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INTRODUCTION 

The obj~ctives of this study were twofold: (1) ta eastablfr~h 

the average. ~r;snWg fsn@li tlttaf ned fur variow age groups af the 

bluegill,& I,epomis macrwhirus Ra(inesque, the yellow perch, Perca - 
flavsscens (Mitehill), and the largemouth bass, hllcMptsrus sllmotdes 

(hcbpide)  in Michigm; ( 3) to investigate relationships between gr~wth 

of the three species oend I& siaat, meran depth, surface akiiiinfty and 

turbidity, The: study was aot designed to explore reawns behind the 

relationr~hips, but rather to deterrmiins the existence of such relation- 

ha hipa, 

Urge variations !nave been rdtported fn growth ratezl of the 

s m e  ~preciehj sf fish from different lakes a d  geographic locattoner 

(Carlander, 1953), Coneiderable difference8 in growth rate8 even 

acour from year to year within ar @van lake due to envir'onmsntai 

changes U3eck;rstan, 1950), Plthough e,icln variations do occur, 

average grawth rates far a species in a lake! or region can be 

vduablet for comparissn. fi-verage growth rates for eceveral Eiehes 

&2onlc.on and acieatific nmer  of fishes in this paper eoniornl 
to the recoinnxiendPrtfons in the Ltst of Comn~osr arsd Scientific Mm1et9 QE 
Fishes from the United State@ and Canada, rrP.  Fisrh, Sw., Spec, 
F~bl ,  NO. 2, 1960. 



have &en report(ibd @ Beckman (1349) for Michigan, for Mfnnceota 

by Eddy and Carlander (19421, and for !~fmsachu~etts fiehesl by 

~r~oductivtty have been suaia~arSz& by MwyIe ( 1949, 19561, Rawson 

(1942), NoPQhcote onnd k r k t n  ( NSti), hUld oth@rls. Studies on the 

 elations ships between cnviromerttal Eactora and ,gvmth rate6 of 

M~hes seem to hie! 188s numerous, Growth rate6 of the fake! whiteffrh, 

Coregonus S a f o r n n f  s, lake trout, nanraycush (JVaibatrnl), 

norahern pike, Esox luciw Lfnnaeura, end walleye, Stiaostedisn 
lClll- - , .  

vitreunn vftreum (S?litchiX1), did ncrt appear to reflect lake productivity 
llWlLI- 

in Northern Smkatchewm (Rawson, 1960), Eddy and CrarlWsr (1940) 

reported that population dmefty rather thm physical and cbrnteal 

factors of a lakc wae the nsast important faear in mdtfying powtla 

During rouMne, I* survey& certain physicai, chrr~~ical  

& biological mearsurerncnta are ua taUy obtained. Lakes are mapped 

arnd depth contaurrs, are drawn in from sounc9inp. &lean depths of the 

lake@ can then be detesslrfned from the xzaaypP;. t Ikaitnity and turbidity 

~nrs?afsuren~etnts me &o usually rnattpe, Scale ,eassrr4ples and wsoelated 

zff13!2 length nntgaslurementAl iar~ &o t&en. I uaed such data aer Oheee 

from thb lake blm~ey data in Mlehigarz for thi8 study, The original 

data and mapa are dl an file in The In~titute for Fferheriee Research 

of Tb Mickiglnn Dspartuesnt of Corurervatfon. 



METHOES AND MA TT3RI.l.L 

Basic Data 

Enviramenta anel age & growth data from the past thtr?y 

year$ an the lakes studied were obtained Prom files of the Michigan 

Institute far Fisheries Research. There data were coded and punched 

on I. R. M, carder ta facflltate analy~sele. The fallowing intorn~atian warp 

rscardcd: county, region, specffic lake, selected lake characteristics 

(surface acreage, nieteaan depth, surface salinity, seccht disk reading), 

selected fish erpsciela data (ha-rr~onth of collecttan, xrlantfr of collec- 

tion, gear of collection, rneu.iod of capture, age group, nul~ber of 

individttals per callectiun, and average length and average weight for 

tach age group Pram each caUection). 

Each leak@ within a county was assigned la number, Data an 

irthtiddud lakes were grouped by divisfuns of ths state that corre- 

sponded to the adnritnistrative regions eegbbliahad by t b  I;$Ifchigm 

Department of CunsscwrPtian ( b'ig, 1). Froas an ecalogflct~t paint of 

view this division is rairtrttrary, yet the Imd-ncge and lslaile do show 

nmjor trend-differenceej, as do the re1atimsX1Sp~ with mean annual 

ia~otherma, d ben@ks of the agricultural growing seauson (number sf 

days from the last killing frost in the spring to the firgt killing Prsslt 

in the fall). Region IH i~r @hm%cterieed by the Ion@st growing 



Figure 1. --Map of hlichlgan. Solid 

lines indicate xirean annual isotl'lsr;?m, Br~ken 

lines indicate length of growing season baaed 

an nulaiber of day8 Erogl, 188% killing t'raat in the 

spring ta the first killing frost in the fall, 





setwon and warmest kmperaturee. Hers the land is used primarily 

for agricultare, hut lwy,e fnduraEPSPk;L citieisl and tlrbatn conlniunitiess 

iare nunerous. C-erteraUy, lee$ productive ssih and a shorter grow- 

ing season make Region fl lers~ coradeteivc; to a&~.icufkure Ehrn R~gion I. 

Rowever, the westrclm edge of Region I1 does have a ainbatantially 

longer powring sewon than i ts interior kxcause sf the nicxltfytng 

effect of W c  klichtw om. the teu;?aperatum. Region f eonsisrte of 

large tract$ of forerat I& rsn$ a relatively $parse human prspulatlon, 

S~rari-kpy areas and a&miculturalby non-praduettvs mile are nles eomxrron 

in this region. bve~age annrtd temperatures are Iwer and growing 

ereasans me generally shorter in Region 1 thm in the other two reg$om. 

'The nur:ieri~d divis3iona sssd Ccsr aatrf&ce weas d the lalcesl, 

nlaern depthsr, aurfwe dkdinfties,  and seechi dirrrk readings do not 

e&om to any standard classification, Rather narrow d i v t s l w  were 

chosen in order ts detect m y  trend that ra;zlght have been mie~sled with 

wider divisionns. Sgrfdilce werrs of the I a b s  were stratiffeat as f ~ U w s :  

1-5  acres, Ei-14 acres, 15-49 acres, 50-99 acre@, 100-2!39 acres, 

500199Y acres, and 1,600 acres and greater, Mean depths of lakes 

were dtvided as fallows: 1-4 feet, 5-18 feet, X 1-15 feet, 16-20 Beet, 

21-29 feet, ;md 30 feet and mar, Surface dkddnitieaj were divided 

into the fallowing ~ ~ O U P O :  0120 pp~11, , 21 -40 pprrx. , 81-195 ppai , , 

106-200 ~ P I L , ,  and 201 ppn~, ancl greater, Sacchi disk readings 

were divided into five grcmtpsl: 0-3 fmt, 4-8 feet, 9-23 feet, 14-19 



feet, and 20 feet sBnd greater, Secclhi disk retaaings to the nearest 

fost were used for the nrontks June through Septeuaabar only fn an 

eftart to awfd the efhctrjr of early aprirng and lab ierll plankton hlwn:s, 

F i ~ h  ~~Pfeeftom~ made btwatsrr the firat and the fifteenth 

of a month were piaced in one group, and tilose collectad tutween 

%ha eixteentfi m d  the end of the nionth in wthgr .  Gem used in 

collecting was clmrc3LFfed ojrs EolZow: unknown, dll net, trap net, 

seine, hook and If-, poison, shocker, oand athem. The aP the 

fish wras placed in one of three glrmps: wn$et@rmined, nr&, cnr 

female. 

Growth rates 

The ages sf the firerhse taken between Jaavg~rgr firsst and the 

time at a n n u l u ~  t"arri~atton in ths spring were: interpreted tw tkaugh 

the snnululs wae compI8te at the scale xr~w@n. Original rscorolsa 

indicated thfe virtuail annolfw by an aeteriEs3P dfkr the am number, 

The wterlplk e iwied  that the am given wtars actually an@ year 

greater than the number d vietblre annuli an the aealle, AX1 k n g t b  

of fishes were based on total lengt1.r~ at ttnhe sf capture. When 

original record8 sslwwed Icngthe in millimeterla, comereiona wars 

made to the nearc~t. tenth d an inch. 

Sartrkples were asst sorted by mgion, then by bspectas, 

wid under specie8 by age group@, 9 g@ group% were subddvfded 



according to date of coUectisn into h&*naonth divtmatoner as indicated 

prcviouslly. Idomation on sex of tb EifaE~ee and type of gear ueed 

for ~mpl ing was not available Ear many ealfectianla, therefore sexee 

were combined and type Of $:ear w m  not considsred in e~tablishing 

growth-rate average@, P ~ l t y  effects of ~electfvity of gear on rsiza sf 

firhes captured were thus eliminated from con~iideratton. Thir wm 

Wor2unate slincr; #owe gear undoubtedly areleste for I8~3t-gra\arfng 

idtvidudas and otlher, far slow-growing om;~3, Exminatian of the 

data ~howed that taitllerf separation of &t@ of csllection into half- 

month grape left ra:~my period8 wtth very few e~llectione. There- 

fore collectianst were carnlk>ia& finally t@ include the entire montta. 

Each cotleetitton waer given equal weight fn dekrzining the p w t h e  

rate averages far each n~ontfi oand for the age0poup averages. 

Enviromentrl factors 

Two approachees were used in stdflng the relrat9onhshipa 

a~n~cmg mrerge, ntem depth, rsurface alklalinity, aeccehi diek read- 

fng and fish growth. Fiirrst the ralasionrshigs btwmn the individual 

etrvironmental factor8 and fiehi growth were determined, To explore 

rekttcmahiper ktween the combined emrfranrnantal Eaetors artd ffsh 

growth the ratep-wlae multipb rsgrassiorz proczdure was uesd, Thir~i 

p~crcsdurcs generabere the @%pres$i  Y a bQ .+ bl)Et + b2X2 4. . . . 
+ bkXk, vslrflablrs by variable fn order of reblve importance 



( k,;kek%el and Fox, l!;SLI, Int tf iia paper the taeperat?ent mrbaĥ lSc 

'l total length ncd $:-re independent varhaiale~i :it 7 acreag,e, 

3:5 + 8QU8rC or" x1. >::; " 1, @=I depth, :j:$ ' BqLir4rfkg %3, .yf, 

." s r~Cscs alkalirmftg;, ?~6 = sgitare of' X :.:, X,i seccl,l disk  readin:;, 

~ n d  Xii = square of 'Xi. 

Itlzfarr:iatfss ora envlsonr:.e~O.ai factor$ was rnot available 

for irlany cri' t ,:da Iisk collcciisns. Cansaq,.LenZIj r j  ~.ac:.! of the age 

a;.sd gr~wtk? data inctx.~orntud in aatabli~!?inr gstnvth rate avern;;ea 

7.1~3.; not wed in ex~loric:: ef:viron:~.entul 1rebtfann;;!,\l1,9 with t ' i ~ h  

;.rowth. 

Cct:.putation~ were done on bha 1. J ! .  ?.I, 7fl9 con puter at 

the, YJniversit y of ?*f lc?li gpr~ Corz,pqjtin~ Ccrker . 



Or~wth  of Bluc@flrs 

.in. total of 4,211 co;llecttsns sepresenttrrg 38,039 fileria wars 

used ta elaWlishirng growth-rate average8 for the %Jtue@l, A 

b r b a o w n  by rek$ons slshwed 225 collection8 a d  1, OfjO fish Erm 

Regiasn f, 1,591 coURctions and 13,381 fish from Region If, and 

2,393 collections and 23,642 fish from Redon m, 

Growth fr~na Regloas II and III m m  airnilat whsrem 

Region I ~iihowet;t 8 cunsfetsntly higher rate uf gmwth for each age 

group (Table 1). TIE hag1 average (4.2 inches) obtained for age- 

grdup f f m l  Redun I may be due ta the relatively $mall number 

of ftmoh c o ~ t e d .  Gem labaed tn colbcttng may have captured only 

"ii,o very fer~tesst growing one-year-old$; thus aelectivfty of the 

gem may have bean a ~ P ~ ~ P c ~ Q s  tn causrtng the high ldverage, Pnlalyiaia 

sf vartance ~lhow@$ Q Irigkly ~lignificant df fference in growth between 

r s@m (Tablit 21, .fi W u e  of Fa, 12 * 89.976 wslsa obtained corn - 
par& ta F 01 = 6.93(Snadecar, 1956). 

The regionre were not equally represented by number of 

coU@cbionmr. h~rs than G percent of flae total nuuilmr of collecttilane 

came frono_ Region I. For thi8 I P B B B Q ~  a rrt~~thfy merap mwth 

Tab for tfis entire Hate was estsblii~shd by combining the monthly 

10 



Table 1. --fiverage growth rat@@ d bluegilh by regions 

(Total bngths to nearset 0.1 inch) 

Rsgio3 fl 

Colkctiona 

Fish 



Table 2. --Analyst ift of variance on @ ~ ~ t h  rat@$ of bluegills 

frorsi different redona 

Source of Sun; of :i{em 
variance squares d. P. squares F 

Age groupe 47,5123 6 7 .0181  883.786 

R e @an@ 1,6123 2 .a061 80,976 

R elafdual ,1076 12 ,00813 

Total 49.2322 20 



average for ewh region weighted by the number of cailectiom 

front each ragion. The average monthly total lengths attained by 

BluedlL fs rerhm in Table 3. kIichtgm warmwater fiarhers begin 

$rm in Pprfl ar later and aeually con:p&?te the 8eason%i growth 

by Octsber (Bw.tkmmari8 1343); therefore the elanthfi January, 

February, March and !jpril were carrshtnd aa were the months 

Oct~ber, Nmenher and December. 

The general growth pesttern fndicatcd m relatively ~teady 

increme ~f growth tsarrl May thrmg?tm SeHen~ber (Fig, 2). The 

high average for age-group f in Jamary-Pprfl wamr probably due 

to irmuffPcient number of collections, M y  IL_PL collection@ were 

reprseexnted far E-kat pcrtrioc?k, For age-poupe a and !If the higher 

averagee fn January- than in May can be attributed to the 

selgction of the larger fish by the gear used for colbcting. 

Jpprtsxinrately 80 psrcctat of the fish sampled during this period 

were captured by angling or soimo unrecor&d rsrethd, The 

ab~swption can be made that many of the unreeurr%esl method8 

of capture were by hook and 1- since mast of the W e s  are 

frozen aver during aziuch of thC$ ptwiod, ~ ~ i c i e n t  data were 

available for yo~ng-Of-the-~tear bluegills ta analyze growth 

during the first year of lf fe. 

Mean total bn@s in inches as attained 1~uccs8rstvely 

by 1W[khigWl blueg4l.h for 8p-@'QUpB 1 through Vn ~ Q ~ O W :  3.4, 

4,4, 5,8, 6.4, 7.6 ,  7.6, 9 . 8 .  Pseeuming that a bluegill must 



Table 3. --State-wide average lengths of bluegillas at various manther 

(Total lengths to nearest 0.1  tncfz) 

Month l' g@* 

Jan.- May Jilne, July :ag, Sept. k t .  - P O U P  aver- 
Apr. Dec. age 

c-lge I 3.0 2.4 2.8 3 . 3  3.4 3,CS 3 , 9  3.4 
Collections G 15 3 6 45 88 86 54 318 
Fish 232 138 422 419 349 913 538 3,091 

P ge I1 3 , 8  3.7 3.9 4.4 4.7 4.6 5 .1  4 .4  
Collections 32 58 82 114 151 132 85 654 
Fish 344 676 155 945 1,469 1,257 SO6 6,252 

-4 ge IIX 5.0  4.9 5.3 5.5 5.7 5 . 8  5.8 5 . 5  
Csllectiornls; 100 81 127 171 176 256 92 !305 
Fi@h 1,044 9ti1 1,834 1,545 1,734 1,950 1,072 lfj180 

Pge V 6.7 6.7 7.0 7.0 7 . 2  7.2 6.9 7.0 
Collections 183 69 102 123 122 98 52 655 
Firh 1,036 840 665 911 578 404 464 4,988 

Age Vl 7 . 3  7.4 '3.4 7,5 7.1  7.9  '1.4 7,5 
Collections 9 1 57 72 8 U 8 8 54 44 484 
Fi&h 717 341 207 405 274 185 125 2,346 



Figare 2. -4 tata-wide eeaesonal 

growth ptitttern of bluegills. 
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be at bast  six inch%$ long before it is a "keeper'! fronl an angler's 

viewpaint, the: average &Iictztgan bluegill ixasst enter its fifth 

year uf Ute (aa@-pstop M before ft is of vdue to a fi~h~ermm. 

Growth of Yellow Perch 

Growth mte averages for the yellow perch were compiled 

from 988 cafloctians a d  5,191 fish from Region JI, 2,397 collactioaaa 

a d  13,806 fish froK Region II, and 1,479 caUectioolls eurd 7,098 fierh 

from R %@mi nI. Corntartnine the regiorrms gavs a total of 4,864 eol- 

Iecrt90rm aml 26,094 ffah used in establishing state-wide growth 

averagetar, 

t difference in growth rate8 for yellow perch in the 

three regone was evident ( T a b  4) , Yellow percS2 from Region IIl 

were con~isttently slcnvsr grourrtng rthm f rs;rr~ Redons E eand XX, 

E nrilysis at vartmrocs! shuwed the difhrence in growth to be highly 

srt@icmt. P value of F2, jd a 22,838 was obbafned{T&Ia! 51, 

The ~lm;sm~e method for compiling the f=*onthly gr&h average 

was used Psr ytsffow perch a93 far bfaregtllr. The attarage lm@a 

attained by v~rdouer a@ groups at different months is  lshawn in 

Table 6, Mew tow leng-Mrs in fncklcse w attained succcatsfva31y by 

yeitlaw perch for age-@owe 0 through VU are: 3,1, 4.6, 8,1, 7.0, 

8,0, 9.0, Ed. 9, 10.7. Ssimsnal :;POW& trends are @horn in Figure 3, 



Table 4. --btveroge growth ratas of yellow perch by redone 

(Tatal length8 to nearest 0.1 inch) 



T a l e  5, --P nalysig of variance m grsowtk ratere of yellow 

perch frorrz difkrent regions 

- - - - - -- 

i? ge groups 149.34 7 21,3342 694,925 

 region^ 1.39 2 ,6950 22,638 

Residual .43 14 .0303 

Total 151.16 2 3 



Table 6. --Flate-wide average lengths of yellow perch 

at various n,onths 

(Total lengths to nearest 0. P inch) 
- 

P, re- 
Month group 

Jan. - May June July b q : +  Sept. Cxt. - 
Apr. Dee, age 

... ... fig@ 0 1.2  2 .1  2, ti 3.7 

... Collections ... 1 Li 15 2 1 ... Fish ... 1 2 0 148 ltll 

i"ge I 3.0 3.7  3 .9  4.3 4.8 5.2 
Collectians 7 14 58 8 3 95 f?8 
Fish 57 230 331 549 642 767 

: .- s,e I1 5.3 5.5 5 . 8  5.8 6 . 1  6,T 
Cof lections G 1 46 126 200 231 169 
r ish 430 394 859 1,327 1,444 1,179 

f-gjt3 N 7.0 7.8 6.8 7.7 8 .1  8 .6  
Collections 3'3 GO 121 226 251 141 
Fish 365 264 629 1,648 I ,  334 628 

8 ~ 1 1  9.1 11. G 10.8 10.4 10.9 11.0 
Csllectians 1 7 2 0 44 84 76 37 
Fish. 34 3 1 92 196 200 75 



Figure 3. --State-wide seasonal 

growth pattern of yellow parch. 







Growth of Largen.outk Bwrs 

Growth averages for the larger,muth bass wars c c l ~ ~ p l l e d  

frozns 2,408 collsetion~j xa@pse8entfng 9,41G fish, Of this total, 144 

collections and 412 fish were Emm Stegion 2, 1, OBG collections and 

4, 244 fish from Region If w d  1,168 collections and 4,760 fish froxii 

Region III. Approximately 4$, 5 percent of the total number of 

collections were iron; Regton 111, 45. !i percent frari; Region 11 and 

B percent Fmrr: Re@or~ I. 

A raf#nificant difference in growth ratera anmg the! three 

regions wraa net apparent (Table 71, ? It hour11 young-of -themgear 

Ercsm Region 1 averaged six-tenti18 of an lrxh ehorter than your~g- 

of-thewyear Eronl Region HI, the average for the r%ucceeding age 

group from Region I was five-fenfils of m inch longer than lor 

Region fa. The relatively small nun*r=ber of' ccrllectionao from Region 

I rrl&es the result  of my comparioon uncertain. f lnaiy~ia of 

variance showed the difference in growth among t&e regtma wart 

not slgdficant at the 1 percent level ( Table 8). i' value of F2, = 

2.698 wtls obtained, This conelusion is $wed on the aeairrrtption 

that lfttie,EE sny,interrsction between age gra:lpa and regions exists. 

Wepiicstion of date would be necewary to test the vdidity of the 

assumption, 

Fverage state-wide monthly growth averages are shown 

in Table 9, The largemouth bas8 riieeLn total lengths in inches in 



Table ?. -4 verage growth rates of largemouth base by regions 

(Total lenmrs to nearest 0.1 inch) 

-- -- --- - - - -- - 

Region I 2.8 6.5 9.8 11.3 12.9 13.8 15.3 16.6 

Collections 8 I8 26 27 26 18 11 10 

Firrsh 6 9 9 5 89 41 52 30 16 20 

Region XI 3.7 6 . 2  8.6 10.7 12.2 13.7 15.2 16.9 

Collection$ 43 153 241 245 178 125 G7 43 

Fish 331 743 1,315 87T 564 240 110 56 



Table 8. --Pndysis of variance on growth rates of largemouth 

htnse ~ Q E :  different regions 

Source of Sw; at 
d, f *  

Mean 
variance ~sq urareda squares F 

-- 

P.ge group@ 431.13162 r) I 61,6594 434,527 

Regions .7Ci58 2 ,3820 2,688 

El ereidual 1,9815 14 ,1419 

Total 434,5695 23 



Table 9. --State-wide average icni-,,tl.i~ sf large~xiouth bas8 

at various ni:onth&; 

(Totsl lengths to nearest 0.1 inch) 

1: ge- Morntfi 
groug3 Jan. May June July Jag. Sept. Oct- 
aver - 

JC?F)I*. Dee* age 

"ge 0 . . .  ... 1.1 2 .6  2.9 4.0 4.9 3 . 6  
@ollections . , , . . 1 6 '3 J 3 I# 47 22 109 
Fish ... ... 2 23 186 352 133 826 

Pge I ?% 4.4 4 . 1  4.5 5.4 G.4 6 - 9  5 - 1 1  6.1 
Collections 10 1 "( 38 6 0 Y T 9 n 46 2 5 t  
Fish 2 4 7 4 157 223 466 604 322 1,CPi'4 

r I +  11 6.9 7.2 7 . 6  8.7 -4.1 9 . 3  :..a ' " -  . . 
Collections 25 4 ij 7'6 116 120 52 5 2 1? 

Ff$k 115 548 508 41:; 460 4Ht3 261 2, 5 < '  

: pa? VZ 14.11 14.6 14.: 15.0 15.2 1 16.7 15.1  
Collections 22 2 3. I 2 T 27 14 10 150 
!'isin St' 1; 7 kg qri :hj St 2 2 16 25::; 



ajo~cceesive years of life beginning with age-group 9 are as follow8: 

3.6, 8.1, 8.6, 10.6, 12.2, 13,6, 15.1, 16.7. 

Seasonal grswth trends are! shown in Figure 4. general 

increase in growth for age-groups O through fV fron3 May through 

Scptenlber ie apparent. The s~sdl nulxber of: collecttow during sonic 

niontchs probably obojrcuree the true growth pattern for oldc: largernoulh 

Ibaers, 

Relationship$ of Envfronmelrtal Factors 

to Fish Growth 

Lake size 

Correlation coefficient8 of the independent variables and 

growth of the  various^ age groups were determined t Table 18). 

There appears to he little relationship between lake size and growth 

ratera of the bluegill, yellow perch and 1arg~ntcrrztl-z bms. The high- 

est significant correlation was r s ,2384 for age-group N blucgilfg . 
Stgnificzmt correlations were also obtained for age-pxoups In! md 

Vf blusgills. Gnly age-group I yellow gerrch ahowed a aipificmt 

correlation: an invsrsre rclation~lfiip was obtained with r a=,  1549. 

Growth of 1argensouUr baas in CjkJahan~o was generally 

fastest in the large~l "uodlss of water (Jenkins and Mall, 1953). 

Thirii does not hold for the rspecdes in Michigan; here the only 

significant correlation waer r ,1822 for age-group U. 



Figure 4. --State-wide seasonal 

growth p~ttcrn of largemoutl~ bass. 





Table 10. --Cor~elation coefficients aP fish growth and the 

independent variabf es 

- - -  - 

3 :Ta1Cis~e area X5 = Surfwe atfkafinity V h n g t h  of fftst.1 
, .: s " + b i em dopth X7 = '~urbMitgr W No, of col9eetfona 
:I' 5 iy*~iFiewt at 5 percent level 

$:* .. P 1 ;.r!i;!:-ant at, 1 percent level 



&lean depth 

Very little! relationship was found between nlem depth and 

growth rates of yellow perch d Iarp?;enisuth bass. The only 

significant correhtlons were r = -. 1003 for age-group W yellow 

perch and r . 2 2  for age-group VI largezxouth baas, Hawever, 

highly significant correfatlon caefffcient values were obtained for 

rags-group8 W through VII bluegtlle, From age-group 111 on, 

succaeeively older Pi dsh showed stronger rollationehlple . Even though 

the correlation coefficientill were signiffcant at the one percent level, 

tire ~ Q E V  values ( r = .I671 to ,4147) do not indicate a strong relation- 

$ilia between mean depth and growth rate@ of the species studterl. 

P lkdinity 

No significant relatiomhip was found hetiween surface 

afkalinity and growth of the yellow perch. ,p highly a~ignificant 

relatimehip waas obtained for age-group VI largenloutkz 'bass, Krarnar 

rand grxzitla ( 1966) reported no relationship between total alkalinity and 

fir&-year growth 04' largenrouth baas, 

A eigniiicant negative earrelation wahi Pound between alkalinity 

euKt olgeqroup II bluegilfs, Significant paeitive correlations, were 

found for age-groups III through VI. These data do not indicate strong 

rektionahips since the highest value obtained was r 3 .2514 for 

age-group V. 



Turbidit2 

Natural waters are all turbid ta some degree (Welch, 1952). 

The wi~ount of turbidity found in natural waters generally !pi not lethal 

to fieh ('$&en, 1951). inithaugh indirectly the effect8 of turbidity on 

fish populations may be srtgnificmt, no strong relrationshtps could be 

;fiilrPown between turbidity and fi'ish ,mwth. The largeat correlatton 

coefficients obtained were r a .2022 for age-group Vnt bluegill#, 

r -, t 253 for a$e0graup fV yellow perch and r ,2157 for age-group 

VI I  lsulgemouth bass, 

Combined enviromlantal factors 

Since singly the enviranr?r:sntal factors were not clo8e1y 

related to Eieh growth it was aE interest to investigate the coznbtned 

effect# of the independent variable@ and fish growth. Ttae stepwise 

multiple repeasion pr~ced Ire a8 explained earlier was used. S. 

s~~rnarizaticlwt of the maulter are shown in Table 1 1. The average Y 

(fish length) i r s  given for each age group. The ernallkrst set  of 

independent variables which signtftcantly ( 1 percent level) contributed 

to the prediction of Y are &so given. .c" nieaaure of the closeneaa of 

fit of tile regression Is derpsignated by the multiple correlation 

coefficient (R), The percent of the tot& variation In Y that Is 

explained by the predicting equation i s  shown by the coefficient of 

determination ( El2) .  





Highly significant (1 percent levell R values were obtained 

for all age groupla except two. Age-group VII yellow perch was 

$isiffcant cat the 5 percent level. None cd the independent mriablea 

provided significlant information toward a predicting equation for age- 

~CTOELP VU largemouth hasps. 

Evan though the multiple! correlation coefficients were 

epi~if'fcatnt. for most age groups, the regressionrs of the variables 

uaed on growth accounted lor a rslatfvely an~atl mount of variation 

In grarth. The predicting equation with the highest ~2 value (blue- 

@lL, age-group VI) accounted for 32.2 percent of the variation In 

growth. The data @how that the incispendent varialalehl considered 

cannot b ugied efther srtngly or in eoril:bimtion as urtsful predictors 

of fi8h growth. 



DISC ItbSSIOt-4 

Although a large mount of ape and growth data were ueed, 

the reaaultdl may not give a true indication af g~owth for the epecies 

ertudf& because of tnadequat9: saxs:~pling. : n average sf 2.5 to 10 flerh 

per colleclfon for an age group would indicate that many populations 

were not sdgquatefy ~lrrmplerl. This ts subrstamtikilted by the large 

#riation in ~r~nthly growth rates espgcially UTiong the older age 

graupe. Generally the older age groups contained fewer f i ~ h  per 

colfectf on. 

The lcmgeet growing eeman might r:e expected to rersult in 

the nzolsf rapid growth rates, Thitr was mt so POX' the species 

~tudied, However, the shorteet growing season ERsgion I) showed 

the Emtest p w t h  rate for bluegidls. Mortality of young may be 

highsat in Region I, beeowe thisc region lies in the northern part 

of the bluegill range. Mtgho~t early mortality might result in the 

loweat population density &, hence, fn the fastest growth ratee, 

Deprersed intrmpecific comp@tItfon n18y thus be! a factor that n:&$k$ 

the effect of shortnears of growing arsason. The longe~t growing 

season (Region ffn ahowed the slowest growth rate for yellow perch, 

Furtl.iarwxore, the higheat tsrnperaturee ctierrrncteristic of Region III 

may result in a longer period of caresation of growth. Therefore 

the actual growing perid far yellow perch may not be longer In 

38 



this region than fn the &her two regions. Gricrst (lE)59) reportad that 

tire sate of growth d ysllsw perch and largaaiouth S~nss was more 

dependent on population den~ity than on length of' growing ee&$on or 

other factors affecting growth. 

Compaz*i$ortls with the surinmasies given by Czlrloulder f 1853) 

@lowed Michigan fish@$ to he growing at an "'average" rate. Growth 

of yellow perch bn Mishigm compared favorably with the median 

valuela given by Carfmder (1953). Growth QZ the hluegill aa#1 the 

largenlouth basis was sfkrktlas to the third quartile values given by 

Carlandetr t 19 53). However, true growth satee for Michigan fishes 

rrray be higher than were found tn this ttudy, especially for the blue- 

gill and yellow perch. Many of the samples were from fake8 in 

which rstunted populations of bluegills aMi yellow perch were s 

problem. ComeguentPy, the lakegs Eronta which errrnplee were taken 

worts probably biaslhtd toward the ~sloweet growing papulatiarm st' 

bluegills and yellow pesch. 

The phenomenon of growth that the slower growing 

individuale of a population live longer than the fmter growing 

ff sh may be another factor that has blmed the powth rate averages 

even in this rgport. P~$$ibly the slow~jat growing Rah are the ones 

h t  itrs represented fn the saarapies, eerpecially among the oldeeot 

age groups. Systentw;bicsally, periodic and intensive smplfng of a 



population would be necea~ary to fmreastlgato this cltaractertatic 

ol growth. The nature of ehfra stud$* did not permit inve~tigatian of 

thiaj phenomenon. 

Strong re1w;tiazmshipsr between lake she, mean depth, surface 

dftalMty, turbidity and ftsh gruwth did not exfat, The correlations 

between the combined @nHronn:atntal factor$ and lisk growth may 

have been chmged eonartderably if other factor8 affecting p W h  had 

b c n  considered. E lthraug:h the envfronmentetl factore u~ually measwed 

during routine fake surveys, pu#l used in tkte study, rrlay Biezlre other 

purposes, they do not appear to he useful indicators of growth ratea 

sf bluegllle, yellow perch and largemoila~ basrs. 
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