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ABSTRACT

Seven age groups of Horseshoe Lake pumpkinseed were determined and validated with a
length-frequency distribution, comparison of calculated and empirical length of capture
and comparison of goodness and poorness of growth in different calendar years. A body-
scale relationship described by the linear equation, Y = 16.8962 + 1.0379 X, was calculated.
The intercept value, 16.8962 mm. represents the theoretical fish length at scale formation.
The males grew better than females with divergence in growth rate occurring in the O-I age
growth-increment. The ultimate or asymptotic length of Horseshoe Lake pumpkinseed was
determined as 277 mm. Growth fluctuated as much as 13.04 and 11.06 percent for males and
females respectively. Correlations of growth fluctuations and weather factors in different
calendar years indicated a possible positive relationship between the goodness and poorness
of growth of Horseshoe Lake pumpkinseed and both temperature means in May through September
and total rainfall in April through July. Growth of Horseshoe Lake pumpkinseed was below
that of most other areas considered and increments of growth after the first year are
significantly smaller than other areas.

A length-weight relationship was computed and i s described by the formula, W =
<=5.22311:3-2383.  Growth in weight followed the same pattern as growth in length with males
exhibiting greater growth after their first year of life. The average coefficient of
condition value (Ponderal index) was significantly below that of other areas considered
and no trends were established in either relative condition factors (Ky) or coefficients of
conditions (K).

RECOMMENDATIONS

The lower growth of pumpkinseed in Horseshoe Lake appears to be a function of either
water fertility or population density or a combination of both. Further research is recom-
mended to determine the relationships between fish growth and these two factors. No manage-
ment program is advised for this species until these relationships have been determined.

i/ The field portion of this study was financed through Project F-7-R-13, Job II. This
report was adapted with slight revision from a report prepared as a special project
for a fisheries management class at the University of Minnesota.



OBJECTIVE AND DESCRIPTION OF STUDY AREA

Warmwater fish species were planted in numerous lakes of the Flathead Valley in the
early 1900's. Yellow perch (Perca flavescens), largemouth bass (Micropterus salmoides),
smallmouth bass (Micropterus dolomieui) and pumpkinseed sunfish (Lepomis gibbosus) were
among those introduced. The waters of this area are essentially cold water fish habitat;
however, several of the warmer lakes provide fishing for the warmwater species. Invest-
igations of these introductions have consisted of reconnaissance surveys and limited
netting. Recent surveys and management activities in the area have indicated a need for
additional information on these species. Limited information has been ccllected on some
of these species; however, none 1s presently available for the pumpkinseed of the area.

It will be the objectives of this study to describe and analyze the age and rate of growth
of pumpkinseed in Horseshoe Lake near Ferndale, Montana. This information will be applied
to the management policy of this species in the state.

Horseshoe Lake 1s a shallow, eutrophic body of water lying at the base of the Rocky
Mountains in northwestern Montana. It has a total area of 35 surface acres, a maximum
depth of 32 feet and more than 90 percent of the lake basin is shoal area of less than
15 feet in depth (Figure 1). The lake is of low fertility with a total alkalinity of 9 to
15 ppm, total dissolved solids of 110 ppm and i1s essentially homothermal except for the
deep area of 32 feet which stratifies thermally. Almost the entire lake basin is covered
with submersed and floating aquatic plants including Potamogeton natans L., Potamogeton
americanus, Nuphar rubrodiscum Morong., Polvgonum natans, Myriophyllum Farwellii Morong.,
Zannichellia palustris L. and Chara sp. Water temperatures in summer reach a maximum of
+ 789F. The lake is entirely spring fed and there are no surface outlets or inlets in the
lake.

Smallmouth bass is the only fish species in the lake, other than the pumpkinseed, and
is also exotic to the area. Neither the bass nor pumpkinseed are significantly explolted
at the present time.

METHODS AND MATERIALS

The scale method was used for all age and growth determinations in this study. The
validity of this method for pumpkinseed age and growth analysis has been demonstrated by
Creaser (1926), Reid (1930), Swingle and Smith (1942), and Eddy and Carlander (1942).
Creaser (1926) showed the scale method to be an important means of interpreting the life
history of fish with special reference to the pumpkinseed. Breder (1936) and Carbine (1939)
described the spawning and reproduction of pumpkinseed and Beckman (1943) described the
annulus formation in this species. Regiler (1962) discussed the validation of the scale
method for age and growth estimates in Centrarchids. No literature was available on
pumpkinseed age and growth for any Montana waters or waters of the Rocky Mountain region.

The author is indebted for the field assistance received from personnel of the
Montana Fish and Game Department and for their help in collecting the data contained herein.

Fish samples from which scales and length and weight measurements were taken were
collected during the summer of 1963. The principle collecting gear used were 125-foot
nylon graduated experimental gill nets of 3/4—l~1—l%—2%—3% inch stretch-measure mesh dis-
tribution. Three-inch stretch mesh monofilament gill nets; 50 feet long and 12 feet deep,
were also employed to collect the larger size classes. A 110-220 volt A.C. electrofishing
device was used to collect pumpkinseed in size classes that were unavailable through gill
netting. A fyke net of 4-inch mesh was tried but proved ineffective in collecting either
species of fish. Welght to the closest .0l pound, length to the closest .10 inch and
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Figure 1, =« Map of Horseshoe Lake, Montana.



scales were taken from all fish collected. The weights and lengths were later converted to
grams and millimeters respectively for purposes of calculations. The scales were impressed
on cellulose acetate slides using the method described by Butler and Smith (1953). The
scale impressions were projected and magnified (X41) on a scale projector.

Age Assessment and Growth Calculations:

All scales were read twice and the age determined by the number of annull on the
scale. The criteria used for identification of annuli follow those given by Regier (1962)
for bluegills (Lepomis macrochirus), although no simple combination of criteria was found
to be entirely dependable. The primary problem in age determination was the frequent
occurrence of apparent false annuli. The regularity of a growth pattern was used as a
main criterion for separating out these false growth checks. Calculations of growth were
made from the projected scale images by recording the distances on a paper tab from the
focus to each annulus in the anterior field. These measurements were then applied to a
‘nomograph which incorporated the body-scale relationship following the method described by
Carlander and Smith (1944). Year class is used herein to designate the calendar year of
spawning and age group denotes the particular age of fish.

The accuracy of age determination assumes that each annulus is a true year mark and
that only one true annulus is formed for each year of life. Three methods of validating
the scale reading were applied to this data. The histogram representinga length-frequency
distribution (Figure 2) will show a mode for each age group since the fish progress in
length as they become older. There were seven age groups of fish, I-VII, covered in the
calculations. This method assumes that each size class (i.e. age group) is sampled in
proportion to its abundance. The histogram (Figure 2) failed to show 7 distinct modes
representing 7 age groups and is probably a reflection of inadequate sampling. The arrows
indicate the length ranges for each age group.

A second method of age validation used was to compare calculated length at each
annulus with empirical length at capture (Table 1). The large difference in empirical and
calculated lengths in age groups I and II is explained by the fact that the younger fish
were not collected until late summer and thus had nearly completed a full summer's growth
before capture. The differences in the remaining age groups is attributed to the fact that
sampling was not initiated until late June, after fish growth had begun.

A final validation of aging used was the comparison of goodness and poorness of growth
in different calendar years. Figure 8, Table 9 illustrates the percentage deviations from
a mean annual increment of growth in the different calendar years for both males and females.
By noting the uniformity in fluctuations between sexes in the different calendar years, the
validity of the scale reading was materially strengthened. This last validation of age
assignment most clearly showed the aging to be reliable.

FINDINGS
Body-Scale Relationship:

A body-scale relationship was determined from the measurements of 192 fish and their
scales. Five scales from each fish were measured to the closest millimeter and the
measurements then averaged. A body-scale relationship was then computed following the
method of Whitney and Carlander (19%6). A least squares regression line was computed for
the data represented by the equation, Y = 16.8962 + 1.0379 X where Y is fish length, X is
scale length, 16.8962 is the intercept of the fish length axis and 1.0379 is the slope of
this regression line. Table 2 represents the body length-scale length ratio averaged for
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rable 1. eal length at oapture and oal-
-d sngth at annulus forwation
rbr oaeh :ga sroup of Horseshoe lLake

pumpkin

Age  Oaloulated lm%th Empirioal length
ion a

group at annulus forma oapture
(o, ) e

1 52,9 71,0
1X 82,9 99,0
w 125,3 134,0
v 143.5 ' 153,0
I . . 162,2 172,0
Yii - 17705 A]- 00




 Table 2. Body lengthescdnle length (XAl) ratlioc averaged
for the sosle lensthe in ecoh 5 millimeoter

interval,
Scale 1 h Kumber Mean fish Hean sucle
interve ot length langth
_ (mm, ) fdeh {mm,) {mm, }
Aleds ' 61,0 43,8
‘6"56 ' ' 2 ' 66 0.6 #G [} 5
Eleth 12 69.3 550
généo 11 ok 576
165 2 1¢g ¢
T 7 S euct
1-85 16 102.5 aa.g
86«90 g 102,5, £5,E
Gla % 110,0 933
06100 2 114,32 (Y
101105 5 131.8 103,6
106=110 9 130. 109,2
111-115 8 122.8 ii3.
121125 T 151,0 123.2
126130 10 153.9 128.2
lzlalzg 18 9 122,9
1361 10 162,1 136,.2
141145 11 167,2 143.4
146150 & 169.6 148,11
1%1-155 10 198,% 153.7
156-160 I 182,6 167.2
161-165 176.4 164,6
166‘.1?0 - e - O -
171=175% 1l 120.5 172.1
176=150 1 20%.0 179.0




each 5 mm. interval of scale length. Figure 3 shows this data to fall very close to the
computed regression line. Table 3 represents a table of corrections for the body-scale
relationship expressed in 5 mm. scale length intervals, and Figure 4 represents this same
table graphically. Sexes were combined for the body-scale relationship because the sample
size was not sufficient to determine if a valid significant difference existed between males
and females.

Growth in Length
Average calculated length at each annulus:

Using the body-scale relationship, the total fish length was back calculated for each
annulus. Grand average calculated lengths for the 1956-62 year classes were determined for
the seven years of, growth (Tables 4, 5, and 6). At age VII, females and males had an average
total length of 177.1 and 181.0 mm. respectively. The males grew at a better rate throughout
the 1ife of the fiish. Figure 5, table 7 describes the growth as the sum of the grand average
increment and the percentage increment for each age group. At age VII, the growth rate of
males and females is almost parallel with the males being greater in average length (Figure 5).
" The divergence in growth between males and females appears to occur in the O to I age incre-
ment of growth. Unfortunately no young-of-the-year fish were collected to substantiate this.
The percentage annual increment varied from 55.27 to 57.14 percent for males and females
respectively in the second growing season to 8.54 in males and 9.51 for females during the
seventh growing season (Table 7). Table 8 represents the increments of growth for each
growing season of the various year classes.

Walford Line and Instantaneous Growth Rate:

The Walford line (Walford, 1946) is another method of expressing the growth of fish.
This method allows the upper portion of the growth curve to be interpreted since it des-
cribes growth from a hypothetical initial size at true age zero and goes to the average
maximum or asymptotic length of the fish. Both k, the slope of the line and 1, the asymptotic
or ultimate fish length can be obtained. By plotting average length at ages I-VI (1t)
agalnst lengths at ages I1I-VII <lt+l> and computing a least squares regression line for this
plot, a k value of .88 was obtained.

The point where this line cuts the 45° diagonal represents the asymptotic length of
the fish (Figure 6). This value is approximately 2777 mm. The value can be validated as
the correct estimate of asymptotic length by plotting loge (1,,-14) against age (Figure 6).
This plot should be a straight line if 1,5, has been estimated correctly since its straight-
ness is sensitive to changes in l,,. The plot showed the estimate to be correct. This
method allows the comparison of absolute growth of species in different areas but requires
truly representative samples for the plot. A selection of precocious younger fish in
sampling will depress the left end of the line. A second possible error is in reading scales
of older fish consistently too low which will cause a depression of the right end of the
line. This method is however useful in detecting small changes in growth over a period of
time.

Growth can also be expressed as instantaneous growth rate, g, following the method
described by Ricker (1958). If 1+ is the length of fish at time t and 1y is its length
at t = O, then the equation of exponential growth is 14 - o9t and instantaneous growth is
represented by the eguation: 1o

g = loge %ﬁ if the initial length is taken as unity.
0
Figure 7 represents the values of instantaneous growth rate, g, plotted against age.
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Table 4, Grand average oaloulated total length
of male pumplkinseed in Horseshoe L:ke,
1956-1962 yeer olusses-expressed in

millizeters,
Kale |
Yesr No, '
class fieh 31 2 3 A5 [+ e

1962 20 56,60

1961 39 57.80 £3.5%

1960 6 54,67 83,83 100.08

1959 9 S5l.72 85.72 110,89 127.94

1958 16 52.41 82,47 103,44 126.00 145,09

1957 4 51,39 23,07 105.46 127.21 14C.14 163,43 -
1956 2 55,25 86,00 110,25 128,50 L145.00 167.00 191,00

Totul and
grand averuse

length .
: 106 S4.4)1 74,11 106,02 127.41 145,41 165,22 171.00

Table 5, Grund averasge culeulated total longth
of female pumplinseed in Horseshoe Luke,
1956-1962 year olasses-expressed in

millimeters,
Femules
Yesr Ko,

cless fish 1 2 3 & 5 6 7

§§2§ §3 §$’§§ 83,55
. *

1560 7 50.64 82.6% 103.64

1959 14 50.86 82,46 107.50 124,32

1988 %6 51.8% 80,41 103,06 124,41 141.96

1557 22 A7.86 77.86 103.70 123.07 143.12 161.14 |

1956 16 49,72 £0.69 105.97 125.38 143.13 1€1.69 177.09

Totel and grand |
averuge length : ~ ‘
1546 52,19 61,27 104,97 124,30 142,74 161,42 177.00




~ Table 6,

Grand averece saloulated total

length of Horscshoe Luke puupkine

seed for sexes combined, 1956«
1962 year oclusses-oxpressed in

millinmeters,

Yezr  No,
¢lags fish = 1 -2 3 4 153 [ T
1962 40 56,60 '
1961 78 57.80 33,55
1960 13 52,50 £83.19 102,00 :
1959 23 1,20 85,30 108.83 125,74
1957 26 49,25 T9.92 104,39 124,70 144,34 162,04
1956 13 50,33 £81.20 106,44 125,67 143,23 162.39 177.53
Totul and
grond averupe
length

260 52,86 £2,87 105,85 125,25 143.53 l62.22 177.53

-]13~



Plgure 5, - Grand average calculated length at cach annulus for each sex
and percentage inererent of prowth in sach year far Horseshoe Lake
pumpkinsecd. Dashed line, males; solid line, females,
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Table 7. OGrend avercce ennusl inerement in
. length (mm.3 of male and Tfemale
pumpxinaseed of age groups I-VII in
year olasses 1956-1962,

lMale Femele
Age sum of Persentuge Sum of Fercentsare
group Mean mesans inerement Mean mesns  inorement

I 54,41 54,41 e 52.19 52,18  esee-
II 30.07 84.48 55.27 29,82 22,01 5714
111 21,81 106.29 25,82 24,12 106,13 20.41
IV 19,90 126,19 18,72 12.04 125,17 17.94
V 18,17 144.36 14,40 12,45 143.62 14,74
vi 19,65 164,01 13,61 18,29 161.91 12,73
VIiI 14,00 178,01 8.54 15,40 177.21 .51
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Tuble 8, 4verage unnual inerements of growth in
length of mele and female pumpkinseced
fron Horscshoe Lalkewexpressed in

nillinmeters.
lialeg
hee .. fear olusg :

“roup 1956 1957 1958 1959 1960 1961 1962
7 14,00
& . 22,00 17.29
5 16,50 18,92 19,09
4 ‘ - 18,25 21,75 e2,5¢ 17.0%
5 24,29 22,39 20,97 21,17 16.25
1 55,25 B5l.39 S53.41 S51.72 54,67 ©7.00 56,060
Fomcles

Ape

croup 1956 1957 1950 19

Se!
(93]
D

1960 19l 1962

18,56 12,02

‘ 17.75 20,05 17.55

15,41 19,37 20.%0 16,02

e5.20 20,84 23,45 25,04 21,00

30.97 30.00 2,58 31,60 32,00 25,75

49.72 47.86 51,83 50,06 50,64 57.00 56,60

L VA I S N
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Figure 6. - Valford line of length in mm, at age t + 1 against length at
age t and validation’of lq)z 277 mm, for Horseshoe Lake pumpkinseed.
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Instantaneous growth rate (h) in length
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Fgure 7. - Instantaneous growth in length for Horseshoe Lake
pumpkinsesd,
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Growth in Different Calendar Years:

The total annual increment of growth will vary from year to year about a mean. The
method of showing these variations is on the basis of percentage deviation from the mean
increment of growth for all year considered after the method outlined by Hile (1941).
Calculations of percentage deviations from a mean annual increment were made for the
period, 1956-1962, for each sex (Table 9, Figure 8). The deviations varied from 7.94 per-
cent below the mean to 5.10 percent above the mean for males and from 3.46 percent below
the mean to 7.60 percent above the mean for females. This represents a difference in growth
of 13.04 to 11.06 percent for males and females respectively for different calendar years.
In general, there is good agreement between percentage deviations of males and females ar.:
the discrepancies are presumed to be due to small sample slze and sampling error.

Possible factors causing variations in growth incrementis from year to year are environ-
mental conditions to which the fish are subjected. Seven different combinations of weather
factors were correlated with the percentage deviations from mean annual increments of
growth for the years, 1956-1962. The necessary weather data was colliected at Creston,
Montana for the same period of years. This station is approximately 10 miles from Horseshoe
Lake and there is assumed to be no difference in weather data due to different locations
of the lake and the weather station.

Table 10 lists the seven correlations computed and the level of significance for each.
The correlations were computed for sexes combined since there is good agreement between
males and females for the percentage deviations from the mean growth increments (Figure 9).

Cf the four positive correlations obtained, three are significant at the .70 percent
and one at the .80 percent level. These significant correlations show possible positive
relationships between the weather factors and annual growth increments although no direct
cause-and-effect relationship is impiied between the two variables.

Comparison of Growth with Other Areas:

The growth of Horseshoe Lake pumpkinseed has been compared with growth in waters of
other areas (Table 11). The total length at each annulus of Horseshoe Lake pumpkinseed
is below that for most areas considered. The growth after the first year is significantly
slower compared to most other areas. This slower growth may be related to length of growing
season, water fertility, population density factors or combinations of these. No data is
available to demonstrate these possible relationships.

Length-Weight Relationship:

A length-weight relationship was calculated from the measurements of 331 fish and is
described by the formula, W =&5.2 L 3.2383 where W is weight in grams and L is length
in millimeters. No significant difference was found between the length-weight relationships
of males and females so sexes were combined. Figure 9 shows the total body length plotted
against weight and Figure 10 represents this same length-weight relationship plotted
logarithmically.

T Growth in Weight:

Growth in weight of Horseshce Lake pumpkinseed was approximately the same for both
sexes during the first year of life but the rate of increase declined in the females after
their first year and remained below that of the males throughout their remaining life
(Table 12, Figure 11). At the time of seventh aniulus formation, males and females had

-19-



- Table 9. Caloulaztion of rercentage deviation
‘ from meun unnuzxl Inerement of growth
of the period 1956-19062,

Maleg -
Growth  Growth Chenre & change 7 deviation ¥ deviation
Years  ecrlier asfter Mean in in from 1956  froo mean
year " yeur growth  growth growth increment
1955-56 ——— - e - ——— 0 o +5.10
1956-57 55.25 51,39 53,20 =3,86 0 <724 &T.24 o -2.14
1667=-58 41,07 42,54 41.8 +L04T . 43,80 - w372 +1.30
1952-59 36,45 34.39 25,42 <2,06 5,82 -0,54 -4 44
198%«60 30,36 2,85 31,61 +2,48 - +7.88 -1,66 +3.44
196061 29,58 29.92 29,75 +0.34 +1.14 - =0.52 +4,58
1961-62 20,60 25,23 26,92 <=3.37 -l2.52 13,04 -7 .54
Females
Growth  Growth Chance % chonge % devliation % deviution
Years earlier after Nean in in from 1956 from mean
year year growth  growth grovih inerement
1955=56 - ——— - - - 0 o +0,60
1956-57 49,72 47,86 48,79 ~1,86 -3,01 «3.8 ‘ -3,21
1957-5C 29,42 40,92 40,17 +1.50 +3.73 -0,08 +0,.52
195859  35.70 32,09 25,40 -0,061 -1,72 -1,00 ~-1.20
1959-60 31,17 31,27 31.22 +0.10 +0,32 -1.48 - =0,88
19€0-61 28,56 31,09 26,03 +2.5 +8 48 +7.,00 +7 .60
186162 29,00 25,96 27,48 «3,04 -11.06 -4, 06 -3, 46

-20-
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- Mgure 8, = Percentage deviation from mean anmual
inerement of growth in different calendar years.
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Table 10, Correlations of weather footors and
: pereentage deviations of mean annual
growth increments in ocelendar years
1956=1962 for Horseshoe Lake pumpkinseed,

t-tast at Level
Weather facetor Correlation n-2 degrees of
: * coaefflcient of frecdorn sipniflicance
Lencth of growing . 2849 « 5648 non-gigniflcunt’
geason i
Temperature means in . 5086 1.324 significunt ut
May and Jure combined .70 level ’
Tempt, meens in July L5274 1.388 sirnificunt at
‘ .70 level
Tempt. mecns in May 5276 1.389 sipgnificaent at
through September comblned .70 lavel
Total raeinfall in May . 0826 . 0829 non-significant
Totul rainfall in June 2661 , 6172 non-significunt
Totsl raeinfall in April .5014 1,6399 slgnifiosnt at
through July combined .60 level




Table 11, Totul length of pumpkinseed at
succeeding snnull from virious
waters-expressed in millimeteras,

nater I IT Il vV Vi Vii
Trd, Slster Lake, Mich.t/  80.6 99.06
(Brovn & Ball, 1643) )
Deep Lake, Mich,i/ 56,9 94,0 116.5 134.6 149,9 167.,6 170.2
(Cerbine & Applegete, 1948) | S
Wisoonsi - 111,88 134.6 149,9 157.% 203.0
(MeeVenthun, 1948) | S E
weloh Lekes, New Brunswlethd/ 74.3 £8,7 104,9 111.0 115.5 119.9 124.7
(Reid, 1930) : o
vinnesotal/ 43,2 78.7 111,68 179.7 162.6 182,9 195.6
(uehn, 1949)
Minnesotad/ 45,7 104,1 129,5 165,1 195.6 243,08
(Smith & Moe, 1G44) ,
Horseshos Lalze, Montana 52,9 82,9 105.,9 125.3 143%.5 162.2 177.5

;/Gonverted to millimeters from original datu

-3~



061

04t

051

‘i - Y3Iuey Te3ol

0Lt ) 0Tt 05 0 0%

exw] 9ou

89SI0H 03

*pas supydumd

mmml.mnmwmwwmwsu A ‘dyysuorjmres JuITOM-IIUeT ~ 4 eInITdL

- 0<

IO.O

- 00T

- OnT

- 022

swead - qudtes Lpog



nt (W)

2
e o

4

log veil

Figare 10, - Length-weight relationship plotted logarithmieally,
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Figure 11, ~ Yeight of Horseshoe Lake pumplinseed at time of anmnlus
formation in sueceeding age groups. - based on calculated lengths
and weights, 3o0lid line, malesj dashed line, females.
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Tuble 12, Growth in wveicht (grems) of mole ond
femi:le puupiinseed in Hnrseshoe Loke,

Male Female iy
~ Age llean Sum of Ferventuge Kean  Bum of TFeroentigce
group welght means increment weli-ht  meuns 1nerement

I 2.50 2.50 waa iy, 2.18 2,10 -
1 7.98 10.46 315,60 €.96 9,16 319,77
111 11,18 21.¢6 106.7 10,87 19,43 i12,¢
IV 17.61 39.27 01,3 16.93 36,26 86,6
v 20;97 Goo 24‘ 53.4 . 20050 56076 réos )
VI 30,36 91.10  Bi.o 2771 Chiky  AE.R
VIiI 21,40 122,50 4,5 ' 26,63 114,10 35.1
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average weights of 31.4 and 29.6 grams respectively. Figure 12 illustrates the instantaneous
growth rate in weight following the method of Parker and Larkin (1959) and Ricker (1958).

Other means of representing growth in weight is through the use of Brody curves as
described by Brody (1945). The three curves used (Figure 13) include the instantaneous
relative growth rate, k, expressed as a percentage using the formula, k = 100 x Inlo - 1nwl,

where 1 = natural logarithm, Wp = weight at end of time period, W] = weight at to -1

beginning of time period, tp - t] = time interval expressed as one year. The second curve
used was the average absolute growth rate which is described by the formula Wp - Wj,

: to - T
The average relative growth rate described by the formula, Wy _ Wl was the third Brody
curve used to illustrate growth in weight (Figure 13). %TWEI_WD

These growth curves are not truly representative of the growth pattern since they are
expressed at specific times and give only limited indications of growth during the time
interval itself. The average relative growth rate assumes growth rate to be linear which
in practice is true only for short intervals of time. The values of instantaneous per-
centage rate of growth do not necessarily mean that the percentage growth rate values are
constant throughout the time interval considered.

Condition Factors:

Information may be obtained from the length-weight relationship which has been used
to describe the relative heaviness or form of fish. The coeffieient of condition or

condition factors is determined from the general equation, C ;_%ﬁ, A special form of the

condition factor called the ponderal index, K, is derived from the assumption that n = 3,
thus the equation becomes, K = W109 where W = weight L = Length and 10° = a factor of
equality. The coeffieient, K, i% thus an index of weight in relation to the weight expected
if growth in length and weight were isometric. The ponderal index was computed for 10 mm.
intervals of length (Table 13).

A second index as outlined by LeCren (1951) is the relative condition factor des-
cribed by the formula, Kn = aWn where W = weight, L = length, a = intercept value of fish
length axis from the length-weight relationship and n = the slope of the length-weight
relationship. Relative condition values were computed for 10 mm. intervals of length
(Table 14).

Factors of age, sex, maturity, stomach content, state of gonads and changes associated
with length will affect these condition factors. Sampling selection may also affect the
K and K, values. For these reasons, the use of condition factor as a means of comparison
between different areas is undesirable except where the sources of variation are controlled
or eliminated.

There were no trends in either the ponderal index, K, or relative condition factor,
KN, values for Horseshoe Lake Pumpkinseed (Table 13, 14). There were higher indexes of
condition in the larger fish but there was extreme variation between all size classes con-
sidered. The average K value was determined as 1.8213. A comparison of average coefficients
of condition with those from other areas showed the average index to be below that for all
other areas considered (Table 15). Furthermore, the range of K values was above that of
the Horseshoe Lake pumpkinseed (Table 13). This may be due to inadequate sampling or genetic
factors of the fish.
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Figore 12, - Tnatanbunesns growth of wsight for
pumpkinsasd,
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Table 13, Coeffisient of sondition
‘ : values (X) eomputed for
10 mm, intervsls of Horaee
- shoe Lake pumpkinseed,

Length interval Goafficzent of

in mo, condition
50~60 .129
60=T0 1.9193
70-80 1.8385
80~90 2,1928
20=100 1.9730
100-110 1.7744
10120 1.5923
120~130 1,6222
130-140 1.694%
140-150 1.5783
'150-160 11,7636
160-170 1.9375
170-180 1.9635
- 180-190 2,1696
190-200 2,3891

200-210 2,6026
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Helative gondition factors
(%y) computed for 10 mm,
Ai£§ervala of Horseshoe LaXte
pumpkineesd,

Table 14,

Relative oondition

Length interval

50=60 <8464
60-T0 1.1169
TO=8Q 1.1104
80«50 1,127
GO=100 1.1114
100=110 . 95862
110.120 » 8608
120130 . 8640
130-140 557
140-150 . 5080
150160 8912
160170 1,1047
170180 « 9671
180-190 1.1056
190200 1.1137
200-210 1.1226




Table 1»5.‘ Avsrage doefricients of eondition
BT (K) from

other Areus,

- T AT

. total lengths K vslue

Leech Lake, ¥inn, TO=»189 mm, 3.98

, (Oarle.ndnr & Hiner, 1943)

Iowa 56«135 mn, 4,20
(carlmdtr & Farsons, 1549) (range 3,41«4,70)

Mlthl an - e 50“

(Wut.cman & Van Oosten, 1939)
Minnesota . 70=200 mm, 4,06

(Gurlma-r. 1944)

Horseshoe Lake, Hontana 50,8203,0 mm 1.82
range .15-2 60)

imnis— y ¢ -



Literaturs Clted:

Beckman, %, C. 1943, Annulus formstion on the sczles of
certain Kiehigan game flshes, Fap, Mich. Acud, Sel.,
Arts ond Letts,, 1942(28): 261-312.

Breder, C. l.,Jr. 1936. The reproduetive habits of the
North Americon sunfishes (femily:Centrarchidue).
Zoolorlen, JXI(Pdrt I): 1-48,

Brody, Samuél. 1045, Bloenergeties cnd growth. Reinhold,
Hew York, 1023 pp.

érown, ¢, J. D. and FRovbert ©, Ball. 1943, & flsh populatlion
study of Third Sister Lake, Truens. am, Fieh, Soc., Te
177108,

Butler, Kobert L. and Lloyd L. Smith,dJr. 1653, 4 method of
gellulosge zseetute lmgressioné af fish seales with «
measurement of 1ts reliubility. Frogr. Fish, Cult,
15(4): 175-178.

Carbine, ¥, F, 1939, Observations on the spawning hublts of
Centrarchld fishes in Deep Lake, Oakland County, Michlgan,
Trans. 4th N, A, Wildl, Conf., 43 275-207.

and Vernon C. Applegate. 1948, The fish popu-

lation of Deep Lake, xichipgen, Trens, .u. Fish, 3oc.,
758 200=-237.

Carlonder, Yenneth D. 1944, lotes on the coefflcolient of
eondition, K, of linnesota flshes, Iinn, Bur, Fish,
Les. Invest. Hept., 41, revised, 40 pp.

ond Lawrence L. lHlner, 1043, rFreliumlnery

report on fisherles investlgatlons, Leceh Lure, Cuss

County. Minn, Bur. Flsh, Res,, 18 pp.

-34-




end John fursons. 194G, Iroject
No. 39: Yellow pikeperch management, Frogr., Hept.
Ilowe Coop. +il&l, Res, Unit, spril-June, 1%49: 49-52,

and Lloyd L, Smith,Jr, 1944, Some

uses of nomographs in fish growth studies, Copela,
1944(3):  157-162.

Greaser, C. W. 1926, The structure and growth of the scales
of fishes in relation to the interpretation of thelr
1ife-history, with specisl reference to the sunfish,
Eupomotis glbbosup. Mus., Zool, inlv. #ieh, kisc. FPubl,
No. 17: 1-82,

E4dy, Ssmuel snd ¥. D. Czrlander, 1942, Growth rate studles
of Minnesots fiah; #inn, Dept., Conserv, Flash, Res,
Invést, fext., 28t 64 pp.

Hle, Falph., 1941, Age and growth of the rock bass,
ambloplites rupestris (Rafinesque), in Nehish Lske,
Wiseonsin., Trens, vWisconsln acad, Sel,, Arts and
Lette., 331 189-337,

Kuehn, Jerome H. 1949, Statewlde average total length in
inches at eash yesy, Minn. Fish, Res, Lub, 3upplement
to Invest., Lept. No, 51,

LeCren, E. D, 1951, The length-welght relationship and
geasonal eyocle in gonsd welght and condlitlon In the

perch (Percc fiuviatilis). Jour. 4nimal Feology,

20: 201-219,
MucXenthun, ‘enneth b, 1948, Age-length and length-welcht
relationship of southern crea lake flshas. Wisc.

Conserv. Dept. Fish. Blol, Invest. Rept, 506: 1-T.

-1



Pariker, Fnbert H.Lénd-Peter i, Laririn, 1952, & concept of
growth in fishes, Jour, Fish, Res. Bd., Cinada, 16(5):
721-T45.

Regier, Henry i. 1962, Validation of the scale method for

| ostimsting age and growth of bluegills., Trans, am. Fieh.
Soc., 91(4): 362374,

Reid, Helen, 1930. A study of Eupomotls gibbogus (L.) us
occurring in the ChamcooXx Leke, N.B. Contrib. Cansad,
Blol, =nd Fish, N.5., 5(16): 459-46€6,

ﬁicxer, V. E.’ 195¢, Hundbook of computations for blologleal
gtatistics of fish populations, Jour. ¥Fish, kes, B4,
Guneda, Bull, 1191 300 pp.

Smith, Lloyd L.,Jr. =nd Xormun L. Moe. 1944, Finneaot:z flsh
faets, Kinn, Dert. Conserv, Bull. T: 1=31,

swingle, H., S. »nd E. V. Smith. 1S42. The munagement of
ponds with stunted fish populations., Truns, Am, Figh,
500., Tit 102-105,

walford, Lionel &, 1946, A new graphlic method of descrlb-
ing the growth of animals, Blol. Bull,, o0(2)s  141-147.

wQateréan, Fred 4. and Jolm Van Oosten. 1639, Rerort to
the Michigen Stute Senate on the Fisherles of
Potagannisaiﬁg Bay, MHlohigan, Hleh, Dept. Cons.: 82 pp.

Whitney, Elchird R. and K. D, Carlender, 1956, Interpra-
tation of body-socle regression for oomputing body
length of fish, Jour. %ildl, Munsgement, 20(1): 21-27.

Prepared by_Jerry W. Elwood . Approved by George D. Holton

Date December 1964

-3



