottca fauna to •tr.• tiahe• (Surber, 

19.38, l939t Dana, 19381 Tarawll, 1938), but tn ban related the 

total bott• huna to total tiah populatione, perhape beoauae of tM 

diftioul ty ot eatima t1ng tiah pop\ll.atiou in lar~r bod1•• ot water. 

The ratdo ot bott<m tauna to~ lqpothetioal weight ot ti1Jh that 

oould tHt procluoed tree lt bu been oouidered by Riohardeon (1921). 

U.ehean (19,36) and Howll (1942}, working with aouttwrn. polld1 ot small 

&on&ge, determined the wig)lt ot tiah pl'Oduoed. by a known weight of 

bottoa tauna. 

Vflth the adftnt of ro1:elloM u a •an.a ot rNff1ng entin tiah 

populatlou, it baa beocat poaaible to ext.Did the atudy of the relat1on­

ah1p ot i.Jrnnebraw taunu to the total t1ah production or la~r 

bodi•• of water. MNly' of the ocmoluiou of thie iDft1t1gat1on haft 

'been ud• poealble by this important tool ot DOd•m n.ai»r1ea 

management. 

n. bluegill (~pad.a ~ohirua) 1• ODe of the moet abUDdult 

ft thee in 1abe lake• ot Kic:~dge.n and i, oae of the moat 1.irportant 

apeoiee to fiaMl'llllffl. The bluegill. beoauae ot· 1ta iaportanoe to 
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t1w1'1181l and ita nearq UDiveraal ooovrn.oe in lat•• of the aoutbel"D 

~l& ot Miehiga.n. IN8t be oomid•red in aey filh.uug .. at 

proposal. It t.nda to beoc:ae ffl")" abundant and darted ill~ lake1, 

a ooadition which -.y be due to 11mitatiOll8 of food aupply-. Ito 

t.eding babi t. are not in dinot eomp4tti tion with most or the other 

important adult gae tiehea of the state while lt, itult 1a widely 

utilidd by arty ot bn game tiwa u food. Since the bluegill ia 

auoh an iaportaat tilh to tiwrmen., and 'Moauae or interrelationahipa 

with other ftshes of M.1.ohi i ;an lakes, it is of importanoe to obt&ia an 

underatanding of the problem& iffl'olrlnt the bluegill ,o that Gfi'eotiff 

lil&tlla~ent methoda oan be developed. A.a an aid to 'better und•r•tand.iag 

of requirctaents of tbe bluegill, & study or the relatioaahip ot in,­

wrtebat.t of Third 81.ater Lake to the blu•gill popula.tion of ~ 

lake bu beonll&4-. 

Pnlhdn•17 work on this problem we.a started in the tall 0£ 1938 

and ooll•ctioaa of tiah for food atudiea, aquatic iJn'ertebPates, 

plankton, and of phy-aioo-ehemioal data, .,_gan in April, 1939. FNa 

that tim• until tho t1ah WJ."8 Nll\Offd by poison in ll!ay, 1941, .-pl1.ng. 

with tJw exoepti.on of t1ah oollections, •• carried cm. at regul&l" 

intenala throughout the entire year. 

Third Slater Lake, W..ahtenaw County, W.ohir,M is th• largest of 

three aall lakee located mar Ann Arbor. It liaa in the heart of a 

forcatod tn.ot oaei by tho Univeraity ot 16.chir,an. It haa a au.rtaoe 

area of.' approxir.atf,ly ten acres., i H su-ty feet d•4fP• and at1-atifiaa 

ohend.aally and thermally i ":l tbe •\liJffier. Thero 11 no pen,anent inlet, 
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the wat.r en.wring 07 aeana of a aal l intersi ttent etnam u nm-oft' 

tna the IUJ"rO\IDdint; irl.lla, wbi11.b ooutitute a dr&inage area oi' uout 

)2,) aoree. 'the outlet t·lowa throu.gb a nap at the weat end 01' tn. 

lake whioh drai.ua$ by••• ot Honey ~reek, into the liuron Riffr, a 

trioutary of Laa bl"ie. Abo.at ono-i"ow-ti:\ oi' tne an ore ia a&Da.y 

granl IUlCi the r ... imer aot't uw spongy. r1ith th• •xception ot taro 

lilli ted U'8&8 there i• no .t'im oottca :t'rom the ehoreliu laiceward. 

fha .. an elope of tho bottca i• approximately 20•. i 'hii &ftr&ge annual 

fluotu&tion o:t· t.ne lake level ia between 12 and lo inohea, reaching a 

aaxh!l\111 height following the me.L.ting oi' the winter anowa ana a nrr\niawa 

in lat.e e\BSl8r. ~ggl•ton (19)1) n..a pre••nted tAft m.orptunetrio data 

oi third cii•ter Lu:e in m&oh t.-,Nater detail than ginn hen. Beoauee 

01' i ta stat\13 aa • controlled body 01· water there hu DHn no 

ext.nei ve fiehing in the lake for many Y9&re. nor ua there bNn UV' 

ato<lkiilg wiwu the put aeTeral years aa far aa ia Jcncnm. 

f'or tawae reasons it waa "believed tha't a. stMdi~ orop of fieh 

waa e>eing oonaiclered that repre••nted the maximwn t'or thia lake Wider 

•xisting oomlitiona. Growth etud.iea on the game tiah of tne lue 

(arown U¥1. tl&ll, a ('in preaa) indicate that the tiah ffN trowing at 

the non111.l n.w for the ~tate ot' idohi !,\11.n a.a tsnte.tiYely- eatabliahe4 

oy lieaioaan ( unpubli.ahed )j i •••, the blue1t,:1lla end pumplcina•K• reaahed 

legal length in their fourth IIWhlner and the largemouth bua i.n their 

third INlllier. 

Frcn the tAg1nntn{; of' the problem until ita oompletion it is 

naeonably- certain that then were i.:ew intlllall0••• •uoh a.a poa.ching, 
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paruitee. or diN&ff epidemioe, tba.t appnoia.bly chanted the oc:apodtion 

of the tillh populati,on beyond the limit. of i ta normal fluctuation. 

In addition to the iDftatigation under diaouHion, the tollowing 

uaooiated problau haft been oarried O\lt u put of' tu ~n•ral 

progl"alll of the Institute tor Fiaheriea a.eearoh1 

1. raggiag and fin clipping of the fillh•• of th• lake to 

· • ·atblate tho ai 1e of the population and the _,.._nta 

of the tiah w1 thin the lake. 

2. An experir:ent w1 th ta.ge-;ing 1"thod•. 

3. A fiah population atudy of Third Siat.r Lake. (Brown 

ud Ball, a.. 1n preea ) . 

4. An expeJ"iMnt in the UN of derris root (rotenon•) on 

the tiah and tieh-food orge.niau of Third Siater Lake. 

( Brown and Ball, b. in pre••). 

5. The eff•ot. of removing fiah upon the im-ertebrat.a or 

the lake. 

The writer wiahea to expNa• ht.a indebtedneH to i'rofeeeor Fa.\ll 

s. lV.loh, under whoae di"otion this work waa doiwJ to the Inetitute 

tor Fiah•ri•• i.aearoh, J41.ohigan Departm.nt ot Couenatioa, who .. 

f'ellowahip ude the inTI11tigation poeaiblo; to Dra. A. s. Ha&&arci and 

c. J. D. Brown of the Iut1tute tor F1aher1ea Reaea.roh atatt for advioe 

and or1tio1a throughout the proola. The writer ie obligated to the 

Sohool ot Foreatey and couorn.t1011, Uninrlity of .Michigan, tor 

pendaeion to o&IT)' out the iDftatigation on Third Slater Lak•1 and 

to Wr. Frank~ .. Forest Mane.ger, tor oourteaiea extend4H! in con­

nection w1 th the work at th• lake. 



lf£'1."HODs ANv t~uroo:m 

P)Q'aio&l 

6 

Temperature JIINBUl"8altllt• •re mad• at two WMk intenal.a througbo11t 

the urreatigation.. Rftding• we" taken £rem aurt'aoe to ootta\ by Mans 

of li•g-Ntti am iam:bre. Nftraing tbel'malll8ter. '.!'bird l)icter I.Allee 

evatiti•• therma.lly dur~ the aumraar, With e. thermoclin• b•tNen 12 

and 21 feet, varyiJ.\{~ in 1 t1 limit• depeding on the da.te. 

Tho type• of botta: depoai ta were determi.Dld frc:im aampl•• ~ 

with an l!ban drsdge. Bottaa materi&.l of the 11 ttora.l zone na 

predominantly fibroua peat oontatning luge amounta of organic material. 

The sublittoral actW n.a oompoeed of a oloan tibroua plant :me.torial 

oontaint:ng aane orgem.c ma.ttu. :S.low this the lake floor 11 blue olt.¥ 

aYWlain with a thin layer o.f orgallio ooze. 

G'hami.oal 

w._wr sa.!lples for all ~mi eal a.n,.lyaoa wn ooll•ct.d. 1l'i th a. 

modified ~etr 8U,i>1•r. 

Di•~lved oxyg•n was determined. by tr.£: !d.deal--,ten.rt modii'ioation 

ot th6 Y!i.nkler r.letl'.oa u outline<i irJ. Sto.ndaro. ¼.@thocia for ~ Examination 

of iJater and ~. £ighth Edi tion (19.36 ). Tbe o.rn;•r. concentration 

in t~ littoral .ZOJlil ruai.Dbd• thro~t the ywr, nll above ~ 

mini.m\.m d«aam\ed. by wa.nn-nt•r flahots. During tbs late •~r th.9 

o~ beo(IMls depleted in thfa watu·s below the trutrmooli.u. 

Free oa.rbon dioxide was determiDed with N/44 KOR ud phenolphthalein 

aes outli.rllK in t)M> ~ard Methods for the ~nation o!' Water and 

Snage, ,Eighth Edition (19)8). Fl"H carbon dioxide was aelc.\om prennt 

in tl'lO upper l O h•t of water \iuring thiJ Rl.W~er. Nld ra.zo•l;v- •z••decl 

15 Il•P .m. iu tho d"pGat nter. 



Tbe aarbonate and biOU'b~te determi»atiou WN &o-oord.ing to tu 

outlim in Standard Methoda tor the .E:xud.nation of 'lf&t.r aDd. Snat9, 

Ei~i:h Wt.ion (l9J~ ; . Phanolpht.hal.ein al.Jcalillity was ••ldoa pnNllt 

and the methyl orange alkalinity Tarted but little, rang~ l>etwnn 

8S and 9S p.p.m., t.rca aurfaae to bott01L, during moat of' th• ■1.IBIWr. 

TIMI hfdrogen--ion oono.ntn.tion was determined by Mana oi' a 

Helig• Colo,..ter. The pH range tor the •---r wa.1 from 7.2 to 6.4 

for avtaoe waters and dropped to 6.8 at the t;Mateet deptba durillg 

late llalft8l"e 

A oapleto noord or the la11Bcmthly ohemiO&l. ana thermal au.ly,., 

taken in oonneotion with tbie problem for the period tram. Bovea'ber, 

1936 to .h.ll.y, 1942 inoluaive, are on file at the Inatitute tor Fiaheriea 

i.aearoh, Amt Arbor, W.chigan. 

REOIOIS OJ<' 'l'J.URI> SWTER I.AKL 

In lak••• auoh &a Third Siater Lake, a lcnowleclge of the extent of 

the area which 1• inha'bita.b!.11 'b;y wann-wat•r fiat.a dm-iae; the aUIIIIMr 

moatha when 'their growth is mos t rapid, ia oi.' priu.ey i mportance ia 

oe11pa.ring pl"Oduotivity of lakes in tenia of fish. The region of' 

1mportanoe 1• that stratum, uaually abon the then.oclin•, in whiob 

the oxypn content of the water is eu!'t'ioimt to aupport warm-wat.r 

f1alwa and the aquatic plant• and u.iM)e upon which the7 depend tor 

food. It ia alao tho region of' bu.neat growth of plant.. Cha.rte l 

and 2 ehow graphioally the regiona of the lake under oonaideration. 

Third Sietor Lake may be dirld•d• so.re or leaa arbitrarily, i11to tov 
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C.~!tl{T 2 
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"giou. Digian I exiada fr<m the 9horelim to the laknard lini t, 

of the floating w~tationJ ha• an a.yerai• width of ,30 feetJ a. mulm.ua. 

depth of t1ff to ■ix tM'tJ and 1uludee approxiaately 30% of the lake 

area. The elope of thlt bottca i• about 13•, the J&Gat gndul of" 8Df 

acmo ot the lake. The aurfaoe of the water here i• largely eo.,.recl 

with pllaw water lili••• ia:ter9PWMd with a tn white water 1111••• 

Bottom aoil 1n thie area 1a a mixture of f1broua peat and deoqing 

plant aat.rial. '-1lara and low-growing Po!:!!!etoa -,11roli1&.1 ooour 

whffeftr au.ffioient light pe»tn.t.a. A tft ... rgeat aquatic Uld 

JlliU"eh plant. ~ found in thie 1one. Region II i• the nalTO'...- 1one 

extending ti to 12 feet from the la.ken.rd edge of the water lili•• to 

the lakewa.rd limit• o.t' the aubnerged Tegetation. Thia entire ngion 

aupporta a heavy grOllth of Potftaogetou amp1U'ol1ua, with •par•• patohee 

of Pot-.opton natam. ~• gra;.inaua, and!:.• 10.-te.ritonu.1. The 110,. 

1• ateep, approxi~tely ,31•. and the area inoluded ia about S% of tM 

lab INl"i'aoe. i'lw 00111bined 1'0l1RDa of regirms .r an'1 Il ooutitute 

only about 6% oft.hf. totcu lake. 

P.ogion III 1• the ■tr.tum enolo1ed horiaoatally by ta lakft'U"Cl 

liaita of tho ngetation ,one and -..rtioally by tlw upper liaita ot the 

thenaooline, and 11 o.t' i&portance ae • fish-food prod.uoiDg atra.tum 

onl¥ tor the plankton tcnmd tbfre. F'iah aan 1.nh&bit thia region but 

wre not ,,.,.,..onl.7 prennt there. apparently pret'errin.e:, tc.i ate., nearer 

the protection and food aouroe• of th6 pl&nt ao••. Thia &OM inolud•a 

approxim•t.ly 6S" of the lake euri'a.oo. 
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Rllgion J.V i• the baain of the lake below the 10-foot oontour. Thia 

region 1■ oonaidered, on the bu1a of datt. obte.i.nlild in the food atwly • 

0£ raiur a.portanoe in the produotioa of' tiah food, '.l'b.o pot.r~ti.e.l food 

organ:1 ... that ocom- hoN e.n Chiroacaua ~rud• and perhaps other 

oloaely related. fonu, ~, (eontbra) and.~ aq•tio oligoahutea. 

'l'lwae midges &nd 1Wn9lida wre preau.t in. large mabera below the 

the,mooli.Dlt in the o,cypn impovoriahecl nt.ra wure tho fi■h do not 

teed, a.nd tberefore were not a'Yl\ilaole &a food except civi.J:lg the 

-..genoe periocl of tbs weota. i.. will oa ahown later the coretbra, 

although probably aftilalllo dm-ing part of tlwir diurnal cyole, wen 

not utili&ed exte.uively as tooo. 'Zh.1a region conati tutes approxiaately 

68% of' the volume of the lake. 

From tbe cleaor1pt1ona above it can be •en that tlw &ODO oouidend 

&a of mont it'IIIIKiate :l.tr.portanc,e in the produetion of f'1eh f ood for th11 

lake 1a the narrcs (J5 to 40 toot) plant &one a.round tho periphery of 

the lake wl'dah ao11priaeu about JS~, oi' tho e.n,a of the laktJ e.nd cmly 6% 

01· ita volume. 

,UO!AS SAMPLED 

The tibrou peat character 0£ bottom d•poa1t1 in the litt oral 1one 

made poaaible tAe uae of" the ilanan ciN4ge in uarly all a.ree.s uapled. 

A Pet.eraoa dl"edgo wu operated in reetriotied t,ravel anaa whore the 

Ekman d.ftdge would not 1.\motion properl.7. '!'he EblialJ. dredge. by t&ldiag 

a amaller and lee■ bulky auq,l•, mad• poeaible the oollectiat";; Uld 

eorting of larger mabere or eampl•• than would han beec poHible w1 th 

the P.ter■on dJ'edge. thua gi'ring a bett.r presentation of tl.te bottoa 



tauaa. flw ,-1:eraon dredge hai; a oolleot1on area of .826 of a equan 

toot and tAe lban aaapled .2s of a aqU&N toot. ill aupl•• nr• 

taken troa a. boat. and a l"'Owboat Ol"IIM (Brown and Ball. 1940) .... llffd. 

to h.ollitate the handling oft.he· dndg4ta. 

12 

'lo e.etabliah the exaot looation or oolleotini~ atation•• the ahoN 

line wu d1Yided by poet• into tnnt;r-tiTe approximately equal aeotion■• 

the aarnra •1ng aoout forty yarda apart. SUipl•• nre taken within 

the t.n foot oontour along tn.n.eota erlending from theae poet• to the 

o.nter 0£ the lake. Preli:li1nary atauch analyeee a.ad bottca n.apling 

indicated that the area within th& tan-foot contour wu furniehing the 

bulk ot ~ t1ah tood. ftda depth also ooino1de4 with tbe upper limit 

ot" the tt.naooline d\\1"1n,: IIUOh of tb6 ---•r aD4 netting open.tioq 

abond th.- liO'YWt of tba fish to be 1ar.,.1y, it not entirely, U.ai W 

to the region ot the lake abOTe the ten-foot lnel. 

BIOLOGICAL Sit!rt.ING 

During the period April, l9)9;-11Ay, 1941. bottom aU1ple1 ••re 

taken during ency month of the year. A t:fl'II reeular oolleot1on date, 

nre ohanpcl durill(; the period of treeaing over in the fall anci dW"ing 

the 'bnak-up period in the apring when th• ioe waa unaa.fe. Of then 

eampl•• thle problem ia oonc•meti only with those oolle~teci duri:ng 

the 1oe-tree period of tb6 yea.r. D\lring the period frol(l. April lS to 

November 1 of 1939 and 1940, and kpril l to 1i&y l, 1941, 4S8 dredge 

.. 111pleo wre colleotecl in the littoral &one. In addition to the dnclgt, 

arwplea, lOJ pounde of eumwrged. aqu1t.t1o plAl.lte nn oolleoted frca the 

sone 'Ulllier oonaiden.ticm for qual1tat1n and q"8.Dtitat1:n atuciiea of tlw 

inftrtebn.te population. Beaide• tb•••• many •uapl•• WN oolleotecl 



1n the NgiOD below the ten-foot oontour. These cl••P water 1ampl•• 

a.re not tabula.ted bire a.a their pw-po,o ~ tt., rai.n.iliarh.e tw writer 

wlth the organimu below too ma.in semplod are1t :50 that thGy might 

1.3 

'be NCO~£ed if faun.cl in the tish atemt.oh8. 'l'ho d.eep water :saw.plea 

abowed. the important organ.i.eins frcan the su.ndpoir>:t of bulk to be 

Corethra, '2u.ronomus, and Oligochs.etes. Of thee• throe z;r-oupa only 

Ch1J"Gl1.0llUU was utilised aa food to ~ 0xten:t and thoy constituted a 

"Yer'✓ small peroente.i_;e o:f tlw n~r or volume of micigea takon &a food. 

Chircmoa.uo utahenaia taken e.s t'oocl were, almost uith®.t e:roeption, 

ma~ pupu, indicatinr: tllAt they wero riaing to e1r.ers;e when oaptured.. 

J?ield ~UN for Dredge Sampling 

Botta:a aampl.ea were obta.ined by la,rGring an op.an d1~Gdg9 tc tJw 

lake bottom fl-cl:1 ~ anabored boat. Arter closing, the dred~ waa 

raised until its top was a.t the m:rtaoe ot the water, a tine meah 

aoJ"Nn pan•• plaoed belwath the dredge (under water) anri both lifted 

into the boat. Contenta o£ the dredge, a.lon r, with any- material caught 

in the aOJ"Nll •re trau.t'erred. to a pail &Dd. ta.ken to the ehON for 

washing. All :material that would e;o through a JO meah sieve wu waahecl 

out* the residue aontaining the orgam.em.s and tl"Uh .wu poured into a 

gla•a fruit jar., taken to tbe laboratory a.ni! p1aked. cm,r while the 

or~anisms were alive. \\11.enever possible in-ver..ebratca taken fi'Ot. the 

sampl•• wr4' me11t.eUl"fJd 'f'OlUIIOtrioally, and in ~ cases wei r,hod, alive. 

When time d1d not allow wei t~hts and !?10a$Urements to be ~ad• on livu,g 

1U.terial it waB prescrTed in 80,: alcohol for i.dentifictttion anti mo&aure­

ment et sane later date. 
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tewons.toey Prooedu..---e 

th t.'10 tl8'thoda or qua..-it1tative measurements or ol"pnime :f'rom 

bottm allnpling oollectiona the worlccr in this fiol cl hes the oho1ee 

or senral mothods and. to date there eeems t ~ be no method that ha• 

been aooepted by the majority. AJJ thia ,tudy nil deoigmd to develop 

a method for the r n:p1d naluation ,')f inland lakes as f111h producing 

un1ta, it waa of prime i.nportnnce that the itqui:pment and pro-oedure 

be applioable to f'ield operations. In quantitatiw deterninationa 

of bottam taUDfl the weight method has little Tirtue owr the 

Toltnetrio method. tmleaa th.3 worker inoinerates oaoh ea.mple to get 

the organio weight only, and that, at preunt, 1a rs.ther meaninr)eaa 

in the abaenoo of physiolo~ioal da.ta on th(& :outri tatin Talu• or th• 

org4nio element• of tlw Ta.rloua orga.nima. Aeour&to nighine; 1• 

impra.ctioal in the field and 1a time oonauming in the le.bontory. 

Practical oonsiderationa g70atly faYor the volumetric met.hod. It ia 

the only method suitable tor field uaeJ does not require apeoial and 

costl7 or delicate apparatua, and ls rapid e.a canpared to weighing. 

Data obtained in this study indloate that on• oa.u oonTert. cubic 

o~mt~tera 0£ TOlu» to grams of ·.-ei ght -r.·ith out aroAll error eo far 

as invertob:ra:te organiama are conoerned, f or a:ft\lr all, the er1·.>ra 

inlwrent 1n the best :mothoda of bot tom PlliJ)linf a.re large, al.moi, t 

eortainly lari~1J enou;;h to ooacure e.ny error introd\lced by the eonYer­

aion. 

Tho or; a.rd.Sln.3 t o be mea.aured wer 0 placed i11 a graduated centrifuge 

t ube whioh had pr0vicr-~sly been calibrated again.at a ourette h&Ting the 



lS 

.... gnd.utl• 'ftl.ues. The tUN -• t.lwn plaotd in a n.ak whioh 

held it with the mouth of the tube don, at a 45• angle, ud allOWM 

to NIIA1n ture thl"M mi.Autea. This alloqd the liquid to drain ott 

ad ;yet tlw apeoimena did not lme aoiature b7 enpora.tion, an 111.portaat 

•ttff WMD woridng with •terial pre ... l"ftd in alcohol. It n.a found 

tbat by ualng thie •thod it wu poeaibl• to eli.rd.n&tt m.wc,)l of tM 

ftri&tioa that i• inherent in all met.bode uaed to redu04t mo1ewn to 

a near oonataat. prior to lllkiDg vollaMttric or wet weight dotenaina­

tiana of bottca ta.una. In inat&n04ta where a.ctive org&niau were being 

.... \INd, a wi,.._gauae plug na inaerted in the tube to keep them t'rca 

orurling out. Thia plug did not inte.rt'en with the draininG of 

ao11ture aDd waa lWlOYed jut prior to the next ■tep, •hioh waa pla.oing 

of the tube and its oontenta \mder tbs burette and e.llowiag •no\lgh 

liquid to J"ml out to OOftr t. --.pl•. TM dif.ferenoe between the 

readillg cm tbe b\11"8-tte and the l'N.ding on the oentrifugo tube waa the 

Wl\88 of the il'lftrtebrate1. Thia method was oheoked agaiut other 

•thod.• of volla8trio analyai• aad found to be more rapid a.nd aoou.rate 

for tbia work. 

TlMt "t'Olae or th• entire bottom NIIJ?l• waa determined, tun 

d.1Vided up iato taxoDCl\lo gl"Ollpa and •a.cm group •t.auNCi ffpa.rately 

1n the..., lDIUJD•r u t2ut whole aample. 

Followi.ng the TOl1aDetric meaaureant. nl.111.Grical o®nte of all 

organ!-.. WN )Ude N1d tlw inffrtebn.tea WN idn.tU'iff ... t:ar ... 

was belie-nd uoeuarr tor th1• study. It we.a i'CJUDO. that Tol'lllNtrio 

--..v•enta 0£ eingle ap«,,0hien• of the IIUJ.l•r 1.Dffrtebn.tea •noolllltered. 

in botta and plant nmpl•• wr• not a.ociurate within the limit• deaiNcl. 



To mfn1P1a• thla •nor large matMtre of ~•• organi ... , within a ginn 

a1•• rage, wn ..... und. NMi an &ffr&~ vol:Ulllt tor ea.ah iadiTidual 

detend.ned. Thie oaloulated vol\88 was 'I.Wed 'Wb.enever aaall i.Dd1"1'1ciuale, 

or groupa ot 1nclirlduale having a ....U Tolwae, nre to be M&aured. 

Table l ahowa the length rug• in millimt.ra, the WDIHr of individual• 

•uur.d, and the ...,.n.g• Yol-... of eaoh 1.ad.lvidue.l in ou'.tio c.ntiuter, 

tor M'Nral groups of tia~food organiam.a frequently •noouat.red in the 

aampl••• All Mae\U'ellente wre macle on izmtrtebra.tea prHerrecl mon 

than two aonthe in 60,: aloohol. l'he length.a WN det.mmd Dy atraightea-

1.ng the organi• and measuring the gnateat over-all bod.y length. c.:&.ae 

length onl7 waa tfilken t·or all Triohopt.ra. Snail, ••re ••••UN4 along 

the greatest diameter of the wll. In the larger drago.ut'lioa, the 

T&riation in width JIIIM1e ~ e.-t;iaate buec on a. ei.ugl• •••~at 

\DI.reliable and for that reuon the width anci ln.gth wre taken. l'be 

•aaUl'CIIIUnta 01' the larger organimu nre mad.• i'or OG111Pl•tene1■ of the 

table but were not uaed in aotual ooatputat1on of voll&fta. 

To oaape.re the data obtailMtd in thia atud.y with t.hoae of certain 

O'tmr iave1tigator1 it waa neoe■aary to oourert the voluae of inverte­

brate organi ... to t;J"UW of wt wir,ht. Aa 1 t ••• not poaaibl• to 

determim 11w wight on moat bottom aaq:,l••• a oon:nrlion faotor tor 

ohangimg volla9 in ou.bio oentimetera, a, detenrd.md from material 

preserved. in aloohol, to an ~uivalent liw weight in gn,aa waa worked 

out. 

Seftral Hr1•• of quantitatin ■ampl•• WN oolleoted., the orgam.­

wighed, a.ml their vol,_. dete.rmi.Ded while they .. re at ill alb-.. Thia 

material wu tMn pre .. nwd in 80% aloohol, ••al.a, and •t aaicut tor 
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Table l 
Number, ■tu rRn~e, •n~ Tnluae nr •quatio i11n,·tebrate1 

Wo, or or,i:ui•• !lhe ran,;• Vol•• lo. or orcul .. Sh• rue• Tol•• c-.) I o.o.) c-.> ( o.o.) 

L TRELLnLIOlt 70 3-!i ,015 CADDIS (with OUH) 20 11-11 .ooe 
A2 6-7 .030 200 U-14 .020 

100 7-9 .036 l&O 16-lT .OSII 
58 10-11 .070 !IO 18-22 .048 
96 12-lS .100 10 ZS-26 .066 
36 U-16 .160 
28 16-17 .250 T.&BAlfIDil 16 10- 14 .01 
28 1~·19 -~20 12 16-19 .Oli 
7 20-21 . 350 19 20-24 .10 
9 22-2~ . 3~ 17 26-29 .16 
5 24-25 .310 7 30-33 .26 
8 26 X 12 .~o 9 34-Sli .30 
5 8 X 20 .40 l& 38-41 .u 
4 27 X 14 .95 s 42-44 .66 

11 46-49 .70 
ZT'",O!'TE!! A 91 3-6 .006 4 50-- . R6 

86 7-10 .OOA 
116 11-12 .03& OADARUS 70 c;..e .002 

200 9-10 . 032 
Vl OOIS 150 --6 ,0006 100 11-12 ,086 

soo 5-6 .0021 
600 7-8 .0043 HTALBLLA 1000 .000& 
500 9-10 .0067 
500 11-12 .ooes PIIYSA Ii lS-14 .28 

4 16-U .60 
LF.EC!IBS 22 10-12 ,OS lZ 3-6 .022 

17 lS-15 .os 
10 l t>-22 . 10 PLdOR!llS 16 8 .10 
9 23-28 .16 · 20 6 .06 

12 2T-SO .18 20 7 ,OT& 
8 31-32 .20 

12 33-34 .22 AIIIIIOOLA 100 • . 0076 
15 56-59 .26 
5 40-44 .40 OTRAULUS 100 . .0026 
9 46-49 .50 
4 50-54 .86 IPl!llfER IILU. 2& • .008 
2 56 . 86 

CA~IS 200 • .003 
GOIIPH Ill A! 11 7-- .OOA5 

fl2 1!-10 .010 PISIOIUll 100 2-4 .015 
112 11-12 .oso 66 Ii-ti .ou 

27 15-U . 060 
65 16-16 . 080 OVT I SCIDil 10 16 . 26 
46 17-18 .no 
19 19-20 .130 
21 21-22 .200 
10 23-24 .soo 

ti 25- 26 . 550 
4 29-SO .420 
1 37-- . 660 

• All 1i1e1 combi ned 



approxt.tel.y six IIOlltba. 'l'be material was then oouidend u ha"f'ing 

noeiftd preaenation treatment ocapa.rable to that 0£ tbe 1nY•rtiebra1.e 

pmplea oolleoted throughout tbe problem. Volumetric •uunaenta 

wre then -.de cm this material. 

Illaul.ta ot ocmpariaon of lift weight, lin volUM, and pr•••l'ftd 
TOllatlt &N ahown in Table II . M nearly ae pos•ible .repreaenta.tive 

imerte'bn.te umplea •re ••leoted for the•• •~rimenta. From. tlwH 

data 1 t oan 'be ... tbat there i• JDON ftl"ie.tion ~-• liTe night 

and live ..-ol1ae than t>.tw• lift weight alld pr•••rv•d Yolua. i ·or all 

groupa of organiama oonaidered, th.a OODTeraion faoter for ahangi.Dg 

pNnrnci Tolume 1n oubio oentt.m.t.ra to an eciui'ftlent lin night in 

graaa 1a 0.98. Tharefon, tor purpo .. a of tld& atud7. l o.c. ot 

preN"9Cl volUM oan be oonaid•:ree the .... aa l r.;raa liT• night. 

Plant sapU.ng 

It waa belin'ed tha.t ~ ■un-ey or fiah f'oocla iK>uld not l>• oaaplete 

\Ulleaa the higher aquatio plant• wre oou1danci. TMrefore one of the 

naeda of thia innatigation was to ucertain the relative meri ta of 

bottm aupling and pleat aupling in p.Ti.n,; a trv.• picture of the 

potential fillh-food eupply. i\11 nD pra.ot1oal mat.hod of quantitatiffly 

collecting plante, that was applicable to fieMriea field 1UTe•t1gation, 

was known to the wrlter an attempt we.a made to detendne qwmt1t&tively 

and qualitatiwly- the inwrteorate taWJ& of tM plant bN.a trca aaaplea 

ooll•oted by JIMn8 of a plant hook. 

To oolleot a plant aample the b0&t w.a &n.oho""1 anr a aubmerged. 

plant bed, a plant hook thrown in'bo it, dr&1m ,1 osly toward.■ the ooat 

18 
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Table II 

Comn~rison or live wei~ht, live volume, and ?reserved volW11e ot invertebrate 

or,:ani1111s 

Colhction 1'umber or Lhe weifht LiTe voluae Preserved -,olua• 
'>ate organi1111s ( grllJlls ( o. o.) ( o. o.) 

!i-lQ-3l1 
•• 602 13.12 12.75 12.96 

4-23-42 

Midges 100 .96 .92 1.40 

4-27-42 

Midges 464 2.24 2.20 3.06 

Daaaelrli es 60 .90 • 60 .60 

Dra~onrlies 32 3.21 2.66 3.66 

5-3-42 

1omphinae 7 1.62 1.65 1.66 

LibelluUdae 35 6,90 6.85 9.50 

Aesohninae 1 1.17 1.66 l.SO 

Gtmaarue 90 12.57 10.95 12.45 

Snails 17 7.90 7.20 7.42 

§-10-42 
•• 350 f!.20 6,96 R,15 

~-l~-i2 
•• 210 2.25 2.20 2.36 ---

Tote.la 1868 63.23 5~.97 64.47 

•• ~ombined 1JOeoie1 
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unW approxuuat.l;y thl'N pound• ot plant• bad bMn .. oure4, tmn bl'OUght 

to the aUl"faoe of tlw lake. 1'M plant■ were not littecl froa the nter 

Wlti.1 a t1Jlo •ab ·acnen pan had been pl&•d Ull.Ur tham, ainoe it waa 

tou.nd that tbe largeat determtuahle loaa ot organiau oocurl'ff when 

11.tting t.h• plant• frca tlw water. TM planta wre then plaa.d in a 

tub, along w1 th UJ7 material 1n the aore.n., and taken to tu ahoff for 

••hing and weighing. On shore the plant■ wr• piled loo1ely- in a 

,30 -eh •irte ud allowd to drain for five minute■, tl'Mtn nighed.. 

!his waa tlw ttnt night" and inoluded plan.ta, enoruated marl 011. plant 

,tau and leaws. and in acme oaaea emll amount.a ot bottom u.t•rial 

adhering to the planta. ~.xt. ~ plmt1 wre tr-aaferred to a tub of 

olean wat.r and the marl, other debria, and moat ot th• plant,.ciwlling 

inYel"'tebratea washed. off. The planta nre then w.ahed through f1 Ye 

1eparate pail• 0£ olea.i1 wat.r &I.Mi again piled looaely- on a fim Mlh 

aoreen tor draininr-; and impeot1on for oomplet• l"9JIIC7Yal of organisms. 

Plante were allowed to remain spread out fiTe minute• before weighing. 

Water oontaiD1nr, the inffrtebratea f l'Ul the plant, waa then poured 

through a Jo •lh eor9on am! the d•br1a draiud. N.w minutea. The 

reaiclue, ocmaiating or broken plant parts and tiah-tood organiaia, waa 

wighed and this W9i~t inolucled. w1 th tbat of the waahed plant•. Thia 

wae ooneideNCI the "wuhed weif,ht" act repreaented the plant, and 

organi•us on tiwll but not extnneous materi&l, the weight ot wmioh 

vari•• aooordint~ to tm aea■on. water oond1t1ona, and oolleotiag 

•thoda• Thi• wight n.e ueed 1.n all O&loula.tiOll1 •• it 1• belie'ftCl 

that it ha• a more oanstant nlationehip to the ill'f'ertebn.te te.UD& 

than wt wight•• 1n that oolleotion method.a &Dd otur faoton do not 



1nftuaoe it •• muoh. fl&ahed plant -.terbJ. Ra then diacard-4 antl 

organlDI and acOOllplU)1inr, truh taken to the laboratory and. eort.d 

while the ol'"g&Diaa WN still all••• Thea• plant inhabiting inverte­

brate• nre then treated•• outline4 for bottom fauna coll•oted by 

dndge. 

Thia •thod of eatimati»r, the standing orop ot inftrwbrate faUDa 

of the plant• i• open to many crit1o1•• but aa outlined la one that 11 

applioable to t1eld uae with a •1nSn• of equipaent. and., if auffioient 

um.plea an oolleotad by oantully following tlw .... prooe4\U"e tor 

each aaple., erTOr• an reduoed and tM method oan ••n-e as a useful 

addition to dNQge M111ple1 in eatiruatint fish-food 1ouroeo in a lake. 

'3\lalltita1'1Te Studiea !.£~Plants_!! Third Siat.r ~ 

Little work baa been dona on •valuatiat: q\l&llt1tat1nl;y the plaat 

'b41da of 1-k•• and oomequ.ently thti method• aa.o. equipan.t leave IN.oh 

to be desired in the way of a.ecun.oy and ean of a.pplioation. In ■pi te 

of diffioultiea presented it W&B believed. that a quantitatiYe estimate 

or plants in the luo was worth while to 1uppleunt data obtained in 

th0 plant-inTertebrate relationahip stQdy. 

Riokett (1920, 1922, 1924} ma.de detailod. qua.ntitatiTe 1tudi•• ot 

hig,ber aquatic plants o£ oertain ·w1aoonsin lakes and found that lalce1 

studied ditter4Jd widely, both q~tit&tively and qualit&tiwly, in the 

produotian ~ planta. 

To make a qwmtitattn eT&lu&t1cm of the plant• per unit ana in 

Third Siner Lake el"'8n site• in the submert;.ed wgetation sone were 

aelected and a square yari. in ea.oh marked off by puehing lont pol•• into 

the bo'ttan 4epoa1t.. All plant& in this area were tt..n NfflO'Yed, root■ 

21 
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to remove &ooumulated wi.rl and t.dr .. rln,; bottom de-posits and &gttin 

witl1 routinG aCli)los tc.ken with e. plant book throU(;llout tu sunmer. 

Tabulated reaulta of theise collectiona are ahOl'fD. in Table III. f'l"Oll 

tlwae data it aan be 8"'1 that the aver&ge nt woight of pl.n·h .fraa 

ono square yard ia slightly in excee::i of one pound and ot' this. 3$% 

is non-plnnt aterial. Thia averae,-os about 5J2J pounds of plants, wt 

W8ight, per acre of lru:o bo·Ltcs., ·vlhloh is lO'\li· i n CO!'llp6riaon v;ith the 

figure of 14,8)0 pounds per nore tor Green Lako, an ,; lJ,.>40 pound, per 

a.ore £or Lako Mendota, a3 i!;l ·, 3n by Rickett. In bio work 'F-;i th the 

\\1.sconsin lakes Hi.ckett was cioAlint: t-1. th a uuoh uore di versii'ied flora 

8lld. ane tbrlt inolwiot\ Chara and Ya.lJ.ianol"ia. which are heo.Yier when 

C')l\Sidered on a weS.ght per un.1.t area. bas1a the.n. Fot8.nioii;eto11 amplit'oliua, 

wbi«Jh ocmatituted the bulk of the Third ~ieter Lako plants. 

The figures t;i VQll h4lre, due to inaocuraeiea of the method and 

difticulty of oolleoting plants tr,a aeven.l feet oi' wawr, are u:nd.oubt­

odly aubjeot to considerable error and 1 t ia with thia fact in mind 

that they &N prennted tor what uae tlwy have in ooapa.riaon of plaat 

Plant Kill -
Of the 28 epooies ot ~quatio plant, listed in Table IV .Potaaoptcm 

9lifoliua repreeented approximately 90,.: of the aubmrgM vegetati@ 

of Third Stater LeJm. This estimate was baaed on an& occupied and 

denai ty' of plant bod•• Colleetion of plants wu ca.rried out du.riag tM 
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Table III 
lfeh:ht or aquatio olants oolleoterl from one square yarrl r,f 

lRke botto~ in Third Sister Lalce, 1939 

Pounds Pounds 
T)epth Wet wei'1'ht Washed weight per acre per aere 

Station (feet) ( grams)" (grams) ( wet weipi;ht) ( wuhe d weight) 

I 1 460 325 4908 3467 

II 2 510 350 5442 3735 

III 3 312 207 3329 2208 

IV 4 362 198 3865 2113 

V 4 540 340 5770 3635 

VI 5 660 435 7049 4660 

VII 5 700 476 7476 5088 

VIII 6 490 315 5227 3367 

IX 6 440 260 4699 2779 

X 7 580 377 6194 4030 

"(! 7 430 262 4598 2800 



Table IV 

tabl• OS: aqaatio pl.ante in flu.Ni Slater Lake* 

Aaclepiu ~ta 

Ali~ f'lants~ 

Chan. ap. 

" 

~•upe,torium f&rfoliatum 

c;quiaetw. tluvifi-til.-. 

Leersla. og,oidea 

Lyai.IM ohie. !!Wdfloi-a 

Mi.muluo ri3ena 

llajs.s fie.xi.lie 

gracillimA 
. -

Mupha.P adTeDa 

!l~a odorata 

:Potamo~)flton &Jl!Plitol iua 

" 

" 

" &outerlformia 

Peathorum eedoidos 

R.anunoulua e~nnoylvaniou 
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•-rot 1939 and reau:ud •• aoon u they appeared in the· apriDg of 

1940• wb.1.ob waa in the latter half ot' Mar• 11w plaata ma4e ra.picl 

growth tor the tira't three weka ot June and. aaauud nevly uxiam. 

•11• tor thia lue. During the b.•t wek of' June the water beoaae 

q\d:te wum (78• Fehr.) an.cl large ..... of r11 ... ntou. &lgu wN -n 

on and &bout the leawa of the plant•• It in.onued rapidly and. by 

tbt n.r,t ... 1c of July had eunloJHki tho plant• with .. tnnapuent 

grq-gl'Mn wil. Aa tar aa oould be detel'illined &ffr;y plut of P. -
!'f!1tol1u• 1n the lake ne ao affeotecl. Thia ooftring w.1 not found 

on any otb•r planta. a..ll bed■ ot Potamoeton uatau &Dd !• ao■teri­

tOl"Jlla wn not affeoted 1n &121' manner. The f;J"owth oont1!1118d until ti. 

•ntin aubmerged plant 1one, with the exoeption of 111&11 pate.a ot 

other apeoiee, appeare4 ffil-4. with it. Stea am lNY•• of the plant■ 

aintai.Md. the1r poaiticm 1D relation to the original plant and to th• 

lake bottom, probably duie to buoyanoy of the algal••• lnoorpora.ted in, 

or oonat1tut1ng, th.9 plant oonrlng. A plant hook thrown into and. 

dragged through what appeared to be • he&Yy bed ot plut■ W'Ollld OOIU up 

bare, or at most with a tew atranda of ro~ten plaat ••rial. Tu 

plants tun.lied a d•ad brown color with no g1"9•n allowing. Xhi• oODdition 

wu Na.abed about the 20th of July. From that ti• \Ultil late Augat 

the plan-be gl'lld.ually' tell apart, tM lonr le&na i;Oint; tir■t and 

n.muy only·-- ,-.aimd, ant! aany of tM•• uooapo"4. ».oepo•1tion 

of the at.al -• trora top to bottc:a. Followiag the ooaplete lo■a ot 

1••• thJr• waa a dol'!llllllt period during wbioh thertt wu 11.0 aign or life 

in thia plant 1n the entire lake. Thia luted about ten dqa ud tun 

aall lea?ee begar1 to appear on the tip• of tho awma 1W1a:ln:lng ereot. 
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'l'hare wn 110 aigna of axJ::f' n.w steaa ocming i'rom .... , or l"OOta. Grcnr.th 

o.f these n&w loaves ws rapid Ud oontiJwed to appear on the at• until 

iudividual plants a.sauaed a uearly 110l"IA&l a.ppea.n.aoe for thia lall•• 

with the •xoeption that they •r• auab aborter, due perh&p• to the 

taot that nearly all atema bad autt'ereo. aae de0011.poaitioa &t tlw tip 

before re6"1JA8r&tion began. 1'b& plant, appeared to gJ"ff until a'bO\lt 

the middle of Ucmunber. At this time the ori &inal plant be-da HNI 

outlined but tlMtre was leaa thaul ODll third 01' the :o.ora&l plant popula­

tion preaent in the lak•. Tb.• phel1<auenon d••oi-ibM bent liill be 

referred to aa plant kill in thi& paper. 

?be uteria.l sun-nuoding th• plant& wu preaerve<l aa aoon a• i t 

was known that tho plants wre being at'feoted. Thi. a waa enzdned uw 

enerll\.l apeoi•• of algae identified.• JQOat QODn01l UM>Dg tbea being 

Rhi&oolcmiwa and Du.lboobaete. l{ona of tlw a.l~ f<MUM! a.re known to o. 

pa.rad tio on, or to &tt&olc• hig.bei• planta, ud inquil"y of looal botaniata 

at the tiI~ tailed to diaoloae any knowle<igo oi' auoh e. oondition ooou.rring 

naturally cm a. large aoai.. A wry audle.r cono.ition bownv. baa bun 

(le~oribed rooently by Swingle aad Sm1tl1 (1942) a.a a. phue in the inten­

tional deatnot1on of aquatic plantain i'iah pOAcla. tlw ooailticm 

deaoribed 'by than ia the re.ult of ferti.lia&tion of th6 pond• O&UaiDg 

an ~--• in filamontou al.go, 1d•~oh conra the pl.ante and abad•• 

tbea to the extent that thq W&Jcen and die. If the alp! iaci-.a•~ on 

tJw plant. in 1'hird ~>iater I.Ake-.. d\111 to an inorMao 1n mtritati'ff 

••rial its eovoet •• not d•t.nid.md.. 

(lelwral ob .. nationa iadioated. that aquatic inaeot. IMNWll.11 i.Dhab1 t,.. 

1ng !• 911foliua wre liYiAg on the lue bottoa. in a.reu fo,...rq 



oooup1e4 by plu.t beda. T'he•tt wect. cl1d not return to the pluita 

wrt11 tM plant• were again nearly tw.l;y lea"n4. The•• plant, otter 

11 ttle proteoUon until al.moat Ml gown. 

Thla plutnQlltDon.. whiah nearly wiped out the 1ubat-rged aquatic 

vegetation of 1'hird Si•ter Lak:e tor pa.rt of a a\811nel'• pr.-rentN tu 

pon1bilit;y of' ga.t.Ml"ing 4ata tor ccmpariaon with tbe 19.39 plant 

oolleotioaa• and al■o etop~d •Zl"trimnta on method.a o.t taking qwmti­

t&tiw ..-.,lea ot aquatic plu.ta. 

Klugh {1926) bu ....,ri&ed the 11teratwe dealing with the 

a1gni.fioanoe of aqll&tio plant• and. baa propoNd tbat root.d aubaerg•d 

ftgetatio.n hu poasibilitiee u an 1»4ex oh&racter of procluctivity. 

Th• pnHllt 1Jrnatigation wae deait;M4 1- tollow hi• propoa&l further. 

and• at leut for this spoc1•• of plant. ••tabl1ah ita apeoitio va.1118 

•• a produoer or harborer oi urverwbra.te t1ah-:tood organ1-... On an 

aoo\la\&lat1on of 1uoh data me;ht be i;Ol"Md a bui• tor jtX\ging lake■ aa 

produoera of t'iah-tood organi ... , and i.Ddinotly, of fiah. 

Surber (19.31) 1n a oampariaon of' th• maaber of organiaa per aqua.re 

111ter cm. a.rw.s of slough bottClfta whioh aupported la.r~r aquatic plant• 

with thoee which d14 not, found. t.hat the maber o£ orgam. .. pNMnt 

in vegetated 10Dte ..... tu greater than where no vegetation '"1'• 

Jle4'Clha ( 1926) oolleoted •quare toot umples of the aumwrgecl plant bed• 

to uoertain the relat1'n ftlue of suoh lMMi• in "lation to trout 

•'VNIIII aDd frc,a hi• etudJ.•• o:f the fiab-tood organi ... take.u from the .. 

M11Pl•a he ooaoluded. that plant becla .. re a.pproximatel;y 7 to JS ti.Mi 

u rioh 1n dab-food u oQap&rabl• areu without planta. Pate (19JJ) ill 

an iaffaugation •iailar to that of HMdhaln.,... to tu .... oonolv.aioae. 
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mEid'SBRAfE POPULATIO!lS 

Plants oolleotec:l to t'vn11h data on inwrtebrate f·auna of th.e lake 

.. ,. treated as P"Yioualy deaoribed., i.e., tho plant. wre draiu4 and 

wigbed, marl and aooumulated debris wuhed off and the plants again 

weighed. It waa found that marl deposition on the plants inortla,eed 

atoadily as the ••=-r proc:l"E>ssed. fhe per cent ot Nrl a,ooretion 11 

ahown 1n Chart J. Coll•ctions of plan.ta were first made in tho latter 

part of May,. when tbs plant• wn tint luge enough to be taken with a 

plant hook. At thi• time marl enor11.1tation on planta na very light 

and conetituted a'bovt. 5% tlt the weight of the plant,. i'teight of the 

a&r'l in.creaaed &t a uniform rate throughout the e\BIBler, until early in 

S.ptember 118,rl ou plants weighed as au.oh aa th• plan:b them.tol..-oii. At 

th1a time the water began to cool and the plant• gradually deoline.d ~d, 

the me.rl b:roko otf. It d04'a not ••• that •rl depodt.ion on 'the plants 

of this moderately .oft water lake (1' .n. alkalinity, 85-9S p.p.a.) he.a 

any JRUked etfeot on their grcwt;h u the Dede ot' !.• !!flit'oli!• ••re ffl"y 

denae. Weir.ht of arl ~ have a ha•teiwlg ett'•ot on the deol.1.nt of 

plan.ta, u wblln they began to a}}Olt' a1oia ot' deterioration the deoli.M n.1 

nry rapid for .,.t of tha. the exoepticm being thoee plant, that wre 

.na'bjecW to aoae aw aotion whioh b.roa oft' the marl. Theae planta 

wn th4t onea 1mat remained until aft.tr the ioe ocrnr wu forucl, nuJ.ning 

gnen tor anenl wake under cl.Mr' ice. 

l:>'peoiea ,.... of tnvert.bn.t•e have not o.tm ueea. in the body o.f 

thia paper. fiwy uve no eXplioit p\U"poae in thia problea ud furthermore 

apecitio ut.rminaticma oazwot 'be made, in most iutano.a, wN11 hud.lins; 

luge llllllber• ot organiaa daily, enn i f tho work•r •~ qualified. In 



r-;xpla.u&tion o.f• Cha.rt J 

GN.pb ahGld.ng ti.w per oe>nt ot ~l in total 

-...1ght of' f'otamopton !:3>lit•~1~ in fhiri 

Si•ter Lu:~, 19 39. 
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umplee oolleoted 1n Third Si1ter 1,1.b 

lfevopt.ra 
Slalldu 

04outa. 
Aniaoptera 

.Aeaolmidae ,.., .... 
Aeaohm.au 

Libellulld.u 
ZJgopten. 

Bad.pt.re. 
cortxidu 
Jfotcmeotidu 
lfepldae 
Belos11caatidae 
Jf&u.oorl.clu 
OenidAO 
Mta0ftl11d.u 
ll)drcaltridao 

coleopten. 
llallplldu 
Dyt11o1dae 
Gyli.D1clae 
lf1dnpbil1clae 

Triollopt.ra 
Hyd.J'optilldu 
Pheygaelda.e 

w.u.raal• 
teptooi'rl& 

ft1.aao'tu 

~ 

Dlpt.ra 
Tipu\idae 
Cbironaike 
Tabaa14u 
Epey4ri4u 
ceratopogonidu 

Jlollusoa 

Am.lid& 

Helio•oaa 

E:" 
Ma.Ill• 

Ol1goobuta 
H1rud1J.wa 

30 



)l 

that are aouidered aa bottm or plant ctwell•ra. In ao1t oat•• identiti­

oaticme wn ouri.ed u tar a• d.eeud MMP&ry and praot1ca.ble for thla 

nwty. uaually OQl.7 to tu.ily graupa. lie&rly all of ti-ae could b• 

iclentltled in the n.eld. 

Plut-inll&biting F&lUI&, 1939 

Iaftrtebrate fauna a.a detennillled by plant aempling hat~ tnat.d 

.. paratul7 from 1Jrrertebrate fawa u clet.rmimci by dNdge a&11pliag. 

Data froa the plant sampling ai-e presented in Table VI. Pertinent data 

of the oolleation.s, including number and volume of orgo.nimu per pound 

of wasliecl pl.ante, bave been a\lm!1Ui1e4 in the top h&lf of the table. 

and volUDt for ea.oh organiam. for eauh colleotion period, ha.Te b9en 

t.awl.ated J.n the lower portion. 

lib•lluli.uee, anJ g<mp),1nee, wre tabulated separately 1n both plut 

and bo-ttan aNDpliD& oolleotiona u an a.id. in detervdning whether qualita­

ti vo differences in the f1 ah-food orop aro 1hown equally by the tao 

aethoda of sampling. Trioboptera oolleotecl nro predominantly Leptoo•lla 

alb&., one of tho lAptocerid.ae that build• a oou-shape4 portable ou• of -

inolw.. tbe O&D • A .factor for the conversion of total volu. ot oue ud 

oaddia to volUIDB oi: l&U'\"U alone we.a dete:rmined 1u 0.4$. thi• t'aotor ..... 
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Tablt VI 
lnTertebrate f auna ooll eot e r1 by ph, nt: 111.a o lin,: ln 19~9 

Co l l~cti,...ns ,1 ,. tes llay June July AUl(U l t s .. pteaber Oot ober 
- ------ ~ - -- - · 

~o . or s .. mnles 3 ~ 5 9 7 4 51 (total ) 

J) :aa1ned " " i(h ~. 4 - ~ ti . 9 1 ? . 9 :'9 . ~ '1,7 14 ,0 110 ( t ntol ) 
( or,unl'\s ) 

·• .. sh e t1 •--i~h t 
( "ounr\s ' 

4. 75 ~. . s . ~5 24 . o 15 , 7 9 . 6 68 .5 ( totol) 

Pe !" c"'n t l os s 5 . E- 15. 4 ,o . 9 ~9.8 ,o.5 31 . 2 

-- - - --·- - ------
-"t 1'!11 M . ~r 

-,r , ~n i sm1 
74 3 210 , 34 1762 650 41 3 431 2 ( tota l ) 

-- - -- --·--
~n. r,f'" '1!"' f;llln i ~•1u1 n er 

n'1und <-ashed .,."!: i crht ) 175 36 . 1 o3.4 73.5 41 . 2 4 3 . 0 M. l ( a ... r•ul 

"'11• .. 1 . .... 1 . ,r 
n • 23 2 • A 7 4. f- f- 34. 6ti 21. 76 15.&I 65.71 ( total ) 

"l l"totn ! s:ns 

Vol. o r t>rl'-'an i s'TIS ~i, r 
!"t .,•md j.Nt.She1 .,,.~i ~ht) 

1.9 ? . so . 51 1. 44 1. ,R 1.4 2 1.2& < a•e ra,;•l 
~ . ---- -· - -

A 9 l.~ 2 ~ 2 . 38 5 .97 70 3 . 97 34 5 , 23 25 6 .05 S.4S 
Lib~! l11li~111. e 

.4 5 5 . 49 , 4 5 1~. ti7 . 17 3 , 73 f . 74 16. 56 4 .56 20 . 03 2.64 19 . 35 16.09 R 

A 2 , 2 7 1 . 47 3 .56 3 7 2 .10 31 4.77 3 , 73 1.79 ";omohin 111. e 
~ • l R 2.?.0 . 05 l. 74 . 39 8,57 3, 13 9, 03 3 . 33 15 ,30 , 53 4. 62 8 . 96 

,. 0 , 34 . 14 
Aesehnin lle R , P7 2 . 51 1. 01 

,. 94 12 . 69 5 2 .3• 4 • 75 1Y6 11.?3 1 ti4 25. 23 53 12 , 83 12 ,M Zv"'.,oter"' B 1. 09 3,14 2 . 09 9.60 . 56 4, 10 5 .90 

,. 1 23 l o. 61 ti"l , 1 .4 2 19 1 5 ~.76 967 54 . as ?.RS 43 , 84 1110 56 .70 41.57 
Trtc!'l-, ~t er1111 B 4 , 00 4 R. RO 1.70 59. ?3 1.R2 40 . 00 19 , R6 57. 29 • . 96 4 1 .17 7, H 56.27 51.54 

A 358 4 .r;i . 3:i, 46 21. 90 24 1 45 , 13 24 7 14.01 47 7. 23 140 ,,.ee 25 .05 
l!\ ~~es R 1.15 14 . 0 3 • 17 5,92 , 9() 19. 78 . 66 1. 90 . 20 . 91 . 53 5. 86 4, 21 

- ------ - -· 
A 122 16 , 47 75 35 . 71 27 5 . 1'15 14 2 A, 1)5 74 11.5• 27 4.53 10 , 83 sn ... 11 ~ P. 1.0 7 13. 0 ~ .35 l'.19 , ?. 7 f: . Fl3 1.91 5 .~ l ? • 1 5 9 . •A .47 4 . 9 1 7.4A 

A 4 • 54 4 1.90 15 2 , RO ~l I. 75 6 .92 5 • 73 1.44 
Le-, ches . , ('\6 , 75 . l? 4,lR .59 ~ . f,7 , R7 ? . 51 . 4 5 2.06 . 114 4 .A4 Z. 97 

A 3 . 40 lA 3 . ~7 7 .40 l .15 1 . 24 • 70 
Enheffle:-1.rtee B • 15 ~ . 29 , l A 

HyP1 lel ll'l A 1~ 2.4 ~ 5 1.4 2 6 1.12 27 1.55 l , 24 1.2A 
B .04 .49 . 03 . OR , OR 

,. 14 2.62 20 1 .15 .'79 
Othe:"" T>lot-,r• ~ • 1 6 ~.51 .03 . 08 , 22 

T" bm1.'1"e 
A 1 . 48 3 ,56 3 . 17 . 16 
~ . ?.5 5 , 49 .40 1. 15 . Ta 

P\ olrl!um 
,. 5 .17 2 • 51 .12 
B . 0 4 • 11 , 02 . 09 . 07 

Leoi doDtera A JO 1.35 3 1 .4 Z 5 .56 1 .06 2 . 31 .5S 
B .40 

-- -- -· - -,. .,_ ?hr,l" fH" ,r -,rr:en1sma ona o or e er"' t or • l l r, rt 111 r.i IMS b v n'..l'l'l"t-,e.-. 

~ = V-, lum.e , r -,r,;'lni :,,i,e •n e •1 bi e ~e""t 1-ru,t~:-s •n' ........ ~ent or • l 1 .,r,■ni 11'11 b v 'Y "> l•rn49 0 



appl1oe.ble to a.ll ai1ee of' tb.1.a inffot but wa.a not used. in thia •tlud1'• 

No etto.rt waa mule to "P~te midges frail plant ampl•• 1.Dto ta.xonamic 

group• a.e the tim ••••aey for ide.nt1f1oat1on of tlwi••• if p<>••iblo, 

00\lld 1n no~ be jutU'i.od t·or thi• i.nwat.it-;ation. 
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In 'babulating tho Tolume of inv.r-tebrr.tes per poun.ci o£ pla:ma, it 

•• ,een that the pau, tor thAi poi~ocl \.81d•r canaidera.tioa.. ooouttN in 

early •pring. Foll~ this there was a rapid decline in tho total 

vol1B8, v.ntil a minimum aa N&ebad durinlb tho la:t.-ter p-art of Juno and 

the f1rat part ot Jw.y. The pe rioo. ot· declim eoino14•• 1'i th t• 
-..rgenco periocl of lllNlY of the aquatic in.nets. The period ot noo-nry., 

although npid, i• aOJD8Wmt al~r aiw. d:oea not ne.ah a volwu•, 'by 

Ocstober 15, u gnat •• tbf..t oi' ti.. early put oi' the ae-uon. Th••• 

data, proaented graplu.oally, a.re ahot.m in Cr.a.rt 4. 

The most e.buntlant organiam, both by nmber E.nd. by voluma, wu the 

oacldia. Thia inaeot ou~red •vcm the •wr.preaent zr.ide,,. lanu on 

plant• of' the lake, &Dd. oamprlaed nearly twice the Tolum.s of the ne&reat 

other group, the libolluliM dn.t-onflies. 1'he oad.dil lanae oon.ati tut.d 

51% of tho total vol1a> and 42'! of the tottu .numbe1· of all organia,. 

Next in iaporta.noe in mab$r a.nd volUZG ••re drai onfliea, f oll<M~d by­

daael.flioa. 8Wlila, raidg;ea, IWd lffobea in the orcior named. None of 

the other inwrtebratea ooll&ote(l ma.de up Jil.O-N than one per o,eut of to. 

total. In tabula.tin& th$ original data f :-om bottom samples, sna.ila Qre 

divided illt.o the i'our major uoups oocurring in the lake (ADmicola. 

~~, Pl.aiutr'b1a, amd l&,!!), but in the fina.l taoulation all "" 

1nolud.4Jd under tho general }l(lading ot' ane.ile. Divition of th• l•••• 

into aiae and taxonomic grO\ilpa wu oonsi.clend unneoeHary for thia nudy. 

The por oent oampoait1cm., by numbe.r and Tolum.e. <>f the plaat-1.nbal>iting 

inwrtebratea is el1own in Ohart 5. 
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None of the other groupa ot orga.ni8U ooourring in bottca. aupl••• 

exoept IJrl•lla (l.28~ by numbor) constituted, more than one per cent of 

tb8 organi_. as e:a:pntlrlff. by total volume or maber. c.hart b ahowa 

tb9 ftriaticm. througbo\lt the 8UIIMlr in ~r ot· organi•• per po\lD4 

(wuhed weight) of£• 511f'ol1U!_• fl"Oln thia it ia aMn that then 1■ 

a high poizrt 1n early apring follcnd by a rapid drop to a 11.inimwn in. 

J\11119. f·rca. thie period on t.Mre waa an incH&ff 1D numb41r until tbe 

middle of Septab•r wlwn another d•oreaae took pla.ce. nae number ot 

organimu ptr unit of planta is daminawd. to a oondd•rable extent by 

the midge population, which in Third Siawr !Ake h&s it, ohi•f -.rgeaoe 

period 1n liay• and a a•oonil one oi' leseer lll&e;nitude in micl-Septam~r. 

It ie not known wl»tber the aeoond ft?Hrgence ia due to specie, ha:ring 

their chief pttriod in September, or s. aeo®'l gemtra.tion of th& HM 

•p•oiea that ._rgo in ih.i,y. Tbo nidence points to thie being a 1eo0Dd. 

generation ot the aame apeoiea. 1'h1s iB be.a~ on the fact th&t few 

m.dgea ocour ill the plant •ainplea following the spring eJnffgenoe and 

that lart,,.. nuabera of 2nd encl Jrd inat-a.rs appot.r about three weeka later. 

The £1.rat inatar i• ••ldom. fo\Uld because its lllinute aite allows it to 

eaoape tllJ"ough tho aore.u. 1'he volume e'llrY•, Chart '1, obows the ,tteot 

of the Noozui eerg9noe but slt.ghtly. due ~rh&.pa to the taot that 

bulky c>J"ga.niaa au-ob as tho dragonfly D.)'11.Phs e.nd. c&ddia lanu that do 

not em..rge until the following year are inorea.aag re.pidly in body 

'VOlUM thr'oughout this period. 



Explanation ot Chart S 

Graph~ per cent ooapoaition by number 

and by 1"0luae of invertebrate tauna oolleo1:ed 

by plllllt amopling. 19)9. 
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f;~lanation. ot Chart 6 

Graph ahowing seuonal variation in total mabera of inNrtebratea 

per pound 0£ Potamogeton UlpU..t'oliua in ~r of 1939. 

Numeral.a cm ordinal ool\Dll. represent :nuznber of organisms per poUlld 

(washed -ight) of pl811ta. 
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Bottom Fawla, 1939 

Du.ring the aUllldr ot 19.39 d.ndge •am.plea WN taken in tM littonl 

1ou in tbe ... ~ Ngioe and at approximately tu .... ti.M■ u 

plaat aaapl••• 'T'hese saq,l•• wre prooeaHd u indioated prni.ou•ly 

UDISer •thocla, and tiMI invertebrate ta.una tJoan tbea tabulat.d by a111Nr 

ad voluae per aqua.re root. It•• 1Jllpo1eible, in Third Si ■ter Lake, 

to ooll•ot dndp aamr,l•• in moat areaa of th• littord ,one without 

inoludillg •cat plant 11&tertal, oonHquently the dndge oolleotiona 

repre•ent not only bottom dwelling organi ... but alao an unknom ,.,. 

eent ot 1Dn.rtel>11'&Ua tna plant,. All orpn1 ... taken b7 MUa of a 

d"'1p 1n tld.■ iafteti~tion will 'be nterNd to u botta tauna. 

Fr• tM bottaa aampllag data 1n rable VII 1 t oan be ff•n that, 

TOluaatrioallJ', the prino1pal oonatituata of the bottom tauu. "" ta 

dragontly ~. Triohoptera lanu, l••••• and aid.ge lanu, UMd 

in order ot d.eoreuing magnituds. Tu fir■t two group• ooutitut• 

nearly 7c-$ of the bulk of the aAOroaoopio 'bottoa fauna. other■ liat.4 

1n the table wre •ither small orpniae that require large mabera of 

individual■ to tora an appreciable volume, auch u •yf1i•• and BJ!l•lla, 

or larger one■, suoh as tab&nid and eoleopt.ra lame. that appear 

iat.req•ntl;y 1n the .-..pl••• The orgamau of this latter ola1altioation 

u.y N wl,..trioally signitioant 1n • fff oolleotiona 'but are not wti.n 

ooneidering tho anrage of the standing orop ot tieh t'ood tor tbe entire 

.,,...r. 
<Jlart 7 S.a a gnphio pnaentation. of the per oent oompo■it1oa ot 

the bottca fauna. 

Vol_. ot lllft,._br&tea per aqua.re foot o:t lake bottC1111 tor 19.39 1• 

ehOllll in Chart 8. Thia oha.rt show• a ■1:uilarl ty to cart 6 npreNnting 



Table VII 
l n•er t eb~ &te r~un~ cn l }8ot8~ bv ~rerlre e~mol1n~ 1n 1939 

Colleot1on Date, llay Jw,e Jul7 Augu1t Septeaber 

!lo, of , .. plu 2 2 6 8 2 

Total area 1n •--pl•• 
( IQ, ft.) 

1.55 l. 6ti 4,13 5,45 l.65 

Total no. or organi•• ,s 26 220 388 21 

lo. or or,;an1a1 per 1Q, ft, 43 15 53 56 15 

Total •ol. or orgll!l1•1(0,o.) l.03 1.43 3.26 5.91 2.29 

Tol. 0~ organ1•• per IQ, rt. .65 .87 ,79 1.27 1.39 

L1bellul1du 
,. H 6 , 83 38 10. 24 3 11 . 10 
B . 91 28 , 02 2 . 00 29.00 .37 16.17 

0011.phinae 
,. 6 ~.22 5 20 . 00 5 ?, 28 13 3.54 3 11 .10 
B .43 41. 70 1.10 76.89 • 75 23 .10 l. 25 18,13 , 56 24.47 

Ae1ohn1nu 
,. 2 .91 
R .05 1.54 

Zy,;optera A l l. ~7 2 ,91 ~7 23. 66 
R ,26 5. 77 

A 10 13,70 41 18,66 126 ?.4.72 7 25,90 
Tri choptera B .so 29.15 .47 14.48 2.36 M,22 .24 10.49 

A 40 54.80 12 48.00 117 63.24 49 13.33 Ch1ronoa1clae B .10 9.71 .01 .70 .43 13.24 .16 2.17 

,. 6 8,22 5 20.00 9 4,10 IO 5.44 SnaU1 B .06 4.86 .02 1,40 ,06 1.54 .10 1.45 

Leeohu A l l.37 5 12 . 00 6 2.27 l .27 4 14 .eo 
B .08 7. 77 .50 20.97 .27 8.52 .50 21.86 

lph•er1du 
,. 4 5.48 8 S.64 4 1.09 
B .01 .97 .01 ,Sl 

Kyalella 
,. 2 2. 74 10 4.65 24 5.65 
8 .01 .31 .01 .111 

'Ja-.ni, 
,. 
B 

Taban1dae 
,. s 1.37 • 1.53 
B • ?9 8.93 .78 11.s1 

Coleoptera 
,. 10 57.00 
B ,62 27.09 

Pieidi-
,. 
II 

0l111;oohaeta 
,. s 4.11 s 1.37 
B .01! 6,83 .01 ,Sl 

A = lwabee or or11;an1-■ and oar omt or all or,:anl•• by maber, 

11 = Tolae or orgui•• in c,ubic omtl-ter■ on~ per omt ot all organi•• by •ol••• 

October 

16 

5.06 

4d 

10 

10,69 

1.76 

22 5 , 21 
2 ,32 21.~0 

17 4 . 02 
l.36 12.114 

l .25 
. 35 5,50 

43 10.18 
.44 4.15 

91 21.56 
3 . 67 33,71 

27 6,39 
. 29 ?.. 74 

24 5 ,68 
.40 3 . 7.., 

6 1.42 
, BO 7.55 

81 19.19 
.43 4.06 

91 21.56 
.13 1.23 

14 S.31 
.SI 3,02 

2 .47 
.16 1.41 

s .n 
.os .03 

34 ( total) 

- ·- · 
20,611 ( total) 

11 36 ( totol) 

56 <•••ru:•l 

26,60 (total) 

1.24 ( •••rage) 

6 ,8T 
21.9 5 

4,52 
21.36 

.26 
1.57 

11.72 
2.1? 

24.23 
27 . 20 

21.58 
3.84 

5.64 
2 .43 

l.76 
7.64 

8.65 
1.76 

11.19 
.59 

1,23 
1.26 

.97 
4.78 

.118 
2,43 

.2e 

.11 

.53 

.ZT 
w 
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~ plult-41t9lllng 1nTer1»bn.tea tor the .... period, in that there 1• 

a low polat ill July tollCMN by- a oontimaoua inoreue taroughCNt the 

..... ,. .. th,. The mu:bNm vol\llllt of Qrguu ... per lfl\l&NI toot ot lab 

batta 1• noorded tor Ootober ud repre .. nta a 221% 1Doreaae over the 

YOlla8 reoorded for the July aamplee. Total 1"01\aMJ of organi1U per 

pound ot plat. inoreaaed 278% in the PM pmod. Bottoa fauna d.ff1 

not eh• the early H&aon high point that plant -..pl•• do, clue perh&p1 

to the lllfJ.l mmber ot dNdge e-.plH taken durlng that period. 

Qwmtitative Ca,pen.1ona of Plant and Dredge 3amploa 

l'ata Ina tu 1939 plant aJkl dredge samples h&Te been tabulated in 

T&bh VI.U. and a ocmpe.riaOD. ucl~ 0£ the volume of iaTert.bratea pw 

poU1ld ~ plant• with the voluae of or&Nli•~ per sqlill" foot of lake 

bottca. Fraa tbia tabl• it oan be aeCNl that om pound ot plant material 

( ';iraahed n-igat 11
) is •quival•t to OAe aqwu-e toot 01' lake bottam &a a 

pl'Odua.r or harborer ot tiah-food orgu.AiU11. rue oonol'lllion is baaed 

on aftl"tlii,'Ua ot all oollootioaa taken throughout the aumner. The equiftleat 

'ftl•, 'b&Md on clNd~ aUt.pl♦11, and pla.at aamplea from hea.v7 beds ot !· 

911t0Uu.,, may be of value in determining the food &f'&de of lu-•1 

where clNd.ge ea;r.apl1ng aannot be oarr1ed out 6ue to heavy ve6•tation 

interfering with tho aoticm o.t· tho dr•dg4t, el.."t,.... declination or the 

lake bottca_ or other taGtoril. IJ.'Aeee data WN not a.tlequa te to juatity 

analyaing tbul by W>hthly i.nt.rnle to d.etend.De whetur the,-. 11'&.a a 

OQDatan.t relatiouhip between botta and plant-dnlllag t'amML throllghout 

tho a\aWr, &l though tM data indioate auoh & relationship. 

It ia beU,effd tbt.t ocabiniag dat& cGDWr-.1~ organism !'rem dndge 

uapl•• and plant aampl•• will t;i.n a 110re correot repz:-•aentation of 



Gallp&riaon of ftluae of organ1 .. per pound plant Mt.rit.l 

with vo.l\11\8 ot organill\8 por squJ.re t'oot lak• bottom., 19.39 

~ u.mple• Pl&At aaple1 

lmlber ot aaplN 34 ,31 

Sice ot 8Ulples 2o.S8 ( aq. ft.) 110 (pomuia )!. 
68.4 (pound■) 

i'o'tal maber organiaru 11.3; 4313 

~ .. of ort;e.niGUI per unit S, (~r •4• rt.) ~ (per pol1DCl)* 
63 (per poUDd)H 

fotal YOl\all, organias 2S.S8 o.o. 8J.84 o.o. 

Vol\llle organ1111l8 per urd.t 1.24 o.c. .78 c.o. 
1.2s o.c. 

-----------------------------~.don dr&i.ned wigbi. 

~ on 'ffll.sm,d weight. 

1.Dftrtebn.te• oi' the lake than cab• obta.1md by either Mt.hod ot 

eu,pling tlon•• The ooapoait1on of iltftrt.bnte fauna u 4ewraim4 

by ocabim.Dg data fret'}\ t1"3 two me1mod1 of aaaplhg ie 1hown in Chart 9. 

~itfl.tive COJDi)&riaons of Plant ud D~ Sampl•• 

It ia generall¥ oonaidored that le.lee, ha:vine; abumant 1ubmergecl 

Tegetat ion &<D9t are 100re produotive of' 1t'B.l'D-nter filhea than le.k•• 

poor in ve&ot.ation. 

The quantitative •aq>linr, of invertobn.toa of submerged. veg;•te.tion 

&ones hu v.en neglemd in the pa.at in fa.vor o.t' dredt-e oo,ttca. Alll)ling 

a, a mea.na of detel'JllUli.ng the possible fiah-food supply of lakea. the 
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•thod• ot dl'Np IUlpl~ are bett•r eetabliabed and. the finding• of 

IIIIDY worker• are aftil1t.ble for oanpa.riaon. 

One of the edma of thiti probl•1 "6.0 to determine if bottcc eapling 

alo.rw •• ad•ql.lM.te to ••tim9.te the i.n'nrt.ebn.t.e tieh-food aupply ot a 

lw
1 
or whether oertain •1-..nta wre being oftrlooked.. 

A q•lite.tin oapariaon ot' r.aul.ta obt&i.nad 'by the tin> •tho4• ot 

1qspllng 1• preaenW in Table IX. A 0011pariaon of th6 ~r oent ccmpoai• 

tion (by mlllber) ahowe that the _clragantli•• taken 'by dredge auq,ling 

wre approxi.nawly twice aa abundant 1n relation to other foma •• they 

wre in plaat aamplea. LMohea, ciaaaelfllee, and mid~ • wer• pNMnt 

in about equal proportiou in both tn>•• of uapl••I cu<il• and tD&11• 

••r• proportionately ab.out half u &bw:uiant in botta eampl•• •• in 

plant eupl••J ..,.rl1•• and acwla were nearly all aolleowd by dredge 

aampling. 

A ompari80Jl ot the pttr oat ocapoaition (by vol._.) whioh 1• 

bel1end by many wortc•r• t o be a -,re reliable criterion of the poaaibl• 

fiah-toocl aup1>ly, !;ifta ft ocmewbat different pioture. l'he lioelluli.M 

dragontliea we1 .. more ~wa.lly divided between plant and dndge auplH 

(ratio ot 41S) than wre the gcaphiM d.ragonfli•• wh1oh bulked aore 

than twioe ae large in the bottoa aampl•• a.a 1n the plant au,pl••, a 

re•ult that 111.ght be •:aq,eowci f'rcm the 'burrowing habit of' thia l&tt.r 

gl"O\IP• Duuleltl1••• oadd.i•• anaila, a.ml leechea all oonatitute-d a 

lar&er per oent ot plant £auna than of bottom fauna, 1n moat O&Ma twice 

u large. The proportionate TOl\11118 ot aidges ia abo\lt equal in plut 

and bottca •1111111>1••• Mayfl1•• and •CNd• nre found. almoat eit.tiNly in 

dredge aampl••• aeldca oaourri.n,; on plant.. 



L.6 

Table IX 

Coapariaona of inYertebrate fa'IDla as collected in dredir:e and plant 11111Dlin,:, 1939 

Per cent by nuaber Per cent by Yoluae 
Coabined data ot plmt 
and dredge 1aaple1 

Plant Dredge Plant Dredge % b1 lo. ~ by Vol. 
aaapha aaaplea aamples •--plea 

.> )'/ 
Libellulidae s.o 1.0 16.0 22.0 ~ i:F.e 

.J / 
).> 

Oomphinae 2.0 4.0 9.0 21.0 ~ ~ 

0,-,... I 
Aeschninae .1 .s 1.0 1.6 ~ ~ 

/ ,_ '1 
Zy~optera 12.0 12.0 6.0 s.o ~ ~ 

.J3 .3 'T 
Tricho'!)tera 42.0 24.0 62.0 21.0 :2:1;:D' M.0-

"2- "5 o/ 
llidgea 26.0 22.0 4.0 4.0 !%:::0 ~ 

Ir I a 

Snails 11.0 6.0 e.o 2.0 ~ .... -'2- ..J 

Leechu 1.0 2.0 s.o a.o -,:;:o:: ~ 

--.., 
Eph•er 1 da 1.0 9.0 0 2.0 c# ~ 

" l). 3 

B1alella 1.0 11.0 0 1.0 ~ ~ 

I 3 

Tabanidae 0 1.0 1.0 6.0 a:O= ~ 



Explan.ation of Chart 10 

Graph showing per cent oompoei tion by 

number and by volume of invertebrate 

fauna, 1940. 
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Frca thia OOllpariaon 1 t oan o. ••en that if a true picture ot all 

of the inwrtebntea and tlwir volt11111e relat1.onabip 1a dealNd it i• 

moessary to include plcmt 5amplint in lake ~urve,· methods. 

Pa.rt o£ the an8'tlltr to the deaira.b1l1ty of the two =thodai 0£ 

9'UA'pling lies 1n the unportanoe of variow; invert.ebra.tea a.a food ot 

tiahH. this pha•• will 'be QOn81ciered in a following section. 

l:JOttClll FALWA, 1940 

47 

AM a reault of the pant 'kill in the summer of 1940 all invertebrate 

eaapling -.. by means of A drodt,"CJ. DunDg the period trom .April 15 to 

N~r 20, 1940, 3Ti dredge aiMZUples wen takwi. 'llw invortebra.wa 1a 

the:Je .-ruplea ht\.ve been tabula. too oy xwmber, by vo..1.~, oy pe.r Cfint of 

total w.anber, and p1:1r uent of total vol.UJU. l 'hese tal>ul ii.tiona, ~long 

w1 th other pertinent data oono•~ tl'w oollootio1U, a.re prosented in 

Table X. 

AG was true o.t.' tho l9J9 G&lllples, &qlA&tio i~eota n1·• DUll.$rioall1 

anc \"ol~trioally the mc;;at p1'e·n,J.ent of the ii1vertebratei. ill. th.e 1940 

pmples. Tb.ti three grou.;s of i~eota, th6 Odona.ta, trichopwre., and 

midr:e15 ocmatituted approximately 60% of the J'Jllllb•r and 70% ot the 

volume of all maoroaoopio inwrtebratoa in ~ lake. Th~ -.ul aoud, 

B,rl•lla, ranked high in nme1·ioal .1q,ortan.oe but volumetr1oallv •• 

of little oonaequenee aa poadblft .t'ish-,.t'ood. lwt.ils trore 1'ound in 

approxir~ toly the aawe propo.i--tion. b7 volUIM a• by :o.~•11· in bottoa 

••pl••• ilie leeohea and tabenid lanae nre tu:en infnqwuitl:, but 

beoaue of theil" lar b"' Ii.- oontributed on appreoiatala bulk :. • 1;he total 

velum,, of orge.nimu. Oiluu· orgs.x:dau a.dc.ed. lit,tl_. to t.llt total YOllaAf 

or mabei- oi' a.qu.atio invertecrai.~ wr.-en aon&lii.,n .. d on & ati&aional aTerag4t. 



Tab!• X 
In••rtebrat., faUJ'le u1 on l lftotetl bv i1rertr,- 1"'-nu,1 tnl' in 1940 

;;olleotion d11te1 I Aoril Ila:, June July Au,:u1t Se ot9fflber October 
.. 

Mo. or 1aaole1 24 32 15 J OA 144 30 26 37• (tnta!) 

Total 11rea in 1aaple1 : 7.6 8.0 7.78 30.46 36.0 7. 5 6.26 11)3.50 (tot.I) Cao. rt.) 

Total no . of or.rant n, I 

' S43 491 257 •06 
I 

1064 310 1104 4375 (tot.I) 

1'o. or or~an1a1 per •q• .• :t• i 46 61 33 ! 26 30 41 176 42 (11.Ter111«:e) 

Total Tol. or or~an1na( e .e.) 9.96 10.46 7. 23 
24 ·"" 31.56 JO.A? 18. 73 113. 78 (tot.I) 

Toi. or or~an1 •• per aq. rt. ! 1.33 1.30 .93 .82 .RA 1.45 3.00 1.10 c .... ,.~•l 
L1bellulldu .l r 3 6 . 71 39 7.95 6 2. 3~ fi~ 6 .q3 6e ~.•o 20 ,.) . 4 fi 32 ;i . ':-0 ? 4~ f- . !·5 

B 1.27 12. 71 2 . 23 22.30 .f-9 •. 15 6 . 7Q ze .92 7 .4 2 ?3.43 1. 1? 1~ . 30 '.' .4f- lR.41 ??. • 75 __ J~ 
Ooaphinu .l 25 7.30 15 3.06 27 10.50 93 11.50 125 11.74 3Q 9.67 40 3 . 6? :5 f-f •.ll 

B 2 .4 • 24 .42 .9P 9.45 1. 9 7 21. 20 9.49 3R . 14 14. 29 45. 13 3 . 04 27 .9 6 1. 94 10 .35 34 .16 30 . 0 2 

&e1ohn.i11ae .l I . 20 l • 12 4 .37 ,; .14 
B .30 2.87 .11 .44 • 75 2 .36 1.1 6 I. OJ 

Z"o~tera A 3 2 9 .34 23 4.70 9 3 . 50 l .12 13 I. 22 1 • ~ . FIO 130 11. 7 5 ??ti 5. l 7 
I .33 3.:-o . 36 3.43 .13 l. 80 . 0 1 .04 .18 .57 • 13 1.19 1. 04 5 . 55 2 .18 J. 9 1 

- - -
Trlohootera .l 36 10.51 27 5.50 3 l. l 7 46 5.00 264 23.87 104 :r ~.60 1~2 11. :, 0 601 13.n 

B 1.99 19 .91 1.37 13.10 . Ot .69 .84 3.37 3 .89 12. 28 2.51 23. 0P ~. 34 28 . 51 15 . ~S 14. 0 5 

11dgH A 147 4 2 .92 119 24. 21 160 62.20 401 49.70 119 11.16 9 2 . 90 291 26.35 1246 ?R.48 
B .63 6.30 .50 4. 7R .49 o.28 1.53 o .14 .43 1.36 1. 22 6. 51 4.SO 4. 21 

- <---

Slla1l1 ' 10 2 .92 116 23.60 6 2 . ~3 9 I .11 17 J.60 17 5 . f,Q 195 17. 62 370 a .4 6 
II l. 25 12.fO 2.43 2~.30 • 73 10. 10 .90 3.61 1.14 3.60 ·"" s .09 4.l~ ?.? .15 11.48 J l) . 0 8 --

Leeoh.•1 A 2 .M l .20 2 • 78 18 2.22 29 2. 72 7 2 . 26 8 • 72 67 1.53 
B .10 1.00 . 'l ! .09 .05 .69 2.99 12. 0 1 2.15 6.19 2.07 19 .04 .72 3 ,R4 a.~ 7.63 

lph•eddu .l 22 6.42 26 5.30 9 3.50 l .12 3 • 21! 3, 2.9 7 94 2 . 14 
B .03 .30 .13 l.U . 0 7 .P7 .10 . 53 .33 • 29 

·- '- . . 

' 31 9.05 25 5 . 08 22 P.55 l 74 21 .60 426 39.96 92 29.65 231 ?.0 .90 1001 "2. OA 
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Phidl- .l 9 2. 6ll 94 19.10 5 .36 l .lo 4 1.29 5 • 21 114 2. 60 
8 . l! 1.10 .92 •.~o .03 .12 .01 .03 .04 .37 .04 • 21 1.15 I. 11 
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I B: Toi-• or Ol"l'&n1 .. 1n oublo omti•et•ra and per -t or all orunl•• by ~ol-•. 
t; 



In Chart 10 is ahown thft per oent oompoait.iou of 1nvertebratea aa 

determined by dndge eaaplint. in 1940. 

Chart ll ia a graphic rep"eentation of a.oundance of innrt.brate1 cm 

the lab bottm d.urinc; th• sua:ier of l940. As indioated by t» chart 

the wluae aad. maber per eque.re foot decl1nEid t'r011 t.n earq a_pring 

high to • low point 1l:L July, following which there WILG a eonapiououa 

iaoreue 1n 1.Jrnrt:ebratea throughout ta. a\Diff. The fora of thia 

graph oloaely appro:d.Jrl8.te1 tm oondi t1on shown in tu graph repreaeatiDg 

tibe plant inhabiting inwrtebre.tee during 1939. in that both JUniteat 

a notioeable 1noreaa• following t,b,. aummer low po1-n.t. lJ1 this reap.ot 

t!wee data are more ocnpe.rable than the bott• .fauna data for the two 

yMl"I. u tho wliae of invertebrate, as determined by dredge 1upling 

in 1939 doea mt ahow aa marked an inorea.ae fol lowing the July ainimwn, 

although general tenunoiea of' d.ndg• aamplos i'or the two ,.are are 

11m1lar. Tbe •l.J>lan&tlon tor tho limilari ty of the late alll.lDWr lnweue 

ln_wl,_ of plat inhabiting ta.UDA (1939) 'to the increa•• of organi1U 

on tba lake bott-. ( 1940) mq lie 1n the fa.ct th& t the plant• wre 

ueent during 1940 ud at leut eome or the groups ot' invertebrat.■ 

normally inhabi ti.ng the qr• on tM lake bot tam. 

Bottom FaunaA 1941 

DurlJle; tho period from April 1 to U&:'J 16, 1941, Bo drfldga tuples 

1n1ro oollsoted 1n Third Sicter tako. 'I'heae W!tre t3ksn before, and. a 

11hort tw at"tar the po1aon1n,:- of th0 fish by rotenone which has been 

desor1bed b;y U:rc,:m and ~l:t , a ( in prosa). The pois -:min.:; of t.ha filh 

took plnoo on tho 6th r,£ 'Ml5:f n:nd th~ lo.at dredg;e oolle~tion inoluded 

in th1a aeriea wu made on the 16th of Uay1 ten <.lays lator. It le 



Explana.tion ot Cbart 11 

Graph~ wl._. and amber of 11.nerwbntea 

per aq-.re root of lat. bot.tea, 1940. 
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1"U.ftd tbat autt1o1•t ts.. bu aot elapHCS for tba rnftal ot the 

Aah to allow~ notioeul• etteote upoa tm 1.aftrtel>n.te,. It waa 

lhoa. by experilllenta oanied out during t.htt poiaoning tut tu 

S2 

n...,_. W no aan:tK'l d.eleterioua etteot \lpOD the :aaoroaoopio 1Dnl"te­

bn.• t .... Brown u.d Ball, b (in pna1). The etteote et tu naottl 

ot the tiah upon tu 1.nftrtebrataa we.a atuclied tor a.pproxia&tel7 a 

7KJ" tollowlng ta. po1aonint ud will be pnHnt.d 1n • lat.r paper. 

Data tor 1941, ahalm in Table XI, an not atriotly ocap&r&bl• with 

11m data tor 19)9 aDd 1940 tor MTW&1 reaeone. F1rat1 the H11pl•• 

oouidered wre ootai.Md earlier in tu JMI", beginniag when tlw ioe 

brcb up on the lake, &bout tu tlr1t ot April. and ending Kay 16, 

thu tbay wn 1n 'that period. of tu open •t.r Haaoa .--a the leaat 

data tor the other two para i■ aftila.l>le for ooapariaOD. SeooDc\1 

during tu ,-nod. that the•• aupl•• wn coll•owd. u unr- ti ah •• 

ponible an beint; J'WlOftd by book and line aad aeta tor food N11pl•• 

Uld tiab. ...-on.l experlaenta. 1'hia naoYfll. undoubtedly- lighWDN 

1am pndation P"••\11'9 of the fieh on tu 1.lmtrt.bn.t.• aDd •1 ht.Ye 

'be• tetleet.d 1n the r.waber and Tol_. ot thn. taken bJ ... plillg. 

The 1941 aaapllng wu dane 'before the aubmerg4Ml aqWLtio ngetatioa h&4 

ude auah growth and thenfor• nry little plant Mt.rial wa■ taken 

by dnclge. Bamhl&tiou o£ tblt plants Mrl7 ill tu ,priAg fft.lOll 

lndiated al. earl7 that the pl.Ult• did not acquire their iavertebrate 

tama witil ha'ring nacbed a ai•• ILIMl 4-ait)r that wCNld atfonl aoa11 

proteotioa• and al10 bad a.oq\d.red. at leut a.- OO&tiat ot Peri~. 

In Third Sietw Lake tbe pl.ult• reaob approximately halt ot their 

auiaa 1n.d.indual •1•• by the lattw part ot 1'a7, a.ltho'llgh ~ plaat 

Nda are -,re ■pane \ban later 1n the ■laner when they ban na-4 

their gNWth peak. 
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Table XI 

InTertebrate rauna colleoterl bv dred,;e ,.,.plin,; in 1941 

-
Coll':'ction dtl!lte~ 4-1-'41 4-16-'41 5-1-'41 5-16-'41 

No, of aa11ple1 22 24 28 6 80 ( tot.) 

Total area in a1111ple1 
( ,q. rt.) 5.5 6,0 7,0 1.15 20.0 ( tot) 

Total no. of organi•• 1075 1467 12oz 915 3839 ( tot.) 

Wo. or organisms oer 1q. rt. 195 246 172 6S 192 (an.) 

Toh l Tol. of' organi •• ( o, o.) 14,86 18.615 17.03 1.45 151.87 (tot) 

Vol. or or,;ani•• pe-r 1q. rt. 2,70 s.oa 2.43 .96 2,159 (an.) 

Libellulidae A 36 3.26 .., 3.20 158 4.64 7 1.3a S. 78 
B 1,73 11.64 S,39 18.27 4,27 25,0S .27 18.81 18.al 

Gomphina• A 2S 2.14 18 1.23 9 ,76 1.ao 
B 1.70 11.44 1,82 9,81 .43 2.52 7. al 

A 1 .02 1 .01 ,Ofi 
AHohninae B .10 .87 .08 .45 .515 

Zygoptera A 29 2,70 59 2.68 515 2,91 2 2.10 2. 14 
B ,28 1.811 .M 1,85 • 74 4.54 .04 2.10 2.70 

Tri ohontera A 89 8,28 '79 fi,07 61 15.o, 15.91 
B 2.95 19.n 2.94 16.815 2,78 u.u 18.86 

MidgH A 766 70,22 '7915 54.22 1502 41,76 • ,2.u 1515.24 
B 4,68 51,150 4.57 25.65 1.915 11.44 .II 17.48 21,70 

Snail, A 45 4.00 140 9.615 80 e.ss 4 4.20 1.96 
B a.is 21.06 S,69 19,56 s.10 18,20 .54 ZS,T7 lt.10 

A a ,28 4 .27 6 ,42 l 1,06 .54 Leeohes B .12 ,81 .74 S,99 1.68 9.27 ao 20,97 6.30 

Eph-•ridae A 11 1.02 169 10,84 221 18.58 1 1.015 10.20 
B .04 .26 .60 2.69 ,89 4,06 2,57 

Hyalella A 84 7,81 169 10.84 209 l'T,59 10 10,60 12.01 
B .02 ,15 .05 .27 .12 • 70 ,01 .69 .26 

0-rua A 1 .09 6 ,41 1 .68 .57 
B .03 .20 .48 2.59 • 80 S,62 2.14 

A 1 .01 a • 26 l 1.015 ,15 
Tabanida• B .oa ,02 • IIO 3,62 ,22 115.:58 l,M 

Piaidiua A 19 1.50 a .26 .157 
B .22 1,18 .oa ,18 ,48 

other Di otera 
,. .01 .09 .02 
8 .10 .67 .02 

Oligoohaeta A 11 .92 ,28 
B ,06 .29 ,01 

A= 1'Ullber or organi 11111 anrl oer cent of' all or,:ania,u by nU111ber, 
B= Vol11111e or or,;ani1111ft in cu~io centimeter ■ and per oent of' all or,;ani11111 by Toluae, 

- ·- ·~·- ---



.. 

flut pw Olllt oompo•itioa ot ilrnrt.bratee 1a the auapl•• 1• saoa 
graphi•lly 1n Chart 12. Altbovgb the 1941 oolleotiou oannot be 

a--,.tel7 OCllp&l'8d w1 t.b tboN of tM preolldiJLg two 19ara 1 t 1, of 

interest to note the a1mll&r1ti•• Uld dittenno•• in their o-,oai• 

tion. In tu" early eeaaon auq,1•• tbo iJrma.tun drag0Dfl1•• are 

tJae aost importaat group, volaevi0&ll7, with midge la.nu being 

Noond. 

In gcent.l., ta bulk oft.he bottca --,lee wa.a au.e up ot tbe 

.... gl"Ollpe ot 1.nwnebnt•• tut OOIIJ>Oeed 1 t the tn pnoediag yeara, 

altbough there na a ohange 1n the TOl._. relatiouhip. The midge, 

ahow a great.r Yolae 1n the eampl•• tor 1941 than tor tu otlwr yea.ra, 

due quite lik•l1 to a eea•oual reduotiOZl by ._rgeace aocm ai'ter this 

period • 

r ...... ona1 V&riaticm of Innrt.bratea 

Nearly all the inaeota ooour:rint in the bottom. euples hne a. 

terreatrial pha•• in tbo1r l•ft OJ'Ol• and when they snter thie ph&■e 

it ia retl•oted by rewer nunbera 1n the 'bottom eampl••• lioet of the 

othor u.crosoopio invwtebr&tee pnaent in the lako ooour 1n au<ih 

11111.ll numbers th.a.t an, deona.se or incree.ee in auab•r• oould not be 

rol1Ably interpreted t'roti bottom. eaaple information. One exception. 

to thia WM tho aoud, ~• tuolatua. rua e.m.pbipod waa preaent 

eaoh :f(IR.r dllrlnt;; early spring, m1e.n the water of the lake n.a oold• 

NMl diaa.ppeared "'1th 1noreu1ne water tomp.re.ture. ~ na not 

.found 1n aeplee, or by 1nteneift ooll.octint with an aqustio dip net, 

atwr the wat•r ~ratw."e reaahed 70• Fa.hr., ~ o.rltioal temperatve 

ap,..Nmtly bei~ betwMn 60• u.d 6S" J'ahr. It reappea.red. in •aapl•• 
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(!nph ahowicc per cent oomposi tion by number 

fllld. lry YOlQIIIO of invertebrate tauna. 1941. 
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&t the tiu o!' deonaaing wat•r ~ratun 1n late S.pt.mber, n.1 

common in the lab during the latt•r pt.rt o.r O.Ctowr, and wu oolleot.ed 

b7 dredge sampling through the ioe cov•r 1n wint.r. Th• aall and 

Hf!l:!lla tniok•rboakeri, waa preaet the 19ar around • 

.Pentlaaacl {19311) fo\Uld a aimil&r oondltion in eouth•rn Ontario 

waters where •peoimn.e of GulrllLna faaoit.tus ftere ab\m4.ant until 

March, when they began to uel"fJe.ae 1111.d. durint: th6 ..,.r none nn 

found. l'mtland i.Btlioatieu that _s.t• f ahr. ~-..s i.a.r the 11aJdlnwa tu... 

penture a.t whioh Oemmt..rus. an prece11t. 

CGllpv1aon of the InTOrteorate :'auna for 19.39, 1940, 19441 

A ocape.riaou of the Yolume ot· invertebrates per unit area in 

tho lal:.8 tor the 8\Dl.llr of 19.39, 1940, aad tu colleoi.ioa period of 

1941 ia pNNDWd in Tablll XII. T••· data. give a. picture of the 

1'01_. of invertebrate• for ea.ah month of tu collecting period•, 

ud also the annual ohange in ILYert.t;e total YolU&llt. 

These data shet::r that the a\11111i11r &ftl'l.p of imvteo-rat• fauna 

per aq\aft foot u detennillec by bottom. umpline~ did not Yary gN,atly 

tor the a\SNJr of 1939 and 1940, the n.ria.tion bei.Jll;; about 10% wbiah 

is w1 thin enor ot the •thod.• 1'be aotual -ra.r1ation in total maoro­

aoopio in.venebrate tau11& of the lake for th• tso yn.r, 1a not non, 

due t.o the pla:At kill ocapl1catini: the tnt.rpret&tion ot ci&ta oolleoted 

tor the two y41U'a. If ciNclge euap1-a cmly a.re oaapared, n.r1at1on 1• 

■ light,. but S.f total volume of plant and 4Ndge 111.api.1 tor 19.39 an 

oapand w1 th 1940 dre~ a-.pl••• the ftri .. tion 1• ~79at Nld 1..D41oatea 

a Nftre cl.eoline in volurlif of· tieh-food organiama in 1940, for whioh 

tu plant kill -.y be reapoq1ble. A# pre'fioualy untiOIMtd a a.rtain 



Tal:>l• XII 

Canparison ot YOllae of invert.brat. o.rganiau i-r uzdt a.s oolleot-ed 'by plant 

and. 4Ndge ND9ling 

19)9 1939 1939 1940 1941 
Plant --.,lee Dl"e4ge ....,1 •• Plant l DrNp Dredge Dnclp 

Uonth (c.o. per pound ) (o.c. per aq • .rt.) eu,pl" P ua aaaplea napl•• aaapl•a 

Apl"U • • • ... . .. 1.)2 J.04 

May 1.92 • 63 2.ss 1.24 2.18 

"- .so .87 1.37 .81 ••• 

Jw.y .si .79 1.30 • 82 ••• 

Altgut 1.44 1.27 2.71 • 86 ••• 

~ · 1.36 1.39 2.11 1 • .37 ••• 

October 1.42 1.1s 3.17 2.9s ••• 

A....-.ge 
"W011ale 1.25 1.24 2.49 1.10 ••• 

~ 



quantity (per omt \llllmcJlm) of 1939 pla.ut clnlling 1nnrtebn.tea are 

inol\ld.ed i». plant oolleotiona, whiah would iaonu• the nrla.tion tor 

~ two 19ara. b\lt still, by fJ:0¥ ooq,a.rieon, the av•rage volWH i'or 

1940 •• lowr than i'or 19)9. 11» Tola~ of organiaa per aq\WU"e toot 

of lake oott<a for 19.39, 1940. the oolleotion ~l'iocl of 1941. &ad tbe 

vol\11118 per pound of plants tor 1939, a" •hon in Chart 1). The 

pneral oomlition ot' an alnmdanoe, ot food in o-.rq aDd. lat. ,._r 

llmltba with a period 1-tw.en ha~ a. greatly Nd\loed inv•rtebn.te 

vol\al i a ~hown by this graph. 

S8 

Ett'eota of Plant Kill on InwrteDn. te• 

.An effort n.a ad•• w1 th 11 ttl• 1110C1tu • to d.eterm.t..u t.h• quali• 

tative etteote c,f the plant kill on inwrblbra.t.a. Without a :moN 

oaplote la:uwrledge of apeoiea oampo•ition of' 111"Nrtebn.te taura. tbeir 

nolWll habitat railge, aza.c:i nonal population tluctuatiou tbu. wu 

obi.ained in tbie study. it wu J,tpoe•iblo to detendne what oh.aug•• 
..... ll'l"Ought. 

The Triohopwra, whioh in tb1e lak• are k:nowu to be largely plant 

1Dhabiting. 41d not oaapri•• nearly •• great a. pw oent (by Tolume), 

of tbe 1,ottoa tauna in 1940 a.a in 19.39, and gomphiu dragon flies, 

known to be bottam dwlliuc .t'orma, oonati tut.ed • amoh lupr propenlaa. 

A reduotion in ti. Zy;;optwa. whiob &&¥/ ohie!'ly fo\lllll on plants, w.a 

noted. 

It oamJOt be Mid that tl••c; abangoa are beyvDd normal fl1i1otuatiou 

that aq ooollr ~ year to ,-ar but they er@ ohu.gea in group, ot 

organlau th&t might be ••oted to be 1n1'lue11oed by e. plant kill •uob 

&a took plaoe in Third Siat.r lAlk.e, anc. the change na in the dU-eotion 

that mght ba exp 1:,oted. 



bplanation o£ Chart lJ 

Graph sh?l"li.~ volUMe of 1n:v-•rtebra:te organi.saa 

per pound oi· J•otamopton eapl1.f!')].1u !'or 19 39 

and TOl.u,e, of inffrtebra.w orgeni_. per aquare 

toot of lake bottom tor 1739, 1940., 1941. 
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FISH-FOOD STODir"".S 

Colleotion or F1eh tor Food Studies 

}'rOIU. a pN11miruu-y tuney it haci bHn -.eta.bli&Md tbl.t t.he 

population of thia l ake was ,,r the largemouth ba.aa-bluegill type 10 

trequently enoourrbel"9<1 in the lake• of the aouthem third ot Kiohigan, 

and tmrefore oauoluai ona ch-&Ml tram Neulte o£ t h!, lnffatlgatioa 

abould be applioabl• to other lak:•t1 oi' this •811lfj tn>•• With thi• 1n 

miAcl tbo food att.ley wau conoentn.tecl Gil ba.1a and blu•t.illa with tlw 

latwr turiu.•lwlg tb8 l&J"g•at D.Wllb4tr of food aampl••, al though, aa 

.tar u poacibl•• all gaae Nld coarH opeci•• ware coll•ot.cl nearly 

1n proportion to tbeir t1l atiTe .. bundanoe 1n the le.ke. At th• 

begi~ cJf the 1DYe1;1t.i.gation i t vraa planned to take by Illlt& al l of: 

tha .f'1al1 t <> b& uaed tor f ood stuelee. Thet Ne.30l'.l3 for this were 

twotoldJ first; it n m beliflftd t hat it would be possible to obtain 

♦no-ugh n.ah by tn.p Nld f'yke net■ for tlw .food •twU.eaJ 1eooJM11 it 

•• b&Unad 'that D11te would be li>H .alective in t:Mir take of fiah 

than otlwr •thoda. It as 1oon foVZIIO. that both ot tMn aqppoaitiou 

-.n 1.noor.reot. TM t.rapa, Nga.rd.lea, ot W't»r• tbt;y nre ••t in the 

lake, 1'0\lld not oonaietently turnillh enough fish tor toocl studi••• 

In acldition to thia it wu d.11oewred that ot tlle ftah take 1a net.a, 

l••• tun 5°" ot tbm ha« azq food 1n tt.S.r staaohs .uul auc:. of the 

food pre.-nt -.. dir;eat.d to the • :r.tent that identifioation -.. 

difflC\llt. wi.n the tn.pa wr• 11t'tN at 30 mimrt. interftl.1 1 t 11&8 

tO\Dl that 9Ql'fo of the ftah bad tood in t.beir atcaaab.1, but thia ..tbo4 

of oolleoting 11.eh wa, obvioualy not ■td.ted to an utenaiw progna 

,uoh u wu planned. nw oapture ot t1ah by mta an.nt that noWng 

60 



W&a gaiud. Eor food atudies !'N>ll approxiiT'.&taly halt tm flah ooll•ow4• 

and that tu popula.tioa n.• b•ing reduoed 'td th no n•ul ting gaiA. to 

aT01d ~ ohang• in feeding but.ta of the t'iah which might result trcn 

a "4Ucrti.on o£ population preaf>'.\U'8 and tram the etGlldpoint ot other 

inYeatigatlou• 1 t waa obri.ows th&t trappiag of ti ah would. not ~ 

d.ea1rabl.ft. 

61 

The trap ~ta UNd were fCNJMl to be quite uleotift in their a.otion.. 

XIIII reuon tor this •l•otivity is n()t oompl•tely uruienttiod but evicln.a. 

frm the taggi.n,g Gd popula. tic stwiic1 carried on at the eama tiu aa 

the food ot\Ady ao.e this CNrtain. Follow1.ut the diaoovery of theH 

tact.• t'1ah tof' food atudi•• wen telten by •ane of a fly rod or oaatag 

rod• ua.1.Dg artifi.oial lv•• al.moat excluaiTely. By this u.th.od 1t wu 

uawu.ly po11ible to tu:• all Qf tJ'lti t1ah neoeaeary tor tood a8t!lpl•• 1n a 

abort tiM. The P'tr oet of bl-..g;illa baving food in their ,tau.oh• waa 

c,ver 9S~. '.thia •tbod of tiah oaptUJ"e meant an iluportiuit saving in 

population nctuotior1 o-v•r tbe \18.• of trap and tyke JWta. Ca.ptun ot 

fiah by aeine wu not t'euible on thia lake duo to the donae bed1 of 

?e>!!!Oetan 911toli\18 in the littoral s.ono and tlw preoipitoua 110,-a 

having a ttott yielding bottom. Oill neta ocw.d not bt und, aa the 

1'ieh l"81M.aed tna thea often do not sunive, and any- wuusoeeaa.r1 kill 

ot tiab •• to be &Yold.ed. Frca population •at-1m.o.tec it n.s beli.-ncl 

the bl-«1,ll as the only· apeci•• that oow.d be remc,,-ed 1n 1utfic1ent 

rmaber• to gin an ad.eq\18.te pl~ ot the tood utillaod w1 th.out nduoing 

the population to • po.1».t that m.it;b.t iatroduce ao• el'l'Or. 

Therefore the a1n •ttort oi' the atuq ns a.ntend around. thia 

•peoi••• A aCIIRhat u-1>1 trary •8":Mt. ot 60 .fish ._ mcm.th _,. JDM\e •• 



Table XIII 

s,......._, ot mabera, -1ghts. and. pound.a per a.ore ot all 

t1ab Nocmtred troll 1"h1rd S1awr Lake N 

r:i.r oat Per c.nt ot 
Speo.1••* NaNr ot total Weight total night 

n\lllber (potlDd.1) (pounds) 

GAW£ 
LllrgtiDNtb. baa• 470 3,04 126.9 14.64 
Bl.-gill 4.os·, 26.aS $31-3 61.99 
PtapkiNllltN 61.o 4.~ 29.2 :,.n 
Hpr1d aanf'iah 12 o • . 2.2 o.zs 

COAR.SE 
(4'Mn.untJ.ah 96 o.62 S.4 o.62 
Yell• wllheacl 670 4.,34 88.1 10.16 
CQIIIIOD.au .. r lo o.o6 22.1 2.63 
amh-auaar ijA 6.13 16.6 1.92 
Mtld p1ok:erel 0.89 8.7 1.00 

,OJWJB 
Blaalc obinned ahimr J.21.s 20.80 6.6 0.76 
BlaalD-aoNd ahiner 4,SJo 29.31 8.3 0.96 
Cc OD aJ:dDel" 30 0.19 6.6 0.16 
Go1clen ahi.iwr 174 1.13 s.9 o.68 
Mwlelnn- 2JO 1.49 1.8 0.20 
Ian. da.rtw 264 1.71 o.J o.04 

CJr1md total 15,4$4 ••• 866.6 • •• 

- -
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Po\DZ.da 
per 

a.on 

12.6, 
53.73 
2.92 
0.22 

o.g4 
8. 1 
2.27 
1.66 
0.87 

o.66 
o.8J 
o.66 
o.s9 
o.18 
0.03 

86.66 

*1.'be oa:tegor.1•• of gmae, ooar .. , and. to~• are in aooo rdatloe w1 th 
the pre"nt legal ol.&asit1oa.t1oa in Miebigm. 

ff Fl"<m Brown. and Ball, a (in press). 

the a\lllber ot bl•gill• that would giTe &d~Wtte intoru.tioa on the tNdisag 

habit. azit1 oould be remand without Mrioualy ab•ng1J1€ tu population. Tba 

mlleotiou ot fiah wwe apl"Md out Offr tb4J oolleotioa period u ueb. a■ 

poaai'ble and wn a.lao tabm at tU.tt•nnt iat.rnla of the 4&1' to gift a 

.npreaatatift piot\lNJ of ttMt f'oo4 util1"4 by 'tu tiah. TM ocapoaition 

of the f'iah popuat1cm. at tbe tim.e of poisoning 11 ahotrn 1n Table nn. 



a.a.anal COlleotS.on ot J'iah 

lb oolleeting t11h fOlf' food atudie1 it •• IIOt expedient to take 

enovgk 1DdJ:ri.duala o£ any apeciea other than the bluetill to ak• tb8 

diTiaion ot de.ta into aoatl'u.y 1nt4H"'1lla d•airabl•• For We nuon 

data ob1:iaill9cl f r a largaqouth baas, puanpkinaeed•• 8lki 'bullhead.awn 

oouidered u a tood 1tu4¥ ow.y, and no t.'ttapt wu UiU to oorNlate 

\be tood utilised by than ep•oi•• with the tood. preect in the lak•• 

TbeN studs.•• ahow the toou relationahipa of tti. thrN apeci•• an4 

their Nl&tioubip to the blu.g1111. 
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It wu originall;y plamwd to oollotrt t"iab for food atudy throughout 

the •nti~ year but tbia wae to\D.'l to~. 1mpo•a1bl• &at• filh. coul4 

be oa.ptund during the JHJr1od or ice oowr ia epite of gill ut and 

fykfl net ena under the lo• and a gnat any hova speat ill fishing 

with hook and line thl"OUgh t.he ice 'by .-.enJ. expert t1eheraen. All 

a.nrege of <me gae tiah for •-.ch fiw houra of hook ud line t1ahing 

waa reoorcled tor 1me three wint.n work whioh i• oouiclend ,., wry 

poor tiehing on the lake• of tbi• region. ~ fiah taken through tlw 

1oe wr. 1n exooptionally good ooncliticm; with auoh fat arouad the 

digeative orp.ns. This fat ccmdition •• not fO\md in tbt fiah of at 

leut two other lab• wt.re tieh wre taken r•gularly through the 1• 

the,_. winters. 'flw preaenoe ot' a oozi.iderabl• •omit of' fat in 

tu fiah ot th1e lake may be tbe p}v81ologioal buis tor their not 

feeding extenai ftly dW"int;, tha winter. 

With tJw exoep'tion of two oaaa, all game tiah taan through the 

io. WN 'bluegills and oi' these not one eh.owed an, aign■ of harl.ng 

taken food tor ■OMil ti_, u thAt atcnaoha and. inteatinee wre ooapletely 



..,ty,. flw at.Gllacaha or the two base wen l'NlO'WN rov h~ after 

oapture, one W'l'i.O empty and a live tndpol• found in tbe other. 

It 1• bellned the.t th,., inabili~J to take f1ah in ta water 

dooa :not in any wa.y invalidate the oonclurions drun from food studies 

oarried on only during the IJUD'ller on this lake. Any change in tu 

1'ood supply d111"1ns the winter would haw li ttlo or no etfect on the 

growth of gt\199 £1.ah 4\19 to the low water tempere.tuN reduoillr:, -t:.Mir 

Mtabolia -to a point that aey tood taken durinr; tlw period of 1 oe 

oc.mH· would produce littl• or no growth. Thia &aalllllption 1• b&Nd 

en tho work of other• on t1sh •tabol1m. 

ll&tbaway (1921) f'o\111d that blu&,;illa and largaaouth bu1 OOU\IMC 

OXl►third. aa muah food at So• Fahr .. &G at 68• !"&hr. Markua (19JJ) in 

studying th8 taecl1ng habit•, rate or digeatioa. IUld t ;rc,wth of la.rg•outh 

bass at ditferent tfmpel"&tureo during e. three montha period oonelUHII 

tl'i.at the baas fed. nluntaril7 at a t9C'll)erature of 61• Fabr. and &bOft, 

but not at all a.t So• Fehr. a.nd 39• respecstiwly. Swingle and Smith 

(1941) ata.ted that tu f;rowth o;f bluegill• is retarded durint: th.a 

relatively -.1.ld wint.ra of: Alabtlma to a point the. t JD&kea wiDter f•rtili&&• 

't\on of pt')J!d• inadvisable. t..onard (1942) report.ed that digestion in 

ll'ring 'bl"OGk trout taken in the winter had nearly naou4 a. .tan4atill, 

a• thft• bo\U'a after oa.pture or the trout e<ZW food organi_, wn 

su.fficientl~· Yigoro\Ui to 01-awl f r c.a tb6i atcaacba ot' the trout, out 

throU@h the gw.let and .oovth, a1Mi oreep about in the tny in whiu. tlVt 

'trout wn plaoed. He alao report& aot't-bodied• eaaily digeated 

organiau ha~ ptuu.4Ki through tho entire a.l1111ent&ry tn.ot and being 

M&.rl)'' i.nt&ot Jl$&F th& VWlt. 



ltethods of Iklndling Fish-fooda 

Largemouth baas. bluegills, putipkiruJeed6, groen. auntiah, and. 

QQlaWXl ab.in.era uero telcan on fi,~hin.g ta.oklo fi•mr.. ti. boat. Bullhead• 

\Jere taken only by nets. It ns disoovo1-od that lf'ben atomaeh.a of t~ 

£i¥h 1,ore removw.d and t.~ oontenta pres•~ i.-:miediately follc•Wlll€ 

oap1;\U"c, food organiaae \ft>N in muoh better condition for $tudy thew 

ii' tlw tieh 'ftlN held, ei tbar al.i ve or ciecw., even tor a ahort time. 

11u.rty mi.nut.ea expoaun to tho ldgh temperature of surface water ~r 

bott1a of a boat ciuring midsunoor m'IW.d ao inoreuo dipath"e aotion 

that atoms.ob oontentu -.r-e, in moat oo.~a, uoelesc for food 1tud1••• 

l'berot'oro. as soon as a fish ,m.a c.w.r,tuNd it ~• qi~d, -.»asuz-.d, 

the MX reoorded, •~ aampl.es taken, and. the atamach oontenta 
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rem.oved a. pr<ttW:ned individually in 80% e.loohol. Throughwt th4I 

e:ntiN study the stamauh sample waa kept in an individ\11\l bottle along 

with a. aomplete reoord of the £'iah frcm wbioh it oe:.,... All aaaaunlilenta 

0£ fish •r• ba.-d. i:>n totu.l length. 

~ :meuuretaC1t of' stom&or. 8A."4)leo -.. ovriod out in a ~r 

1imilar to tl~ t of tlie invertobNLtea of bottom a:ul plant aupl••• 

ldenti!'i:J,i.tion, :mmorioal counts, and volumotrio :r.wJ&1urem~::it~ wre 

made ot orga.niams £ram the stomachs. 

Largemouth ... 

l.)lar1Dg 1lbe OOVH or the inft.Uga'l.ion 63 bua wr• ooll•otff tor 

toad •tud1•• Uld of tbeff 4l bad food 1a tmir atcaaoha. The bu• 

nnged in au• tra 8.2 to 16.S iaohta 1li tJl the average beillg 10.3 illobea. 

Thtl data an pN•ented in Table XIV fram whleh 1 t ..,_ b4t ■Mil tut troga. 



'!'ablP. XIV 

~ood of lftr~em~uth bas s , pumpkinse~d~, llll~ bullheads in "'hird Sist er Lake 

Larg-outh bass Pumplcinaeed Bullhead 

J:'ISH FOODS Per o·ent Per oent Per oent Per oent Per o•t Per oent 
bv number b:v Tolume b:v nU!llber by Tolume b:v nl.Dllber by TOlWlle 

FROGS 
Adult 8.83 69.00 .22 5.60 
Ta.doole 2.16 4.80 

F'ISH 
Rlue~il ls 25.00 5.10 2.SS :59.60 
Chub suolcer1 .66 8.02 
Minnow, 15.80 2.24 
Darters 6.46 1.21 

~OLLTTSCA. 
Sna.111 82.80 67.50 1.09 .56 

ARTHROPOD~ 
Cru1taoe11. 

Gt.lllfta.ru • 59.60 ,:52 
Crayfish 4.50 15.25 1.51 11.50 

Ineeots 
,96 1.42 8.10 Libellulida.e 8,66 6.06 2.81 

Ae10hninae 1.51 ,19 
GO!llphina.e 5,60 ,57 1.15 11.96 4.16 2,66 
Zygoptera 2.le .10 .67 .65 .22 
'l'ri ohoptera .70 .04 • 71 1.41 .66 
Notonectidae 1.44 .26 
Nauooridae 1.44 .1 IS 
1'ep1dae .70 .15 
Dvtiaoidae • 70 1.61 
Ephl!llllerida 

1,55 
.88 

Nidgee 18,70 .09 8.10 17.80 .82 
Tabanidae • 70 . 15 ,14 5.29 ·" ,TO 

JJfflELIDA .os .14 2,66 Leeohe1 • 70 5.28 9,59 
Earthworms 2,82 18.70 

SPONGE ,45 

PUllTS .47 .20 °' °' 



OZ'&Yf'ilh, and t'1ah an the 1aportant itaa in the dt.t of baaa. An 

Ull8llplloted te&ture of th18 food atwlf ,.. 1ihe £1D41.Ag ot -.ay oN¥f1•h 

1n •tcmaoha of the baa•, linn ~tlllh wn .. ideal taken in bottom 

eampl•• or ... n 1n ahallow areu o!' the lab. Bluegill• fo~d a 

napl• portion of the food in all collection periocla although 1;l,. 

importanoe of tMa aa food, aa ebawn by the per omt by Tol1111M, 1• 

aaanhat distorted by the large ai,e of th• frog• oaptund, thua 

lonring the nlati Te ftluo or other food.a. The proportion ot iueote 

1n the diet or the baaa 1111.ght haft appea,.d greater i:t' mon tiah in tu 

aaller •iae group• had been taken, but trca obaen-atiou the but 

wre ... n to take Y'0\111€ auntiahaa u aoon as the two apeo1•• wn 

large enough to be ldentitled by the obaerver rrcm a bo&t. 

'l'abl• ri baa been 1aoluded to abaw' a oompa.r1aon ot· tbe aolldi tion 

of baea 1n '.l.'ldrd Slater Lake With bue of another lake, Sporta.n'• 

Lake, Ill.1no1• ae deaoribed by Thompaon Nld ~ . (1939 b), 1a llbioh 

the pop,al&tion...,. alao cle'ter.zn.i.Mci 'by poi••• 11w ~•on of 

iJMU.oea of ocmdition lhowa mu.ob ~arity ti.twHrl tu tiah O·f tu tn 

lake•• It w.a alao reported that tb• majority of 'bu• rnobecl legal 

legt;h (10 1Aoblt1) iu their third e\ll&lr, indiaa.ting a growth rate 

•1Jl1lar to the bu• of Third Siater Lake. The Illinoia lab productKl 

,340 pOIUlda of fish to the acre ot which 13.2,~ of the total wight wre 

b&aa, u OOllp&Nd w1 t.h 86.6 pounds of f'iah per &ON in t.lw Michigan 

lake of whiob 14.6% wn b&a1. Third iiieter 1.u:e haa a aurta.oe ant. 

2.6 tiaea aa large &a SportGen'• Lake but the ~r oent ot ~ lak• in 

the o~DlttK n.ter a:om 11 not u large. 

6? 



Table Xf 

cmapanaon of largemouth bu• of third Suter J..ake with thoae ot 

Sport.eza.1 • Lake, llli».o1• 

.,_ber AY&n.ge total lm.tgth Ann.t;e wight Index of' Condition Ind.ex ot Conditlcm. 
et tlah (inohea) (ounoee) (Third Si.ttter Lake) ( Sportamen' a take ) 

124 2.9 .14 J.60 3.93 

20 6.S 1.62 4.12 4.14 

es 8.7 4.25 4.0S 4.46 

68 11.2 9.4S 4.20 4.73 

17 lJ.l is.as 4.40 4.98 
11 1-4.9 2A.S'1 4.64 s.26 
4 16 .• 7 40.So S.44 s • .ss 

& 



of the tlm 111as that of Th<ap■on and Bennett (19.39 b), 

c • t1eipt in pounda x 10, ooo 

{ lctlloi:-th 1n inohes )l 

~ of the forty p\Slpkinaena ooll•ot.N nn ueed. for 

toocl atwli••• ,.,_ .. i' iah rt.nged t'roll 5.5 to 7 .; inoua in total lugth 

with an &ftr&ge aiae ot 6.3 inohee. The Nxee wen n.arl7 tTRly 

41.Ti.cted., tlwre being 18 mal•• and 15 ttaal••• n.1-ult• ot thi• 1tuc1y 

det1nitel7 e1tabliabed tbia epec1•• a• a mollu.elc eat.r in tb.11 lake. 

Thia 11 in U. 1ll. th the .finding• o1' othtra, notably Baker (1916) who 

found that b4,11111Nm 6~ and 70% of t.he food of tb11 1pecie1 in Oneida 

Lake, lfff YOl"k, oonaiat.d o! anaila. In the Third Slater Lak• 

p\llpk1D.aMd.1, mail• oout1tutect approximately 8J% of all food by 

maber a:nd 67,C by TOll.lDlt. Dr&gOlll'l;y ~hs wre the a♦cond 111C>at 

11\portant food organian. Thia study indicates that the pqpk ins•.cl 

ha.a a deoiciN predilection tor anailcs e.nd ohOOHI them fna among the 

other food• preffnt. Pumpki.neeed.a were taken at the ..,.. tiae and by 

tM , ... Mthoc1a aa were bluegills but c<111p&riaon betw.u ind1Tidual1 

taken t'l'Gn the .... region at the aame ti.me showed no aimllar1ty of 

INding habi ta. Data oompiled £ran the study of the food ot puzapkin­

SMda are pnnnted in Table XIV. 

Fo~ight b'ullhes.da were oolleot.ed and of these 27 nn uaecl tor 

food is t w:Uea. The per ~t of t'i-21 having no food in their stoma.ch 



_, highlr for this ti•h than otMr .,-o1•• 1a the lake aina. all of 

thaee ftth were taken ln neta and~ WN held long -.ough to dig•et 

ti. food 'baken be.fore aizag tnpped. otura regurg1ta.w4 their food 

upon 11Nng of the Mt•• a, partially d1pated 1"1ah nre fouad in 

D-'t.. 'lbl nnge of thtae f111h-.. 7.1 to 13.2 inohes total length 

with U'l awrap a11• of 10.6 inchea. Of the &4uatio organi .. util1&N 

•• tood the onee tak•n in great.eat volu.liff nre cn.yfiah &ml filh. Tba 

'bullhead ia not ,~•rally ooWJiand p:red&oeous but evidence 1.nd.ica.t.a 

that aaM of' the bluegills taken nn tak•n a.live. a.lthougb perh&pa 

!n.oapacitated 1n 8(>J88 mano1r that would~ them more vul.n.erabl• to 

capture by 'bullhe&da. Some bluegill& may have b•en captured by tM 

bullheads while b,.,th wen in the iwta. In this apeoiea n -.~n find 

tbe unexpeoted phen~uon 01' oray.t'i•h being OOlltlpicuoua 1n the di.at in 

& lake where t• were oolleoted by umpli.1':lg mothocls &.Dd fn- &HD. in 

al.moat constant attenaance during tblt daylight how-11 of tllo •~r•, 
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or by night aearol. with a 1·1aahlight. r•ta oonffrning food, of bullheua 

are oompiled 1n Table XIV. 

Bluegill• 

Six Jum4rN uul. nn,-wo 'blaegill• wre taken .t'or ata.aah 

e--.tution. or the•• 64 wre not iaoluded in tu final tabulation 

lMl-"8• of no toad b•ing pre•n.t ia the •t<IIAoha, or laok oi' ,_. 

••••&ry data. In the aapture of bllWgilla with book Nld line tu 

...Ueat aia• group wu not illolua.4. 'l.'lw•• wn the fi••• 1n the 

age group I and part of II u ahow:n i.D. Table XVI. tu n~r of tiu 

lnoluded in th1e group ie l.&.rg• but the 1N1ght ie only 4% o!' tho tot&l. 



Number of 
speoimens 

.A,l;e group aged 

I 28 

II 107 

III 59 

IV 12 

V 65 

VI 68 

vu 63 

VIII 49 

IX 17 

X and oTer 4 

Grand total . . . 

• D~ta from ~rown and Ball 

Table XVI 

The age, size, number and weight or bluegills recoTered 

from Third Slater Lake• 

Sise range ATerage Per oent 
total len~th total len~th of total 

( inohea ( inohe ■) Jhmber DUlllber 

1.1-1.8 1.4 1545 33.2 

2.5-4.4 3.4 916 22.6 

4.4-6.9 6.2 257 5.8 

4.7-7.3 6.6 280 6.9 

6.1-8.4 T.4 296 7.4 

6.8-8.T 8.o 560 8.9 

7.6-9.0 8.5 2'70 8.1 

8.&-9.l 8.6 186 4.1 

8.2-9.5 8.1 108 2. 7 

8.1-9.6 9.0 80 2.0 

_, ;;' . .. . .. 4061 ... 

( in press) 

ATerage Total Per oent 
weight weight or total 

( ounoee) ( nounda) weight 

0.03 2.46 0.6 

0.32 18.16 3.4 

1.14 16.94 3.2 

2.87 60.23 9.3 

4.20 11.19 14.6 

5.38 120.9'7 22.5 

5.99 101.00 18.8 

6.46 66.99 12.6 

8.19 49.86 8.5 

1.39 26.93 8.9 

. . . 637.50 . .. -..J .... 
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aad oonsoq1.Wntly i t l'iP..$ bt,Gn a. i,;1.lmec1. that t.hEi d.-.e.nd on tbe f ooci $Upply 

ia a;,p.rorl1nawly proportiona.l. Tlw age o ·oupi repns•nted. in th1• 

aW7 inoluct.d aon than 95% o-f' the weight of all bluagilla, &a dete~ 

miDed at the timD ot poisoning. 

!hi length. weight, HX• and. ind•x of cond1 tion tor th4t S88 (90%) 

tiah \lied 1n tho food atudy are aholtn in Te.blo XVII. In thia table ia 

ehOIDl a.n increaae in the a.venr.ge ni{:;bt and length of' the tilh for ••oh 
auotMtae1ve ,ear. The a.ppannt inoreue in l•ngth ud weight may be due 

to a leasenin?, of oomp4ttition for food because of the rftliOn.l of )1 

pounrlo of hluegille in 19.39 ano. 62 pounde in 1940. r'l"Om the ace.lea of 

tbe fi•h tak•n at the time of poi1oning it w..s not po•s1blc to establish 

that there had been a. definit& inON&Ge in growth rate during th••• 

Y'--:iai•s over what might ·oe· e.ncc,unt.Nd in the normal g:rOW"th fl uotue.tion 

of this apooiea. 

Beain.n (1940) tound that th# re:aon.l of pa1·t of a stunted f-iah 

popula.tion in Btandard Lake, l:iobige.n naultec in marked growth incrnae. 

~nile Third Si•ter Lak:e d.id not ha.VG a atunt.d f .hh population it wt.a 

belined that, tor the existing specie& ooi;ipoait1Gn., 1 t n.s producing 

the rGMd.111& wei.ght of fish possible !'or the t'ood supply, and therefore 

any reduction of presaure on tho food mi gilt reaul t in increned growth. 

The •x ratio was &pproxilr.ntely 9 r.a.1011 to 10 femal••• This 

coin.old•• oloaely "1th tM tir;u.res [ 1V&r1 by Beok:man (unpublil.hed ) tor 

t1oh of the Mme age r.,.roups for 16.ohigan. 

Thlt indioe• of oond.ition tor the ditterent groups of bluegill• are 

acanhat lower than those reoot"'dN by Bennett, 1'hompaon. and Parr (1940) 

for Fork Lake, Illinolslt a. teat lue i'rcn whioh f1 th nre remcrnd at the 

rate ot 2s pound• per &CJ'e per month during the gl'OW'ing ••aeon (6 monthe). 



Table XVII 

l'l$ta oonce.rning bluegills ueed in tood atu4y 

::wwwt Kl I ■ L - W IMf t · lil'►•· t 11 ' :tel■ ....-:r:rci:r::at! • I •.• i!b ~fl. ~ 

1939 1940 1941 To-tale and 
.AV.r&g$8 __________ .....,._.... 

i..i.aber o:i' fish 1$2 279 1,7 588 

Ia4ex o .f oondi tion 6.9 6.8 6.3 

~ight range (t,n.} 22 ... 240 2<4-246 23-zsa 

A'l9t'age Wit.,ht {ga. ) 94 101 135 110 

IM:tgth r"Nlg& (nn.) lll-2~0 111-234 102-2so 

A'ffrage length (Illn. ) 170 175 198 ltU 

Jf\aber o~ »>Al.es 73 12$ 68 266 

Nlaber o.f :feaaloa r · 7 154 09 .322 

Total 1Nigbt (poumia) Jl.S2 62.25 -46.6o l40.J7 
..._...._,.._._._._..,. . -
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,!!2! !! Bl•gill• 

A4 b&a bMn expl&i.Md in a preYioua section, the dominant •P••i•• 

of the aulmtrged aquatic plants, Potuog•ton Ufl1follu• wu abundant 

during the IUIIIW?' ot 1939 and al.moat ooapletely kWed in the •~r 

of 1940. SeTel"&l ahange1 1n teeding habit, ot the bluegills that 

could wll be attributed to thia ooological aban&9 nre noted in the 

1940 a:tcmaoh amaly••• A general trend, al.moat wit.ho\lt exception, 

toward l (1wr n~ and IIIJl&ller Wl'Ullit of tu u.oroaoopie aquatio 

inwrbebra••• appeared 1n the food samples of 1940. This reduction 

waa acoamp&nied by an inoreaae in the number and volume ot' tern1tr1al 

1.n.a•ota and plankton organilflll• taken a.s tood dUl"inf; the aame period. 

Ono ahange that __.d due to the plant kill ..,.. al\a1m by a. .amber of 

the tudly q>~dae, (Dipten.) ii.r!!!.i.l1a, a. aall black .fly wno .. 

lanal lite ia epent in tbi1 tia1u.a of s<Jllt of the potaaoi-:etcma ot 

thi.1 lake. Tb6 adult o:t' thia £ly n.a oomrnon a.round the lab during th• 

9\lalal" of 1939 and 0011poeed 6 per oent of the n~r and 2 per oent of 

the volume o£ all foods taken by tbs bluegilla. The following tumm4tr, 

w1 th thtt plmts killed, no rooord 01· lta being utillNd 07 the .fiu. 

wa.a made. 

snail.a taken u rood•~ marly ell am.all incliriduo.la, aoatly 

Gpaulu■ or .-iJ.oola. 

The ten-eailri.al inaeota conaid.eNd. in the food study an tho .. 

that do not pae• Ul1' phaae of their life oycl• in ti. lake. Alao 

inoludod with theae wre Syrpbu!i tli.ea, DolicbopodidM, Kmpidu• Ul4 

otmr t'emili•• of the Diptera tbat 1.nolud.e eCJU genera or apeo1•• 

having au aqwitio phu• in tmir life oyole. It is dit'fioult and time 
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oana\llliDg 1:To det.l'lld..D9 s:i-oi&a of the,e groups froa £ragmnta and 

bronn 1.ndi'fidwu• found in bluegill atau.w. a.lMi apeei•• 14enUt1-

oation is neoosaary in most oa.iea to determine v,iiethtr or :not then 

11 en a.qua.tic pbuo in the life oyol•• Very 11 ttle error lVaa in-tro­

d:lloed by thia prooedure &\.o the Yolume or nuaber o:t' th••• taken by 

t11h •• not great. It wu not unoounon to tilli\ repr•••ntative1 ot 

tour Gd otten more terreatria.l .futllies of the liiptere., in one 

bl\18gill •~ch a.t certa:ln timfils or the su.wu.r. T.bt terre•tria.l 

inlects moat camwnly t'OWld in blue&ill ■toma.ohe ftre those liTiag 

a.roi,Uld th4 lak@ shQre ll.ffaa. 

At a.rtain timoa dur1n£; tlN auarier l!l.Gntha large .n.um-tara of 

winged ant. tloe.ted on the surface 01' the lake an.cl. at theM tim&a 

tlw ti.ah ted exten■i'Nly Oil them. Ae th.$s• periocia were of abort 

duration they did not i.Dtluenoe the total 11.111Yr tood volUIIII to an 

&ppreoiable •xtent. 

u»der the beading of planta a.re inolwl•d both aquatic Ta1eulu 

and algae. Only about two per oet 0£ the plant material -.. algae, 

the remainder being moatly !!Ja• poilllma, 8Bd ooouioaally lMffe 
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ot ~leaftd Po~tm ao.teriformi•• i.zl. ett'ort wu mad• to 

cletend.De wlwtber the pl.ante found in the ,tomaoh• wro taken a, a. 

PMJDILl"Y ,ouroe ot tood or 1ne1den:bal to the oaptw-• o.t' i1mu•wbnte1 

that li"nl an and amonc the planta. The •videnM point•d to the planta 

being tu:en aa food and not inoicientally. In the great m&j<U"lty ot 

oaaea 1lhen the 1tcmaoh ocmtained !!,1!• there ns no otmr food. p:reMD.t • 

.Alao the ind1ndual leaves w.re nec,.rly' or the -- length. a.a it tuy 

had t>.tn cropped o£t intent.lcmally. rat.bar than of all l.ngthe a.a wow.d. 

.._ probable it tewen in a lung• at an intended pr.y. 
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,."bl~ XVIII 

i;,oorl nf bluee;ills in 'l' h1.r~ Sist er LRke 

1939 1940 1941 

Per cent Per o ,mt Per cent Per cent Per oent Per oent 
by number by volume by nUlllber by volume b:v number by vnlume 

rrsq r."RY' .48 .19 

i;,1S !' F:!1'1S 1.10 .55 

~OLVJS~A 
Snails 6,0& 1.55 l.Al 1.13 1.:53 2.46 
Pi s1<l1UIII ♦ • ♦ ♦ ♦ ♦ 

A.~T ~ 11P'1 '1A 
G111111u1.rus ♦ ♦ ♦ ♦ ♦ ♦ 
!'vdelll\ ♦ • ♦ ♦ ♦ ♦ 

H:vdr11csrin11. ♦ ♦ ♦ ♦ ♦ ♦ 

A~HATIC. INSE-:1'S 
Libellulirlae 5.51 10. 04 ,56 4. 35 • 69 8.42 
Aesohninae .20 5.22 .14 1.10 .03 • 72 
'.omohinse ,41 3.46 .26 2.06 .52 7.62 
Z:ve;noters 4.93 1.55 • 69 1.58 .85 1.37 
:' richnoters 5,83 4.33 3.52 2.76 .43 1.37 
MirlP"es 54.69 14. 66 37.00 14.50 90.48 45,67 
Eph-,mer1.-ls ♦ ♦ ♦ ♦ ♦ ♦ 

~orixl. dt1.e 1.25 l. 70 .26 2.06 .. ♦ 

~ntonectidae .. ♦ ♦ ♦ ♦ ♦ 

"slioli\'lse + ♦ ♦ ♦ ♦ ♦ 

JJydrellh 5.63 1.71 .93 .12 
!)ytisoidae ♦ ♦ ♦ ♦ • ♦ 

Don11C"ll ♦ ♦ ♦ • ♦ ♦ 

';ole()oters .. + · ♦ ♦ ♦ ♦ 

',vrini~&e ♦ ♦ ♦ ♦ ♦ ♦ 

\Tymph•lh .. ♦ ♦ ♦ ♦ ♦ 

"'"banirlse ♦ ♦ ♦ ♦ ♦ ♦ 

N11ucorirlae ♦ ♦ ♦ ♦ ♦ ♦ 

Shl1rlse ♦ ♦ ♦ • ♦ • Hy,:lr-,metr irlse • .. ♦ ♦ ♦ ♦ 

Li.:E';"ES ♦ ♦ ♦ • ♦ ♦ 

PLANTS 20.57 18.50 10. 25 

SP0W,E 1.24 2.63 

!Nf'lR',ANI S ')E'A ~JS 3,18 1.27 4.58 

ORl}JJJIC DEBRIS :'>,38 2,54 7. lti 

ZOOPLA.'IJl'Tf'\N 9,57 24.00 1.74 

"'E1''RES"'R J AL INSF:~S 12.19 15.23 50.00 20.30 .52 2.86 

--- = Not prel!ent 
= ~•ot c->nl!irlere1 n'.lllleri011ll:v 

• = Present but l~s ~ thllJl 1-i;. 



t'abl• XVIII abaw• the per .at oanpo.a1 tion by maber and by TOl\llH 

ot tahe food ot the bluegills for 1939. 1940, 1941. In the taole aoat 

of tm values have been oarried ou.t to the eeoond deoiw. plac•• Thi• 

..,. done ao tJlat ecaae tood groupa, oonatituting leas than one per 

oent. would be inolu&td to show aertain trend•• Tb4J i.Jlc:ll\iaion oi 

nluee oi.' l••• than cm,e per cent ie- made with the full und•ratandiDg 

that they do not have at&tistical aignificanee but that tlwy aay ahow 

trends. 

The abNnoe of fish •gg• in the ataaoh-8.naly•i• tabulat1oa oan 

be explained by the faot th&t tlwre wro ffftr -.ll fish coll•cted of 

th4t eiae ao ottc aeen arouad fiah uets nitint-,; to dart in and grab 

an egg when the guarc.U.ng f1ah. 11 an.,-. Tho very few ti ah fry in the 

atomaaha can be aocow:ited tor &a ••leotivity on the pa.rt of the larger 

bluegills aa very fffff were taken al though at timea the entire aboal 

an& seemed to be ~ with young of the year fiah. The tn fith 

eaten by the bluogilla were ne-arl;y all mim10w fry, probably •1 ther 

blaalc-ohin or blaok-noae ahiners, which were wry e.bullda.nt in the lake • 

.illinnows aJld. small auafieh t'cy 'IMNJ ••en repee.tedly to swim w1 th 

bammity within oloae range of &dult bluegills • 
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.An unuaual t'uatun of the food etudy flt6 the .finding of i'reah-wat.r 

1ponge gemnulea in the at.omachs of' 9"'eral fith. The :t'iah nre not all 

fr<a one U'Oa or t'rm the aame oolleoticm date. '.t'hen n.s no evidence 

f'rm the 1t<laaoh oontents that the fieh had oaten• mature sponge aa 

no ep<111ge body apioulee oould be found and in JWLost oasoa ther• waa no 

other food 1n tho atomaoha containing this material. The gemmulea 

wre ea.ten in early aprillg, Under the headinc of inorgsnic debria ia 
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1aol\ldecl all •terie.l wbo8e aow-oe wu doubtful or of inorganic origin. 

Under organie debrie was inoluded naterial or animal orie,iu but more 

••ot identification was not fea■ible. 

Thi vol\118 and nuinber of cooplanktera tun by the fieh -. auoh 

greater in 19-40 than 1n 19)9. ZOopluktcm orga.nieu wwe not inoludecl 

1n thll oaloulat10D8 ot' the per oent ocapoaltion by maber, ae auoh an 

inoluaion would IIIND oompl•t. maerioal damnation by ti.a anci gi-ve an 

\lad.eaired in•rpretatio.n of the proportions of food orge.nimu. Zoopl&Dkton 

wa. inoluded in the per cent oompoaition oy vol•e of all fooda. 

Ifo nidenoe n.e toum tJiat phytoplankton wa.a b91ng u•ed •• food by 

~ bluegills stuclied. 

Gamputed on the baaia ot' all tooda eat.n in the aummora of l9J9 

a1ld 1940 the followillg type1 were utillaed by bluegill• in the proportions 

ah.own below. 

Aquatic iueota 

Plante 

f .eJ"natrial inMota 

Plankton 

Per oant by vol_. 

4).0 

21.0 

15.0 

10 . 0 

Per cent by number 

78.0 

.. -
12.0 

••• 

i:a.ane (1918) found that bluegill• in W1aoona1n lakea during 1914 

IUld 1915 ted m.oatly on inaeo1;e (46%) and •ntomo•traoana (2S%). 

In e. food study of 100 blw,gilla trc:a Reolf oot Lake, Tem:aee•H, 

MoConliak (1940) at&t.d that bl•gilla had eaton S2" by voluu o~ plant 

••rlal (.C;era:!5>&11~), .34% ehi.ronomid larvae, and 1J% other an1Nl 

torma. 



19 

Moffett and Hunt (unpul>liahed.) in tlw1r wint.r tiah-t'ood at\ld7 

tou:ad. that bluegills of Ced.al- Lake, W.ohigan were taking ,small fieh, 

&ltholagh intreq•ntly. Thi• was not fouiul to 1- true in Third Siater 

Lake during tht auramer 110ntha. Moffett and. mmt also not.d that th•re 

ie little variation in dietary oonatitueata of different aise group■ 

of bluegilla, whioh was true ot the tiah atudied in tb11 111n1tigat1on. 

Thay found that the le.rgeat tiah (200 qn.) tend to 1,an o£f plukton 

tffd.ing and tum to other foods, a chug• in f•eding habit, which n.1 

not true 1n this 1tucly a.a the largeat tiah had been feed.ing on plukton. 

Hot a. 1ingle Conta.r'& wa.s in tho blu.gill atomaoha examliwd, 

although theae organl ... wre abw:adant in the lower waters of thia lake 

and wn frequent in plankton aamplea frm. the up~r twent1 feet of 

-.ter, and oooaaicmally wre aeen emerging when tiah wre o.ing 

oolleoted. Hanll (1942) found tbia tnae in bia 110rk with bluegill a 

1n Alabaaa panda. 

Howell, Swingle, and Smith (1940) noorded raid.ge larvae and pupu 

aa the moat importuit bluegill food tor fiah over ou ounoe in night. 

The next most ocanon food wae the dragom'ly. 

Sennett, Tbaapaon, and Parr (1940) from a food atudy ot 'blue-gilla 

o,t Fork Lake, Illinois, oonaidered tha.t the moat iniportant gJ'Oupa ot 

aquatic 1n .. ~ wN Diptera, Odonata., and Hciptera ud of th•••• 
Dipw.ra wre oon.aiatontly S.-portant. Although liemipt•ra wre 0011D011 

in Third Siater Lak~ they were ••ldom taken a.s food by blug1lla. 

ni. illlleota 11 ated in Ta.bl• XVII I u aqua ti o a.re thoae t~t apeDcl 

at lea•t part of tbtir lite o,ole ia the lake, enn though they were 

taken u adults frca the surt,oe of the water. In the fillal t&bul&ticall 
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ot anal.1"•• of bl1tegills collected durin.,g the aUDRera of 19.39, 1940. and 

1941. ao d1at1notion w.a aaad• bo'bne11 larn.l, pupal, and a.dult 1n.•ota. 

~ R9tau1Nd .!2. PrvduOlt E!'!_ Bl•,ill Keal 

1'M ana of lake bottom neoe"-ary to produo. a aingle &ftN.ge meal 

tor a bluegill wu oalculated fl'Oll volumatr:l.c data obt&1ned in bottom 

aupling 1n 1940 aad tram u. &ffr&g• of tbJ, voluae of food oocurring in 

bluegill st.a.cha at the time ot' oolleotion. It wu det.rmiud that 

the average vol'Ullltt of' the content& of bluegill stomach.a waa OSl o.c. 

and tor the same ~riod the ann.g• YOlU11118 of inverbtbra:tee p•r •qua.re 

toot ot lako bottom wu 1.10 o.o. Thia indioatea that the standing 

orop ot invertebn.ws on one aqQ&l"O toot of lake bottam turnishea tb.e 

toO<l tor two awn.ge ;wt:ls tor a blagill • 

Leonard (1942) fO\Ultl thit an avenge aqua.re toot of tr0ut atNaa 

ocmtained thl"H tilllee the TOlume of food orga.niama ooourring in tlMt 

awrage brook trout atama.oh at the time of colleotion. 

1"Qra&• Ratios 

In the put most eatims.tes of the oapa.oity ot bodiea ot nter to 

aupport tiah !lave baen b&aed on ot•:nniDAtioaa of total bott01D. tauna, 

and vbitrary standards have been eatabliahed by means of which a body 

of wat«tr oow.d be cla•ai.tied aooording to the number or Yolume of 

anim.ala ooourring on an &NN.i,:r square foot of bott,om. i'he "food 

grade," eeta:bl1eho{1 by De.via (l9J8). hAa be•n widely u.ed in atnam 

inTeatigation&. Thie ft'&luati<.m of •t•re aa aupporwre of fl. sh 11 

bated on th• a.eaW!lption that all types of animals 1z1 thct bottom faun.a 
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a.ro a:ndle.ble a.."lO. utilised in proportion to their abunduee but oampariaon 

be~ bottom organism.a a otually a.a.ten by fish and cornapondil3g bottom 

ta\mA &hows there ie a great variation in Nlatin sxtenta to -whioh 

ditfeAnt animals are utilised •s food. Muttko,rak:1 (1918) indioat-4 tha.t 

d1ff•rent food item. in Lue Medotc. did not form the ••• pttr cent or 

th• fish food that th~y made up of the invertebrate fa\Ull. of the lake,. 

Surber (19.31) noopuzed the need for deter1niI'~Dg the relationahip between 

f·ood of tith ~1 the an.118.bl~ or potential food supply of the 8SM 

waters in his study ot upper lU.s.aissippi slouc;ba. Pate (19)4). in a. 

atudy of the Raquet.te Watershed of New Yoi-k, mact• ocmparieon11 of the x,.r 

oent of food consaaod by aeveral spociea of' atrea,i fist. with that 

preaent and available on tho etreGJn bottom. Hess end Snrtz (1940) in 

their work on black-nose daoe in Co.scadilla creu:. w. Y. propoe•cl the 

term "fortJ.ge ratio" tor the ratio o!' tha per o•nt which a givon kind of 

orgardrsm makes up ot total a·tomach oontenta to tho per cent which. thia 

181N organism makes v.p of the total population of food organismtJ in the 

f1ah' s on.vironwmt. 

Allen (1940) ref#n-ed to this ratio aa e.:n "availability .tactor. 11 To 

date most tl'Ork oti thiG type ot investif~ation he.a been on 0014-water speoi•• 

of tish. Cooper (1941) r.porwd. on the tJum.rier diet of White Perch in 42 

MIJ.ne l.al:es and. pond•~ oorrele.tod it with bott~ faww. .f'ram. th•" auaa 

waters. 

The term "foro.t • ratio" haia ueC'n used in this inveeti r:ation to 

d.••ori be the rela.tic,nabip btltwen inV&f"btbrate f'a.Wl& of Third Sister 

Ltdce !aw invertebrat.& oi' thi s f auna tak;e,n a s foocl by bluegllla. 

A eummaey ot the total f t)Od utili&c.d by bluegills 0£ Third ~iater 

Lale•• inoludillg plant atei-ial and terz-.etria.l 1naects, ha.a been preffnted, 
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but to dvtenid.ni8 .f.'01-~e- n.ti0.; t.·oi· ol~gillQ it hio, i,i; bean neo.,u.r;r to 

reo..loul.at.3 tlle fisl"&"Mfo..x1 d~ta. t o inclwde only foods thi.t can bG 

obtained quantitatively by aampliag. 

}'or tb1a reason terre,t,rilit.l inaeatJJ nnd pl.anti nn elimina.ted fr= 

oaleul&ticms 0£ food taken by bluegills ~ the per a.nt ot eaoh !'ooii 

itG OOillpUtec1 on a baa1. of those f1ah-1'ood1 ·«-.t..ich oan be colleoted 

quantitatively. 

Data ued 1-r• are t1·am. a'tolll.eh 1Ul&l.7Sea ot: 'bluegill• collected 

dving the auuuera ot' 1939, 1940, thfJ oarl.y part o.f 1941, am from 

bottca aamples IMHlUt"'Gd duriDt; the aame ~rioda. 

l'h8 ua• of maal>ers as OODijHU•ed with voltmllla of organia:me muat be 

oonaitlerect wtwn n&luat1nf; &.&leotivity on tu part of t'is.h, or a.va.11-

uillty ot tl18 orga.niUla to the tiah. Volume mea 1urem£nt is perha.pt a 

bett.r index to the belw.fit a £iah ro0$ives i'roin food organisma and the 

number preana.ably a better index of amount c;f 6.fto r't 1n Hlecting "1lC/. 

oapturing its food. In order to oompe.re the two methoda oi enlue.ting 

teeding habita, both nuaerioe.l counts md Tolumetrio meas~nte were 

conai<1111-ed and 0011t raswc.i in ill ta,l)l•a and w1.arts d'14iil.ing with .forage 

ratio•· 

In Mle .XU 1.t. ahuwn da·t.u obVJ.ned in t ho i'oet<!. at\ld.y of bli.tegill~ 

.nd o\.Mil\&ri&tni •terl~ r.1un invet't.brat. ~olleotion.. f'i.JeiUt a t e. an 

tabulated on the basi• ot n\&bers of organi-... A forag• ratio for eaoh 

o.rga.nlam li11t»<l in thl4 t&ble ha.a .o,;,-m, oa.loulate~ for e4,,.oil lilGllth Q1 tu 

.___,r Mui alllo £or a\Ul.aer awra.g•a• 'l"a.ole XX • hows tne ~ a.tor-1al 

pntsetec\ ..-oluaiW'triually. 



... 11t,ble XIX 
Per cen t como..,si.t i ..,n b v nu""l t"i flr ,.,r ,,. ~u-. ~. \c o ~· ,: 111. n iS"n~ in t- l ue "'. \11 flll t "l 'TIS1Cr. s, in C'l lant 

.. ... mo l e s . i n hl"l t t ..,r.,._ s fllm •, les, i n on-,b i ne--' n! fl.n t Pln ~ b "'tt •1"l. SA"r. !" l ~ !'I, " "~ r~:- e ~e 

r a t i n s r or 19 ~9 

Ila:, June Jul:,, Au~st S.ot-ber Ootober A"t'e r 1gea 

Per cent or Forage Per oent or Foc u :e Per oent or J;"or a,e Pee omt or For a~• Per c ent ~r P'o :- aro r e r cent o'!' Po,·•~• Per cen t or F'o ."'1ge 
or~a.nlame !"sti o o r~ani•• :- atio o :- r:an1-.a c ot1o or~anlsms Cftt1o or v: s n 1na ratiO l"l :" ~anl Sffls t" l'lti o Ot"!;M1 Sffl.8 catlo 

LIBILLIILI D.t.i 
Blue«111 ot-■ oho .82 1.15 .89 4.20 1.48 l ◄ . 00 2 . 23 
l'ottca oaapleo 0 0 6 . 8 3 .13 10.34 . 42 11.10 .13 5.21 2 . t;fl 6.87 . 32 
Plant oaaplu 1. 22 .87 2.38 .48 .94 .89 3.96 1.06 5. 23 • 2A 6. 05 2.31 3.43 • 65 
A••r"-t:• ot plant 

and bottca oaapl .. .81 1.34 1. 19 .97 3.•9 . ?5 7.15 . S9 8.17 .18 5.63 2.48 ~.1 5 .43 

GOlll'llIN .U 
Blue~! 11 ,t.,,..oho .R2 .19 .22 • 79 0 1.12 .54 
Bott°'" oapleo R,2 ?. .10 20.00 .01 ?. .28 .10 3.54 . 22 11.10 4.17 . 26 4.32 .13 
Plant oaaplu .27 3.0 2 .49 .39 .56 .39 2.10 .38 4,83 • 73 l. 53 1.79 .30 
ATer•~• or pl""t 

and bot t oa ample■ 4.25 1.93 10 . 25 . 02 1.4 2 .1 5 2. 82 . 28 7, 9 7 2 .4 b .4 5 3.0 8 . 18 

.lESCllliIIIAII 
Blue~111 1t0111Aoho 0 0 ,30 . 28 • ti3 0 .21 
!'!ottc,a a.,.,:,l•• 0 0 ,91 .30 0 0 • 26 .26 . 81 
Plant o.-oloo 0 0 0 ,34 • 77 0 0 .14 1.42 
ATerage of plu,t 

u,d bott<>0 ooaplu 0 0 0 .80 .17 1.52 0 .1 2 .20 1.06 

ZYOOPTUA 
B1"eg1ll ,t,-oho 1.114 0 0 .86 1.45 38 .00 2.07 
Bott- oaaplu 1.37 1.19 0 .91 23.66 .03 0 10 .20 3. 72 11.72 .18 
Plu,t oaaplu 12.69 .13 2. 38 .75 11.40 .oe 7.5 . 21 . 0 5 U.83 2 .96 9 .29 .25 
.lTerage or plu,t 

oni bottoa oaaolu 7.03 .23 0 0 17. 53 .04 12.eo .11 11. 51 3. 29 10.00 • 21 

TIU CIIOPTEIIA 
lllu•~Ul ot-■ oho 7.38 .19 21.66 12.20 .54 7.88 •.o0 
!Iott"'" oaaplu U.10 .54 0 18,N 1.15 34.72 ,35 ?.5.90 . 02 19.20 .41 24 .23 .39 
Plont oaaplu 111.81 .45 31.20 .01 35.80 .eo 54,85 .22 43. 85 .01 ~8 . 70 .20 41.57 . 21 
.lTerog• of pla11t 

and bottca ooaplu 15,16 .50 a.110 .01 27,23 . 19 44,69 , 27 ~4. 88 .02 28 , 9 5 . 27 32.90 ,26 

IIIDOIS 
lllae~1ll otoaaoho 50,84 91.00 73.42 13.48 74,R4 28.08 73.34 
!lottoa. aall!plu 54.80 . 93 48.00 l.89 53 . 24 1.38 13.33 6.51 0 6.40 4.39 21.58 3.39 
Plant ooaplu 48 . llll 1 . 05 21.92 4.16 45 , 20 l.83 14,00 5.27 7.24 10 . 30 33.811 ,83 25.03 2.91 
.lnrage or plont 

ond b ottom ■-pleo 51.57 .98 35.00 2.60 49,2 2 1.49 13.87 b.40 3.ti2 20.60 20.14 1.39 23.30 3 ,15 

■il!.S 
Blueg111 ,t.,Moho 38.90 28.80 4 , 10 1 .18 ,53 l.12 3.36 
llottoa 1aaplH e.zz 4.48 20.00 1.44 4.10 l.00 5.44 • 22 0 5 .70 .20 5.84 , 60 
Plant oaaolu 16.47 2.24 3&.6& ,81 6.08 ,81 8.00 .15 11.65 . 0 6 6.53 .17 10,83 ,31 
Anro~e or plant 

and bott- -plu 12,36 2.98 27.82 1.03 4 .53 .90 8.T2 .18 6 .82 .01 8.11 .18 8.23 .41 

HYALKIJ.A 
llu ..;111 ■t-oho 0 0 .88 3.:SO 0 2. 22 1.00 
Bottca ■-lu 2. 74 0 4.66 .19 6.53 ,ISO 0 21.110 .10 11.19 ,09 
Plant o■-ph1 2.43 1.42 1.12 . 79 1.53 2,16 0 . 24 9 , 25 1.28 .78 co 
An<,ur;• or pla11t \.A.I 

ond bottoa ouplu 2.59 .71 2.83 .31 4.03 ,82 0 10 . 92 ,20 6 . 23 .16 



Table XX 
Per oe.nt c nm.00 1iti rm b v vn h ne of aau ,- t i o o r '°&n 1 Sffl!'II in b l o e.z 1 11 1t ,,ma oh s, in pl an t 

samp l e ,, i n bot ~om s &l'l.ol i- s , i n ~o -nb i nf' :i o l a.nt an d b r) t tom 111.ff\ t1 l e1, an ~ ror ag 11 

rl'l t i o 1 r or 1939 

llay June July Auguot S.pt•ber Ootober A.Teregea 

Per 09!\t of ,or age Per o.nt or Forage Per oent or Forage Per oet or Jl'orage Per oent or Jl'orag• Per omt or Forage Per oent or Forage 
orgl.ll i •• r-atio organia■ r atio organ1•• ratio or ,;an1 n• rstio or gani•• r atio o r gan1•• ra tio or~ani•• r atio 

LI HLLULIDAI 
lllueg11 l 1t011&oho 11.98 14 . ll5 4.99 20. 9:) 17.51 52.00 18.57 
Bot to,o ou,pleo 0 0 28.02 . 17 29.00 . 11 16.17 1.08 Zl.U 2.38 21 . 95 . 89 
Plant ooapl- ■ 5,49 2. 111 15.00 .98 3.7' l . :50 16,50 1,25 20.00 , 118 19.36 2, 88 16.09 1.14 
'"'•rage or plant 

and bott oa •-pl- ■ 2. 75 4. 35 7 .50 1.90 16.88 .31 22 .75 ,91 111 , 09 .9Z 20.65 2, 50 19 , 02 .96 

OOIIPHilil 
Bluegill otoaaoh ■ 8,99 5 , 55 2.51 23 •. 40 0 4 . 43 8,M 
!lottoa ■-ploo 41. 70 . 21 76. 89 .07 n . 10 . 11 111.13 1.29 24 , '7 12.111 ,ll4 21.36 , 41 
Plant ■-pleo 2 .20 4,07 1,66 3,34 11.56 ,29 9 , 02 2 , 69 15,30 4.82 .98 8 . 911 ,H 
A"'erage or plant 

Zl.95 ,41 39,211 ,lt 15,llt ,11 lll,67 1.73 19 , 118 8 .72 and bott ca NJ11pl- ■ . 61 U,17 ,62 

illCIIII Ilil 
lllueg111 ■t-oho 0 0 21,87 2.18 20 .21 0 II . Tl! 
Bott• ou,pl- ■ 0 0 l.M 14,06 0 0 ll , 31 1.57 5 ,611 
Plut ■--pl - ■ 0 0 0 2 . l!O ,87 0 0 1 .01 8 .70 
A,...rage or plant 

ud bottoa ■-pleo 0 0 . 77 28.10 1 , 25 1.76 0 1.66 1,29 8.?T 

ZTOOPUllA 
!llueg111 ■to-oho 4,74 0 0 2,0ll 3, ZII 9,40 z.n 
!lottoa ■-pl-■ 0 0 0 3 , 77 , M 0 4,40 2,14 Z,7' .98 
Plant ou,pl- ■ 14.64 , ll 2 4,llll 0 ll.14 , 65 9,82 ,33 4,10 Z,29 5.90 . 45 
Anrag• or plant 

and bottoa ■u,ploo 7,32 , 65 2,18 0 3,48 .69 4.91 .67 4 , 26 2. 20 4,32 • 6ll 

Tl!l CIIOPT&li 
lllueg1ll otoaaoho 31 , 75 111,50 20,9 2 lll,70 2 , lll 7, 63 10.53 
!Iott.a :tl-■ 29,13 1.09 0 14,111 1 , 411 34 , ZZ ,40 10.49 .22 llll,78 ,23 27 . 20 , 39 
Ploat ou,p-■ 411.80 .65 56, 75 , 3ll 40,00 , 6Z 57,26 ,24 41 , 20 ,Oil 511,n , lll 51,M . 20 
A,...rac• or plant 

tad bottoa ■--pl- ■ 38,96 . 82 28,37 .65 27 . 09 ·"' 4& . '73 .llO 26.115 .09 u.oz .17 39.42 .27 

IIIDQII 
lllaeg111 otcaaoho lT,37 65,SO 23,95 Sl.00 44,26 8. se llll . 80 
!Iott.a -1-■ 9,11 1. 74 , 70 94,00 13,24 1 .80 2,1' 14.25 0 Z,74 2,ll 2 S,114 1 . 76 
Ploat N11Pl- ■ 14,0ll l.2ll 5,87 11.50 19, Tli 1 , 21 1 , 91 18.20 , 92 48 . 10 S,811 l,M 4.21 a.oo 
.lft~• or plaat 

oad bottoa ..-pl- ■ 11.117 1.48 S.19 zo. zo 18,49 1,45 2.04 16.40 .48 H,!O S.lll l , 9S 4,0ll a . se 

•AILS 
111-111 ■t-aho 26,U S, 24 l,llT l,M .70 ,H z.u 
11o~- -,1 .. 4,85 6.18 1.40 l.lll 1.54 .99 1.45 1.lS 0 s.n ,09 z • .a .92 
PlDt --,le■ lll.06 1.11! 11 . 82 , ZII 6,H ,Zll 5 , 80 . llO 9,90 . OT 4,91 .o, 7.41! ,IO 
.l"nrag• or plant 

8 . 91 ll.47 oad llott• -pl-■ 2.80 8.&l .ao a,14 .s, .n 4 , 9& ,14 4 , 34 .oe 4,86 .45 

PALIIU 
lllucil l ot-oh■ 0 0 0 l.ZT 0 , lT .u 
!Iott. ..,1 .. 0 0 , Sl .16 11 . l!O 0 1.1s .1, ... ,a, 
Pl•t .... 1-■ ,49 0 0 .19 8. ,0 0 0 , OIi z,,o 
A"nNC• ot plDt 

.H .1, , .ao ... llott• ...,1 .. 0 .16 0 ,H .:50 ,ll4 •• co 
.i:-



To .iv. t.he diftereaoea obtaiMd. by coatn.ati.Ag the tood. ot fieh 

with S...rwbrat.e u cletendaed 'b7 4itte,-t awthod• ot aupliag th4t 

torat1t ratioa lw.w bMn oalow..ted for pl.at ••plea, dnclp aaapl•• 

tmd. tor a oaabiution of tho two. Th.018 data 1.adioaw aae tallaoiee 

o.t' tM ue ot for age l"ILtioe 1n ooMiciarb1£; the nlat10Qhip o! too4 

uUli•ed 1>y blmgilla to tlw iaftl"tel>n.te tcwna.. J.a indio,.t.d by 

tui.a XI:X • XX the ton.ge ratio 1• hlf,her tor thoe• bott:oa 4wll1ng 

wga.niaa, noh a, the <ln.goafll•• and !f!:t!lla_. wbtn 001111d.•ru ora 

tu bqia of plant .-pl•• wmr• tMf ~ loaa &blllMlaat than ou the 

lat• bottoa. camtr .. i,., tJw aalMl• that ar• pl'KoaiDaaU7 plant 

dwllens ( ..wi•• QIIIHlflloa, and •rvJ.n lbtlila ) •h•· a bi rJter tong• 

ratio 'WMD. oalwla:ted fft& bottca buiaHd of plant -.pi.,. Tbia 

dittenn• pN'b&bq 1• not due to aaleotion, by tho t'iah, of thf•• 

orgard. .. fr• U"H• wban they ue leut abundant, but ratpr to the 

unr i.ntroduoed by ocaspe..rint; the food oi' fiah that. ••• ted on orgui1U 

l1Y1Dt - 'tJw pluta with inYertebrate .t'lwrt& froa tho like botts. Thi• 

error will oocmr -.r.-nr the food oi.' tiah that hllTe o.•n t•ediag in 

OM ....... 1• Oallp&NG with tiah-.tood Ot'&M.11118 oolleQted !'nm & diff •NGt 

eDYi.l'Ollll!lat. As the ••ot looat1on in llbioh tbe .fiah ban 'been. feeti.Dg 

u.u&ll.7 CNIWW>t l>e known. th1a error cam be Nchaoed. by colleotion ot 

pouible f1ah•tood or.gani ... fran All errril"Omnttnt. in whiab. f1ttb t .... 

In a lake etllly euob u th1a the .-ror oan o• o<:apc,uawd t'or to a 

oona~l• •xteftt 'by makU&g oolleot.S.ou trcm both oottoia all.cl plate 

and oab~ 1:iib8nl Md. oaloul•~ th@ to.rat • ra.tio. 

Total•· gtffll in~ last ooluam oi' tlw- ~l•, l"8J>Ndn.t tu 66 

bottom u&l plaat --,l•• ocabined 1112.d tM 1S2 l>lu.gill •tGMeh anal,we1 



66 

Bl&d8 in l939. 1,'hep ch\ta. !'or e.ll bluet;ille ~ all invertebrate paplet 

&re Np:roaented graphie&lly in Cb.u-ts 14• and 15. The ~e ebvioua 

oonolualons to ~ drawn t,:o.w. the1oe compe.ri~ou rela.te to tho di.t'forenoe1 

inwlved in uaing eithor volume or number -.nth~ be.siat for OOBq>&.riaon. 

Coq,a.-od wlumetriCAlly tho dre.goni'lios conati tute JS% of all a.qua tic 

invertebNLte !'ood oe.ptured uy the bluee;ills atMi nevlt the &&me per 

oont oi' the bottOlll ta.um.. 1'hoae ort;e.r.iu.aa n\Dilrioally constituted J~ 

ot th-. stcimaoh oonten~ and 8% or the bottom fa.um.. The forage ratio 

i'or ti» C&ddi1 larvae wu 0.27 by volume and 0.26 by nUIILber. The 

damaelfllos were more &b\mtl.ant :maerioally than vo.lumetriO&ll7 in the 

wmbined. botta and plmit HJnplo~ w:w. \Wire more prominent ~ both 

reapeo~a in i.D.Tert.bn.te sqpl•f.i tbAn in fi15h stamaol1.a. The for~• 

ratio for daluelf"liea wu 0.63 by Tol\&l.Q and 0.21 by nl&bor. 

sna:uc ehowd a f'or&g:v ratio of o.45 by vol mie and 0.41 ·by maaber 

1.Ddioatillg that in both inatanooa tr_.y •ro not bei11t; utili~ed as food 

in pi-oports.on to their Abunde.noe i». the lake. OOy those org&ni ... that 

oonatituwd OAe per oct or mo1, of the total, either by number or by 

Tol\lllle• oJ.' ~ ti\1m'IJle.r food o!' the bluegilla wore QOO.Siderod. &s important 

and inoluded in the f~ rt.ti<> o•pila.tion. Lonat in thi$ group, by 

virtue of OQ1UpOaing 17' of to. food mmoriOAl.ly, •• the 1wd H,"llolla. 

AlthOUf.F an actiw torm &.nd apparG::i.tl;y complotoly ACO.ptli.blo a~ food 

to all ains 0£ bluegill&, it a.ppear• in a ame.J.lc.,r proporti011 iu atomaoh 

aamples thall in ~1·t.'brate samplea. Thia may be due to ita habitat, 

living ohiefl.y in tbo very shallow are~ tUWi to liviDi; under bottosrt 

debria wlwr• the n~ubbiag bluogilla do not oopt\U"e it. Uea.rl)' ae1 

1t~\ponmt wl11Ntrioall;y •• the drtiLgonfliea were the m.1dge>a, whioh alao 

conatituted nearly one third of all ot• &qul:ltic invertebrate foO-d util11ed 



IixpltW.d.tion. of Cbs.rt 14 

Graph al'lOllldng oompoe.ition by vol\D.e of invertebrate• 

in bluegill stanacha and 1n combined plant and bo'ttOM 

samples. 19)9. 

Abbrft'i,;,.tiona al.QUg absciaaa. a.rt1 au !'ollowat 

LibeJ.l. • Libollulidae 

M:aoh. • .Aeeelm.inae 

Iiyal. "' !,!-~•ll~ 
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~t>lano.t1on o1 G"h&rt 15 

,.a-aph ahowin,.:; oanpoai tio:n by maber of 1.nvertebrc..tes 

in bluecill sto.tc.e.ehs Nid in co111ti i ned plru1t and bot-1:~om 

samples~ 1939 . 

Abbrevi&tione along a.baciaaa. are ae f oll c11ra1 

Libell. r U ~ollulidae 

A.a a ch. "' A&s ahni:na,e 

Byal .. ,-, Ryal e lla 
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during 1939. Midge& were by tu th6 largest i;ro1tp nwaertoally, comprising 

iwarly th.ne-t"ourth.s of all orgimimu. l'heH animeJ. s appea.r•d in the diet 

of the tiah oonaiden.bly out 0£ proportion te thltir &bun.dance in tM lake, 

having a. toNge ratio of 6.o ... hen oon.tideNd TI:>lwutrieally and 3.0 when 

oonaidered nl.&8rioally. l'he caddia were l ee, abunciant in atom.cha th.ta 

in bot·ta.u and. plant te.una, both maerioally &lld. vol\86·t.ricall,1. Thia 

oan o. accounted tor en the baeie of aeleotivity ae thia to.rm ia in 

plain eight of the fiah as it lumber11 aro\UMi onr the lake tx,tt om and 

plants. All ai.&e!JJ of .t'111h oond4•Nd fllre found to ban u.eed. thu. a1 

.food, u t hie group ll1fL'1e up lo,! of tho total vol\llie IUul 9% of the total 

nmaber of food O)l;W&U oapturvd. Muttkowsl:1 (1918) folmd t.pto~lla 

lDl"U'Olri.1 to be muoh lo•• abWltUUlt in the diet of' fiah U.n in innrtebn.te 

t&UJJ& of Lake .liendota and. ascribed tb.i f.l "leotion to the length, r1gid1ty, 

and ge1te:al unwieldiaeae of the oaee. 

1'rCl'l t1w d&tn oonoenwig the 193~ 1nvert•brate alM:1 atosaoh samplea 

it 11 aoan tht1.t., on the b&aiu o f To:t.umetric COJL\PO.risCIUI, which it ia 

believed h&ve the moat a1 gni!'icano.e I the dragonflies ere the only- food 

that is taken in direot pl'Oportion to the abw::uiAnce in tM lake. This 

group 01:mSti tut ee )6% of the aqua.tic invertebrate food. Ou••l.t'lio1, 

caddia larvae, mu..11•, and aouds a.re all utili&ed to YaryiA& oxte.nta aa 

food. and a.a a group ooaapoaea a.pproximately 1.6% of 1M food of bluegill,. 

All of the organillWl haft a forage ratio considerable less than 1.0 

i.JM11oat1ng that, fo :r one or ae'ft.ral nasona, they are not utilised to 

tbe a8118 extent that the:, are pru .. nt in tho lake. W.dges, wb.1.oh ocm­

atitute J4% of all fa<xi, are taken ia much greater proportion than they 

occur 1n the leke )barl.ng I\ fore.&-e ration of 6+, indicatim& & cletudte 



aftilab1lity 1.ll tha lake or a willtul aeleotion of tbe•• iu•ota by 

bluegill• or a. oomb1nat1on of tho two. The innrtebn.tee u11tioud 

abOft make up a to~l o.f 86,: of the aquatio im-ertebrat. food. !ha 

NllaiDing tood ooa.iate oi- man.)" difterat group•• none of wbioh• in 

90 

'thi1 lake, proriaa an 1.P.lport.uit aouroe oi' food wun oonaidwect Oftr 

the mtire a1.m1Dar. Same of the larger to,_. aay oooaaionally- prorid• 

a. tee.et but u Need.ha (1940) 1Dd1oawd. tho ttdAily bnu• of the fiah 

O(lllt& tra the more abuudant though 81111ll tonna. Appearing only 

ranly 1n tho .-plea wn the ~ohnid•• Gyrin1du, Gerri.du, 

cori:xid&e, and Hotcmeotidu• altbouoi 00111nonly aen about tM plant. 

ot the ftC.t&t1on 10•. 1'h• apparent e.T&ilability of th••• and their 

rve OOOW"Nnoe in the fiah 1taalaoh• lead• orNRoe to tbl 1uppoaition 

t.bat the l"eported repellent aecntioa of the•• orgeni_, aota a.a a 

proteotion a.gai.Jult tbe1r would-a. predator,. Although. an ooouional 

fiah 1• toUlld to have gorged on 01W or seTN"8J. of these torma. Tabl•• 

XXI ud LUI show the per oent OOllpOai tion by volua• and. oy number, 

reapeotiwly, fo r the aquatic or&aniem.a in the di•t of blugilla and 

torage ratioa d•ri"Nd fran thia data. and the food of bluegills. 

Veta f r aa 279 bluegills a.nd l77 dredge sample■ oolleoted 1n the 

•~r of 1940 •bond that 1n this period th• mo.t oomonly utili&H 

food• both D\IIIMtri.call;y and TOlumotrioally. wu the midge lanu. TheH 

organiaaa oomtituted 47% by volUIDII and uarly 80% by naber ot all 

aquatio 1nwrtebrate food• aona~ by bluei ills. The twq;e ratio (by 

TOlwa.e) for llidgea waa ll.2 whiah wu by far the gn•t.at ditfennoe 

be11nen tood util11ed and food a.'ft.il&ole eneoUDtered in thia •tu47• 

flMt forage ratio (by n\lllb4tr) •• 2.8. liext in onl•r •• t11h tood nre 



'"able XXI 
Per oent oo!IDol'1 tion by vol vfi'l e o~ aquP.tio or~anl.,.a in blue~ill ato~aoh1, oar o,mt 

0""'"011ti0n b:, volv"'e or innrtebrates in bott o'" SllJll)le , , llftd roro.111• ratio ■ "nr 1940 

Kay June July Augu1t Sept•ber Ootober ,. ... rac•• 

Per oent or l"orag• Per oent or l"ora,:e Par cent or l"or■1;• Per cent or Jl'o.rage Per oent or Jl'ora,:• Per oent or Jl'orage Per oent or Forage 
or,,;ani•• ratio orp:ani •• ratio organi•• ratio ori,;ani•• ratio or,:ani•• ratio organi1111a ratio or~ani1111• ratio 

LIBILUJLI DAI 
Bluegill ot ... ob1 9.U 9.94 :!12.50 8.96 12.110 12.29 14.10 
Bott,_ eaapl- ■ 21,31 ,4:, 8.16 1.22 26.110 l.ZS 2S.40 ,29 10.s2 1.28 18.SO .89 19.BS .n 

OOIIPl!lN.U 
Bluegill otcaaohe 4.05 22.se 11.45 4.IIS 2.12 0 e.ee 
Bott.. ■mo.pl• 1 9.U .4S 21.20 .82 S6.2:! ,48 45.10 .11 21.96 .10 10.:12 29.18 .22 

ilSCIII II il 
Blue~ill ei.-oh■ .16 0 s.11 0 14.05 0 S.M 
Bott,_ ... pl-■ 2.81 .28 0 .S8 9.80 2.38 0 0 1.00 S.M 

UOOPTIU 
Bluegill atcaaoh ■ 2.1, 18.01 1. 88 1.41 11.12 lS.08 5.10 
Bott,_ ... ole ■ S.44 .110 1.79 10.00 0 .5T 2.49 1.19 9.89 6.65 2.:16 1.90 . Z.68 

ftICIIOPTIU 
Bluegill at-.ohe 2.M l:!.811 2.26 29.90 9.90 1.01 11.91 
Bottaa euopl-■ 1:1.10 .25 .119 19. 80 S.24 ,119 lZ.20 2.46 2:,.10 .4:1 21.(IO .04 U.91 ·"' 

KIDGU 
Uueglll etoaaolu Tl.16 22.se Sfi.80 40.06 28.9Z 21.50 ,,.ea 
Bottaa ■llllllH '·'" 15. '!O 6.18 3.38 6.91 1.00 l.Sfi 30.00 0 8.SZ ,.u 4.18 11.zo 

llaAILS 
Blu•~lll ,t ... oh ■ 3.88 :,, T3 Z.14 9.SO .91 0 S.88 
Bott°'" ...,pl-■ 2:,.21 .18 10.20 .se s.u .IS S.80 2.58 8.08 .12 22.10 10.00 .a1 

IPlmll&l~ 
Bluegill at ... Clbe 4 . 40 0 0 .15() .19 .110 1.15 
Bottaa ••Pl•• l.Z4 S.M .95 0 0 0 .59 1.s& .so 11.10 

KYALm.&.I. 
Blu•~ill etaaaoha 0 0 .ee 1.00 .19 .21 .s, 
Bott,_ IUIPlH .19 .42 .ea l.OS l.U .88 .48 .41 .az .Ill .88 .60 '-0 

~ 



T•ble XXII 
Per cAr.t on-:-nc. s l tl,r. bv n•; mber ~r e. que. ti c or ~e.ni sm • i n bl uedl i stomachs, per oent 

eomo~ • l tlnn b:,, nu'!lber or l nver t ebr • te s i n bottom sanml es, e.n·• ~nr,i ~e r"ti ns r "r 1940 

ti.a~~ J un ,. July Au~at September 

Per oent or Forllge Fer oent or Forage Per oent of Forage Per- oent of FO~ll(l:e Per oent or l"or -.,.;e 
or ,:Miaa r"llti O organi111111 r"lltio organi 111111 Clltio or- ,;ani ""'" r atio or-11;ani111u r atio 

LIBKLLULIO.U 
Bluegill atome.oha , 59 .48 3.26 , 59 l , 25 
!lot to,. appl e s 7, 95 .o~ 2, 32 • 21 6. 82 .48 ti,39 .09 6.4 5 .19 

GOl{J>ii INAE 
Plueglll atomaoha . 39 .9ti 1, 47 , 37 .25 
eott om alll!lp le. 3. 58 .11 10 . 05 .10 11.50 .13 11. 71 . 03 9 . 70 . 03 

1ESCl!li IN AE 
~lue~ill at c,m•oha . 07 0 .63 0 1.00 
Bot t ,,.,, nmple1 . 22 . 52 0 .12 5. 25 . 58 0 

ZYGOl'TOlA 
Bluegi ll atom-. oh1 .92 1.92 . 21 • 29 5.56 
l'o t t om sa,ipl ea 4.69 • 20 5 . 50 . 56 .14 1.50 1.22 .24 6.A2 . 92 

TRI CIIOPrERJ. 
!l lue~l11 1tnme. eh1 . 9 2 2,41 1.69 22.90 4.37 
Bott om 111:11r, les 5.50 . 1, 1.18 2. 03 6.68 . 30 23.90 , 9ti 33.60 .15 

IIIOOU 
Bluegill et o'fte.eha ~9. 50 90,91 81.20 62.00 82,80 
Bott°"' ■aaolea 24. 30 3, ti8 62.30 1.46 49.98 l.63 11.15 5, 55 2.90 28.30 

SB.lILS 
Bluegill at n•e.oh ■ 4.08 l.92 1 . 37 7.90 l.60 
Bott011 aaaplea 23. liO . 17 2. 32 .!!3 1.11 1.23 1.60 4,9 2 5.48 .30 

EPIIIIIER I DAI 
Rluegill 1t011aoha 2.85 0 0 .98 .13 
l'ott011 auple ■ 5. 28 .60 3.60 .12 . 28 3.41 0 

HYALELLA 
Bluegill at 0111a eh1 .13 0 4.4 2 2,56 .58 
Bottoa ■ lllllp lea 6.08 .03 8.56 21.60 . 20 40 .00 . 08 29.60 • ".ll 

('l otober 

Per oent or Fo~e.ge 
or,;ani 111111 r ,iti o 

l. 09 
2. R~ . 38 

0 
3. 81 

0 
0 

2.90 
11. 72 .25 

l,Ql 
11. 82 .15 

67.33 
26.30 2.53 

0 
0 

18 .82 
3.16 li . 95 

5. 62 
20.90 .17 

AverP1.r:e1 

Pea cent of 
O('"~ani 8"\!' 

1. 22 
5.55 

. 57 
8.10 

. 29 

. 0 2 

1.47 
5.18 

7. 57 
13. 76 

79.42 
28,60 

5.90 
9.15 

2.08 
2.19 

1.74 
22.'32 

Forll ,;e 
r atio 

.22 

. 07 

14 . 50 

.28 

,56 

2. 78 

.45 

,96 

. 08 

'° I\) 
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the dragon.fly n,apba, :ranking second to midges with a 8UIIINr a.nrag• ot 

2$% of all aquatic invertebrate food•• although tt»y oonatituted. onl7 

2% of thlt total n\llber ot org&Dimu in the diet of the bluegills. 

Forage ratios wre o.48 and o.1$ by volUM and by maber reapeotiffly 

tor the dragontll••• Following the dragonflies in order ot importanoe 

aa food were tbe oaddis larn.e, data indicatinp~ that t.hey wre not 

utilised by the ti■h to the aame extent they were preHnt in bottom 

fauna, as '11•y ban a forage ra.t1o of o.64 by Tolmae and 0.55 by mab4tr. 

. All .,._.ining groups aout1 tute leas than l Q?'l of the total wluae 

ot tood captured by t1ah. Dllmeelfliea wre taken in grea.ter proportion 

(volumetrioally) as food than they were preeent in dredge aamples 
I. ' : 

(forage ratio of 2.68 ), numerice.lly they nre leas abundant 1n the 

stOJllflohs than on the lake bottom, ha.vin~~ a forage ratio of 0.28. 

Sna.ils oampoaed approximately 4,~ of the food. by volume and by 

~r, the to.rage n.tioa wre appro:ximat&ly 0.4 tor both methods of 

oaloulation. Both uayflies and eouda oontrioutod more than 1% of the 

total !Wilber of foo<l organi8DUJ tor the summer period. but only th9 

mayflies when 00ll8id.ered by volume. Tbe■e forms were not a oonaist.nt 

aow-oe of food each month e.nd were of littlo ooneequenoe in tho diet ot 

the fiah p:reaent. The relationahip betwee aquatio iavertebrat.• and 

the t1 ah f'ood are shown graphio&l.l;y in Chart 21 and Chart 22. 

f"rom the data preaented it ia ■:een t.h&t, conaidered volumotr-ioally, 

midges and d.ragontl1ee ocmpriee more than 'J/4 of all aquatio inv•rtebraws 

in the diet ot the bluegills during the 1940 aea.aon. Snaile, dUtaelflbs, 

and oaddis WBre of value in that they nr. oonsiatently taken as food, 

and u a group conatituted 18% of the food under oonaidera.tion. Of a.11 



Bxple.nation of Cha.rt 16 

Ctre.ph showing composition by Tolte$ of invertebrates 

in bluegill stan&oha and in bottom samples, 1940 . 

.Abbt-evia.tions a.lon:; a.baciaaa a.re as foll01ft:u 

Libell. • Libellulidae 

Aesoh. -= Ae.aohninu 
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E,rplat111~ion of Chart 17 

Graph ahowine; ooapo•ition by ~r of invertebrate$ 

in bluegill atomaoha and in bottom aamplea. 1940 • 

.Abbreviations along a.bacisae. ere a.a fol l ()'l(s: 

Libell. ~ Lib&llulidae 

Ae-eoh • ., .Aeccmni.nae 

nyal. ~ !r!•lla 
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aquatic tood.a, the a!.dgea 11'8re the only group taken in proportion 

greater than they ooour in the lake. The graphic relatiouhip b•tlrMa 

the invertebn:be• 1n the lake and the food ot the blu•gill• tor 1940 

1• ahown in Char-'ta 16 and 17. 

Al tbougb 80 bottec ouipl•• were ooll•oted duri~ the ~riod tl"Cllll 

April 1 to May 16, 1941, only thoe• 24 that_.,.. taken dul'iag the 14 

day period preceding the poisoning, when fieh nn t>.ing NlllOftd. for 

tood •~41, wero oaa.ideNCl 1n forage ratio det•rmim.tiou. Dw-i.DC 

this .... period,. 157 'bluegills wre NmOWd f:rom the lake tor food 

atuq. Although thi.u period is a!i..ort a.nd cannot be fully compared 

with the previous year1' data., the mat•rial aolleoted doea indioate 

the utilisation of different groups of or-ganimns by the fish during 

tho early period immediat.ly followi:n.g the bnak-u.p o!: the iee. At 

this tbw the water ia still oold. Md few of the bott om dwelling inaeota 

have emerged a.a o.dulta and the &qUf.Ltio plant, have juat started their 

growth. 

Table XXII I ahowa the data. and fora~ ratio tor each orga.nie 

oonati tuting more than one per oent of tho total tood by volume or by 

maber for 19,41. Relationship• botnen invertebrate fa.UD& ae dete:naiued 

by dredge aamples and food aa deterained by exudmtion of bluegill 

1tcaaoha 1a preMnted graphically ui Chart, 18 a.nd 19. Tbeee data 

1ndioate that midges are predondnantly the early ••••on food ot bluegill• 

(65" by wl\89 ) with dn.gonfiiee next (2S% by vol\1119). The forage ratio 

(vol.) for midge• we..e 2.68 end 0.81 for cin.gonf'lies. 



Table XXIII 97 

PP-r cent comoosi tion of aQu,.,.ti c ore;ani sms in blue,:ill stomachs, ner cent 

composition of invertebr~tes in bottom samples, ann rora~e ratio for 1941 

LIBF.LLTTLIDAE 
Rluee:ill stomachs 
Bottom umples 

GOMPHINAE 
Hlue~ill sto!'Mchs 
Bottom samples 

AESCHNiliAE 
Blue~ill stomachs 
Pottom samples 

ZYGOP'l'ERA 
Blue~ill sto1U.oh1 
BottO!ft samol es 

TRICHOPl'ERA 
Blue~ill stomaohs 
Bottom suples 

MIDGES 
Blue~ill stouohs 
Bottom sanlples 

SNAILS 
Blue~ill stomachs 
Botto!!\ samples 

EPIDllERIDA 
Bluee;ill stomachs 
B,,ttom sa,ioles 

HYALELLA 
Blue~ill stomachs 
Bottom sanlples 

LEECHES 
Bluegill stomachs 
Bottom saJ!lples 

?.YDRELLIA 
Bluegill stom.aohs 
1lottom samples 

Per oent by number 

Per oent of li'orage 
organi IIITIS ratio 

.69 
3.20 

.52 
1.23 

.03 

.07 

.86 
2.66 

.44 
5.39 

90.97 
54.22 

1.34 
9.55 

1.13 
10.87 

2.26 
10.84 

.11 

.27 

.94 

.22 

.42 

.45 

.32 

.08 

1.67 

.14 

.10 

.21 

.44 

Per oent by Tolume 

Per oent of Forage 
orr,ani1111s ratio 

11.91 
18.27 

10.18 
9.81 

1.03 
.43 

1.94 
1.83 

1.93 
16.85 

64. 60 
23.66 

3.48 
19.35 

.63 
2.89 

.60 

.27 

1.66 
3.99 

.17 

• 65 

1.03 

1.38 

1.06 

.12 

2.68 

.18 

• 20 

2.20 

.41 



Explr..n~tion of Chart 18 

Grnph sh010.nf~ p&r oent oomposition by number of 

1nV"9rtebrates in bluegill stomachs a.nc. in bottan 

a.aq,leu., 1941. 

Abbrerlations el.one: abeeiasa are as foll~w,u 

Ubell. "'LibelluU.dae 

A.each. • Aeaohninae 

F~. r. ~_!:l.,!!: 
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Pbqllanation ot· Chart 19 

Graph ahow:i.Dg per cent ~ition 'by voluM 0£ 

urrertebmwa in bluegill stoma.ob.a and 1a bottom 

eamples. 1941. 

Abbreviation.a along ab•cii,aa are as followu 

J .1.~ll. "' Libellullda.• 

.Aeech. = A&aolmiua.e 

H.yal. ,,, !r;l•lla 
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r.c>!!6• Ratio Couideratiou tor.:!!!, Aniaoptera 

The aubol'der Aaia.optera was di vid:M. into tho thr" gl"Oupa easily 

Noogniaed in bottom and fiab-food. .-.plea, to determiu it lib.at •••• 

to be an obrioua ditt'erenoe in availability i I reflected. in forag• 

ratios, 

SUborder Anieoptera 

I. Family Aosclm1du 

A. Subfamily Gonphinae 

B. SUD.family A••ohn5me 

Thia lt.tter cli'ri.•101>. 1"ks follow-.d beoau■e it innlved 

two large groups of thia temil.f 1"hi oh ha.TO entirely 

dittennt habits in tho blaa.ture ata,ge. Tlw Gomphinae 

are of moderate ai&e a.nd are burrowr• in bottan 

deposits of 'ttte littoral aone. 'l'he Aeaobninae are the 

la.rgeet dragoni'li,E),i and are active climbers, living on 

&r9en eumerged TI>getA.tion. 

2. F'amily Libellulidae 

This group is Yery ocn1on in the lake being found both 

on submerged aqu&tio vegetation and traah ot the lak• 

bottan. Nympha of this group ooourring in Third Sister 

Lake aeld.om exONd. a ei1e th&t o&ll be taken by blw.gilla. 

A oompariaon of: Chart 14 with Cbai-t 16 shon that the forage 

ratio tor L1~lul1du n.a oonaiurably higur on the bui• ot volme 

oompariaona than the fol"'&ge ratio for the Gomphi.nu, bebg 0.96 to 

o.s2 tor 1939. and 0.11 to 0.22 for 1940. 

100 
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A oanp&riaon ot CbArt• 15 and 17 (forage ratioa baaed o.n number•) 

~the..., aon<U.'taon to hold true, the forage ratios b•illg 0.22 to 

0.07 (1940). and 0.43 to 0.18 (19)9) for the Libellulidae and Gomphinu 

n1peotiwly. Ae•ahnh1ae al',ow a fO.N&'G ra.tio of more than om {on a 

Wl\llllllttrio buie) t'or both )'Mr• 001l5idered &nd l••·• than one tor both 

,-r1 on tho 'ba&i s of masber. They were preaent in tho lake and in 

stomaoh 1Utpl•a in •uch oanparatJ.vel;;r amll nt.111Nr1 that any- interpn­

tat1cm of data ooncerni~ them cannot be 001UJider~ reliable. 

Fr<Xll tiguretJ given &boYo it oan bo ,..n t.hat for fOOd of bl•gillt 

the to~• ratio retl•ct• appn.rent &ftilability of diffentnt g.roup1 ot 

d.raganfl;y ~ha• 1ndieat1ng th&:t ta.king ot· theae orgam.ams ia a 

•tter of degree of &Tailability rather than .. ieotirlty. S.leotirtty 

being uaed here in the aen1e of orga•:iams within tho aoope of 'Vieion. 

aa4 capable of b•ing Mt•n u· the t"ibll 10 @sir••• 

flae oadcU.e, whioh HC to be even more ._nJ.labl• than dre.gcmtli•• 

han a forage ratio ocma1.derably le.a• than one tor all thn• .. a.eon.a 

a.ample• reg&rdleea ot whether interpretect o:a the b&ai s ot' n\abera or 

,rol-.. Thi• ia apparently a oaH of Mlectivity on the pa.rt ot the 

tJ.ah occuioned by the prceenoe or a long,. u.md•ldy oa.ae of oad.ciia 

le.n-ae. 

The 1111dgea aho'w a forage ratio conaid•rabl1 in exeeaa ot OJMI tor 

all pel"iodt. duo perba.pa to a oombina.tion o£ fa.otor• auoh ... being 

a.ctift orga.m. .... aTC.ilable., and oi' a. eice tbt.t oan be ea.t.n by nearly 

all aina ot flah, and. baring an a.ppareat p..iatibility. 

Damsel.fly~ generally a.re not tak•n 1n a proportion as great 

a.a tboy ooov in t.lw OtlnpO&i ti Ol'1 ot the inv.rt.braw ta.una. 
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In tule .XXIV ia o. •~ ot· tlw per ~nt eompoaition by volua, 

!Willber, aDd. forage ratio• ot ti"ff group• of: orga.niaas foum to b• 

important aquatio .fiab•t'ooda in l9l9,. 1940, 1941. , ·rom thia table it 

oan ~ IHll that ot t.Ma• organi_, only the mid.gt; ooeurna. in the 

diet of bluegill.a in a proportion grea.ter than th•y ooeurred in the 

lake• that the forage ratios TUY eomft'i),f,.t :fr-om year to year, a.nd. 

tiw.t fore.p .n.tioa calcu.le.ted on e. volumetric '!;ia.aia a.re quit. dif·£•nnt 

from those computed one. numerical be.Bia. 

Allen (1942) atated that. "nlwsa for &vail&bilitf fa.ctor, (i'onge 

ratiiu) obtained troo. nuaerioe.l r.eul ts will di£:htr 1lit";htl1 from 

thoae obt&inod. volwuetrlO&lly or gre.vi:u,trioally •• •• It is doubtful, 

~r, whether these dit'f•Nlno.s are of u•a.t ai te.nt, and it is 

~£ore probably aat1afaotoey ~ it' d.•ab-.cl, to apply availability 

taotore ob~ on a lltiDfiriO&l balii• to volumetric or gra.vimetrio 

meuur--.n-ts of .fauni,tic density." 

D&ta ohtairiod in this atudy indica.te that this oonvoraion ca.nnot 

be ade. 

S.aomu Belat10Dahlf .!!. Plaat l'ood.a !!, Innrwbra.t. Foou 

For • t\tl.ler undernNJding of the tffcling babi ta ot· the blug111 

an ettort aa ad• to detenuine the effect of reduction ot aquatic 

1Dvwt.b:rate•, whioh nonn.olly ~• plaoe d~ pa.rt 0£ eaoh aUIIIUlr, 

upon tho dittt 01~ th• ti ah. 

sampling during thb two auaaera lhond that aquatio innrwbntee, 

wbiob oonatitute a l.arp part 01' the SUEer i'ood ot· the blw.gj.lla, 

undergo a draatio reduotion in maber, and wlua during midswam.r. 
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Table XXIV 

Comoarison or per oent oor,,poeition in bluegill 1tomaoh1, in inTertebrate 

collection samples, and rorage ratios tor tiTe aquatic fish-food organi•• 

1939 

Per cent 1n 

Per oent 1n 

"oru:e ratio 

1940 

Per cent 1n 

?er oent in 

Foru:e ratio 

llil 
Per oent in 

Per oent in 

'P'or age ratio 

samples 

at OIIUl oh 8 

SIUll'Ples 

stomaoha 

lftlllpl es 

stomach• 

Dragonflies 
Vol. lo. 

36 8 

36 3 

1 4 

51 14 

24 2 

.5 .2 

29 4 

23 1 

.,n .3 

llidgea Caddie 
Vol. No. Vol. No. 

4 23 39 33 

34 7'S 11 9 

8 3 .3 .3 

4 29 14 14 

47 79 9 8 

11 3 .6 .6 

24 54 16 5 

65 91 2 .4 

2.7 2 .1 .1 

Daaaeltliu 
Vol. lo. 

4 10 

3 2 

.6 .2 

2 5 

5 2 

2.7 .3 

2 3 

2 .9 

1 .3 

Snail a 
Vol, lo. 

5 e 
2 3 

.5 .4 

10 9 

4 4 

• 4 •• 

19 10 

3 1 

.2 .1 
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From the food study 1t was fou.nd that tbo p•r cent of plant food in 

the total vol ma of fooc.t in 1)~40 Di &• foll owa:~, 

Date: .April ~ay Jlm.c July Au~;uat September October '1'oTelil:>er 

Per cent; o.o 2 9 36 26 1.0 11) o. o 

in ~ 20 Jindioa'bt tl•t plant food. \ii&.$ eaten in a.n inTei-se ratio to 

the voll.l!lG of iim,rt1'bratee preaqt in th@ like cl uriXJg diff•rent p~riod.a 

of the sl.1Dlllor. !'h14! seln\~ condition WEUi .four..d. to b$ true :Ln 1939. The 

inference t o be drawn t.1·om thl.:1 i s tl:i.e. t when th• animal food ,rnpply 

diminiahee blue~;illa tl.2l"n to plemt food ae a substitute. As far as 

oould be detctrmined .f'rau field obso1'V8:tiona l~ja.e '-ril.oillur.a, which wa.a 

the dcminant plMt food, vft!l..a preaent throU(;hout the s\Dtaar period f.iJa4 

it seems unlikely that abundance l'~d ~ effeot upon the utilization of 

this plunt ae food. 

S.Ucmal ~latiO;Uh!P !!. Inwrt.brat. food•~ TernatriaJ. :tnoou 
- -

An attempt ns mad.a to d•tenrd.De wbethe.r a correlation ni1tM between 

HUOD&l ftti&tion or aq\l&tic izrrertebn.tea and mlllHr of t.rreatrlal 

1.Baeots taken u food. Thia Jn&terial _, 1um.arized for the auauura or 

19.39 and 1940 and ao far aa could be a•term1.neci there wu no oornla.tion 

kMJtnen ti. lc,,r point of aq\18.tic invertebrt.tes and utiligation of 

terrestrial inseota by the fillh. The terrestrial inaeote t.r• a.ppanntl1 

taken ldw~r a'ft.i.la.ble. 

Howell, Bw:lngle. and. Sm1 th (1941) oonclu4ed from work on baaa and 

bluegill tood in Alabama we.ters that,. althou,::;h bluee;illa de eat plant 

food•• an!mal .f'ooda are preferred, ••~oially inaoeto, and wbsn la.rge 

quant1tiea -of plant foods are beintt oonaw.d it indicatea that there are 



F~lana.tion or Cha.rt 20 

lftpl'i ahow1J:i{; •ee..6lQnal rele. tionahip of volume 

oi' 111vertebrate• on the lake bcttcm.. to ~r cent 

of plant& in. the tote..l vollae of' t'oocl tak.n by­

bluegillu# 1940. 

N\aerals 1n le.ft ordinal oolumn e xpreas. volla41 

of i.nvertebn.tea in m.lbic o.ntimeter-a • and 

niaaeral.s in rig}.·~ ordinal oolumn ex.press per 

oent ot· plants in tot al volwoe of .t'i sh food. 
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too JIIU1' fiah. in the pond or lake OOIQpeting for the aaae animal tooci1. 

Berm.ett, Tbollpaon, Nld Parr {1940) in their food atlildy of bluegill• in 

Folk Lake, Illinois f'ound the fish to ban ea.teA a oonaioNl>.l• aount 

of ooe.r" aquatio pan.ta u.d t'rOl!l tblir tables it oan be "en that 

planto are pnaent in inor•a.si..ng vol\lM 1n tM. d.iet of th• t1ah frara 

April to July, ~n i~,all;y cieeU.m. 1.'My interpret e. higblr ~r"nt&ge 

o.f pl.ante nten by old bluegill• to •an old fieb were l••~ aotin than 

,-rlln~; f'1Wl in soGkinf; Uli.'?lAl fo-:r.:e m d they ueec' plants &.s "1tuttint;. 11 

llla&x ~ COJldition .!£. l~luo12:lla 1-latted i<!_ Plant !ood1 

lt. ,_. auggeatad that a.n increue in plant food in the diet might 

be refleowc.l in ~ condition oi: the tish. To oheok thia aaawaption 

tha weight and l8IlJt,-th oi .. tish for i'ood studies were tabulated anti from 

theao the oondi t1011 taotor nett waa calculated. t'or •aoh month ot' tM 

-.--rs ot 1939 and 1940. flwee data are shown in Table XXV. Ture is 

an indioation oi' e. lowred index of oond1 tion dl.lf"Ulg Aut;uet of eaoh 

al.lmll8r, but tl•re is ~nour,,h n.riat1on in the data of other monthe to 

out a<me doubt on the reliability of thia tendency to expreaa a true 

reduction 1n the plumpneaa of £iah due to a. change in diet. 

?LAl!/'Kj} ~i 

)lOthoda o£ Sapling 

Pl.an.kton IIUIPlea wre oolleetod at the a&.lli.G time e.e nr• the tempera­

ture and ehmd.oal data. fheao eollect1ona wor·e made with. a. Ju.d.&y plankton 

trap of 10 liter• oapaoity, at intern.J.• o.t' 10 i'eet, from 1w-t'aoe to 

botte&. Zhe plankton we.a pN .. rvea in formalin and identified at a later 
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1939 

April 

Ootobor 

1940 

Table XFYI 

Avera.go weight 
(pound,) 

.33 

• .3s 
.28 

.22 

.22 

.32 

.32 

.28 

.13 

.16 

.14 

.)O 

Avoru.ge length 
(incMa) 

7.8 

a.o 

6.3 

6.o 

6.l 

F'a.otor 
"c» 

6.69 

6.44 

6.80 

7.19 

6 •. 13 

6.71 

6.16 

6.32 --------~-....__.__..._ ... _.,__._......,.._, __________ _ 
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date. Althovgb aoopl.a.nkton orgam-.a wre a oonaideraole item in the 

food of ft•he•,, phytoplankton wa.a not fo'UDd in th• food of the blu.gills 

1tudied. For this reuon cmly the zooplankton has been tabuh.too. and 

oouidered in this invoatigation. In the .fiah-food etu4y it waa not 

poauble, due to time .11.lld.tations. to diTid• up the aooplulcter■ into 

taxon<aio f.l"OUP• and therefore th•y were oounted and volumetrioal.17 

JD9UUl'Od M .. whole. T2lS zooplanttera which. COMtitllted the bulk of 

plankton ti eh-tood in the lake nre §?iaolwr,!-, P.!,,Plmi&, 2~riod&P!!>;!~, 

Di!;eoa\18,, aDd {i{ol.Of■ • 

1'"orage Ratioa 

A oom.parison of sooplankton organiais frOJll tho upper twenty feet 

o£ Third Sister .Lake with the mnn n\li:t.ber of &ooplaiiktera per bluegill 

ataaa.ch ooll•owci duri.ng the aaae periods ie mado in Ta.ble X ~ I. Thi1 

limltatiou of depth n.s pla.oed to Mice the mat.rial as eampuablo a.a 

poasible to tlw feedinr~ of the bluegills• 'Which was coni'i.nod to an a.rea. 

above this depth tru~oughout most of tho aUD1a•r• The fi~rea. ehown in 

the accQ11Panying table a.re pnsented with the f'ull understanding that 

only r,eneral tendenciea as to seasonal variation and relationahip 

between ntalNtr• of orgalrl.ma and utili&a.tion u food oan oe dran h-Olll 

them. Rapidity with which a plankton population can ch.ange in a lake 

and the relatinly long p•riod between thea~ pla:okton ooll.eotion,. in 

moat ou•a two wok•• makes speoU'io cleduotiona unreliable. 1.'he table 

ahowa • ..,..,.al general tcu:10.eaoi••• In l9l9, the plankton cow:a.t• follond 

oloaely the oul'nl ahown in Chart 6 ropnaenting tho volume of inffrtebrat. 

.ta.una. for ~ aame 1""• ahowi.Dg t:tw low point ol the SUlllllie:t' during July 

and an increase trcr.t this pout tbroughollt the s~r. The 1940 plankton 



Table Xi-"Y'I 

eompariaon o£ ntlllber or zooplanktou organiaia in the u.pper twenty feet of Third Siat.r Lake 

with mean number oi' z.oopknkten eaten by blue &1,lla during that period 

- -... __ ,~ 

.April May June July August S.pteaber October A-nra~• 

1222. 
N\abe-r per liter 504 2)6 73 70 lSS 20J 2o6 

Ueaa naber per 
158 ti.an ncaaah 15 14 J.32 J.20 230 180 

Forage n.ti.o .32 2.16 .. 20 2.14 1.57 

~ 
!bllber per liter 1881 732 873 939 12> 10.30 

mber per 
1697 l,4SO 501 465 $8S 1400 1016 

Forage n.tio .90 1.98 .57 .so .ao 

.!2!! 
lmaber per liter 895 

Meua. xuaber per 
ti ah atcaaoh ill 

.... 
Forage ratio •. 12 ~ 
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counts 1bow •~t tl~ tSJOO condition a.a the 1940 bottom fauna. in that 

there is an. early ■pr1ng &bwu.:1.anoe preceding &1- low poiut 1n early •wmt1er, 

followed by an increo.se durin:: the enaui ng months, altl:,our,h t~r& 1• a 

drop in 1Uaber:a of pla:nktercJ in ~eptemhor. ~ i.e Qf1tu1ge th.at do@s stand 

out 1e the ditferenoe in tot&l nUSR.hers for the two ~e.r•. 'l'ht, sample a 

for 19J9 e.-vertl€;8d approximately 200 orguJ.111ns per- 11 ter while the 194◊ 

oollectiot:i:s a.ver&g&d mo.r~ than l CV>.':l per liter. .A t'orage ratio was 

detenrd.ned for plt.Dkton in too lake in relation to plankton oaten tor 

eaoh month of' the two tt\UJlmflra and the reaulta a.re shown in Table XXVI. 

Fror4 theae data there ie no eYidenoe of fish teeding more extenaiftly 

on the aooplankton during ~r1ode of ablmdanee. Also there is no 

nidenoe that fi.•h turn to this source of food when the invert.brate 

tood produoed i n the lake 1s e.t a Jnini..'llllll. 

It was noted that fi9h tudiD.g on plankton wre taking it &lao1t 

to the excluaion of' other foods. 

Dl$CUSSIOI 

Methods ot estbating the "tood gn.d.e" of ,tree.ms propoaed by 

Davis (19;8) have been uaad e~:.tensively in determininr the stocking 

polioies of streama am atatiatioal e.nalyaee of this method and moclitioa• 

t1ons have been a\lggeated by -n.riow, 1r01'kore (Bea• and Snrt1, 19◄0); 

(Allen. 1942 ), (Mottley. Raynor. and kaimrater, 19.39) but little ha.a 

been offered in tho determination of food grad•• of lake a. Dana cd t•• 
the fact that t.i.re baTO been relatinly few quant1tat1ff stu41ea ot 

the bottam fauna ot lake• a.a n. he.ndicap 1n enluatini; lm• £or the 

purpoaea of i'ia.h man&{~e.nt. IUJd. uaea the ola.esifiaation of oligotrophio, 



eut.ropblo, and cl7•tl"oph1o a• propoaed 'b;y 'l'hienesuwn and human to 

tGl'IINlate a •tooking policy for trout on the buia of food 1upplf of 

these types of lakes 'being average, abundant, and. poor respeotinly. 

lll 

Fr<a tjw iR'nl1ti t•tion of iaffrtebrat. f ieh-.food in 1939 and 19'40 

it OIUl be .-en that e:ny application ot· an,- 11.t'ooa grade" atendard would 

have little meaninf; when applied to Third Siat.r Lake, a.nd perhapa 

otbor •imilar lakea, unloaa aeuow variation• o.!' im-ertebrat,e fauna 

111tre taken into consideration. 1'he aampl1ng of bott om fawna ahowed 

that there wu a. 274% tluotuation in volume of ilrrertel>n.tea during 

the e1.111Uer ot 1940. 

W.ller (19.38 un,publiahed) offere a at&tistioal ualyala of lake 

bottom tauu. oaaed an organiama inhabiting the protwldal ,one, whioh 

have a more nndan diatrib\ltion than littonJ. fauna. 

AJJ rar u is mown to the writer no adequate 1tati11tioal ana.J.yau 

have been mad• of invert.brat. sampling in li t'ton.l ,-.. . n.evey (1941) 

in hie ••H•k on Conneoticut lakea dealt atatlatically with bottca f1t.una 

oolleowd wdnly in the region ~lO'lt thNe meters in cold water lak••• 

Ho ata~, t
1botta;a ~pling in tho littoral zone i& u.nrelb.ble at b•at 

and probably no •'hol l y satis!'~otory e~tbate~ he.never been made of 

~ produetivi ty o;:."' this ree;ion. 11 

To better est.ablhh tru:i position or Third Sister Lake as a produoer 

of im'ertebrate fi~h, .. faod fa1.m.a in ¢mnpar1eon w1 th other inland lakes 

~t lutye 4tlen inwatiga.teci on a eim.lu b&eis. the "*\Ute of' oenral 

workera 1n di£.fe.rent parta 0£ this oo-..mtey have been tfl.bule.ted in 

'l'e..ble L<VII. Thl.1 material tro1ll r,any aouroes has bt>&n rean,mged and 
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Table XXVII 

Data ooncernin~ bottom ratma oompiled rtom published 1ourcea 

InTeatigator Date Region Depth or samples Vol. or aaaplea ( o.o. per aq. rt,) 

Cooper 1939 llain• all .14-.17 (1) 

Co11per 1939 Maine all 1.02 ( 2) 

Coo!)er 1959 Maine all .08-.004 ( 5) 

Cooper 1940 Maine all .092 

c,,.,ner 1941 Maine all .54 

Cooper 1942 Maine all .28 

DeeTey 1942 Connecti out all • 77 

Townes 1937 w- York 0-12• 5.75 

NeTin 1935 1- York 0-10• 2.65 (Collected in early July) ( 4) 

'MeTin 1955 Jew York 0-10• .78 (Collected in Auguat) ( 4) 

NeTin 1935 In York 0-10' 2.52 ( Collected in Jane-Jul7) ( 6) 

NeTin 1935 w- York 0-10• 3.14 (Colleoted in late Au~at) ( 5) 

~ur,Uolc 19.'~9 w- York all 1.46 

'3oott. Hile 
and ~nieth 1928 Indiana Littoral ,one 1.44 

'Riohardaon 1928 Illinois Littoral &one 1.66 (lfeedleu areu) ( 6) 

1:l.iohardaon 192'3 Illinois Littoral ,one 4.59 (Weed bed1) ( 6) 

Riohardson 1928 Illinois Littoral &one 8.53 (Weed •aJltllea\ ( 6) 

Riohard11on 1928 Illinois Littoral ,one .85 (!feed bed1) '7) 

~iohardaon 1928 Illinois Littoral 1one 16.63 ('Weeda only) ( 1) 

Veehes.n 1936 Louisiana 0-10' l,03 

( l \ /Jood trout nond 
'2) Very 11:ood trout nond 
( ~, 1ood 1almon lakes 
'4\ r.anadara,:o Lake 
'5) ntseii:o Lake 
( 6) 8otti.-land lakes 
( 7) /Jlaoial lakes 
all: 4Tera~e of all depths 



certain eleant:.. deleted. ~ a~is~ it 10 th&t rea~ta ot. tho 

aerve,·Al ~rs 91.N· COlnp&J•a.ble. In some ce.H~ th& 1n.at.er-b.l wu 

orl.gilu.lly dciter.Jirw.: in uni ts otJ:u,r than S).. ve.n i~ the t .. blfl• .fi.u.oh 

a-, p.:>Unde pe1· ~ore. f~:J·ama per r..qw.:.N zi..e-tl!'r. E:"ci;; . Thee• Y.~r@ dl 

converted 1l!.tc their •<iui·nuent in c. c. .;er ~,l\14rt f oot tor purposes 

of tt.iR ooq;-ti.ri ~on. 1.'herever po~cible unly the...t mttterial il.!.dic&teci 

by tlw autho1· ~c lu..vin.g bee.u oollected u1 the littonl ,one was uod, 

If possible the mollu.aks "" •zoluded frcrn the tabulations. This 

waa true in the data of ld.chArda<.-n (1921 ; e.rui 01' So~tt, liile, and 

Spieth (1928) where the mollu,ca.u element waa lart;e. Little in the 

way of specific oompuiaonn of the resw.ts of: these worktr, c,m be 

mads but aame r:,-en&r&l conclueiont, caz. b-e dra.vro.. 

n.c· lakes atuclied by cooper (l9J9, 1940, 1941, 1942) were nry 

11; 

poor in inV•rt.bra.te 1·0.una. u ocmpared with othe1· waters flu.ch &.4i lue1 

of ths Ulinoi~ rh-er bottoin. In maJd.ng such a ooapa.rison the ,one, 

181Bpled muat be oona1cittred.1 which in tb••• oases -nre entirely dit't'erent. 

Cooper ooll•otetl nearly all bottom aamples below a depth of ai.x fHt and 

Ri.obardaon ooll~cted n&arly all kbove a depth of ter. t 'eet. 

There are a.lao many ob•~ cl•• to a.ny comparison between trout lak•• 

and wann wat.r lakes. Cooper (1939) oouiciored two Maine lakes harlog 

a bottom f~tma of o.14 and 0.17 o.o. per eq. ft. &a beiAg good trout 

lakes and two lakes having .o8 ad .004 e.c. per 1q. i't. ae being good 

eal11on lakes. 'l'he.e figures were i'or samples taken below S fNt. a.s he 

believed t'o,od organites e.boYe that d&pth are not availt.ble to trout 

during auab ot the eunner. Deevey (1942) •tat.a tr.at "rt is alGo trw, 

that lake• or low potential productivity do not nooeaaarily provide 



poor 1."1eh1ng. Low potential productivity i•• in fuot. one of the­

potential oluu-aot.rietic:ei of moet trout lakea. l! F,.. beliuv•d that 

the exoelle nt fish.int; izt ~· Gom1ect1out lakes in thia oategory is 

perh&Ji,s. due to the fa.ot that the available to<Xl is o.ffioiently uaed 
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by an a.euociation of suitable f;Ulo and fora.g,e epecioa. ~ oa.n o• aecm 

tt"0£1 Table XXVIII on tho bash of bottom faum. Third Sister Lake ia 

be~ the low produoti'vity of the trout luea end high productivity 

oi' the I.llino1s r-iver bottom lwc:«;e. or the bottOlll_ orguLi.tw atudies 

me.do on lakos there ha,,; ooen litt:le work: done on th.fl correb.ti on or 

theae:; studies with the a.otual produotion of filh ill the••• bodio• 

of wat.J>. Meeheltll ( 1936) in stu{liee conc•rninr. the eff ecte of 

fertil1dni.:; fish pomlu f om:ici. that hi& pond.a proouc•-d an &Ttlr&.f,• ot 

.95 grams pel' aql.'W.l'.'e foot o.f bottom tmc.. an a-ntr&.g fi of 96.53 pounds 

of baas per a.ore. In 114clition to this 1,au an 'Wl$W.t&d weight of 

forage f'iah !'rom tho poml11. llawoll (1942) att6ropted to d ~o,r the 

relationship betweeu total bottom fli..un& and fiah production in his 

wori: on Alabama fish ponds. Im \W1'ertillaed p"'>nc-1 wi tl1 a bottom fauna. 

that averaged 19 .62 millignma of dry organic matter per 1qus.rc foot 

ov•r a period of 22 neka protl.u~ 147 .l pounds of fieh por a.ere. Aa 

it wns ilnpouible to obtain conversion data directly from Rowell an 

approrl.ate oonveraion of his work was niacle• baeed on data work:•d out 

l:>y the writ.Ir (a.n,ct tween from othbr eow-0•6 r,iving oompi1.t ·i1ons of 

wlume. or wet '\li'f)iGht,, oi' or~sma to dry ore;anic matttr. Jm approz:­

wte conv•x·sion of Howell' e da.ta !'or bot·tom £&\U18. in terms of vol-. 

of organia1 woulci give 0.30 £l"8DW per squar~ foot for th~ un.f•rtilited 

pond. 



A f•rtilind pond haTing an awn.6• of 66.27 lllilllgnau dry 

organio •tter per •quare root (approximately 1.03 grams per aquu• 

.toot wt wight) yielded 362.9 pound• of fiah per -.cu-.. 

lionll .found that in oaap-.rint; the food of bluegill• fr01ll •n 

untert1.l1ced pond with tb&t 01' a tertili&ed pond, that the fish from 

the tertili&ed pond had plenty of iza.aeots throughout the period 

oonaidered ( June through liovuwer) while tho•• of tho un.fertlliaed 

pond bad eui'fi.oient 1naecta in Jw:.ie Ollly. Examination• oi' atomaob.a 

llS 

ot bluegills :from theff ponds mhowd that fish in ponda with a high 

bottom fauna ( tertili&•d) i'ed largely on inaecte throughout the 

periodl ldwreae 111 the ponda ha.Vint; a low bottom fauna the principal 

food of tlw bluegill• waa »a,-su. Howell ooneludod that to incree.ae 

fiah produotion greatly tho weir.ht of botto.n 1.naeota per aquare foot 

muat inorea.ae rapidly aa the grc-ing sea.son proi;r••ae•. A surny of 

tlw litent\U"e ahows that with 1·w if any exception.a 1outhern lu:ea 

and p<mde are more productive of fiah than comparable northern wat.r1. 

Third Si•ter Lako bad llii a.T&rat;e of 1.17 graze of illY•rtebrates 

per aquare foot u detennined by dredge 1-.pllng for 1939 &lld 1940 and 

a tilh populatica at the tin.:.e of po1aonint~ oi' 86.6 pouada per e.ore. 

On the baa11J ot direot oampariaon it v1ould appear that Third Slater 

Lake is leas productive of !'iah than either the Louiaiua ponds of 

Ueehean or the Jllabaaa ponds of Howell. Thia oo.n 1" a.ooounted for to 

aaa, extent on~ buis ot' the lonpr r:rowlng aeo.aon in the ,outbern 

atatea and alao the tact that the entire .,... ot· tiw aouthH~ pond.• 

WtUJ pl'Odu<1ini;; .fish .food. It wa.s ••timatN. that alaoat all oi the 

inwrtebrate f1ah 1'ood (excluaive 01· plankton} ie produced on J4% (J.4 



Te.bl• XA'"Yill 

n-,lat1onah1p of bottom fauna to ti sh produotion 

=:;::.raCJ:==:=e I a .... =-==: --- -·-- ' 

nottoa fauna Fiah Ratio or 
Inve.ati va,tor Type of wet.or (pounda ~r ac"') (pound■ per a.on) ti ah-t'ood. 11'1 ah 

---
Ft>rti11Mtl and 

IINhNn \lnfertt.l!.Hd panda 99. 9S.7 lt97 
(Lffldd.ana) 

Bomlll 
Fartil.1aed ponds 98.0* ,382.9 11.3.80 
tWertilised. pond• 28.fr'" 147.l h$.l0 

(Alabeaa) 

Third 3.1a ter Lake• 86.6 110.79 
Ball Miohigan 112.s 

(J.S a.area)* 2s1.1 1,2.23 

~An a.µpro:d1uat1011. Origi:rt~l dat.a in mg. <!r¥ org&.nic J11Atter. 

-.r.-.ANa produoi11& l:nuk ot :i.nve~-tebrate fish food orgE.niems 1:n Thlrc1 Si•tt)r Lake. 

~ 
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aores ot littoral sane) of the lake e.na. ~··;hen oomparec:i or. the bMia 

of aotual produetiYe e.reu 'l'h1nl :;;J.at•r La.ke da.11 not fall fa.r ahort 

of the production of gouthe.rn ponde. The elate. from ~eehean_ Howell. 

and the Th1J'd Slater Lake study are pre&ented in Ta.bl• ?XVII I. On 

the baab of ,3.4 a.crea of produ.otiTG area '.l'hird Slater Lake prod.'4eod 

251.7 pound• of fish per a.ere. If thia uau:mption b aoo.pt&ole then 

it follQvs that a. luger standing crop of 1nv•rtebra.te$ wu neoes~ary 

to JU.intain ll give11 popula.t.ion of fish iu l'hird Sister Lue ·tr.i.&n the 

southern pondu of Howell. 'J'.'hi s 1 s perha.p:;i e :< pla.ino.ble on the balia of 

greater repla.oftfflent of the it..n.<linc orop or invertebrates in southern 

woteres. Mi.l h r (1941) estimates tha't tho standin~, crop of chironomid 

le.rva.o b replao•d eight or nill• tis.us durln& th.a summer iv. thtJ 

•pililmion, depending on the number ot" da.¥-(2.og.roea a:n.ila.ble tor growth. 

Ue&hean' s data 1a somawlM1t c01Rplio«-:tetl by the faot th,~t ha does not 

reoord we1ti;ht of Con.gs fish te.ktlr.t. f 1'C\1Tl. tho ponds, n-hich if added ·to 

woight ot bus produood would raise the ratio of woii;ht of fiuh to 

w1r)lt of tiah-food oalculirooc. from hie d.a.ta.. lr.'..eehetm (l9J6) ex.perimant­

·ing ·"1th oottonaeed meo.l a.11 a fertilizer l'ound na relationship bet"We&n 

the total weight of tiah produced and the tot al >wi g,ht ot organism, 

whell tho weight of oq;e.nisma is amt.ll enou.r.;h to o.oomG ~ H!dtint taotor. n 

Ho obtaiMd a produotion of 48 ?Ound1 of bau per aore when th.$ weir)lt 

of orc;ani-.s was 5 gras per square meter. Al the -.,,eight of orga:rdsma 

1nol"9ased tran 5 g.rema to 9 r._rema per aqwu-e meter the weight of bi.H 

per ao:re Ul(tN&aed frain 48 po\U°ldfj to 1;15 poundu. :·::r~n the weight of 

bottellil organ1amo inoru.Md from 9 f~ to a maximum of 15 uam.a the 

total woir)lt of ba•• iaareasod ve~y little. 
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ntobardec:m (1921) eatimatied the bypothetioa.l yield ot' tiah to be 

289 poi.md• per aore for e. bottom t•auna of 1447 pOUJ:l(}.e per acre in lalcea 

in lll1no1•• which givee • ratio of laS or much lee• the actually n, 

found to ooour in tho study by Honll, 1.<leehee.n, and the pr•••nt inve,tiga­

tion on ,.'bird Sieter Lake. 

The rele.tionship betwen inv-cn~t•bnte produot1on and filh papule.tiOll 

h&e been preeente-d to er.ow how invert.brate population data. oolleot.d in 

routine lakv aurny mi rht be uaed !n ~luatint; lakes e.s producer• of 

fi ah. Work dOllt! an Third 8ieter Lue he.a not me.de possible the eat&l>lieh-

1ng of e::.aot standarda for en.luatinl; other lar t;emouth. baas-bluer,111 type 

lalcen but it io believed that tW.o intenaiYe atudy of the relationship 

of invertebrate t·a.un.a to th& bas e•bluci,'.:111 populu tion of one l4tke oan 

st&nd as a bani~ for comparison o.t:' woz-J~ on other b.kos. From the 

OOl!lpO.riaon or bottom nmpling data with gro,rth rate et-.idiea of fiah ot 

the a&mc lake anc! intensive aamplinr;. Qf leke-s prior to the removal of 

UDWBnted fish populations it mould be poadbl• to este.bl11h. de.ta tr-om 

whi ah it will be poseible to estil'r.~t.e the poun.d.s of fish bcinf:, prod.u~d 

by o. l&ko. It 1a &Ut;geated 'that G1J¥ Guch correlation of dat.., he mad• on 

tho basis ot littoral £onr1 area. only and not t<,te.l laku surface ttNt. in 

lakee producing 1ft?'1n water fish. 
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l. A total ot 4S k1n4• ot macroaoopio &qWLtio 1.nffl"t.bN.t.a wre 

idetltiH tram 1-1'111 dndge and plant Pllf,le&, and of tbeae the 

Odonata, Trioboptera, and mid~• a.re moat prominent 1n the di•t 

o~ bluagilla. 

2. flw tood of bl•gilla in Third Si•ter Lak• duri.Dg the· awmaer• of 

19.39 ad 1940 wu appromately 4$~ aquatic im'ertebra••• 20% 

aquatic planta, 18,-C _,.,..,'tn&l inaeot■ , and 17~ aooplukton. 

3. A NUe>nal YM'iation or 274,: t'or 1940 and 221% tor 1939 wa1 

fo\D'Jd 1D th4t Tol\D9 of inffrt.bratea u determined. by dreclge 

.-ipling. 

4. tile pOUJJd (wuhed weight) of f!otUloi_!ton 511.foliua 1n Third 

Siat.r Laks w.a found to ti. appronmately equinleat to one 

aqu.aN foot o!"' lake bott<lll as a. prodl4ffr or harborer of lAYerw­

bratea. 

5. An 1.lmtree ratio na found to exi,it botwen the Tol1ae of 

ilffertebntea 1n tu lake durint a g1:nn time and the YOlae ot 

plant food••...._., by blagilla during tbe •- period. 

6. The midge• ._re the cmly group of organiaa oonaistetly taken 

aa food by the bluegill• in a proportion grea.ter t.ban tuy ooour 

in the lake. 

7. EYidoaoe of nleotirity of .rood by bluegill• 1• ahown in tuir 

l"ttlatiau to Trioboptera la.nu, and acae adult u.ipt.n. and 

Coleoptere.. fheee iuect• are often 1n plain eight but ••lda11 

tci.ken by f1 eh. 

119 
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8. G<llq)blne dragont'ly n.ympha are apparently leaa available to the t1 ah 

than the l1bellulinea, IUl a,u,umptian '1hich in borne out by tM 

i'aot that they a.re wen a,.s £ood by blaet-1.ll• in a amaller proporti.Oll 

than ia tha latter group. 

9. An ammal increase in tho n\mber of zoopla:nktera of the lake 

resulted in a. propOZ'tioDAt•;, inorGue in their utili&ati,:m a, food 

by bluegills. 

l::>. 'I'ba ntio betnen 'the avera~ at.wling orop of invertebrat•s and 

tho fish crop u determine-d at the time of poisoninJ wa.a l Io. 8 when 

~uted on the baaii of' ·l;o-tu lake e.rea e...""Ul l:2.2 when oomp~t•d. on 

the a.reo. produoing thtt bulk ot 1.t1Tertebr1.te nsh-tc-oc. ore;t.l'liamil. 
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