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Abstract:
Population estimates were made of the fish populations in two pothole lakes during the summers of
1969 and 1970 using three methods. Pumpkinseeds and largemouth bass were present in Plummers
Lake and yellow perch in Cabin Lake. Trap nets were used to capture pumpkin-seeds and perch while
hook-and-line was used to capture most bass.

Data collected by trap netting and angling were used to make population estimates using the method of
Schnabel and DeLury. During the summer of 1970, after the estimates based on the Schnabel and
DeLury methods were completed, the lakes were rehabilitated and the populations of all species were
estimated using the Petersen method. The total estimated number of pumpkinseeds over 2.7 inches long
was 52,911 with a standing crop of 142.8 lb/acre. Estimates based on the method of Petersen and that
of Schnabel were in close agreement for all but fish in the smallest size group. The annual survival rate
for pumpkinseeds in age groups III through VIII was 51 percent. The total number of perch over 2.8
inches long was estimated at 29,150 with a standing crop of 82.6 lb/acre. The number of perch
estimated by the Schnabel method was lower than by the Petersen method for all size groups with a
range in differences from 9 to 23 percent. The standing crop for a total estimated population of 2,239
largemouth bass from 2.7 to 11.0 inches long was 13.4 lb/acre. The survival rate for bass was estimated
as 50 percent. Estimates based on the DeLury method were not satisfactory. Population estimates using
the Schnabel method for 1969 are compared to those for 1970. Net selectivity for large fish,
nonrandom distribution of marked fish and other factors affecting the accuracy of the estimates are
discussed. 
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ABSTRACT

P o p u l a t i o n  . e s t i m a t e s  w e r e  made o f  t h e  f i s h  p o p u l a t i o n s  i n  two 
p o t h o l e  l a k e s  d u r i n g  t h e  summers o f . 1969 an d  1970 u s i n g  t h r e e  m e th o d s .  
P u m p k in s e e d s  an d  l a r g e m o u th  b a s s  w e re  p r e s e n t  i n  P lum m ers  L ak e  and 
y e l l o w  p e r c h  i n  C a b in  L a k e .  T ra p  n e t s  w e re  u s e d  t o  c a p t u r e  p u m p k in -  
s e e d s  an d  p e r c h  w h i l e  h o o k - r a n d - l i n e  w as u s e d . t o  c a p t u r e  m o s t  b a s s .
D a ta  c o l l e c t e d  b y  t r a p  n e t t i n g  an d  a n g l i n g  w e re  u s e d  t o  make p o p u l a t i o n  
e s t i m a t e s  u s i n g  t h e  m e th o d  o f  S c h n a b e l  an d  D e L u ry . D u r in g  t h e  summer 
o f  1 9 7 0 ,  a f t e r  t h e  e s t i m a t e s . b a s e d  on t h e  S c h n a b e l  an d  D eLury m e th o d s  
w e re  c o m p l e t e d ,  t h e  l a k e s  w e re  r e h a b i l i t a t e d  an d  t h e  p o p u l a t i o n s  o f  
a l l  s p e c i e s  w e re  e s t i m a t e d  u s i n g  t h e  P e t e r s e n  m e th o d .  The t o t a l  e s t i ­
m a te d  num ber o f  p u m p k in s e e d s  o v e r  2 . 7  i n c h e s  lo n g  was 5 2 ,9 1 1  w i t h  a 
s t a n d i n g  c ro p  o f  1 4 2 .8  l b / a c r e .  E s t i m a t e s  b a s e d  on t h e  m e th o d  o f  
P e t e r s e n  an d  t h a t  o f  S c h n a b e l  w e r e  i n  c l o s e  a g r e e m e n t  f o r  a l l  b u t  f i s h  
i n  t h e  s m a l l e s t  s i z e  g r o u p .  The a n n u a l  s u r v i v a l  r a t e  f o r  p u m p k in se e d s  
i n  a g e  g ro u p s  I I I  t h r o u g h  V I I I  w as 51 p e r c e n t .  The t o t a l  num ber o f  
p e r c h  o v e r  2 . 8  i n c h e s  lo n g  was e s t i m a t e d  a t  2 9 ,1 5 0  w i t h  a  s t a n d i n g  
c r o p  o f  8 2 .6  l b / a c r e . T he num ber o f  p e r c h  e s t i m a t e d  b y  t h e  S c h n a b e l  
m e th o d  w as lo w e r  t h a n  b y  t h e  P e t e r s e n  m e th o d  f o r  a l l  s i z e  g ro u p s  w i t h  
a  r a n g e  i n  d i f f e r e n c e s  f ro m  9 t o  23 p e r c e n t .  The s t a n d i n g  c r o p  f o r  a  
t o t a l  e s t i m a t e d  p o p u l a t i o n  o f  2 ,2 3 9  l a r g e m o u th  b a s s  f ro m  2 . 7  t o  1 1 .0  
i n c h e s  lo n g  was 1 3 .4  l b / a c r e . T he s u r v i v a l  r a t e  f o r  b a s s  w as e s t i m a t e d  
a s  50 p e r c e n t .  E s t i m a t e s  b a s e d  on  t h e  D eLury m e th o d  w e re  n o t  s a t i s ­
f a c t o r y .  P o p u l a t i o n  e s t i m a t e s  u s i n g  t h e  S c h n a b e l  m e th o d  f o r  1969 a r e  
co m p ared  t o  t h o s e  f o r  1 9 7 0 .  N e t  s e l e c t i v i t y  f o r  l a r g e  f i s h ,  nonrandom  
d i s t r i b u t i o n  o f  m a rk e d  f i s h  an d  o t h e r  f a c t o r s  a f f e c t i n g  t h e  a c c u r a c y  
o f  t h e  e s t i m a t e s  a r e  d i s c u s s e d .



INTRODUCTION

E s t i m a t e s  o f  . f i s h  p o p u l a t i o n s  a r e  an  i n t e g r a l  p a r t  o f  f i s h e r i e s  

■ i n v e s t i g a t i o n s  an d  t h e r e  a r e  s e v e r a l  m e th o d s  a v a i l a b l e  f o r  m ak ing  

e s t i m a t e s .  T h i s  s t u d y  co m p ares  t h e  r e s u l t s  o f  t h r e e  m e th o d s  on t h e  

sam e p o p u l a t i o n s .

Y e l lo w  p e r c h  (Pevoa flavesoens)  f r o m  C a b in  L ak e  an d  p u m p k in s e e d s

(Lejpemis gifobosus) f ro m  P lum m ers  L ake  w e r e  c o l l e c t e d  w i t h  t r a p  n e t s .
\

L a rg e m o u th  b a s s  (Miaropterus salmoi-des) , i n  P lum m ers  L a k e , w e re  c a p ­

t u r e d  b y  a n g l i n g  a n d  t r a p  n e t t i n g .  D a ta  c o l l e c t e d  b y  t r a p  n e t t i n g  

a n d  a n g l i n g  w e r e  u s e d  t o  m ake p o p u l a t i o n  e s t i m a t e s  u s i n g  t h e  m eth o d  

o f  S c h n a b e l  an d  o f  D e L u ry . D u r in g  t h e  summer o f  1 9 7 0 ,  a f t e r  t h e  e s t i ­

m a te s  b a s e d  on- t h e  S c h n a b e l  an d  DeLury m e th o d s  w e re  c o m p l e t e d ,  t h e  

l a k e s  w e r e  r e h a b i l i t a t e d  an d  t h e  p o p u l a t i o n s  o f  a l l  s p e c i e s  w e re  e s t i ­

m a te d  u s i n g  t h e  P e t e r s e n  m e th o d .  T r a p p in g  and  a n g l i n g  w e re  done  d u r i n g  

t h e  summers o f  1969 an d  1 9 7 0 .  E s t i m a t e s  b a s e d  on t h e  m e th o d  o f  P e t e r s e n  

an d  t h a t  o f  S c h n a b e l  w e r e  i n  c l o s e  a g r e e m e n t  b u t  t h o s e  b a s e d  on t h e

D eLury m e th o d  w e re  n o t .



DESCRIPTION OF STUDY AREA

C a b in  an d  P lum m ers  L ak e s  a r e  two o f  m o re  t h a n  30 p o t h o l e  l a k e s  i n  

t h e  kame an d  k e t t l e  a r e a  on  t h e  e a s t  K a l i s p e l l  V a l l e y  t e r r a c e ,  a b o u t  

15 m i l e s  e a s t  o f  K a l i s p e l l , M o n tan a .  T he t e r r a c e  was fo rm e d  f ro m  g l a ^  

c i a l  d e p o s i t s  ( K o . n i z e s k i . e t  a l.  1 9 6 8 ) .  The l a k e s  a r e  i n  s t e e p - s i d e d  

h o l l o w s  s u r r o u n d e d  b y  r i d g e s  . .co v e red  w i t h  c o n i f e r  t r e e s  an d  s h r u b s .

C a b in  an d  P lum m ers  a r e  c l o s e d  l a k e s  r e c e i v i n g  m o s t  o f  t h e i r  w a t e r  

f ro m  s u b s u r f a c e  s p r i n g s .  W a te r  l e v e l s  i n  t h e  l a k e s  r i s e  d u r i n g  t h e  

summer an d  r e c e d e  d u r i n g  t h e  w i n t e r .  I n  1 9 6 5 ,  t h e  w a t e r  l e v e l  i n  

C a b in  L a k e  w as h i g h e s t  i n  S e p te m b e r ;  P lum m ers  was h i g h e s t  i n  A u g u s t  

( K o n i z e s k i  e t  a l.  1 9 6 8 ) .  S i m i l a r  w a t e r  l e v e l  f l u c t u a t i o n s  o c c u r r e d  

d u r i n g  1969 an d  1 9 7 0 .

Some p h y s i c a l  and  c h e m i c a l  c h a r a c t e r i s t i c s  o f  C a b in  an d  P lum m ers 

L ak e s  a r e  p r e s e n t e d  i n  T a b l e  I ,  C ab in  L ak e  i s  L - s h a p e d  w i t h  s t e e p  

i r r e g u l a r  s h o r e s .  A s m a l l  i s l a n d ,  l e s s  t h a n  o n e  a c r e ,  l i e s  i n  the. 

b e n d  o f  t h e  " L " .  T he w e s t  s h o r e  d e s c e n d s  a b r u p t l y  t o  t h e  d e e p e s t  a r e a  

i n  t h e  l a k e .  P lum m ers  L a k e  i s  k i d n e y - s h a p e d  w i t h  s m o o th ,  s t e e p  s h o r e s  

A s m a l l  i s l a n d ,  v i s i b l e  i n  e a r l y  summer and  l a t e  f a l l , i s  l o c a t e d  

a b o u t  o n e - t h i r d  t h e  l e n g t h  o f  t h e  l a k e  f ro m  t h e  n o r t h e a s t  e n d .  The 

b o t t o m  o f  t h e  n o r t h e a s t  o n e - t h i r d  o f  t h e  l a k e  s l o p e s  s h a r p l y  t o  fo rm  

a  d eep  c o n e .

Chava s p .  an d  Bvefanooladus s p .  w e re  t h e  p r e d o m i n a n t  p l a n t s  i n .  

C ab in  L ak e  and  c o v e r e d  m o s t  o f  t h e  b o t t o m .  O th e r  a q u a t i c  v e g e t a t i o n
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T a b l e  I . Some p h y s i c a l  and  c h e m i c a l  
an d  P lum m ers  L a k e s , d u r i n g  
1 9 7 0 .

c h a r a c t e r i s t i c s  o f  C a b i n ■ 
t h e  summers o f ■1969 and

o ' A

LAKE •

7 . 9 - 1 4 0 .11 6 -2 5  1 7 -3 0 8.6  ' 2 5 6 .5CABIN 1 8 .9  (1 8 ) (2 1 )  (2 3 )

1 4 3 .31 6 -2 6  1 8 -2 6 2 3 6 .5PLUMMERS 1 4 .7  (2 2 )

c o n s i s t e d  o f  s p a r s e  s t a n d s  o f  Folygon-ium. amph-ibiumj Potamogeioh

am phifoliuss  P .  gvcmineus, and  Nuphar vareigatum. The c o m p o s i t i o n  i n

l  .
P lum m ers  L ake  a p p e a r e d  s i m i l a r  t o  t h a t  i n  C a b in  L ake  i n  1969 b u t  no 

c o l l e c t i o n  w as made i n  t h a t  y e a r .  I n  1970 a l l  r o o t e d  a q u a t i c  p l a n t s  

i n  P lum m ers  L ak e  w e re  d e a d .  B o t to m  m a t s  l o o s e n e d  an d  r o s e  t o  t h e  s u r ­

f a c e  f o r m in g  i s l a n d s  o f  d ec o m p o s in g  p l a n t  m a t t e r .  The w a t e r  i n  b o t h  

l a k e s  was c l e a r  w i t h  t h e  b o t t o m  v i s i b l e  i n  a l l  p o r t i o n s  o f  Cabiri  Lake
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arid i n  a l l  b u t  t h e  b o t t o m  o f  t h e  d eep  n o r t h e a s t  end  o f  P lu m m ers .



METHODS

F o u r  t r a p  n e t s  w e r e  u s e d  t o  c a p t u r e  y e l l o w  p e r c h  an d  p u m p k in se e d s  

e a c h  y e a r .  I n  1 9 6 9 ,  two f y k e  n e t s  o f  o n e - i n c h  s q u a r e  m esh w e re  u s e d .  

E ach  was a b o u t . 10 f e e t  l o n g ,  w i t h  a  3 - f o o t  d i a m e t e r  o p e n i n g , and  two 

25 f o o t  w i n g s .  I n  a d d i t i o n ,  two m o d i f i e d  f y k e . n e t s  o f  o n e - h a l f  i n c h  

s q u a r e  mesh w e re  u s e d ;  E ach  c o n s i s t e d  o f  a  12 f o o t  l o n g  hoop  n e t  w i t h  

a  3 - f o o t  d i a m e t e r  o p e n i n g ,  p r e c e d e d  b y  a  3 x  6 x  2 f o o t  b o x  o f  m esh -  

c o v e r e d  s t e e l  f r a m e s ,  E x t e n d i n g  f ro m  t h i s  b o x  was a  f o u r . f o o t  h i g h  

l e a d .  I n  1970 o n l y  m o d i f i e d  f y k e  n e t s  w e r e  u s e d ,  e a c h  d i f f e r i n g  o n ly  

i n  l e n g t h  o f  l e a d  ( r a n g e  35 t o  50 f e e t ) .  M ost b a s s  w e r e  c a p t u r e d  by  

a n g l i n g  b u t  a  few f r o m  2 . 7  t o  4 . 7  i n c h e s  l o n g  w e re  c a p t u r e d  i n  t h e  

t r a p s .

A l l  t r a p  n e t s  w e r e  l i f t e d  an d  moved a  s h o r t  d i s t a n c e  e a c h  d a y .  

T r a p p i n g  was n o t  c o m p le t e  u n t i l  t h e  e n t i r e  p e r i m e t e r  o f  e a c h  l a k e  h a d  

r e c e i v e d  a p p r o x i m a t e l y  e q u a l  n e t t i n g  p r e s s u r e .  A r e c o r d  w a s .m ad e  o f  

m a rk e d  an d  u n m ark e d  f i s h ,  an d  a l l  u n m ark e d  f i s h  w e re  f i n  c l i p p e d .  

M e a s u re m e n ts  ( l e n g t h  an d  w e i g h t )  w e re  made o f  a  l a r g e  s a m p le  o f  y e l l o w  

p e r c h  a n d  p u m p k in s e e d s  an d  on a l l  l a r g e m o u th  b a s s .  F o r  a g e - g r o w th ,  

a n a l y s i s  o f  e a c h  s p e c i e s ,  s c a l e s  f ro m  a p p r o x i m a t e l y  50 f i s h  w e re  c o l ­

l e c t e d  f o r  e a c h  i n c h  g r o u p ,  e x c e p t  f o r  l a r g e  f i s h  w h e re  s a m p le  s i z e  

was s m a l l . .  A l l  f i s h  w e re  r e t u r n e d  t o  t h e  l a k e  n e a r  t h e  p o i n t  o f

c a p t u r e .
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A s i n g l e  .mark was u s e d  t o r  . a l l  f i s h  o f  a  s p e c i e s  c a p t u r e d  d u r i n g  

1 9 6 9 .  I n  1970 each, l a k e  w as  a r b i t r a r i l y  d i v i d e d  i n t o  f o u r  a r e a s  o f  - 

a p p r o x i m a t e l y  e q u a l  s h o r e  l e n g t h  an d  n u m b ere d  c o n s e c u t i v e l y .  A d i f ­

f e r e n t  f i n  c l i p  w as u s e d  t o  m ark  f i s h  c a u g h t  i n  e a c h  a r e a  and  d o r s a l  

s p i n e  c l i p s  w e r e  u s e d  t o  i n d i c a t e  t h e  nu m b er  o f  t i m e s  a  f i s h  h a d  b e e n  

r e c a p t u r e d  i n  a  p a r t i c u l a r  a r e a .  E ach  l a k e  was r e h a b i l i t a t e d  u s i n g  

P ro -N o x  F i s h  t o x i c a n t  s p r a y e d  f ro m  a  b o a t  a t  a  c o n c e n t r a t i o n  o f  a p p r o x i  

m a t e Iy  1 . 0  ppm i m m e d ia t e l y  a f t e r  t r a p p i n g  w as c o m p le t e d  i n  1 970 . As 

many f i s h  a s  p o s s i b l e  w e r e  c h e c k e d  f o r  m a rk s  an d  a d d i t i o n a l  m e a s u r e ­

m e n ts  a n d  s c a l e s  w e r e  t a k e n  a t  t h a t  t i m e .  E s t i m a t e s  o f  t h e  p o p u l a t i o n s  

b a s e d  on t h e  P e t e r s e n  m e th o d  ( B a i l e y  m o d i f i c a t i o n )  w e r e  made u s i n g  

f o r m u l a  5 o f  t h e  M ic h ig a n  I n s t i t u t e  f o r  F i s h e r i e s  R e s e a r c h  ( 1 9 6 0 ) :

N1 (N +1)
p o p u l a t i o n  e s t i m a t e  = —±-r— - — -

CN12+ ! )

C o n f i d e n c e  i n t e r v a l s  w e re  c a l c u l a t e d  u s i n g  f o r m u l a  6 o f  t h e  M ic h ig a n  

I n s t i t u t e  f o r  F i s h e r i e s  R e s e a r c h  ( 1 9 6 0 ) :

v a r i a n c e  o f  p o p u l a t i o n
( p o p . e s t . . )  ( ^ - N - ^ )  

(N2+ ! )  (N12+2)

w h e re  N^ i s  t h e  num ber o f  f i s h  c a u g h t , m a rk e d  and r e l e a s e d  i n  t h e  f i r s t

s  amp I e  ■
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N£ i s  t h e  t o t a l  n u m b er  o f  f i s h  c a u g h t  i n  t h e  s e c o n d  s a m p le .  

N-L2 i s  t h e  n u m b er  o f  r e c a p t u r e s  i n  t h e  s e c o n d  s a m p l e .  

P o p u l a t i o n  e s t i m a t e s  b a s e d  on t h e  S c h n a b e l  m e th o d  w e re  made u s i n g  

f o r m u l a  3 .1 2  o f  R i c k e r  ( 1 9 5 8 ) :

S(Gt Mt )
N = 5

C o n f i d e n c e  i n t e r v a l s  w e re  s e t  f o r  1/N an d  t h e n  - i n v e r t e d  u s i n g  t h e  

f o l l o w i n g  e q u a t i o n .

Cl
________________ 1 _____________________

1/N ± ( t  ) ( / v a r .  o f  1/N )
. 9 5 , n - 1

w h e r e  1/N = R— -  and  t h e  v a r i a n c e  o f  1/N = f t , f o r m u l a e  3 .1 3
S (C t Mt ) S (,Ct Mt ;

a n d  3 . 1 4 ,  r e s p e c t i v e l y ,  o f  R i c k e r  ( 1 9 5 8 ) .  The sy m b o ls  a r e :

N t h e  p o p u l a t i o n  e s t i m a t e

Ct  t h e  t o t a l  num ber o f  f i s h  c a p t u r e d  d u r i n g  t i m e  t  

Mt  t h e  t o t a l  m a rk e d  a t  l a r g e  a t  t h e  b e g i n n i n g  o f  t h e  i n t e r v a l  o f  

t i m e  t

R t h e  t o t a l  n u m b er  o f  r e c a p t u r e s  d u r i n g  t h e  . e x p e r i m e n t  and  

S i s  t h e  su m m atio n  o f  t e r m s .

P o p u l a t i o n  e s t i m a t e s  b a s e d  on t h e  D eLury m e th o d  w e r e  made u s i n g  

f o r m u l a e  2 . 4  an d  2 . 5  o f  DeLury ( 1 9 5 1 ) .  C o n f id e n c e  i n t e r v a l s  w e re
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c a l c u l a t e d  u s i n g  f o r m u l a e  2 . 6  and  2 . 7  o f  DeLury ( 1 9 5 1 ) .

S u r v i v a l  was e s t i m a t e d  f ro m  t h e  a b u n d a n c e  o f  s u c c e s s i v e  ag e  

g r o u p s , u s i n g  t h e  m e th o d  o f  J a c k s o n  (1 9 3 9 )  :

^2 "I* N3 + . . . Nr
Ni + N2 + Ng . . . Nr _2

w h e re  N i s  t h e  a b u n d a n c e  o f  e a c h  a g e  g r o u p .



RESULTS

T ra p  n e t t i n g  o f  p u m p k in s e e d s  i n  P lum m ers  L ake w as c a r r i e d  o u t  f o r  

11 d a y s  b e tw e e n  J u n e  16 an d  J u l y  3 ,  1 9 7 0 .  A t o t a l  o f  8 ,3 4 5  pum p k in -  

s e e d s  w e r e  c a p t u r e d  i n  36 n e t  s e t s  d u r i n g  t h a t  t i m e .  On J u l y  7 th  t h e  

l a k e  was r e h a b i l i t a t e d .  T h i r t y  p e o p l e ,  i n c l u d i n g  a  h i g h  s c h o o l  b i o l o g y  

c l a s s  o f  a b o u t  20 s t u d e n t s ,  c o l l e c t e d  f i s h ,  A t o t a l  o f  6 ,2 7 1  p u m p k in -  

s e e d s  was c o l l e c t e d  an d  e x a m in e d  o n  J u l y  7 th  and  8 th  an d  l e n g t h  

m e a s u r e m e n ts  w e re  o b t a i n e d  f o r  33 p e r c e n t  o f  t h o s e  c o l l e c t e d .

P u m p k in s e e d s  w e r e  g ro u p e d  i n t o  s i z e  i n t e r v a l s  t o  a v o i d  b i a s  i n  

p o p u l a t i o n  e s t i m a t e s  d u e . t o  n e t  s e l e c t i v i t y  f o r  l a r g e r  f i s h  a n d . t o  

f a c i l i t a t e  e s t i m a t e s  o f  t h e  a b u n d a n c e  o f  f i s h  i n  e a c h  a g e  g r o u p .  I n ­

c r e a s i n g  r a t e s  o f  r e c a p t u r e  o f  f i s h  i n  t h e  l a r g e r  s i z e  g r o u p s  i n d i c a t e d  

t h a t  t h e  b a s i c  a s s u m p t i o n  o f  e q u a l  v u l n e r a b i l i t y  o f  a l l  f i s h  t o  t h e  

t r a p  n e t t i n g  w as n o t  m e t .  The r a t e s  o f  r e c a p t u r e s  ( r e c a p t u r e s / m a r k e d  

a t . l a r g e )  w e re  1 . 6  p e r c e n t  f o r  2 . 8 - 3 . 5  i n c h  f i s h ;  14 p e r c e n t  f o r  f i s h  

3 . 6 - 4 . 5  i n c h e s  l o n g ;  26 p e r c e n t  f o r  4 . 6 - 5 . 5  i n c h  f i s h  a n d  35 p e r c e n t  

f o r  t h o s e  l a r g e r ,  t h a n  5 . 5  i n c h e s  l o n g .  R a te s  o b t a i n e d  f ro m  r e h a b i l ­

i t a t i o n  w e r e  1 . 3  p e r c e n t  f o r  t h e  2 . 8 - 3 . 5  i n c h  f i s h  an d  24 p e r c e n t  f o r  

e a c h  o f  t h e  n e x t  t h r e e  l a r g e r  s i z e  g r o u p s .  T h e s e  d a t a  s u b s t a n t i a t e  t h e  

s u g g e s t i o n  b y  L a t t a  (1 9 5 9 )  t h a t  e s t i m a t e s  o f  t o t a l  p o p u l a t i o n ,  n u m b e r s , 

w h e re  t r a p  n e t s  a r e  u s e d ,  s h o u l d  b e  made by  e s t i m a t i n g  t h e  ab u n d a n c e  

o f  e a c h  s i z e  g ro u p  s e p a r a t e l y .
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A n o th e r  b a s i c  a s s u m p t i o n  i n  m ak in g  p o p u l a t i o n  e s t i m a t e s  i s  t h a t  

m a rk e d  f i s h  d i s t r i b u t e  t h e m s e l v e s . ra n d o m ly  t h r o u g h o u t  t h e  e n t i r e  p o p u ­

l a t i o n  b e i n g  e s t i m a t e d . ( R i c k e r  1 9 5 8 ) .  An i n d i c a t i o n  o f  no n ran d o m  

m ix in g  o f  m a rk e d  f i s h  t h r o u g h o u t . t h e  e n t i r e  p o p u l a t i o n  w as o b t a i n e d  

by  c o m p a r in g  t h e  n u m b er  o f  f i s h  r e c a p t u r e d  i n  t h e  a r e a  o f  i n i t i a l  

m a rk in g  t o  t h e  num ber r e c a p t u r e d  i n  o t h e r  a r e a s  ( C a r l a n d e r  1 9 7 0 ;  

L a w re n c e  1 9 5 2 ) .  The p e r c e n t  o f  r e c a p t u r e s  o c c u r r i n g  i n  t h e  a r e a  o f  

i n i t i a l  m a rk in g  r a n g e d  f ro m  49 t o  69 ( T a b le  2 ) .  I n  t h r e e  o u t  o f  f o u r  

c a s e s  t h e  a r e a  w i t h  t h e  f e w e s t  r e c a p t u r e s  w as a l s o  t h e  f a r t h e s t  f rom  

t h e  a r e a  o f  m a r k i n g .  T he p o t e n t i a l  b i a s  d u e  t o  n o n ra n d o m  m ix in g  i n  

t h i s  s t u d y  w as o f f s e t  b y  s y s t e m a t i c a l l y  a p p l y i n g  a p p r o x i m a t e l y  e q u a l  

f i s h i n g  p r e s s u r e  t o  a l l  p o r t i o n s  o f  t h e  l a k e  p e r i m e t e r .

An e x a m p le  o f  d a t a  t a b u l a t i o n  f o r  m ak in g  a  S c h n a b e l  e s t i m a t e  o f  

a  s i z e  g ro u p  i s  p r e s e n t e d  i n  T a b l e  3 . C a tc h  s t a t i s t i c s , p o p u l a t i o n  

n u m b e r s , an d  c o n f i d e n c e  l i m i t s  f o r  P e t e r s e n  and  S c h n a b e l  e s t i m a t e s  

w e r e  co m p u ted  f o r  e a c h  s i z e  g ro u p  ( T a b l e  4 ) .  E s t i m a t e s  f o r  t h e  t h r e e  

l a r g e s t  s i z e  g ro u p s  g i v e n  b y  t h e  two i n d e p e n d e n t  m e th o d s  a r e  i n  c l o s e  

a g r e e m e n t , w i t h  d i f f e r e n c e s  r a n g i n g  f ro m  3 t o  18 p e r c e n t .  The P e t e r s e n  

e s t i m a t e  f o r  2 . 8 - 3 . 5  i n c h  f i s h  i s  40 p e r c e n t  h i g h e r  t h a n  t h a t  g iv e n  b y  

t h e  S c h n a b e l  m e th o d .  The c o n f i d e n c e  i n t e r v a l s  f o r  b o t h  t y p e s  o f  e s t i ­

m a te s  a r e  r e l a t i v e l y  l a r g e  r e f l e c t i n g  t h e  low r a t e s  o f  r e c a p t u r e  n o t e d  

p r e v i o u s l y  f o r  t h i s  s i z e  g r o u p .  T he p o s s i b i l i t y  o f  t h e  S c h n a b e l  

e s t i m a t e s  b e i n g  b i a s e d  due  t o  n e t  s e l e c t i v i t y  and  t h e  n o n ra n d o m  m ix in g
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T a b l e . 2 .  A c o m p a r i s o n  b e tw e e n  t h e  n u m b e rs  . o f  p u m p k in s e e d s  r e c a p t u r e d  
i n  an d  o u t s i d e  t h e  a r e a  o f  i n i t i a l  m a rk in g  ( p e r c e n t  i n  
p a r e n t h e s e s ) . .

A re a  o f  
M a rk in g  ■,

A re a o f  R e c a p t u r e
I 2 3 4

I 310 (6 9 ) 42  (  9 ) 55 (1 2 ) 43 (1 0 )
2 78 (2 6 ) 160 (5 5 )  . 4 6  ( 1 6 ) 9 (  3 )
3 57 (1 5 ) 63 (1 6 ) 187 (49 ) 76 (20 )
4 22 ( 9) 18 ( 8) 6 8  ( 2 8 ) 131 (55 )

T a b l e  S. T ra p  n e t  d a t a  u s e d  f o r  e s t i m a t i n g  t h e  num ber o f  p u m p k in seed s  
4 . 6 - 5 . 5  i n c h e s  lo n g  b y  t h e  S c h n a b e l  m e th o d .

. . Number Number Numbe r M arked
C a p tu r e d R e c a p t u r e d M arked A t L a r g e

D a te ( C t ) (Rt ) (Ct -R t ) ' (Mt ) (Ct Mt )

J u n e  17 440 0 440 0 0 ■
J u n e  18 774 • 37 737 440 3 4 0 ,5 6 0
J u n e  19 378 66 312 1 ,1 7 7 4 4 4 ,9 0 6
J u n e  23 328 83 245 1 ,4 8 9 4 8 8 , 3 9 2
J u n e ■24 197 54 143 1 ,7 3 4 3 4 1 ,5 9 8
J u n e  25 187 ■ 50 137 1 ,8 7 7 3 5 0 ,9 9 9
J u n e  26 248 61 ■ 187 2 ,0 1 4 4 9 9 ,4 7 2
J u n e  30 2 9 3 55 238 2 ,2 0 1 6 4 4 ,8 9 3
J u l y  I 269 97 172 2 , 4 3 9 6 5 6 ,0 9 1
J u l y  2 369 137 2 3 2  ' 2 ,6 1 1 . 963 ,459■
J u l y  3 303 97 • .  • 2 , 8 4 3 8 6 1 ,4 2 9

T o t a l s 737 5 , 5 9 1 , 7 9 9



T a b l e  4 .  A summary o f  1970 p u m p k in s e e d  c a t c h  s t a t i s t i c s  w i t h  P e t e r s e n  and  S c h n a b e l
p o p u l a t i o n  
s i z e  g r o u p .

e s t i m a t e s , c o n f i d e n c e i n t e r v a l s . (O I) an d  s t a n d i n g  c ro p f o r  e a c h

S i z e
Group

Type
E s t i m a t e

T o t a l
C a p t u r e

T o t a l
R e c a p t u r e

M arked
a t

L a r g e

E s t i m a t e d ■ 
Numbers 

(C l)

T o t a l
w e i g h t
p o u n d s

S ta n d i n g
Crop

l b / a c r e  ■

2 . 8 - 3 , 5 '
' P e t e r s e n 405 8 6 2 6 2 8 ,2 3 9

( 3 1 , 8 5 3 - 2 4 , 6 2 5 )
5 6 4 .8 3 8 .4

S c h n a b e l 590 9 5 6 8 1 6 ,9 8 8
( 4 2 , 9 0 0 - 1 0 , 5 9 2 )

3 3 9 .8 2 3 .1

3 . 6 - 4 , 5
P e t e r s e n 3 ,9 7 1 8 4 2 3 ,5 4 6 1 6 ,7 0  8

( 1 7 ,2 2 0 - 1 6 , 1 9 6 )
8 3 5 .4 5 6 .8

S c h n a b e l 3 , 8 7 2 451. 3 ,1 9 3 1 3 ,6 7 0
( 1 3 , 8 3 3 - 1 3 , 5 0 4 )

6 3 8 .5 4 6 .5

4 . 6 - 5 . 5
P e t e r s e n 1 ,8 6 5  ■ 690 2 ,9 0 5 7 ,8 4 5

( 8 , 0 8 2 - 7 , 6 0 8 )
6 8 2 .5 4 6 .4

S c h n a b e l 3 , 7 8 6 737 2 , 8 4 3 7 ,5 8 7
( 7 , 6 3 8 - 7 , 5 3 7 )

6 6 0 . 1 4 4 .9

5 .6 +
P e t e r s e n 30 12 50 119

(1 4 8 -  90)
1 7 .5 1 .2

S c h n a b e l 97 25 71 137
(1 5 4 -1 2 3 )

2 0 .1 1 . 4

TOTALS
P e t e r s e n ■ 6 ,2 7 1 1 ,5 5 2 7 ,1 2 7 5 2 ,9 1 1 2 1 0 0 .2 1 4 2 . 8

S c h n a b e l 8 ,3 4 5 1,2.22 6 ,6 7 5 3 8 ,3 8 2 1 7 0 3 .5 1 1 5 .9
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o f  m ark e d  w i t h  u n m ark ed  f i s h  make i t  p r o b a b l e  t h a t  t h e  P e t e r s e n  e s t i ­

m a te s  a r e  t h e  m o s t  a c c u r a t e .

D eLury  e s t i m a t e s  a r e .  d e p e n d e n t  on t h e  a p p l i c a t i o n  o f  u n i f o r m  e f ­

f o r t  an d  c a t c h i n g  a  l a r g e  p o r t i o n  o f  t h e  p o p u l a t i o n .  I n  a d d i t i o n ,  

t h e r e  m u s t  b e  n o  c o m p e t i t i o n  b e tw e e n  u n i t s  o f  g e a r  an d  t h e  c a t c h a b i l i t y  

o f  - f i s h  m u s t  r e m a in  c o n s t a n t  t h r o u g h p u t  t h e  t r a p p i n g  p e r i o d .  C a lc u ­

l a t i o n s ,  a r e  a c c o m p l i s h e d  b y  d e t e r m i n i n g  t h e  r e g r e s s i o n  b e tw e e n  t h e . two 

v a r i a b l e s :  c a t c h  of.  un m ark ed  f i s h  p e r  u n i t  e f f o r t  and  a c c u m u la t e d

c a t c h  o f  u n m ark ed  f i s h .  The c a t c h  m u s t  b e  o f  s u f f i c i e n t  m a g n i tu d e  t o  

c a u s e  a  d e c l i n e  i n  t h e  n u m b e rs  o f  u n m ark ed  f i s h  c a p t u r e d  o v e r  t h e  s t u d y  

p e r i o d ,  w h ic h  r e s u l t s  i n  a  n e g a t i v e  r e g r e s s i o n .  N e g a t i v e  r e g r e s s i o n s  

w e r e . o b t a i n e d  f o r  a l l  s i z e  g r o u p s  e s t i m a t e d  b u t  i t  w as  fo u n d  t h a t  n o n e  

o f  . th e  r e g r e s s i o n  c o e f f i c i e n t s  w e re  s i g n i f i c a n t l y  d i f f e r e n t  f rom  z e r o '  

a t  t h e  95 p e r c e n t  l e v e l  o f  s i g n i f i c a n c e  s o  t h e  p o p u l a t i o n  e s t i m a t e s '  

c o u l d  n o t  b e  m ade . A l th o u g h  6 ,6 0 0  p u m p k in s e e d s  w e re  m a r k e d , t h i s  

r e p r e s e n t e d  o n l y  1 2 ,6  p e r c e n t  o f  t h e  t o t a l  p o p u l a t i o n  e s t i m a t e d  b y  t h e  

P e t e r s e n  m e th o d  w h ic h  was n o t  o f  s u f f i c i e n t  m a g n i t u d e . t o  o b t a i n  an  e s t i ­

m a te  by  t h e  DeLury m e th o d .

The a g e  o f  153 p u m p k in s e e d s  was d e t e r m i n e d ,  an d  l e n g t h  a t  e a c h  

a n n u l u s  w as  c a l c u l a t e d  ( T a b le  5 ) .  A bout 90 'p e r c e n t  o f  f i s h  2 . 8 - 3 . 5  

i n c h e s  l o n g  w e r e  i n  a g e  g ro u p  I I I .  F i s h  3 . 6 - 4 . 5  i n c h e s  l o n g  w e re  p r e ­

d o m i n a n t ly  i n  a g e  g r o u p s  IV an d  V, 43 an d  5.3 p e r c e n t ,  r e s p e c t i v e l y .

The p e r c e n t a g e s  o f  4 , 6 - 5 , 5  i n c h  f i s h  i n - a g e  g ro u p s  V an d  VI w e re  53 and
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T a b l e  5 .  A v e ra g e  c a l c u l a t e d  l e n g t h s  a t  e a c h  a n n u l u s  f o r  p u m p k in s e e d s  
c o l l e c t e d  i n  1 9 7 0 .

Y e a r
C |a s s

A g e N o. o f A v e . C a l c u l a t e d l e n g t h  a t e a c h a n n u lu s
Group F i s h L e n g th I 2 3 4 5 6 7 8

1969 ■’ I 23 1 .7 1 . 1
1968 I I 8 2 . 5 0 . 8 2 . 0
1967 I I I 47 3 .0 0 . 7 1.-5 2 .7
1966 IV 23 3 . 8 0 . 6 1 . 5 2 . 3 3 .4
1965 V 55 4 . 6 0 . 6 1 .7 2 , 7 3 . 5 4 . 4
1964 ■VI • • 23 5 . 2 0 . 6 1 .5 2 . 4 3 .4 4 .2 5 . 0
1963 V I I 11 5 . 8 0 . 7 1 .6 2 . 6 3 .5 4 .2 5 . 0 5 . 6
1962 V I I I • 2 6 . 3 0 . 8 1 . 8 2 . 4 3 . 1 3.-8: 4 , 6 5 . 4  5 .9

4 3 ,  r e s p e c t i v e l y ,  w h i l e  62 p e r c e n t  o f  f i s h  l a r g e r  t h a n  5 , 6  i n c h e s  w e re  

o l d e r  t h a n  VI y e a r s .

The a g e  d i s t r i b u t i o n  o f  e a c h  s i z e  g ro u p  i n  t h e  s a m p le  w as p r o j e c t e d  

t o  t h e  e n t i r e  p o p u l a t i o n  u s i n g  e s t i m a t e s  o b t a i n e d  b y  t h e  P e t e r s e n  m e th ­

o d .  T h e . p r o j e c t e d  d i s t r i b u t i o n  w as a s  f o l l o w s :  a g e  g ro u p  . I I I ,  2 6 ,1 6 5 ;

a g e  g ro u p  IV ,  9 , 9 1 7 ;  a g e  g r o u p .V, 1 3 ,0 5 3 ;  a g e  g ro u p  V I ,  3 , 3 6 8 ;  ag e

g ro u p  V I I ,  3 9 3 ;  a g e  g ro u p  V I I I ,  15 . U s in g  t h e  J a c k s o n  m e th o d  t h e  a n -

15 +  393 + ! 3 , 3 6 8  + 1 3 , 0 5 3  +n u a l  s u r v i v a l  r a t e  w a s . e s t i m a t e d  a s : s
393 +  3 ,3 6 8  +  1 3 ,0 5 3  +  9 ,9 1 7

Q  Q  I  7  . •

+’iS  165 ^  = P e r c e n t * T h u s , t h e  t o t a l  a n n u a l  m o r t a l i t y  r a t e

was e s t i m a t e d  a s  1 0 0 -5 1  = 49 p e r c e n t .  T he  t o t a l  a n n u a l  m o r t a l i t y  r a t e  

b a s e d  on d a t a  o b t a i n e d  f ro m  t h e  S c h n a b e l  p o p u l a t i o n  e s t i m a t e  was 41 

p e r c e n t .

The t o t a l  s t a n d i n g  c r o p  o f  p u m p k in s e e d s  o v e r  2 . 7  i n c h e s  l o n g  b a s e d  

on p o p u l a t i o n  e s t i m a t e s  u s i n g  t h e  P e t e r s e n ’m e th o d  w as 1 4 2 .8  l b / a c r e ;
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u s in g ,  t h e  S c h n a b e l  m e th o d  i t  ■ w as .20 p e r c e n t  l e s s  ( .Table 4 ) .

F o r t y  n e t  s e t s  i n  C a b in  L ak e  o v e r  11 d a y s  b e tw e e n  J u l y  2 1 s t  and  

A u g u s t '7 ,  1970 y i e l d e d  a  t o t a l  c a t c h  o f  6 ,1 3 3  y e l l o w  p e r c h . The l a k e  

was r e h a b i l i t a t e d  on A u g u s t  1 1 t h .  Ten p e o p l e  c o l l e c t e d  4 ,8 3 8  p e r c h  

w h ic h  w e re  ex a m in e d  f o r  m a rk s  on A u g u s t  1 2 t h  and  l e n g t h s  w e re  o b t a i n e d  

f ro m  71 p e r c e n t  o f  t h o s e  c o l l e c t e d .  ,

P e r c h  w e re  g r o u p e d , i n t o  s i z e  i n t e r v a l s  t o  c o m p e n s a te  f o r  p o s s i b l e  

b i a s  d u e  t o  n e t  s e l e c t i v i t y  f o r  l a r g e  f i s h .  R e c a p t u r e  r a t e s  o b t a i n e d  

f o r  v a r i o u s  s i z e  ,g ro u p s  w e r e :  13 p e r c e n t  ( 3 . 6 - 4 . 5  i n c h e s )  , 10 p e r c e n t

( 4 , 6 - 5 . 5  i n c h e s ) ,  11 p e r c e n t  ( 5 . 6 - 6 . 5  i n c h e s )  a n d /18  p e r c e n t  f o r  t h o s e  

6 . 6  i n c h e s  an d  l o n g e r .  R a t e s  f ro m  t h e  , r e h a b i l i t a t i o n  w e r e  9 p e r c e n t  

f o r  t h e  s m a l l e s t  s i z e  g r o u p ,  1 9 ,  1 8 ,  an d  18 p e r c e n t  f o r  e a c h  o f  t h e  

n e x t  t h r e e  l a r g e r  s i z e  g r o u p s ,  r e s p e c t i v e l y .  T h e s e  d a t a  do n o t  s u g g e s t  

s t r o n g  n e t  s e l e c t i v i t y  f o r  l a r g e  p e r c h .  Nonrandom  m ix in g  o f  m arked  

f i s h  t h r o u g h o u t  t h e  e n t i r e  p o p u l a t i o n  w as s u g g e s t e d  f o r  p e r c h  (Ta)?I e  . 6) . 

The p e r c e n t  o f  r e c a p t u r e s '  f ro m  t h e  a r e a  o f  i n i t i a l  m a rk in g  r a n g e d  f ro m  

45 t o  82 .,  T he co m b in ed  p e r c e n t  o f  f i s h  r e c a p t u r e d  i n  t h e  a r e a  i n  w h ic h
I

t h e y  w e re  i n i t i a l l y  m a rk e d  an d  i n  o n e  o f  t h e ' t w o  a d j a c e n t  a r e a s  r a n g e d  

f ro m  85 t o  9 6 .  T h i s  s o u r c e  o f . b i a s  w as c o m p e n s a te d  f o r  b y  s y s t e m a t ­

i c a l l y  a p p l y i n g  a p p r o x i m a t e l y  e q u a l  f i s h i n g  p r e s s u r e  t o  a l l  p o r t i o n s . o f  

t h e  l a k e  p e r i m e t e r .

P e r c h  s t a t i s t i c s  w e re  s u m m arize d  an d  p o p u l a t i o n  e s t i m a t e s  c a l c u ­

l a t e d  f o r  e a c h  s i z e  g ro u p  by t h e  P e t e r s e n  an d  S c h n a b e l  m e th o d s  ( T a b le  7)



- 1 6 -

Tab I e  6 ,  A c o m p a r i s o n ■b e tw e e n  t h e  n u m b ers  o f  y e l l o w  p e r c h  r e c a p t u r e d  
i n  an d  o u t s i d e  t h e  a r e a  o f  i n i t i a l  m a r k in g  ( p e r c e n t  i n  ' 
p a r e n t h e s e s ) .  ,

A re a  o f  . 
M ark in g

A re a  o f  R e c a p t u r e
I 2 . 3 4 ■

' I 101 (6 8 ) 42  ( 2 8 )  5 (  3 )  ' I  ( 0 . 7 )
2 26 (1 0 ) 219 (8 2 )  20 ( 7 ) 2 ( 0 . 7 )
3 ' 8 ( 5 ) 40 (2 5 )  107 (67) 4 (  3 )

. .4 33 (4 0 ) 8 (1 0 )  4 ( 5) 37  ( 4 5 )

S c h n a b e l  e s t i m a t e s  w e re  l o w e r  t h a n  P e t e r s e n  e s t i m a t e s  f o r  e a c h  s i z e  

g r o u p ; t h e  d i f f e r e n c e s  r a n g e d  f ro m  9 t o  23 p e r c e n t .  I n  t h i s  s i t u a t i o n ,  

a s  w i t h  p u m p k in s e e d s , t h e  P e t e r s e n  e s t i m a t e s  a r e  p r o b a b l y  l e a s t  v u l n e r ­

a b l e  t o  b i a s .

Age w a s , d e t e r m i n e d  an d  l e n g t h  a t  e a c h  a n n u l u s  w as c a l c u l a t e d  f o r  

194 y e l l o w  p e r c h  c o l l e c t e d  i n  1970 ( T a b le  8) . t i i f f i c j u l t y  was e x p e r i ­

e n c e d  i n  a c c u r a t e l y  a g i n g  f i s h  p a s t  a g e  g ro u p  ,11 d u e  t o  s lo w  g r o w th ,  

d e n s e  c o m p a c t io n  and  e r o s i o n  on. t h e  e d g e s  o f  t h e  s c a l e s .  The ag e  

d i s t r i b u t i o n  p r o j e c t e d  f ro m  t h e  s a m p le  on t h e  b a s i s  o f  d a t a  o b t a i n e d  

f ro m  t h e  P e t e r s e n  p o p u l a t i o n  e s t i m a t e s  w a s :  ag e  g ro u p  I , 6 , 0 7 6 ;  ag e

g ro u p  I I ,  7 0 0 ;  a g e  g ro u p  I I I ,  1 4 , 2 8 2 ; " a g e .g r o u p  IV ,  7 , 9 0 3 ;  and  ag e  

g ro u p  V, 189 .

T he e s t i m a t e d  n u m b er  o f  f i s h  i n  a g e  g ro u p  I  i s  u n d o u b t e d l y  low 

s i n c e  o n ly  t h e  l a r g e r  . i n d i v i d u a l s  i n  t h i s  a g e  g ro u p  w e r e  c a p t u r e d .  Age • 

g ro u p  I I  p e r c h  a c c o u n t e d  f o r  o n ly  3 p e r c e n t  o f  t h e  t o t a l  e s t i m a t e d  

p o p u l a t i o n  o f  f i s h  o v e r .  3 . 5  i n c h e s  l o n g , w h ic h  s u g g e s t s  a  w eak  (1 968)



• , :
T a b l e  7. A summary o f  1970 p e r c h  c a t c h  s t a t i s t i c s  w i t h  P e t e r s e n . a n d  S c h n a b e l  p o p u l a t i o n  

e s t i m a t e s ,  c o n f i d e n c e  i n t e r v a l s  ( C l ) ,  an d  s t a n d i n g  c ro p  f o r  e a c h  s i z e  g r o u p . '

S i z e
Group

Type
E s t i m a t e  .

T o t a l  
C a p t u r e  •

' T o t a l  
R e c a p t u r e  .

M arked
a t

L a r g e ■

E s t i m a t e d
Numbers

(C l)

T o t a l
w e i g h t
p o u n d s

S ta n d in g  
Crop 

l b / a c r e

3 . 6 - 4 . 5
P e t e r s e n  .■ 593 128 1 ,4 0 7 6 , 4 7 9

( 6 , 9 9 1 -  5 ,9 6 7 )
1 9 4 ,4 1 0 . 3

S c h n a b e l 1 ,5 9 7 190 1 ,3 7 5 5 ,4 8 7
( 4 , 8 5 1 -  6 ,3 1 9 )

1 6 4 .6 8 .7

4 . 6 - 5 . 5
P e t e r s e n 3 , 4 2 2 602 3 ,1 8 5 1 8 ,0 8 0

( 1 8 ,7 5 0 - 1 7 , 4 1 0 )
9 0 4 . 0 4 7 . 8

S c h n a b e l 3 ,4 9 6 311 3 ,0 3 7 1 6 ,4 6 8
( 1 4 ,9 3 4 - 1 8 , 3 5 6 )

8 2 3 . 4 4 3 .6

5 . 6 - 6 . 5
P e t e r s e n  . 763 150 845 4 , 2 7 5

( 4 , 5 9 0 -  3 ,9 6 0 )
3 8 4 . 7 2 0 . 3

< S c h n a b e l 942 97 813 3 ,6 6 6
( 3 , 0 9 7 -  4 ,4 9 4 )

3 2 9 . 9 1 7 .4

6 .6 +
P e t e r s e n 60 15 ■ 83 316

(3 9 3 -2 3 9 )
7 9 .0 4 .2

S c h n a b e l 98- 15 79 2 4 3
(1 6 6 -4 5 8 )

6 0 .7 3 . 2

TOTALS
P e t e r s e n 4 ,8 3 8 - 895 5 ,5 2 0 2 9 ,1 5 0 1 , 5 6 2 . 1 8 2 . 6

S c h n a b e l 6 ,1 3 3 613 5 ,3 0 4 2 5 ,8 6 4 1 , 3 7 8 . 6 7 2 . 9
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T a b l e  8 .  A v e ra g e  c a l c u l a t e d  l e n g t h s  a t  e a c h  a n n u lu s  f o r  y e l l o w  p e r c h  
c o l l e c t e d  i n  1 9 7 0 .  ,

'Y e a r
C l a s s

Age
Group

No. o f  
F i s h

A v e . 
L e n g t h .

C a l c u l a t e d  l e n g t h ' a t  
I  2 3

e a c h
4

a n n u l u s . 
5'

1970 0- 29 2 . 7
1969 I 46  ■ 4 .1 - 2 . 8
1968 I I 3 4 .5 I-: 8 3 .2
1967 I I I  . 69 5 .6 l . ;3 3 . 1 4 . 4
1 9 6 6 ' , IV 71 . 6 , 3 1 .2 3 . 1 4 . 4 5 . 4
19.65 : V 4 6 . 8 . 1 .5 ■ 2 .9 4 . 0 5 . 1 6 . 0

y e a r c l a s s . T h i s w eak  y e a r c l a s s  w as a l s o obs e r v e d f o r  p u m p k in s ee d s

( T a b le  5) a n d  l a r g e m o u th  b a s s  ( T a b le  10) f ro m  P lum m ers L a k e .  O ver 48 

p e r c e n t  o f  t h e  p o p u l a t i o n  w as made up o f  . f i s h  i n  a g e  g r o u p  I I I .  D i f f i ­

c u l t i e s  e x p e r i e n c e d  i n  , a g in g  l a r g e r  p e r c h  p r o b a b l y  r e s u l t e d  i n  u n d e r -  

a g i n g  many f i s h  s i n c e  o n e  o r  m ore  a n n u l i  on t h e  ed g e  may n o t . h a v e  b e e n . 

d i s t i n g u i s h a b l e .  The w id e  r a n g e  o f  s i z e s  ( 3 . 6 - 8 . 3  i n c h e s )  c l a s s i f i e d  

a s  a g e  I I I , a l s o  s u g g e s t s , u n d e r a g i n g .  T h e  above, r e a s o n s  p r o b a b l y  a c ­

c o u n t e d . f o r  a . q u e s t i o n a b l e  c a l c u l a t e d  a n n u a l . s u r v i v a l  o f  70 p e r c e n t  

u s i n g  t h e  J a c k s o n  m e th o d .

The t o t a l  s t a n d i n g  c r o p  o f  y e l l o w  p e r c h  o v e r  2 . 8  i n c h e s  lo n g  b a s e d  

oh p o p u l a t i o n  e s t i m a t e s  u s i n g  t h e  P e t e r s e n  m eth o d  w as 8 2 .6  l b / a c r e ;  

u s i n g  t h e  S c h n a b e l  m e th o d  i t  was 12 p e r c e n t  l e s s  ( T a b le  7 ) .

E le v e n  d a y s  o f  t r a p  n e t t i n g  an d  a p p r o x i m a t e l y  110 m a n -h o u r s  o f . 

h o o k - a n d - l i n e  f i s h i n g  , in  P lum m ers  L a k e 'b e t w e e n  J u n e  1 6 t h  and  J u l y  3 ,  

1970 y i e l d e d  a  t o t a l  c a t c h  ;of 250 l a r g e m o u th  b a s s ,  T he  t r a p  n e t s
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c a p t u r e d  o n l y  b a s s  f ro m  2 : 7  t o  4„7  I n c h e s  lo n g  w h i l e  h o o k - a n d - l i n e  

f i s h i n g  c a u g h t - o n l y  t h o s e  5 . 6  i n c h e s  an d  l o n g e r . '  P lum m ers  L ake  was 

r e h a b i l i t a t e d  on J u l y  7 t h  and  462 l a r g e m o u th  w e re  c o l l e c t e d  and  p r o ­

c e s s e d .  B a s s  w e re  a r b i t r a r i l y  d i v i d e d  i n t o  two s i z e  g r o u p s .  S m a l l '  

s a m p le  s i z e  an d  t h e  r e l a t i v e l y  s m a l l  nu m b er  o f  r e c a p t u r e s  p r e v e n t e d  

t h e  d e t e r m i n a t i o n  o f  g e a r  s e l e c t i v i t y  an d  d i s t r i b u t i o n  p a t t e r n  o f  

m a rk e d  f i s h .

The P e t e r s e n  e s t i m a t e  o f  2 , 7  t o  6 . 9  i n c h  b a s s  i s  .44 p e r c e n t  h i g h e r  

t h a n  t h e  S c h n a b e l - e s t i m a t e ' o f  . t h i s  s i z e  g ro u p  and  12 p e r c e n t  lo w e r  t h a n  

t h e  S c h n a b e l  e s t i m a t e  o f  t h e  7 . 0  t o  1 1 .0  in c h '  f i s h  ( T a b le  9 ) ,  The 

s m a l l  s a m p le  s i z e  o f  b a s s  l e s s  t h a n  7 .0  i n c h e s  l o n g  i s  c o n c e i v a b l y  t h e  

p r i n c i p l e  c a u s e  f o r  t h e  d i f f e r e n c e s  b e tw e e n  t h e  two e s t i m a t e s . ' The 

P e t e r s e n  e s t i m a t e  s h o u l d  b e  r e l a t i v e l y  f r e e  f ro m  b i a s ,  an d  s i n c e  i t  

w as b a s e d  on n e a r l y  t w i c e  t h e  s a m p le  s i z e  and  h a d  a  7 p e r c e n t  h i g h e r
I

r e c a p t u r e  r a t e ,  a s  co m p ared  t o ' t h e ' S c h n a b e l  e s t i m a t e ,  i t  i s  p r o b a b ly  

t h e  m o s t  a c c u r a t e .

Age was d e t e r m i n e d  an d  l e n g t h  a t  e a c h  a n n u lu s  w as c a l c u l a t e d  f o r  

223 l a r g e m o u th  b a s s  f ro m  s c a l e s  c o l l e c t e d  i n  19\70 ( T a b le  1 0 ) .  The 

p r o j e c t e d  a g e  d i s t r i b u t i o n  o f  t h e  p o p u l a t i o n  b a s e d  on t h e  P e t e r s e n  e s t i ­

m a te  i s :  a g e  g ro u p  I ,  1 , 1 2 5 ;  a g e  g ro u p  I I ,  5 9 ;  ag e  g ro u p  I I I ,  6 4 7 ;  a g e  

g ro u p  IV ,  3 7 6 ;  a g e  g ro u p  V, 32 . , O nly  3 p e r c e n t  o f  t h e  t o t a l  e s t i m a t e d  

p o p u l a t i o n  o f  b a s s  b e tw e e n  2 . 7  an d  1 1 . 0  i n c h e s  lo n g  w e r e  p l a c e d . i n  a g e  

g ro u p  I I , .  i n d i c a t i n g  a  w eak  (1 968) y e a r  c l a s s . ,  U s in g  t h e  J a c k s o n
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T a b l e  -9 . .  A summary o f  1970 l a r g e m o u th  b a s s '  c a t c h  s t a t i s t i c s  w i t h  ■ 
P e t e r s e n  an d  S c h n a b e l  p o p u l a t i o n  e s t i m a t e s  an d  c o n f i d e n c e  

_________  i n t e r v a l s ,  (01): f o r ,  e a c h  s i z e  g r o u p .__________ '■______________

S i z e  Type
Group E s t i m a t e  '

T o t a l
C a p t u r e

T o t a l
R e c a p t u r e

M arked
a t

L a r g e

: E s t i m a t e d  
Numbers 

(C l)

P e t e r s e n .
2 . 7 - 6 . 9

263 20 ' 157 1 ,9 7 4
( 2 , 4 2 2 - 1 , 5 2 6 )

S c h n a b e l 168 1 11 • 157 1 ,1 1 0
( 2 , 2 4 1 -  720)

P e t e r s e n
7 . 0 - 1 1 . 0

199 54 ' 73 265
(1 6 6 -3 6 4 )

S c h n a b e l 82 ■ 9 ' 73 300
(7 5 0 -1 8 8 )

P e t e r s e n
TOTALS

4 6 2 ' 74 230 2 ,2 3 9

S c h n a b e l 250 . 20 230 1 ,4 1 0

T a b l e  :10. A v e ra g e  ■ c a l c u l a t e d  l e n g t h s  a t  
b a s s  c o l l e c t e d . i n  1 9 7 0 , . .

e a ch a n n u lu s ,  f o r . l a r g e m o u th

Y e a r
C l a s s

Age 
Group '

No. o f  
F i s h

A v e . 
L e n g th

C a l c u l a t e d l e n g t h  a t e a c h  a n n u lu s
I 2 3 4 5 6 7 8

1969 I 67 3 . 6 2 . 7
1968 I I 3 ■ 4 , 4 1 . 8 3 .7
1967 I I I 63 6 . 8 1 .9 3 .7 5 .9
1966 IV 79 7 .9 1 .6 3 . 7 5 . 1 6 .9
1965 V , 18 1 0 .3 1 .9 4 . 1 5 .9 7 .5 9 .2
1964 VI 0
1963 V II I 1 2 .4 1 . 8 3 . 1 4 . 4 5 . 6 6 . 7 8 . 0  1 0 ;6
1962 V I I I 2 • 1 4 .0 1 . 8 3 . 1 4 .0 5 , 0 6 .6 8 , 1  9 . 9  1 2 . 3
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m e th o d  t h e  e s t i m a t e d  a n n u a l  s u r v i v a l  r a t e  t h r o u g h  a g e . g r o u p  V w a s :

_ 32 ■+ 376 +  647 4- 59 X 100 = 50 p e r c e n t .  U s in g  t h e  S c h n a b e l  
s  “  376 +  647 +  59 +  1125
p o p u l a t i o n  e s t i m a t e  t h e  a n n u a l  m o r t a l i t y  r a t e  i s  c a l c u l a t e d  a s  44 

p e r c e n t .

T he  t o t a l  s t a n d i n g  c r o p  o f  b a s s  2 . 7  t o  1 1 .0  i n c h e s  lo n g  b a s e d  on 

t h e  P e t e r s e n  p o p u l a t i o n  e s t i m a t e  w as 1 3 . 4  l b / a c r e ; u s i n g  d a t a  o b t a i n e d  

f ro m  t h e  S c h n a b e l  e s t i m a t e  i t  w as 8 . 0  l b / a c r e . The co m b in ed  s t a n d i n g  

c r o p  o f  p u m p k in s e e d s  an d  l a r g e m o u th  b a s s  i n  P lum m ers  L ak e  b a s e d  on t h e ' 

P e t e r s e n  e s t i m a t e  w as 155 l b / a c r e .

S c h n a b e l  e s t i m a t e s ,  w e re  made f o r  a l l  t h r e e  s p e c i e s  i n  1 969 . F i s h  

c a p t u r e d  w e r e  g ro u p e d  i n t o  t h e  same s i z e  i n t e r v a l s  a s  i n  1970 t o  

f a c i l i t a t e  c o m p a r i s o n  o f  t h e  e s t i m a t e s  f o r  t h e  two y e a r s . T r a p p in g  

f o r  p u m p k in s e e d s  was c o n d u c te d  f o r  17 d a y s  b e tw e e n  J u l y  1 0 th  and A u g u s t  

8 th  an d  i n c l u d e d  56 n e t  s e t s .  T r a p p in g  f o r  p e r c h  w as c o n d u c te d  f o r  9 

d a y s  .b e tw een  J u n e  2 3 rd  an d  J u l y  9 t h  an d  f o r  3 d ay s  b e tw e e n  A u g u s t  1 2 th  

an d  1 5 t h .  A t o t a l  o f  28 n e t  s e t s  w e r e  m ade d u r i n g  t h e  12 d a y s , A l­

th o u g h  t h e  t o t a l  e f f o r t  e x p e n d e d  i n  c a p t u r i n g  p u m p k in se e d s  i n  1969 w as 

c o n s i d e r a b l y  m o re  t h a n  i n  1970 (1 1  d a y s  and  36 n e t  s e t s )  t h e  t o t a l  c a t c h  

was 62 p e r c e n t  l e s s  i n  1969 ( T a b le  1 1 ) .  E f f o r t  e x p e n d e d  i n  c a p t u r i n g  

p e r c h  was s l i g h t l y  g r e a t e r  i n  1970 (1 1  d a y s  and  40 n e t  s e t s )  w i t h  a  50 

p e r c e n t  g r e a t e r  c a t c h  i n  1 9 7 0 .  The f y k e  n e t s  u s e d  i n  1969 c a p t u r e d  76 

p e r c e n t  f e w e r  p u m p k in s e e d s , on t h e  a v e r a g e ,  t h a n  t h e  m o d i f i e d  fy k e  n e t s  

an d  95 p e r c e n t  f e w e r  y e l l o w  p e r c h .  P a r t  o f  t h i s  d i f f e r e n c e  i n  c a t c h
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T a b l e  1 1 .  A c o m p a r i s o n '  o f  1969 an d  1970 p o p u l a t i o n  e s t i m a t e s ' e a l e u -
l a t e d  u s i n g  
p a r e n t h e s e s )

t h e  S c h n a b e l  m e th o d  ( c o n f i d e n c e i n t e r v a l s  i n

1969
T o t a l

S p e c i e s  C a p t u r e
S i z e
Group

1969
E s t i m a t e s
. ( C l )

1970
E s t i m a t e s

(C l)

P u m p k in s e e d  3 ,2 1 7 2 . 8 - 3 . 5 3 ,0 5 3
( 5 , 8 8 2 - 2 , 0 4 4 )

1 6 ,9 8 8
( 4 2 ,9 0 0 - 1 0 ,5 9 2 )

3 . 6 - 4 . 5 6 ,2 4 3
( 7 , 6 3 4 - 5 , 2 8 0 )

1 3 ,6 7 0
( 1 3 , 8 3 3 - 1 3 , 5 0 4 )

4 . 6 - 5 . 5 5 ,9 4 4
( 6 , 7 6 6 - 5 , 3 0 2 )

7 , 5 8 7
( 7 , 6 3 8 - 7 , 5 3 7 )

5 . 6 + .  . 255
(6 1 1 -1 7 9 )

137
(1 5 4 -1 2 3 )

TOTALS 1 5 ,4 7 7 3 8 , 4 3 3

Y e llo w  p e r c h  3 ,0 9 4 3 . 6 - 4 . 5 1 0 ,4 3 2
( 1 5 , 1 8 8 - 7 , 8 4 1 )

5 ,4 8 7
( 4 , 8 5 1 - 6 , 3 1 9 )

4 . 6 - 5 . 5 1 4 ,1 7 7
( 3 3 , 7 0 4 - 8 , 9 7 6 )

1 6 ,4 6 8
( 1 8 ,7 5 0 - 1 7 , 4 1 0 )

5 . 6 - 6 . 5 1 ,8 8 1
( 3 , 3 1 2 - 1 , 3 1 3 )

3 , 6 6 6
( 3 , 0 9 7 - 4 , 4 9 4 )

6 .6 + 267
(4 8 1 -1 8 5 )

243
(1 6 6 -4 5 8 ) '

TOTALS 2 6 ,6 6 7 2 5 ,8 6 4

L a rg e m o u th  B a s s  221 2 . 7 - 6 . 9 1 1 ,2 7 7
( 4 , 1 5 9 - 7 5 5 )

1 ,1 1 0
( 2 ,4 2 1 - 7 2 0 )

7 . 0 - 1 1 . 0 244
(5 8 1 -1 5 5 )

300
(7 5 0 -1 8 8 )

■ TOTALS 1 ,5 2 1 1 ,4 1 0  .

1No b a s s  s m a l l e r  t h a n  4 .9  i n c h e s  lo n g w e re  c a p t u r e d  i n . 1 9 6 9 .
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w a s . due  t o  t h e  o n e - i n c h  m esh s i z e  o f  t h e  f y k e  n e t s  w h ic h  c a p t u r e d  no 

p u m p k in s e e d s  s m a l l e r  t h a n - 4 .0  i n c h e s  l o n g . and  no y e l l o w  p e r c h  s m a l l e r  

t h a n  4 . 8  i n c h e s  l o n g .  T he a v e r a g e  c a t c h  p e r  n e t  o f  .p u m p k in seed  i n

1969 w a s ,57  co m p ared  t o  232 i n  1970 when o n l y  m o d i f i e d  f y k e  n e t s  w e re  

u s e d .  The c a t c h  p e r  n e t  o f  p e r c h  i n  1969 was H O  co m p ared  t o  153 i n  

1 9 7 0 .

T he t o t a l  p u m p k in s e e d  p o p u l a t i o n  e s t i m a t e d  i n  1969 was 60 p e r c e n t  

l o w e r  t h a n  i n  1 9 7 0 .  The p r i n c i p l e  d i f f e r e n c e  was i n  t h e  n u m b ers  e s t i ­

m a te d  f o r  2 . 8  t o  4 . 5  i n c h . f i s h .  The t o t a l  num ber o f  p e r c h  e s t i m a t e d  

i n  1969 was o n l y . 5 p e r c e n t  h i g h e r  t h a n  i n  1970 b u t  f o r  f i s h  i n  t h e  3 .6  

t o  4 . 5  i n c h  g ro u p  i t  was 53 p e r c e n t  h i g h e r , ( T a b l e  1 1 ) .

T he d i s t r i b u t i o n  o f  n e t  s e t s  a l s o  d i f f e r e d  b e tw e e n  1969 and  1 9 7 0 .

I n  19.69 s e v e r a l  l o c a t i o n s  w e r e  s a m p le d  a s  many a s  t h r e e  t i m e s .  I n

1970 n o  n e t . w a s  e v e r  s e t  i n  a  l o c a t i o n  t h a t  h a d  b e e n  p r e v i o u s l y  sam pled . ,  

A p p r o x im a te ly  e q u a l  e f f o r t  w as e x p e n d e d  i n  f i s h i n g  f o r  b a s s  i n

1969 an d  1970 b u t  t h e r e  w as a  12 , p e r c e n t  g r e a t e r  t o t a l  c a t c h  i n  1970 .

T he e s t i m a t e s  o f  t h e  t o t a l  p o p u l a t i o n  d i f f e r e d  b y  o n ly  7 p e r c e n t  w i t h  

t h e  h i g h e s t  e s t i m a t e  f o r  .1969.



DISCUSSION

C ab in  an d  P lum m ers  L ak e s  h a d  f a v o r a b l e  c h a r a c t e r i s t i c s  f o r  m ak in g  

p o p u l a t i o n  e s t i m a t e s .  The r e l a t i v e l y  s m a l l  s u r f a c e  a r e a  made p o s s i b l e  

a d e q u a t e  s a m p l i n g  i n  a  s h o r t  t i m e  r e d u c i n g  t h e  c h a n c e s  o f  b i a s  due  t o  

m o r t a l i t y  o r  r e c r u i t m e n t  t h r o u g h  g r o w th .  B e in g  c l o s e d  l a k e s  and  r e IaT  

t i v e l y  s h a l l o w ,  a d d i t i o n s  t o  an d  l o s s e s  f ro m  t h e  p o p u l a t i o n  t h r o u g h  

m i g r a t i o n  w e re  m i n i m a l . . The l a c k  o f  f i s h i n g  p r e s s u r e  p r e c l u d e d  t h e  

c h a n c e  o f  s i g n i f i c a n t  . e r r o r  due t o  f i s h i n g  m o r t a l i t y .

Some s o u r c e s  o f  b i a s  ca n  b e  o f f s e t  t h r o u g h ■c a r e f u l  p l a n n i n g  o f  

p r o c e d u r e s .  The u s e  o f  f i n  c l i p s  made i d e n t i f i c a t i o n  e a s y  an d  l e s s e n e d  

t h e  c h a n c e  o f  t a g  l o s s ;  D i f f e r e n t i a l  v u l n e r a b i l i t y  t o  t r a p p i n g  and  

n o n ra n d o m  m i x in g  o f  m a rk e d  w i t h  un m ark ed  f i s h  w e re  s u s p e c t e d  i n  1969 

an d  w e r e  c o n s i d e r e d  when p l a n n i n g  t h e  1970 s a m p l in g  p r o c e d u r e s .

The d i f f e r e n c e s  b e tw e e n  1969 a n d  1970 e s t i m a t e s  o f  p u m p k in s e e d s  

a n d  p e r c h 'w e r e  p r o b a b l y  d u e  e i t h e r  t o  t h e  u s e  o f  two d i f f e r e n t , t y p e s  

o f  n e t s  i n  1969 o r  t o  a  l e s s  s y s t e m a t i c  s a m p l in g  p r o c e d u r e .  The u s e .  

o f  o n e - i n c h  s q u a r e  m esh n e t s  i n  1969 c o u l d  h a v e  c a u s e d  a  m i s r e p r e s e n ­

t a t i o n  o f  s m a l l  f i s h  i n  t h e  s a m p le  i n  r e l a t i o n  t o  l a r g e  f i s h  w h ic h  

w e re  c a u g h t  b y  b o t h  m esh s i z e s .  R e p e a t e d  s a m p l in g  o f . c e r t a i n  l o c a t i o n s  

i n  1969 c o u l d  h a v e  r e s u l t e d  i n  an  u n d e r e s t i m a t i o n  o f  t h e  t o t a l  p o p u r  

l a t i o n s  o f  p u m p k in s e e d s  an d  p e r c h .

A n o t h e r  i n t e r e s t i n g  p o i n t  t o  c o n s i d e r  i s  t h a t  i f  t h e  1969 e s t i m a t e s ' - 

h a d  b e e n  t h e  o n l y  o n e s  a v a i l a b l e  t h e  r e l a t i v e l y  n a r r o w  c o n f i d e n c e
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l i m i t s  c o u l d  h a v e  i n s t i l l e d  f a l s e  c o n f i d e n c e  i n  t h e  a c c u r a c y  o f  t h e  

e s t i m a t e s  ( T a b le  1 1 ) .  When i n t e r p r e t i n g  t h e  r e s u l t s  o f  p o p u l a t i o n  

e s t i m a t e s  i t ' i s  i m p o r t a n t  t o  know t h a t  c o n f i d e n c e  l i m i t s  m e a s u r e  a c ­

c u r a c y  m a i n l y  a s  i t  i s  a f f e c t e d  b y  t h e  n u m b er  o f  r e c a p t u r e s  and  t h a t  

s a m p le  s i z e  an d  p r o p o r t i o n  o f  f i s h  m ark e d  a r e  im p o r ta n t ,  o n ly  a s  t h e y  

a f f e c t  t h e  nu m b er  o f  r e c a p t u r e s  (D eLury 1 9 5 1 ) .  The r e l a t i v e l y  good 

r e c a p t u r e  r a t e s  o f  p u m p k in s e e d s  and  p e r c h  ( r a n g e  4 t o  19 p e r c e n t  i n  

1969) i n  r e l a t i o n  t o  t o t a l  c a t c h e s  was p r o b a b l y  due t o  r e p e a t e d l y  

s a m p l i n g  c e r t a i n  l o c a t i o n s .

Age i n f o r m a t i o n  c o l l e c t e d  i n  1970 on p u m p k i n s e e d s , p e r c h  and

l a r g e m o u th  b a s s . s h o w  d i s p r o p o r t i o n a t e l y  s m a l l  n u m b ers  o f . a g e  g ro u p
,  ‘v  • '

I I  f i s h  ( T a b le s  5 ,  8 ,  an d  1 0 ,  r e s p e c t i v e l y ) .  The a p p e a r a n c e  o f  .a  w eak  

y e a r  c l a s s  - i n . t h r e e  d i f f e r e n t  s p e c i e s  f ro m  two s e p a r a t e  l a k e s  s u g g e s t s  

s o m e th in g  m o re  t h a n  c o i n c i d e n c e  o r  s a m p l i n g  e r r o r .  Some e n v i r o n m e n t a l  

f a c t o r  p r o b a b l y  a f f e c t e d . e i t h e r  sp a w n in g  o r . s u r v i v a l  o f  y o u n g  i n  1968 .

The s u r v i v a l  v a l u e s  c a l c u l a t e d  u s i n g  t h e  J a c k s o n  m e th o d  a r e  a f ­

f e c t e d  b y  t h e  r e l a t i v e  s t r e n g t h s  o f  t h e  y e a r  c l a s s e s .  ' R i c k e r  (1 9 5 8 ) 

s u g g e s t s  t h a t  t h e  p r i n c i p l e  s o u r c e  o f  e r r o r  i n  t h i s  t y p e  o f  s u r v i v a l  

e s t i m a t e  i s  t h e  v a r i a b l e  i n i t i a l  s i z e  o f  t h e  b r o o d s  i n v o l v e d .  The 

s m a l l  n u m b ers  o f  b o t h . l a r g e m o u t h  b a s s  an d  p u m p k in s e e d s  c l a s s i f i e d  i n  

a g e  g ro u p  T I  w o u ld  i n f l u e n c e  t h e  a c c u r a c y  o f  t h e  s u r v i v a l  r a t e s  c a l c u ­

l a t e d .
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