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ABSTRLACT

A study of the rate of growmth of the largeacuth bass
in a sutrophic lake should furi.ish important inforsstion
to fishery bilologists. dintergreen Lake, Kalamasee County,
Micul.an 18 atpyical, begsuse the lake is located on the
we Ko Kellegg Bird Ganstuary; the droppings of the bdirds
using tnis lake 1s of unknown intensity, prodably high as
evidanced by the adbundanee of plankton. This fertilisation
is doubtlessly reflected in the growth rate of the fish.

Scales were pressced in plastic, and the resulting
impression projected by mcans of & s8cslo m.foetor e
described Ly Ven Oosten, et. al. (1834). MNagaifications
were 40 and 22 dismeters depending upen the 8ise of the
scale Delng read. The diameters of the annuli were marked
directly on the Keysort csrd; previous lengths were
deternined Ly thne use of & nomograph as descrided by
Caslenuesr (19£0).

The deta 18 prescnted in two sestions; odsesrvetions
at thae tims of capture, and cslculated lengths. Tne mean
length, standesrd deviation, end eoefficient of variadbility
are presented for ecash group. 7The K feetor 48 givea for
the mean values at the time of golleetiom.

The annulus apparestly is farmed during Mey. 4
possible quentitative method for determianing the tims of



sanulus formation 18 pressnted, based on the April
sollections having meximum weights and leagths while She
Nay colle¢tions have minimum,

The produetion of largemouth bass is prodably high
88 indicated by the vary ropid growth until the fermation
of the fourth aunulus. The rate of growth of the elder
age groups show & marked deeresse when conpared with other
Michisan largemouth bass. The totsl leagth ot eny age
for the fish in this study 1s greater than that for
Michigan £iah becausw of the rapid grewsn during the
sarly yiors belag 80 great that t;u oemperable fish nsver
approach thede lengths at & given age, ia spise of un
growth rate for eemparable fish exsseding thas of these
fish during the latter years of life.



Introduction

‘ Of she meny spesies of £ish feund in the lakes of
southesrn Miechigan, the largemouth bass has reesived little
scientifie attention with regard to its growth. It 1s true
that Rsehmeyer (1939) and Beekmen (1942, 1948, 1949) mention
the rate of growth of the largemouth bdass. Inasmaeh as this
£ish 15 possidly the mestd popular game £ish of warm waters,
ﬂ thus because of 1ite ecencmie impertance, & study of its
rate of grewth in a eutrophic lake, the nost common lake type
in southern Nichigan, should furnish valusdle information to
those interested in the further utilisation of our aatural
rescurees. |

Deseriptiea of the lake.

Wintergreea lLake, loceted withia the W, K. Kellogg
3isd Sanetwery in Kalamaseo Ceumty, Nichigan, has a surfeee
area of 39,3 esres with an approximate maximmm depth of
81 fess and & meam depth of 7.8 feet. Throughout meet of
e lake 12 found submerged or flosting vegetatieon of various
kiands, The laks, a part of the dird senetuary, hes e large
sesidemt waterfowl population, and furthermore many migratory
wuterfoul yest and feed 4t the lake in the spring when they
are flying north and in the fall on their southward trips.
Their dreppings furnish an unknown quantity of fertiliser,



Wt it may bde presumsd from the vigorous and heavy
phytoplanktea bloos and the abundance of cladoeercns and
other amall crustasea that ths quantity is quite great.

Naterials and Methods

Bethod of capture.

The largemouth dass 1is notorious for its ability to
avoid eapture by gill netting or seining; therefore, in
order to got the 2L for this study it was neeessary to
capture them by angling (see table no. 1). The Jamusry and
February collections were made by fishing througzh the ice;
the remainder of the collections were caught by bait casting
and fly fishing. Of all the various lures used the most
effective were surface plugs cast as near to the snore as
possible and retrieved with a quick pull alternated with a
pause, an effective means ci‘ collection. “"Popping bugs,®
fly casting lures, were used similarly, but they caught more
bluegills than largemouth bass. Beit fishing, while effective,
Pesulted in injury to the fish from the removal of swallowed
hooks and mede this method of capture impraectical. It was
desirable to return the fish to the lake with ainimm injury
because of the population study being aonducted eoncurrently
with the age and growth study.



Table )
Period of capture for the various age Eroupe.



, . Table 1.

Colleation . Ase sroup

pariod 1 ur v v w1 v1I

Jan. U3 4. 8 2 1 A

Yeb, . 3 ) S ) 1

Xar,

april £l 19 26 216 8 3

ey 6 o 3 3

June 2 1

July 16 )

Aug. 18 ) s s 3 )
27 16 7

Total é 9 33 41



Reserdiag of dste.

AS the time of eapture the fish were held in e milk ean
with séverel gilloss of water uatil four or five fish were
collested. 4s eseh indivicual wes removed from the cem, 1t
was measured for its standard and total langthe te the nearest
nillimeter, and weighed to the nearest gram. These data were
recorded on the sesle eelleetion savelope, after which & seale
sample was taken from each fish,

Ceale sample.

The scale sample was rm from the left side, delow
the lateral line, ventral to the insertion of the dorsal fin.
The scales were plased in the seale eollestion envelope and
the date of cspture was secorded on the onvelope.

Seale eleaning and pressing.

For the eonvenience of the investigator, and to insure
aore securate observations, the poele impression method was
used rether than the mounting of the scale propere. GScales
fzom each sampls were prepared in the following manner. First,
several Sere ¢leansd ia the laderatory by soaking the sample
in a watoh gless of warm water and detergent for thirty sinutes
following whieh the foreign matter was removed with the aid
of & small brush. Each scale which was selested for pressing
was then exsmined by msans of a binocular microseope



(magnification forty dismeters), the regenersted and damaged
scales were discarded. FNour seales were seledted and dried
with absertent toweling and fastensd to a plastic sheet with
'tno sculptured side of the scale in contact with the plastic.

This plastic sheet ecnsisted of clear e¢eallulose acetets,
two and one half ineches by four und one half inches by twenty
thousandths of an inch ia thickmess. A metal stylus was used
t0 rule the plastic sheet into aix divisions each of which
measured three quarters of an ineh by two and one half inches.
Each division of the sheet was inscridbed with its appropriate
collection mumder, and the scsles gorreeronding to the numters
were fastened to the seoction Ly means of cellophans tape.

This plastie sheet with the sesles attached was then
placed in a heated hydraulic press for two mimtes (temperature:
seventy«£five degrees qcuucudo; pressuret tweaty-five
hundred pounds per lqﬁ;ro ineh). Zxcessive pressure (aLove
thirty-five huudred pounds per square inch) and/or a
temperature greater than eighty degrees centigrade csused &
change in the shape of the plastic sheet which resulted in
distortien of the seale impression. After yressing, the
plastie sheet was withdrawn from the press and the cellophane
Sape and sceles were removed from the plastic sheet. The
sheet was next cut into the previously inseribed divisions
whioch mede placement in the scele projecting machine easier.
The scale impression was then ready for study by projection.



Ecale projestion.

In asder to study the sgale impressions they were
prujected for reading by the use of s scale viewing mavhiue
desaoribed Ly Van Ocsten, et. al. (1934). The objective
lenses which were used were of thirty-two and forty-eignt
millimeter fooal length, respeetively, depending upon the
sise of the Scale being projested. The magnifieation with
these lsnsed was foity-five dlaseters for the thirty-two and
twenty-two diameters for the forty-eight millimeter lens.

Liule negsurement.

The greatest length from the focus to the most enterior
eodge of the scale was the radius used fer the scale Weasurement,
Ihe anmuli were marced direatly on the Keysort cairds which
were adapted for this ui. (For a diseussion of these cards
and their use see Casey, (1948) and Adame (1980). ) Collection
aumber and diameters ot -msgnification wese regorded oun the
card at the time of reading. Llater, other data were copied
from the seale collestion savelope and placed on the
corresponding Keysort card.

Caleulations.

Qf the 220 samples studied, several were not included
in the ealoulations because excessive scale erosion made
agourate readlng doubtful.



Ssatistibal anslysis of the data was used to give a
better measure of variation and assist in ecomparison wmith
other studies.

The determination Of leugths at the time of wnnulus
formationg that 1s, the length of the fish at a known pyeriod
prior to its sajpture, was accomplished by the use of a
straight line nomograph as descridbed by Carlanier snd Eamith
(1944 ).

For determining the msan length and standard deviution
for each group the messuresents were gsrouped 0 the neaiest
centinetert If tue length was recorded as ending in .t
the next larger centimuler oluss was used proviced tae o0
was preeeded Ly an odd mumder; if the 5 was preceded by
an even Aumder the smeller cladss was used.

It was desiratle to compare vericus divisions of the
data with regard to v;ltbuity. To aid in thais conmpesison
the coefficient of variadbility 1s given for each divisiou.
Snedeeor (1946), speaking of the coeffisient of varialility,
00ys it 18 desirable “«.¢.t0 GOmpare the standard devistions
of samples, after making some compsnsation for the differing
8ised of their means.® 7To determine the goefficient of
variability, the standard deviation is divided by the mean;

and the result expressed se percent,
~ For determining whether mean values uiffer siganii.icaatly,
the § test has deen used (Lnedecor 1946).




The eosefficient of conditien, L, has been used to
desoride the eondition or *well=dbeing® of fish. The §
factor (X is equal to 1® times the weight in grens, divided
by the cube of the length in millimeters) for the msau value
of the various ecallection periods 1s presented for compesison
with other deta. These values of [ were determined by the -
use of the alinement chart (Carlander 1950).

"ai:8 grouy” ws used in thie etuay 18 deteruined Ly the
nuater of ennull prescut on the sceles For exurple, & sozle

having two annuli i{s placeu in age group Il.

Fresentation of data.

rA. dete are presented in two lcotxoni; one eccnsidering
the scasurements et cspytuse and the other 1h§1uuiug the
calculated lengths, The {}rot section presents the total
waight in grems and the iotnl length in ceatimeters at the
time of collestion. This seetion is divided fato griuys
ageording to age classes and month of colleation. The second
- section presents the caloculated lengths at the time of anmulus
formution. The divisions of this section are by age groups
determined by the number of enmuili preseat. By using the
length at tha time of capturs, growth ocouring during the
time of colleetion (Jamuasry 1981 through August 1961 ) 1is
eliminated from the calculations. This iu effect, gives un
instantaneocus sample of ths population for cslculstion. The
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data are presented in this manner to simplify statistical
analysis or eomparison with other data.

Annulue Josrmation

The anmuli are marks on a scale that denote bresks in
the growth of the scale (Carlander 1950); one annulus 1s
formed sach year. The annuli are used to determine the age
of the scale, and therefore the aze of the fish from which
the scale wae reroved. As sn aid in determining oge it is
desirable to know when the annmulus 1s foimed.

Beckman (1943) states “....in all but exceptionally
cold yesrs the formation of the snnulus mey be expected to
be completed in sone one by the middle of ¥ay... ." Zone 1
inc.udes .intergreen Lake, °

The annulus of the largemouth bass used in this study
appeared to form during the month of May for the year 19811
eome of the individuals collected during the moath of May
show no annulus for the year 1‘961. and some show a reoently
formed anmulus.

Another observed phenomen which may iundicate the time
of asnulus formation is the apparent decrease of length and
weight for @ specific age group during the month of May in
eontrast to increases in length and weicht during ths otaer
months. (Cee figures 1, 2, 3, and 4)



Figure 1
ige group 11§ growth increment in oentimeters
Crom January until time of collectiocn.
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Figire 2
age group 1I; meon weight increment in grams froa
Jamuary until time of collection.
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Figure 3
Age group 1I; mean total length in centimsters
by month of ecllestion.:
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A poesidle sxplanation for this paradogieal apparent
decresae Of mean leagth for the mexdbers of age group 11 1is
as followss during the period of eaamulus formation, the
colleotion may have included some individuals with a recently
formed annulus and some whigh had not yet foimed thsir enmulus.
48 an uge group, X for example, forms ite amnulus, it then
becomes & part of the next older age group, x ¢ 1. #Fish of
the next younger age group,; X » 1, of lesser mean langth,
form their annmuli during the same period and then deoume
members of the age group X. A sample of the population
collected during this particular period iuncludes s number of
w!gdum which had Just eatered the class by reasoun of the
u«htly formed amuulus and, therefore, have achieved little
or no growth while menbers of this class. This results in
the observed decrease of msan length for a given age growp
during the time the anmilus is being formed. '

The same factors are Lelieved to agoount for the differance
of mean weights for the fish callected during May and tnose
eollected during Aprile The L test reveals the difference
to be significent at the five perceat level for weights,
although not for the lemgths, for the fish of age groupy 1l.

This appereat contradigtion may be explained as follows!
the difference of mean weights (8L g.) 1is large eaough to show
e significant difference by the § test, while the differcuce
of sean lengths (2.2 om.) 18 not large enough for this test
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to show signifieanee. This may de asecunted for, in part, by
a small difference in length resulting in & much greater

. Aifference in weight, since the weight increases approximecteoly
with the cube of the leagth.

Jjeight and length comparisons

Colleetion period dilcuolod.

The discussion of weight and length at the time of
collection 1% dased upon the /pril collections for all age
grouys, with the exeeption of age group lI. Age groupy 1 was
represented in the kay collection and absent during the other
periocds.

As discussed previcusly (see snnulue formation sect.ioan),
at the time of annulus formation the lengths and weixhts are
at a mainisum for & particylar class; while during the ,eriod
immediately prior to annulus forsation the values are at a
naximam for any age group. The fish in this study formed
their anmuli during Mayi the.efore, the period with maximm
values fo: each age group is April. The effects of spawning;
l.0., weight reduction, limited feeding, eto., should be at
e ninimum during April since spawning does not begin until
dater. Of the various callection periods, April represented

- the greatest mumber of fish ocolledted.



el

It 1s apparent from an exanmination cf the coefficilent
of varisbility fer the various groups that at the time of
cuyture weight veries more than lengthe 7This may de due to
weight being more dependent upon the habits of the fish
immediately prior to cepture then 1s lengthi: time of capture
in relation to previnus feeding, type and quesntitr of food
evailable, state of digestion, etC. +..all have & more
ivmediczte affect on weight thun length.



Pigure B
The mean length weignt selatioushiy of fisunes
for all age Zroups collected dusring april 1961.
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Age groups at the time aof colleotion
Age group I,

Age group 1 18 represented by six fish in the May
collestion. Some members of ege zroup I may have bLeen
chancod to age group 11 by the formation of the second
Mhu: howaver, it is more prodedle that age group I
vas less vulherable to angling, or they are less sbundant
than expested. The appearanse of age group 1l in later
collections indicates that the fish were present, aslthough
not caught as sge group I before Xay.

The fish in age group I, tadles 2 and 3, are more
varisdle in weight (mean 113 g., 4 49 g.) than length
(mean 20 eentimeters, g 2.1 centizcters) as indicated
by the coefficients of variability of 43.6£ for weight,
and 10,54 for length. --

-"‘
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A _ Table 8
Length and weight odbeervations for £ish of age group 1.
" ocollected May 1981,

g ’ o Total
B Collestion Weight in length
L ousdber graas - 4n om.
11 . 163 £4.0
i 174 ) 19.3
ke 170 108 19.9
* ’ 199 _ ™ 17.7
. 183 87 19.6
7 168 80 13.0
3 Range 80 17.7
: ! to to
;! 188 £4.0
3 Fum 67 170
I Meun 123 0.0
i Stenderd devietion 49.3 2.1
3 Cosffiefent of varisbility 43.6% 10. 8%
i Condition factor (X) 1.48
¥
i
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Y Tadle 3
Caloulated lensth in eentimeters for fish
_ at ;1- of formation of rupccu_vo

Smber

o

174

170

199

153

168

Ranze

sum

Kean

Standard deviation

Coefficient of variediilty

of 3: group I

First
annulus

12,1
11.8
10,0
6.9
9.0
13.0
6.9
to
13.0
)
11.0
2.3

£0. 9%



- Age gwoup Il. '
Age group 1I i3 mumerous decsuss these fish ware not

vulneralile $o angling before entering this group. The older
ege groups show the effect of natural mortalits. It is
yossible that the method of colleetion may have iatroduced
bias favoring sapture of certain sge groups. It wo.ld re;uire
another season of collections to yield data to deterzine if
this is true.

The couofficient of variability of weight fo. sll
¢olleestion periods of age group 1l (except Januasy) 18 aoove
SUke This indicates considerelble variability of wei;hts,
ihe Jamuary oollection of age sroup II inscludes 14 rish with
s coefficient of variability of 10.2%; which indieutes
compasatively small veriability. This difference in
vardability of oollcctiqz_a_poriodo is probably due to sumpling
exrror; for the weigats of other f£ish in this study were not
nore uniform during January thamn during other collection
periods,.

The lengths at the time of colleetion for sge group II
are more uniform then age group I, with a coefficiont of
variation asar 1A for ell colledtion periods except Junuery
whioh has an unusugl uniformity (goefficient of verisiility
4.5%). A8 iiiceted for the Jeanuary weight uniformity,

sampling error 1s the muBt paoLiCiy reeason for the Low



£6

variadility. The hizh variability of the May collection 1
doubtless due, in part, to the formation of the annulus
du:}ns this geriod ana inclusion of fish of two year classes
in one age aroup.

The April collection includes twentye-one fieh, whose
ucan weight L8 289 ge, with the standasrd devietion of 158 g.
and & mean iength of 2843 caentimeters, with the standard
deviution 3.7 centimaters,.

These volues nuy te compaied wita those of sge group l.
arl Bge pioups, witii the exce,.tlo: of ade grouy 1, ere at
the mdnlimam welphit ax' len.tn lanculetely following wanuwlus
fornation (lzy in the fish of thls study), ani the moxinmm
weight and lenstnh Just prios to annulus formation (April for
thias study). The suesous for tals wo.re discussed wmier
annulus fosrmaetion. |

The exce,tion, uge é;oup I, occurred tecause the annulus
formed represents the entire growtnh until then; the o uaxe
group would not easily be confused with age group 1.

The mean wmeight at cayture of age group Il excesds that
of age group I by epproxiunately 176 gey an inorecre of 1507
over the weight at the tise of the previous snnulus foimation.
The mean lensth incrense st cuptwe 18 approaimately eifnt
entimeters, an increacnt of ¢ll.itl, less §han £irty percont

for the same period.
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Table 4
Length and weight observations for f£ish of age group Il.

o Total
nambar e e
Collected Jamiary 1981.
) 208 £8.0
180 24,0
3 190 £4.0
10 218 26,0
u 169 28,0
ie 169 24,0
16 £80 27.6
16 280 26,0
by § 190 28,5
10 . 210 2Yeb
19 £10 256.0
£l 218 £%.8
- 190 24.0
£3 210 . £28.5
Range 160 £4.0
£30 2o
Sum sone 363
Nesa 208 £28.8
Standard devistion 20.6 1.14

Coefficient of variability 10,25 .54
Condition faetor (k) 1.26 '



Table 4 (eeatimed)

, : Total
cutieetion ige s
- Colleetad February 1961.

26 830 £6.8
27 288 £6.5
28 208 26,0
al 560 34.0
VY 154 £3.0
% 240 £7.0
Range 164 £3.0

80 3600
o 1009 1@
Nema 260 26,8
Standard deviation 142 3.7
Coefficient of vuin;nuy 8. 9% 13.8%
Condition festor (X) 1.38

Collested April 1981.
= 484 3.7
o8 480 38.8
”! 100 £6.0
2 168 £4.7
%8 236 £6.0
'

276 £8.6



Table 4 (eontimned)

Colleeted April 1981 (oontimied)

108 £80 9.4
104 390 33.5
108 156 24,7
119 860 33.2
140 186 £5.0
142 116 £1.8
176 £40 £7.0
ATY 228 £6.8
n 178 216 25,9
i 17y 164 £8.0
106 220 £6.5
187 ) e84 28,5
| 108 836 26.3
194 £20 £6.5
197 500 33.2
Range 116 £1.8
| 840 2603

: Sun ¢oTe 594
Neea 200 28,3
Standard deviation 138 3.7
f Ceeffiofent of varisbility 48.7% 13,1

Condition factor (X) 1.27
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157
156

181
169
168
167
+64

160

ERagd

Tabls 4 (@M)
Weight in

GCollected Ney 1901
168

180
168

290
187
264
163

sdEhEkz

247
184
390
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Tadle 4 (eentimuned)

Cationsie mige s s
Cellested May 1901 (eontimed)
Range 100 £0.6
| 686 3303
sum 4380 633
Noan £08 £5.4
Standard deviation 113 6.4
Coefficient of variadbility 84.3% 2t.2q
vondition factor () .28
Cellested July 1981

£08 ia 23,9
221 429 32,8
£20 ' 248 27.8
236 28 26,8
£33 202 £8,.6
238 200 26,0
289 126 28,3
287 176 £5.3
1} 198 20.0
et 24 27.7
284 238 26.7
283 246 26.8



Tadle 4 (eontimed)

Total
rbar il e
Cellested July 1981 (contimued)
c8s 168 248
E17 228 26.6
=)} 168 24.8
Range 166 £3.8
to to
480 3.8
Sum 3228 373
4ean 2156 £7.5
Standard deviation o9 2.9
Coeffioient of variedility 41.4% 10.8¢
Jondition factor () 1.21
cou;atod August 1961
244 270 8.0
240 184 £6e3
847 206 26.3
264 166 £8,3
ral 420 33,2
£80 204 253
£76 460 32.3
268 170 £6.1

286 191 £6.0



Tadle 4 (eontimmed)

allaien migtin e
Colleoted sugust 1951 (contimed)
287 220 274
288 a2 3%.9
298 £90 £0.4
302 240 £e.7
300 261 £9.1
297 178 23.8
£91 217 £L.9
£96 220 27.2
£98 168 28.1
dange 166 Ci.2
| o 35ee
cum ) “ua 497
koan | 249 28,0
itandand deviation 8.2 £.9
coefficient of variadility 35, 8¢ 10.4%

condition fecter (X) 1.18



‘ZTable 8

mmm lou‘th eentimeters for fish of age group I
&t time of formation of respective nnn.:fx. P

Collestion Fizst Seaond
mmber

o~y v

-y v
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anmilus snzulus

1 10.8 22.8
.8 20.6 22,3
204 10.6 18,3
201 1.8 £8.0
217 10,7 26,0
28l 13.4 £8.5
p2e 8.6 19.7
£3 11,0 £4,0
224 9.2 217
286 13,0 6.8
226 10.4 £3.8
227 9.9 22,7
229 13,0 £0.3
238 20.6 £2.0
£33 13.2 £7.5
236 9.9 £3.0
£20 12.4 26,0
247 12.1 £3.8
240 11.5 23,9
44 10.8 26,2
E 7 11.6 26.0



Tadle © (eontimued)

Cellestion Firet Seeond

muaber snmlve annulus
34 9.0 £C.8
268 1l.8 £0.7
280 8.0 £C.Y
o4 1.3 2.6
18 8.8 227
£97 13.6 19,9
£l 90 £C.F
28 8.9 £7.9
£3 9.2 2l.6
3 1 £2.6
10- 10.0 £4.1
b8 1 %8 PL.S
i 7.0 £0.9
16 8.6 £5.9
b 13.9 £4.0
i? 1:0.? £3.06
£81 | 8.3 £0.0
- 88 14.9 £%.0
o) § 13,0 £9.9
£78 i2.8 : 30.0
87 12.0 4.3

166 10.7 18,3



Table ¢ (comtimsed)

Calleetion Firet S8egond

oumber anmlue . aanulue
160 77 20.8
pY: & ' 13.3 4 8. )
164 18,0 £6.8
167 9.8 £0.6
168 8.8 21.8
269 10.0 13.7
aonl 8.6 Cl.8
1t4 8.7 £0.8
i8% 10.8 £0.4
ploy 4 18.0 24,0
L9 9.7 £C.0
a0 Y £145
216 1.8 20,3
£18 10.0 £1.6
£4) ll.2 2.7
170 10.0 £1.0
168 17.6 £3.9
23 14,8 23,8
ceé 9.7 £0.6
27 18.8 £%.0
i9 11.7 23,

82 12.8 £7.4
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Collestion

10
9
98

104
106
a9
140
142
<37
176-
im
178
179
194
197
188
188
114
17
175
300

Tadle 8 (contimmed)

Piret
ansmlue

8.9
1.8
10.6
10.0
13,8
10.6
11.8

9.£

9.2
18.4
1.4

18.7

10.2

8.8
1.4
11.8
1.3
156.8
11.8
17.9
10.3
16.9

22.%
£4.9

.0
£23.7
30.0
£6.9
£0.%
3.5
£8,0
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Table & (continued)

Collestion rirst
Lumber - e annulus
e . 1l.8
o) | 14.0
38 ' 44.0
587 11.8
06 9.8
238 i1l.8
36 12.0
o) 11.6
lange ) 7.7
1729
om iom
Jean | 1.2
.tandard deviation 2.4

<oaffieient of variabilily £1.5%

Second
aanulus

23.2
6.1
£C.1
24.0
VI
£4.0

.9

~e
Lo

l45.8
30.0
2246
£3.6
1.06
41.5%



R

39

' Age group IIl.

™he entire eollection of all sge groups include eleven
fish for Fedruary and six fish for June, with age growp 11I
.ﬁont during doth months. Sampling error could account for
this.

The mean weights of age group I1I have aearly the same
veriadility es the weights for other age groups (coefficient
of variability nesr 356£) with the exeeptions of the isugust
collection (eoeffieient of variability 16K), and the July
collestion (ecefficient of variadility 2%). The July
eollection has two mesbers, with a weight differenge of
18 grams; henee the low variadbility. The high variadility
of the August colleetion 1is prodbably attridbutadble to sampling
wror.

The mean lengths are less variables with a coefficient
of variability near 10f{. An exception is the July eollection
Which has 0o variability because the two lengths are within
one teath of one eentimeter; as explained previously, to
simplify saleulations lengths were grouped to the nearest
eentimeter,

The April eclleetion includes ninsteen fish whose msan
waight 18 874 g., 4 186 g. and mean length of 34.6 centimeterss,
4 3. oontimeters at time of oapture. This is an increcse in
mean weight of 280 g. and a mean length ineremsnt of 6.9
osntimeters, sompared with the April eclleetion of age growp
II., This insresse of weight i3 spproximately 100X and the
length inerease 1s more than twenty peroent.
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Table 6

Length and weight observations for fish of age group III

mxu :::&m in
Collested in Jemuary 1961.
£4 950
1 440
’ 3
27T 8
Range 440
90
Sum 2791
Mean e
Standard deviation £18
Coefficient of variability Ale2C
Comdition fasctor (X) 1.7
Collected in Nay 1961.
240 740
168 490
T 367
Renge 367
%0
Sum 1087
Mesn 829
Stendard devistion a9
Coefficient of variadility 36.1€

Condition fastor () 1.3

Total
length
in om.

£9.0
32,0
36,0
39.1
29,0
to
39.1
136
34
4.4

12.9%

36. 9
35.2
al.0
A.o0
to
36.9
103

3M4.2
1.8
6.0%



Table & (combimmed)

' Tosal
-y crase’ 12 om
Gollegted April 1981
108 080 4.0
138 640 30.3
134 740 367
120 804 34.5
128 see 38.0
96 856 36.3
™ 390 21,7
) 1070 42.5
) ez 36.1
53 “e 33.6
126 Qo 3t.6
137 348 30.5
200 456 as.6
n7 438 3.4
218 65e 371
136 502 3443
™ 670 36.3
46 360 2.7
60 Qa7 33,8
Range 348 30.3

to
1070 2.8



Table 6 (comtinued)

: Total
mtlﬂ zt..ght in m
Collested April 1981 (econtimned)
Sum 10896 sa
Nean 674 34,6
Standard deviation 188 3.18
Coetfielent of variability 3.4« 9.2%
Condition faator (i) 1.38
Collected July 1981
234 627 371
19 609 37.2
lange 609 ST
' to to
ec? 37.2
Sum ‘ 1238 74.3
Mean Qs 37.2
8tandard devietion 12,3 0
Coeffieient of verisdility X (o]
Condition fastor (i) 1.8
Collected August 19%)
873 820 34.8
267 e 31,8
£250 680 37.%

£90 216 £6.2
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Table ¢ (eontimued)

Calleetion

m

Colleeted August 1951 (eontinued)

299
lange

Cum

Mean

Stendard deviation
Coeffiocient of variadbility
Condition factor (X)

Neight in
grans

202
e02
%o
679
2267
453
73,0
16.1%

1.45

Total
length
in cm.

£7.9
26,7
to
37.8
159
.8
E.L
16.4%



. - Tadle 7

© Galeulated length in ecentimeters for fish of age growp III
"7at A1me of formation of respective snmuii.

Collectiom

mamber . enmudue anaiue hvilus
137 10.8 T 19.4 £8.5
100 20,0 248 3.4
133 12,0 £3.8 3le?
46 4.4 2140 £7e9
0 1.0 £3.1 31.8
s £1.0 28,4 34,3
] 18,6 24,8 33.4
%" 10.2 £1.6 3.8
117 11.8 22,0 30.9
115 1400 ' 5.8 38.8
ue 12,3 . 26,2 33,0
128 13.8 £3.6 30,2
134 13.3 8%.9 32,6
182 3.2 26,0 . 38,0
53 11,8 24.2 30.0
™ 19,7 £6.7 29,9
138 7.8 18.2 28,0
) 13.0 26.0 37.9
T 9.8 £3,7 34.8
273 12.1 4.8 33.8

867 7.7 20,8 £7.3
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Tedble 7 (oenunpd)

flleve  om,
- ig.d
14 : 10.8
120 10.9
229 : . 1840
234 8.8
lee 11.0
240 20,0
260 16.0
178 10.8
e 18,6
299 %0
£90 88
Range 7.7
20
Sum Q8
Nean 18,4
tandard devistion 3.8

Cosffiolient of
variability 26,0(€

Seeond
amxmlug

- 28.8

23,0
27.%
2.0
g8. 6
£6.9
£8.7
26.0
£8.4

£8.0
20.8
18.8
28,7

24.1
3.0

12.4L

Third
enmlug

31.8
29,9
30.8
34.8
34.2
330
34.6
34.5
£9.8
27.2
£6.7
£3.9
£3.9
38.0
1046
3.6
3,36

1C.6
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Ase group IV, -

" The festyeeme L£ish emniditiag four ammli were eellected
from Jm 1981 through August 1981, with tweaty-six being
csllested during April.

Lleven sore fish wese present in this age group tham in
ege group 11I. As mortality increases with age, one woald
oexpeet fewer individuals in the older age group. 7This
differsnce in mumbers is prodbsbly due to sampling error.

The greatest variation of weights by month of collection
is during April, the coefficient of variadbility deing 83K.

Of the twentyesix fish colleoted during this period three
have weights greater than 1000 gee Possibly these {nlividuels
weighing 0 mueh nore than the mean weight of 713 g. say have
been feeding astively immediately prior to eapture; also,

they may be the fastest growing fish of this age sroup. The
other collectiocn periods, with ths exception of Februasy and
llay which have ons fish odch. have a coefficient of vari-
ability near twenty peroent.

The coefficient of variadility for lengths is T.£ pere
oent; indieating little variation eompared with previous age
ereups.

The April oolioctian.’ at time of capture, has a mean
weight of 790 g., & 421 g«} the mecn length is 38.6 centimeters,
2 2.0 oentimeters. This 1s en inorease of £16 g. in weight,
and 4.8 eentimeters length increase during the fourth year.
The growth Guring this period is exceeded only by that of
the third year.
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o Tadble 8
Length and weight observations for fish of age group 1V

Collestion Weight in Longth
namber grang in cn.
Collected January 1981
20 800 39,6
- éed 386 O
Range 628 38,0
to to
800 39.5
Lﬁ 1425 T7.0
kean ns 38,8
Stundard dﬂh‘uop 124 leld
Coefficient of variability ATe4% 2,08
Conditiou faator (X) 1.82
Collested Fedruary 1581
38 600 38,0
Condition fastor (X) 1.08
Collested April 1901
19 1088 41,2
138 o 40,0
80 440 32,2
20 800 38.4
76 690 38.4
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Tadle 8 (eomtimued)

Weight in

&ransg

Callected April 1951 (eontimmed)

ao
564
1620
740
1060
86
682
620
™
asse
660

g§88332:2k8

884

Total

length
in oa.



Tadle 8 (gontinued)

Golleotsion
ousber

Collected April 1981 (continued)

Range

sum

dean

Standard deviation
Cosfficient of veriabilicy
Cnrndition faetor ()

Weight in

sreane

460
to
1680
20890
0
42
83K

1.34

Collected Nay 1981

149
Condition fector ([)

920
1.£9

Collected June 1901

Stundesrd deviation
Coefficient of variability
Condition factor (X)

788
638
220
820
728
1911
€47
133
£0, 6%
1.8

Total
in om.

32.2
44.6
1006
3846
2.8
T7.2€

4.2

30.6
37.2
38.9
309
3.6
113
7.6
14
3. %
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Teble 5 (eomtinued)

- | Total
Collegtion _ seiznt 4in langth
nusder . gPums in own.
Collected iugust 1981
243 610 37.0
n4d eot 40,2
£33 6oL 30.2
270 204 3%.9
70 1004 © 47.8
769 €88 3T7.0
204 840 36.7
S0L ne 39,8
dange 540 30,9
2008 oo
Jum 8408 al0
Mean : 67S 58,6
Standard deviotion 145 2,0
Coafficient of variadbility £1,.2% 542¢

Condition fastor (X) .68



Takle 9

Galeulated leagth in eentimeters for fish of age group IV
N at time of formetion of yer octive anmuli.

. Colleation First Seeond “hird Fourth

smber snmulus annalus annulus annulus
88 1.4 23.8 33.0 37.7
% 15.8 £8,0 36.9 42,0
“ 22,8 31.0 3.9 43.4
66 8.0 19,0 30.0 37,0
@ 2.0 £1.0 34.3 40.6
ui 19.0 21,0 £9.8 36.1
11c 10,0 20.9 29,0 8.1
266 13.8 3 33.3 38,0
| 14.4 25,8 3.7 40.3
283 20,0 26,6 32.9 3646
£78 9¢9 20,3 28.2 sl
€70 1.0 28.% 3e.9 59el
€0 .2 2045 31.8 3Ced
13 9.0 23,2 29,6 34.4
sp 18,0 26,8 32,0 3649
90 9.2 20,8 30,2 36,7
158 1449 25,5 34,0 5704
269 8.3 20,8 29,2 3403
301 11,8 2345 2.1 57.8
294 88 039 30.8 3449

e <] 10,8 21,0 29.3 36.9




‘ Tadle 9 (eortimned )
Callestion rirsh seeond Third Fourth

nussber aamlus anmalue annulug anmlus
eop W £3.8 £9.2 341
208 9,8 21,0 31.0 34.6
149 18,6 £9.8 38,3 398
54 18.0 £3.8 28,6 3440
248 9¢C 21,8 £9.3 36.1
243 8.9 Pl.2 30.0 3504
76 8.1 £0.2 £9,6 3B
38 8.3 £0.0 £6.7 £9.8
£0 £0.1 £7.8 321 STeV
ns 963 £8,0 33.0 5740
19¢ 1%.82 19.4 33,8 37.7
b1 14,1 £4.8 33.0 35l
196 12,6 £3.8 30,6 3740
102 14.0 26,5 3l.6 368
1ot aled 22,9 3l.2 36,3
9% 10,0 £1.P 29.8 3440
9e 10,8 22,0 31.£ 36e1
133 9. ¢ £6.9 3le4 3640
161 10.0 £0.2 £7.8 Bl
a 8.0 20.0 29.6 34.8
[enge 8.5 19, £6.7 YYe8
et? 8 310 3509 o

cam A78 94) 1290 1483
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i Tedle 9 (continued)

' Golleetion  First
anter annmulug
Mesa 11.Y
Standard
devistion £.47
Coefficlent

of
variability £l.1%¢

Sesond
annulus
22,9
4,70

20,57

Third

annulug

3.5
2.76

8.7%

»ouzrth

annulus

363
:’..51

Te 1€



Age groups ¥, VI, amd VII.

. These three age growps were represemed by so few fish
cim eomparisens were not desmed advisable, although the
observations are presented. For exampls, age group Vi is
represented uy one member for the Jamuary eollection.
Tentative comparisons may be made for the April collections
which have the fellewing mumbder of individuals: age growp
V 16, age group V1 8, age group VII 3. Of the three age
Eroups no other collestion periocd has more than three fish.

The mesan weights for the April collections asre: ege
group V 880 gey £ 40.T g3 age group VI 1108 g., 4 267 g}
ese group VII 1079 gey 4 182 goe This indieotes an increase
of waight of 301 g. £rem the £ifth to the sixth year, with
an inerease of 95 g. from the fourth to the fifth yeare This
apparent deeressse of growth rate for the fifth year with an
inoreased rate for the sixth year might dbe possible, but 8
Bore probadble reason is sampling error, especially sinoe
oeomputed lengths do not show this.

The apparent deorease of weight from age group VI to age
group VIiI mey be an actual 1088 of weight as the fish ages,
but a8 noted previcusly, eampling error 18 a detter explamation
in view of the small samples.

The mean lengths in centimeters of the varicus age groups
eollected during April are: age group V 40.7, g 1.2 &ge growp
V1 42,7, & R.03 age group VII 42,0, 4 2,0, The reason for the

decline in length from sze Eroup VI to sge group VI is prodably
the same a8 for the deersase in weight, i.e., sampling error.
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Teble 10

Length and weight observations for fish of age group V

ucﬁ“miu Reigit in
Collegted Jamuary 1981

-7 928

Comdition fester (X) .38

Colleocted February 1981
88 700
Condition faotor (k) 1.18

Collected XMay 19C1

248 T30
214 ns
163 ‘ ste
Range nes
e
tun 2306
Neoa 768
Standerd deviation 6.2
Cosffieient of variability 3.

Condition fagtor () 1.24

Total
length
in om.

40.0

39,0

40.0
38,9
40,3
38.9
to
40.3
120
.7
0.82

0.4



Table 10 (eontimmed)

—can ™ s An
Collected June 1901
208 734
| 231 784
Range T34
5 to
; 784
i Sum 1818
% Mean ™
Standard devistion 6
i Coefficlent of variebility W
i Cendition factor (X) det8
! Colleated April 1981
‘ 6T X 56
(7 1290
183 1320
69 776
1 690
108 7V
1% ams
f e 836
o as
s 760

Total
length
in ocm.

3%.1
3940
3%
39.6
78.6
393
O.£22
0. 6%

38,8
43.2
43.8
4.0
40.8
40.8
41,0
39.8
40,0
39.%5




?-t:
T
| Teble 10 (eomtimued) |
- - ‘ Total
5 ——r cram " 1
% Collested April 1961 (eontimaed)
; 4 620 40.0
49 880 5949
H a8 980 Al.4
g 128 904 40.7
; 13 a24 40.5
93 860 40.8
i nnge 738 8.6
1360 3%
f; Sum 146 653
’; Nesn ass 40.7
] Standard deviation ise 1.8
1 Goeffiaient of variability 20, 8% £49K
i Condition faster (X) 1.38
Collected July 1981
228 | 716 38.5
£18 916 40.8
Range e 38.6
o6 10.2
tum 163¢ 7

Xean a6 39,5
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Table 10 (contimed )

Collection | Weight in
punber . grens
Collected July 1981 (eontinued)
Ctandard deviation iQ
Coaffieient of voriebility 17.3%
Condition feotor (L) 1.3

Colleated August 1981

274 830
249 880
Range 680
&0
Lum 1810
dean . 788
Stendard deviation ‘ 106
Coefficient of variability 14,06
Condition faetor (X) 1.27

3.64

38.8
39%.1
38,8
to
391
T7.9
38,9



Table 1)

mmm hmb in centimeters for fish of age group V
oS tine of fermation of respestive

coumm nnc Second Third Fourth Fifth

munder enmilus anmulus aanulus analus aamulus
£28 9.0 £1.1 30.0 33,9 37.0
206 ° 18,0 £4.4 £9.0 33.1 37,5
£33 10 £3.8 30,6 36,0 38.0
163 116 24,8 38.1 36.8 39,0
214 .0 20,6 29,0 3401 37,0
248 10.4 28,3 31.1 36,2 39,0
56 1l.2 £4.4 30,0 35.0 38,7
249 11.6 £0.8 £9.0 34.0 37,6
198 %8 19,0 28.3 36.0 39.2
118 7.2 13,6 24,8 38,9 37.1
®  18.0 26,5 3. 36.0 38,2
a7 1006  £3.0 29,3  34.8  38.4
108 1.4 20,0 29.6 36.1 39,0
184 as.e £21.0 2.3 33,0 38.1
@ 1.0 19,0 £29.0 38.8 37.8
o7 9.0 18,5 28,5 32,9 36.2
¢S 3.8 ee.9 3.0 39,0 42,0
69 9.4 2401 31,7 36.8 39,7
70 7.8 20,1 31,0 34.8 3946
131 8.5 8.2 29,6 36,0 39.8
9 18,0 £27.0 2.4 36.9 39.68
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' Tadle 11 (contimied)
Collestion Firet Second Third Fourth
mamber annulus aesnmilus annulus asamilus
8 9.9 24.9 32.1 34.P
874 18.0 86,2 30.0 33,8
7 9.0 1.9 30.0 36.2
] 48 _ 10. 0 80.0 89.8 35.2
218 18.2 £R.8 30.8 37.4
183 17.6 £9.8 ' 38,0 39,2
Range 7.2 13.6 4.8 32.2
\ to to to to
i 18.0 £9.8 3565.0 40.6
Sun 308 604 788 948
Mean il.2 22.4 £29.1 36,0
Standard
deviation 2,83 3.74 6,10 1.73
Coefficient
of varia-
bility 2.8€ 1.7 2,15 S.Q%

Fifeth
anmlus

37.6
37.1
38.7
38.2
39.2
AZ.1
36.L
to
43.8
1042

38,6

l.4

d.6%



| Table 12
Length and weight odservations for fish of age group VI

L Total
era croms 18 on:
. Collected Jamaary 1961
| (1 678 37.0
o8 Conditicn faetor (K) L
Collected Fedbruary 1981
£8 1080 40,0
36 1000 41..
Range 1000 40.0
' 1380 4{? o
Som . : £080 81.C
Mean 1040 40.t
Standard deviation oé o)
Coefficient of variasdility L 7Y V4 (o]
Comdition fastor (X) .6
Collected June 1901
807 o 41,0

Condition faotor (K) 1.29

Colleated July 1961 |
: £30 1044 4.6
’ Condition feator (X) 1.44



R R AR Sl R B

Tadble .8 (eontinned)

il g soni w1

TR e e S

EaaTE L o e L
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R

o

L4 Sy e S

; . e remE o - e
B e N et 2 o o PARtT SER pL Sa=aiiach ——

caemen g i
Cellected August 1901
283 1630 46,1
<46 888 3360
292 1320 48,0
nsage o888 38.0
to to

1030 46.1
SR o438 159
iean 1146 4i.2
Standesd deviation 494 404
Coeffieient of variabilisy 4.3% 1.04
Condition faetor () 1.68

Collected April 1952

83 a830 41.0
64 1440 43,6
T 1440 3.0
78 iae 41.8
109 1320 44,6
148 410 44.8
40 856 390
43 1176 44.4



Table 18 (eontimumed)

coniction‘
sumber

| Collested April 1981 (econtinued)

Sum

kean

Standard deviation
Coefficient of veriability
Condition fastor (X)

Weight in
groms

830
to

1440

L ]

1186
e
£1.6%

1,81

Total
length
in om.

39,0
4.8

42,7
2.0
4,TL



Tadble 13

Caloulatsd length ia centimeters for fish of age group VI
et time of formetion of resjpective anmld.

Colleotiem First Seeond Third Pourth Fifth Sixth
mnbder anmlus anmilus aanilus aamilus annulus astalus

207 13.0 84.0 29.4 34.0 37.0 3%.2

83 80 20,3 28.2 34.0 37.4 39.7
o B8 80,0 30,0 3.8 .0 4.9
4 8.0 £l.6 £9.0 34.0 38,8 42.8
£46 10,0 20.1 26.9 al.l 34.8 36,7
109 12,8 2l.2 32.2 3648 39.9 4.8
230 16,0 87.1 38,1 3%.0 37.6 40.2
™ 10.9 £5.0 3.0 3.9 39,8 4.0
36 4.3 26,8 29,0 83,0 3.0 39.0
6 b b Y £l.l £7.0 38.0 36.C 36,8
78 9.4 £2.0 £9.1 38,8 39,0 40.68
£8 10.6 8.0 310 34,9 36,1 38.1
40 d0.8 £20.8 29.4 33,3 36.8 37.8
148 14.0 £6.4 4.0 38,8 41.2 4351
£86 13.6 20,8 3B.8 .8 4 45.)
£oe ‘ 18,1 £9.8 | 38.3 38,86 41.% 43.8
Runge 8.0 20,1 £6.9 3l 34.8  36.B
1:?0 C;?I sgfa 3:?8 tg?t 42?1
sus 198 s 489 13 a2 650
¥oan 1l.9 £23.8 30.6 35.0 358.3 40.6
s‘d‘z:::.lon g.4 8,90 £.68 £.08 2,88 £2.66
Coeffieient
of varies-

bility 280.2¢ 1£2,5% 8. 8% T.4% 6.TX 6.8%



Teble 14

m and weight observations for £ish of ege group VII

aae pigs &
Collected Jamary 1981
8 800
C-ndftion fasctor (}) 1.4

Colleeted Fedruzry 1961
33 1328
Condition festor (X) 1.6

Oolleeted 2pril 1981

129 1230
141 1140
174 868
funge 868
1630
Sum 3838
Nean 1079
Standard devistion 188
Coefficient of variability 17.4%

Condition faetor (L) 1.33

Total
dength
in om,

32.Q

44.0

.1
1.8
39.8
39,8
g

126,0
4£.0

£.0

4.8%
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Table 14 (coatinued)

mlpcr mt i
o Collected Auguss 1951
239 1060
293 875
to
4060
Lum 4958
Koan 968
~tandard deviation 131
Coefficient of variabilisy 13,8
Conditioa factor (X) lefig
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P A At SOt SR P AW S 2

oAbt~

)

Calle - Firet
ig4 8.7
p N 9.8
129 W
8 10.0
33 9.9
280 187
£93 10,8
Range 8¢
. to
30,7
sSus 74
Nean 10,6
Standard
devi-
ation 8,81
Coef=
fielent
of

1

17.8
21,0
23,0
1.3
20, O
26.0
19.8
17.8
eics
148
21.1

3.1

Tedle 18

£7.1
Nl
27.9
£29.0
33.8
£26.0
£28.3
3.8

£00

2846

3,10

6.0  8.1ff Y. 4K 6. 2%

" Galowlsted lemgth in eentimeters for fish
6% Sime of fermation of respestive

8.4

33,8
36.0

0,7

34.8
38,0
38.7
33,0
83.0
"y
263
38.1

36.4
39.0
4.8
36.0
3.2
4.1
3B.8
3.9
e
269

38.4

f.38

w:ﬂgmpﬂl

Seecnd Thisd JFeurth PFifth 8ixth Seveath
mmber annulus anmulus samlus sanulus annulus enmilus anmulus

38,8
4.0
4.1
38.0
43,3
43.2
38,6
38,0
o
288
40.7

1.90

4.8
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Figure 6
Calculated leagths in centimeters
for age groups I, 11, 111, IV, V, VI and Vi1,
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Figure 7
The growth curve based oa the
£ish 4in this study.
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74

Comparison of present study
with other Michigsa largemouth bass

The growth rate of the fish in the present study equals
or exceeds that implied in previous studies of the large-
mouth bass in Xichizan.

Beckman (1949) compiled everage weighte und lengths for
vari>us age groups of the largemouth bass in Michigu.n. The
L:formation given 18 for the entire state, and for un
dudefinite period. 7Thes¢ data do not lend themselves rewiily
to com.arisons with the ‘intergreen Lake date wnich uwie for
o specific leke, and definite ,eriods, with eaca collectiun
reriod prefented iadependently. !lowever, the data are ivea
on page 75, tadble 17. In his study Beckman (1948) found a
legul largemouth dbass in kichi;an (ten inches or twantyefive
centimeters) to be four sumvers old. The fish ia tle ,resent
study attained this length shortly after the formetiou of
the second annulus., This illustiates the superior growth
rate for fish from ‘intergreen Leke.

Eschmeyer (1939) compared the srowth of largemoutn bass
in Howe Lake with those from other waters inecluding ¥inter-
creen lake. !ll1s tadles (converted from inches to centimeters,
no. 14) are presented, with a comparison of average mean
caloulated velues of “intergreen Lake fish collected during
1981, The lengths of the #Wintergreen Lake fish of 19tl used
in this cozparison are those obgerved at the time of cegt.ue.
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Lschmeyers, (1939) in referring to the iiowe Lake data, says
"ecee8ince the fish were taken in early Ceptember they were
actually older in terms of growth than 18 indiceted; the fish
of the 1 age group (1 annulus), for example, had complaeted
the sreater part of their second growing season.® One should
be aware of this difference when comparing the two studies.

The comparison of rate of growth for fish collected
from sintergreen Lake during 19%1 with Eschmeyer's (1333)
table, show that the fish in the present study are above
averase. The onlvy fish having a greater growth rate, than
thut fou:d in this study, are firom southera .wisconsin.

A8 previously mentioned, the vulues for lengtns of
fish from Yintergreen Lake 1939 and from Natson lLake, as
£iven by ischmeyer, were actuelly higher thun yearly av:roges
should heve been. It is ayparent, from & gowpearison of date
from the two studies (table 18), that the ‘intergreen Lake
Tish were growing more rapidly during the 1501 collection
than they were when Eschmeyer's data were taken from the
same lake.
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Conclusion

Nintergreen Lake, Kalamagoo couity, Michigan is a eutro,hic
lake rich in matrients a8 evidenced by the abuncance of
cladooersns and other small ocrustacea, und a heavy phytopleanlston
tloom. The growth rate of the largsmouth bass in this leke,
as revealed by the present study, was found to be greuter tuun
that of compsrable fish in ¥ichigan. The rapid growti of
these fish mey be accounted for, in part, by the abundance
of forege fish.

The collection of data was from Jamiary 1961 through
August 19tl; of this period, the month of greatest increuxcnt
in growth is Jamiary, while the month of meximum lengths and
weights for any sge group is April.

A quentitative method for determination of time of annulus
formution 12 presented, based on ace group II collection for
«pril heving naxirum woights and lengths, whilc the May
collcotion, which includes the ;eriod of ennulus formatiocn,
has minimum weights anc lengths.

The grapyhs (figures 6 and T) of the calculated lon,ths
(as given in table 16) show the “classic® growth pattern; a
very rapid rate during the early years of life, with a
gradually decreesing rate as the age increases. IlIn genesul,
tho growth rete as revealed by this study exceeds that of
gomparable fish for the earlv years (until the fourth annulus ),

whiie the others hcve a more rapid growth fror the older uges.



Reduced mortality (due to limited fishing) among the older
age groups would result in areater competition; this mey
explain their sharp declins in growth rate. “ven though
the growth rate of the older age groups in tais study is
less, the total lengths and weights remain larger than for
comparable Michisan fish, due to the very rapid growth of

younger age groups.
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