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ABSTRACT: Condi t ion factors (CF = m g .  mm -3 . 100) of Pacific her r ing  larvae from Depar ture  
Bay, Canada,  were de te rmined  from two larval  year  classes and  compared  for yolk sac and  post-yolk 
sac feeding larvae. Decline in condit ion factors for yolk sac larvae was similar in both  years. 
Subsequent  increase of condit ion factors after pass ing  the  t ransi t ional  phase  be tween  loss of yolk 
and first feeding was identical  for bo th  years. The occurrence of emacia ted  larvae in 1976 w a s  

at tr ibuted to poor food supply dur ing the "critical per iod" (the t ime of first food uptake).  

I N T R O D U C T I O N  

T h e  l e n g t h / w e i g h t  r e l a t i o n s h i p s  of f i s h e s  w e r e  u s e d  as  e a r l y  as  1948 for  a s s e s s m e n t  

of t h e  f i she s '  c o n d i t i o n  a n d  c o n d i t i o n  f ac t o r s  ( C F ) ' w e r e  d e t e r m i n e d  as  w e i g h t  i n  g r a m s  

m u l t i p l i e d  w i t h  100 a n d  d i v i d e d  b y  s t a n d a r d  l e n g t h  i n  m i l l i m e t e r s  to t h e  t h i r d  p o w e r  (CF  

= g • 1-3 • 100) in  o r d e r  to  d e t e r m i n e  t h e  s t a t e  of n u t r i t i o n  of a f ish .  T h e  h i g h e r  t h e  

c o n d i t i o n  fac to r s  of a g i v e n  s p e c i e s ,  t h e  m o r e  t r u n c a t e  t h e  f ish .  W i t h i n  o n e  s p e c i e s  h i g h  

c o n d i t i o n  fac to r s  i n d i c a t e  w e l l  f ed  i n d i v i d u a l s .  B e c k m a n n  (1948) m a d e  u s e  of t h e  

c o n d i t i o n  f ac to r  in  t h e  d e s c r i p t i o n  of t h e  c o n d i t i o n  of s e v e n  M i c h i g a n  f i shes .  T h e  

c o n d i t i o n  fac to r  or c o e f f i c i e n t  of c o n d i t i o n  h a s  a l so  b e e n  m e n t i o n e d  b y  R o u n s e f e l l  & 

E v e r h a r d t  (1953) i n  t h e i r  t r e a t i s e  o n  f i s h e r y  s c i e n c e  as  e x p r e s s i n g  t h e  " . . .  r e l a t i v e  w e l l -  

b e i n g  of t h e  f i s h e s " .  T h u s  c o n d i t i o n  f ac t o r s  a r e  g e n e r a l l y  u s e d  to i n d i c a t e  s u i t a b i l i t y  of 

a n  e n v i r o n m e n t  or  to  c o m p a r e  t h e  s a m e  s p e c i e s  of f i sh  f r o m  o n e  a r e a  w i t h  t h o s e  f r o m  

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

R e c e n t l y ,  c o n d i t i o n  f ac to r s  h a v e  b e e n  u s e d  to d e t e r m i n e  t h e  c o n d i t i o n  of f i sh  l a r v a e  

as  w e l t  ( H e m p e l  & Blax te r ,  1963;  V i l e l a  & Z i j l s t r a ,  1971;  E h r l i c h  e t  al. ,  1976) a n d  a n  

a t t e m p t  h a s  b e e n  m a d e  to r e l a t e  t h e  c o n d i t i o n  of, for  i n s t a n c e ,  l a r v a l  p l a i c e  to f e e d i n g  

c o n d i t i o n s  a n d  s u b s e q u e n t  s u c c e s s  i n  r e c r u i t m e n t  ( S h e l b o u r n e ,  1957}. T h e  h y p o t h e s i s ,  

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

& Z i j l s t r a  (1971) w h i l e  i n v e s t i g a t i n g  t h e  c o n d i t i o n  of N o r t h  S e a  h e r r i n g  l a r v a e  a n d  i ts  

r e l a t i o n  to y e a r - c l a s s  succes s .  

In  o r d e r  to p r o v i d e  m o r e  i n s i g h t  i n t o  t h e  u n d e r s t a n d i n g  of t h e  d e v e l o p m e n t  of 

c o n d i t i o n  f ac to r s  in  y o l k  s a c  a n d  p o s t - y o l k  s a c  l a r v a e ,  t h i s  s t u d y  p r e s e n t s  t h e  d e v e l o p -  

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

y e a r s  1974 a n d  1976, 
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MATERIAL AND METHODS 

We collected data on dry weight  and  total l ength  of Pacific herr ing larvae, Clupea 
harengus pallasi, at the Nana imo  Pacific Biological Station, Canada ,  dur ing  April  and  
b e g i n n i n g  of May in  the years 1974 and  1976. Larvae were attracted at n ight  with a 
300 W l ight  bu lb  suspended  directly over the water  surface. Larval fish were then caught 
with a pail  and  after transfer to the laboratory (5 rain) anaes the t ized  and  measured.  The 
measured  spec imens  were dried at 60 °C on sil icon coated glass slides from which they 
could be easi ly removed for later  dry weight  determinat ion.  Condi t ion  factors of larvae 
were  calcula ted according to the formula CF = (weight  in  mg) × (total l ength  in ram) ~3 
× 100. In the l i terature mul t ip l ica t ion  with 1000 is also commonly  used; this affects the 
factor, however,  only  in the dec imal  place. 

Yolk vo lumes  were  ca lcula ted  by measu r ing  the large (a) and  small  (b) d iameter  of 
the yolk and  app ly ing  the data to the formula V (volume) = 4/3 g b2a. 

RESULTS AND DISCUSSION 

The deve lopmen t  of the 1974 and  1976 condi t ion  factors is depicted in Figure 1 for 
yolk sac and  post-yolk sac larvae. Dur ing  the yolk sac phase  larvae cont inuously  lose 
weight .  They start ga in ing  weight  shortly after the onset of feeding. Thus both phases 
have b e e n  cons idered  separately  and  l inear  regressions have b e e n  calculated for each 
phase.  As can  be seen from the regression equa t ion  (Fig. 1), in  both groups of yolk sac 
larvae the slopes of the regression l ines ind ica t ing  the deve lopment  of the condit ion 
factors are almost  ident ica l  (-  0.00571 in  1974; - 0.00574 in  1976). 

Al though we can assume that the larvae inves t iga ted  dur ing  this study were derived 
from the same paren ta l  stock ( spawning  of her r ing  takes place every year in  a nearby  
cove), we found considerable  differences in  condi t ion factors wi th in  the same length 
groups (Fig. 1). These  p ronounced  variat ions are caused by the size of the yolk sac as 
shown in  Figure 2. The yolk adds to the weight  without  increas ing  the length  of the 
larvae (see Blaxter & Hempel ,  1963). In the groups sized 8.75 to 10.25 mm there exists an 
almost l inear  re la t ionship  b e t w e e n  condi t ion  factors and  yolk sac volume.  The larger the 
yolk sac the greater  the condi t ion  factors at g iven  lengths  (Fig. 2). With increas ing  length 
and  decreas ing  yolk sac vo lume condi t ion  factors tend  to become smaller  and  more 
uni form (Fig. 1). Variat ions are low at the b e g i n n i n g  of feeding shortly after yolk 
absorpt ion  (Fig. 1, Table  1). This  means  that most of the larvae, after hav ing  resorbed 
their  yolk, start with almost the same condi t ion  factor at the t ime of first feeding,  hav ing  
a total l eng th  of approx, 11.0 mm. Those larvae which ini t ia ted feeding early still 
preserve  some of their  yolk remnants ,  as can  be t aken  from Figure l a  for the 9.5 to 10.5 
mm larvae and  from Figure l b  for the 10.5 to 11.5 mm (Fig. lb) larvae a nd  thus display 
h igher  m e a n  condi t ion  factors than  larvae of the same length  without  yolk vestiges when  
compar ing  open  and  closed circles in  Figure  1. This p h e n o m e n o n  has a l ready been  
descr ibed by Blaxter (1971) for Clyde her r ing  larvae. 

We also notice in  Figure 1 that post-yolk sac larvae, sized be t w e e n  9.0 and  11.0 mm 
still lose weight ,  g rowing  only  in  length,  a p h e n o m e n o n  also observed by Blaxter (1971) 
and  by Vilela & Zijlstra (1971) in  her r ing  larvae from the Clyde area and  the central  
North Sea. This phase  p robab ly  reflects the process of l ea rn ing  how to prey and  the 
improvemen t  of snapp ing  success (Rosenthal & Hempel ,  1970; Blaxter & Staines, 1971) 
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Fig. 1. Change of condition factor (mg •mm -3 - 100) with growth in herring larvae from Departure 
Bay, Canada. Full circles: yolk sac larvae; open circles: post-yolk sac larvae; mean surface water 
temperature during'the yolk sac phase was 9.3-9.4 °C. a: 1974; b: 1976. Broken lines indicate 

feeding larvae, starting at 13,00 mm for 1974 and 14.00 mm for 1976 

dur ing the t ime b e t w e e n  loss of yolk and first food up t ake  w h e n  more  ene rgy  is 

consumed by the sw imming  larvae  than is t aken  up via  food. 
Al though  the 1974 and 1976 larvae  start wi th  different  condi t ion  factors (see Tab le  1, 

8.45 mm), Figure  1 shows the rate of dec l ine  in condi t ion  factors of yolk sac larvae  to be 

ident ical  in 1974 and 1976. When  the la rvae  at tain the l eng th  of 8,8 ram, condi t ion factors 

in both year  classes are a l ready  very  much  a l ike  (1974: 0.0247; 1976: 0.0251) and after 

reaching  a total l eng th  of 10.00 m m  their  common  m e a n  condi t ion factor is 0.016. This is 
the moment  of first f eed ing  and after the t ransi t ional  phase  of first food up take  w h e n  

condit ion factors drop to as low as 0.0137 in 1974 and  0.012 in 1976, the condi t ion  of the 
larvae improves  at a total l eng th  of around 13.00 mm (1974) and 14.00 mm (1976). 

There  arises the ques t ion  why  condi t ion  factors of the 1976 la rvae  had to drop to 

0.012 before they started to improve.  A possible  exp lana t ion  is that, a l though  the surface 

water  t empera tu re  was the same in both years,  there  was  a major  phy top lank ton  b loom 
in April  1974 (Kennedy & LeBrasseur, 1977), thus food ava i lab i l i ty  must  have  b e e n  be t te r  

in 1974 dur ing the t ime of first feeding,  the "cr i t ical  per iod"  sensu Hjort  (1914). Once  

food avai labi l i ty  b e c a m e  bet ter  for the 1976 larvae  too, the progress  of growth  of this year  

class was pract ical ly  ident ical  to that  d i sp layed  by the 1974 animals .  F igure  1 indica tes  
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Fig. 2. Condi t ion  factors (mg ' m m  - 3  . 100) of Pacific herr ing  larvae in relat ion to yolk sac size (mm 3) 
and  total length.  Full circles are means  of several  measurement s  (figures) at a cer tain total length. 
Out l ined  p lane  indica tes  correspondance  with or devia t ion  from a l inear  length /yolk  sac volume/  
condi t ion factor re la t ionship  according to the formula z = 0.068 - 0.0052x + 0.014y. z: condition 
factor; x: m m  total length;  y: mm 3 yolk volume. Vertical  l ines to full circles indicate  deviat ions of 

measured  data  from the calcula ted p lane  

g r o w t h  of t h e  l a r v a e  a f t e r  h a v i n g  r e a c h e d  t h e i r  l o w e s t  c o n d i t i o n  fac tors ,  a n d  a f t e r  

p a s s i n g  t h r o u g h  t h e  t r a n s i t i o n a l  p h a s e  ( b r o k e n  r e g r e s s i o n  l i ne ,  1974 a t  13.00 m m ;  1976 

a t  14.00 ram) .  

A p a r t  f r o m  t h e  t r a n s i t i o n a l  , p h a s e  b e t w e e n  r e s o r p t i o n  of y o l k  s ac  a n d  s u c c e s s f u l  

i n i t i a t i o n  of f e e d i n g ,  d e v e l o p m e n t  of c o n d i t i o n  f ac to r s  in  f e e d i n g  l a r v a e  is l i n e a r ,  w i t h  

t h e  s u g g e s t i o n  of a n o n  l i n e a r  i n c r e a s e  b e y o n d  a t o t a l  l e n g h t  of 26 m m  (Fig. l b ) ,  a fac t  

a l so  n o t e d  b y  V i l e l a  & Z i j l s t r a  (1971). L i n e a r  i n c r e a s e  of CFs  i n  f e e d i n g  l a r v a e  h a s  a l so  

b e e n  o b s e r v e d  u n d e r  e x p e r i m e n t a l  c o n d i t i o n s  b y  L a u r e n c e  (1974) in  e a r l y  l a r v a e  of 

h a d d o c k  b'lelanogrammus aeglefinus. 
In  F i g u r e  l b ,  w e  n o t i c e  a m o n g  t h e  l a r v a e ,  s i z e d  12 to 24 ram,  s e v e r a l  " d r o p o u t s "  

w i t h  e x t r e m e l y  l o w  c o n d i t i o n  fac tors ,  s o m e  b e i n g  b e l o w  0.01. T h i s  is p o s s i b l y  a n  a f te r -  

e f fec t  of t h e  l o w  food  a v a i l a b i l i t y  a n d  t h e  r e s u l t i n g  p o o r  c o n d i t i o n  of t h e  1976 l a r v a e  

d u r i n g  t h e  " c r i t i c a l  p e r i o d " ,  b e c a u s e  t h e  c o n d i t i o n  f ac to r s  of f e e d i n g  f i sh  l a r v a e  d e p e n d  

o n  t h e  d e n s i t y  of p o t e n t i a l  food  o r g a n i s m s .  O n c e  p r e y  c o n c e n t r a t i o n  s i n k s  b e l o w  a 

c e r t a i n  l e v e l  t h e  c o n d i t i o n  of l a r v a e  s t a r t s  to d e t e r i o r a t e  ( L a u r e n c e ,  1974). 

O b s e r v a t i o n s  o n  t h e  l o w  c o n d i t i o n  f ac to r s  of s e a  c a u g h t  l a r v a e  h a v e  also,  b e e n  
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Table 1, Clupea harengus palassi. Variat ion of condit ion factors of her r ing  larvae from Depar ture  
Bay, Canada,  with larval development .  Water  temperature :  9.3-9.4 °C; * yolk sac larvae; SD: 

s tandard deviation; n: n u m b e r  of larvae measured ;  CF: condit ion factor (mg x m m  -3 x 100) 

1974 1976 

m m  CF SD n m m  CF SD n 

* 8.3 - 8,35 0.0284 _. 0.0042 10 * 8.45 0,0301 __ 0.0041 5 
* 8.45 0.02635 _+ 0,0013 4 * 8.79 0.0251 + 0.0032 9 
* 8.8 0.0247 _ 0.0027 13 * 9.18 0.0202 _+ 0.0021 10 
* 9.1 0.0222 _ 0.0033 10 "10.00 0.0163 _+ 0.0012 11 
* 9.2 0.0226 __ 0.003 8 11.39 0.0124 _+ 0.0012 11 
* 9,7 - 9.75 0.0187 _+ 0.0019 12 12.58 0.0120 + 0.00098 24 
* 10,00 0.0160 _+ 0.0021 5 13,79 0.0123 _+ 0.00070 10 

10.5 0.0147 -!-_ 0.0017 10 13.97 0,0120 __ 0,00098 10 
11,0 -11.05 0.0147 _+ 0.0013 11 14.48 0,0125 _+ 0.0016 11 
11,4 0.0141 _+ 0.0012 6 15.34 0.0145 _+ 0.0024 13 
12,4 -12.6 0.0138 +_ 0.00083 6 16.21 0.0156 + 0.0018 12 
12.95 0.0137 __ 0.00075 6 17.24 0.0167 + 0.0018 25 
14.6 -14.65 0.0152 _+ 0.0016 8 18.62 0.0157 _+ 0.0022 5 
15.35-15A 0.0174 _+ 0,0034 8 19.31 0.0179 _-4- 0.0022 14 
15.9 0.0172 _+ 0.002 7 21.03 0,0192 _+ 0.0034 11 
16.2 -16,25 0,0178 _ 0,00087 5 23.28 0,0198 +_ 0.00099 6 
16.9 0,0179 _ 0.003 6 24.14-24.48 0,0197 __ 0.0023 12 
17.2 -17.45 0.0182 __ 0.0014 6 26.50 0.0248 __ 0.0019 5 

r e p o r t e d  b y  B l a x t e r  (1971) w h o  c o l l e c t e d  C l y d e  S e a  h e r r i n g  l a r v a e  d i s p l a y i n g  c o n d i t i o n  

f ac to r s  a s  l o w  a s  0.009,  t h e r e w i t h  b e i n g  b e l o w  B l a x t e r ' s  l a b o r a t o r y  d e t e r m i n e d  C F s  

e x h i b i t e d  b y  l a r v a e  b e y o n d  t h e  e x p e r i m e n t a l  s t a r v a t i o n  l eve l ,  H i s  o w n  f i n d i n g s  l e a d  

B l a x t e r  (1971) to t h e  f o l l o w i n g  c o n c l u s i o n :  "It  m u s t  a t  p r e s e n t  r e m a i n  s o m e w h a t  u n c e r -  

t a i n  h o w  v a l i d  c o m p a r i s o n s  a r e  b e t w e e n  e x p e r i m e n t a l  a n d  s e a - c a u g h t  m a t e r i a l " .  

In a n y  c a s e  o u r  f i n d i n g s  a n d  a l s o  t h e  d a t a  p r o v i d e d  b y  S h e l b o u r n e  (1957) a n d  

B l a x t e r  (1971) s u p p o r t  t h e  a s s u m p t i o n  t h a t  l a r v a l  c o n d i t i o n  a n d  a l s o  t h e  r a t e  of s u r v i v a l  

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

p a s s e d  t h e  o b s t a c l e  " c r i t i c a l  p e r i o d "  t h e  c o n d i t i o n  f a c t o r s  i n  t h e  1974 a n d  1976 l a r v a e  

d e v e l o p  at  t h e  s a m e  r a t e  (Fig,  1). T a b l e  1 s h o w s ,  t h a t  t h e  1974 l a r v a e  a t  a g i v e n  l e n g t h  

a l w a y s  h a v e  b e t t e r  c o n d i t i o n  f a c t o r s  t h a n  t h e  1976 l a r v a e .  T h e  o c c u r r e n c e  of t h e  

" d r o p o u t s "  in  1976 f u r t h e r  d e m o n s t r a t e s  t h e  l a s t i n g  e f f e c t s  of t h e  food  s h o r t a g e  d u r i n g  

t h e  c r i t i ca l  p e r i o d  i n  t h e  1976 l a r v a l  p o p u l a t i o n .  T h u s ,  e f f e c t s  o n  t h e  l a t e r  r e c r u i t m e n t  of  

t h i s  y e a r  c l a s s  m i g h t  h a v e  b e e n  e x p e c t e d  ( s e e  a l s o  M a y ,  1974). Bu t  w h e n  c o m p a r i n g  t h e  

s i t u a t i o n ,  t h e o r e t i c a l l y  to b e  e x p e c t e d ,  w i t h  t h e  r e a l  o n e ,  w e  l e a r n  t h a t  t h e  1976 y e a r  

c l a s s  of t h e  G u l f  of G e o r g i a  h e r r i n g  p o p u l a t i o n  y i e l d e d  a n  e x t r e m e l y  g o o d  r e c r u i t m e n t  i n  

1979 a n d  1980, b e i n g  t w i c e  as  g o o d  a s  t h e  r e c r u i t m e n t  r e s u l t i n g  f r o m  1974 ( H o u r s t o n  & 

S c h w e i g e r t ,  1980). 

L I T E R A T U R E  C I T E D  

Beckmann,  W. C., 1948, The  l eng th -we igh t  re la t ionship  factors for convers ions  b e t w e e n  s tandard  
and  total lengths,  and  coefficients of condit ion for seven  Mich igan  fishes. - Trans.  Am. Fish. Soc. 
75, 237-256. 



2 6 2  H . v .  W e s t e r n h a g e n  & H .  R o s e n t h a l  

Blaxter ,  J. H. S., 1971. F e e d i n g  a n d  c o n d i t i o n  of C l y d e  h e r r i n g  la rvae .  - Rapp.  P.-v. R~un.  Cons .  
p e r m .  int.  Explor .  M e t  160, 128-136.  

Btaxter ,  J. H. S. & H e m p e t ,  G., 1963. T h e  i n f l u e n c e  of e g g  s ize  on  h e r r i n g  l a rvae  (Clupea harengus 
L.). - J .  Cons .  p e r m .  int.  Explor.  M e r  28, 211-240 .  

Blaxter ,  J. H. S. & S ta ines ,  M. E., 1971. Food  s e a r c h i n g  po t en t i a l  in m a r i n e  f ish larvae .  In: Four th  
E u r o p e a n  M a r i n e  Bio logy  S y m p o s i u m .  Ed. by  D. J. Cr isp .  U n i v e r s i t y  Press ,  C a m b r i d g e ,  467-485.  

Ehr l ich ,  K. F,, Blaxter ,  J, H. S. & P e m b e r t o n ,  R., 1976. M o r p h o l o g i c a l  a n d  h i s to log ica l  c h a n g e s  
d u r i n g  g r o w t h  a n d  s t a r v a t i o n  of h e r r i n g  a n d  p l a i ce  la rvae .  - Mar.  Biol. 35, 105-118.  

H e m p e l ,  G. & Blaxter ,  J. H. S., 1963. O n  t h e  c o n d i t i o n  of h e r r i n g  larvae .  - Rapp.  P.-v. Reun .  Cons .  
pe rm.  int. Explor .  M e r  154, 35-40 .  

Hjort ,  J., 1914. F l u c t u a t i o n s  in t h e  g r e a t  f i she r i e s  of n o r t h e r n  Eu rope  v i e w e d  in  the  l igh t  of 
b io log i ca l  r e sea rch ,  - Rapp.  P.-v. R~un.  Cons .  p e r m .  int. Explor.  M e t  I, 5 -38 .  

Hour s ton ,  A. S. & S c h w e i g e r t ,  J. F., 1980. Cohor t  a n a l y s i s  vs  d i rec t  m e a s u r e s  of t he  a b u n d a n c e  of 
m a j o r  p o p u l a t i o n s  of h e r r i n g  on  C a n a d a ' s  w e s t  coast ,  1971-1979.  - Tech ,  Rep. Can .  Fish. Aqua t .  
Serv. 959, 1-15.  

K e n n e d y ,  O. D. & LeBrasseu r ,  R., 1977. M i c r o p l a n k t o n  in t he  Stra i ts  of Georg ia .  I. Pe l ag ic  d i a t o m s  in 
D e p a r t u r e  Bay  a n d  a d j a c e n t  wa te r s .  - Ms.  Rep.  Fish.  Res. Bd Can .  1418, 1-43.  

L a u r e n c e ,  G. C., 1974. G r o w t h  a n d  s u r v i v a l  of h a d d o c k  Melanogrammus aeglefinus l a rvae  in 
r e l a t i on  to p l a n k t o n i c  p r e y  c o n c e n t r a t i o n .  - J. Fish.  Res. Bd Can .  31, 1415-1419.  

M a y ,  R. C., 1974. Larva l  m o r t a l i t y  in  m a r i n e  f i s h e s  a n d  t h e  cr i t ical  pe r i od  concept .  In: T h e  ea r ly  life 
h i s to ry  of f ish.  Ed. b y  J. H. S. Blaxter .  Sp r inge r ,  Berl in,  3 -19 .  

R o s e n t h a l ,  H.  & H e m p e l ,  G., I970.  E x p e r i m e n t a l  s t u d i e s  in f e e d i n g  a n d  food r e q u i r e m e n t s  of 
h e r r i n g  l a r v a e  (Clupea harengus L.). In: M a r i n e  food cha ins .  Ed. by  H. Stee le .  Ol ive r  & Boyd, 
E d i n b u r g h ,  344-364 .  

Rounse fe l l ,  G. A. & Everhar t ,  W. H.,  1953. F i s h e r y  sc i ence :  i ts  m e t h o d s  a n d  app l i ca t ions .  Wiley,  
N e w  York, 444 pp.  

S h e l b o u r n e ,  J. E., 1957, T h e  f e e d i n g  a n d  cond i t i on  of p l a i ce  l a rvae  in  g o o d  a n d  b a d  p l a n k t o n  
p a t c h e s .  - J. mar .  biol.  Ass .  U. K., 36, 539-552 .  

Vi le la ,  M. H. & Zijlstra,  J. J., 1971. O n  t h e  c o n d i t i o n  of h e r r i n g  l a rvae  in  t he  cen t ra l  a n d  s o u t h e r n  
Nor th  Sea.  - Rapp.  P.-v. RSun. Cons .  pe rm.  int. Explor .  M e r  160, 137-141.  


