
ICES Journal of Marine Science Advance A ccess published October 24, 2006

P a g e  1 o f  9

Prey selection by North Sea herring (Clupea harengus), 
with special reference to fish eggs

F. H. I. D. Segers, M. D ickey-Collas, a n d  A. D. R ijnsdorp

Segers, F. H. I. D, Dickey-Collas, M„ an d  Rijnsdorp, A. D. 2007. Prey selection  by N orth  Sea herring  (Clupea harengus), w ith  special reference to  
fish eggs. ICES Journal o f M arine Science, 64: 0 0 0 -0 0 0 .

T h e  h e rrin g  s to c k  in th e  N o rth  Sea in re c e n t years has re c o v e re d  to  a  relatively h igh  b iom ass, a n d  h e re  w e  in v e stig a te  p rey  se lec tio n  

o f  ind iv idua l N o rth  Sea h e rrin g  w h e n  p o p u la tio n  n u m b e rs  a re  high. T h e  d ie t  c o m p o s itio n , a n d  specifically  pelag ic  fish eggs, w as in v es
tig a te d  in F eb ru ary  2004. S am p les  o f  h e rr in g  from  th e  In te rn a tio n a l B o tto m  Traw l Survey w e re  u sed  fo r s to m a c h  analysis, a n d  

ic h th y o p la n k to n  sam p les  from  th e  s o u th e rn  N o rth  Sea w e re  u sed  to  in v estig a te  se lec tio n . C ru s tac e a n s  w e re  th e  m ain  d ie t  c o m 

p o n e n t.  T h e  a v erag e  d ia m e te r  o f  th e  fish eggs re co v ered  fro m  th e  s to m a c h s  w as s ign ifican tly  la rg e r th a n  t h a t  o f  t h e  eggs c o lle c te d  in 

th e  field. In ad d itio n , th e  freq u e n c y  a t  w h ich  th e  la te s t  d e v e lo p m e n ta l  s tag e s  o c c u r re d  in t h e  h e rrin g  s to m a c h s  w as s ign ifican tly  

d iffe ren t f ro m  th e  freq u e n cy  a t  w h ich  th e s e  stages  w e re  fo u n d  in t h e  field. T h is  sh o w s se lec tiv e  foraging. T h e re  w as a  re la tio n sh ip  

b e tw e e n  th e  a m o u n t  o f  fo o d  a n d  th e  n u m b e r  o f  eggs in a  h e rr in g  s to m a ch : th e  fu llest s to m a c h s  te n d e d  to  c o n ta in  few er fish eggs. 

T h is  su g g es ts  th a t  h e rrin g  fo rag e  o n  eggs w h e n  o th e r  p rey  a re  n o t  available. FJence, it  is likely t h a t  th e  d y n a m ic s  o f  m u ltip le  t ro p h ic  
levels in flu en ce  th e  eco log ical im p a c t o f  a  large h e rrin g  s to c k  o n  t h e  N o rth  Sea eco sy s tem .
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Introduction
F ro m  a  sp aw n in g  b io m ass  o f  50 000 t  in  th e  1970s, th e  h e rr in g  
(C lupea  harengus ) s to ck  in  th e  N o r th  Sea h a d  recovered  to  a lm o s t 
2  m illio n  to n n e s  b y  th e  ea r ly  2000s (IC E S, 2004a). C h an g e s  in  
b io m a ss  o f  su c h  m a g n itu d e  w ill im p a c t a n  ecosystem  (G reen stre e t 
e t al., 1997; J e n n in g s  et a l ,  2002) a n d  h a v e  le d  to  in te re s t in  q u a n 
tify in g  th e  im p a c t o f  h e rr in g  o n  th e  re s t o f  th e  N o r th  S ea ecosys
te m  a n d  o th e r  fish  stocks (IC E S, 20 0 4 b ). Q u a n tify in g  th e  im p a c t 
o f  h e r r in g  is  d iff ic u lt, because  th e  feed in g  b e h a v io u r  a n d  se le c tio n  
o f  p rey  b y  h e r r in g  in  th e  N o r th  Sea is n o t  w ell d esc rib ed , a n d  m o s t 
o f  th e  re c e n t s tu d ie s  to o k  p lace  ag a in s t th e  b a c k d ro p  o f  a  m u c h  
sm alle r p o p u la t io n  size (D a a n  e t a l ,  1985; Last, 1989). R aising  
th e se  e s tim a te s  f ro m  th e  1980s is  na ïve , b e ca u se  a n  a ssu m e d  l in e 
a r i ty  is  p ro b a b ly  in a p p ro p r ia te  g iven  th e  co m p lex itie s  o f  ecosys
te m  d y n a m ic s , a n d  ecosystem  s ta tes  m a y  h av e  c h an g ed  
(M acK enz ie  a n d  K oster, 2004 ). N o n - lin e a r ity  in  in te ra c tio n s  m a y  
re su lt in  n o n - l in e a r  ecosystem  d y n am ics  a n d  even  in  reg im e  sh ifts 
b e tw een  m u ltip le  e q u ilib ria  (D e  R o o s  a n d  P e rs so n , 2002; Scheffer 
a n d  C a rp e n te r ,  2 0 0 3 ). T h is  w o rk  o n  p re y  se lec tio n  is a  f ir s t s te p  in  
c o n s id e r in g  th e  im p a c t o f  th e  re cen t, la rg e r h e rr in g  s to ck  o n  co d  
(C a d u s m o rh u a )  a n d  p la ice  (P leuronectes p la tessa ) egg p ro d u c t io n  
in  th e  s o u th e r n  N o r th  Sea.

T h e  d ie t o f  A tla n tic  h e rr in g  is  w id e ly  accep ted  as b e in g  d o m i
n a te d  b y  p la n k to n ic  c ru s tace an s  (H a rd y , 1924; A rrh e n iu s  a n d  
H a n sso n , 1992; D a lp ad a d o  e t a l ,  2000; D a rb y so n  e t a l ,  2003; 
M ö llm a n n  e t a l ,  2003). In  th e  N o r th  Sea, th e  d ie t va rie s  by  
season , b u t  is  d o m in a te d  b y  c o p e p o d s  (C a la n u s  sp p ., Tem ora  sp p ., 
a n d  P seudoca lanus  sp p .) a n d  ju v e n ile  san d e e ls  (A m m o d y te s  sp p .) , 
w ith  fish  eggs, a m p h ip o d s , S a g itta  sp p ., a n d  O ikopleura  sp p . a lso

b e in g  m a jo r  c o n s ti tu e n ts  (H a rd y  1924; B ain b rid g e  a n d  Forsy th , 
1972; D a an  e t a l ,  1985; Last 1989). T h e re  a re  sp a tia l d ifferences  in  
th e  p rey  (Savage, 1937). T h e  in te ra c tio n s  o f  p re d a to r  a n d  p rey  
en su re  th a t  d u r in g  s u m m e r  feed ing , th e  d is tr ib u tio n  o f  h e rr in g  is 
c o in c id e n t w ith  th a t  o f  Z o o p lan k to n  (M arav elias  a n d  R eid, 1997).

R ecently, m o re  in fo rm a tio n  has b e co m e  availab le  a b o u t  th e  
feed in g  b e h a v io u r  o f  h e rrin g . A d u lt h e r r in g  a re  v isu a l feeders 
(B a tty  et a l ,  1990). T h e y  selec t fo r  la rg e r i te m s  (D a lp a d ad o  e t  a l ,  
2000) th a t  te n d  to  have g re a te r  en erg y  c o n te n t  (L eggett a n d  
D eB lo is, 1994), a l th o u g h  p rey  ty p e  a lso  p lays a  ro le  (C asin i e t a l ,  
2004 ). T h e  se lec tio n  b y  ty p e  o f  p rey  i te m  m a y  reflect “ le a rn e d ” 
b e h av io u r  (C heck ley , 1982, in  la rv ae ) o r  a  re sp o n se  to  o th e r  
s tim u li s u ch  as m o v em e n t. S ize se lec tio n  w as fo u n d  in  th e  Ir ish  
Sea (E llis a n d  N ash , 1997), w h e re  h e rr in g  selec ted  la rg e r eggs, 
su ch  as p la ice , ra th e r  th a n  th e  m o re  availab le  a n d  n u m e ro u s  
sm alle r eggs. T h is  se lec tio n  fo r  la rg e r eggs w as suggested  b y  b o th  
D a an  e t a l  (1985) a n d  Last (1989). H e re  w e t r y  to  co n firm  th ese  
su g g es tio n s  fo r N o r th  Sea h e rrin g .

H e rr in g  s ta r t  fo rag in g  above  a  c e r ta in  lig h t th re sh o ld . 
P ig m e n ta tio n  a n d  tra n sp a ren c y  o f  a n  ite m  affects v u ln e ra b ility  to  
v isu a l p re d a to rs  (L eggett a n d  D eB lois, 1994). F ish  eggs a t la te r 
s tages  o f  d e v e lo p m e n t sh o w  in c rea sed  lig h t a t te n u a tio n , u p  to  
4 2 %  (W ie la n d  a n d  K öster, 1996), p ro b a b ly  d u e  to  la rg e r em b ry o s  
a n d  g rea te r p ig m e n ta tio n . Ellis a n d  N a sh  (1997) fo u n d  th a t  s p ra t 
(Spra ttu s spra ttus) a n d  h e rr in g  in  th e  Ir ish  Sea c o n su m e d  m o re  
p la ice  eggs in  th e  la te r stages o f  d e v e lo p m e n t th a n  expec ted . A lso, 
W ie lan d  a n d  K öster (1996) n o te d  th a t  th e  freq u en cy  o f  c o d  eggs 
i n  th e  B altic  in  a n  ad v an ced  s tag e  o f  d e v e lo p m e n t w as c o n s id e r
ab ly  g rea te r in  h e rr in g  s to m ach s  th a n  in  c o rre s p o n d in g  p la n k to n
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sam ples. H e n ce , in  th o s e  tw o  reg io n s , h e rr in g  a p p a re n tly  select 
la te r stage fish  eggs.

P re d a tio n  o n  fish  eggs m a y  a lso  b e  affec ted  b y  th e  availab ility  
o f  o th e r  p rey . H a rd y  (1924) c o m m e n te d  th a t  h e  a n d  p rev io u s  
a u th o rs  f o u n d  th a t  w h e n  h e r r in g  c o n ta in e d  fish  eggs, th e re  w ere  
few  o th e r  p re y  ite m s  in  th e  s to m a ch s . D a a n  e t al. (1985) n o tic e d  
th a t  a l th o u g h  fish  eggs w e re  availab le  to  h e rr in g , th e  rela tively  
la rg e r h e rr in g  h a d  m o stly  c ru s tacea n s  in  th e ir  s to m ach s . T h is  
c u rre n t w o rk  a lso  tests  th e  h y p o th e s is  w ith  field  a n d  s to m a ch  d a ta  
th a t ,  w h en  c o p ep o d s  are  la c k in g , h e rr in g  s ta r t ea tin g  fish  eggs.

I n  a n  a t te m p t  to  d e sc rib e  th e  feed in g  b e h a v io u r  o f  h e rr in g  in  
th e  s o u th e rn  N o r th  Sea b e tte r , p a r tic u la r ly  in  te rm s  o f  s ize  selec
tiv ity  a n d  p re y  cho ice , a  p ro g ra m m e  o f  sam p lin g  to o k  p lace  in  
F eb ru a ry  2 0 04 . T h is  p ro g r a m m e  c o in c id ed  w ith  th e  a n n u a l 
sp aw n in g  o f  p la ice  a n d  c o d  (B rander, 1994; R ijn sd o rp  an d  
W itth a m e s , 2005) a n d  w ith  a n  in te rn a tio n a l ic h th y o p la n k to n  
su rvey  d e s ig n e d  to  m a p  th e  d is tr ib u t io n  o f  c o d  a n d  p la ice  sp aw n 
in g  in  th e  N o r th  Sea (ICES, 2004c; F ox  et a l. , 2005).

Material and m ethods 
Field sam pling
Sam ples o f  h e r r in g  w ere  c o lle c te d  d u r in g  th e  D u tc h  c o n tr ib u tio n  
to  th e  In te rn a tio n a l B o tto m  T raw l Survey (IB TS) o f  th e  N o r th  Sea 
in  F e b ru a ry  2 0 0 4  (ICES, 2 0 0 4 d ). W h e re  po ssib le , so m e  25 h e rr in g  
across th e  le n g th  d is tr ib u t io n  w ere  ta k e n  fro m  each  h a u l 
(F igu re  1). T h e  size ran g e  o f  th e  sam p led  fish  w as 8 2 - 2 8 8  m m  
to ta l leng th .

As ic h th y o p la n k to n  is d ig e s ted  qu ick ly  (H u n te r  a n d  K im brell, 
1980), th e  sam p les  w ere  p ro c e ss e d  o n  d eck  as  fa s t as possib le . T h e  
fish  w ere  im m e d ia te ly  c u t  o p e n  to  ex p o se  th e  a b d o m in a l cavity, 
th e n  fixed w h o le  in  4%  b u ffe re d  fo rm ald eh y d e . A s th e  IBTS o n ly  
takes sam p les  d u r in g  d a y lig h t, n o  sam p les  w ere  co llected  in

Figure 1. T h e  locations o f th e  hauls o f  th e  IBTS in February 2004. 
Crosses in d ica te  th a t  no  herring  w ere  cap tu re d  a t th a t  site, circles 
indicate th a t  a  sam ple  o f app ro x im ate ly  25 herring  was collected, 
an d  filled circles sh o w  hauls th a t  c o n ta in ed  herring  w ith  fish eggs in 
th e ir  stom achs.

F. H . I. G. Segers e t al.

T able t .  D efinition o f  s to m ach  fullness categories.

Category Description
0 C o m p le te ly  e m p ty

1 N early  e m p ty

2 S evera l f o o d  i te m s

3 Filled

4 S tu ffe d

d a rk n ess , th u s  p re v e n tin g  a n y  s tu d y  o f  p o te n tia l n ig h t- t im e  filter- 
feed in g  b y  h e rr in g , as s h o w n  b y  B atty  e t al. (1986).

Analysis o f stom ach c o n te n ts  and  th e  d ie t com position
In  th e  la b o ra to ry , e ach  fish w a s  w e ig h ed  to  th e  n e a re s t 0.01 g  a n d  
its  to ta l le n g th  w as m e a su re d  to  th e  n e a re s t 1 m m . A fte r th is , th e  
s to m a c h  w as re m o v e d  a n d  its  c o n te n ts  analysed  u n d e r  a  b in o c u la r  
m ic ro sc o p e . N o  analysis o f  th e  c o n te n ts  o f  th e  in te s tin e  w as 
u n d e r ta k e n .

A  v isu a l e s tim a tio n  o f  s to m a c h  fu llness w as m a d e  a n d  th e  
re su lts  a llo c a te d  to  o n e  o f  five  ca teg o ries  (T ab le  1). T h e  eggs 
p re s en t w ere  c o u n te d  a n d  d ia m e te rs  m e a su re d , i f  p o ss ib le , to  th e  
n e a re s t 0 .01 m m . T h e  d e v e lo p m e n ta l stages o f  th e  eggs w ere  
assessed  u s in g  s im p lified  ca teg o r ie s  (T ab le  2 ), becau se  p a rtia lly  
d ig ested  eggs a re  h a rd  to  s tag e . A fte r re m o v a l o f  th e  eggs, th e  
re m a in in g  s to m a c h  c o n te n ts  w e re  id e n tifie d  to  th e  low est p o ssib le  
ta x o n o m ic  leve l a n d  c o u n ted .

E s tim a tes  o f  th e  im p o r ta n c e  o f  c e r ta in  ta x o n o m ic  fo o d  cat
ego ries to  s o u th e r n  N o rth  S ea  h e r r in g  w ere  m ad e . P re fe rre d  p rey  
size c an  d iffe r w ith  fish le n g th  (R ijn s d o rp  a n d  Jaw orsk i, 1990), so 
w e  u sed  m e th o d s  th a t  e s tim a te  th e  im p o r ta n c e  o f  fo o d  g ro u p s  
re la tiv e  to  th e  to ta l  o f  all g ro u p s . T h is  w as expressed  in  tw o  w ays, 
w h ic h  a llo w ed  c o m p a r is o n  o f  re su lts . W e calcu la ted  th e  n u m e ric a l 
p e rc en tag es  (N ) o f  th e  d iffe ren t fo o d  catego ries (B erg , 1979; 
H y slo p , 1980; T ic in a  et al., 2000 , a n d  references th e re in ) . T h is  
m e th o d  e s tim a te s  th e  a m o u n t in  n u m b e rs  a  fo o d  g ro u p  c o n tr ib u 
te d  to  th e  h e r r in g  d ie t re la tive  to  th e  to ta l  a m o u n t  in  n u m b e rs  o f  
all g ro u p s:

N ( % ) = £ x  100, (1)
N  i

w h e re  n¡ is  th e  n u m b e r  o f  in d iv id u a ls  o f  a  p a r tic u la r  ta x o n o m ic
g ro u p  a n d  N , th e  to ta l  n u m b e r  o f  in d iv id u a ls  o f  all ta x o n o m ic
g ro u p s .

W e also  e s tim a te d  th e  fo o d  im p o r ta n c e  in d e x  (F) (T ic in a  e t a l ,  
2000 , a n d  re fe ren ces  th e re in ), w h ic h  estim ates  th e  n u m b e r  o f  
s to m a c h s  t h a t  c o n ta in e d  th e  fo o d  g ro u p  re la tive  to  th e  to ta l  
n u m b e r  o f  s to m a c h s  th a t  c o n ta in e d  fo o d . In  th is  w ay, th e  im p o r t
a n ce  o f  sm a ll p re y  item s  tak e n  in  la rge  n u m b e rs  b y  sm all h e rr in g  
is n o t  o v e re s tim a ted :

F(%) =  - ^ x l 0 0 ,  (2)
IN  s

w h e re  ns is th e  n u m b e r  o f  s to m a ch s  th a t  c o n ta in e d  th e  specific  
fo o d  i te m  a n d  N s th e  to ta l n u m b e r  o f  s to m a ch s  th a t  c o n ta in e d  
food .

Egg co nsum ption  an d  selection
D e v e lo p m en ta l stages (Riley, 1973; T h o m p s o n  a n d  Riley, 1981) 
a n d  d ia m e te rs  o f  fie ld -sam pled  fish  eggs w ere  re c o rd e d  as a b y p ro 
d u c t  o f  th e  IC ES c o o rd in a ted  ic h th y o p la n k to n  su rveys (ICES,

- f-  N o  h e rr in g  c a u g h t  

O  H e rr in g , n o  e g g s  in s to m a c h  

®  H e r r in g , e g g s  in s to m a c h
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Table 2. D escription of stages to  w hich th e  fish eggs in th e  herring  s tom achs w ere  a llo ca ted  in th is  s tu d y , an d  th e  co rresp o n d in g  stages of 
T hom pson  a n d  Riley (1981) a n d  Riley (1973).

Stage Description Stage following T hom pson and Riley (1981) and Riley (1973)

1 No em bryo visible. Yolk or blastodisc visible la  and  b

2 Short-tailed em bryo visible 2 and 3

3 Embryo fills w hole egg and  has a long tail 4 and  5

2004c; F o x  e t  a l ,  2005). O n ly  th e  d a ta  fro m  th e  D u tc h  p o r t io n  o f  
th e  su rvey  w ere  u sed  in  th is  analysis. S a m p lin g  w as ca rried  o u t 
w ith  a  G u lf  V II h ig h -sp e ed  p la n k to n  s a m p le r  (N a sh  e t al., 1998) 
fit ted  w ith  a  270 p-m m e sh  n e t, d e p lo y ed  in  a  d o u b le -o b liq u e  
m a n n e r  to  2  m  above th e  seab ed . S a m p le s  w ere  p reserved  in  4%  
fo rm ald eh y d e  o r  th e  eggs w ere  p ic k e d  o u t  a n d  id en tified  a t sea.

W h e n  c o n s id e rin g  size selec tiv ity  fo r  fish  eggs, th e  o ccu rren ce  
o f  te m p o ra l v a ria tio n  in  th e  s ize  c o m p o s i t io n  o f  fish  eggs in  th e  
s o u th e rn  N o r th  Sea has to  b e  a c c o u n te d  fo r, as w ell as th e  freq u e n 
cies a t  w h ic h  th e  d iffe ren t d e v e lo p m e n ta l stages w ere  p re s en t in  
th e  w a te r co lu m n . T h e re fo re , i t  w as n ece ssa ry  to  se lec t egg  su rvey  
d a ta  th a t  h a d  th e  closest o v e rla p  in  sp ace  a n d  t im e  w ith  th e  avail
ab le  s to m a c h  da ta . T h e  d a ta  c o rre s p o n d in g  b e st w ith  these  
req u ire m e n ts  w ere  sam pled , f ro m  15 to  19 F eb ru a ry  2004. T he  
d is tr ib u tio n  o f  th e  d iffe ren t d ia m e te rs  o f  eggs over th e  dev e lo p 
m e n ta l s tages  fo r b o th  field  a n d  s to m a c h  sam p les  w as te s ted  u s ing  
o n e -w ay  A N O  VA.

A  X2 c o n tin g e n cy  ta b le  te s t  w as u n d e r ta k e n  to  te s t  i f  th e  th re e  
egg stages o c c u r re d  a t  th e  s a m e  freq u e n c ie s  in  th e  fie ld  as in  th e  
h e rr in g  s to m ach s . O n e -w ay  A N O  VA w as u sed  to  c o m p a re  the  
average d ia m e te rs  o f  th e  fie ld  a n d  s to m a c h  eggs. To lo ca te  s ign ifi
c an t d iffe ren ce  w ith in  th e  s ize  s p e c tru m  o f  fish  eggs, a 
K o lm o g o ro v -S m irn o v  tw o -s a m p le  te s t  w as a p p lie d  (S okal an d  
R ohlf, 1981).

Food type  preference
I f  h e rr in g  s ta r t e a tin g  eggs w h e n  c ru s tac e a n s  a re  lack ing , it  w o u ld  
be  ex p ec ted  th a t  a  re la tio n sh ip  ex ists  b e tw een  th e  level o f  fullness 
a n d  th e  egg  c o n te n t o f  th e  s to m a ch s . T o  ex p lo re  th is , a  lin e a r 
reg ression  m o d e l w as f it ted  o n  th e  lo g - tra n s fo rm e d  n u m b e r  o f  
eggs. F ish  w e ig h t a n d  s to m a c h  fu llness ca teg o ry  w ere  ch o sen  as 
variab les. O n ly  fullness c a teg o ries  2, 3, a n d  4  (T ab le  1) w ere  tak en  
in to  a cc o u n t, becau se  b y  d e f in itio n , e m p ty  o r  v irtu a lly  e m p ty  
s to m ach s  w ill n o t  c o n ta in  eggs. T h u s ,

Eggs ea ten  =  e ("+catc8^ i + ß x ^ i N )  +  8¡ ( 3 )

n u m e ric a l p e rc en tag e  a n d  f o o d  im p o r ta n c e  in d e x  fo r  th e  m o s t 
p a r t  gave th e  sam e  re su lt (F ig u re  2 ). A  v a rie ty  o f  ta x o n o m ic  
g ro u p s  w as fo u n d ,  w ith  la rge  v a ria n c e  in  sign ificance . As expec ted , 
co p ep o d s  d o m in a te d  th e  d ie t  n u m e ric a lly  (5 9 % ) a n d  w ere  also 
fo u n d  in  th e  m o s t  s to m a ch s  (4 0 % ). A c co rd in g  to  b o th  ind ices, 
co p ep o d s , a m p h ip o d s , a n d  e u p h a u s iid s  a p p e a r  to  be  ta k e n  m o s t 
by  s o u th e rn  N o r th  Sea h e r r in g  in  F eb ruary . F ish  eggs seem  to  be  
th e  p re fe rred  fo o d  ty p e  a f te r  c ru s tacean s  (F ig u re  2 ). A lth o u g h  
n u m erica lly  less im p o r ta n t  th a n  c ru s tace an s , fish  eggs w ere 
p re s en t in  a  c o n s id e ra b le  p r o p o r t io n  o f  th e  s to m a c h s  ( 19% ).

O ccasionally , m a n y  in d iv id u a ls  fro m  a  p a r tic u la r  h a u l c o n 
ta in e d  la rge  a m o u n ts  o f  a c e r ta in  ta x o n o m ic  g ro u p , e .g. a lm o s t all 
th e  h e rr in g  th a t  c o n ta in e d  c ra b  la rv ae  (F ig u re  2, T ab le  3) o rig i
n a te d  fro m  o n e  h au l.

Selective co nsum ption  of fish eggs
M o st fish  eggs f ro m  th e  s to m a ch s  c o u ld  n o t  b e  m e a su re d  because  
o f  th e ir  a d v a n c e d  s ta te  o f  d ig e s tio n  (T ab le  3 ). H o w ev er, th e  d is tr i
b u t io n  o f  egg  d ia m e te rs  fro m  th e  field  is b ro a d e r  th a n  th e  d is tr i
b u t io n  o f  egg  d ia m e te rs  fo u n d  in  h e r r in g  s to m a c h s  in  th e  sam e 
a reas (F ig u re  3 ). T h e  average d ia m e te r  o f  th e  eggs in  th e  s to m ach s 
w as s ig n ific an tly  la rg e r  th a n  th a t  o f  th e  eggs co llec ted  in  th e  field  
(A N O V A , F U 3,3 =  58.4 , p  <  0 .001).

T h e  re la tiv e  freq u e n c y  d is tr ib u tio n s  o f  th e  field  a n d  s to m a ch  
eggs d iffe r (F ig u re  4 ). T h e  egg  d ia m e te rs  w ere  ro u n d e d  to  o n e  
d ecim al. T h e  freq u e n c y  a t w h ic h  eggs w ith  a  d ia m e te r  o f  0 .9 -  
1.3 m m  w ere  f o u n d  in  th e  field  w as s ig n ific a n tly  h ig h e r  th a n  the  
freq u en cy  a t w h ic h  th o s e  sizes w ere  e n c o u n te re d  in  th e  s to m ach s , 
becau se  th e  K o lm o g o ro v - S m im o v  s ta t is tic  (D ) w as s ig n ifican t 
(A i.o i =  1 .67) o v e r th is  s ize  ra n g e . T h e  h ig h e s t va lue  
( A m x  =  0 .348) w as a t 1.2 m m .

T h e  95%  c o n fid e n c e  in te rv a l in  egg d ia m e te r  fo r  co d  eggs was 
1 .2 8 -1 .6 7  m m  a n d  fo r  p la ice  eggs 1 .6 6 -2 .2 2  m m  (ICES

w h e re  a  is  th e  in te rce p t, ß  th e  s lo p e , a n d  e  th e  n o rm a lly  d is tr ib u 
te d  e r ro r  te rm . T h e  p a ra m e te r  c a teg o ry  is  a fu llness c lassification  
variable.

Statistical analysis
All s ta tis tica l tests, excep t th e  K o lm o g o ro v - S m im o v  tw o -sam p le  
test, w ere  u n d e r ta k e n  in  SPSS, 12.0.1. T h e  lin e a r re g re ss io n  was 
d o n e  w ith  SAS so ftw are  (SAS V e rs io n  8 .1 , SAS In s titu te , C ary, 
N C , U SA ). W e used  th e  G E N M O D  p ro c e d u re  w ith  log- 
tra n s fo rm e d  d e p e n d e n t v a ria b le  to  n o rm a liz e  th e  e r ro r  te rm .

Results
Diet
O f  th e  855 an alysed  h e rr in g  s to m a c h s , 578 h a d  fo o d  a n d  111 c o n 
ta in e d  fish  eggs, v a ry ing  f ro m  1 to  63 ite m s  p e r  s to m ach . T he

70% 

60% ; 

50%

40%

30%

20%

\C N
U f

r*-

S A V
Figure 2 . N um erical percen tage (N) a n d  food  im p o rtan ce  index (F) 
g rouped  by tax o n o m ic  g roup  e n co u n te red  in herring  stom achs. O f 
th e  855 herring  s to m ach s  analysed, 578 h ad  food  a n d  111 co n ta ined  
fish eggs, varying from  1 to  63 prey item s p e r s tom ach .
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T able 4 . C on tingency  tab le  (Z ar, 1999) o f th e  frequencies a t  w hich 
th e  d ifferen t developm en ta l s tag e s  w ere fo u n d  in herring  s tom achs 
an d  in th e  field.

Field e g g s Stom ach eg g s

Figure 3. Box a n d  w hisker p lo ts  o ffish  egg d iam eters from  field an d  
s tom ach  sam ples. T he plots w ere  c o n stru c ted  w ith th e  field and  
s tom ach  d a ta  th a t  h ad  th e  g re a te s t overlap in space an d  tim e. T he 
boxes ind ica te  th e  25 th , 50th, a n d  75th  percentiles o f th e  
d istributions, th e  w hiskers sh o w  th e  10th a n d  90 th  percentiles, and  
th e  o p en  sym bols rep resen t ou tliers.

0 25

0.15

<s>
&  0.GS

0 8 0.9

□  Field 
Ö  Stom achs

UL
5.2 1 3  1.4 1 5  16 5.7 1.Ö 
Fish eg g  diam eter (mm)

, . Q

2 2.1

Sample Stage

1 2 3

Total

Field Counted 565 425 158 1148
Expected 545.8 422.6 179.6

Stom achs Counted 64 62 49 175
Expected 83.2 64.4 27.4

Figure 4. Bar c h a r t  o f  th e  re la tive  frequencies o f fish egg d iam eters  
from  field a n d  s to m ach  sam ples. T he  p lo ts w ere c o n stru c ted  w ith 
th e  field a n d  s to m ach  d a ta  th a t  h a d  th e  g rea test overlap in space 
an d  tim e. T he  d iam eters  a re  ro u n d e d  to  o n e  decim al. For th e  size 
range 0 .9 -1 .3  m m , th e  K o lm o g o ro v -S m irn o v  statistic  (D) was 
significant (D0.0i =  1.666), ind ica ting  th a t  fish eggs in th is size range 
were m o re  freq u en t in th e  field th a n  in herring  stom achs. T he 
highest value (Dmax =  0.348) w as a t  1.2 m m .

ic h th y o p la n k to n  su rv ey  2 0 04 , u n p u b lis h e d  d a ta ) . T h e  freq u en c ies  
o f  th e  stages  in  th e  s to m a ch s  d iffe red  s ign ifican tly  fro m  th o se  in  
th e  field  (T ab le  4 , x 2  c o n tin g e n cy  te s t, X2 .1 3 2 3  =  24.9, p  <  0 .001).

Difference in average d iam e te r betw een stages
W h en  th e  fish  eggs co lle c ted  f ro m  th e  s to m a c h s  are  c lu s te red  b y  
stage, th e re  a p p e a r  to  be d iffe ren ce s  in  average d ia m e te r  b e tw een  
th e  th re e  g ro u p s  (F ig u re  5 a ). T h e  effect o f  stage  o n  d ia m e te r  is s ig 
n ifica n t (A N O V A , 1*2 ,1 7 5  =  9 .2 9 , p  <  0 .001 ). A T u k e y ’s H S D  p o st 
hoc te s t sh o w e d  th a t  th e  m e a n  d ia m e te r  o f  S tage 1 was s ign ifican tly  
sm alle r th a n  th e  m e a n  d ia m e te r  o f  S tages 2  a n d  3 eggs (p  =  0.002

T h e  " c o u n te d "  v a lu e s  rep re s e n t  th e  f re q u e n c ie s  o b serv ed , a n d  th e  e x p e c te d  
va lu es  a re  t h e  f re q u e n c ie s  a t  w h ich  t h e  s tag es  sh o u ld  o c c u r  if th e r e  w as no  
se lec tio n . T h e  p re d ic tio n s  w ere  c a lc u la te d  in SPSS 12.0.1.

a n d  0 .001, respec tive ly ), b u t t h a t  S tages 2 a n d  3 eggs d id  n o t 
d iv e rg e  in  s ize  (p  =  0.883).

A  s im ila r  re s u lt  is  fo u n d  w i th in  th e  egg su rvey  d a ta  (F ig u re  5b, 
A N O V A , F 2>s8 5 2  — 118.2, p  <  0 .001 ). E gg size inc reases  w ith  
stage. A T u k e y ’s H S D  te s t  rev ea led  th a t  a ll th e  stages d iffe r s ign ifi
c an tly  in  average  d ia m e te r  ( p  <  0 . 0 0 1  fo r a ll c o m p a riso n s) . 
A p p a re n tly , th e  d iffe ren ce  in  a v erag e  d ia m e te r  b e tw een  th e  devel
o p m e n ta l  s tages  o f  th e  eggs ta k e n  b y  h e rr in g  is a re fle c tio n  o f  th e  
ic h th y o p la n k to n  c o m p o s i tio n  i n  th e  w a te r  c o lu m n .

Food ty p e  preference
T h e  n u m b e r  o f  eggs in  th e  s to m a c h  w as m o d e lled  as a  fu n c tio n  o f  
b o d y  w e ig h t a n d  fu llness catego ry . B o th  w e ig h t ( x i ,3 6 8  =  243.2, 
p  <  0 .001) a n d  fu llness ca teg o ry  ( x 2 ,3 6 8  =  495.8 , p  <  0 .001 ) have 
a  s ig n ific an t effect, ex p la in in g  17 a n d  11%  o f  th e  v a r ia tio n  in  th e  
s to m a c h  d a ta , respectively . T h e  n u m b e r  o f  fish eggs e a ten  b y  
h e r r in g  inc rea se s  w ith  fish  w e ig h t (F ig u re  6). A lso , th e  m o d e l p re 
d ic ts  m o re  eggs in  th e  s to m ach s  o f  h e rr in g  th a t  c o n ta in  less fo o d  
a n d  zero  eggs w h e n  th e  s to m a ch  is  fu ll (C a teg o ry  4 ).

Discussion
T h is  s tu d y  o n  p re y  selec tion  o f  N o r th  Sea h e rr in g  in  th e  p a s t  50 y 
w as th e  f irs t to  ta k e  p lace w hen  th e  s to ck  b io m ass  w as h ig h , w ith  
c o in c id e n t ic h th y o p la n k to n  s am p lin g . I t  b ro a d ly  s u p p o r ts  th e  
fin d in g s  o f  p re v io u s  s tu d ies, b u t i t  q u an tifie s  fo r th e  firs t t im e  th e  
effect o f  s to m a c h  fu llness o n  se le c tio n  o f  fish  eggs a n d  clearly  
d e m o n s tra te s  a  p re fe ren ce  fo r  la te r stage eggs.

D iet com position
N u m erica lly , c ru s tac e a n s  d o m in a te  th e  d ie t  o f  h e rr in g  in  th e  
s o u th e rn  N o r th  Sea in  February. A lso , th e y  o c c u r re d  in  th e  g re a t
est p e rc en ta g e  o f  s to m ach s  over all size classes o f  h e rrin g . T h is 
fin d in g  w as e x p ec ted , because  i t  is  in  b ro a d  a g re em e n t w ith  th a t  o f  
o th e r  s tu d ie s  (H a rd y , 1924; L ast 1989; A rrh e n iu s  a n d  H a n sso n , 
1992; D a lp a d a d o  e t a l ,  2000; D a rb y so n  et a l ,  2003). T h e  o c c u r
re n ce  o f  o th e r  fo o d  g ro u p s , su ch  as fish  la rv ae  a n d  tu n ic a te s , led 
H a rd y  (1924) to  c o n c lu d e  th a t h e r r in g  a re  o p p o r tu n is tic .  O u r  
fin d in g s  s u p p o r t  th is  c o n clu sio n , b ecau se  o ccasio n a lly  m a n y  in d i
v id u a l h e r r in g  in  a  p a r tic u la r  h a u l c o n ta in e d  crab  o r  fish  larvae. 
T h is  re flec ts  th e  c lu s te r in g  d esc rib ed  b y  P e n n in g to n  e t a l  (2002), 
a n d  p e rh a p s  a lso  th e  sp a tia l sp read  o f  Savage (1937), a n d  fo r  th is  
re a so n  o n ly  a  m a x im u m  o f  25 fish  fro m  every  availab le  h a u l  w ere  
analy sed  in  th is  s tudy .

In te re s tin g ly , in  c o n tra s t to  th e  la rge  q u a n titie s  o f  juven ile  
san d e e l in  h e r r in g  s to m a ch s  co llected  in  th e  s p rin g  o f  1922, 1923, 
1984, a n d  1986 (H a rd y , 1924; Last, 1989), n o  sandee ls  w ere  fo u n d  
d u r in g  th e  c u r r e n t  s tu d y , s im ila r to  th e  s itu a tio n  in  s p rin g  1983
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Figure 5. Box a n d  w hisker p lo ts  o f  th e  d is tribu tion  o f th e  d iam eters  
p e r stage for (a) eggs co llected  from  s to m ach s a n d  (b) for th o se  
found in th e  field d u ring  egg surveys. T he  p lo ts  w ere co n stru c ted  
w ith  all field an d  s to m ach  d a ta  available, so  overlap in space and  
tim e  was n o t considered . T he boxes ind ica te  th e  25th, 50th, and  
75th  percen tiles  o f  th e  d istribu tions, th e  w hiskers show  th e  10th 
and  90 th  percentiles, an d  th e  o p e n  sym bols a n d  asterisks rep resen t 
outliers.

(L ast, 1989). H a rd y  (1924) fo u n d  th a t  h e rr in g  p reyed  o n  juven ile  
san d ee l in  early  s p rin g  a n d  th a t  c ru s tac e a n s  d o m in a te d  th e  d ie t 
a fte r A p ril. H e  h y p o th e size d  th a t  h e rr in g  u sed  sandee l fo r g ro w th  
a n d  co p ep o d s  fo r  g o n a d  m a tu ra t io n .  T h is  m a y  b e  a n  over- 
in te rp re ta tio n  o f  th e  d a ta , a n d  th is  sw itch  in  p rey  ty p e  m a y  p u re ly  
be  a  re fle c tio n  o f  p re y  av a ilab ility  th e n .

 C a te g o ry  2

0  C a te g o ry  2  o b s e rv a t io n s

 C a te g o ry  3

X  C a te g o ry  3  o b s e rv a t io n s

 C a te g o ry  4

o  C a te g o r y 4  o b s e rv a t io n s
E
o

c

20 00 4 0  0 00  00 6 0  00 8 0  00 1 0 0  0 0  1 2 0  0 0  1 4 0  0 0  1 6 0  0 0

H e r r in g  v /e ig h t  (g )

Figure 6. P red ic ted  a n d  observed  q u an titie s  o f  eggs in s tom achs 
p lo tted  again st fish w eight for th e  d ifferen t fullness categories. The 
g raph  is c o n s tru c ted  w ith  p red ic tions th e  m odel m ade  for th e  
herring used  in th is  study. For clarity, so m e  ou tlie rs  w ere rem oved 
w hen co n stru c tin g  th is graph, all belonging  to  category  2 (the  
num bers  w ere  28, 33, 39, 39, 57, an d  63, a n d  th e  w eights were, 
respectively, 65.30, 67.92, 61.18, 87.43, 61.27, a n d  97.00 g).

H yslop  (1980) p ro p o s e d  th a t  th e  b e s t m easu re  o f  d ie ta ry  
im p o r ta n c e  is o n e  w h e re  b o th  th e  n u m b e r  a n d  th e  v o lu m e  o f  a 
fo o d  c a teg o ry  a re  re c o rd e d . T h e  m e th o d s  u se d  in  th is  s tu d y  d o  n o t  
ta k e  th e  v o lu m e s  o f  th e  fo o d  ty p e  in to  acc o u n t. T h e re fo re , they  
o v e re s tim a te  th e  im p o r ta n c e  o f  sm all p re y  i te m s  ta k e n  in  large 
n u m b e rs  (H y s lo p , 1980). In  c o n tra s t ,  n u m e ric a l m e th o d s  give a n  
in d ic a tio n  o f  th e  a m o u n t  o f  e ffo rt ex e rted  in  se lec ting  a n d  c a p tu r 
in g  p rey  o rg a n ism s  (B all, 1961). A d d itio n a lly , n u m e ric a l m e th o d s  
have a n  a d v an ta g e  in  th a t  they  a re  fast a n d  s im p le  to  execu te , a n d  
w h e n  th e  p re y  ite m s  a re  in  th e  sam e  size ran g e , as in  p la n k tiv o ro u s  
fish, th e y  o p e ra te  w ell (H yslop , 1980). T h e re fo re , th e  b ia s  in tr o 
d u c ed  in to  th is  s tu d y  b y  th e  ch o ice  o f  th is  m e th o d  is c o n s id e re d  to  
b e  sm all, p a r t ic u la r ly  becau se  la rg e r p re y  i te m s  w ere  rare .

T h e  n u m e ric a l p e rc en tag e  a n d  fo o d  im p o r ta n c e  in d ex  re flec t 
th e  s ig n ifican ce  o f  c e r ta in  ta x o n o m ic  g ro u p s  fo r  s o u th e rn  N o r th  
Sea h e r r in g  in  F eb ru a ry . H ow ever, th e  re su lts  o f  th e  d ie t c o m p o 
s it io n  analysis  d o  n o t  p ro v id e  a p o p u la t io n  average, b eca u se  th e  
le n g th -s tra tif ied  sam p les  w ere n o t  ra ised  to  th e  size c o m p o s i tio n  
o f  th e  p o p u la t io n  (M o rg an  a n d  H o e n ig , 1997; G e rritsen  e t  a l ,  
2003 ). A s every  e ffo rt w as m ad e  to  en su re  th a t  all len g th s  in  th e  
ca tch  w ere  s am p led , th e  resu lts  w ill b e  sk ew ed  to w a rd s  la rg e r fish. 
W e d o  n o t  c o n s id e r  th e  b ias in  th e se  re su lts  to  b e  o f  g rea t im p o r t 
ance , becau se  th e  ob jec tive  o f  th is  s tu d y  w as to  d e sc rib e  th e  
feed in g  selec tiv ity  o f  in d iv id u a l fish  a n d  n o t  to  m a k e  a n  esti
m a tio n  o f  th e  to ta l  q u an titie s  c o n su m e d .

Selective egg consum ption
T h e  resu lts  im p ly  th a t  day lig h t-feed in g  h e rr in g  selec t fo r  eggs th a t  
a re  la rg e r a n d  in  la te r  d ev e lo p m en ta l s tages. T h is  is p ro b a b ly  
cau sed  b y  th e  g re a te r  visib ility  o f  th o s e  eggs. T h e  w o rk s  o f  
W ie lan d  a n d  K ö ster (1996) an d  E llis a n d  N a sh  (1997) s u p p o r t  
th is  h y p o th e sis .

W h e n  fo rag in g  o n  fish eggs, N o r th  S ea h e rr in g  c o n su m e  
m a in ly  eggs o f  c o d  a n d  p laice, b e c a u se  th e se  species p ro d u c e  re la 
tive ly  la rge  eggs (R ussell, 1976; ICES, u n p u b lis h e d ) . C o m p a rin g
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th e  re la tiv e  freq u en cy  d is tr ib u tio n s  o f  th e  s to m a c h  a n d  fie ld  eggs 
reveals th a t  h e rr in g  select eggs > 1 .3  m m  d ia m e te r . T h e  eggs o f  
c o d  a n d  p la ic e  a re  in  th e  size ca teg o ry  th a t  h e rr in g  p re fe r to  eat 
(1 .3 -2 .2  m m , respectively) (IC E S, u n p u b lish e d ).

F u r th e r , h e rr in g  select p la ic e  a n d  co d  eggs th a t  a re  in  la te r 
d e v e lo p m e n ta l stages. C onsequen tly , s tud ies  su ch  as th a t  o f  D a an  
e t al. (1 9 8 5 ), w h o  estim ated  p re d a tio n  o n  in itia l egg p ro d u c t io n  
(i.e . a ll eggs w ere  new ly  sp aw n e d ), u n d e re s tim a te d  th e  im p a c t o f  
h e rr in g  p re d a t io n  o n  m o rta lity  d u r in g  th e  egg  p h a se  in  p la ice  a n d  
co d , b e ca u se  th e re  is  a n  e x p o n e n tia l decline  in  th e  n u m b e r  o f  eggs 
fro m  sp a w n in g  to  ha tch in g , th ro u g h  n a tu ra l  m o rta lity . T h e  e s ti
m a tes  o f  p re d a tio n  p ressu re  s h o u ld  be ca lcu la ted  as a  p e rcen tag e  
o f  th e  n u m b e r  o f  average-age eggs in  th e  w a te r  co lu m n .

In ac cu rac ie s  in  th e  stag ing  o f  th e  eggs c a n  b e  cau sed  b y  d am ag e  
to  th e  eggs th ro u g h  th e  m e c h an ic a l stress o f  b e in g  c au g h t, p re 
served, o r  ea ten  (P o m m e ra n z , 1974; G e ld m a ch e r  a n d  W ie lan d , 
1999). B efo re  h a tch in g , th e  em b ry o  b eco m es  active  a n d  th e  
c h o r io n  so ften s  as a  resu lt o f  enzym es (B lax ter, 1988), so  la te r 
d e v e lo p m e n ta l stages a re  m o re  like ly  to  b e  d a m a g e d  a n d  th e  e s ti
m a te s  o f  th e  q u a n titie s  o f  th ese  eggs c a n  be  n eg a tiv e ly  b ia sed . T he  
effec t o f  s tag e -d e p e n d e n t v a ria b ility  in  th e  level o f  d a m a g e  to  eggs 
o n  th e  co n c lu s io n s  o f  th is  s tu d y  is  d ifficu lt to  q u an tify , so  w e have 
a ssu m e d  th a t  d a m ag e  w ill b e  ra n d o m , i.e. in d e p e n d e n t o f  stage.

Difference in average d iam eter betw een stages
A s sh o w n  in  o th e r  stud ies, th e  m o s t  v isib le  eggs fo r  h e r r in g  are  
th o s e  th a t  a re  re la tively  b ig  (B a tty  e£ ah, 1990; Ellis a n d  N ash , 
1997). W e  a ssu m e d  th a t  th e re  w o u ld  b e  n o  in te ra c tio n  b e tw een  
egg size a n d  stage. H ow ever, S tage 1 eggs co llec ted  f ro m  o u r  
h e rr in g  s to m a c h s  h a d  a  s ig n ific an tly  sm a lle r average d ia m e te r  
th a n  S tages  2  a n d  3 eggs. T h e re fo re , it  w o u ld  b e  e x p ec ted  th a t  on ly  
la rg e r S tage  1 eggs w o u ld  be se le c ted  as food.

T h e  d is t r ib u t io n  o f  th e  d ia m e te rs  o f  th e  s tag e d  s to m a c h  eggs 
re sem b les  th e  d ia m e te r  d is tr ib u t io n  o f  th e  stages o f  th e  eggs co l
le c ted  in  th e  ic h th y o p la n k to n  survey. T h e  f ie ld -ca u g h t eggs a lso 
hav e  a n  in c re a s in g  average d ia m e te r  w ith  stage. I f  w e p re s u m e  th a t  
th e  field  egg  d ia m e te r  d is tr ib u tio n  is  a  re liab le  re fle c tio n  o f  th e  
ic h th y o p la n k to n  c o m p o s itio n  in  th e  w a te r  c o lu m n , th e n  h e rr in g  
a u to m a tic a lly  eat m o re  Stage 3  eggs w h e n  th e y  a re  p ic k in g  o u t  th e  
la rg e r  eggs, a n d  vice versa. I t  w o u ld  be d iff ic u lt to  te s t w h e th e r  
v is ib ility  th ro u g h  size o r  stage  is  th e  d o m in a n t  p ro ce ss  in  h e rr in g  
egg selectiv ity . N evertheless, i t  a p p e a rs  th a t  h e rr in g  m a in ly  select 
o n  stage  a n d  n o t  o n  size, o r  else S tage  1 s to m a c h  eggs w o u ld  n o t 
h av e  h a d  a  s ig n ifican tly  sm alle r average  d ia m e te r .

T h e re  is  v ir tu a lly  no  e v id e n ce  to  s u p p o r t  th e  p o ss ib il ity  th a t  
egg s ize  v a rie s  w ith  stage. D a v e n p o r t  e t al. (1981) suggest th a t  
changes  in  th e  c h o rio n  m ay  r e s u lt  in  s lig h t in c reases  in  c o d  egg 
s ize  w ith  s tage , b u t  su ch  a  c h an g e  is  like ly  to  b e  to o  sm all to  cause  
th e  d iffe ren ces  ob serv ed  here .

A n  e x p la n a tio n  fo r  th e  s ig n ific an tly  la rg e r average d ia m e te r  o f  
la te r  s tag e  fie ld  eggs can  b e  th e  in te ra c tio n  o f  species a n d  te m p o ra l  
sp aw n in g  p a tte rn s  (F ox  e t al., 2 0 0 0 ). I f  p la ic e  sp aw n in g  is  d e c lin 
in g  d u r in g  th e  su rvey  p e r io d  a n d  c o d  sp aw n in g  in c reasin g , th e n  
th e  s m a lle r  eggs co u ld  b e  a t  a n  e a rlie r stage  a n d  th e  la rg e r  eggs 
c o u ld  b e  o ld e r . T h e re  is a lso a  d e c lin e  in  egg size as th e  sp aw n in g  
o f  p la ice  p ro g resse s  (R ijn sd o rp  a n d  Jaw orsk i, 1990). In  a d d it io n , 
th e  f in d in g  th a t  e arlie r stage eggs a re  sm a lle r m a y  b e  d u e  to  an  
a d d it io n a l co n se q u e n c e  o f  g re a te r  p re d a tio n . T h e re  is  a n  e x p o n e n 
tia l d e c lin e  in  th e  a b u n d a n c e  o f  m a r in e  o rg a n is m s  w ith  in c rea sin g  
size (P e te rs , 1983). As a  re su lt,  th e  average n u m b e r  o f  p o te n tia l 
p re d a to rs  w ill b e  g rea te r fo r s m a lle r  eggs (R ijn s d o rp  a n d  Jaw orsk i,

1990). B igger eggs hav e  a g r e a te r  c h an c e  o f  re a ch in g  th e  la te r 
d e v e lo p m en ta l p h a se s , a n d  th e re fo re  th is  egg ty p e  m ig h t b e  a t  a  
g rea te r freq u en cy  in  th e  w a te r  c o lu m n  th a n  re la tively  sm a ll eggs in  
n e a r - to -h a tc h  stages; h o w ev er, th i s  p h e n o m e n o n  has ra re ly  b een  
seen  in  fie ld -b ased  stud ies.

Food ty p e  preference
T h e  resu lts  o f  o u r  s tu d y  re v e a l  th a t  h e rr in g  w ith  m o d e ra te  
s to m a ch  fu llness (C a teg o ry  2  o r  3) c o n su m e d  m o re  eggs th a n  a 
h e rr in g  w ith  a  c o m p le te ly  fu l l  s to m a c h  (C a teg o ry  4 ). A lso , th e  
n u m b e r  o f  fish  eggs fo u n d  in  a  s to m a c h  in c re a sed  w ith  th e  w e ig h t 
o f  th e  a n im a l, in  a cco rd an ce  w i th  th e  re su lts  o f  a  s tu d y  d o n e  by  
P e p in  (2006) o n  cap e lin  (M a llo tu s  v illosus ). T h e  g rea te r egg c o n 
s u m p tio n  b y  la rg e r h e rr in g  is  p ro b a b ly  d u e  to  s ize -re la ted  fo o d  
p references, b u t  as o th e r  p re y  ty p es  in  th e  s to m a ch s  w ere  n o t 
m easu red , w e  c a n n o t s ta te  th is  w i th  cer ta in ty .

It is u n c e r ta in  as to  w h ic h  b io lo g ic a l p ro cesses  cause  th e  n e a r  
absence  o f  eggs in  fu ll s to m a c h s . I t  seem s th a t  h e rr in g  o n ly  eat 
eggs w h e n  c ru s tace an s  a re  n o t  availab le . A  co d  egg is  h ig h  in  
en erg y  a n d  d ry  w e ig h t ( 8 0 - 9 0  p.g) (K jesbu  e t a l ,  1996), c o m p a re d  
w ith  a s ing le  T em ora  o r  P seudoca lanus  (d ry  w e ig h t 1 5 - 2 0  p g ) 
(M D -C , u n p u b lis h e d ) ,  a l th o u g h  s im ila r  to  th a t  o f  a n  a d u lt 
C alanus  (80  p g )  (M D -C , u n p u b lis h e d ) .  T h e re fo re , th e re  is  re a so n  
fo r  fish  eggs to  b e  p re fe rre d  to  c o p e p o d s .

P erh ap s , fish  eggs a re  less v is ib le  to  h e rr in g  th a n  c ru s tacean s. 
W h e n  m a n y  o p tica lly  d e n se r  o rg a n is m s  a re  p re sen t, h e r r in g  m a y  
have d ifficu lty  in  s p o tt in g  fish  eggs a m o n g  th e  c o p ep o d s . I t  m a y  
o n ly  eat fish  eggs w h e n  e n c o u n te re d  in  d e n se  p a tc h es  w ith  few 
c o p ep o d s , b ecau se  p re d a to ry  fish  sw itch  p re y  type  w h en  e n c o u n 
te re d  freq u en c ies  ch an g e  (M u rd o c h  e t a l., 1975; H u g h e s  a n d  
C roy , 1993). P e p in  (2006) n o t ic e d  th a t  fish  eggs w ere m o re  likely 
to  b e  e a ten  b y  A tla n tic  c ap e lin  a t  th e  o n s e t o f  fe e d in g  activ ity  
a fte r d u sk , a n d  h e  suggested  th a t  w h e n  th e  fish  a re  h u n g ry , th ey  
m a y  b e  m o re  likely  to  e a t a n y th in g  th a t  passes  b y  ra th e r  th a n  th e  
m o re  a b u n d a n t prey.

I f  th e  q u a n ti ty  o f  c o p ep o d s  av a ilab le  affects th e  q u a n t i ty  o f  
eggs tak en , a n y  ecosystem  sh ift o r  la rg e  in te ra n n u a l v a r ia tio n  in  
c o p e p o d  p ro d u c t io n  (E d w ard s  a n d  R ic h a rd so n , 2004) w ill affect 
th e  im p a c t o f  h e r r in g  as a  p re d a to r  o n  p la ice  a n d  c o d  eggs. 
S im ilarly , th e  av a ilab ility  o f  sa n d e e l la rv a e  m a y  affect th e  p re d a 
t io n  p re s su re  o n  fish  eggs. T h e  n u m b e r  o f  h e rr in g  w ith  fish  eggs in  
th e ir  s to m a ch s  in  th is  s tu d y  w as h ig h e r  th a n  th a t  re p o r te d  by  
H a rd y  (1 924), w h o  fo u n d  th a t  san d e e ls  w ere  a n  im p o r ta n t  p rey  
ite m  fo r  h e rr in g . S andeels  w ere  a b se n t fro m  th e  s to m a c h s  o f  
h e rr in g  in  th e  s o u th e rn  N o rth  Sea in  F e b ru a ry  2004, so eggs m a y  
have b e e n  ta k e n  in  g re a te r  n u m b e r  in  th e  absence  o f  sandeels. 
F u r th e r  in v e stig a tio n  is re q u ired  to  q u a n tify  th e  effect o f  a lte rn a 
tiv e  p re y  ty p es  o n  th e  p re d a to ry  im p a c t  o f  h e rr in g  o n  fish  eggs.

Conclusion
T h is  s tu d y  h a s  c o n tr ib u te d  to  a  g ro w in g  u n d e rs ta n d in g  o f  ecosys
te m  d y n am ics  in  th e  N o r th  Sea. T h e  e ffec t o f  th e  p re s e n t large 
h e rr in g  b io m a ss  o n  th e  N o rth  Sea eco sy stem  is n o t  easy to  p red ic t, 
becau se  i t  seem s th a t  th e  dyn am ics  o f  m u ltip le  t ro p h ic  levels can  
in flu en c e  th e  o u tc o m e  o f  any  s u c h  analysis . H ow ever, f ro m  th e  
re su lts  o f  th is  w o rk , h e rr in g  seem ing ly  hav e  th e  p o te n tia l  to  b e  a 
m a jo r  p re d a to r  o f  th e  eggs o f c o d  a n d  p la ice . W e believe, th e re 
fo re , th a t  a  n ew  e s tim a te  o f  th e  p re d a t io n  im p a c t o f  h e rr in g  
s h o u ld  b e  m a d e , o n e  th a t  co n sid e rs  th e  fa c to rs  m e n tio n e d  above 
a n d  w h ic h  e s tim a te s  th e  c o n su m p tio n  as a  p e rc en tag e  o f  th e  
n u m b e r  o f  eggs o f  a n  average age.
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