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FISH DIV~ION 

As part of an inveatip.tion ot the importance of the white sucker 

(Catoatomua e0111111raoni) 1n the inland lakes et Michigan, population 

esti•te• ot the 111.0ft abundant speciea of :tish resident in Big Bear 

Lake, Oiaego County, were 1llll4e on 8 tepa.rate occaeions between 19;0 

and 1946. 

All eatimatea vere made by the mark and recovery method Which has 

been described aa the Petersen •thod (lticker, 1948), except for the 

eatiate ot suckers in the apr:t.ng ot 1943 when the method outlined by 

DeLury (1911-7) WU uaed. 

All aamplea w:re collected with trap nets. The neu were etttcient, 

except tor the grave shortcoming of not being able to catch perch in 

any number•. ConNtuently, no estiate ot perch abunclance vu made. 

Calculation1 vere originally ac1e through the uae of the Schnabel 

(1938) formula. Calculat1on8 by Schrlabel1a formula are compared. Yith 

those -.de by the use ot the Schumacher and Bachmeyer (1911-3) formula, 



anA t.ba' ot Cb&:pman .(1951). lchn&bel'• toaula u ·aatiaftaor7, ad 

much ... 1ei- to uae. llOllewr, t:t does UQ't in.elu48 • mtlil:uM\ :t• •••tng 
etan«ard .~ .~ tbe eatf.m&-te. 

••ti.._,, thou&b-1- • be rn11.,1c, wre obtatnea. tor tho•••, 
ia,,~ b ... i --~ -..., 'bl11tgtU, papld'31ee4., au4 rock .... 

1:r1.- to it• al1!lHt c..,i.te reao,..i 'b;r net• u t'be aprug ot 1,a.3, 

ihe •uckn' _. b7 tu tDI 4oaiD&nt species in the lake. Popula'tl.O!ll ot 

tho 8'1:lel' ... 1•• ~1-a --. _. laaa ,w.,tc tlu'oughout the :periei.. 

Xa *,441t1en ~o 'ibe 6 _,. •---,. ••tea,., ••U.atea e-r 1,he i.• •lll'lUll'b 

lna.llbeaA11 .,._ 'blueglU .& J~ .~tu Wl!'8 o'btataet. leluliil ,- : ' ' . .. . . . - ' . 

ot. all ••t••• u. _. .. n"4 tn • 1-ble tn tbe wpon. , ' ' . 

ii 



11:e•nW a, b _..,tap~ the JUcldg8n 
kl&,a, ot lc1ence, Ana &n4 ~•, 1952. 

April 101 1952 

......... 1J17 

Or1'1D&l1111cll • .lcacl.kl.An•• 
tatw. 

CCI 11a DiTlaiOR 
li.'ue&t1•-­
lnnl'1ne fw f1aJ.llb1.H ...... 
c. ,. 1...-
•.•. ·en-

Aa AMLtlD a, TD nR l'Ol'ILAU• OP BIG IIAll I.AD, 

O'.fllOO cover, JIICBIGQ♦ 

by 

Walter B·. CrOll9 

In recent JMZ'il tiaheriea Wl'lrlml haff increuingly ccmcel'D84 the•-• •i.,.• with atte-,ta to aa••• tile mapi:tuu of tiu. populat.ion■• '1h11 

ta ·•rta.nt from. the tatrly vol1alinoU literature :penatning to eatimnion 

-..chnit•• Which now exiata. Alt the biologist hal becOll!t ._.... of ta 

pitfall.a which •Y be et1Couatered in •ldng eatt••• baaed on aampling 

procedures, be bu turne4 to '\be atati8tictau t• help. A• a reault 

V&rious nfine•nta in procedure, and mre particularly in the han4ling 

o'l the c1ata1 haft been brought forward by Nffnl YOl'ker8 .• 

When 1uitable teclmit.•• for the estimation of the aise of a tiah 

population (i.e. the atanding crop) haft been de-velo»ed, then • lllllll&ge•nt 

prograa cu be :put on a aouncl buia. We Will then be able to Jllllge an4 

naluate the result• ot 41tte:rent an■--nt practice•. Recently, 

certain •na.ae•nt propiau Which might be term4 :population control 

have become mare prond.nant. J'ohnaon (1~9) mentions the following 

pn.cticea Which may be regarded u ettarta tCMll'd population control 

with the ob.1ect of procluctng the largeat :poaatble auatained yf.el.4 to 

the tiahenan: tilh reJIO'V&l am replanting, correcti-ve atocking, alteration 

of the phJBic&l and cbl11ical enviroD1111n't1 and. reatriction of tiah movement. 

•coutr1but1ou trOII tblt Inatitute tar ftsherf.ea leaevch of the 
llichipa Departllent ot Couert"&tion. 



It w are unable to determil:Je the size ot tbe tiah population and recori. 

the ll&neat, eval'Uf&tion ot any anage•nt program Yill be rough at beat. 

'fbe earliest attempt• at population control or PoPulatton ana.lyaie 

wre 4J'Ut1c and although auch valuable information ht.1 resulted trom 

theae invenigatiena, complete eradication of tieh po»ulat1ona by the 

\1.18 ot toxic aubataucea, draining, or synthetic Yinterldll ia neither 

practical nor uaetul on large and productbe bodies ot water. Por tbe 

aoat :part complete population analyaea haft come trom atn,1cal situation■• 

Benefits resulting trom such clraatic proced.urea have fre\•ntly been 

tempor&17. Johnson (1911-9) atatea, "Ccmplete eradication •'1 be achihed 

by tbeM means, but rough tiah invaeion almoat always occur, and benefit• 

an only tem;poruy. It enn.romnental aituatioua conducive to high rough 

tiah popul&itioua remain 1mcb&nged new generationa are soon pro4uced. 

Thia tn,e of complete --..•nt ii applicable only to cb'ainable 

reNl"VOira, or amaller natural water•, and foolproof mtho4a tor pre­

wnting the re-entry ot unwanted. epect.ea are ;yet to be denaed." A■ 
out 

pointed/by Ball (1948) the majority ot lake• poisoned in Michigan have 

become repeJ)ulated with uncleair&ble apeciea, and in the future considerable 

ettort Yill haw to be .a.a to prevent the re-entry ot unwanted epeciea 

it the removal ot tiah 1• to be a vorthwbile undertaking. 

Bicker (1911-8) credits a Danish biologiet, C. G. J. PeterHn aa 

being the pioneer in l.896 in the practice of using fuh marked and 

:rele&Md in a body of water to com;pute the total population. Thia tech­

ni1,ue has since been reterre4 to by tiahert.ea 'b1olog181s •• the Petersen 

Methot ani the same technitua wben applied to l.&n4 animal.a baa been 

called the Lincoln Ind.ex (.Adam.I, 1951). Scbae:t'er (1951) point• out 

that the practice ot •king eatuate• through the UM ot marked 
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1n41Ti4•1• 1n \he population 1a older than this, although PeterNn -.y 

well baft been the tint to apply the •thod to fish populat10118. fte 

technit• vu ue4 by the J'rench •thematictan t&pl.ace aa early u 1783. 

Schaefer (loc. cit.) alllo note• that Laplace gaw conaUenble attentin. --
'to ._. 1;1Mtontic&l problem ot the el'l'OI' :I.I1TOlwd 1n tbe use ot th1• 

llllthod. ne problea a■ 1awd by Laplace attracted the attention of 

another taou ■tati■tician l'arl Pearson, Vho publiahed. an anal.yet• in 

1918. S.chaeter (loc. cit.) 1n41cate■ that contemparary 100J.ogtne haw --
m1.uentl7 cnerlool&84 :tear■on' • anal.781■, and. that they •• perio&ically 

re4iacO'NN4 tbe •tW but haw g1•n little attention to the problem 

of the accuracy of the naultiq estimate. Blclra:r (1~2, 1~) •• 

cona14erel the accuracy of eatimllte■ .-btained bJ tl1e mrk &D4 reco,er 

tec!mit.•• for the •• ot conwutence w will refer to th.ta technique 

u ta Petenen JlethCINl. 

Tariou 111841t1cat1ona au4 :retinellllnts ot the •tho4 uw been proposed 

by 4Uferent nrlmr■ but ■o long u the reaultlng eatiaate 1a baled upon 

the :ratio ot m.rlrad to umarlmd all ot the• ll041ficationa can be considered. 

U & Bingle •thod. 

Another •thol, cU.tterent 1n approach, ,,.. adft11C84 by DeL'Ul"7 (1~7). 

Ill th.le teclmit• the eatiate 1• der1ff4 by :plnttng the catf:h per unit 

of effort an4 ti• apinat the total catch. A regnaaion line iJ toned 

&D4 When the 41.zection of thia :regreaaion 11• 1• eatabli(fbecl the eatl•te 

ta con■14ere4 to be e1ual to tb&t point at Which the regreaaton line 

croa- ti. abaci1aa. fatal catch 1• plotted on the llillci•aa am. catch 

;per unit et effort and ti• ta plotte4 on the ort.inate. fJd.• •thod 1• 

applicable to a aituatton Where re:pJ."eaentattwa of the population are 

being reD!Oft4. It h&8 11mitat1ou but baa the •rtt of being indepenct&nt 
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ot the ratio ot mar•4 to \UDll&rket:. 1n41rl4uala. A.J.ao, fishing etton 11lU8t 

be inten1be enough to nmeve a eignUt.cant part ot th9 population, so 

that catch Jiff unit .of effort 11'111 actu&lly acreaae. 

Other •thode 1nTOlw poieoning or 4l'&1ning, and coll11ting the ,-u1at1cm 

or a pm-tton ot it. Decauae -•11 tilh. .,... not alvaya recovered, ewn theae 

Jllilnllo4e ue eattmation techuit.••• OtheJ' •tholla invol.w uapling an 

_.... am appl.yi.Dg the aam;ple to the Vhe1-, u tar eam;ple, shorelim count■ 

tollovtng vinterkill, ~ count1ng tlle tiah iB a bleckH Metion of a stream. 

Yet· .an.other mrnho4 which ay be eou16ired u an eattmatton techai4.111 

f.nftbe1 an &n&lyata ot the tluetlllittona · ot a PGRul&tion above &114 below 

• nora. !'he "nOlllllll abmidaa.ce" baa uaually been establt,he4 through the 

use ot an·awrase·w,un.iance ·tor a ceri.ain :period. &n4 tl\1Ctuat1cm• above 

amt.· llel.Ow this n$Z'll ue thoupt to be tn4.icat1w of actual change• 1n. 

the population. flae •thocl ot computing general ab'Ull.d&nce ot • c011111111trcial 

apeciea hae bee ov.tline4 by Bile (1937). There &'l"e 4eubtleea other uthois 

Which haft been UH to estimate t18h popul&ticma 'Lut the above mentioned 

a.re thON Yhich haw been meat pll8rally applied. 

In ita s111,pleat torra the Peteraen Methed assume• that the abundance 

of the l)Ol)ulation •1 be compute4 by the ue ot the tonula P • Al3 . c--
in which P 11 the total po_pulation, B 1a the number ot marked f18h :releued 

into the body of water, · A. ta tbe number ot tiah aubNtuently capture4, and 

eta tbe nllllber ot markecl tish rec&pture4. In abort, the method &1teume1 

tb&t the ratio of m.rked tilh in -.1e■ 't&imn after the intro4-uct1on of 

a Jmown number ot 11Brke4 ti■h into the population 1• repreNntatift ot the 

trm ratio of arke4 to umarud tt1h in tla ¥hole popuJ.ation. Bicker (19'4-8) 

bu a--.riaed the condition• which mut hold if the abcne etuation 11 

to be valid: 
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(1) N&rked t1eh auat ■utter ~ ..... natural 1110rial1t;r u the UDIIN'1md.. 

(a) ar.a. ttah auat no1; loae their ark.· 

(3) 11Wla4 tiah nat be u 'YUJ.nerable to the tiah.uag be_ing CUT1e4 on u 

the um-.rked. .... 

(i.) Jlllrkei. tiah autt becoa ru4ml7 JIUll4 Vlt.h tile lllUIIU'kecl; or IUPlf.B& 

efton uat be proJQR1on&l to tbe number ot flah pi-eaent 1n tiffennt 

,arts of the 1,oa.,- ot ••. 

(5) All :rec.-.a un be :recop1194 u4 reported. .. :Nefmtl7. 

(6) Becruitment w tbe :po,pul&t1on being -.lK 11Ut be •sliatble 4urina 

the llollflin& ,er1o4. 

(7) Aa • c.-.11&r7 to ( 6) abne :DeL'la.7 (19'1-7) lt&te1 tb&t \bl PoJ)ulation 

a\181. 'be cl...a., or &441:ts... 'b7 tmm~oat1ou aut be b&lanc.e4 b7etligratien 

or 4ea"11. 

la tilt• 41ecua•1• the ten :recruS:latut 1a oona14erd to anl.7 to al41tion 

to the pGJulat1on b7 &rGW"th rith1n a cleae4 :popul&tioa. 

BIiton a 41.aCUllliOJl of the teclud.-1•• Ule4 am. ••t.S.t.e• obtatne4, 

•- tucuaion of the baalc cenAittoaa which 1ILU8t be •t is 1'U'l'lmtecl. 

(1) Ditterenti&l mm1iality among.__.. an4 tm-.i'lm4 tiah. 

lticller (1~9) pelnta out that mo:rtal1ty naulttng frOII -.rkillg •1 

be ot two tn,ea J tnat.e.nwneo\18 mrt&lity, na\ll.tug at .- ti-a loaa ~ 

blool., 1nrect1oa, etc. ant. coatln\lhg mortality ••lllt:Lag tr-. a l.i1&bilit7 

lapoN4 .- the naa through the l.oaa of a nn. it 1a with iutantaneeu 

monallty ·.:thatc ~:~ ~ w neei to be concvna4. It IIClll1i&l.1:ty IIIOD& arlmtl 

fS.lh. ta aignitic&D.tl.7 greater than that among \Dlllllratl, eat:tm&te• will be 

too high. Biclml" (1~9) atatea, •1n general it anev• that remniug 

a tin~ ttna hu u 1mme4i&tel1 ta'tal effect 'QOll eitbe:r large or aall 

ttehea ot tm lt1D4a that law been moat ue4 in arktng uparhlltnta. 
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~ . " (In Iarth America salmonide and centrarchids have been used ef'teneat.) 
,-

Marking loaa can probably be re4uced by a)dng popul&tioa estimates 

at a auitable time ot tbe year, 1,e. during cool ve&ther. The experience 

ot the o,erator in hanclling tiah ahoul.4 make a cU.tterence, u wll u 

the 1;,i,e ot gear being tllt84. lllltU&tion ot tlJe tieh through tbe reaoval 

ot a tin or f'ina 8hHl4 be kept to a ainiaua. At Big Bew Lake loaa ot 

markN. f'ilh through rough handling, or abrasion by the trap nets vaa not 
was 

large, and/thought to be ot 11-ttle con•ciuence. 

(t) Perma~Yof marks. 

At Big Bear Lue regeneration ot clipped tina •• toun4 to be ot 
ainor i11>ortance. Pina wre clippecl flON to the bo4y, and d\ll"ing the 

period ~ ...,,11nc, regeneration-.. alipt. .lctally -.uy clipped. tieh 

wzie eaeily' recogniable e-,en the second. or thircl year atter cli:,ping. 

B'ere again the ex,erience ot the o.,erator is 1.mpo.rtant. 

(3) Differential &T&ilability of IIIIZ'1re4 &m\ umiarte4 :tiah. 

We ha'ft no reaeon to auapect that the marked fiah wre ll0!'8 w J.e•• 
YUlnerable to the trap nets ue4. 

(4) Bancloa mixing of' arked tiah with tbe UllllllZ'ke4 population er pr0portionate 

sampling. 

!o :permit t\ll"ther conticlence in :population eetimatea buecl. upon 

marking and. recovery technique either one or the other of' the con41t1.-n1 

4.eacribecl m.uat be •t. I't Will often be aore teaeible to•• the aampling 

in 4ittuent pa.rte ot the la1m ran4om., than it Will to aeal.11"9 rand.om auing 

ot the -.rked fish nth tbe UDIIU'1m4 po_pulatton. lhery ettort towarda 

ran4oa aampling ad marking should. be a4e. The randonmeaa of the aam,pling 

•Y be tenecl through a comparison of the rate of' recapture at di:tf'e:rent 

atationa., or b7 comparing samples taken by different gear. 
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!hie my be i~t When l'ttla'JlS· ue cOl'liq b'Olll fishermen, or aze 

not actually' seen by_ tbe operate, 1mt 1n this in-.eniption. the P'Qbln. 

ot non-recopttim of ..-u "IU ot little c...._uen-., becauae _ all tiah 

wen Mn41.e4 by tm v:ritw. A.a bu alft&Q been. Jllbttcm,4 -.i-ke4 t"iah 

-- usually ele&Tly rec~le nen t1w •cenA .- thtrd :,ea:- after 

arking. 

(6) lecnd:t•nt 

During the nett.ing per1Dll Ul'J4u eonai4a:r&t1on recruit•nt ia thollght 

to l:1&'98 been neg11'1,b1-. It can be Juwn t;b&t -.t et tbe fi'1>. being 

...,le4, wve. ot _ a certain iainilna age. •n& •t very tew ot tlae·. 7GurJall" 

tin grew into the,,--. ranee. ot tu •JAer ttah 4\JJ'in& .... nettin&.»e~:Locl. 

a:us, :while there-. ~'te417 a ~l &110UJ1.t ot "cru1t•111t its. emct, 
-. .at ~tot --.u me,pitu4e. 

(7) Un1ty- f/1' 1utegit7 ot the JOl)ula:tib. 

-.rhe t1$h pOJ>Ula+.1011 -.t Big Bear 1-&D •7 be CGU814erei. $8 el.-4 •. 

De la1- is lan4locke4, anA ~-~·Ol'U ot &D1' fish etocke4 during the netting 

,er!ocl are aw.table. 

In ad41tion to tl'le tactor• alreacly •ntioae4 Yhica •Y aene to 

prevent a un1tara rua:ptm'il rate there- are other poaai'bil1t1ee Yht- h must 
I 

be •ntieei. Marlre4 f'tah •Y becomi net fhY, er cert&1n 1n41v1tU&ls •Y 

haw a IIU'kN atttn1tf tw the nets. Certain a,eciea an 4-tinitel.y..,. 

ca'teh&ble than othqa, but 'tlle o'brtOUI Hlution to this d.1ff1culty 1• 

to -. entates t,:,r each specie• -eeJlllfttely. All such 1accmatetenc1ee 

&J' proluce syneat1~ er,c,,.-1, but cm the other 'hll.xl4. it 1• at le .. t 

:poseible that en•• in om dtreeticm ay be -balanced by tboae in the other. 

Aa lliGker (1~8) lll&'&81Sta, reC&J>'ure• ere geDfft.ll.y ratbar tev, aud the 
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limits et aampling error •Y be ao wUe tbat ayateatic errors are bard 

to demonetrate. All method.I 'lf'hich haft been ued tor eatiation of tilh 

JOl'N].ationa haft detin1:te limitationa, and 1yate•tic OTOJ!'B ve of comaon 

occurrence, but by cuetul planning acme at least ot the unknown• •Y be 

eUalnate4, and. uable entatea •Y be obtained.. Bftry ettor\ must 

be male to -.ke aaaplea repreaentatift through tbe use ~ &aetuate gear, 

and pro_per sampling of all habitats. 

Deecription ot the aite 

Big Bear Lua ii loca'tecl in otaego County., Jlichipn., (!29-30.I, 

11W, Sec. l, I, 36). It lie• mid.•y be"11een the towna of Levt1tou and 

Jollamieaburg, about 8 mil.el by rod from each. flle lake 1• eaaU.y reached. 

t:rom either town. The shape of the :i>&e1n ta irregular, and. might be Aeacribed 

u nugb.l.y triangular. 'Bia three aides of th.ta rough triangle total 

6,800 feet ia length. The greatest nortb ... aouth amt east-wet cliuetera 

are about l mile. The lake ts undeubtecU.y- of glacial origin, an4 vu 

probably formed by a melting block ot ice at the edge of a aoratne. J. 

glacial •Pot the region ahoWa the lake to lie at the intersection ot a 

aorainic region &?14 a aamly outwash plain. !he co\1Jltey Ulll941ately 

llll"l'Ound.iq the lake 11 1omawbat hilly, and the drainage urea 11 ftry-

.. u. 1!he lake 1• coaq,letely' lan4locke4 at preNnt, and. whether or not 

tbe lake hd a connection With the Au S..ble River in earlier tillllla 1• 

not movn, b\l't its iaolation trea llher waters ia ot aome importance in 

thia 1nff&t1gation. lfater-J.wvela have tluctU&ted conaid.erably' in. 

relativel:r recent yea.re aa 1lluatated by the photograph (Plate I). 

The lake baa a aurtace area of aboub 350 acre• and a 11u1nua 4.epth 

ot 35 feet •. The mean depth is 15.8 feet. Bottom tne• an eand., 
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gavel, and tibret1a peat in tae shallow water, &ncl pulpy peat and clay in 

~be aeeper watera. The water ia clear, aD4 by rtsual teat colorle••• 

lecchi 4takreading8 of 12.8 feet wre obtaine4 1n .A.quat of 1911,<,. It 

•7 be conaiure4 u a tellllff&te la1at of the third order in that tt 

4oe• not uauall.y become atratitie4 (Welch, 1935). !m water 1n the lake 

N. o. allal1n1ty, .. 5-

98 P.PJll•) !here ue considerable ·anu ,t Y1nd:-· &DA waw-nept shoal an4 

&lao a tev protected b&ya Yith luah srOlfth8 of &CJ.lit.tic wgetatton. In 

pmral tJae ahofta are cle&D.. The ahonline aho'tm in tbe photograph 

(:Plate I) ta tn,1cal ot much ot tlll lalm an4 at on1y·a tw iaolatad 

loeal1t1ea u tba •oft bott-.,. an4 rank growth et ftpta.tin cJ.oaeJ.y 

approe.cll tllw· lhatre. Moat of the beach 1a aan4 &Dli/~ grawl, •king the 

la1le a way attracttft 011e to m:aaer,. 

Big Bear Laa ld.ght be cona14ere4 u b&rtrl& a more than usually 

aUOl'lll :t18h habitat. 'fhe1'e are ao Natr1cte4 areas and the alo:pe ot 

the buin ia ..aerate. Aa might be ex,ected the liat of apect.ea present 

baa :reaine4 constant tnrougb.out the period of the 1nveat1pt1on. 'ftleae 

qeciea ·are: 

Wh11.e sucker - Catoa'boaua commeraoni cOllllllll"aoni 

Bluntnoae Dliill10lf ·.. Pime))b!le• notatua 

Northern cwn. 1h1nltr .. l'otroP1• corriutua troatal1• 

Wortham 19llolt' bullhead - .....,. natalia mtalia 

Barthern brown bullhaa4 - Amei:urua nebuloaua ll9buJ.01ua 

lfeatern 1l\lla1m\W .. Umbra 11111 ---
Western bana4 killUleh ... hDAvl.ua 41&p:banu •non& 

Yellow perch - ,-.ca :tlaveecena 

Iowa aarter - ZthMst0111& exile 
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lortbern aall.Jlouth baee - Micropterua dolomieui dolomieui 

L&rgemouth baas - Micropterua Almoide• 

Pum.pkinaeed - Lepomis gibboaua 

Common bluegill - IA;pomis macrochirua macrochirus 

Borth.em rock baa• - Allbl01>lite• rupatris rupeatria 

Borthern auddler - Cottua bairdi bairdi 

In addition to the abOYe 1mown reaibnts of the lake • haw captured two 

black crappie■ (Pomoxia ntgro-mculatua), and a aingle apeci•n of tblt 

tineacale d&eei{.Chroaomua Deopews\waa captured 1n a Nine 1n 1~9. 

blral4 ahiner•,~otro,1• atherinotd.u) haw been found in numerous perch 

atoaachl, but theH uruJ.UB■t1on&bly repre1ent bait llinnon, rather than 
was 

resident 111.nnowa. Aleo a single wlle,e (Stisostedion vitreum.) ,/reported 

in tbe creel cenaws in 1940. Thia almost certainly represents a mistake, 

although 111&ny walleye■ were planted prior to 1940, and a few •Y have 

survived, but the apeciea bas newr become established. 

Method.a 

Population estimates at Big Bear Lake were made on 8 separate 

occasions. All &am.plea were collected with trap nets. Tbe trap nets 

uaed were the 10 called "small aubs" frequently uaed in the Great Lakes. 

Tbe general appearance of the nets ia shown in the accompanying eketch 

(Figure 1). The trap nets uaed were ot the double pot type, with each 

pot being 6 feet wide, 4 f'eet deep, and 10 feet long, making the Whole 

trap 20 feet in length. The lead.a were 300 feet in length and 4 feet 

deep. Mesh in the back trap was 2 1/2 inch stretch, that in the second 

trap waa 3 inch stretch, 3 1/2 inch in the hearts, and 4 inch in the leads. 

The nets are wighted ao as to fish on the bottom and all fish are 
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r1sun 1. 
Diagram. et trap neu ue4 in aJthg poJJulation eJtillt.tea at Bia INr 
Lake, ot•So Comt7, X1cll1gu. 
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impounded in the n.etc. Neta ot th1• type are efficient fiah ca:tcher• 

althOugh :pot.tsibly 11011a cum.tn-aoa than neccJAry. In c.: northern lake■ 

w haw not llaen able to captUN tiah in l&rgt numkra with the uae of 

lighter and la•• com;plkate4 ,i,,rr. !Aada on the ne• ap:pea:r to be •~de4 •. · 

fte geu uae~ bad the pu.t ws.lme• that pwch a.u4 emll ti.all wn not 

e&JtlJl'ed.. 

'fha general proeedure might 1- outl~ned W1et17 hen. Neta were 

lifted. at 2lt-hour intenal•. 11■h wre relllOfttl fro the r>W an4 Jlaa4 

in waahtuba in the botwra ot ti. boat. r'rior to releue each tilh -. 

meuUlllll, w1gbe4, and exaatnecl to» Bll"U. It l1Xlll&l'ad, it would be 

u.rlatd Yith -~ &.pp:ropriate llU'k batON being re1-aed. Ir. 1911-0 all tieb. 

wre aleaae4 in the vicinity ot the r..at Where the7 wn captured.. In later 

yeua they wa •J.eaae4 a, a cen._l i,oin-t neu 'the micblle ,t the lake~ 

!be ap ot the . lake ~igure I) 8llon 'tlw general location of net\ing 

atatiol18 UN4 ~ovghout the 8 mttting periOd.8. U.1.1&lly 4 er 5 net■ 

wre operated. aimultueoualy. Beta vou:'4 beccra tc.ule4 after •- days 

in the wate, neceaai'bMing ,._l for clunu.g and 4rying. Upon being 

reNt a net vouU. be placed near one or another et tbe indicated a't&tiona. 

Record• •• a,pt of the nlml.ber of eael. 8Pf"Cif'8 ca~ht at uch net, and 

of recapture■• If' any. tead mRked fi1h wre ob~, 'I.he n\1lllber ot 

urll84 tiab preHnt in the lake woul4 be l"educe4 acetlld.1ngly., 11■h were 

hanile4 caiietully and loae 1a tla.eught to haft been --.11. 

Reaulta 

llume1oua lllfth.048 han been UNd tor eat1a1i1ng filh popul&tiou in 

lake■. an4 atreama. some ot theH technit.ut• haye been ,.1nly concerned 

with eat1•ting atream population8 ant other• haft usually been applied 
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to l.a.kes, while still other• have otten been concerned with commercial 

fisheries.· All methods ued tor estimating the •1ze et biological 

populations have certain limitations. Some of these may be applicable to 

all methods, While other• may be peculiu to a certain technique. 

Eat1•te• at Big Bear Lake wre 1llll4e on 8 separate occaaiona a• 

follon: 

1940 July 6 to Auguat 31 1911-3 September 25 to October 15 

1941 July l to August 24 1944 May 17 to June 20 

1942 Auguat 19 to September 17 1946 May 22 to June 28 

1943 May 18 to June 21 1946 September 5 to September 28 

Iclentical gear waa used in all period■, and all 1amplea were eecured 

with this gear. All estimate• wre originally made by tbe method of 

muimum likelihood (SchD&bel, 1938) and all data were tabulated ao 

u· to be titted into Schlabel 'a formula P • ir in which P is the 

eatimated population, A is the number ot fish captured •n any day, B is 

the number of marked tiah p:reaent in the lake on that date, and C represents 

the number of :recapture•. Thia method baa probably been used a■ frequently 

a■ any other. The uae ot this formula is con..enient When it is im.poasible 

to catch a large number ot fish tor marking in a ahort apace of time, and 

it is poaaible to concluct the experiment 10 that marking and recoveries 

extend over a period of aome weeks duration. Thia procedure was adopted 

independently in the 1930 '• by David Thompaon and Chancey Jud&y. The 

problem of finding the beat eattmate from all days vae turned over to 

Schnabel who deftloped a me-tho.dot cOlllbining these daily estimate• into 

a single wighted mean (lUcker 1945, 1~). Schumacher and Bachml,er 

(1943) approached the same problem by a slightly 41tterent rathocl, that 

of minimising tbe •tuarea ot the reaidua.18 and used the tolloving 

formula 
p -

(Z AJI.) • Their methOd bas the ad.di tional advantage 

.Z:BC 



of iucl'Uding a formula tor computing the aam:pling variance ot P by-

,/ • ..!. 'E c2 . £ 11C) 1.114 he- the •- ..-ror ~ the e■tlmate 
k-1 \~ l . p 

P \ r;;.-. In the above toraula k ia equal to the number of aucceaatul 
~2 -

11.tta. Bicker (1911-5, 19if,8) compare■ the etticiency ot the tvo formulae 

by stating that Schnabel•• 1• at ita muiaua efficiency Vben B/P ➔ o, 

whereas Schumacher and B1chllle,er'• 11 moat efficient when B/P • .5. 'they 

are of equal efficiency Yhen B/P • .25. lie alao point■ out that B/P 

will aeldom. exceed .15. A. thiri athocl 11 ghen by Chapman (1951) in 

Which the eati•te P 1• deJ"iftd by the formula ,. l:(~)(~(&) 
E{&) (,!¾-) 

A. Y. (P) • _P; 
Z(pj>(~) 

vbence • can deri-,e the standard error. 

Cbapan '• method ia baaed upon a hypergeometric distribution while prertou.e 

•thoda h&-,e been based upon Poiaaon and binomial app:ro•i•tiona to a 

hypergeometric distribution. Criteria giwn in Chapman (19',l,8) ind.icate 

that the beat mthod tor finding the contidence intenal e1ti•te tor P 

ia from the normal approximation ~ preferably from. the normal-hypergeometric. 

Conaequently, we have -.de eat1mate1 through the u.ee of two or three ot 

theae tormula1 i.e.•/, Schnabel, Chapman,and Schumacher and B•c~yer. 

If B/P exceeds .25 tbe eati•te by the latter formula ii included. In a 

single inatance we have been able to apply DeLU1"7'•·regnaa1on line. In 

the following table (Table I) results tor all 8 netting penoda are 

summarised. 

For the purpoae of clarity estimate• ot each apeciea vill be trea'ted 

aeparately. 
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!able I 

luaary of netting re1ulta at Big lear I.aka, Otaego County, Jl1chigan., tluring 8 9&11pling pertoa.a., 
1940-1911,6 

ror each species the upper figures :repreaent1 the total catch (A), tbt middle figure 11 the total 
number marked . (B), and the la.r figure is the total n:wi"r d recaptures (C). 

Specie1 1940 19'4,1 1911,2 1~3 1911-3 19"- l~ 1911t 
7/6-8/31 7/1-8/24- 8/19-9/17 5/18-6/21 9/25-10/15 5/17-6/20 5/'J2.-6/28 9/5-9/28 

Suckers 2.,665 4.,141 1.,801 5;778 301 80 79 325 
1,098 1,970 2.,056 ••• 113 59 58 .lOII, 

212 450 313 ••• 79 2 u 75 

. tarp- 1,fla7 2,t61 395 710 668 887 567 341 
mouth .\.79 1,213 197 i~ "3 . ~ 39'2 9311, 
ba•• 217 768 56 67 131 83 21 

Small- 1,566 2,903 372 178 488 JK,7 11,69 86a 
·•uth 4o6 898 205 107 290 257 264 11-,, 
bass 407 1,752 154 46 146 lll 165 281 

Bluegill 687 1,368 831 275 457 190 250 189 
258 ~ 6o7 alt. 298 133 141 98 
41 596 112 16 43 11 49 19 

PuJQldnseecl 1,502 a,JJ.36 l,Oll 868 836 743 717 566 
16o 1,339 758 560 471 501 419 396 
265 556 177 193 148 1- J.86 44 

Rock baaa 327 535 173 84 1,274 355 720 2,140 
110 285 124 73 706 263 531 1,460 

lit- 13lt, 38 11 320 31 la! 469 

Bullhead.a 28 65 19 6 19 1 1 1(8 
8 14 9 4. 8 l l 6JI. 

.l.6 37 10 2 8 ••• • •• 21 

Bluegill x 17 17 12 2 50 18 6o 21 
JUlllPkinaeed ••• 17 9 2 30 15 34 7 

••• 8 2 ••• 9 • •• 26 l 

Other• 3 ••• l • •• 8 13 a 36 
2 ••• l • •• 4 9 2 33 

••• • •• • •• • •• l ••• • •• • •• 

All apeciea 8,422 14,736 5,624 1,113 Je.,uo 2,754 2,865 4,581 
1,640 6,730 4,071 1,500 2,367 1,843 1,853 2,851 
1,168 4,301 862 383 826 "'28 612 931 
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Sucker population 

Of the six species of fish whose populations were eatimated, the 

sucker vu by far the most abund.ant until its numbers wn drastically 

reduced in the spring of 191-3. nuctuation• in the estime.ted sucker 

population a:re preaented in fable II, In the spring of 191-3 ve attempted 

to catch an4 remove all ot the suckers of catchable size. A total ot 

5,778 suckers was removed. This netting operation has been plotted in 

ligure 3, according to the •thod outlined by DeLlJl'Y (1947) and illustrated. 

tor inland lake t:tehes by Oman4 (1951). l'rom the 1942 estimate (!able II) 

th.ere should theoretically haft been 101000 to ll,000 suckers available. 

In rt~ 3 1-t. rill be noted ~t the regression line intersect• the 

alllciaaa at 51 600. Thia esti•te ot about 6,000 euckez,a 4q>pear1 reuona"ble 

a.n4 the 1942 estimate vu either hip, or the:re was a heavy mortality 

ot eucke:ra 'betwaen September ot l~ an4 the aprtna of 1943 ._n the auckera 

wre reJIIO'V84. !he vvy ,-.u catch of alldrere .·attw the "1ROY&l {ft.ble I) 

as eom:pared Yith the catch before :rem.oval aubatantiatea the belief that 

the 5,800 1ucller1 removed. in 1943 repreHntecl a ven large :portion of the 

eucker population u existing at that time. 'fhe belief' 1• further eub­

etantiate4 by the eatiatea ot about 3B obtaintd in the tall ot 1943 and 

the apring and tall of 19'4,6. fa eetiate or 1,400 in 1911,4 •• probably 

higb.. As vill be 110tecl (!able I) ~re Wl'l9 only t-.ro recaptures during 

the l~ netting period. It 11 also ot interest to nc"8 that the 1arp. 

1uc1rer population existing in 1943 l2a4 not been replaced by 1949. 

Anai-ently tbe qawning population vu re4uced to such a low point tbat 

repeol.uction vu neglie;ible during thia period. For the first time since 

194 3 1uckers again appeared; to be :tatrly numerous aa · ind.teated by tbe 

reaulta ot a tev gill net aets in 1950. Most ot the suckers collected in 

1950 were yearlings or tvo-;year-olcls. 
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Largemouth bass population 

The largemouth bu■ ia tbe most abund.ant game ti■h in the l&lre. The 

eatiate■ tor all 8 period8 are thought to be realiatic. The population 

:reached a lov point in 191&-2 (!able n) but has remaiued at a more or leaa 

conatant leffl since that ttme. '!he apecie■ reprocluces successfully 1n 

the lake, and numerous ,ear cl&aaes are :represented in scale sample 

collection■ mada each year. 

Sal.luuth bu■ 

!he ••llmouth ba11 is the only other game tiah present. It is le1■ 

abun4ant than the largemouth, but 11 wll establbhed and repro4uc1ng 

aucces■tully in the l&ke. lumroua ,ear cl&••• are represented in acale 

aampJ.e collections. The population inereaaecl after :reaching a low point 

in the apring ot 1943. 

Bluegill 

ot the 6 species whose n\llllbers have been estimated:> only the bluegill 

aee• to eecupy a somewhat .,uestionable po■ition as a component of the 

tiah papulation ot the lake. Very nearly all ot the bluegills collected 

since 1941 belong to the 1938 ,ear class, u determinec11. f'ltODl acale aample 

eaainationa. SubNtuent year cl.uses are so poorly repreNnted , as te 

be al.moat lacking. Young (■-ll bluegill• from 6 to 7 iuchea long) never 

appea:recl. in trap net catches after 1941 in any appreciable numbers. 1!he 

ll)eeie■ ••• excellent growth in the lake and. year claaaea deposited 

atter 1938 should certainly have appeared in trap net catches by 1~. 

Young-of-the-fear bluegill.a wre very poorly repreaented in Hine collections 

September 1911,9. Survival from. reproduction by the species 



ua been alJIOn neglf.gi}>le •tnce 1938 all4 tbt ablli'7 ot \be .,.cte• 

to •tntam 1ta nlllben ia open to t.••ttoa. 

lfhe tUllfklmleK (Yith tlle pll'Ch) le the aon ~\ pan tleh f.n 

1- lake, although up to 1,.. ._ bl•gtU vu u altUadaat. at P\11Qld.nae4, 

u con--.n to 1a18 1JJJ.uaS1U, 18 wll enabUDl4 tn the lalca, U4 n\llllllJ'O\UI 

)'ear el&Ne• 81'9 rep,e .. ntd 1n the collecttou ot acale --le•_.. 
t•tna t.be· J8l'ioi 1,a.G-1g,.6. 

lockbaae 

an,-te• ot l"OOk ... popu1a1;1ou •• 11g BeW 1.a1ee an p.l'Obabl.1' 

\11ll'Mlt1ttc, although"- nUllber ot ._ ..... vu con.11aten:tly hS.p.. 

lhlrba tM ,w1e4 of t1W u.'9enip,ilcm it 'l&8 41.ut1;e a,,_.n, t:bat 1M 

rock bU8 wn eoneeutaatel 1n ti. Yic1n1'i7 of ta ~ pile• ar>4 the7 

WM not ,.,.,_17 -,nar.rted ta ~ catcl\ except h t» tall ot 1943 u4 

1946 1'ban tlley wre 1IO't1.nc -.bout ta 1Ue .,.. tne17. All eats.maw• 
pro'babl.7 ... , a atnlal lewl • 

.A.a potnte4 on earliff ;pel'Ch wn not re,re•n'liecl ta the ...,, net 

c&tchee ant eat1Ja'9a ba"9 'AOt been _... fffeh ue -..-at1cm&bly the 

II08t UUlll9rod pan fiah 1a the J.alat I an4 theJ ton. tba 'bulk of the f11hUll8U •e 

catch nUlllffie&l,l.J. Thia 4oraf:oance ot :,uch ln the :ttlllanen • • catch lau 

'been ~icula:tl.J ~ atnce 1~. 

holl table I tt C6n be IIMtl tba1; a few \tulllsoada wn capt...._. 

btiaawa ot bul.l'bN4 :,opulattona haw not been ·1nc1Ude4 tn Table n 
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beeauae so tev wre caught. ltrtimatee, praipbly creditable, wre obtained. 

by tlJe use of Schnabel'• formula aa toUova: 11 in 1911,o, 17 in 19'1-l, 9 in 

1911,2, 6 and 13 in 1911-3, no eatima;te in 19"-, no estimate in the apring 

ot 1911-3, and 209 in the fall of 1911-6. !his graat 6,.nd genuille) increase 

in the bullhead population reaul.ta t.rom the appean.nee ot • nev, an4 

;previously unmarked., bull.bead. :populatiOIL 1n. the autumn et 1946. Prier 

to the tall of 19'1-6 probably·iiot more than 29-30 t.itterent bull.beadl 

were .marked. 10l' e-.m;ple, thoH -.rke4 1n 1941 included bul.lhaada which 

ha4 aln&4.y befn 11111rad in l~, and tiah arlmd in 1~2 might haft been 

market :,renoualy in 1940. and 19'1-l. The tev bullbea48 caught fl'oJI 191t,o 

to the tall of 191t,6 incll.Mled both brown bull.bead.a, and a tev yellow 

bullheacla. J.ll but 5 ot the 102 bullheM• caught in September ot 194-6 

wre ••U brown bw lbead.1. 

Hybrid.a: lluagill x pum;pkinaeed 

In &44it1on to the bull.bead~ estimates ef the hybrid! auntiah 

PQlll.atic,a';iWN made by the use ot Schnabel' a formula. As in4icated 

in I\DIIIIILrY ot the catch (!able I) hybrids wre caught in fair number• an.cl 

recaptur.a 'Ri'8 auttictently numerous to permit the estimtea which tollcnr: 

19'1-0 - no eati•te, l9if.l - 35, 1911-2 - 31, spring 19'1-3 - no eati•te, 

tall 19'1-3 - 110, 1944 - no eattate, apring 1911,6 - 50, tall 1946 - uo. 
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!able II .. 

Pop~ations Gt 6 apeciea of' ffJah 1n Big Bear Lake, otaego Ccnm.ty, Jlichtgan, u eatiated by 3 dittennt f'Ql'll.ulaa. 

Suclaer 

1~ 
1941 
l~ 
1911,3 (l) 

(2~ 
1944 i 
1911,6 (l.J (2, 
Lvgemor baa• 
l~ . 
1941 ·. . 
1911-2 
1911-3 (1) 

(2) 
19" 
1911-6 (1) 

(1) 

S•ll.mouth baa• 
19'1,o 
1941 
1942 
1943 (l) 

(2) 
19" 
l91Ki (l) 

(2) 

B/P 

u.~ 
12.7 
19.6 

30.9 
4.2 

24.7 
26.7 

16.0 
50.9 
21t..9 
25.Je. 
16.2 
23.9 
23.5 
11.() 

, 30.5 
30.5 
ee.1 
67.4 
43.9 
49.0 
35.7 
5Jt..1 
\g.4 

Schnabel 

9,699 
15,423 
10,480 

366 
1.,412 

235 
390 

2,.987 
2,383 
1,19ll-
2,080 
2,726 
2,529 
1,670 
2,128 

1,333 
1,333 
1,097 

3()11. 
2~ 
592 
720 
488 
911 

Minim.ma (95~ l Batimate 

10,035 11,692 * 1,657 
12,710 14,305 :t 1,595 
9,955 11,122 :I: 1,167 

300 367 :t 65 
••• ••• 
83 212 :t 129 

358 453 * 95 

2,811-7 3,227 :t 38o 
2,258 2,~ :t 151 

897 1,188 :t: 291 
2,001 2,~5 :t ~ 
2,536 3,386 :t 85() 
2,436 2,937 :t 501 
1,Jt.36 1,827 :t 391 
1,251 2,286 :I: 1,035 

1,335 1,lt.61 :t 126 
l,335 1,Js.61 :t 126 
1,057 1,081 :t 24 

26o 289 * 29 
199 165 :t: 66 
520 592 :t 12 
~ 765 :t 123 
417 lt-66 :t Jt.9 
~ ~7 :t 83 

13,3lt-9 
15,900 
12,289 

432 
• •• 
~l 
5i.8 

3,6o7 
2,56o 
1,479 
2,969 
4,236 
3,Jt.38 
2,218 
3,311 

1,587 
1,587 
1,105 

318 
331 
~ 
888 
515 

,1.,030 

Minimum. (68j) :Sat1•te Maximum 

306 

175 
3~ 

1,231 
1,231 
1,072 

273 
234 
521 
651 
432 
839 

346 * 4o 

206 :t 31 
396 * 41 

1,268 :t: 37 
1,268 * 37 
1,091 :t: 19 

297 * 16 
271 :t 37 
573 :t 52 
712 t 61 
~55 * 23 
891 t 52 

386 

237 
438 

2.,382 
1,130 
1,974 

1,305 
1,305 
1,uo 

313 
3o8 
625 
773 
478 
943 

I 
ro 
.f=" 
I 



. Bluag1.lla 
·.19'0 . ~--_'!• . _•·,,_./ •• 

•. i;. ·. . ;.-.· --.. · .. •.·.·.··, .. '. ~·-· f#tt; 
.. ",(~ 

1~·~-. 

l91f.6 .(1.) 
.. (2) 

Papkinaeed 
1940 
1911-1 
19112 
1~3 (l) 

(2) 
1.9" 
l~ ~ii 
Bock bass 
1940 

·1911-1 
19111 
lS-3 (1) 

(a) 
1944 
1946 ~i~ 

19.6 
34.2 
30.5 
37.2 
26.6 
32.8 
Jt.o.9 
13.5 

8.4 
37.3 
37.8 
17 .Jt. 

· 38.9 
14.9 
24.7 
38.5 

(1) • Spr1ng eati•w 

(2) • hll --~iurate 

1;325 
3,916 
2,Jt;86 
1,507 
1,713 
1,531 1,or.., 
2,941 

1,3'17 
7611-
328 
266 

1,813 
J.,761. 
1,1lt,8 
3,791 

1,458 :t 166 
4,118 :it 296 
2,699 * 357 
1,627 :t 200 
1,958 :t 293 
1,720 :t 251 
1,093 :t 131 
·~689 t 782 

128.:t IKl 
870 t 134 
29'1, * 81 

. 193 * 97 
1,862 :t 167 
1,658 :i: 626 
2,575 :t 511 
3,911 :t 297 

.. ,,!I •-. ,. . : ~~,as,. ~ ·., ,-.-
. ~~;~~-- .. ~. 

,.-~;:J.•s~tl~~:.~~~~~,~iT~~~~~,h 

3,747 
2,181 
1,514 
1,558 
1,516 

963 

721'-
247 
135 

1,757 

1,952 
3,5~ 

3,Slla * 95 
2,336 :t 155 
1,628 :t: 114 
1,702 :t 144 
1,(it6 :t 120 
1,026 :t 63 

771 :t 47 
215 :t 28 
185 :t 50 

l,~ t 91 

2,154 * ~ 
3,731 ± 217 

3,937 
2,491 
1,7~ 
1,846 
1,756 
1,089 

818 
303 
235 

1,939 

2,356 
3,958 
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