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SONE EFFLOTE OF "THIRNIRG® ON A FOPULATION OF FISHES

INTROCUCTION

Purpose and soope

Many workers have sonoluded that the growth of individua)l menbers
of a fich population 1s inversely preportionkl Lo the density. This le
in support of the results of Welter {1934) in his extensive snalysis of
ibe faotors which influence the growth of carp in ponds, and hia efforts
wors amsng the sarliset that placad fish production on m solentifio
basis, Ciurch [1927) end Ekaw {1920}, s oited by Sohneberger {1935),
studied the effeat of erowdipg on the growth of the tropical Tish
Flatyposeilue maculatus rubra and found that the least mumber of fish

per unit of volums grew at ths fuatest rate.

Rialkey end Fosrcter {1948) report that tha wrorsgs weipht of soek-
esye =plncn Opgorbymebhux nerza belonging te yoear claspes with faw indi-
viduals is higher than that of sooiceye of year classes with many indi-
viduels, This slec has bean shown for reinbov trout ESalmo pairdneri
in mall lakes of northern Yisconsin {Jchnson and Essler 1954),

Bardach {1951), on the basls of historical reports, believed that
& ssvers reduetion iw the numbers wae fclloved by an incrases in ths
avermge langth wnd welght of yellow perch Perca flavesceme (Mitehill}
in lake Heodota, Wisconsie. Churchill (194%) was unsble o show sn in-

crease in rets of growth in length of perch in Curtia Lake, Yisconsin,
aftar netting hed removsd 62,3 pounds per sere over s four-yaar pariod;
boxerer, the fish were heavior at a glvén length then before remaval.
Dymond {1926) and Sehnoborger (op, cit.} state that the slze af perch

taken in laice Kipigon, Untaria, and Nebish, Silver, mnd Weber Lekes,
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Wiseongdn, rospestively, attain lengtha whioh ars correlated nsgatlively
with relstive abtundence bmeed upon fraguency of oapture in neis. Eacha
peyer (1937, 1936} bes obtained similar remults, ss did Alm (1946) who

transplented pereb Parca fluvistilis Linoesus to non-perch waters, On

the other kand, ramoval of nmost of the perch in leke Windernere, Englend,
falled to produss a significent change in yete of growth {LaCran 1949},

In Alsbsme ponds, ths sidition of more bluegills {Lepomis maere—

shirus maoTochiyus Rafinasque) withoul inoreamlpg the food eupply de-

creasad the averege mige of ihs fish surviving {Svingls and Smith 1932).
Swingle has foguwod attentlcn on the ralaticnship betwesn produstion
and pounds of predator and prey fish. Ha poimis out that, in general,
a ratic of the weights of forage to carnivercue apeclss of from 5.0 to
£.0 1a acst desireble [Ewingle 1950},

Zng (1953) desoribed an unsuccessful attexpt to inoressw the
growth of figbes §n Lake Hiwgwssce, Oilubona, by slimineting part of
the populstion with rotenons, Cme- and two-yerr old largemcuth besa

Hieropterus spinoides :‘Dnmvum& shoved s wlight inoreass, but older

#4sh did not. Shereline spraying ¥illed many bluegilly without affect-
ipg the growth of the remainder.

Following reduction of pojuleticn denslitisn by winteridll, Beokman
{1950) cbearved an incrspsad mate of growth for bluegille, yellow perch,
snd puapkdnoosds {Lapowis pibbosus Linneaus), and o very amall incresse
iar lergemouth bans. These wivantagedus growth rates were sustainad [for
only a few years, BHeelman (1941, 1983} previcusly bed reperted a oarked
poeltive changs in the growih rate of rock baes Ambloplites rupestris
Tupeatris {Rafinosque) afier spprozizaiely ous-half of Standerd Laka,
Hichigan, wse vnuunulw with powdered derris root.

Two years after the siccking of & new pend with blusgills, ever-
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population from natural epswn oaused stunting (Eennstt 194%), Stunted
brasder bluegills taker Prom Fomswood leks and plesed in Fork Lake,
Kllinois, grew s mch during the modeeding 15 sonths aw they did dup-
ing the pust tvo to five yesrs (Beonett, thoogwen, and Parr 1940}, A
growth stimulus produced by severs thirning of the Ylusgll) population
in Ridge Lake, Illfnols, bat been noted by Bemnett {1994,

In 1952, = study wat begun by Jehneon, ot a1, {1553} whish had ue
1ts sbjestive the doteraination of the sffects of reacvnl of excsss
roughfish and stuntsd panfish on the growth end survivel of lurgenouth
bass, Ths work was ¢ontinued through 1956 by e ond was enlarged to
inaluds the effects on other speclea. Hany of the sarly werkera per-
Pormed their thinming erperizents in ths Jaboratery or in artificial
ponds which sould bs drained periodically. A nead for mors tuantitative
data on the growth-density reletionship in amsll mnatuys! lakes la fora-
mest among the reasons which proapted this study. In addition, the
rarlied methods which heve been usad in the patt to snalyze groewth after
8 reduction in mmbers ssea to lack tha precleicn necassary for ade-
quets apprzisa), and pro-treatment astimates of the populatien size -
often wers cmitted. Throughout the follewing ddscusalon of ihe regulis
of thls five-yoar progrem, auphasin has besn placed on the application
of n consietant, snalytiesl approsch. ’

Dassription of FPlors Lake

" Flora lLaks, the site of this study, ltieo in & kettls of the *pitied
cutwnsh” of Tilas County, Wieconsin., Tho cutwash is compossd of nearly
all ho-lzontally lsdded sand with saaitsred pubbles wnd bouldsrs, and
the underlying bad rook is of & crystelline naturs {Tivaites 1929).
Haximps dupth of the lake is sbout 30 feet, snd orJ irregular wurface
oovers an area of l0Z scres,

The brown atain of the water im typionl of wary lakes in the whein-
fty, and it s thought to ba owing to the mcowmlation of tumie volleids,
As u remlt, anst of the penstrating light is sbasorbed in the upper two
moters, end mid-muomer llumologlesl obsarvations show sn abaense of
1ight snd oxygen below six metars. Weter temperatares are relatively
warn threughont, bat & distinet, thermosline is evidest, 4s would be
sxpected in lakes of this type, there are fow curbonsies (under 0 p.p.m.)
und the pH 1s bolow &,0 (Figure 1}.

Included among the mare compon larger aguatic plents are Nymphaes

odorate, Fuphar sdvens, Brasenia Bohreberd, Dulichivm anmdinsceus,

Utriculuria sp., Geratophyiium demeymum, and several apssles of Pota-

mogaten. lscetes Braunil fa plentiful, es is the moss Fentinelis, The

planikcton of some lakes in this region hes bheon disoussed by - {1954),
Ona bybrid and seven epecies of Flsh wers netted consintently, nanely,

largemouth besa, bluegill, pumpidinsnnd, bluegill 3 puspkinseed hybrid,

rosk bass, yullow perch, white rucksr Calsstomus commersomniil cemoraonnil

(Lazzpade}, and goldsn shiner Notswipenus orysclevess suratus {Bafinssqus).

Burbot Lota lots mnsculosa (LeSumur), yellow plkepsreh Stizowtedion

yitrous yitrewa (Mitehill), end northsrs blsck bullbesd Jmsiurus melns

aclas (Rafinesqus) were taken rarsly,
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Figure 1.

Soue limnolezicel observatioms on Flora Laks, ¥isconsin, in

1952 and 1953
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HETHODS

WIQE. lation eatimnten
At the bsrinning of every sumssr furing the perlsd 1953-1956,
the populstions of important speoies of fish ware ssilzated by mark

and reaspture methods (tahle 1), Estisstions were nades acacrding to

* Patorsan (1B96) in most instances; however, the Sgbnabe} mathed

[Schnabel 1938} was spplisd to largenouth bass pnd my own modifieation
of FPatersen's mothod (Perker 1955) was utilized fer a population com-
posed of bluagills, punpkinmseds, and hybride cf thess iwn, OGrouping
of apeales in & single estizete has boon shown 0 be insdvisetie {Ricker
1983}, btut rapid hendling made separate treataents inprectical. It is
questionable whether the Fav puwpiinsesds and hybride in the threefold
conbination would grestly imfluence the overall estinate in ihde casze,
Estimates by lenst-squarep-unalysis wars net used for the remeining
spocies, since thare were fow receptures end a high degres of warie-
bilSty ir the required ratic of marked returnx to the total mumhsr
asapled. It lo my cpinion that the standurd method empleyed yielded
rasulin which wers slightly high.

My ragrsssion-ostirste was developad originally for extremely
stunted populations in which ths large mmbar of new recrults eould met
be recognized frem lengths alone. A further verdificatiom of the aceur-
aoy of this mothed was obtained by applying it to r population of heans
in which the inttial mmber of im.vidusls, both narked and unmarked,
wae known, The maobers were subjectsd to a fixed absolute rate of
reoruitment and mortelity which produced nearly the sans relotive, m-
marice]l change sp nnnc‘u.!-m in the 1953 naturel populsticn, Rosults from

the above cadel ware coaparsd with the sorrssponding Peterasn estinates,
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A Method fur Remaving the Effect of Recruitiment T e .=““,_Lﬁ.ruﬂﬁ._“u__.w.,”_ i atalysi of 4 pogalation of el
on I'etersen-type Pepulation Estimates'? i .
Br Recazans A. Pansrn | Bare U_.”‘u . ;wm..‘.“-u..a.. et ﬂw.”& Faimard
Departnrent of Zuology, Lniversify of Wisconsin, Madison, Wis. & n.”&-z_ in e ok n.w_ ' removed _.r“‘!.“_w.ﬁ_ e
AHSTRACT markine sainple Viatn  bLroening  bth
- o
A regreicion analvsi, which (s basul on tine chaages in the zatio of the rember of E e _um
itk Ao o the daib cath ta fhe totad duify eatch, was ned to estimate faitia) populution i a 13 x
sige, This miethod eliminates pvers stimation canad by reonafiment, ) 3 F] 3
b & 5 =
. FROCERUNE ¥ 6 & &
: 5
Maxv Petersentype stimales of b populations hused an seasona) recovery of ] Y . E]
marked fndividvals are foars] to e doo high, This is due in pant o reeiitaest N ks +
t0 the catcliable papulitien during the period Leing consideeed. Methods which “m uH
v heen wsed dn the past to climinate or corect for recouizient fve been n N
reviewal hy Ricker (14S), \ I 13 N
Under suitable wssunaprtions, nanwly () eqnal rites of eaichability and ! k& : 16 a
natral mortality ut any ane time for both macked and anmarked indi iduals, 17 t
{2) random dispersal of warkad Bsh, and {3} vonstant ahsolule rate af recrit- “.a. ."
meat 16 Ui catchable partion of the papulation, it is possible to estimate the o N 1
Initial poplation by platting the ratio of the umber of marked fish in the daily ] 3
i catch to the total daity cateh agadnst the maniber of days after marking has ' a2 3
cesedd. Effeets of this ralio’s non-nermality w.y be partially removed by applying w” 1
a transformatinn such us the arcsin {Bartlett, 1936} or the moce common Jog. : = \ < “
arithmiic. The former hus Deen nsed iere, The slope of the best fitting Enear b 2 a s 1 -
regression lne will bo negative. vamepomcling lo a decrease in the computed E 24 1 N 2% 3
tatin a5 time passes. Nwnber of G mched dis ided by Hhe ¥otercept gives the . @il m . Ti
: initiad population estinate. ; @ el ! a moriah
. i S . 3143
EXAMTLE a appeax
Tlis wsthod s been applicd 1o marking date collected in 1953 from a 3 3 S
popubation af bluegifls, common snBish. and I brids Lietween the two in Flora ! k 2 used in
Lake, Vitas County, Wisconsin, Although this type of gronping has been shown _ "
to he inadvisable {Ricker, 1918), idetification difficulivs predlude separate : -
treatnents, 1
The fisl were caught i f3ke nets and were nurked by yemoval of Ieft pelvie A h
fins, between the dates July 3 and uly 6. Subisequent catehes were made in the - "
same pets, and all fish nelted were killed, These sanples were taken hetween w,." .“ Sypsa
July B and Ovtaber 1S. The dasa are presented in Tuble 1. N sl e
WRercied fur prhlieation: Novcrber 15, 1951, N e
sl wsed wera tihen from 2 sledy sepported i part by & oeiat fom e Wisconsin o k-]
: Alumni Reveanch Sysmbiton. i g 2
i | : “Dasis marki b
§. Fess Rlcs, Bn, Caava, 1330, 1937, J :
Frinlecd in Canady. F
" ;
| ,_
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mnd in thrae exporimenis, there wes & parked cverestimation by the Feter-
ten method {table 2). This senma relationship was thought o held when
btoth typas wera niu.-.un for the tluegille, pumplinsesds, and hybrids
of Flore Lake in 1953, 1954, and 1955,

The totel weipht of the oatchable population of essh species in
Flora take st the time ¢f estimation was bawad on the mmieTical esti-
matan and on ihe average welght of fieh removed durinp the week in—
sedintaly follawing ihs nericing paricd (table 3).

Ho populetion catimatow were mads in 1952 axcept thati of large-
&outh bass, Under the spsumption that the leks was in or zoar s state
of aquilibrium as fer as tha flsh population wae conastmsd, the total
fumtara present wors approzimated by adding tho mu=ber rencyed in 1952
to the eatizatsd mmber in 1953,

Removal

Fykn nets of 3/3-inch and l-inch bar mesh wers empleyed almest
exclugively to remove Bluegills, punpiinsesds, hybrids, rock bess,
yollow perch, white sackers, =nd golden shinsre, vhile lergamouth base

taken wore roturned to the wetsr. A few lsrgs perch traps of wirs nesh

ware used with little muccess in 1953, and in 1954 a large bay was blocknd

off with a soine and polsoned with rotemcne. Total numbers and pounds
removed are summarizad 1n table 4.

The percentage of the waight of all dpecies precent tefors removal
opersilons begen each summer which was subsequently taken from the lake
ranged from 10.2 in 1956 0 52.6 in 1953 {table 5). Ths 1956 totad
quantity of fish removed obviously had no influsnce on ths rates of
growth peasured here, einoe it was neroly thoss fish which were resoved
in maling the necessary fine! populetion estimstes, TShe percentage

repoved may have besn sonsiderably mere in 1955, when mn unralisble




¢

Table 2. A comparlsen of two metlods of estimating the sizs of a bear
population oompoasd of 300 indlviduals of wvhich 500 were
marked?, based on 40 msxples

Experinent Are. "dally" Pelersen oa% Parker 995
munbar sample size estinats conf, Int, estimate ogonf, int.

1 45,7 3521 3386 2792 2Ty

héma 3723

11 [T R 4218 3828 3459 2712

5042 §486

r k93 so22 2480 2654 21

- 4762 30581

Haan of estimates o 2968

* The population was subjected to an abzocluts "deily” mort=lity rate
af ¢ individuals end an ebsoluts recruitment rate of 43 individuale,

Table 5, Aversge weight in poumde of each species of fish rezoved from
Flore Lake, Wiscopain, during the wesk follewing the period
of maridng in 1952 - 1956

Tear Bluagill Rock Yellow Vhite Golden
Puapltinaced  base perch sunker shiner
Hybrid

1952° 0.09824 0,1508 0,0835 0.4é08 0,100C"

195% 0.0982 0.2146 0,0544 0.8592 0.1000

1954 0,079% 0.2068 0,0506 3.8256 ©.0542

1955 0,0622 0.1361 D.04L9 0.2493 0,086k

1556 0.02TH 0. 1062 0.0562 06735 ©, 0800

* July and August
** Figures from 1953

Tablas &, Hunbers ard pounds of emch speoies of fish ressved from Flors
Lake, Wisconsin, Suring the sumsers of 1552 = 1956

Yapr
1952 1955 1954 1555 1556
No, of fyks 123 286 505 FPoisen* A4S0 4

nst days

Blusglll No. 5,08 16,943 13,276 87y 6,159 3,027
Pusprinsesd Wi, 502.& 1588, 6 920.2 &51.4 242,2 83,1
Bybrid

Rock base Ko, 151 310 94 &4 378 48

¥, 2%.0 0.5 04,3 6.8 5.0 =1

Tellow Ko, 131 1,956 7,094 1,297 1,292 177
perch ¥t. 5.7 107.3 208.9 52.8 .7 6.4
White No, 222 4 o8 182 929 122
saoker Wi, 102.3% 704.1 3140 50.8 506,5 82.9
Golden Fa, o ny 1,627 %0 457 1%
whiner wt, 0.0 17.0¢ 6.0 144 .2 1.2

= Eptimetss wers made bafors poisoning of s lerge buy wvhioch was blogked
off with a ssine.
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Table 5. Peroentage of the sstinated tatal weight in pounds of sseh

spatios prosent in Flora Lake, Wisechiln, st the time of
population sstimstion whioh was subsequently reacved during
the mmmsra of 1992 - 1956

Spegies
Tear Blusglll  FRook  Yallow  Whits  Colden A1
Fusplcinseed baswe porch sucker shinsr rpeniss
Bybrid
Est. total 3268,7 E32.1  AT3.3 728.5 ITh.4 MBTID
1952 Hemoved 50z.6 5.0 5.7 102,53 0.0 aww.m
Percant 15.4 6.8 1.2 14,0 .0 15,0
Est. total 2772.4  232.9 - 370.2 1167.6 1.4 &
1955 Removed 8.8 dok 1075 e H.o HH
Partent 57.3 5.5 29.0 0. 2.7 52.6
Est. toted 1D1B.6 3157 B56.6 1298, z2a,6 .
195k Removed 989.6 1109  3M.7 uﬁ.w 9.4 mu._.ﬁ.m
Persent 97.2 35.4 9.9 30.5 35.7 5.7
Est, totel 22,3 301,01 537.) 0.4 10oh.i .0
1555 Hemovad 243.2 5.0 wq.q B0E.5 40,2 m%w.a
Ferasnt 100.¢ 14.9 8.9 76.9 40 32,1
Est. total  593,5 425 369 6632 2 1A
1956 Remaved B3.1 5.1 6.4 82,9 J.u w«mw
Peroent 15.0 12,0 1.7 12.5 1.5 10,2
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satinate of golden shinsts was yery Ligh end indicated that they mede
up over 35 peraent of the grand tctal,

Boals and welpht smalysse
Eeals naxples vare cdllsotesd paricdicnlly during the five yours

of the study to determine whether sn increassd rate of growth would be
in svidence on them, Thess ware removad from the left pide of the fish
on an ioaginary line freo the frent of the darsal fin to the btuss of the
pettoral £in, The scaler wore sasily raad dry hecmse of their usimlly
w3all and flexible paturs. Mounting betwesn twe glase slides and pro-
jeciing with a Biosocpe at m magnificaticn of 50 disastesrs proved to be
eatiefactory, Focus, smmuli, snd edge wers parked cn s striy of papar,
from which r-n_n caleulations of total length at sach entlus were made
frem nomegraphs dioilar to thoss described by Carlander mnd Saith (1544}
snd Hile (1%50), A linear relstiemship betwean anterior soale redius
and total lergth wes found to give a suffisient prediction of langth at
the ti=e of scale formation for ali mpacies (table 6). A curvilinear
rogresnion may have piven = #lightly bettar sorrelstion, but the smsll
insrasss in the degres of scouracy doea not seea io warrent the sdditionmel
labor in celculatieon, ro-un\-q:pnurnnvmuenfﬂuaw have baon used for
sopslstancy with ths work of other writers; however, the nethods of
Wald (1950} and Bartlett (1949) which Pit straight lines when both vari.
abler srs subjest te error mipght yleld mare realistioc reeults.

In order to decide on whethor thers hed baon un jnorssse or decrsese
iz the rate of linesr growth follewing remcval, it was necestary to find
a nethod whick would permit one to decide i a dtwn- or upswing ln growih
wea & "normal® fluctuation, To do ihis, & socond-degres polyramield re-
zrossion of celculated total lengih et each somulus on year of 1ife wos

fittod to the dets on the growth which toek plaes bafors 1952 (table 7).
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Table 6§, Linear safon of total . a i .
n-nhchnﬂ“".nﬁn =0) M.ou. one w“"ﬂm”v-baulnwi” ”H"H”“..OM-MHHV Hils (1943} raviewed the early works of Hitter {1920), Ford (1933), and
teken frow Flora lake, Wisoonain, during the periad 1552 - 1955 - ¥egter {1936, 1937) on length-nga functitms, and he relatsd iha length

of rock bass to0 sge by an equatiom which sasumed that the ratia of ths

Epscies B Intercept 8lope Correlation Ermr s
cosfficlent of wquares relativa growth rates in successlve yesrs was constant, It is clear

._ Largemsuth bass 479 22,8 1,5496 0.97h 193389 Sy thet the lesst-squares-analysia utilized hsre coly covers the perlod
Bluegill 11y 32,8 0.979% 0.95% 115068 . from age one to age n, and dowss net psas through zero at mge zero. A
Puapici nsoed 119 50.4 0,750 0,855 12875 95 percemt sonfidemce interval for the mesn length at & glven age wes
B x P hybrid 276 .4 0. 7908 0,891 A3s52 wst about the regression, end 1t wes sgrssd to call all zesns of oal-
Fock bexs =5 35.5 0. 7495 0.5k 50505 culated total lemgths at snmuli formed sftor 1952 which fell cutelde
Tellow pesch vb» L8 1412 0,920 54251 of this intervol sn inareses {&r decresss) rosulting from rescwval,
¥hits wucksr 285 0.2 1.3830 0.976 55432 Sinece the chetes of a grewth curve &5 mrbitrary, confidence limits far
olden shiner 184 £.7 1.14%9 o826 47188 ather poasible functions likely would differ podot for point Frmm thoes

unsed in this study; however, the aress emclossd protably would sgres
aloasly, The confidence licits are inexact when tho error diatributions
Teble 7. Second-degres pelynomisl ragression of caloulated tota) length

[om.) at each anmilus forwed in or hefors 1952 en ywar of 1ifa
for fish colleeted fram Flore Leke, Wisgvneln, in 1552 - 1956

of the langtha st mcceesive enmli of aqui-aged fish are partielly de-
pendent, ax was found in eome of the faster growing apecles. In amdditien,

Spaotus n Intercept wn b . ws mist sprume that the ears length-ssele relationehip holds for al)

2 L4 yeurs concidarad, thet the rare accurrence of lee's phenczenon dogs

Largesouth bass 558 9.2 5.5 - 3.4 22.34 not reducs apprecisbly the rrecisicn of the camputations, and that no

Bluegill 3403 1.7 21.457 - 0,659 &.58 *obniorzal® fluctustione in growth rate would have ocourred had no thin-
Pumpldnzeed 309 5.2 28,88 - 0.733 8,80 ning been done. Becsuss of thase reasons, one should stiech 1ittle slg-
B x P hybrid 585 z1.5 25,64 -05M  11.3 S nificance to borderline chenzes in the Tate of grewth as identifisd with
Rock baus ™9 327 208 -0.205  10.27 & the above procsdure,

Yallew pereh 435 61.5 21.64 0755 Q.10 , : _ ha sounineas of the scels malhod la bazed on thres sssumptions
Yhite sucker 255 54,4 86,98 - 3.57% 2848 " {Van Costen 1929)1 {1) that tha scalea remain copstsnt in mmber and
Golder shinmer M s4,7 35.82 - 0,257 20,45 - retain their identity throughout ths 1ife af the fizh, (2) that the en-

rual intresent in the size of th2 scale remsins functionally related

to the anrual incre=ent in bedy length, end (3) thet anmall ers forned
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yearly snd et the same tize each year. In Florm Lake, anmll were
formed 1n a1l years during the perled froo mid-May to mid-June, with
oldar fish belng the Yest to ley down en snmulus. Aging was pot dif-
Pipult, but largezouth tmes end yollow perch had oeaasional chesk marks
or falge mormll. The ages sseignad were corresot for moat age RToups,
1ess mo for ths older fish.

The othsr possible change in rate of growth following thinning

1 that in the weight of an individual at a given length, Behwek (1942}
hae used the coverlanse teshmdque to snalyzo the differsses betwsen the
"fatneas? of tagred and untegged trout. GimSler mathede have besn em-
ployed hers on egqual sized, randomly sslected mamples of fisk esollentad
in 1552 end in 1956, In naking the anelysis, if the slopes of the two
Jogarithain weight-longth regrossions differed signifiaantly, the error
mm of squares ussd In toating for a Alffersrce betwesn edjusted mears
wuan computed in the mennsr of Mood (1950). It should bo pointed cut
that the covariance tschnlque as applisd to weight-length date gives

only approxipete results, since neithar variable oan ba measured with-

cat arror.

14
RESTLIS
Largemouth basn
Growth, Provious to the initiation of removal operaticns in 1952,

the Mpeer growth rats of largencuth bess in Flors Leks was aimller <o
that of basr in other lakes of porthern Wimconsir ws given by Bammett
{1957). A ocnpurison of the oversge ocalculsted total lengths ir inches
at each enmulus is made below,

Rorthern Wisconsin Flore lake

2 5,5 6.8
3 .7 9.1
4 1.7 11.2
5 15.2 12,4
& 15.9 15.6
7 15.2 15.0
8 16.7 15.9
9 Ly oy, 17.2
10 1.5 8.5

It sppasre that the Flora Lake bass grov faster during the first two
yaers of 1ife, but this nay be dus 4o the fast thal Bammeti probably
nspuzed direct proportionality of growth to scals radius witk a rero
intercopt, vhersas an intarcept of 22.8 millinetors haes been ussd here.
It 1w likely that the bess in Flore Lske zrov et a rate which in 2lightly
behind the northero Wissonsin average throughout life,

Table & and figure 2 give the mean calculeted length at each oge
bafore removal ss detarmined from the ectus) tetals mnd am estimsted
from the quadratio squaticn in tabls 7., The quantities ostimated mgres
well with the mctunl ones, thum confirming the validity of the ertimation
mathed, Large differonces are fourd only in eges 9 and 10, vhers fou
fish were rapressnted. Using the sppropriste intervals from table 8,
the growth of the bass sfiter 1952 wes exemined with the hope of finding

4 taTkad inayeass. Ohangae were decided on as egreed azrlisr, and (4],
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Table 8. Total langth (ma.}) of Flora Lake largemouth bass at essh ynmi—

lua formed in or before 1952 as sstimpted
squstion given in tahle 7, with appropriat.

from ths asacnd-degrae
o confidenoe intervals

Age n Antual nean  Estimatsd pean 95% confidence int,
1 139 197.5 109.7 $8.2 - 121.2
2 130 174,2 173.0 165.1 = 179.8
5 115 231.5 2zg,2 227.0 - 231, A
L] T 283.5 278.4 272.9 - 283.9
5 &5 315.0 320.5 308.0 - 333.0
] ] 545.1 55.5 335.1 - 375.9
7 13 Tl 383,4 54,1 ~ 812.7
] 10 kp2.6 4043 365.4 - 4432
2 5 437.0 48.1 368.7 - h61.m
10 1 4.0 LLN: 364.0 - 485.6

[:]

so0

]
3

o
(=]
(23

saeyswnw ¥ yibu

= 200

ipioy

Aga In yaars

18

gemouth bass Trom Flora Lake, Wisconsin,

with 95 percent confidence interval snd eotual mesns shown

Fre=treatment theoretisal growth curve for lur

Figure 2,
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(=} or (0) were ured to 4dentify thes in teble 9. In 1953, the yewr
aftar the first reduction, only four- and five=ysar old bass showsd an
inereass. Those two ysar clmsses umaintaipned the incrsase during mue-
dseding yuers. The 1950 your olavs exhibiisd s nagative change, while
inoreases wers ehown by the 1951 yesr alass, The following year claws
was bolow expectation in 1955, bt bad guined enough to oversomys tha
dafiolt by 1956, During the firat year of 1ife, avery year clasa was
vithin the noraul rargo cxoept that of 1954, wvhich fall far bejow,
This is probably the result of a wery mucaeasful yesr cless whioh oould
heve cmused otunting within ihe age grovp dus to erovding, In consid-
ering the bass as a vhole, one mast conclude that there bas heen no
sigoificant change in the linear rate of grovih {figure 3).

lae's phenmmonon, that ir, sn spparent deoresse in the saleulatad
lenzths as detarminad from successively older groups of fish, could b
demonatrated only for ibs 1953 and 1954 year olanses, Aversges for
1955 yaarlings were coaputed a» 108, 103, and %1 mi]limsters, besed on
71, 104, sntt 26 fleh colleotad in 1954, 1955, and 1956, respectivaly.
The 1954 yeurilngs avereged 81 and 74 millimsters according to 72 and
117 soxle sanples szaaibed in 1955 and 1956, ronpectivaly,

A scmevhat bstter ploture is obtelned when the "plumpneas® of bees
taken io 1952 Ls compared with that cf thoss taken in 1956 (table 10).
Altbough there was a significantly smaller slops of the logarithnia
rogression of weight on length in 1956 when coupared with that in 1952,
ths adjusted, mann logaritimio weight in 1956 var higher than St wes
in 1252. Io this case, as with e)l of the other apscies 40 he discussed,
the wdjusted mean walght vas cemputsd st the mesn of the logaritimic
lsngths of both years oombined,

20

Tabls 9§, Calculated total lengthe {mm.) at aormli formed in mucosssive
youra by sash year class of largemcuth bass taken from Florm
Lake, Yieconsin, in 1952 - 1956 with sexen oombined; signifi-

eaxt changes in growth rate after 1952 indicated by ¢ or ~ wnd

ne abhatige indlested by o

Iosr olasa
Tear 'HL V4% 'HE 'h5 145 14T 18R W4 '50 '5) 5z 183 IG5} Asg
1942 1001
b L)
1943 166
1
1944 235 83
1 5
1545 275 1% 9
1 L 5
1946 320 211 15% 108
1 4 5 3
1947 T =9 218 167 91
wun 4 5 3 18
1958 395 200 260 222 15T 10
1t " h 5 3 15 17
1983 419 342 294 280 10 1R 166
1 4 5 3 13 17 27
b £ ) 32 303 260 232 182 133
5% wum»wm 3 15 17 27 M
1951 AW S0 356 351 M0 2846 24 178 1%
8 .J aumm uuu 13 1r 27 A 17
1952 &80 436 90 348 331 305 220 181 105
& pe%wmuuu:ﬂs:w
L * - @ ol
1 535% 317* 224" 171° 102
23 5 3 3 9§ A7
* 352% 25p™ 2xx* 178° 103°
154 »ON 3 2 & 25 7
382% 201~ 289° a7 2 T
195 1 105 ym 130 189
1 345 291* 221 170° 104°
7S 1 1 25 1 14

* Humber of fish
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Table 10, Coverienss analymis of matursl logarithas of weights (g.)
and totel lengths {(mm,} of lsrgemouth bass takwn from Flora
Leke, Wiestnuiln, is 1952 and 1955

Toar Mjusted menn waight n Log Elopa
1952 5.00665 119 -12,60039 322203
1956 5,08912 19 =173 3.08432

Errora of astimats

Sourcs i.f, Sum of squares Mopn squars

Ava, ¥Within years 238 1, 59460

Devieticns from ind. 234 134453 00T
year regrassions

DAff. between eiopas 1 0.,05007

DA, betwsan 1 0.18707e

sdjusted reans
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Iield, Creal reaords wera difficult to obtain mn the voluntary
basie mployed, but szmmination of the completsd cards and a record
book of Dalrymen's Country Club, on whoss property Flora Lake ia 1o-
cated, gava r b1y te retorns pt for tke first part of
1952, fhara has been s definits increass in the rield of larpescuth
bass to fishermen (table 11), and 4his 1s aorreleted negatively with
the size of tha blueglll population (tables 3 end S)s The sams sit-
ustion bs Gean sncowntersd by Benostt {1954). Although dats on
angling-effort ware lacking, the prossncs of tho aams mobar af boats
kept at the landing (3} and sy daily observations convinced me that

toe affort was mearly constant,
Survival snd total population. » 1o hip Rldgs Lake stody
(1954), statea that thers 1s no apparent realationship belwaen the nn-
ber oné&w.uﬂmngﬂﬂ&ﬁoﬂguauaﬁnl. In an
earlisr work (1945), be mentions that w beavily ovarfished population
of bass was able to reproducs enough young to replace thoss individuals
caught. He also points out that the numbar of bass fry observed in
Ridgs Lake i relatsd negutively to the rusber of bluegills preneat fn
the lake, and in sos years all of the bass fry wers alizimatsd by the
bluszille. 7he latber comlitien has basn ehawn to aximt in soms south-
ero ponde (Swinglo and Smith 1943).

In Flora Like, thers bus basn a decided Fearly rise in the nmunber of
bass batwean 130 and 300 lhuhh_-.nu.-‘ {5.1 ~ 11.8 in,) in leagth sinos 1552

{table 1). The satisated total weight in tuis growp at ihs tiwe of popu-
latlon eatimation in 1952 to 1956 was h9.8, 22.6, 0.7, 65.5, and 2.0
pounds, respectively, After 1952, it was almast tsposalble to catch large-
moath base over 300 millinatera (11.5 in.) with fyke nats. For thie reason

Fo

Table 3l. Swoaary of the mmbers and lengths in inches of largemcuth
basa teken from Flora Laka, Wisconain, by englere during the

yeurs 1552 = 1955

Period m?muhm-. Hn.mu.r.mo. ?.ﬁo. zo.mmmn.
length length langth length
£/20-7/% ? 12 44 3 15 5 15.8
5 -1/19 1 2 130 7 49 ¥ 15.2
1/20-8/% " 3 150 21 145 16 15.8
B/S ~8/19 1 .pu.o 1 12,0 PO L% 1 20 15,2
8/20-5/4 15 15 w 15,6 15 15.4 2% 15.0
85 -5/1% 5 13,7 3 165 1 120
9/20-10/4 i 12,0
Total 2 14,7 28 14,7 58 15.0 91 4.9
mm_..-_..w. 3.9 43,2 95,2 3.3
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and also because bass undar 130 mdllimsters (5.1 in.) were subject to a
pescidbly higher mortailiy after mariisg, the nuaber and welght of fish
within thape Lisits was Gsed as an index of the !-nrﬁouh- of the total
popadlation.

puring the first smmer of ths szperiment, an sstimaiion of bass
ofer 300 alllimsters (11,8 in.} was made. 4n asalysis indicated a popu-
letion of 235 fish which welghad 333,6 pounds or 87,0 percent of ths total
waight of bass ovar 130 millimsters {5.1 in.). If this sane ralationship
4is maintained through 1956, the total waight w=ill have risen to 623.5
powxds (6.1 pounds per acre}. Im 1952 and 1955, the bass constiiatad 7.3
percant and 26.3 percent, respsctively, of the total waight of all specliesy
however, this striding inocreass is partially ths result of & reduciion
in the total weight of All species per acra from 51.L pounds in 1952 to
23.2 pounds in 1956, :

The net change in the tolal weight of bass is 1 msasure of the
increase or deoreads in the standing crop after losses from angling and
patoral mortality have taken place. ZThe grsatesat changs ecowrred be-
twoan 1954 and 1955, numaly @ 375-pomnd sddition (tabls 12). Premm-
ably, the removal sfforta hed their nost prooounced affsct on the growth
of the population daring the growing zeason of 1954, two years aftar thelr
Anitiation, Up umiil 195h, 30.5 pounds par scre had basn removed, and in
1954, 18.7 pounds par acre wars removed.

Bluoeglils, pupkinyyeds, and blusgill x pumpiiassad hybrids
The growth of bluegills pilor to the onsst of netting im 1952 was

very tlow, with snnual inorements baing less than gna inch. Some indl-
cation of their atugted condition con D= had by comparing thalr averaga
length at & glvan age, ray fiva, wlth the corresponding length of the
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Teble 12, Changes In the estinatsd total weight im pounds of lergemosuth
bess in Flors Lake, Yisconsin, during 1952 - 1556

P et F b o R
1952 9.8 5556 3854 3.2 (1)
1953 22.8 152.8 175.6 - 175.9 A3.2
1954 0.7 205,5 23,2 + 103.8 93.2
1955 5.5 52,5 518.0 * 375.0 145.3
1956 a0 2.6 623,86 * 250,9
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the . Fushn " ars of 7. Teble 13, Totel length (mm.) of Flers Lake blusglille, popkinsesds
bluagille in other aress (15 wm Zives ah ersrar 7.1 inches snd bluegill x pap oed bybride ab aﬂu&. e hu-.-im
for Tish Prom Minneacts lskes, vherses thoss from Flors Lake were only in or befors 1952 oz estimated from the sacond-degree
equation glven in table T, with spproprista ccnfidense
5,9 inohos (table 13). Specinens from Third Sister Leke, Miohigen, intervale -
d 7.4 inches {B a 1
averaged 7 nohes {Brewn and Ball 1943}, vhile bluegills teken from Ago - aatual moxn & ted mesn 954 confidence tat.
Onised Laks, I1linois, 500 miles to the south, siresdy hed remched 7.4
Snchas st age four (Benpstt 1945). Bluagills
Agreesment betwssn antanl end estimated, meen, oaleulated iengihs w mw.mqm anw WMHM un._.w”w - WMHM
i 1lent (tebl L1 rovld: & - 920.3 89.9 = P07
» exeallent ( ¢ 7)1 sonsequently, the polyncminl p a3 & goo M u-mmw R4 o1 AT o
fit 1o the length-age deata. Exsmination of the caloulated total length 123.2 125.0 12L.0 - 125.0
e g ation ealoula . & 171 137.6 137.5 134 .4 - 140.6
aftar 1952 showe that a dofinite incroass is oot apparent until 1956, M ww “M”W MN”M wu&.w “ wwwuw
whsn 21l yesr olassor except 1955 ara higher that if a normel flustu- 2 3 165.4 173.1 165.8 - 1504
10 2 175.5 182.5 175.5 - 191.5
aticn hed vegurred (table 14 snd figurs &), Erep though members of the
1954 year o)ess were belew sxpestation s ywarlings, they resched a
greater length as two-year clde then any like-aged group in the past, Buoplinsseds
The inereass in the two- and the thres-year olds was of high signifi- m m WW”M M_.W”w ___..-W”“ - %”m
ganae, «inos these Fish cade up 75.4 and 23.3 perosnt, respsctively, of m m “M”m “MM”W WM.M___”W ” Wmuw
. 150, 150.0 130.1 - 165.9
the total cetshabls populaticn in 1956 F 1 o 7.3 Yioo - 200.6
Bluagills wre doninent smong the thras sunfishes considerad here.
Ssmples metted inm 1953 and X956 ylelded the followlng compesition sz~
pressed as percentages, Bluegl) x pumpkinsced hybrids
Bluspil} Funpkinaned Hybrid 1 152 55.1 52,5 5.7 -~ 0.3
2 145 5.7 76.5 72.7 - 80.3
1555 85.5 b5 7.0 3 140 $4.8 9%.2 97.8 - 101.0
1956 B6.0 0.6 134 4 93 121.5 121.0 115.4 - 1288
w uw ”»u.w Hmw.u uwm w - uwu.n
Ths 4 in the lation of bluagille batve d 1956 5. 160.9 135.4 - 183,
narskes Ia popuiation uestile o 1975 o 1 2 173.0 179.1 147.7 - 2105
(table 1} was the Tewult of ths racrultment of & large 1954 ysar class
which previcusly had baan unavallsble o the nets. It would seem thet
the lowar density of the popuisticn has enabled u Ligher percemtags of
the Blusgtll-heteh to curvive, Swingle and Soith {1543) sleim that




Table 14. Calculatad total lengths (wm.) at anmull formed inm wusoegstiva :
yours by aseh yaar cleas of bluegills taken from Flors Leks, :
¥igeonsin, in 1952 = 1956 with sexss comblnsd; signifinant
changes in growth rate wfisr 1952 are indicstsd by s or -
and no ohange indicated by o,

Isar clans

YTear tha .&W [F 7} _.?m (Y74 .bﬂ LY} -&u .“v .mH .Wm -UW -U& -a HH ...MH.
| - .
i 1943 %o : % -
U 180
. . i V4
19 52 /VIA[\
2
3 i g ———/}
; 194 &8 & 52 '™ o
I z 3 77 : o
1948 10k BE 0 54 £ a \
z 3 a1 & = R e Ry
E120| A
1947 118 103 86 T 5% - = 'l\l\]/
2 3 27T M 53 - iU \ )
; 1983 133 137 103 ;2 T3 %3 z e N o~
2 3 27 & 53 158 Z po P i p—— //\.\ —
1959 145 132 19 108 91 77 54 w g
2 3 27 4 38 1% 8 [ b8
1950 196 14 133 125 109 97 77 52 &
: ' 2 3 27 M % 158 § A \a\l\.\l.l)ul\l./‘\\
i 1951 166 15) 145 13 125 U2 95 6 53
: 2 3 271 k 53 158 B 385 A
; 30
L 1952 116 184 185 pmm 139 124 10 82 5 57
i H > 2 1 58 1585 68 385 64 BO
! 1953 186 1687 168° 140° 1517 150 13° ¢ M T s . X R
; 1 1 7 12 29 10 & 3 & 39 T3 o L YY) 1952 1955
, 1954 i3 182° 170% 159° 155° 1450° 1207 104~ a3~ 72° 47" Yuor
1 3 1 7 B2 23 23 12 m &7 17%
wlculn’ 1 lengths of Flors
_ 1955 156° 151° 337° 126° 1m2° 96* 72° aam Floers b e e e g v
” 3 7T 0 B 12 52 17 39
T
i 1 1556 1m* a5t 160" =7 107" 80" =0~
| 1 1 1 72 2% 20

* RBumbar of fab
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bluegills, when overpopulated, will sat many or all of thelr own egga.
The thinping process in Plora Iake apparently hus reduced ths nusbers
to & polnt where cannibaliem f8 of 2o consequence, and & domloant year
clasp ervpted.

dlthough the blosgille captured In 1956 had shown an incrsase in
rats of linear growth, they were conaidsrably thinnar than those io
ths 1952 saapls (Sable 15). The difference between the sdjusted log-
arithoic meens may be arplainad in part by the fact that the aversge
length of fish in 1955 was lese than in 1952, and it 13 often tres that
there 18 4 tormal difference batwiet: amsll and largs individuale {Beck-
wan 19L8).

Aoalysis of the amxual ceeperition of the 1956 sample yielded o
ratio of 104 maler for every 100 females, with fesales pradopinating
above age two. The growth rates of the two sexes balonging to recent
yoar cleeses are neariy identicel (tatle 16).

Las's phencammon coald not be idsntified poaitively in any of the
yoar clasess of blusgllls, puxpidinseeds, or hybrids, sxcept posaibly
in the 1949 ysar clans of blusgills (table 17).

Fowpkinaesds grev at & faster rate before 1952 thap 414 the blus-
§1134 or hybrida (table 13). Carbins snd ipplegate (1948} deacribed
& ainiler occurrence in Deep Lake, Michigan, from whick the mtire pop~
ulation was resoved by peisoming, In their stody, tluegills wers found
to grow fastar than the cther two, in contrast with the situation hars.
Hubbs axd Eebbs (1931, 1933} have chrerved that some hybrid centrarchids
catgrow both of the parant species in tanks under laboreVory conditiona.

In Flers Lake, pompkinseeds belanging to the 1953 ¥AT vlses in-
croaned stgnificantly in Minsar rate of growth durinz thelr second and

2

Table 15. Oovarlazoe mnalysie of the natural logaritims of weights {g,}
and totel lengths {mm.) of Yluegills, pumpkinsesdns, and
blasgill x pupkinswed hybrids taken from Flora Lake, Wis-
conain, in 1952 end 1956

Bluegille

Yeur Adjusted mean walght n lop &lopa

1952 3.22555 191 -10.9856% 2.58833

1956 304166 m =12,0615% 3.18248

Errors of satimate

Sourne d,f. Sus of squares Mown square -

Ave. vithin years 579 5.31642 '

Deviations fros ind, 378 5,22145 0.01345
YBAT Tograssions

DifL. betwasn wlopes 1 0,0phgyse

Diff, betwesn 1 1.6 7"

ndjusted weang

Puspirinmacds .

Toar " Adjusted meen welght o keps. __ Blops

1952 3.85496 17 -11.492368 3.12

1956 4,02139 17 -25.,05257 550K
Brrors of setinste

Scurce 4.1,

Ave, within years
DPovlatiens fron ind,
¥YeAr Tegreszione
Diff. betwsen slopss
DifF. botwsen
adjustad meens

e BY

1952 5. 46285 1 =11, 76449 3.17698
1956 3.h6572 T -12.51231 3,41708
Erpore of eatimate

Source d.f. Sum uf eguarss Hexn square

Avs, within yaurs 139 1,51422

Deviations fram ing, 138 1.55877 0.01057
Fear Togrsasicns

Diff. betveen mlopes 1 0.05545%

IArf, between 1 0, 00005

—tdjunted naans
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Table 16, Ouloulated total length st each mwulus For male and famale
blusgills of recenti yosr olasses netted froa Florg Laks
¥isconsin, in 1956 *

Teur  He, of Baxr Ave, length Ave. veight  Lengih wi aowilus
aless fish st oapturs  at oapture _

{om.) (2.} 1 Iy I

5 58 2.8 55
5 Peusle 54 1.6 51
88 2.0 k8
9.2 P
22.1 A7 2 o8
21,3 A7 Wu “oq

Tatle 17. Onlculatsd total length at each snmilus of the 1949 year
clanms of bluogllis collegted fzo= Flora Laks in 1955 .
1856 with sexes combined

Length {em,) at srouldus
III ¥ 7

7”7
&3
2] 98 120

82 98 ns 138

21 110 129 151 163

1954 189 51
1955 49 55
1956 1 56

R

54

third yenrs oﬁ 1ife. Gsnorslly, howsver, theres Was a decreass in the
growih ef the 0lder Pish natted bafore 1955 and little or no okange In
the younger ek (tatls 18, figure 5). Fusplineseds in 1956 hat a Aie-
tinst advantage in adjusted meen woight whan comparsd with the 1952
epeaizsns {table 13). Although no diffsrence betwesn the yatss of line
ear growih by sex could ba detecotad, femsies ware slightly heavisr then
majas at & given length,

Attantion should he aalled to tha marked reduation in the pereent-
ages 14eted abovs ¢f punplcinaseds taloen in 1953 end in 1956, During
the latter year, only 17 punpkinseads wars emong the 5027 members of
the tripls conbination removed, Of these, one wes two years old, 15
uers thres years old, and one was four yesrsa old, Gould this amall
population hava bescas predsoptus on the mmercus young of their near
rolatives, thereby moving from o normsl last to first plucs in growth
smong the threst

The theoratiesl pre-traatment growth curve of the blusgill x
pumpicinsesd hybrids was l._.n.i.ﬂ between thoss of the parcnts {tadles 7
and 13}, Importent gaina in ths rate of lineer growth were registsred
by the 1951 yaar olass in 1954, by the 1955 year class in 1955 and in
1956, and by the 1954 yoar oless ws of age itwo ([table 19, figurs 6).

In contrast with the parent species, hybrid feonles of recent year classes
spparently grev fenter linesrly than did the malee (table 20},

The sdjusted meen of the logarithmlo weighte in 1952 did not Jiffer
mignificently from that in 1956) howaver, the slope of tha 1956 regres—
#ion was mich higher than the slope in 1952 (table 15).

Az shown earlier, a dacided Increass has cocurred in the relative

mmbar of hybrids presant among thelr parents. Ripe nale and femnls
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Table 18. Oaloulated total longths (mm.) st anruli formed in rucossaive _
yoars by gach yoar alass of runpkicessds talen from Plora [
Lake, Visccnedn, in 1952 - 1936 with sexes sombined; ignifi-
cant ohanges in growth rate after 1952 are indigated by + or
- &nd no ohange i indicated by o, a0,
Taay slzas ! *
Tear &5 ‘47 148 ‘ho b 52 ‘53 '54 ; 1o i
19486 45
i+ ¥~
1547 62 50 —— kT
1 m X - / fl.rlf A
- -
1348 93 52 . _ ’
1949 119 8o 52 . = /.\\\\
1 19 30 = \\llj
3 - —
1950 142 108 Ba 58 m H\\\\ B N -
.1 19 30 20 , L T I\
1951 m 131 106 81 55 s T e
1 ig 20 20 14 = -
‘\\
1952 8L 13 126 104 7% eol—8 =
1 19 30 20 1% I i U
1953 129" 108" s 5 -
1 2 b2 ] 1
1954 LT A (T A *
1 2 11 1 19
1955 126 m” 90* 53°
1 1 19 1 i L L 4 L . L - -
o . _“;m 1949 1352 1956
1956 138 129 5" Year
1 15 1
Fipare 5. Fluctustions in ihe ocen, caleulsisd total lengihe af Flora

* Nuber of fieh lakce papiirseeds In euch ags frovp
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Table 19, Caleulated totsl lengths (mm.) st anrall formsd 1n successive
yeara by owch yesr ¢leas of blueglll x puspidnssed bybride
taken frow Flors leke, Visoomain, in 1552 - 1956 wvith saxes
eoublnady aigndfieant changes in grewih rute after 1952 are
indisated by ¢ or = and ne changs i indiasted by o.
Janr clase
Year .#u A _Pﬂ LI Y] -bw -\n‘u .Uu -WN .wv HV& -UW
1586 4
2e
1947 88 37
H 5
19h8 13 A %4
2 5 32
1949 136 1wy 18 55
2 5 33 &
1950

Gw 121 1103 T 5%

51 16h a5y 127 we 73 b8
2 uu 122 & M 6
1952 173 1 1k 18 = 2 52
2 g 32 &0 41 & [
1953 156° 1 135° 1077 83 &0° &°
3 B 271 3 [ & 26
1554 165 16° 154° 1267 100" 102t p°  ss®
1 6 18 22 5 85 26 112
1955 151° 144° 1% 97 " 4g®
1 4 A w8 87 sz
1556 156° 122° 1" s2* uuo
z 1019 &

* Bmber of fish

Total length in millimaturs
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1948

Figurs €,

1943 iBB2 1988
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Fluctusticne in the zsan, celculsted totad ITengthe of Flore
Lake bluepill x mopkinsesd hybrids in exch sge zroup



Table 20, Caleulated totsl length at amch snrulue for male and faxale
bluegill x pumpkinsesd hybtrids of recent your olasess nstted
frex Flora leke, ¥isconsin, in 1956

Tear Ro. of Fex Jve. longth Ave, weight Length at amulus

olass fish at daptura st cepturs
(=n.) :M I II o Iv

1954 48 Hale 9 12,8 L Bl

16  Pemsle [ 15,4 50 BS
1953 4 Hale 124 35.2 47 75 11k

15 Femala 130 h2,1 53 85 136
1952 2 Male 112 25,5 8 B 86 108

-] Females 128 41.0 &8 [ s 15

o
bybrids were ceught in 1956, ruggesting that this rise, mlong with the
drop in the mmber of pumpknsesds, mey be explained on the basiy of
successful reproduction by the bybrids and the inability of the rare
panpkinsesds ta find mster of thelir owm speclea.

It ehould be enphasized thet aignificant insreases in the rata of
linesr growth ooourrsd in the 1953 and 1958 year alassca of bluegllls,
puspkinsssda, snd bybrids, thersby indiaating that the thres resst
similarly to the stimzlus provided by the thinning operations,

Fock hese

The carliest recorded study on the growth of rock bass in lakes
of ths inasdicte veoinity (Zrout and ——._-_B:.anu was that of Wright
(1929}, Hs used direct proportionality bstwsan Body mnd scalse lengths,
and &2 a result, his growth records are net direstly conparsble with
thess of rook tass in Flora Lake. Hils (1541, 1942} analyzed the
growth rates of rock base in Silver, Allequash, mnd Nebieh Lauma, in
wddition Lo the tvo lakes mentioned above. Hio ntimapta to rolate
Tlustuations in growth €0 eir texperaturs end axount of preoipitatica
aot with soms sacoess, Although his data are presented in tarms of
ealeulated standerd length at exsh somilus, the rate of growth wes quite

sinllar te thet of Flers Lake rook bass,

It bes been kmewn for some tims that rock bues reapond favorably
to u sprers redustion in populatien demsity {Bsolman 194L, 1953),
Signifiosnt deviaiions Irem the evtimated pre-trogtment mesns (teble 21}
apponred in over half of the year oclasses by 1954, In 1956, three-—year
old fiah wors 20 millineters longer than the upper limit of the normal
expectad value, snd foureyenr old fish erevaged 25 millinsters abova
the upper bound (tuble 22, figure T). ZIven though the fith showsd an




Table 21,

L)}

Total length (mm.) of Flara Leke rock bass at sach anrulus
foraed in or bafors 1952 as estimwted from the wsgond-degzres
aguation given in table 7, with confidsnce intarvals

ige n Aotual mean  Estimated mean 95% confldencs int,
1 150 5.4 =47 k9.9 - 595
2 137 .0 76.3 The - 9.4
3 147 .3 97.4 96,3 - 98.5
4 109 13,5 118,1 115.8 - 120.4
] B% 139.0 138,5 134,0 - 1430
é 3z 164.6 158, 4 150,98 ~ 165.9
T 21 182.2 177.8 166.9 - 188.7
8 11 194.3 157.0 182,54 - 211.6
9 & 208.3 215,17 197.0 - 254.4
10 3 200.7 230 210,9 - 2571

42

Table 22. Oaloulated toted lengthe {(mm,)} st amouli Pormed in saacessive

years by sach yeat clesa of rock bass talcen from Plora Lake,
¥isaonsin, in 1952 = 1955 with sexes combined) eignificent
changes in growth rate after 1952 wre indicsted by + or -
and no chengs %5 ipdiceted by o.

Your olans

Your .bm -bu LYY .km .rm .#ﬂ .b@ -—ﬁ -mo .uu .WN _mu -m} .U“
1943 61
“.
1264 8} 57
3 5
15945 % 7 57
H 3 3
1986 19 ¥ 7T ST
» 3 3 W
1947 157 108 87 ™ 57
3 3 5 10 1
1948 184 127 115 %7 7B 56
3 3 5 10 11 5
1549 7L 150 138 120 101 76 57
3 3 5 10 11 51 26
1 189 173 161 43 123 97 76 56
0 T 3 5 310 1 51 26 38
W51 205 192 181 166 1M 118 92 T2 %5
3 3 s 10 11 51 26 3@ 10
1952 221 209 199 189 172 137 118 88 71 52
3 3 5 3w 11 51 26 38 1l 3
1953 165" 212* 208" 157° 135° 1017 917 72T 367
1 2z 2 16 3B W 3 52
1 210~ 238° 222* 178° 172% 150% 125° 95* 19° =6°
A uu.u.usumpmmuummn
1555 1727 189" 167" 156" 1147 109" B1° 52°
1 2 & 8% 1 20 S 2
1956 52*

205° 193* 171” 1ho” 146" 119° 75°
1 3 2z 1 LI T & 4

1

* Hobsr of fish




Total length In mitilmeters
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Fipure 7. Fluetuntlions 1n the mean, caloulated tolal lengiths of Flora

lako rowy bazs 1n cach sge proup

A3

L. ]
iguressre in lipear rute of growth, m ocmpariscn of the adjusted Hean
logarthmie veights yleldad no real diffarencs betwoen individuala
oedlestod in 1952 and individusls collwoted in 1996 {table 25),

The relatively snall mmbers of rosk bass in Plors Lake are
bighly piscivorous, snd sppurently do nmot asecolste with other apanies
sxcept to fosd. Wby these fish respend so quickly and pesltively in
their rate of growth to s lewsr totsl pepuistion deneity ia an opan.
question which bears posd of futurs tavestigstion, In addition, snaly-
ais of the growth-respones §2 acaplicated by the Faot that thers wae »

general ir Ln the b of raok bass frem 1952 through 1955

{table 1).

m&wo sizee ware unnlly Inrufficient to demonatrate the ccoure
Tenas of Lee's phonomenon, although some avidenge va= feund =ZONY mew-
bars of ths I9N7 year class (table 24), Az was the cese with all sposiee,
no pre-treatment eex-composition n-pl‘!:.n obteined by Johnaon, st sl
conssguéntly, comparisoms coculd pot be made, In 1956, ¥ittle m»&ﬂo-....
enze was noted between the growth rete of eexes during the first thres
yoara of life; howsver, Hile's studies satablished that males grow dis-
tinctly batter then femsles in latsr years,
Yellov perch

The perch in Flora Lake ranksd second in mmbars during riost of
the pericd 1952 — 1956 (tebles 1 and 4}, and they grow rmch mers slawly
then do perch in neighboring Heblsh, Weber, snd 3ilvar Lakes {Solme-
barger op. git.) emd in Oartlc Lake (Churabll) op. oft.). Tusir cem-
puted grewth curve was the only onw r.ﬂﬁm & pasitive cosfficlent for
the squared term of the polynonial (table 7), that is, tha curve was

concave upverds, This zey indicets that the faw larger perch have
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Table 25, Covardance enalysis of natural logaritims of weights {§.}
and total langthe {mm.) of zook bass taxes from Flors Lake,
Wisoonein, in 1952 and 1956

Adjusted mean weight n Log & Slape

3,813 52 -11.24900 305454
3.81638 52 -8.50133 2.40197

Errors of estimsts
d.f,

Sourae

. Sum of squarea Hean squars

Are. within years 101 8,10311

Deristions from ind. 100 7.51544 0,07315
Fear ragrasaions

Diff, betwsen alopen 1 0,58787%*

DAfr. boiwsen 1 ,00774
adjusted means

Teble 24, Caleulated total length at sach snrulus of tha 1957 yeur
class of rook tass ccllected from Flora Lake in 1952 -

1955 with seras esshined

Length (m1.) st snrulus
B H v v

L

]
101
p2
88

119
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ruschod a langth vhare they were abls to prey upcom their mmercus Idu,
thorelty iparsasing their rate of growth., Estimstisd nosrs ere vary nsar
to the actusl valuss (table 2%), except for age six vhore there ia a
disorepancy of 10.5 uillimeters. After sxemining the mesn calcalated
lengthe for growth following 1952 {table 26, figure 8}, one nesssrsrily
aoneludss that there bas bteen no Snorepss jm the rate of growth, but
rather = dsoTesns, Hore then likely, thie 1s dus to the presence of
largs, resont year clesses, while the totml perch populaticn has ro-
nsinsd relatively stable {tadle 1). Purthermore, individuale are thin-
ner now then they were in 1952 {teble 27).

Eubssquent Lo sevare wintaridll, the growth of pesreh in Duck Lakse
unid Gresn Lake, Michigan, zoms to 51 and 35 percent, Terpactively,
chove the normal neen {Besicwen 1§50). This suggests that the pereh
in Piora Leke may have grown faster if more of them would have beed
Temoved, that 1s, aore than 40 percest of ihe sispding crep {table 5),

Sehnebarger (op. oit.} conoluded that male and female parch grov
#t epproximately the sane rate. The omme conclusion has besn remahosd
for uu.,u-.- Lake perch, st leaat among the younger _.Eq_.u..-;u- {tabla 2B),
Males wers soarcé anong the oldey wge groups, af was also notad by
Esshasyer (1537).
¥hite suckers

The pro~treatamt growth rate cof the whita suckers in Plora Lake
{table 29} was considerably bottar than the growth rate of zuckers in
pearby Musiellungs Leke (Epeor 1935), with Flore lake fish attaining
u longth of 148 millimetors in one year. After 1552, the muakers,
vhich ranke{ oseond in total waight (table 5}, begen to grov more

rapidly (table 30, figure 9). This incrsass is of considarable intorest,
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Table 26, Caleulstad totml lengthe {(mm.) at anmilf fomed in successive
yesrs by sach year oluss of yallow perch telen from Flora
Lake, Wisconsin, in 1952 - 1956 with sexas combined; eignifi-
oapt chenges in growth rate after 1952 are indicated by + or
~ ard no ohange ir indSoatsd by o,

Yeoar olass

Tour *h5 "R K7 A8 ‘49 B0 18y sz i53 gk g

Table 25. Total length (mm.} of Flors Laks yallow perch at emch anmmius
formad in or before 1952 e» sotimated from the recond-degres
aquation given in table 7, with 55 percent confidence Lloter-

valn - 1546 107
. HC
1go n Actusl mean  Eatimeted nean = 95K eonfidence int. 1947 pum wm
1 212 83.5 B3.9 79.8 « 83,0 1948 156 12 B2
1 6
2 5h 109, 107.8 106,% - 108.7 !
195 183 1 1m0 82
3 59 131.2 135.2 127.6 - 1%8.8 4 w pm 6 1
& 19 158.9 160.2 158,3 - 172,1 1950 212 168 132 108 83
1 1 € 1 4o
5 8 188,5 188,68 169.4 - 207.8 _
1 196 1 108 :
é 2 229.0 718.5 191.0 - 286.0 =1 nw.m mu um uww 40 w\”. .
b 1 2h9.0 20,0 231%,2 - 284.8 1952 2b9 220 183 156 129 110 az
1 1 5 11 W B s
1553 243° 208° 179" 151° 1:1° 109" ea°
1 5 T & & 5 &
1954 260 228° 201® 178 ME 15T 109t T
i 4 3 T 1% 23 51 151
1955 204 1T 1657 1T 124 1”7
1 2 2 2 25 128 1

1956 173°% 1427 122" 108°  @3®
2 $ ™ N 2

* Tumber of fish




Total langih In miidimatars

a i 1 i

L
1948

Fipure B,

1949 3 L1
Yenr

Fluctustions in the besn, culeulated totsl Jengths of Flors

lake yellow parch in sach age group

=0

dyble 27, Covarimncs analysis of natural logsritime of weights (g.)
and total lengths {zm.} of yollow perch taken frea Plora

Laks, ¥Wiscensin, in 1952 snd 1956

Year AMiusted mean wed ght n log = Slope

1952 2.TT20h -] ~12.22443 3.12003

1556 2.6948%5 &2 10,8068 2,75912

Errors of estinate

Souroe 4.7, Sm of eguares et squAte

Ave, within yaers B -1 1.8817)

Daviaticns from lad. 120 1. 7559 o, 01480
yasr Togresslons

Diff, betwasn slopss 1 0,.10612e*

mer, betusen 1 0.13648we

adjusted mesns

Table 28. Calculat.d totel length st each anmlus for male and fezale
gallow perch of recent yoar cleases neiisd frem Flors Lake,

¥iscensin, in 1956

Tear No, of Bex Ave, Jength Ave, weight  Length st snmlus
eluss fish at coptures  at capture
{m.) ,nuw 1 4 b33

1955 12 Male B8 5.9 a3

9 Feazle B8 5.9 83
1954 7 als 110 9.7 [l 108

L} Panale 12 10.0 50 110
1953 28 Male 122 144 81 101 120

A2 Pexale 127 5.8 bicd 10l 123
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Table 50. Oaloulstsd total lengihe (mo.) at enmuli formad in successive
years by sach year olass of whits suckers teken frum Flora
Lake, ¥isconpin, In 1952 - 1956 with asxes oombined; wignifi-
omt chenges in growth rate sftar 1952 ars indleated by ¢ or
= and po ohatige ie indicated by o,
_ Yaur olass
Table 2¢. Total length {m.) of Flora Lake wvhite wuskers st sash Tear '} A8 M9 5o 'm1 152 153 5y e
somulud formed im or befors 1952 ns estimated frua the
second-degres equation glven in table 7, with 95 parcent 1548 16
oonfldence intsrvals e
Ao n Sotusl mean  Estimatsd masn 9% confldsacs int, 1949 m..w :_w
1 130 147.9 147.8 123,0 - 167.6 1950 304 246 126
- 3 7 ]
2 B 224,86 22h,1 220.5 -~ 227.9
19351 361 314 206 162
3 %0 287.6 293.1 264,0 - 322.2 5 7 28 38
& 12 3€6.0 295.1 293.8 - h16.6 1952 402 37 203 232 145
5 7 28 38 52
5 5 402,19 10,0 310.6 - S09.4 .
1953 she &35° @S 30t o
2 1 3 10 b2 23
1954 526°  439%  324* 236 148°
| 2 1 3 16 87
1955 wm&n wm..-c. mumo umNo
1 4 54 120
1956 455* 34t At et
1 12 67 20

* Fuzber of fish




sh
sinca the fish ware not stunted bafore the start of remcoval cperstions,

53

et 8441) had an icharent ability io grow faster. In addition, as with
ths rock base, thers was an inereade in numbera t¢ a psak im 1955

480

{table 1), In comtrest with the rock bans, howerer, the suckers taken
in 1956 wars "[atier® than individuals netied in 1952 (table 31).

The separation of calculated Lengths according to sex fatled to
show a raal differencs between malas and feasles (tahls 32), at leant
through age three,

Goldsn shiners

The relatively few golden shiners availablis fer the ccoputation
of a theoretical pre-1952 growih curve csused yery wide confidice

intervals (table 33). As u conzequance, ne significant change im ths
rate of linear growth could be detacted (table i, figars 10); bowsrer,
fiah smapled in 1956 were lighter than thoas taken in 1952 (tabls 35),
Although the population astimates give large muxbers for golden
shiners (3able L), their Jow fraquescy of eapture in fyks nets lerds

240 =2k At

_ .sH\/\/\\/\

|

<
\
%
\

support 1o the balisf that tho high eztimates wers the result of =
graater mortality emcog the merked individosls, possibly owing to hand-

Hng. It la questionsbls shethor mare than 2000 catehabls golden
stinars have been pregent in Flora Lake at any time during the past
Zive yuare.

2 i r 1 L 1 )
(L] ] 1982 =11 ]
Yeaq

Tipurs $. Flugtuatlons in the nean, celculatzd tota] lengths of Flare
lake whits asucikers in 2ach age proup
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Teble 31. Covarienco analyeis of natursl logaritime of welghts {g,} Teblie 53. Total length (mm.} of Flers lake golden shiners mt each
and total Jengthy (i) of white suckers from Flors Laks, anpmulus formad in or befors 1952 as sstimated from the
Yiscomein, in 1952 apd 1956 wocond-dagres equation given in table 7, vith 95 peraent

b eonfldence intervela
i Ad ted Sght I 51
hond Junted moun veigh » 5. & ope Age n Actual asan Eatimated waun  9%€ oonfilence int,

1 55440 *11.017% 2.91;

i ’ & 110175 365 ; f 1 22 82.6 50,3 34,5 - 146.1

1956 565528 T -Gk 5.ok22 2 18 126.9 15.4 106.6 - 1442

E: 1 imad
xrovn of gpiioate 3 8 158.5 160,0 a1.2 - 22,8

Soursa 4.f, B of squures Hean aquere

Ave. within yearc 143 0,55018

Deviuticns from Ind. 142 0.51013 0.00430 Teble 34, Calculatad total lengths (mn.} ot ennuli formed in euccessive

year regreasions youtk by ench year clams of golden shinsrs tuen from Flors
Lake, ¥isconain, in 1952 - 1956 with sexes conbined: eignifi-
Dff. betwaon slopes X 0.02005* eent chengos in growth rete after 1952 are identified by «
Daor. batwoen adjarted X o. see or = pnd no ohangs 2s indioated by o.
naana
Jear clues
! Year ._Pw .mo -mw -WN .Uu «mb

Table *2, Calculeted totsd lepgth (mm.) at such mmpulus for asle end 1550 a4
fenale wvhite muskers of racent yaar classss nettod froo g
Flora Lake, ¥isconein, in 1956

. 1551 1% 92
8 10
Yaar Ha. of Sex Ave, lengih Ava. welght Length at enmijus
cless fisk st septure  at capturs 1952 159 125 9
(=) (g.) 1 I 111 B 10 )
r-] (-] -]

1555 15 Male 221 122.9 196 1953 nmm rq,m mw

] Paunle 215 111.0 190
o o \-]
15534 51 Mals 296 . 292.6 159 274 1954 :w 15 m pmw www
16 Female 298 06,6 157 275
- O o
1953 2 Hale 354 5145 136 230 350 1955 :w _.mw _.wm u% .ww
10 Peamale 361 52,3 137 220 Fh2
1956 167 152°
é 10

i * luaber of fish




Totel langhr la miklimetary

57
180, e
W o ]
om -—
50 <\
¥ ——m8—
0 1 e
—
o 1 L 1 A 1
(=113 1952 [} 11 ]
Yaar

Flpure 10, Fluctuatiens in the mean, caloylated total leonglhs of Flom
Luls galden shiners in each age grouyp

. ariascs enalysis of matural logarithas of woighte {g.}
Teble 33 H wa..-u.auﬂnmE (em,) of goldsn shiners taken frem Flora

Laka, Wiaoonein, in 1952 snd 1956

Yanw Adjusted moan welght n Leg & Slope
1952 3. 98394 B - hobshy 1.56825
1956 3. 78428 & 135488 3461

Errora of sstizmate

Ssurce d.f. Eun of squater Hean squars

Jea, within yasrs 13 0.0TAT

Deviations from imd. 12 D.0A285 0.00357
year Tegremsions

DAff. betwean skegpes 1 0.03155%

Diff. belvwesn 1 0.071 T

sdjuntsd paans
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SIGNTFICANCE

The rether inconsistant growth-responsos vbasrved hara for differ-
ent spacies, presunably resuliing from the redustion in the dsnsity of
the population, ie rather remarkeble, For sxempls, although the rook
base and the yellow porch ware thinned simllerly (t=kls 5), the growth
rate of the formar changed favorebly while that of ths latter decreesed.
The largemouth base, on the other hand, mpparantly did not bensfit fram
the removal opsrations except for & slight innresse in weight st =
given length,

At the present tiae, 7 do not ineow of any thorough thinning studies
which heve shown definitely that the growth rats of ths largsasuth dess
is depsity dependent, tut one intultively feole that it mist bo. In
July 1954, Yergemouth bass from Dadek Lake, which ware stunted when
vompared with thome from Flors Leke (tables § and 36), wers traneferred
to Carrine Leke, Niscornsim, The lattar body of water had » base-demeity
of lees then one—fourth of that in Tadek Laks, A preliminery snalysin
af data collected in Septembar 1950 and Junc 1958 shows that an initial
spurt in rrowth oecurred mmong ons« and two-yeer olé fish during the
Rsme rummer as the stocking; heowaver, the inereused rets of growth sson
subsided, 45 & result, the btass wers no longer in 1956 then would have
teon expecled had they remainsd in Dadok Lake {table 36, Tigure 11),
Zafore cne ip able to drav m vulld conclueion here, it 1 n-cessary
to investigats the effecl of reducing ihe bass poruletlon itself,
Parhope soas infomatien could ba hed by conticaing the elinmirzation of
tass froa Dadek lake, with an oye toward eveluating the growth of the
remaining tasa. In epite of the faet thni the bass in Dedek snd Flora

&
Table 36. Sumiary of the mesn cslculatsd totel lengths and enmual
increnents in lengtha of Dadek Lake Pergencuth bass ool-
leoted in 1954, with rexes combineds
Calouiaiwd lencth ot anmelus
Yerr olase Ne. of
fish I Il I w v ¥l YII wixx
1953 X0 &
1952 47 &4 127
1951 = & 120 172
950 1% 2% 1N& 15 188
1949 ool 4 17 159 193 220
198 18 6 121 166 184 215 238
1947 5 64 116 156 183 20% 227 249
1945 5 ™ 123 157 186 24 237 260 278
Grand aversze
Total lengths
Hillixstnra 64 12 165 193 & 23 b 2P
Inchas 25 48 65 7.8 85 9.3 10.0 10,9
Anrusl ineremsnts
HIlinsters 64 58 43 B/ 233 2 18 24
Inchas 2.5 24,3 l.v 11 0.9 08 0.7 0.9
Runber of fish 172 132 &5 0 s 26 a ]

¢ Caloulated lengthe are teesd on a linsar length-scele relaticnahiy
with mp intercept of 18.4 millimnters.
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Lakes hava difrersat rates of gtowih, a gooman phyriclogical mncentry
usy diotnte that meither will grow fanter under conditions of redused
denslty, and the intraduction of meaters of this apsoiss from both lakes
into snother mignt shed scme light on the passible hereditary background
of the two groups.

Aa mentiomed previcusly, perch in Swsden and in England {Lake
Winderwsre)} reacted differently efter an fntre-speoific doorsise in
mumbare; however, these contrasting results sre not dirsotly comparable
pacause Al (op. cit,) noved individuals to vther wetsrs while LeCren
{op. oit,) desscribed a parah population which wes reduced in altu,
Furthermore, in cther ergariments Alm wes unable ts aecure & favorable
responsa undar conditicns sinilar to those in Lake Wipdeymere, but in
very muall lekss, The yellov perch, which is closely related %a 1he
BEuropsan spociss, ghowed n positive change in growth rate sutsasquent
to & partial winterdll of uakoom relative intensity in Duck and Gresn
Lakes, Michigsn (Beoclmen 1950}, indicatdng that if the perch of Flora
Lake had been thimmed ta a groatsr desgree, thare may have baen an effeat
oppoeite to that dezcnatrated,

ks for tho rcck basse, thess studies copfirm those of ather workera
i that thie spacies is nearly elways the firat to grow fanter follow-
ing a reduction in density. This result, coupled with the srratic
changes exhibitad by the other epecies involrad, lsads oma to epasulate
an scoe posaible explanations. The spywer may 1ie in the genetica of
d4fferent opecles, quite probebly in the gende sontrol of the hornzonal
complex which governa mast of the bodily procesmes. Puturs studies of
the type sxeewted here might vell be peinted toward en evslustion of
the physiological nacbanisus sorrelutsd with changing ratss of grovth,

It is obrioas from the statistics op removal {teble 5}, that the
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differentisl rutes of removel play but a mmall role ip determining
what the responss of & particulmr species will be. Thers Lis soms 1ike-
lihood that n asreful eXsaination of the heharlor treits of 4iffyrent
species will reveal an influernss on the rate of growin aftsr acoe of
the co-inhabitants have besn destroyed.

Ooapetition, an defined in the wery libaral ssnee of Hicholson
(1933}, may ectuslly be tho oontroilieg fastor, Larkin {1956) reviewsd
triafly the voluminous litersture concernming ihe intricacien of sonpeti-
ticn betwesn species, end mede spesial referapns to works conserning
fisher. In Flora Lake, any stieopt to anilyze the interrslaticnshije
whish affest the growth of so many tpacies likely would prove futi e,
particularly sinos other variablas known to be of some impertancs wers
vot geasured {o,g., food n....lﬂu«». It msy be that future efforis may
resolrs the prodlen by ldentifying a density-threshhold net reached in
thees sspsriments which mist ba sxcesied befors the growth of species
unaffectal hars ix stimlated,

SUMMARY

1, Filora Laks, & 102-gcre body of matar in northern Witconsin, wa
the site of 4 firs-year program in which tha dmaity of Lishes was re-
duoed in an atteopt to increass the growth rates of important rish Tpeaiea.

2, Fyko nste wure ntllised yearly in resoving large mmbars of s
tgbrid and sir species of fish. The totsl quentity resoved ranged ap
to 2481 pounds, or 52,6 percent of tha catchahls standing srop at the
tize of population estimation la iae sarly sumer,

3. Scals samples, which wars collected pericdically, were used in
the back-calieulation of the total length at each snmulus according to
the nomograph method, 4 linssr fanction was esployed for every specles
to describs the ralationahip between the radius of the anterior part of
the seals and ths tokal length of the fish,

L., A =scozd-degres palynowisl was fitted to the data on the cal-
culatad total length at each ammilus formed in or bafore 1952, in other
words, & pre-treataent growth curts was foraulatsd as wers apprupriate
coufidence limits for the msans, It was agreed that fluctmations in the
asin, calewlsted total lengths after 1957 which fell cutsids of the con-
fidence intarval wonld be termed significant changes in the rata of
growth.

5. The covarianss techmigue was msed to avalyzs the differances
batrean adjusted, mean, logaritlmic weighta of mpecimens callsctad in
1952 and of those collectsd in 1956.

6. He important changss cccurred in the linesr growth rate of large-
zouth basa; however, in 1956, individuals ware hsavier at n givan leagth
than in 1952, In addition, the total welght of basa over 5,1 inches (130

®1,) 4n length increased froa 3.6 to 6.1 pounds per agre, and the mpling-yisld
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ross from il pounds 1a 1552 to 1S pounds in 1955, although the effort
remainoed nearly constant.

7. Hlusgilles, pupikinsseds, sod Rybrids of these two spscles be-
longlag to recent yaar classes (1553 and 1954) rasponded favorably in
1inear rate of growth after the redustlon in their mmbers, but only the
bluegills and puspkinsesds wore "fatter? in 1956 than in 1952, Fresm~
ably due to the virtual sliainstion of cannibaliss, the 1954 year class
was highly miccassful, and the catchabie populstion erupted from o Tow
of 3300 1a 1955 to 21,600 in 1956.

B. Hock bass in Flora Lake have exhiblted a marked incrsass in
thelr Linear growth rate, particularly by ambera of the 1949, 1950,
1952, and 1953 ymar clatsss, sven though the total mmber of rock baar
presant reached a peak in 1555, A dlfference could not be demonstrated
betwesn adjusted, mein, logaritimic walghts in 1952 and in 1956,

9. Yallow perch wars thinner and grew nore slowly after the initi-
ation of removal cperations than they did befora. This is attributed
to: a) no resl changes in the total mmbors of perch during the study,
and b) pesaibla intra-year class stanting in a populatien currently coa=
posnd prissrily of young fish.

10, 4 relatively fast growing grouvp of white suckers was abls to
raspond to the lawer owerall dansity in a positivo mamner, in splie of
a cortimiad riss in iheir own mmbera through 1355,

11. The golden shinars in Flora lale did not change in linear growth
rate, but as mzong the perch, individoals were lighter at & given length.
An ovarsstimation of their populaticn aiss was thought to be due to a
higher mortality of marked fish.

12. (enstio background, rates of reduotion during ths experimant,

&5
and competition ers discussasd briefly es posaibls reasons for the in-
sonsistant affecis of lower porulation deneliy om the growih of indi-

yviduals of different mpecien,
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THE BETUVRN OF DISPLAOED OERTRARDHITDG 70 A “HOME" TERRITGRY

INYRODUOTIOR

It wer cur objsct to study furthsr the degres of faithfulpness of
"homing® in captursd largemcuth taes, blusglllas, and puspldnsesds aftar
bejng displaced to a zentral reloase point, Other workers have oheervad
this behavior in centrarchid fiches (Larimore 1952, Shcemsver 1952,
Cooper 1953, Haslar and Wisky 1955), tut mora swidencs 1g pesded to
detornins how widespread homing ies smong the individuels of a population
and the mechanism used by the Ifish in finding their way. »Morsover, to
lsarn to vhat oxtept this pecullarity of btshavior imfluences the ate-
tisticel estimatior of populetien eize in pummer paricde whors the sta-
tistics are based upon random movemernt of marked flah,

In 1955, wo experiment was plannod to find the reletionship betwaen
the proportian ¢f fish marked st ons station (“*home") which were recup-
fured at snother station snd the shortost water distance from haas, It
zuat ba kept in wind that one ie¢ dealing here with an untrained and un-
domerticated amimal, hence not cozpatable with the "retumn to a lofg"
bohevior gesn in paspanger plgeons, It implies, if proved to exist, tha
abllity to orient in space without lendmarks and {o reaturn to femiliar
territory vomnrby which might be recognized as lsarned from previous ez-

porisnes.

[

METRODS aND RESULTS

Plora Lake

Eight sroas warc sstablizhed in Flora Lake, erd combipstlons of _
two fin-clips indicated the mres depignated an hoe. The contrel do-
oeticn in the lake to which fich were displeced after capturs in fyks
nets is shown in figurs 12, together with the mid-points of the home
arsas. A1l merked lergemcuth bass, bluegille, punpiinseeds, and hybrida
of ths latter twe were adult fish, but they could not be separeted as
to sex, The last thres groups vers ecnsideret ms ons, sinco positiva
fdentification was uncertsin in repid handling.

Resaptures wars recorded for statien of marking and ataticn of re-
capturs, and the distanca batwssn stations wap measured 1a 1D-foot units
{table 37), In this lske, no effort wem pado to dletinguirh multiple
receptures and ths time betwoen successlve csptures. A rogression anal-
yals wes perfarmed 1o obtain a fimetion which woull relate the propor-
tion mentioned above with dlstense. This was done in terma of natural
logarithns becewse the ute of a quadratie form did not glve as good »
corTelation. To avcid the difficulty ceusad by the appearsnce of zercs,
diptance plus one and cns nirus the proporticn wers taken as verisbles,
fegreeslcn somponents are sunmzerized in table 38, apd the non-logaritimia
equetions are grephed in Tigure 13, These equations give the approxinate
relative dletritution of zarked fish after relasse, and the area under
& SUYYe can be used to estinets the fracticn of individunla marbed at
& glven station which will be fauné within s certain redius of thet sta-
don,

It is of intersst to note thet the displaced blusgills, punpkinteeds,

and hybrids retumsd to the site of originel capture In greater propor-
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Sumary ©f the mmbars of recaptured largamouth bass®,

bluegille, punpidipresds, ané hybride** tnken in Flora Lake
during 1955 and the shortest water distances between statlens

in l0-foot unitzve*

Btetlicen of recspiurs
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Table 38. Sumaary of regression apalyses of markad fish distribtution
dats collected from Flors end Dadek Lakes during 1955 (naturel

logarithee}
Ragrasnivn Errors of sotimste Intercopt Slope r
Sam of equeres d.f.

Dadek Lake 1.08462 55 - 0.h=20k  0,076827 0.679
Largeacuth tass

Flors Lake 0,38526 55 - 0.34720  0,044938 oO.721
Lergexouth bass

Flora Lake D. 75021 55 - 0.4945% ©0.075142 0.780
Bluegills
Rmplinpeeds
Eybrids

100 B0 200 280 300 ang 400 450
Distaace In 10-Toot unife
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{2) Yuepills, punpiinscods, and bBlusgill @ puspiinsssd hybrids in Flors

Theerstive]l relative distribution during 1955 of comp marked {1} larpwacuth tass in
Lalm, and !5) largemouth buss in Flor Lake

Dadok Leim

Figure 13,
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tion then did the largssouth bass; 368.9 apd 32,0 percent, rezpectively.
This result sstablizhes ths fact that theas fishes, 1like ths gresn sun—
fich (Hasler and Tisby op. oit.} and the bass, will rsturn to & "home?
tarritory. If the return of the marked individuals ware sxplainsd on
the basis of rendon sovement {rouletie feshion), only sbout 12,5 psreent
would have been sxpectsd to retorn to the site of initisl capture.

Dadek Lake

Right permansnt fyke netting stations wers sstablished in Dadek
Lake, apd a1l largemcuth baze taken wers marked with Pelersen tagr and
released at the ssas central locaidon {figure 14). The Tecaptures
ware treated in the sare manner un those nstted in Flors Lake (tablss
39 and 39, figare 13), and the percentags homing was 36.9, The latter
fligurs ia ths sama as ttat of blusgills, pephicaseds, and hybride in
Flora Laka.

Since 31 fish captured wers marked with mmbered tags, mnltiple
recaptures could bs recognized and the leugth of tims betwees marking
and muccessive recaptures could be determinsd, One might asmae that
thare would be a diffsrencs in the succesa of inddvidoals In finding
hone afier being at large for different perlods betwesn marking and
initiel recaptore, Of 151 initially recaptursd baps, h2 wers caughi at
sous point during the first week after marking, 35 during the second
week, and 7L during the next nine waeks, Yhe percantages reaching the
original site wers 36.1, 40.0, and 39.2, respectively; consequaotly
no resl differance is wvident.

One furtber poasibility of differentia] success in homing might
be with respect to the diraction froo the point of relsaase to the point
of capture. Staticns 8, 1, 2, and 3 1ie in & asgaent of 57°45" with a
mean direction of :mwnrc__w- and statioms &y, 5, 6, snd 7 lie in n segment

DADEK LAKE

Genfaer (ntarvel = B M.

poc

Area = 3384 ac.

TAIN RBE

ri)

Pigars 1, Jap of Dedek Lake showing metting statisns and gentral release polot
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“ et 58°15" with a nean directiom of B65°W, The zorthemst group of ro-
captures (BO) wes 40,0 porosnt maccessful, snd the scuthwest group (71) .

exhibited 38.0 percent success; sgain oo pignifionnt difference,

Table 58. Sumpary of the mmbers of reaspiured largezouth bass® taken
from Dadek Lake duripg 1955 and shortost watar diatances
batwsen stations in 10-foot units*t {inaoluding multiple
Yeaaptarea)

Station of recapiure

1 2 5 & 5 & 7 &
-1 1* ] 2 b 1 [}] o [} ;
bee 46 n WE 198 Im 118 56
2 L] 15 5 & 4 4 2 é
o 45 o 45 s 196 178 124 62
a
r 3 3 2 13 3 2 2 3 [ :
x T &5 0 106 158 144 96 53 !
1
a 4 & 1 1 4 2 2 1 2
z 146 144 106 1] 51 50 48 28
» 5 1 o 2 2 8 10 [} 2
t - 196 186 158 51 [} 58 20 149 |
” [ o ] 1 4 3 16 7 4
b3 171 176 144 50 58 ] 53 119
-
s T o 1 L] 3 O &4 3 7
118 124 o8 LT3 20 53 o &7
& 1 1 3 0 1 3 5 18
56 62 53 98 14 119 671 0
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Exemination of the n.n.w- frem both lekea leade me to inquirs inte
ths poeeibility of having two peparats popalstions, one thet hosss and
ons that moves sbeut ot randan. An anslysiz which exoludes homing indie-
viduals gonfirms ths planeibdlity of this propasal (4able 30), and the
neans of ihe peroentages ¢f homing mnd non-homing £ish in esch of the
lakes are presented in tabtle 81, In every casm, the homing portion 1is
quite zmall) however, the guestion of how thoss individuale find hoas
sannot be overlecied. The watsra off Dadek arnd Flora lakes ars despily
stained, and light penetration ia reduned greatly. This fact, coupled
with the dapth at the release point, renders uniliely the use of bottom
coptours a8 en lxoediats guids, FPurthermars, the £ish wers too far from
shore to utilize the treoline an & mark, Certainly, = sesrching proomas
which invelves the preceding msthods should not be ruled out, Fieh can
be trained to use an artiflclsl sun for orisntation purposss {Hasler
1956}, ond 1% may ba that the fich in these lakes have s “sun coppese®
oechanjen similar to thet found in heming pigeons and atsrlings by
EKramar {1952},

. In table 41, mr cozparisen of the mecan percentages of boning and
non-hoxing individuels gives interasting informstien on the spproximate
siza of the two groups, It would appear, Tor axample, that 25 percent
of the largemcuth bess in Dadak Lake return heme dirsctly, wherees 75
puraent alther move et randam or make srrora enroute and are ceptured
st anothar station, This polote up tho need for a pethed to deternina
the direation of "teks off" when a fish hes brcen dispiaced, The fish
could be feirly well oriented tovard hame, an area of coneiderable yard-

pge along shore, but he =ay be aﬂrmrn in ene of the pets befors reaching

. Anslysis of errays of szilasta of marked fish distribution
Tatte 0 a-n-.uao—u-ooa- from Flora and Dadei Lakes during 1955 with
home atations caltted (natural 1cgaritinal

' Flora Lake
Sourcs of d.r. Dadelr Lake Flors Leks
szcuth bans fargenonth base Sunfrishes
varistion _.iﬂmw s £ be p t
"Dev, fraa 8 0.81054 0.35072 0, 0062
Besn - .
Dev. froz 47 o.79927 001701 ©.4TIS 0.00739  0.698h 0.01437
regressicn )
Reduetion 1 o,01127 | 0,00357 ‘ 0,00168

, . ‘ n
.M enteges of £izh marked st one station In Flora mnd
Tanle &1 u”mﬂwvn””o- which 214 end 414 not "homa®, including multiple

recaptures
Hann percentage
Hoturning Rop-honing Foming segaent
Lrks =nd zpecles hesms {wach of T sta.} of pupulation
Dadex 343 9.4 25,9
. Lergezouth basa . R
Flora 28.% .2 18.1
Largemouth base .
Flern 57.7 8.6 31.1
Bluegille
RAumpkikassds
Eybrida




™
ths axaet net of inttiel septure or ho oay avold nsts owing to an une

Pleasent saporience. Yo are now stteapiing to sclve this problem by
direot traging of released individuels mnd pay havs en mnawer to betier
oxplein the resalte Teportad hars,

BUIGURY -

. Durizng ths swmer of 1955, largezouth bass from Dndak Lake

and Flors Lake, Wisconmin, =nd bluagille, Puzpldinsceds, and bluegilt

T punpldinused hybrids from Flors Lake ware teugkt in Qs.- aete, marksd

48 to tha aroa of initial cwpturs, and released et u cantral poimt,
2. Datz on tho mmbers of fioh parked et one station which wers

recaptured at any other staticn end the shortest distance Tia water

batwaen stations as measured in 10-feot units wore utittzed in n re-

greasion analysts which yinlded a thaorotiesl currs of the reletive
n»uﬂurrnpuos of H.-wr!_ u..-nqunﬂ._.uo. vith respesi to their "home” ter~
ritory, ’ ) .

5. Parther gnalyeas confirmed the possible existence of two Eroups
n the population, ens thet "homes® mnd ome thet moves sbout at rendon,

The “hoaing® segnent was sxtimated to ba about ,uu‘vawnnn._. of ihe bluegilly,

pumpicinsesds, and Eilnn iz Flera Lake, 18 porsent of ..Ho tans in Florn

laks, end 25 porcent of the bass in Dadek Lake,

L, Bome agpecta of tha mechanisma which displeced f4sh sy employ

" 4n retwrning to a praferred ares are dimouansd,
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