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ABSTRACT

J u v e n i l e  w e ak f i sh  C v n o sd o n  regal 1 s . l i f e  h i s t o r y  was s t u d i e d  In 
t h e  York R iv e r  e s t u a r y ,  V i r g i n i a . T o  v e r l f y  d a i ly  ag ing  methods o f  
j u v e n i l e  f i s h ,  b o th  male ana female  a d u l t s  were Induced to  spawn by 
i n j e c t i o n  o f  200 111 Human c h o r i o n i c  gonadotropln/Kg wet w e igh t .  
Su b seq u en t  l a r v a l  and j u v e n i l e  f i s h  were rea red  up t o  275 days with wild 
p l a n k t o n  and a d a l l y  r o t a t i n g  d i e t  of s q u i d ,  l i v e r ,  Anchoa m U c h l l l  i , 
and Menl j1a  m e n l d l a . O t o l i t h s  and s c a le s  were examined f o r  d a i l y  
m ic r o in c re m e n t s  p a t t e r n s .  O t o l i t h  r ing  coun ts  were h ig h ly  v a r i a b l e  (31% 
v a r i e d  by > 15% among 3 c o u n t s ) .  Two problems were e v id e n t :  1)
M ic ro In c rem en ts  f r e q u e n t l y  s p l i t  to  form two increments;  and 2) O t o l i t h s  
from a s i z e  s e r i e s  o f  f i s n  (6 .1 2 -13 .1  mm) ind ica ted  t h a t  weakf ish  
o t o l i t h s  grew by bud fo rm at ion  r a t h e r  th a n  concen t r ic  d e p o s i t i o n .  Scale  
c l r c u l l  showed l i t t l e  v a r i a t i o n  between counts  {99.5% o f  2 c o u n ts  from 
an I n d i v i d u a l  s c a l e  were t h e  same).  D a l ly  sca le  d e p o s i t i o n  was 
s u g g e s t e d  by r e a r i n g  t o  100 d ays ,  a f t e r  which ring d e p o s i t i o n  was l e s s  
th a n  d a i l y ,  however f u r t h e r  r e s e a r c h  i s  needed because only one f i s h  was 
r e a r e d  p a s t  25 d a y s .  The advan tages  of s c a l e  c l r c u l l  coun t ing  over 
o t o l i t h  in c rem en t  coun t ing  were in c reased  prec is ion  and ease  o f  
p r e p a r a t i o n .

F i e l d  samples  were c o l l e c t e d  weekly from the York River c h an n e l ,  a t  
n i g h t  u s in g  a 4 . 9  m, 1 .5  mm cod end, t r a w l ,  during t h e  weakf ish  n u rse ry  
p e r i o d  (Aug-Oct 1983).  The new techn ique  o f  da i ly  ag ing  by s c a l e s ,  was 
a p p l i e d  t o  645 o f  922 weakf ish  c o l l e c t e d .  Counts ranged from 3 to  100 
c i r c u l 1 / s c a l e .  Three  c o h o r t s  were d e f in e d  from the 1983 0-age f i s h .  
Growth r a t e s  e s t i m a t e d  from s c a l e s  (0.76 - 1,13 mu/d) were s i m i l a r  to  
t h o s e  from l e n g t h  f r e q u e n c i e s  ( 1 . 0 - 1 .2rwn/d). Analysis  o f  c o v a r ian ce  
showed a s i g n i f i c a n t  d i f f e r e n c e  (0 .05 l e v e l )  In growth r a t e s  among 
c o h o r t s  and among s t a t i o n s ,  bu t  t h i r d  o r d e r  I n t e r a c t i o n s  ( s t a t i o n ,  
c o h o r t ,  growth r a t e )  were not d e t e c t e d .  M o r ta l i t y /  m ig r a t io n  r a t e s  
e s t i m a t e d  from d e c l i n e  in mean c a tc h  were s i g n i f i c a n t l y  d i f f e r e n t  
between c o h o r t s  1 and 2 (0 .05  l e v e l ,  t - t e s t ) .  Weakfish were f i r s t  
abundan t  as  new r e c r u i t s  a t  t h e  r i v e r  mouth, and moved u p r iv e r  as they 
grew. In th e  f a l l  a r e v e r s e  m ig r a t io n  occur red ,  B i r t h d a t e  f requency by 
s t a t i o n  and d a t e  I n d i c a t e d  t h a t  d i f f e r e n t  cohorts  used d i f f e r e n t  a reas  
o f  t h e  York R iv e r ,

x



EARLY LIFE HISTORY OF WEAKFISH 

CYNQSCIQN REGAL IS (BLOCH ANO SCHNEIDER)



LITERATURE REVIEW

Weakfish C vnosdon  rega l  1s .  a r e  found a long t h e  A t l a n t i c  c o a s t  o f  

t h e  United S t a t e s  front sou the rn  F l o r i d a  t o  M a s sa c h u s e t t s ,  s t r a y i n g  

o c c a s i o n a l l y  t o  Nova S c o t i a  (H i ldeb rand  and S ch roede r ,  1928; Bigelow and 

Schroeder ,  1953; Leim and S c o t t ,  1966; Chao and Musfck, 1977).  The 

c a p t u r e  and docum enta t ion  of  two a d u l t  w eakf i sh  (266 and 290 mm SL) o f f  

Marco I s l a n d ,  F l o r i d a ,  v a l i d a t e  t h e  o c cu r ren ce  o f  t h i s  s p e c i e s  In t h e  

Gulf o f  Mexico (W eins te in  and V erger ,  1976),

Weakfish a re  Impor tant  as  a r e c r e a t i o n a l  f i s h  and a commercial food 

f i s h .  They c o n t r i b u t e  the  most to  t h e  t o t a l  va lue  o f  United  S t a t e s  

s c l a e n i d  l a n d in g s  fo llowed by c r o a k e r  H lc ropogonias  u n d u l a t u s . s p o t t e d  

s e a t r o u t  £.  n e b u lo su s .  spot Leiostomus x a n t h u r u s , and red  drum Sclaenops  

o c e l l a t u s . Commercial l and ings  o f  weakf ish  were v a lued  a t  8 .8  m i l l i o n  

d o l l a r s  in 1981 (Mercer,  1983). The r e c r e a t i o n a l  f i s h e r y  a l s o  p robably  

makes a s u b s t a n t i a l  bu t  unknown c o n t r i b u t i o n  to  t h e  food f i s h  market 

( f o r  review s e e :  McHugh,I977; Wilk,  1979; Cato ,  1981; Mercer,  1983), 

H i s t o r i c a l l y ,  p o p u la t i o n s  o f  w eakf i sh  have f l u c t u a t e d  w ide ly  

(Merr fner ,  1973; McHugh, 1980; Mercer ,  1983)- At p r e s e n t  w eakf ish  a re  

abundant,  a l though  t h e r e  has been a s l i g h t  d e c l i n e  in l a n d in g s  from a 

peak in 1980, Weakfish have e x t r e m e l y  h igh  f e c u n d i t i e s ,  M er r ine r  

(1976) r e p o r t e d  t h a t  a 500 mm t o t a l  l e n g th  female  cou ld  produce  as many 

as two-mill  Ion eggs ,  w h i le  Shepherd (1982) found an av e rag e  annual 

f e c u n d i ty  o f  300,000 eggs/500 mm TL female .  Obvious ly  no t  a l l  o f  t h e se

12
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w i l l  s u r v i v e  and,  a t  some p o i n t ,  o r  o v e r  s ev e ra l  " c r i t i c a l  p e r i o d s "  mass 

m o r t a l i t i e s  must o c c u r .  These h igh  m o r t a l i t i e s  a r e  b e l i e v e d  t o  o c c u r  

main ly  d u r i n g  th e  f i r s t  few months o f  l i f e  {Gul land ,  1965; C u sh in g ,

1974, 1976; Hay, 1974; H u n te r ,  1976).

Spawning o f  w e a k f i s h  o c cu r s  in  t h e  n e a r - s h o r e  and e s t u a r l n e  zones  

a long th e  A t l a n t i c  c o a s t  (Bigelow and S c h ro e d e r ,  1953; Harmic,  1958; 

Massmaun, 1963; H e r r f n e r ,  1976; Olney ,  1983) .  M e r r i n e r  (1973) and  

Massmann (1963) r e p o r t e d  a p r o t r a c t e d  spawning sea so n  and p o s s i b l e  

m u l t i p l e  spawning o c c u r s  in  some f e m a l e s .  Two d i s t i n c t  s i z e  g r o u p s  of  

y o u n g - o f - t h e - y e a r  were found in f a l l  c o l l e c t i o n s  from Chesapeake  Bay, 45 

and 85mm, and Delaware Bay, 30-40  and 110-130 (Massmann 1963; Thomas, 

1971) .  With  p r o t r a c t e d  spawning, d i f f e r e n t i a l  m o r t a l i t y  o r  c r i t i c a l  

p e r io d s  may o c c u r  d u r i n g  th e  f i r s t  summer w i th  p a r t i c u l a r  spawns showing 

b e t t e r  s u r v i v a l  than o t h e r s .

A new t e c h n iq u e  t h a t  e n a b l e s  one t o  age l a r v a l  and j u v e n i l e  f i s h e s  

can be u sed  t o  i d e n t i f y  d i f f e r e n t i a l  m o r t a l i t y  o r  c r i t i c a l  p e r i o d s  

d u r in g  t h e  f i r s t  summer o f  l i f e  from a f i e l d  s u rv e y .  D a i ly  g ro w th  

in c re m en t s  i n  t h e  s a g i t t a l  o t o l i t h s  o f  t e l e o s t  f i s h e s  were f i r s t  

d e s c r i b e d  by P a n n e l l a  (1 9 7 1 ) .  S in c e  t h e n ,  numerous s t u d i e s  have  

documented d a i l y  in c r e m e n t s  in  t h e  o t o l i t h s  o f  a wide  v a r i e t y  o f  m ar ine  

and f r e s h w a t e r  f i s h e s  ( P a n n e l l a ,  1974; Wilson and L a r k i n ,  1980; Uchiyama 

and S t r u h s a k e r ,  1981), S t u d i e s  o f  b o th  l a b o r a t o r y  and w i ld  p o p u l a t i o n s  

o f  l a r v a l  f i s h e s  show h ig h  c o r r e l a t i o n  between t h e  number o f  g row th  

in c re m en t s  and the  age  i n  days s i n c e  h a t c h i n g ,  y o l k  a b s o r p t i o n ,  o r  f i r s t  

fe ed ing  ( B r o t h e r s  e t  a l . ,  1976; Methot and Kramer, 1979; W ilson  and 

Lark in ,  1980; Tanaka e t  a l . ,  1981).  The f o r m a t io n  o f  d a i l y  i n c r e m e n t s  i s  

l i n k e d  t o  l i g h t - d a r k  p e r i o d s ,  and i s  Independen t  o f  t im e  and f r e q u e n c y
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of  f e e d in g s  (Tauber t  and Coble,  1977; Tanaka e t  a l . ,  1981).

The b e s t  way to  e v a l u a t e  the  e a r l y  l i f e  h i s t o r y  of  f i s h e s  i s  

through growth r a t e s ,  because growth I n t e g r a t e s  the  v a r i a b i l i t y  1n food 

and o t h e r  env ironmenta l  c o n d i t i o n s .  By knowing age from o t o l i t h  

Increments ,  and s tanda rd  l e n g th ,  growth r a t e s  can be e s t i m a t e d .  A 

sugges ted  s c e n a r io  1s t h a t  young w eakf ish  f i r s t  e n co u n te r  t h e  h e a v i e s t  

m o r t a l i t y  dur ing  the  f i r s t  months o f  l i f e  1n t h e  lower e s t u a r y .  This 

hyp o th es i s  would ope ra te  through a combination o f  s t a r v a t i o n  and 

p r e d a t i o n ,  where p re d a t io n  I n t e n s i t y  Is  p a r t i a l l y  c o n t r o l l e d  by th e  

c o n d i t io n  o f  the  l a r v a e ,  which In t u r n  i s  c o n t r o l l e d  by t h e  l a r v a ’ s 

n u t r i t i o n a l  s t a t e  (R o thsch i ld  and Rooth, 1982). I d e a l l y ,  f a s t e r  growing 

weakfish  w i l l  c h a r a c t e r i z e  the  y e a r  c l a s s  a t  the  end of  t h e  summer 

because t h e s e  a re  the  s u rv iv o r s  t h a t  ob ta ined  adequate n u t r i t i o n  and 

escaped p r e d a t o r s .

The o b j e c t i v e s  o f  the  p r e s e n t  s tudy  were to :  de te rm in e  i f  d a i l y  

aging was p o s s i b l e  fo r  j u v e n i l e  w eakf ish  from the  York R iv e r ,  and to  

de termine  b i r t h d a t e  d i s t r i b u t i o n  and growth r a t e s ,  f o r  j u v e n i l e  weakf ish  

from t h e  York R iver ,  V i r g i n i a .  In o rd e r  to  ach ieve  t h e s e  o b j e c t i v e s  

t h r e e  a r e a s  o f  s tudy were needed. F i r s t ,  I needed a su p p ly  of  young 

weakfi sh  t o  v a l i d a t e  d a i l y  aging methods.  This was accomplished by 

spawning c a p t i v e  adu l t  f i s h  by I n j e c t i o n  of  Human c h o r i o n i c  

go n ad o t ro p in ,  and 1s the  s u b je c t  of  c h a p t e r  1. Second, a f t e r  spawning 

and r e a r i n g  techn iques  were e s t a b l i s h e d ,  v a l i d a t i o n  o f  d a i l y  Increments  

in o t o l i t h s  and s ca le s  was a t t em p ted ,  and is  t h e  s u b je c t  o f  c h a p te r  2. 

Th i rd ,  a f t e r  a t e n t a t i v e  d a i l y  aging method by s c a l e s  was deve loped ,  

t h i s  method was ap p l ie d  to  f i e l d  c o l l e c t e d  f i s h  from the  York R iver ,

VA., and 1s t h e  s u b jec t  o f  c h ap te r  3.
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CHAPTER 1

HORMONE INDUCED SPAWNING OF WEAKFISH



INTRODUCTION

Induced spawning of c a p t i v e  f i n f i s h  I s  a well  known t e c h n i q u e  t h a t  

can p roduce  eggs and la rv ae  on demand, and has  been a p p l i e d  t o  a v a r i e t y  

of f i n f i s h  in c lu d in g :  w in te r  f lo u n d e r  P s e u d o p leu r o n ec te s  am er icanus  

(Sm1g1elsk1 1975); southern  f lo u n d e r  P a r a l i c h t h v s  l e t h o s t i o m a  (Lasswel l  

e t  al  . 1978);  w a l leye  S t i z o s t e d l o n  v l t r e u m  {Hearn 1980);  A t l a n t i c  

s tu r g e o n  Acipenser  oxvrhvnchus (Smith e t  a l . 1980);  G u lf  menhaden 

B r e v o o r t l a  oa t ronus  ( H e t t l e r  1983);  and b la c k  sea b a s s  C e n t r o n r i s t i s  

s t r i a t a  (Tucker  1984).  Although o t h e r  s c i a e n i d  s p e c i e s ,  Cvnoscion 

nebu losus  (Colura  1974; Fable  e t  a l , 1978; Taniguchl 1982; P o r t e r  and 

Maciorowski 1984) and Sciaenops o c e l l $\u s  (Arnold e t  a l .  1979) ,  have 

been Induced to  spawn in t h e  l a b o r a t o r y ,  In fo rm a t io n  on the  w eak f i sh  

Cvnoscion r e g a l i s . i s  l a c k in g .

F i s h  p i t u i t a r y  e x t r a c t  has  been i d e n t i f i e d  as a s u p e r i o r  o v u l a t i o n  

induc ing  agent (Smig ie lsk i  1975; Lasswell  e t  a l . 1978) ,  but i t s  a c t i v i t y  

can v a ry  (Harvey and Hoar 1979).  The p r e s e n t  s tudy  examines t h e  use  o f  

human c h o r i o n i c  gonadotropin  (HCG) f o r  induced  spawning o f  w e a k f i s h ,  an 

inexpens ive  ($30/10000 Id) r e a d i l y  a v a i l a b l e  induc ing  agent t h a t  has 

been used in o th e r  spec ies  w i th  r e l a t i v e  su c c e s s  (S tev en s  1966; Hearn 

19B0; Tucker 1984).
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MATERIALS AMD METHODS

Weakfish were c o l l e c t e d  from commercial pound n e t s  in  t h e  York 

River e s t u a r y ,  V i r g in i a ,  in the  s p r i n g  and f a l l  1984, and sp r in g  1985, 

Because o f  t h e  r e l a t i v e l y  slow r e t r i e v a l  method with  pound n e t s ,  100% 

s u rv iv a l  was achieved f o r  a l l  f i s h  b rought  back to  the  l a b o r a t o r y .

A f t e r  c a p tu r e  f i s h  were i n i t i a l l y  p la ce d  in  860 L c i r c u l a r  f low through 

seawater systems. A f t e r  a f i v e  day a c c l i m a t i o n  p e r io d  f i s h  were placed 

in  1060 L r e c i r c u l a t i n g  r e c t a n g u l a r  spawning t a n k s .  The sediments  o f  

the  spawning tanks  were 10 cm deep o y s t e r - s h e l l  a i r  l i f t  f i l t e r s ,  and 2 

kg carbon-wool f i l t e r s  were used f o r  a d d i t i o n a l  removal o f  d i s s o lv e d  

o rg a n ic s .

Temperature  was m a in ta ined  w i t h i n  -1 C f o r  each spawning t r i a l ,  

us ing a c o n t r o l l e d  tem p e ra tu re  room and t h r e e  su b m ers ib le  Z50 w at t  

t h e rm o s ta t  c o n t r o l l e d  h e a t e r s .  S a l i n i t y  was m a in ta in e d  by a d d i t i o n  of  

seawater or  a r t i f i c i a l  sea  s a l t s .  Induced spawning was a t t em p ted  a t  

t e m p e ra tu res  ranging from 18.5 t o  2 5 .0  C, and s a l i n i t i e s  rang ing  from

19.8 t o  25.5 p p t ,  in J u l y  1984, F ebruary  and March 1985, and J u l y  1985, 

Photoperiod dur ing  i n j e c t i o n  o f  HCG was m a in ta in ed  a t  16 .2  hours  l i g h t /

7 .8  hours  d a rk  in a l l  t r i a l s .  However, in an a t t e m p t  t o  b r in g  f i s h  in to  

r i p e  c o n d i t i o n  o u ts id e  t h e i r  normal spawning p e r i o d  (A pr i l  to  August, 

H e r r ln e r  1976) f i s h  c a p tu r e d  in September 1984, were exposed to  a yea r  

c y c le  o f  photoper iod  in 150 days,  a t  c o n s t a n t  t e m p e r a t u r e  (18 .5  C),  and
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HCG Induced spawning a t t e mp ted  In February  and March 1985. A rubber  

f i s h i n g  n e t  was used  t o  remove weakf i sh  from spawning t a n ks  for  KCG 

I n j e c t i o n ,  a f t e r  1 t  was d e t e r mi ne d  nylon n e t t i n g  s e v e r e l y  damaged t he  

f i s h .  P r i o r  t o  hormone I n j e c t i o n ,  f i s h  were a n e s t h e t i z e d  in a 75 L tank 

f i l l e d  w i t h  a 50 mg MS-222/L s eawa t e r  s o l u t i o n .  Deep a n es t h e s i a  was 

a c h i e v e d  i n  2-3 m i n u t e s ,  as  i n d i c a t e d  by no movement In g i l l s .  A 50 

mg/L c o n c e n t r a t i o n  o f  MS-222 can be f a t a l ,  t h e r e f o r e ,  weakf i sh  must be 

c l o s e l y  m o n i t o r e d  and removed Immediately a f t e r  g i l l  movement s t o p s .

F i s h  were  I n j e c t e d  w i t h  HCG In t h e  ep ax la l  muscles  proximal  to t he  

d o r s a l  f i n ,  v i a  a t u b e r c u l i n  s y r i n g e  a t  a dose of  200 IU/Kg wet we igh t ,  

w i t h  a second dose a d m i n i s t e r e d  a f t e r  24 hours .  I t  i s  d i f f i c u l t  t o  

d i s t i n g u i s h  t h e  sex o f  we a k f i s h  through e x t e r n a l  morphology and 

c a t h e t e r i z a t i o n  was u n s u cc e s s f u l  us ing 1.27 mm in t r amedlc  polye thy l ene  

t u b i n g  (Ross  1984) ,  However,  s e l e c t i o n  o f  males was p o s s i b l e  a t  t h e  

t i me  o f  c o l l e c t i o n  b ecaus e  on ly  males produce  sound (Mer r iner  1976),



RESULTS AND DISCUSSION

A t o t a l  o f  23 we ak f i sh  were i n j e c t e d  wi th HCG. In J u l y  1984,  f i v e  

f ema l es  and t h r e e  m a le s ,  596 g mean wet weight ,  spawned w i t h i n  24 hours 

o f  t h e  second HCG i n j e c t i o n ,  a t  I9.fi  pp t  s a l i n i t y  and 25.0 C. A s i m i l a r  

a t t e m p t  in J u l y  19B5, wi th  t h r e e  females  and two males ,  486 g mean wet 

w e i gh t ,  25 .0  ppt  s a l i n i t y  and 23.4 C, a l s o  produced f e r t i l i z e d  eggs 

w i t h i n  24 hours  o f  t h e  second i n j e c t i o n .  In a d d i t i o n ,  t h e  J u l y  ’ 85 

group spawned a second t ime approx ima te ly  96 hou r s  a f t e r  t h e  second 

i n j e c t i o n  w i t h o u t  a d d i t i o n a l  HCG (Table  1),

The a t t e mp t  t o  c y c l e  f i s h  through a f u l l  y e a r  pho t ope r i od  i n  150 

days  and spawn we ak f i sh  o u t s i d e  t h e i r  normal r ange  was u n s u c c e s s f u l .  On 

16 Februa ry  1985, a t  24 .6  ppt  s a l i n i t y  and IB . 5 C, i n j e c t i o n s  o f  HCG 

f a i l e d  t o  produce f e r t i l i z e d  eggs us i ng  t h r e e  f emales  and two males  (669 

g mean wet  w e i g h t ) .  The t e mp er a t u r e  was r a i s e d  t o  22.8 C by 14 March 

1985,  and a no th e r  g roup  o f  t h r e e  females  and two males (612 g mean wet 

we i gh t )  f a i l e d  t o  spawn a f t e r  HCG i n j e c t i o n s .  I t  Is d i f f i c u l t  t o  

d e t e r m i n e  t he  r e aso n  f o r  no spawning,  and f u r t h e r  r e s e a r c h  i s  needed  

co n ce rn i ng  t e m p e r a t u r e  e f f e c t s  (Lee and Hirano 1985) ,  and l o s s  o f  HCG 

a c t i v i t y  ( a c t i v i t y  d r o p s  s i g n i f i c a n t l y  a f t e r  30 d ays ,  u np ub l i sh ed  

C r e s e n t  Chem. C o . ) .

In c o n c l u s i o n ,  s i n c e  summer t r i a l s  produced v i a b l e  eggs ,  HCG 1s 

a p p a r e n t l y  s u i t e d  f o r  use w i t h  weakf i sh .  Larval  weakf i sh  p r o d u c t i o n  by 

HCG Induced spawning has  the  advantage  o f  c onven i en t  t iming f o r  r e a r i n g
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e xp er imen t s ,  compared wi th  p h o t ope r i od  ma n i pu l a t i on  where egg p roduc t i on  

1s h i gh l y  u n p r e d i c t a b l e .
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Table 1. Hormone-induced spawning of  weakf i sh  Cynoscion r e g a l l s ,  
i n j e c t i o n  o f  ZOO IU HCG/ Kg wet  w e i gh t .

by

T r l a f N l - 1 n j e c t
d a t e

2- i n j e c t
d a t e

spawned 
eggs d a t e

ha t ch
d a t e

sal
ppt

temp
C

x wt g hour hour hour hour

1 2
526

22 J u 184 
1200

23JU184
1424

24Jul84
0900

no ha tch 1 9 . B 25.0

2 6
665

230ul84
1600

24JU1B4
1724

25Jul84
1000

27JulB4
0830

19.8 25.0

3 5
669

16Feb85
1830

17Feb85
1840

no eggs 24 .6 I B . 5

4 5
612

14Mar85
1430

15Mar85
1410

no eggs 25.5 22.8

5 5
486

17Jul85
1240

l e j u i a s
1715

19Ju185
0900

20Jul85
1230

25.0 23,4

n n no
i n j e c t i o n

no
i n j e c t i o n

22JulB5
1050

23JulS5
0800

25.0 23.4



CHAPTER 2 

DAILY AGING OF JUVENILE WEAKFISH



INTRODUCTION

The s t udy  o f  e a r l y  l i f e  h i s t o r y  s t a g e s  o f  f i s h e s  I s  c r i t i c a l  In 

u n d e r s t a nd i n g  f l u c t u a t i o n s  In y e a r  c l a s s  s t r e n g t h  ( H j o r t  1914; Hay 1974; 

R o th sc h i l d  and Rooth 1982).  Growth o f  young f i s h e s  i s  one p a r a m e t e r  

t h a t  may I n t e g r a t e  most o t h e r  f a c t o r s ,  I . e . ,  prey abundance ,  p r e d a t i o n ,  

and envi ronment  (Werner and G i l l i a m  1984; Weather l ey  and G i l l  1987) ,  but  

u n t i l  r e c e n t l y  i t  has been ma i n l y  s t u d i e d  i n  the l a b o r a t o r y  (Houde 1977; 

Knutsen and T i l s e t h  19B5; Kiorboe  and Hunk 1986) o r  by l e n g t h  f r equency  

a n a l y s i s  o f  f i e l d  c o l l e c t i o n  (Kumagai e t  a l . 1985).  A r e c e n t  t e c h n i q u e ,  

f i r s t  p u b l i s h e d  by Pannel la  (1971) ,  i s  t h a t  m i c r os co p i c  d a i l y  r i n g s  can 

be counted on t h e  o t o l i t h s  o f  f i s h ,  and growth r a t e s  o f  f i e l d  c o l l e c t e d  

f i s h  de t e r m i ne d .  Since t h e n ,  t h e r e  have been a number o f  s t u d i e s  us ing  

t h i s  t e ch n i q u e  ( s ee  r ev i ews :  Campana and Nei l son  1985;  Jones  1986) ,  and 

d a i l y  o t o l i t h  ag ing  has been s u c c es s f u l  f o r  many s p e c i e s  from d i f f e r e n t  

h a b i t a t s ,  f o r  example: t he  b l u e  head w ra ss e  Thalassoma b i f a s c i a t u m . from 

t r o p i c a l  r e e f  a r e a s  ( V i c t o r ,  1982);  t h e  S t a r r y  f l o u n d e r  P l a t i c h t h v s  

s t e l l a t u s . from t h e  n o r t h e a s t  P a c i f i c  c o a s t  (Campana and Ne i l son  1982);  

and two abyssa l  macrour ids  Corvohaenoldes  a n i a l t i l ,  and £.  vaau i nae  

(Wilson 1988).  Also,  p u b l i s h e d  l i g h t  mic roscopy and SEH pho t og raphs  

sugges t  r e l a t i v e  ease In d i s c e r n i n g  r i n g s  (Tabeta  e t  al  . 1987; Kendal l  

e t  a l , 1987; Nishimura and Vamada 1988).

However,  t he  d e p o s i t i o n  o f  c l e a r l y  d i s c e r n a b l e  d a i l y  i nc r emen t s  in 

f i s h e s  Is not  un i ve r s a l  and some s p e c i e s  have m u l t i p l e  p r i mo r d ia

32



33

{Nei l son e t  a l . 1985);  bands may be too  c l o s e  t o  r e s o l v e  wi th  a l i g h t  

mic roscope  (Campana e t  a l .  1987);  o r  r i n g s  a r e  n o t  appar en t  f o r  some 

t ime a f t e r  h a t ch i ng  (Lough e t  a l .  1962).  In a d d i t i o n *  r e r e a d i n g  the 

same o t o l i t h  1s h i g h l y  v a r i a b l e  in some s p e c i e s ,  and Rice e t  a l . ,  (1985) 

s ugges t  a s t a t i s t i c a l  power a n a l y s i s  be f o r e  conc l ud i ng  r i n g s  a r e  d a i l y .

These p rev ious  s t u d i e s  sugges t  t h a t  d a i l y  ag ing  In o t o l i t h s  depends 

on the  s p e c i e s  s t u d i e d ;  and because  d a i l y  aging has  no t  been p r e v i o u s l y  

a t t em p ted  wi th  weakf i sh  Cvnosclon r e ga l  i s . t he  p r e s e n t  work examines the  

mic ro inc remen t s  in weakf i sh  o t o l i t h s .  In a d d i t i o n ,  a new method i s  

t e s t e d :  d a l l y  aging by coun t ing  s c a l e  c l r c u l l .



MATERIALS AND METHODS

Adult  weakf i sh  were c o l l e c t e d  from commercial  pound n e t s  In s p r i n g  

and f a l l  19B4, and sp r i ng  1985-86,  York Rive r  E s t u a ry ,  V i r g i n i a .

Holding f a c i l i t i e s  and spawning t e c h n i q u e s  a r e  d e s c r i b e d  1n Chapt e r  I .  

A f t e r  h a t ch i ng ,  weakf i sh  l a r v a e  were r e a r ed  on wi ld  p l a n k t o n  c o l l e c t e d  

d a l l y  wi th a p l ank ton  ne t  (63 urn, 0 . 5  m).  P l an k t on  were s o r t e d  between 

53-505 urn, and fed  a t  c o n c e n t r a t i o n s  o f  500-5000 wi ld  p l a n k t o n / 1 ,  

Weakfish l a r v a e  were s t o r e d  in 70% e t h a n o l ,  o r  4% fo r ma l 1n- NaAce t a t e ,  

and p r e s e r v a t i v e s  were changed In 24 h r .  S t a n d a r d  l e n g t h s  {SL) o f  l i v e  

l a r v a e  up t o  20 days ( a n e s t h e t i z e d  w i t h  MS-222) were r e c o r d e d  wi th  a 

s t a g e  micrometer  under  a d i s s e c t i n g  mic roscope  t o  t he  n e a r e s t  0.01 mm, 

and o t o l i t h s  removed f o r  exami na t ion  by l i g h t  and s cann ing  e l e c t r o n  

microscopy accord ing  t o  Haake e t  a l . ,  (1982}* To d e t e r m i n e  c i r c u l l  

v a r i a t i o n  among d i f f e r e n t  l o c a t i o n s  o f  t h e  same f i s h  a t  l e a s t  13 s c a l e s  

were removed from severa l  d i f f e r e n t  l o c a t i o n s ,  on York R i v e r  weakf i sh  o f  

t h r e e  d i f f e r e n t  s i z e s .  All s c a l e s  were f i x e d  on a g l a s s  s l i d e  wi th  

m e t h a c r y l a t e  (Flo  t exx ,  Le rner  L a b o r a t o r i e s ) ,  and g l a s s  c o v e r  s l i p .

To p rov i de  a known age s c a l e  s e r i e s  one weakf i sh  was k ep t  a l i v e  

from the  above group,  and fed ad l i b i t u m  f o r  275 days w i t h  a r o t a t i n g  

d a i l y  d i e t  o f  squ i d ,  beef  l i v e r ,  Menidia  m e n i d l a . and Anchoa m i t c h i l  11. 

A f t e r  a n e s t h e t i z i n g  wi th a s o l u t i o n  o f  50 mg MS-222/L s e a w a t e r ,  f o u r  or  

more s ca l e s  were removed j u s t  below t h e  mid-body l a t e r a l  l i n e  cu r ve  a t  

84,  107, 148, 170, 200, 22B, and 275 days a f t e r  h a t ch i n g .
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O t o l i t h  SEM p i c t u r e s  were t aken  us ing  Po l a ro i d  po l a rpan  4x5 land 

f i l m  52 (200-50DX), but  SEM coun t s  were made a t  5000X. Light  microscope 

o t o l i t h  p i c t u r e s  were t aken  w i t h  Kodachrome gold  400 f i l m  (125X),  but  

count s  were made a t  1250X. Development o f  weakf i sh  o t o l i t h s  was 

examined through l i g h t  microscope p i c t u r e s  o f  a s i z e  s e r i e s  ( 6 . 12 - 13 . 10  

mm l a r v a l  SL) , All  subsequent  count ing  o f  increment s  ( excep t  SEM) were 

made wi th  a Ze i s s  Universa l  microscope equipped wi t h  a H i t a ch i  DK 5053 

c o l o r  v ideo  camera,  which p r o j e c t e d  t he  s c a l e  image onto  a high 

r e s o l u t i o n  moni tor .

S a g i t t a l  s e c t i o n s  o f  o t o l i t h s  were r ead  t h r e e  t imes  a long a 

t r a n s e c t  40 degrees  above t he  a n t e r i o r  p o s t e r i o r  d i a m e t e r ,  from the  

prlmordlum to t he  pe r i me te r ,  and I f  c ou n t s  were not  w i t h i n  10% agreement  

they were not  used in r e g r e s s i o n s .  S ca l e  i nc rement s  were counted along 

a c e n t r a l  r a d i u s  on the  growing o r  i n t e r n a l  s i d e ,  and 2 or  3 r ead i ngs  

were made to  v e r i f y  the  i n i t i a l  count .  Standard  l e n g t h s  of  J u v e n i l e  

f i s h  were measured t o  t he  n e a r e s t  0.1 mm wi t h  a ml tu toyo  c a l i p e r .

Standard l eng t h  a t  s c a l e  fo rmat ion  was e s t i m a t e d  by a l i n e a r  

r e g r e s s i o n  of  SL on s c a l e  c i r c u l i  coun t ,  from f i e l d  c o l l e c t e d  f i s h  (see 

Chapter  3 f o r  c o l l e c t i o n  methods) .  Age a t  f i r s t  s c a l e  f o r ma t i on  was 

then e s t i m a t e d  from the  r e l a t i o n  o f  known age on SL o f  t he  w i l d  plankton 

r e a r ed  f i s h .

V a l id a t i o n  of  s c a l e  aging was a t t empt ed  in e i g h t  o l d e r  f i e l d  

c o l l e c t e d  weakf i sh  (>80 mm SL) by immersion in 0 . 4  mg/1 t e t r a c y c l i n e  

h y d r oc h l o r i d e  seawater  (25 p p t )  f o r  24 h r s  (Campana and Nei l son  1982).

At l e a s t  f i v e  LL s c a l e s  were removed a t  1, 5, 26, 55, 77, 107, 135, 166, 

and 196 days a f t e r  t e t r a c y c l i n e  exposure ,  and the  number o f  c i r c u l i  

a f t e r  marking counted,  Marked weakf i sh  were fed wi t h  t h e  same frequency
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and d i e t  as  t h e  r e a r ed  f i s h .



RESULTS

O t o l i t h  r ead ing  o f  mi c r os cop i c  Increments  was h i g h l y  v a r i a b l e :  31X 

o f  o t o l i t h s  (N*52) v a r i e d  among count s  by more than  15% a f t e r  t h r e e  

c o u n t s .  Scanning e l e c t r o n  microscopy pho tographs  of  o t o l i t h s ,  showed 

t h a t  c o u n t  v a r i a t i o n  o f t e n  r e s u l t s  from Inc remen t s  s p l i t t i n g  i n t o  two or  

more r i n g s :  i . e . ,  c o n c e n t r i c  r i n g s  are d i f f i c u l t  t o  t r a c e  because  they  

o f t e n  d i v i d e  i n t o  two o r  more r i n g s  (Fig.  2 ) .  Light  mic roscope  c oun t i ng

2
compared t o  SEH c o u n t i n g  f a i l e d  t o  i n c re as e  p r e c i s i o n ,  r  -  0 .65  and 0.21 

r e s p e c t i v e l y  ( F i g ' s .  3,  4) .

2
One r e aso n  f o r  t h e  low r  above was t h e  d i f f i c u l t y  in d e c i d i n g  what  

c o n s t i t u t e d  a r i n g  and what d id  no t  (Fig.  5 ) ,  Another problem wi th  

we a k f i sh  o t o l i t h s  s ugges t ed  from a s i ze  s e r i e s  o f  l i g h t  microscopy 

pho t og r aphs  ( F i g ’ s .  5 - 8 ) ,  Is t h a t  weakf i sh o t o l i t h s  may no t  grow In a 

c o n c e n t r i c  p a t t e r n  but  through a s e r i e s  of  bud fo r ma t i ons .  F igur e  5, 

shows a weakf i sh  o t o l i t h  (6 .12  mm SL) t h a t  a p p e a r s  t o  d e p o s i t  r i n g s  

c o n c e n t r i c a l l y ,  bu t  soon a f t e r ,  o t o l i t h s  ap p ea r  t o  grow th r ough  bud 

f o r m a t i on  (6 .87  mm SL; Fig .  6 ) .  Figure 7, shows a l a r g e r  o t o l i t h  ( 9 . 7  

mm SL} w i t h  3 bud f o r ma t i ons  on t h e  bottom and r i g h t  s i d e  o f  t he  

p ho t og r aph .  When super imposed t he  bud f o r ma t i on s  o f  f i g u r e  7 f i t  on t h e  

p e r i m e t e r  o f  f i g u r e  6 ’ s o t o l i t h ,  though they were  from d i f f e r e n t  l a r v a e .  

F igure  8,  shows buds on a s e c t i o n  o f  o t o l i t h  from a 13.1 mm SL f i s h .
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Scale  c i r c u l i  from J u v e n i l e  weakf i sh  showed g r e a t e r  p r e c i s i o n  and 

e ase  in  c o un t i n g  compared t o  o t o l i t h s  (F i g .  9 ) ,  however c i r c u l i  count s  

from d i f f e r e n t  l o c a t i o n s  from a s i n g l e  f i s h  showed c o n s i d e r a b l e  

v a r i a t i o n  (F i g .  10).  All  t h r e e  s i z e s  o f  f i s h  showed r e l a t i v e l y  high 

c oun t s  from l a t e r a l  l i n e  s c a l e s  and l i t t l e  v a r i a t i o n  w i t h i n  s c a l e s  t aken 

from a p a r t i c u l a r  l o c a t i o n .  Because s c a l e s  were f r e q u e n t l y  l o s t  due to 

t rawl  a b r a s i o n  from v e n t r a l  and caudal  a r e a s ,  and high count s  from t he  

l a t e r a l  l i n e  a r e a ,  a l l  s c a l e s  used t o  age weakf i sh  were t a ken  from t he  

l a t t e r  a r e a . .  In 3562 out  o f  35B0 f i e l d  c o l l e c t e d  s c a l e s  (Chapter  3) 

r e r e a d i n g  gave the  same c i c u l l  coun t .  A r e g r e s s i o n  of  SL on c i r c u l i  

number e s t i m a t e d  the  s i z e  a t  s c a l e  f o r ma t i on  as 14.3 mm (fJ-845; Fig.

11) .  Thi s  l e n g t h ,  14.3 m ,  was used to e s t i m a t e  the  age a t  which 

weakf i sh  f i r s t  formed s c a l e s  from t h e  known age on s t a n d a r d  l en g t h  

q u a d r a t i c  r e g r e s s i o n .  Weakfish were approx ima te ly  26.1 days o ld  when 

t h e  f i r s t  s c a l e  was formed (N-548; F i g .  12) .  The 26.1 day e s t i m a t e  was 

t he n  used as  a s i ng l e  coun t ,  a long w i t h  c i r c u l i  counts  a t  known age,  

from t h e  j u v e n i l e  f i s h  t h a t  was r a i s e d  t o  275 days (F ig .  13).  Visual  

i n s p e c t i o n  o f  the  q u a d r a t i c  r e g r e s s i o n  showed t h a t  r i n g s  were formed 

app r ox i ma t e l y  d a l l y  from age 26-107 days ,  whi l e  subsequent  r i n g  

d e p o s i t i o n  was l e s s  t han  d a l l y .  However,  a c u r v i l i n e a r  r e l a t i o n  i s  

a p pa r en t  from 107 to ISO days but  t he  q u a d r a t i c  model can be used to 

e s t i m a t e  age f o r  t h i s  p e r i o d ,  a f t e r  which t h e  curve l e v e l s  ou t  and 

canno t  be used f o r  o l d e r  f i s h .

T e t r a c y c l i n e  marking o f  s c a l e  c i r c u l i  in o l d e r  j u v e n i l e  f i s h  l e f t  a 

c l e a r  mark in s c a l e s  viewed under  50 w a t t ,  U.V. e x c i t a t i o n .  However, 

r i n g  d e p o s i t i o n  was not  d a l l y  a f t e r  t e t r a c y c l i n e  marks formed (Fig .  14),  

This  conf i rmed r e s u l t s  wi th  t h e  r e a r e d  f i s h ,  i . e . ,  a t  a pp r ox i ma t e l y  150
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days  o f  age or  140 irni SL, s c a l e  c o u n t s  approached an a s y m p t o t e .  An o t h e r  

r e l a t i o n  t h a t  may be u s ed  t o  age j u v e n i l e  f i s h  1s known age on s t a n d a r d  

l e n g t h ,  but  f i s h  grow a t  d i f f e r e n t  r a t e s  and t h i s  method s hou l d  be used  

w i t h  c a u t i o n  ( F i g .  15) .



DISCUSSION

Microscopic  Increments  in o t o l i t h s  were a l so  r e po r t e d  f o r  £.  

■lamalcensls a congener  o f  t he  weakf i sh ,  (Panne l l a  1974).  However, 

Panne l l a ’ s (1974) SEM photographs o f  £ .  . i amalcens i s . show the  same 

s p l i t t i n g  o f  o t o l i t h  Increments  t h a t  c o n t r i b u t e d  to low p r e c i s i o n  f o r  £. 

regal i s . Using counts  o f  low p r e c i s i o n  1s e s p e c i a l l y  d i f f i c u l t  when 

t ry i ng  t o  compare growth r a t e s  over  t ime and space (Rice  e t  a l . 1965).

A few o t h e r  spec i e s  have a l s o  p re sen ted  problems wi th  d a i l y  o t o l i t h  

aging:  Clupea harenaus  r i n g  d e p o s i t i o n  i s  not  d a i l y  (Geffen 1986; Lough 

et  a l . 1932),  and events  such as f eed ing  more than once a day may cause 

Increment p roduc t ion  above 1/d as r e p o r t e d  in Chinook salmon 

Oncorhvnchus t shawvtscha  (Nei l son and Geen 1985).  Campana e t  a l . (1987) 

sugges ted t h a t  previous  r e p o r t s  of  l e s s  than d a i l y  Increment  d e p o s i t i o n  

r e s u l t s  from the  l i m i t e d  r e s o l u t i o n  w i t h  l i g h t  microscopes ,  and use o f  

SEM could c o r r e c t  t h i s  problem.  Scanning e l e c t r o n  microscopy f a i l e d  t o  

inc rease  p r e c i s i o n  in weakf i sh ,  because count ing d i f f i c u l t y  i s  r e l a t e d  

to growth p a t t e r n s ,  i . e . ,  budding r a t h e r  than c o n c e n t r i c  o t o l i t h  growth 

and s p l i t t i n g  o f  increments  ( F i g ’ s 2; 5 - 8 ) .

The second method of  d a i l y  aging,  count ing  s c a l e  c i r c u l i ,  has not  

been p r e v i o u s ly  r epo r t e d  f o r  severa l  r e a s o n s :  1) o t o l i t h s  have been 

s ucc es s fu l ;  2) the  de lay  in format ion o f  s c a l e s  a f t e r  h a t c h i n g ;  and 3) 

because too few r i n g s  a re  apparent  be f o r e  t he  f i r s t  annul i  in most f i s h  

(Si re  1986; Doyle e t  a l . 1987),  However, in two congeners  £ ,  nothus  and
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£ ,  a r e n a r i u s . s c a l e  p h o t og ra ph s  show more t h a n  100 c i r c u l i  b e f o r e  the  

f i r s t  annul  1 i n d i c a t i n g  t h e  method may work f o r  o t h e r  Cvnosc ion spp.

(Shi  os  smart and C h i t t e n d e n  1981;  DeVries  and C h i t t e n d e n  1982) .  For most 

f 1 s h t s c a l e  c o u n t i n g  has t he  a d v a n t a g e s  o f  p r e c i s i o n ,  and e a s e  in 

p r e p a r a t i o n .  Es s t g  and Co l e  (1966) s u gg es t ed  t h a t  t he  g r e a t e s t  l i m i t i n g  

f a c t o r  In u s i n g  o t o l i t h s  was t h e  t ime and e f f o r t  needed t o  age  f i s h ,  

I . e . ,  o t o l i t h  removal  r e q u i r e s  d i s s e c t i o n ,  some type  o f  mount ing ,  

p o l l i s h l n g  and g r i n d i n g .  T y p i c a l l y ,  t h e  r e q u i r e d  e f f o r t  has  r e s u l t e d  in 

low sample  s i z e s ,  f o r  example :  N-54 o v e r  3 y e a r s  f o r  j u v e n i l e  chinook 

salmon ( N e i l s o n  and Geen 1986) .  My work shows t h a t  l a r g e  numbers o f  

f i s h  can be aged by c o u n t i n g  s c a l e  c i r c u l i .  However,  o t o l i t h s  have t h e  

g r e a t  a dvan t age  o f  e a r l y  development  and a r e  u s u a l l y  p r e s e n t  1n the  yo l k  

s ac  s t a g e ,  where s c a l e s  a r e  formed l a t e r  (Campana and Ne i l son  1985;

J a n e s  1986) .

The d e l a y  In c i r c u l i  d e p o s i t i o n  i n  s c a l e s  I s  d i f f i c u l t  t o  overcome 

e x c e p t  t h rough  r e a r i n g  e x p e r i m e n t s ,  bu t  t h i s  d e l a y  i s  no t  l i m i t e d  to  

s c a l e s :  Lough e t  a l . (198Z) found t h a t  l a r v a l  A t l a n t i c  h e r r i n g  Clupea 

h a r e n a u s . p o s s i b l y  r e q u i r e d  as  many as 22 days  t o  form t h e  f i r s t  t h r e e  

o t o l i t h  I n c r e m e n t s .  The d i f f i c u l t y  in ag ing  o l d e r  j u v e n i l e  weakf i sh  

(>150 d age ;  140 mm) by s c a l e s  can a l s o  be a problem w i t h  o t o l i t h s ,  f o r  

example  J e n k i n s  (1967)  c o u l d  n o t  age f i s h  p a s t  35 d a y s ,  In two spec ies  

o f  f l o u n d e r  f lhomboselea t a o i r l n a  and Ammotret l s  r o s t r a t u s .

The ma j o r  problem wi t h  t h e  p r e s e n t  s tudy  i s  t h a t  on ly  one known-age 

w e a k f i s h  was r e a r e d  t h r o u g h  t h e  j u v e n i l e  s t a g e  (275 d a y s ) .  Th i s  problem 

can o n l y  be c o r r e c t e d  t h r o u g h  more s t u d y .  Ano the r  p o t e n t i a l  c r i t i c i s m  

i s  t h a t  t h e  x - i n t e r c e p t  was n o t  e s t i m a t e d  from t h e  same f i s h .  This d a t a  

p o i n t  i s  p r o b a b l y  a c c u r a t e  however ,  because  645 f i e l d  c o l l e c t e d  f i s h
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were used  t o  e s t i m a t e  t he  s i z e  o f  f i r s t  s c a l e  f o r m a t i o n ,  and t h i s  s i ze  

was t h e n  used 1n a known age on s t a n d a r d  l e n g t h  r e g r e s s i o n  w i t h  545 

l a b o r a t o r y  r e a r e d  f i s h .

In summary, mi c r o i nc re me n t s  o f  l a r v a l  and j u v e n i l e  f i s h  o t o l i t h s  

have been used t o  e s t i m a t e  age s i nce  t h e  e a r l y  1970*s (Campana and 

Ne i l son  1985; Jones  1986},  Recen t ly  t h e  approach was ex tended  t o  the  

s t a t o l i t h s  o f  squ id  (Hur ley e t  a l . 1985) and l a t e r  t o  l a r v a l  sea  

s c a l l o p s  P l acooec t en  ma ae l l a n l c u s  (Hur l ey  e t  a l . 1987) ,  The p r e s e n t  

s tudy shows t h a t  ag i ng  o f  J u v e n i l e  we ak f i sh  by o t o l i t h s  Is d i f f i c u l t  due 

t o  s p l i t t i n g  o f  i nc re men t s ,  and o t o l i t h  growth by bud f o r ma t i on s .  

However,  a new t e c h n i q u e  1s p r e s e n t e d  t h a t  s u g g es t s  d a l l y  aging o f  

weakf i sh  can be accompl i shed  by c o u n t i n g  s c a l e  c i r c u l i .  Advantages  o f  

c i r c u l i  count ing f o r  weakf i sh  a r e  a h i g h  degree  o f  p r e c i s i o n  between 

c o un t s ,  and ease  o f  p r e p a r a t i o n  a l l o w i n g  l a r g e  numbers o f  f i s h  t o  be 

p r o c es s e d .  One p o i n t  t h a t  1s c r i t i c a l  t o  s c a l e  ag i ng  t e ch n i q u e s  t h a t  

needs f u r t h e r  work.  I s  whether  o r  not  c l r c u l u s  d e p o s i t i o n  Is Independent  

of  growth r a t e .  There  i s  some e v i denc e  t h a t  s ug ge s t s  t h i s  may be t h e  

case ,  where growth ha s  been c o r r e l a t e d  wi th  spac ing  between c i r c u l i  on a 

d a l l y  b a s i s  (Healey 19B2; S i r e  1986; Ooyle e t  al 1987) .  Assuming growth 

Is Independent  o f  c i r c u l i  d e p o s i t i o n  i n  j u v e n i l e  w ea k f i sh ,  t he  same 

i n f o r m a t iv e  s u r v i v o r s h i p  s t u d i e s  t h a t  have been accompl i shed wi th  

o t o l i t h s  o f  Nor thern  anchovy En q r aq l 1s mordax (Methot  1983),  A t l a n t i c  

s f l v e r s l d e  Henld l a  menld l a  (Barkman and Bengtson 1987) and American shad 

Alosa s ap l d l s s l ma  (Crecco and Savoy 1985) ,  may be c a r r i e d  out  w i t h  the  

p r e s e n t  spec ie s .
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Figure  1. J u v e n i l e  weakf i sh  CynQSCion r e a a l i s . showing t he  

l o c a t i o n  o f  s c a l e  c o l l e c t i o n :  a d - a n t e r f o r  d o r s a l ,  

p - p e c t o r a l , a v - a n t e r i o r  v e n t r a l ,  md-mid d o r s a l ,

11- J u s t  below l a t e r a l  l i n e  curve ,  mv»m1d-vent ra l , 

cd - eau da l  d o r s a l ,  cv -cauda l  v e n t r a l .
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Figure  2. Scanning e l e c t r o n  mic roscope  p i c t u r e s  o f  weakf i sh  

Cvnoscion rega l  i s , o t o l i t h s ,  showing 

micro increments .  Arrow d e p i c t s  s e c t i o n  where 

increment  s p l i t t i n g  occur s .
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F i gu re  3.  O t o l i t h  r i n g  count  on s t an da rd  l e n g t h  r e g r e s s i o n  

counted  under  l i g h t  microscope f o r  weakf i sh ,  

Cvnosclon r ega l  I s . i n  t he  York Rive r .  S t a t i o n s :  1

2
■ 0 km mouth; 4-  45 km u p r i v e r ,  r  -  0 .658,

Y -  0.80X + 25 .2 .
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Figure  4.  O t o l f t h  d a i l y  age on s t an d a rd  l eng t h  r e g r e s s i o n ,  

from SEH pho t ographs ,  f o r  weakf f sh  Cvnosclon

r e o a l 1 s . in t he  York River ,  r^  -  0 . 21 ,

Y -  0.28X + 40 .2 .
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Figure  5. O t o l i t h  from a r e a r ed  weakf l sh  l a r v a  b e f o r e  bud 

fo r m a t i o n ,  6 .10  mm s t a n d a rd  l e n g t h ,  photograph 

t aken  a t  200X. Sca l e :  maximum d i a m e t e r  o f  o t o l i t h  

- 0 . 67  mm.
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Figure  6. O t o l i t h  from a r ea red  weakf i sh l a r v a ,  6 .87  mm

s ta nd a rd  l en g t h ,  photograph t aken  at  200X. Sca l e :  

maximum d iamete r  of  o t o l i t h  -  0 .72  mm. Arrow shows 

a s i n g l e  bud format ion on the  edge of  the  o t o l i t h .
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F i g u r e  7. O t o l i t h  from a r e a r e d  w e a k f l s h  l a r v a ,  9.70 mm

s t a n d a r d  l e n g t h ,  pho tograph  t a k e n  a t  1Z5X. S c a l e :  

maximum d i a m e t e r  o f  o t o l i t h  -  1.31 mm. Arrows show 

t h r e e  bud f o r ma t i on  on t h e  edge  o f  t h e  o t o l i t h .
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Figure  B. O t o l i t h  from a r e a r ed  weakf l sh l a r v a ,  13.10 mm

s tan da rd  l e n g t h ,  photograph t aken  at  125 x . Scale:  

maximum d i ame t e r  of  o t o l i t h  - 1,45 mm. (whole 

o t o l i t h  not  shown).  Arrow shows bud f o r ma t i on  on 

t h e  edge of  t he  o t o l i t h
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Fi gu r e  9 Scale  c i r c u l i  o f  weakf l sh ,  pho tograph  t a ken  at  

125X, Arrow d e p i c t s  c oun t i ng  r a d i u s  (0 .5  mm) from 

c e n t e r  c i r c u l i  t o  p e r i m e t e r  a long growing s i d e .
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Figure  10. Scale c i r c u l i  count  from d i f f e r e n t  l o c a t i o n s  from 

t h r e e  d i f f e r e n t  s i z e  weak f l sh ,  S c a l e  t y p e s :  

P - p e c t o r a l ;  AD-an t e r lo r  d o r s a l ;  A V - a r t e r l o r  

v e n t r a l ;  CD-caudal d o r s a l ;  CV-catidal v e n t r a l ;  

LL- jus t  below the l a t e r a l  l i n e  c u r v e ;  MD-mfd 

d o r s a l ;  MV-mid v e n t r a l .  Bars a r e  means + 95S 

conf idence  i n t e r v a l s .
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F i g u r e  11, S t a n d a r d  l e n g t h  on s c a l e  c i r c u l 1 count r e g r e s s i on

f o r  w e a k f i s h ,  York R ive r ,  VA. Y-0.97X+14^,  r 2 

- 0 . 9 6 ,  n-92Z.
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Figur e  12, Quadra t i c  r e g r e s s i o n  of  known age on s t anda r d  

l eng t h .  Y-0.016XZ+0.04X+2.3,  r Z- 0 . 6 9 ,  n-546.
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Figure  13. Quadra t i c  r e g r e s s i o n  (Y--0.0D2X^+l ,14X-24.4;

r  - 0 . 9 4 ;  n-40) o f  a s ing l e  known age j u v e n i l e  

weakf i sh  on s c a l e  c i r c u l i  c o un t .  S t r a i g h t  l i n e  i s  

f o r  compar ison,  b - 3 , 0 .
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Figure  14, Scale c i r c u l i  count  a f t e r  t e t r a c y c l i n e  mark in

e i gh t  o l d e r  j u v e n i l e  we ak f i sh  (>60 mm SLJ on days

a f t e r  mark (Y- 0.01X2+G.529X 1 . 5 ;  r 2- 0 , 8 7 ;  n - 2 0 5 ) .
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Fi gu r e  15, Q u a d r a t i c  r e g r e s s i o n  of known age o f  a s i n g l e

r e a r e d  f i s h  ve r sus  s tandard l eng t h  up to 275 days

( Y-■0.OQZX^+1. 24X-1.2;  r Z~0 , 997) ,
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CHAPTER 3

AGE AND GROWTH OF JUVENILE WEAKFISH 

IN THE YORK RIVER^ VIRGINIA



INTRODUCTION

An i m p l i c i t  assumption o f  e a r l y  l i f e  h i s t o r y  s t u d i e s  has been t h a t  

t he  most  c r i t i c a l  per iod o ccu r s  dur ing  the  egg and l a r v a l  s t a g e s ,  a f t e r  

which j u v e n i l e  abundance can be c o r r e l a t e d  wi th  t he  fo l l owi n g  y e a r  c l a s s  

s t r e n g t h  ( H j o r t  1914; Hay 1974; Vi c t o r  1906).  Thi s  assumed s t e a d y  s t a t e  

i . e . ,  c o n s t a n t  m o r t a l i t y  o f  j u v e n i l e s  a f t e r  t he  l a r v a l  p e r i o d  (Wi l l i ams  

1983; Sale and Douglas 1981; Hewit t  e t  a l . 1985) ,  has caused r e s e a r c h e r s  

t o  focus  on egg and l a rva l  s t a g e s  (Moser e t  a l , 1984).  However, 

p r e d i c t i o n  o f  y e a r  c l as s  s t r e n g t h  t h r ough  j u v e n i l e  abundance has  been 

q u e s t i o n ed  ( Wal l i ne  1985; E cke r t  19B7; West and Larkin 1987);  t h e s e  

a u t h o r s  sugges ted  t h a t  s u r v i v a l  of j u v e n i l e  f i s h e s  a f t e r  metamorphosi s  

from l a r va l  s t a g e s  i s  h igh ly  v a r i a b l e ,  i . e . ,  c r i t i c a l  " b o t t l e n e c k s "  a r e  

s t i l l  e ncoun t e r ed .  The e x i s t e n c e  o f  m u l t i p l e  c o h o r t s  w i t h i n  O-age 

j u v e n i l e  f i s h e s  may help e x p l a i n  some o f  the  v a r i a t i o n  (Buchanan- 

Wol las ton  and Hodgson 1929; Cooper 1937) but u n t i l  r e c e n t l y  i t  has  

r e c e i v e d  l i t t l e  a t t e n t i o n  (Lambert  and Ware 1984) .  Severa l  Cvnosqion 

s p p . , show p r o t r a c t e d  spawning and bimodal s i z e  f r equency  d i s t r i b u t i o n  

of  j u v e n i l e s  (Harmic 1950; Massttiann 1963;  Mer r i ne r  1976; Shlossman and 

Ch i t t e nd en  1981;  DeVries and Ch i t t enden  1982).  This  a p r i o r i  knowledge 

s ug g es t  t h a t  weakf i sh  may a l s o  have a h i g h l y  v a r i a b l e  j u v e n i l e  s t a g e ,  

and s tudy of  t h a t  per iod w i l l  help in p r e d i c t i n g  y e a r  c l a s s  s t r e n g t h .

J u v e n i l e  weakf i sh p o p u la t i o n s  can bes t  be examined through  growth 

r a t e ,  because growth i n t e g r a t e s  the v a r i a b i l i t y  in food and o t h e r
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e nv i r o n m e n t a l  c o n d i t i o n s  {Werner and G i l l i a m  1984;  Wea th e r l e y  and G i l l  

1987) .  The key t o  e v a l u a t i n g  growth  r a t e s  I s  t h e  a b i l i t y  t o  age young 

f i s h .  U n t i l  r e c e n t l y  ( s e e  r e v i e ws :  Campana and N e l l s on  1985;  Jones  

1986) t h e  o n ly  method f o r  ag ing  l a r v a l  and j u v e n i l e  f i s h e s  was through 

l e n g t h  f r eq u e n cy  a n a l y s i s ,  a cumbersome method (Graham and Townsend 

1985) .  P a n n e l l a  11971) showed t h a t  d a i l y  a g in g  cou l d  be accompl i shed  by 

c o u n t i n g  m i c r o s c o p i c  banding i n  f i s h  o t o l i t h s .  Thi s  method was 

u n s u c c e s s f u l  f o r  w e a k f i s h ,  bu t  a new method o f  d a i l y  a g i n g  by c o un t i n g  

d r c u l i  In s c a l e s  was deve loped  i n  t h i s  s t u d y .

The p r e s e n t  s t u d y  us es  t h i s  new method o f  d a l l y  ag i ng  through  s c a l e  

c f r c u l i  c o u n t i n g  w i t h  s t a n d a r d  l e n g t h  measurements  t o  e s t i m a t e  growth 

r a t e s  o f  j u v e n i l e  we a k f i s h ,  B l r t h d a t e  f r e q u e n c y  d i s t r i b u t i o n s  are  

e s t i m a t e d  from we ak f i s h  age a t  t ime  o f  c a p t u r e ,  and t h e  e x i s t e n c e  of  

s e p a r a t e  c o h o r t s  w i t h i n  0 - age  g ro u p s  a r e  shown. In a d d i t i o n ,  age 

f r e q u e n c y  d i s t r i b u t i o n s  a r e  used t o  s u g g es t  m i g r a t i o n  p a t t e r n s  in t he  

York R i v e r  e s t u a r y ,  V i r g i n i a .



MATERIALS AND METHODS

The York R i v e r  and i t s  ma jor  t r i b u t a r i e s  r e p re s e n t  an e s t u a r i n e  

sy s t em which Is r e l a t i v e l y  wel l  known b i o l o g i c a l l y  and most ly  

u n d i s t u r b e d  {Boesch,  1971) .  General  t r e n d s  of  geomorphology,  

h yd r og r aphy ,  e co lo gy ,  and a l t e r a t i o n  by man were desc r ibed  by McHugh 

(1967)  and Boesch ( 1971) ,  In a d d i t i o n ,  t h e  general  biology o f  sc i aen id  

f i s h e s  i s  wel l  known In t h e  York River  (Chao and Musick 1977; Weinstein

e t  a l , 1984; Nore ross  and Aus t in  1988).

S t a t i o n s  in t h e  York Ri ve r  channel  were sampled by n igh t  t rawl ing 

( Leb e r  and Greening 1986) w i t h  a 4 .9  m ( 1 . 5  mm cod end) t r a w l ,  and 

i n c l u d e d  f o u r  l o c a t i o n s :  0,  15, 33,  and 45 km u p r i v e r  (Fig.  16).  

Sampl ing s t a r t e d  13 August ,  and proceeded weekly u n t i l  26 October ,  1983. 

R e p e t i t i v e  2 min t r a w l s  were made a t  each s t a t i o n  u n t i l  30 f i s h  were 

c a p t u r e d  o r  u n t i l  6 tows were completed ( i n  some cases  number of  t r awl s

were f ewer  due t o  w e a t h e r  c o n d i t i o n s ) .  S a l i n i t y  and t empera t ure  were

r e c o r d e d  f o r  a l l  s t a t i o n s  a t  s u r f a c e ,  mid,  and bottom dep ths ,  with a 

Beckman c o n d u c t i v i t y  m e t e r ,  and s ub se qu en t l y  averaged by dep t h .

Weakf i sh were s t o r e d  in 70S e t h a n o l ,  and p r e s e r v a t i v e  changed to 

f r e s h  e th an o l  in 24 h r .  S t a nda rd  l e n g t h s  o f  preserved f i s h  were 

r e c o r d e d  w i t h  Mi tu toyo  c a l i p e r s  t o  t h e  n e a r e s t  0.1 mm. At l e a s t  three  

s c a l e s  ( u s u a l l y  f i v e )  were removed from j u s t  below the  mid body l a t e r a l  

l i n e  c u r v e  and embedded on a g l a s s  s l i d e  w i t h  me thacry l a t e  (Chapter  2) .

ea
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When t h r e e  s c a l e s  cou l d  not  be t aken ,  t he  f i s h  was not  used.  Sca le  

c i r c u l l  were counted  as  d e s c r i b e d  in Chapter  2.

The h i g h e s t  inc rement  count  from s e p a r a t e  s c a l e s  was used in a l l  

s u b s e q ue n t  a n a l y s i s .  Age o f  York Ri ve r  f i s h  were e s t i m a t e d  from a known 

age on s c a l e  count  q u a d r a t i c  r e g r e s s i o n  (Fig.  13) ,  B l r t h d a t e  f r equency  

d i s t r i b u t i o n s  were g e n e r a t e d  f o r  a l l  f i s h  aged.  All  b l r t h d a t e  f r equency 

d i s t r i b u t i o n s  were smoothed w i t h  a 3 -day moving ave r age .  A f t e r  

i d e n t i f y i n g  c o h o r t s  w i t h i n  t h e  y e a r c l a s s  (Graham e t  a l . 1984),  f i s h  were 

a r b i t r a r i l y  d i v i d e d  i n t o  t h e i r  c o h o r t s  by s e p a r a t i o n  a t  minimum 

f r eq u en cy  d a t e s  and growth r a t e s  de t e rmined .  M o r t a l i t y  r a t e s  were 

d e t e r m i n e d  by d e c l i n e  in mean c a t c h  o v e r  t ime f o r  each coho r t  (Ess i g  and 

Cole  1986) .

M i g r a t i o n  p a t t e r n s  were sugges ted  by e xami na t i on  o f  age f r equency  

d i s t r i b u t i o n  ove r  s t a t i o n  and d a t e .  On one o c c a s i o n  s ca l e  samples  were 

l o s t  ( s t a t i o n  1, 21 Augus t ) ,  and age d i s t r i b u t i o n  was c a l c u l a t e d  from a 

known age on s t a n d a rd  l e n g t h  q u a d r a t i c  r e g r e s s i o n  ( F i g .  15).  H a b i t a t  

u t i l i z a t i o n  by c o h o r t s  was examined through b i r t h d a y  f requency  

d i s t r i b u t i o n  o v e r  s t a t i o n  and d a t e ,  and occur rence  o f  c oh or t s  were 

c o n s i d e r e d  common when mean c a t ch  inodes were g r e a t e r  than 0 . 5  f i s h  mean 

c a t c h /  2 min t r a w ! ,

A 0 .05  l e v e l  o f  s i g n i f i c a n c e  was used f o r  a l l  s t a t i s t i c a l  a n a l y s i s .  

Nonpa rame t r l c  two-way a n a l y s i s  o f  va r i a nc e  by r anks  was used t o  t e s t  fo r  

abundance d i f f e r e n c e s .  A n a ly s i s  o f  cova r i anc e  was used t o  t e s t  fo r  

s i g n i f i c a n t  d i f f e r e n c e s  in growth r a t e s  f o r  3 o r  more compar i sons  among 

c o h o r t s ,  s t a t i o n s ,  and c o h o r t - s t a t i o n  i n t e r a c t i o n s .  A t - t e s t  was used 

f o r  compar i son  between two s l op es  (growth o r  m o r t a l i t y  r a t e s ) .  A f t e r
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s i g n i f i c a n c e  was de t e rmined ,  Tukey’ s t e s t  f o r  compar ison among s l opes  

was used t o  show s p e c i f i c  d i f f e r e n c e s  {Zar 1984; Freund e t  a l . 1986J,



RESULTS

S a l i n i t y  d e c r e a s e d  as d i s t a n c e  up t h e  Vork River  i n c r e a s e d .  One 

e x c e p t i o n  o c c u r r ed  in l a t e  September ,  a r e v e r s e  s a l i n i t y  g r a d i e n t  was 

ob se r ved  between s t a t i o n s  2 and 3 ( F i g .  1 7 ) .  L i t t l e  d i f f e r e n c e  was 

d e t e c t e d  In t e m p e r a t u r e  among s t a t i o n s .  S e a s o n a l l y ,  t e m p e r a t u r e

d e c r e a s e d  from 29°C 1n J u l y  t o  16°C in O c t o b e r .

No r p a r a me t r i c  a n a l y s i s  o f  v a r i a n c e  o f  s t a n d a r d i z e d  abundance  f a i l e d  

t o  show any s t a t i s t i c a l l y  s i g n i f i c a n t  p a t t e r n s  (Appendix 1, 2 ) .

However,  c e r t a i n  t r e n d s  in abundance a r e  w o r t h  ment ion ing .  In e a r l y  

August  f i s h  were uncommon a t  a l l  s t a t i o n s ,  and f i r s t  became abundant  a t  

t h e  Vork Rive r  mouth 1n mid-Augus t ,  s u b s e q u e n t l y  t h i s  abundance mode 

moved u p r i v e r  w i t h  l a t e r  sample d a t e s  ( F i g .  18) .  In l a t e  September  

t h rough  mi d - Oc t obe r ,  we ak f i sh  were  most  a bundan t  a t  i n t e r m e d i a t e  

s t a t i o n s  2 and 3,  and by l a t e  O c t o b e r  few f i s h  were c o l l e c t e d  a t  any 

s t a t i o n .

S c a l e  c o u n t s  ranged from 3 t o  100, f o r  a l l  f- 'sh aged (845 aged /992  

c o l l e c t e d ) .  The b l r t h d a t e  f r eq u en cy  d i s t r i b u t i o n  f o r  aged f i s h ,  showed 

t h r e e  c oh o r t s  w i t h i n  t h e  1983 y e a r c l a s s ,  and p o s s i b l y  a f o u r t h  spawned 

e a r l y  1n the  s ea so n  ( F i g ,  19; Appendix 3 ) .  Cohor t s  were d e f i n e d  as 

f o l l o w s :  cohor t  1 f i s h  were h a t c h e d  b e f o r e  16 J u l y ,  c o h o r t  2 between 16 

J u l y  and 15 Augus t ,  and cohor t  3 f i s h  a f t e r  15 August .  A f o u r t h  c o h o r t  

may have been p r e s e n t  b e f o r e  18 J u n e ,  bu t  i t s  i d e n t i f i c a t i o n  i s
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t e n t a t i v e  t h e r e f o r e ,  t h e s e  f i s h  were p oo l ed  w i t h  c o h o r t  1. A n a l y s i s  o f  

c ov a r i a nc e  o f  growth r a t e s  s e p a r a t e d  by c o h o r t s  and s t a t i o n s  showed 

s i g n i f i c a n t  d i f f e r e n c e s  among c o h o r t s  and among s t a t i o n s ,  b u t  t h i r d  

o rd e r  i n t e r a c t i o n s  were not  d e t e c t e d  ( F i g .  20;  Appendix 4}.  Tukey’ s 

t e s t  f o r  compar i son among s l o p e s  Ig rowt h  r a t e s )  among s t a t i o n s  showed 

t h a t  s t a t i o n  1 f i s h ,  had a s i g n i f i c a n t l y  f a s t e r  growth  r a t e  ( F i g ,  2 1 ) ;  

and In compar i sons  o f  d i f f e r e n t  c o h o r t s ,  c o h o r t  1 f i s h ,  had a 

s i g n i f i c a n t l y  s lower  growth r a t e  ( F i g .  22) .  In a d d i t i o n ,  m o r t a l i t y  

r a t e s  were s i g n i f i c a n t l y  lower  f o r  c o h o r t  1 compared t o  c o h o r t  2 ( F i g ’s .  

23, 24: Appendix 5) .

S e p a r a t e  c o h o r t s  w i t h i n  a y e a r  c l a s s  were a l s o  i d e n t i f i e d  by 

s t anda rd  l e n g t h  f r equency  a n a l y s i s  ( F i g .  2 5 ) .  Pooled  by s t a t i o n s ,  3 

c ohor t s  were p e r s i s t e n t  t h r ough  t ime ( c r i t e r i a :  g r e a t e r  t h a n  12 mm 

s e p a r a t i o n  o f  mode; I d e n t i f i e d  f o r  more t ha n  3 sampl ing d a t e s )  t o  e n a b l e  

growth r a t e  e s t i m a t e s  through  modal s i z e  p r o g r e s s i o n .  A f o u r t h  c o ho r t  

t h a t  c o r r e sp o n d s  t o  t he  e a r l y  c o h o r t  i n  f i g u r e  19 d i d  no t  meet  t h e  above 

c r i t e r i a . )  No s i g n i f i c a n t  d i f f e r e n c e s  in growth  r a t e  ( a n a l y s i s  o f  

c ova r i anc e )  were d e t e c t e d  among c o h o r t s  ( F i g .  26) ,

Weakfish o f  0 - a ge ,  f i r s t  r e c r u i t e d  t o  t h e  York Ri ve r  n u r s e r y  a t

s t a t i o n  1, from 17-August  t o  9 -Sep t embe r  ( F i g .  27) .  Approx ima te ly  t he  

same age d i s t r i b u t i o n s  o c c u r r ed  o v e r  f o u r  c o l l e c t i o n  d a t e s  a t  s t a t i o n  I ,  

a f t e r  which f i s h  were uncommon, s u g g e s t i n g  t h a t  f i s h  q u i c k l y  moved 

e l sewhere  ( F ig .  27) .  F i gu r e s  2B-30,  i n d i c a t e  t h a t  f i s h  moved u p r i v e r  as 

they grew,  i . e . ,  over  t h e  same sample d a t e s  ment ioned  above,  age 

d i s t r i b u t i o n s  showed p r o g r e s s i v e l y  o l d e r  f i s h  as  samples  were  t a ke n  

f u r t h e r  u p r i v e r .  This  p a t t e r n  c o n t i n u e d  f o r  sample d a t e s  17 - 20

September,  however,  a l l  f i s h  were o l d e r  t han  p r e v i o u s  c o l l e c t i o n s  a t  t he
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same s t a t i o n s ,  i n d i c a t i n g  r e c r u i t m e n t  t o  t h e  York River  n u r s e r y  had 

slowed.  On 26 September ,  t he  age d i s t r i b u t i o n  a t  s t a t i o n  2 suggested 

some new r e c r u i t s  were p r e s e n t  t h a t  were no t  observed p as s ing  through 

s t a t i o n  1, but  t h e  p a t t e r n  of  o l d e r  f i s h  u p r i v e r  s t i l l  he ld .

C o l l e c t i o n s  from 4 Oc tober ,  showed t h e  o l d e s t  group of  f i s h  f o r  the 

season t h a t  were r e l a t i v e l y  common l o c a t e d  a t  s t a t i o n  3, but  a l so  showed 

the  appearance  of  o l d e r  f i s h  for  t h e  f i r s t  t ime a t  s t a t i o n  1, i n d i c a t i n g  

a down r i v e r  m i g r a t i o n .

B l r t h d a t e  d i s t r i b u t i o n  over  t i me  and s t a t i o n  sugges ted t h r e e  

p a t t e r n s  o f  weakf i sh  c o h o r t  u t i l i z a t i o n  o f  t h e  York River  n u r s e r y  (Figs .  

31-34) :  F i r s t ,  f i s h  were common a t  3 c o n s e c u t i v e  s t a t i o n s  and r a r e  a t

the  f o u r t h  s t a t i o n  ( e i t h e r  u p r i v e r  a t  s t a t i o n  4 o r  a t  the  r i v e r  mouth 

s t a t i o n  1) dependent  on sampl ing d a t e ;  Second,  cohor t  1 appear s  to 

u t i l i z e  u p r i v e r  n u r s e r y  wa te r s  more than coho r t s  2 or  3;  T h i r d ,  both 

c o h o r t s  seem t o  fo l low an u p r i v e r  mi g r a t i o n  through September,  fol lowed 

by a downr iver  mi g r a t i o n  through Oc tober .  Table  2, was g en er a t ed  from 

f i g u r e s  31-34 ,  and shows the  t h r e e  p a t t e r n s  ment ioned above.



DISCUSSION

To my knowledge t h i s  1s t he  f i r s t  d i r e c t  age measurement  o f  

i nd iv idua l  f i e l d  c o l l e c t e d  j u v e n i l e  w ea k f i sh ,  and has  l ead  to new 

f i nd i n g s :  i d e n t i f i c a t i o n  of  c o h o r t s  w i t h i n  0 - a g e  groups  t h a t  show 

s i g n i f i c a n t l y  d i f f e r e n t  growth and m o r t a l i t y  r a t e s .  Chao and Husick 

(1977) s t u d i e d  j u v e n i l e  weakf i sh  i n  t h e  York Ri ve r  but  d id  not f i n d  

bimodal s i z e  f r equency  d i s t r i b u t i o n s .  An e x p l a n a t i o n  o f  t h i s  

d i s c r epancy  i s  not  found in age f r equency  v e r s u s  l e n g t h  f r equency 

methods,  because  t he  l a t t e r  a l s o  d e l i n e a t e d  c o h o r t s  in the  p r e s e n t  

s tudy,  Chao and Hus i ck  (1977) d id  however use  a t r awl  wi th  a l a r g e r  cod 

end mesh s i z e  (0.64 cm}; pooled t r a wl  d a t a  w i t h  a 15 m (0.64 cm) s e ine  

d a ta ;  d id  n o t  exc l ude  1-year  o ld  we ak f i sh ;  and t h e i r  l e n g t h  f r e q u e nc i e s  

were pooled over  -3 mm s i ze  c l a s s e s .  Pool ing  s i z e  c l a s s e s  can be a 

problem as  Buchanan-Wol1aston and Hodgson (1929)  have s ugges te d ,  "a 

g r e a t  deal  o f  use f u l  In format ion  can be l o s t  by cu r ve  smoothing and 

combining d a t a " ,  Massmann (1963) s ugges t ed  t h e  e x i s t e n c e  of  c o h o r t s  

wi th in  0 - age  groups  o f  j u v e n i l e  we ak f i sh  through  bimodal s i z e  f requency 

d i s t r i b u t i o n s ,  but  he did not  examine growth r a t e s  o r  m o r t a l i t i e s .

Other than  two e a r l y  r e p o r t s  (Buchanan-Wol las ton and Hodgson 1929;

Cooper 1937) o t h e r  j u v e n i l e  f i s h  s p e c i e s  s t u d i e s  t h a t  i d e n t i f y  c o h o r t s  

a re  few and r e c e n t  (Shlossman and Ch i t t e nd en  1981; DeVries and 

Chi t t enden  1982; Crecco  and Savoy 1985;  Kumagai e t  al  . 1985; E cke r t  

1987; I s e l y  e t  a l . 1987; Wicker and Johnson 1987) .  Thi s  l ack may
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be because  o f  t h e  d i f f i c u l t y  o f  ag ing  j u v e n i l e  f i s h e s  (Geffen 1986;

Ess 1 g and Cole 1986; J e n k i n s  1987; Post  and P r ankev l c i u s  1987),  o r  i t  

has been assumed t h a t  t h e  c r i t i c a l  pe r i od  occur s  1n t h e  egg and l a r v a l  

s t a g e s ,  and s ubs equen t  j u v e n i l e  growth and m o r t a l i t y  r a t e s  were c o n s t a n t  

(Hjor t  1914; May 1974; V i c t o r  1986) ,  Thi s  no t i o n  o f  cons tancy a f t e r  

nu r s e r y  r e c r u i t m e n t  1s be ing  qu es t i on ed  (Wal l lne  19B5; Ecker t  1987; West 

and Lark in  1987) ,  f o r  example:  Wicker and Johnson (1987) show t h a t  

c r i t i c a l  m o r t a l i t y  occur s  in G-age largemouth bass H ic rop t e rus  

s a l mo i des , when J u v e n i l e s  s h i f t  from an i n v e r t e b r a t e  t o  f i s h  d i e t ,  and 

van d e r  Veer and Bergman (1987) su gg es t  t h a t  p r e d a t i o n  by shrimp Cranoon 

cranoon.  on newly s e t t l e d  j u v e n i l e  p l a i c e  P l eu r onec t e s  p l a t e s s q . may 

e x p l a i n  the d i f f i c u l t y  of  p r e d i c t i n g  y e a r  c l a s s  through egg and l a r v a l  

su rveys .  However, f i e l d  s t u d i e s  o f  American shad Alosa s a u i d i s s i m a . 

sugges ted t h a t  y e a r  c l a s s  s t r e n g t h  i s  e s t a b l i s h e d  b e f o re  the j u v e n i l e  

s tage  (Crecco e t  a l . 1983; Crecco and Savoy 1984; Crecco and Savoy 

1985).  Th e r e f o r e ,  the  e x i s t e n c e  o f  c r i t i c a l  per iods  dur ing  t h e  j u v e n i l e  

s tage  appear s  s p e c i e s  s p e c i f i c .  Because d i f f e r e n t  coho r t s  wi th  v a r i a b l e  

growth and m o r t a l i t y  r a t e s  a re  shown f o r  j u v e n i l e  weakf i sh  in t h e  

p r e s e n t  s tudy ,  s u r v i v a l  b o t t l e n e c k s  a re  p robab l y  impor tant  d u r i n g  t h i s  

l i f e  s t a g e .

Othe r  d i f f e r e n c e s  between t he  p r e s e n t  s tudy  and t h a t  of  Chao and 

Musick (1976) a r e  m i g r a t i o n  p a t t e r n s  and h a b i t a t  u t i l i z a t i o n .  In the  

p r e s e n t  s tudy  t h e  younges t  weakf i sh  were f i r s t  abundant  at  the  mouth of  

the Vork f l i ve r ,  moved up r i v e r  as they grew,  and fol lowed a r e v e r s e  

mi g r a t i o n  in t h e  f a l l .  Chao and Musick (1977) c o l l e c t e d  t h e i r  s m a l l e s t  

(younges t )  weakf i sh  u p r i v e r ,  because  of  t he  l a r g e r  mesh s i ze  used ,  

longer  sampl ing p e r i o d ;  and t h a t  l eng t h  f r e q u e n c i e s  do not have the
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r e s o l v i n g  power found wi th  age f r equenc i es .

The d e m on s t r a t i o n  t h a t  d i f f e r e n t  j u v e n i l e  weakf i sh  c o h o r t s  use 

d i f f e r e n t  h a b i t a t s  has a l so  been sugges ted f o r  t h e  rudd S c a r d i n i u s  

gr.y t h r o p h t h a l mu s  (Rhelnberger  e t  a l , 1987),  Cohort  d i f f e r e n t i a l  growth 

r a t e s  and h a b i t a t  u t i l i z a t i o n  o f  weakf i sh ,  may be l i n k e d  t o  t he  s a l i n i t y  

v a r i a t i o n  among s t a t i o n s ,  but  many o t he r  f a c t o r s  not  measured may a l s o  

va ry ,  f o r  example:  prey  abundance,  t u r b i d i t y ,  c u r r e n t s ,  p r e d a t i o n ,  to  

name a few,  any o f  which may be l inked t o  i n c r e a s e d  growth r a t e s .  In 

a d d i t i o n ,  t he  h i gh l y  t r a n s i t o r y  na t u re  of  j u v e n i l e  w e a k f i sh ,  as  shown in 

t he  p r e s e n t  s t udy ,  makes I t  d i f f i c u l t  to c h a r a c t e r i z e  t he  p a r t i c u l a r  

env i ronment  the  f i s h  occupied in the t ime b e f o r e  c a p t u r e .

Al though  Chao and Musick (1977) did not  e s t i m a t e  growth,  I 

approx ima ted  i t  from t h e i r  l eng t h  f r e qu e nc i e s ,  a t  0 .67 - 0,83 mm/d.

These e s t i m a t e s  are  wi t h i n  the  range of  t h e  p r e s e n t  e s t i m a t e s ,  

s u g g e s t i n g  t h a t  j u v e n i l e  weakf i sh from the  York River  i n  t he  e a r l i e r  

7 0 ’ s were  growing a t  p r e s en t  r a t e s .  Shenker and 011a (1986) p rov ide  

e s t i m a t e s  o f  j u v e n i l e  growth r a t e s  for  s eve r a l  s p e c i e s ;  wi th  a low of 

0 .26  mm/d f Sebas t e s  melanops) , and a high o f  4 . 7  mm/d ( Corvohaena 

h i p p o r u s l . Other  growth r a t e  e s t i ma t e s  o f  j u v e n i l e  f i s h e s  are s i m i l a r :  

1.5 mm/d f o r  s a b l e f l s h  Anoplopoma f imbr ia  ( 8 o e h l e r t  and Yoklavfch 1985);  

1 .0  - 1 .3  mm/d f o r  mi 1 k f i s h  Chanos chanos (Kumagai e t  a l . 1985);  and 1.1 

mrn/d f o r  American shad ftlosa s ap id l s s ima  (Crecco and Savoy 1985).  

J u v e n i l e  growth r a t e s  de r ived  from length f r e q u e n c i e s  f o r  o t he r  s c l a e n i d  

f i s h e s :  £ .  a r e n a r i u s  (approx.  1 mm/d; Shlossman and Ch i t t enden  1981) ,  C, 

nothus ( 0 . 8 - 1 . 3  mm/d; DeVries and Chi t tenden 1982) and f i s h  in t he  

p r e s e n t  s t u d y  (1 ,0  - 1.2 mm/d) a re  s i m i l a r  t o  s c a l e  e i r c u l l  c a l c u l a t e d  

r a t e s  ( 0 , 8  - 1.1 mm/d). The above compar isons sugges t  t h a t  s c a l e  

c i r c u l i  ag i ng  in weakf i sh  i s  a va l i d  t e ch n i q u e .



77

Hewi t t  e t  a l . (1985) In t h e i r  e s t i m a t i o n  o f  t o t a l  m o r t a l i t y  r a t e  o f  

j a c k  mackerel  Tr achurus  svmmet r i cus . assumed a s t e a d y  s t a t e *  i . e . ,  t h a t  

each c o h o r t  e xp e r i en ce d  t h e  same d a i l y  m o r t a l i t y  r a t e ,  b u t  a l s o  

s u gg es t e d  t h a t  f u t u r e  s t u d i e s  t e s t  t h e i r  a s sumpt ion .  M o r t a l i t y  r a t e s  

from t h e  p r e s en t  s t udy  a r e  d i f f i c u l t  t o  compare wi th o t h e r  s t u d i e s  

because  t h e  d a t a  do not  appear  t o  f i t  t h e o r e t i c a l  c u r v i l i n e a r  r a t e s  o f  

d e c l i n e  (Ricker  197S),  The l i n e a r  m o r t a l i t y  curve  t h a t  I o b s e r v e d ,  can 

not  be c o r r e c t  because  the  p o p u l a t i o n  would go e x t i n c t  q u i c k l y .  

Emigra t ion  from t h e  York Ri ve r  sys tem may have c o n t r i b u t e d  t o  t h e  l i n e a r  

" m o r t a l i t y "  e s t i m a t e s  (Chao and Musick 1977; Shepherd and Grimes 1983).  

T h e r e f o r e  m o r t a l i t y  d i f f e r e n c e s  among c o h o r t s  may be m i g r a t i o n  

d i f f e r e n c e s  or  more l i k e l y  a combina t ion  o f  m o r t a l i t y  and m i g r a t i o n .

The e c o l o g i c a l  advantage  o f  c o h o r t s  can be t hough t  o f  as  a "hedged 

be t "  s t r a t e g y  t h a t  spreads  spawning e f f o r t  o v e r  t ime t o  t a k e  advan t age  

o f  a v a r i a b l e  envi ronment  (Lambert  and Ware 1984) .  However,  d i s t i n c t  

c o h o r t s  w i t h i n  0 - age  f i s h  can a l s o  r e s u l t  from env i r onmen t a l  f a c t o r s  

a c t i n g  on a s i n g l e  spawning e f f o r t ,  f o r  example:  th rough  d i e t  and prey 

a v a i l a b i l i t y  (Timmons e t  a l . 1980; Keas t  and Eadie 1985;  Wicker  and 

Johnson 1987);  o r  a combinat ion o f  b i o t i c  and a b i o t i c  f a c t o r s  (Lambert  

1984; Crecco and Savoy 1985).  Assuming v a l i d  age d e t e r m i n a t i o n  t he  

b i r t h  da t a  d i s t r i b u t i o n  in the  p r e s e n t  s t u d y  d e mo n s t r a t e s  t h a t  t h e  main 

d e t e r m i n a n t  o f  m u l t i p l e  cohor t  weakf i sh  w i t h i n  0-age g roups  i s  from 

m u l t i p l e  spawnings.  Pr ev ious  work on r e p r o d u c t i v e  b i o l o g y ,  e g g s ,  and 

l a r v a e  are  in agreement  wi th  the  p r e s e n t  c o n c l u s i o n  t h a t  m u l t i p l e  

c o h o r t s  r e s u l t  from m u l t i p l e  spawnings (Harmic 1958; Shepherd  and Grimes 

1984) .  Shepherd and Grimes (19B4) showed t h a t  l a r g e  we ak f i sh  

" t i d e r u n n e r s "  55 t o  80 cm e n t e r e d  t he  Delaware Bay e s t u a r y  in t h e  s p r i n g  

and spawned,  subsequen t l y  in the  summer t h e s e  were r e p l a c e d  by 25 - 35
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cm g r a v i d  weakf i sh  wi t h  l i t t l e  o v e r l a p .  Harmlc (1958) showed a 

r e p e a t i n g  p a t t e r n  o ve r  t h r e e  y e a r s ,  where weakf i sh  eggs peaked In mid 

June ,  fo l lowed by a conspicuous  g a p t and a n o t h e r  peak o f  eggs In mid

J u l y .  Olney (1983) d i d  not  show a bimodal f r equency  f o r  weakf i sh  eggs

and l a r v a e  In Chesapeake Bay. Olney’ s (1983} l a c k  of  m u l t i p l e  cohor t s  

In Chesapeake Bay can be exp l a i ned  through sampl ing p e r i o d i c i t y :  He 

sampled once a month,  and peaks and t roughs  o f  t h e  p r e s e n t  s tudy and 

Harmless (1958} a r e  approximate ly  15 days a p a r t .

In summary t h e  p r e s e n t  s tudy c l e a r l y  shows t h a t  s e p a r a t e  coho r t s

e x i s t  w i t h i n  0 -age  groups  of  York River  weakf i sh .  These c o ho r t s  show 

s i g n i f i c a n t  d i f f e r e n c e s  In growth and m o r t a l i t y / m i g r a t i o n  r a t e s ,  

co n se q ue n t l y  d i f f e r e n t i a l  su r v i va l  dur ing  t h i s  s t a g e  p r obab l y  a f f e c t s  

ye a r  c l a s s  s t r e n g t h .  Da i ly  aging by s c a l e s ,  a new t e c h n i q u e ,  i s  

advantageous  ove r  s t an d a rd  l ength  f r e q u e n c i e s ,  p a r t i c u l a r l y  in 

e s t i m a t i n g  b i r t h d a y  d i s t r i b u t i o n s  and subsequent  d e l i n e a t i o n  of  cohor t s .  

A l b e i t ,  as  a new t e ch n i q u e  i t  Is l a r g e l y  u n t e s t e d  and f u t u r e  work should 

add r e ss  t h e  q u e s t i o n  o f  how independent  a re  c i r c u l i  count s  from growth 

r a t e .  I f  count s  a re  independent  o f  growth r a t e  and a l i n e a r  r e l a t i o n  

can be shown between s c a l e  r ad i u s  and s t anda r d  l e n g t h ,  t h e  same kind of 

s u rv i v a l  s t u d i e s  t h a t  have been accompl i shed wi t h  o t o l i t h  

mic ro i nc remen t s  may be a t t empted (Methot  1983; Graham and Townsend 

1985}. There i s  some evidence  such a r e l a t i o n  may e x i s t  on a d a i l y  

b a s i s ,  f o r  example:  Healey (1982} and S i r e  (1986) sugges t  t h a t  d i s t a nc e  

between s c a l e  c i r c u l i  dec r ea sed  w i t h  growth r a t e  in j u v e n i l e s .
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TABLE 2 S p e c i f i c  h a b i t a t  u t i l i z a t i o n  by c oh o r t s  

from b i r t h d a y  f r equency  d i s t r i b u t i o n s .  

CZ-cohort  2, C3«cohort  3.

de termined 

C l - c o h o r t  1,
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Table  Z. S p e c i f i c  h a b i t a t  u t i l i z a t i o n  by cohor t s  de termined from b i r t h d a y  

f r eq u en cy  d i s t r i b u t i o n s .  Cl - cohor t  1, C2-cohort  2,  C3-cohor t  3.

S t a t i o n 13fluq 17Auq Z3Auo 3QAuq 9Seo

Dates

17S6D ZOSeD 26Seo 40c t 190ct  260ct

1 Cl

C2 C2 CZ CZ

C3

2 Cl Cl Cl Cl Cl

C2 C2 CZ C2 C2 CZ

C3 C3 C3

3 Cl Cl Cl Cl Cl Cl Cl Cl Cl

C2 C2 C2 C2 CZ

C3

4 Cl Cl

02
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Figure  16. S t a t i o n  l o c a t i o n s  f o r  weakf i sh  c o l l e c t i o n s  i n  t he  

York R i ve r ,  V i r g i n i a :  S t a t i o n  1 {0 km, r i v e r  

mouth) ,  s t a t i o n  2 {15 km u p r i v e r ) ,  s t a t i o n  3 (33 

km u p r i v e r ) ,  s t a t i o n  4 (45 km u p r i v e r ) .
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Fi gu r e  17. S a l i n i t y  (ppt j  and t empe ra t ure  (C) from a l l

c o l l e c t i o n s  by s t a t i o n  and d a t e ,  pooled by dep t h .
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F i g u r e  18. S t a n d a r d i z e d  abundance (Mean ca t ch  -  #/2 min 

t r a w l )  by s t a t i o n  and d a t e .
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F i g u r e  19. B i r t h d a t e  f requency d i s t r i b u t i o n ,  3 p o i n t  moving 

average ,  f o r  845 aged J u v e n i l e  weak f i sh .  The 

a b s c i s s a  is  d iv i de d  i n t o  days ,  and n umber - 1e t t e r  

i n d i c a t e s  da t e  o f  b i r t h ,  s t a r t i n g  wi t h  21A-21- 

Apri l  and ending wi th  22A-22-August ,  Numbers a t  

the  peaks of  t h e  d i s t r i b u t i o n s  r e f e r  t o  c o h o r t s ,  

which a re  s epa ra t e d  by the  d o t t e d  l i n e s :  1 - f i s h  

ha tched  between 18 June  and 16 J u l y ;  2 - t h o s e  

hatched between 16 J u l y  and 15 August ;  3 - t h o s e  

ha tched a f t e r  15 August ;  ? -a  t e n t a t i v e  

i d e n t i f i c a t i o n  of  an e a r l y  c o h o r t .
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Figure 20 Growth r a t e s  c a l c u l a t e d  from s t anda rd  l eng t h  on 

age,  d i v i d e d  by c o h o r t s  and s t a t i o n .  C l - c oh o r t  1, 

S l - s t a t i o n  1,
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F i g u r e  21, Growth r a t e s  f o r  each s t a t i o n  p o o l ed  by c o h o r t s .

S t a t i o n  4: Y - 0 . 8 3 X - 1 .22 ,  n - 1 89 ,  r 2 *Q.94,  X-6B.9;

S t a t i o n  3: Y - 0 . 82 X -0 . 46 ,  n - 2 78 ,  r 2 - 0 . 9 3 ,  x - 5 9 . 6 ;

S t a t i o n  2: Y - 0 . 8 4 X - 1 .62 ,  n - 2 40 ,  r 2 - 0 . 9 6 ,  x - 5 0 . 5 ;

S t a t i o n  1: Y - 0 . 9 2 X - 4 . 4 1 , n - 1 3 8 ,  r 2- 0 . 9 8 t x - 5 0 . 1 .

S l « s t a t 1 o n  1.
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F i g u r e  22. Growth r a t e s  f o r  each cohor t  pooled by s t a t i o n .

Cohort  1: Y-0.82X-0.69,  n-373, r 2-Q.95;

Cohort  2: V-0.96X-6.62,  n-414, r 2- 0 . 97 ;

Cohort  3:  Y-0.97X 4 . 7 0 t n-58,  r 2-0 . 94 .  

C l - c o h o r t  1.
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Figure  23.  B i r t hday  f r equency  d i s t r i b u t i o n  3 day moving 

average  by d a t e  pooled over  s t a t i o n s .  The 

Absc i s sa  i s  d i v i d e d  i n t o  d ay s ,  and s t a r t s  wi th  

21A-21-Apri l  and ends wi th  8 S - 8- Se p t e mbe r . Dot ted 

l i n e s  s e p a r a t e  c o h o r t s .
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F i g u r e  24. Hear c a t c h  d e c l i n e  f o r  each c o h o r t  a f t e r  maximum 

f r eq u en cy  was r e a c h e d ,  as  d e t e r mi ne d  from f i g u r e

23,  Cohor t  1: c l o s e d  c i r c l e s ,  Y- -0 .54X+44-5, r^

- 0 . 8 3 ;  Cohort  2: open c i r c l e s ,  Y--Q.B9X+70.4,  r^  

- 0 . 9 2 ;  Cohort  3: X*s was no t  p r e s e n t  l ong  enough 

f o r  m o r t a l i t y  r a t e  c a l c u l a t i o n .
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Figure  25. S t anda rd  l e n g t h  (mm) f r e q u e n c i e s  pooled by s t a t i o n  

f o r  each sampl ing d a t e .  Cohor t s  a r e  d e f i n e d  by,

1, 2, and 3,  A (?) d e p i c t s  a t e n t a t i v e  f o r t h  

coho r t  e a r l y  in t he  s ea s on .
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F i gu r e  26.  Modal s i z e  on t ime between sample r e g r e s s i o n s  from 

c o h o r t s  1, 2, and 3, de f ined  from length  

f r eq u e n c i e s  1n f i g u r e  25. Open c i r c l e s :  c o h o r t  1,

Y-1.2X+10.4,  r ^ * 0 . 99 ;  c losed  c i r c l e s :  c o h o r t  2 t

Y-1.2X-4.3,  r ^ - 0 . 9 6 ;  s t a r s :  c o h o r t  3, Y - l . l X - 1 7 , 4 ,

r ^ - 0 . 9 7 .
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F ig u r e  27. Age f requency  c a l c u l a t e d  from c o u n t i n g  sca le

c i r c u l i  f o r  s t a t i o n  1 ( S I ) ,  by d a te  o f  c o l l e c t i o n .

Do tted l i n e  a t  61 days 1s f o r  comparison.
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F ig u re  28. Age f requency  c a l c u l a t e d  f rom c o u n t in g  s c a le

c i r c u l i  f o r  s t a t i o n  2 (SZ) ,  by da te  o f  c o l l e c t i o n .

Dotted l i n e  a t  61 days Is  f o r  comparison.
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F ig u re  29 .  Age f req uency  c a l c u l a t e d  from c o u n t i n g  sca le

c i r c u l l  f o r  s t a t i o n  3 (S3) ,  by d a te  o f  c o l l e c t i o n .

Do t ted  l i n e  a t  61 days 1s f o r  compar ison.
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F ig u re  30. Age f requency  c a l c u l a t e d  from c o u n t in g  s ca le

c i r c u i t  f o r  s t a t i o n  4 (S4J, by d a t e  o f  c o l l e c t i o n .  

Dotted  l i n e  a t  61 days i s  fo r  compar ison .
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F i g u r e  31 ,  B i r t h d a y  f r eq u e n c y  d i s t r i b u t i o n  f o r  s t a t i o n  1 {SI} 

by sample  d a t e .  The a b s c i s s a  i s  d iv id e d  by days,  

and s t a r t s  w i th  21A-21-Apr il  and ends w i th  85-B- 

Sep tem ber .  Dashed l i n e s  s e p a r a t e  c o h o r t s .
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F ig u r e  32. B i r t h d a y  f requency  d i s t r i b u t i o n  f o r  s t a t i o n  2 (S2J 

by sample d a t e .  The a b s c i s s a  i s  d iv id e d  by days ,  

and s t a r t s  w i th  21A-21- A p r i 1 and ends  with  BS-8- 

September.  Dashed l i n e s  s e p a ra te  c o h o r t s .
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F ig u re  33. B i r th d a y  f requency  d i s t r i b u t i o n  f o r  s t a t i o n  3 {S3) 

by sample d a t e .  The a b s c i s s a  Is  d iv id e d  by days> 

and s t a r t s  w i th  31A-21-f lp ri l  and ends  w i t h  85-8-  

September.  Dashed l i n e s  s e p a r a t e  c o h o r t s .
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Figure  34. B i r thday  frequency d i s t r i b u t i o n  f o r  s t a t i o n  4 (S4) 

by sample d a t e .  The a b s c i s s a  i s  d iv id e d  by d ay s ,  

and s t a r t s  with 21A-21-April and ends w i th  BS-8- 

September,  Dashed l i n e s  s e p a r a t e  c o h o r t s .
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Appendix 1. S t a n d a r d i z e d  abundance d a t a  From York R ive r ,  1983, by s t a t i o n  

and d a t e .  F r a c t i o n s  a r e  number caught/number  o f  2 min tows.

SAMPLE DATE 10

STATION

9 a 7

TOTAL

TRAWLS

1 13AUG83 2 /6 0 .3 0 .0 6/4 1.5 0 .0 10

2 17AUG83 27/4 6. B 2B/3 9.3 34/4 8 .5 21/6 3 .5 17

3 23AUG33 16/6 2.7 34/3 11,3 26/2 13,0 84/1 84 .0 12

4 30AUG83 2 3 /6 3 . 8 42/3 14.0 35/4 8 .8 28/1 28.0 14

5 9SEP83 12/6 2 .0 34/6 5.7 25/3 8.3 38/1 38.0 16

6 17SEP83 2 4 /2 12,0 49/5 9 .8 42/2 21.0 12/3 4 .0 12

7 20SEP83 3 4 / 2 , 5 13,6 23/3 7.7 21/3 7.0 13/6 2.2 1 4 . J

a 26SEP83 10/6 1.7 42/2 21.0 33/1 33.0 12/6 2 .0 15

9 40CT83 15/4 3 .8 23/1 23.0 27/5 5.4 23/2 11.5 12

10 190CT83 18/6 3 .0 20/1 20.0 20/4 5,0 3 /5 0 ,6 16

11 260CT83 12/6 2 .0 0 /3 Q.,0 1/3 0 .3 4/2 2 ,0 14

TRAWL TOTALS 54 ,5  30 35 33



I l l

Appendix 2.  Non-parametr ic  a n a l y s i s  o f  v a r i a n c e  on ran k  abundance.  

VARIABLE BE _________H5_______F VALUE______ES>E

Model 13 3911.01 300.85 2.84 0.009

Date 10 3345.88 3 .16 0.007

S t a t i o n 3 565.14 1.78 0.172

E r r o r 30 3175.49 105.85

Tota l  ........ 43 7086.50

Tukey’ s S tu d e n t i z e d  Range, a - 0 . 0 5 ,  DF-30, MSE-1Q5.85. Dates with  same 

l e t t e r s  a r e  not s i g n i f i c a n t l y  d i f f e r e n t .

DATE 26AUG 30AUG 17SEP 40CT 9SEP 26SEP 20SEP 17AUG 190CT 260CT 13AUG

GROUPING A A A A A A A A A A

B B B B B B B B



Appendix 3, B i r thday  frequency d i s t r i b u t i o n  f o r  a l l  weakfls 

aged by s c a le  c i r c u i t  c o u n t in g  (345 aged/922 

c o l l e c t e d )  from the York R iv e r ,  YA.
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Appendix 4.  A n a ly s i s  o f  c o v a r i a n c e  o f  growth r a t e s .

SOURCE OF VARIATION___________ ___________ Q£ H5__________ EL___ Slfl M  F

Age 245305.6 1 245305.8 23707.3 0.00

Cohort 1149.9 2 574.97 55.6 0.00

S t a t i o n 169.1 3 56.4 5.4 0.001

Cohort  by Age 1474,3 2 737.2 71.2 0.000

S t a t i o n  by Age 309.2 3 103.1 10.0 0.000

S t a t i o n  by Cohort 82 ,0 6 13.8 1.3 0.238

Cohort  by S t a t i o n  by Age 98.5 6 16,4 1.5 0.148

E r r o r 3495.1 10.3

A f t e r  A n a ly s i s  o f  c o v a r ia n c e  showed s i g n i f i c a n t  s lo p e  d i f f e r e n c e :

Tukey t e s t  f o r  compar isons  among s lo p e s .

Cohort  #1

n-373 SS DF MS

r 2- 0 . 94664 r e s i d u a l  5976.06298 371 16.10799 SUM(xZ)-158956.895

r e g r e s s i o n  106024.24526 1 106024.24526 b -O .816701

i n t e r - - 0 . 6 8 7
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Appendix 4 ,  c a n ’ t  

Cohor t  #2

n-414 SS DF

r Z- 0 . 96750 r e s i d u a l  3043,52200 412

r e g r e s s i o n  90599,79936 1

MS

7.38719 SUM(x2 ) -  96291.527 

90599.79936 b - 0 . 960076

i n t e r - - 6 . 835852

Cohort  #3

n -  53

r 2- 0 . 94628 r e s i d u a l

r e g r e s s i o n

SS DF MS

304.83683 56 5.44351 SUM(x2 ) -  5680,845

5369.24477 1 5369.24477 b - 0 . 972188

i n t e r - - 4 , 831972

Hq Cohort  1 -  Cohort  2 Tuke.y Tes t

(SyZx)p - (5976.06298 + 3 043 .52200) / (371  + 412)

-  11.52

SE - SQRT(11,52(1 /15B956 .895  + 1/98291,527})

- 0 .0138

q -  ( 0 . 9 6 0 - 0 . 8 1 7 ) / 0 , 0138

-  10.36

DFp -  SUMi _ l k( n r 2) -  (373-2)  + (414-2) -

V f t f c a l  '  0 9539

R e j e c t  HQ
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Appendix 4,  c o n ’ t

Hq Cohort  1 -  Cohor t  3 Tukey Tes t

(Sy2x)p -  (5976.06 + 304 .8 4 ) / (3 7 1  + 56)

-  14.71

SE -  SQRT(14 .71(1 /158956 ,90  + 1 /5680 .85J)

-  0.052

q -  ( 0 . 9 7 2 - 0 . 8 1 7 J / 0 . 052 

-  2 .98

DFp -  (373-2) + (55-2) -

0 j * j i * 0,9539 ^ c r i t i c a l

R e jec t  Hq

Cohort 2 - Cohort  3 Tukey Tes t

(Sy2x)p -  (3043.52 + 3 0 4 .8 4 ) / ( 4 lZ  + 56)

-  7 .15

SE -  SQRT(7.15(1/98291.53  + 1/5680.85})

-  0 .036

q -  ( 0 . 9 7 2 - 0 . 9 6 0 ) / 0 . 036

-  0 .33

DFp -  (414-2) + (56-2) -

a . . .  * 0,9539^ c r i t i c a l

Accept H0
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Appendix 5* S t a t i s t i c a l  computations 

d i f f e r e n c e s

Cohort  t  1

X Y

4 44.1

10 43,3

17 25.7

27 24.4

35 26.2

38 31.3

44 19.3

52 24.2

67 3.1

74 4 .3

n - 10

SSV -  18408 - 3682/10  -  4865.6

SS - 6515 - (368) (247 .9J /10

-  -2607.7

SSy  -  7836.71 - 247 .92/10

-  1691.27 

b1 -  -0 .5 3 6

DFj -  10 - 2 -  0

o f  a t - t e s t  f o r  s i g n i f i c a n t  m o r t a l i t y

Cohort # 2

X V

17 60.7

27 42 .5

35 43 .5

38 26.0

44 31 .3

52 25 .8

67 12,5

74 4.3

n -  6

$SY - 18292 - 3542/ 8  = 2627.5

S5yw -  8564.4 - ( 3 5 4 ) ( ? 4 6 . 6 ) / 8  xy

- -2347.65

SSy = 9B79.C6 - 2 4 6 .6 ?/ 8

-  2277,6 

bz - -0 .893

DF2 « 8 - 2 -  6
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Appendix 5, con ’ t

RegSS -  1691.27 - ( - 2 6 0 7 .7 ) 2/ 4 8 6 5 .6 RegSS -  2277.6  - { -2347 .6 5 > Z/ 2 e ? 7 . 5  

-  293.68 -179 .99

S2 -  (293.68 + 179.99J /14  -  33.83J  A

Sh h -  SqRT (3 3 .8 3 /4 8 6 5 .6  + 33 .83 /2627 .51  -  0 .14 
D1 2

t  -  ( 0 . 5 3 6 ) - { - 0 . 8 9 3 J / 0 . 1 4  -  2.55 

* 0 .0 5 ( 2 ) ,1 4  * 2 1 4 5  

t > t 0 . 0 5 ( 2 ) t 14 R e jec t  HQ:Bl _

Slopes  or M o r t a l i t y  r a t e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t ,  (ZAR 1984)
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