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ABSTRA C T: P re y  a v a ila b il i ty  i s  o n e  o f th e  fa c to rs  d e te rm in in g  th e  d is tr ib u tio n  o f s e a b ird s  a t  se a . 
N o r th e rn  fu lm a rs  F u lm a ru s  g la c ia lis  a n d  b la c k - le g g e d  k it t iw a k e s  R issa  tr id a c ty la  w e r e  th e  m o st 
r e g u la r  a n d  f re q u e n t  sh ip -fo llo w e rs  a c ro ss  t h e  c e n tr a l  a n d  n o r th e rn  N o r th  S e a  d u r in g  2  s u rv e y s  w ith  a  
f ish e ry  r e s e a rc h  v e s se l in  M a y - J u n e  a n d  J u ly - A u g u s t  1992. S ix te e n  o th e r  s p e c ie s  o c c u r re d  le s s  o f te n  
a n d /o r  m  lo w e r  n u m b e rs . B irds c o n s u m e d  84  %  ot e x p e r im e n ta l ly  d is c a rd e d  ro u n d f is h  a n d  8 %  of d is ­
c a rd e d  f la tfish . O n  a v e r a g e ,  n o r th e rn  g a n n e ts  M o ru s  b a ss a n u s  to o k  th e  la rg e s t  in d iv id u a ls  o f m o s t  fish 
sp e c ie s , b la c k - le g g e d  k it t iw a k e s  th e  sm a lle s t. T h e  a v e r a g e  s iz e  c h o ic e s  o f h e r r in g  g u l l s  L a ru s  a rg e n ta ­
tu s , le s se r  b la c k -b a c k e d  g u l l s  L a ru s  lu s c u s  a n d  n o r th e rn  fu lm a rs  lay  b e tw e e n  th e s e  2  e x tre m e s . T h e  
c h o ic e  o f f ish  l e n g th s  b y  b ird s  v a r ie d  w ith  d if fe re n t  f ish  sp e c ie s . N o r th e rn  g a n n c t  w a s  t h e  m o st 
su c c e ss fu l s p e c ie s  in  c o n s u m in g  d is c a rd s . N o r th e rn  fu lm a rs ' s u c c e s s  r a te s  d e c r e a s e d  w ith  th e  p re s e n c e  
o f la rg e r  sh ip -fo llo w e rs  b u t  w e r e  n e v e r  h ig h . B la c k -h e a d e d  g u i i  L a ru s  r id ib u n d u s  a n d  c o m m o n  gu ii 
L a ru s  c a n u s  w e r e  le s s  su c c e s s fu l  th a n  th e  m o re  f re q u e n t,  ty p ic a l  sh ip -fo llo w in g  sp e c ie s .

KEY W O R D S: S e a b ird s  • N o r th  S e a  • F ish e r ie s  ■ D isc a rd s  • F e e d in g  e c o lo g y

IN T R O D U C T I O N

T h e  d is tr ib u t io n  o f  s e a b ir d s  a t  s e a  i s  p a tc h y  at  
v a r io u s  s c a l e s .  T h e  p r o c e s s e s  r e s p o n s ib le  in c lu d e  
h y d r o g r a p h ic a l m e c h a n is m s , a c t iv e  a n d  p a s s iv e  m o v e ­

m e n ts  o f  p r e y  a n d  t h e  s o c ia l  b e h a v io u r  o f  b ir d s  (I lu n t  
1 9 8 8 ). T h e s e  fa c to r s  a r e  o f  v a r ia b le  r e la t iv e  im p o r ta n c e  
in  d if f e r e n t  p a r ts  o f  t h e  w o r ld 's  o c e a n s .  A l t h o u g h  t h e  
lo c a t io n  o f  b r e e d in g  s i t e s  in f lu e n c e s  s e a b ir d  f e e d in g  

d is tr ib u tio n , f i s h e r ie s  a l s o  h a v e  a  s t r o n g  in f lu e n c e  
a t  a  s m a lle r  s c a l e  o n  t h e  d is t r ib u t io n  o f  s e a b ir d s  a t  
s e a ,  a s  s e e n  in  t h e  N o r th  S e a  ( T a s k e r  e t  a l. 1 9 8 7 ),  
th e  B e n g u e la  C u r r e n t  (R y a n  & M o lo n e y  1 9 8 8 )  a n d  th e  
E a s te r n  P a c if ic  (W a h l & H e in e m a n n  1 9 7 9 ) .

S t u d ie s  n e a r  t h e  S h e t la n d  I s la n d s  a n d  i n  t h e  C ly d e  
a r e a  w e s t  o f  S c o t la n d , U K , g a v e  fir st  in fo r m a t io n  o n  th e  
u s e  o f  f is h e r y  w a s t e s  b y  s e a b ir d s  (F u r n e s s  e t  a l .  1 9 8 8 ) . 
A  first s tu d y  c o v e r in g  t h e  w h o le  N o r th  S e a  i n  w in te r  
1 9 9 3  c o n f ir m s  t h e  a s s u m p t io n  th a t  s e a b ir d s  b e n e f it  

e n o r m o u s ly  fro m  t h is  t y p e  o f  f o o d  r e s o u r c e  (C a m p h u y -  
s e n  e t  a l .  1 9 9 3 ) . P o p u la t io n s  o f  m o s t  s e a b ir d  a n d  s o m e  
c o a s ta l  b ir d  s p e c i e s  in  t h e  N o r th  S e a  h a v e  g r o w n  c o n ­

s id e r a b ly  in  t h e  la s t  f e w  d e c a d e s ,  p r o b a b ly  a s  a  r e su lt  
o f  im p r o v e d  fo o d  c o n d i t io n s  p r o v id e d  b y  w h a l in g  a n d  
f i s h e r ie s  (V a u k  e t  a l .  1 9 8 9 , D u n n e t  e t  a l. 1 9 9 0 , L lo y d  e t  
a l .  1 9 9 1 ) . P r e s e n t ly ,  a b o u t  1 .2  m i ll io n  s e a b ir d s ,  f e e d in g  

a t  le a s t  p a r t ia lly  o n  d is c a r d s  a n d  o f fa l ,  b r e e d  a r o u n d  
t h e  N o r th  S e a  (F u r n e s s  1 9 9 2 ) .

I n te r s p e c if ic  c o m p e t i t io n  e v o k e d  b y  t h e  s u p p ly  o f 

d is c a r d s  a n d  o f fa l  h a s  a lr e a d y  le d  to  c h a n g e s  in  t h e  
a v if a u n a  o f  s e a b ir d s  a n d  c o a s ta l  b ir d s  (F u r n e s s  e t  
a l .  1 9 9 2 , N o o r d h u is  & S p a a n s  1 9 9 2 ) . F u r th e r  c h a n g e s  
in  c a t c h  c o m p o s i t io n  d u e  to  la r g e r  m e s h  s i z e s  w il l  
p r o b a b ly  c a u s e  h ig h e r  c o m p e t i t io n  fo r  d is c a r d s  a n d  
o f fa l .  D e c r e a s in g  p o p u la t io n s  o f  t h e  w e a k e r  s c a v e n g ­

i n g  s p e c i e s  a r e  to  b e  e x p e c t e d .  T h e r e f o r e  it i s  e s ­
s e n t ia l  t o  o b ta in  d e t a i l e d  d a t a  a b o u t  t h e  u t i l iz a t io n  
o f  d is c a r d s  b y  s c a v e n g i n g  s e a b ir d s .  T h is  in c lu d e s  
n o t  o n ly  t h e  c h o ic e  o f  d i f f e r e n t  f ish  s p e c i e s  a n d  

th e ir  l e n g t h s  b u t  a l s o  t h e  r a te s  a t  w h ic h  d is c a r d s  a r e  
t a k e n  b y  b ir d s . T o  e v a lu a t e  in t e r s p e c i f i c  c o m p e t i t io n  
a n d  it s  p o s s ib le  c o n s e q u e n c e s ,  i t  i s  a l s o  im p o r ta n t  
to  k n o w  t h e  d is t r ib u t io n  a n d  n u m b e r s  o f  s h ip -  
fo l lo w e r s .
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n o r th e r n  g e r n e !

Fig. 1. D is tr ib u tio n  o t  (h e  5  m o st c o m m o n  
sh ip - fo llo w in g  b ird  s p e c ie s  in  t h e  N orth  
S e a  i n  J u ly - A u g u s t  1992. E a c h  d o t  r e p ­
r e s e n ts  t h e  n u m b er o l in d iv id u a ls  «it a 
s in g le  t r a w l  s ta tio n , (a) N o r th e rn  fu lm ar, 
( b | n o r th e rn  g a n n e t ,  (e) le s s e r  b lack - 
b a c k e d  g u ii, (d) h e r r in g  g u ii. (e) b la c k ­

le g g e d  k it t iw a k e

N o r th e r n  g a n n e t s  w e r e  s e e n  in  h ig h e r  n u m b e r s  in  

t h e  w e s t e r n  p a r t  o l  t h e  N o r th  S e a  th a n  in  t h e  o th e r  
a r e a s  (F ig . l b ) .  T h e y  w e r e  n u m e r o u s  o n ly  n e a r  t h e  
c o lo n y  a t  B a s s  R o c k  in  t h e  F ir th  o f  F o rth , S c o t la n d , b u t  
t h e y  w e r e  p r e s e n t  in  lo w  n u m b e r s  a t  n e a r ly  a l l  tra w l 
s t a t io n s ,  e x c e p t  a  f e w  in  t h e  G e r m a n  B ig h t.

L e s s e r  b la c k - b a c k e d  g u l l s  o c c u r r e d  in  c o n s id e r a b le  
c o n c e n t r a t io n s  c l o s e  to  t h e  D u tc h  a n d  G e r m a n  c o a s t ,  
a n d  in  lo w e r  n u m b e r s  n e a r  t h e  S c o t t i s h  c o a s t  (F ig . l e ) .  

T h e  h ig h e s t  n u m b e r s  o f  h e r r in g  g u l l s  w e r e  f o u n d  c lo s e  
to  t h e  S c o t t is h  c o a s t ,  w ith  lo w  n u m b e r s  in  t h e  s o u t h ­
e a s t e r n  p a r t  o f  t h e  s t u d y  a r e a  (F ig .  I d ) .  B o th  h e r r in g  
g u i i  a n d  l e s s e r  b la c k - b a c k e d  g u i i  w e r e  h a r d ly  r e c o r d e d  
in  c e n tr a l  p a r ts  o t  t h e  N o r th  S e a .  T h e ir  m a p s  r e s e m b le  
t h o s e  p r e s e n t e d  in  T a s k e r  e t  a l .  (1 9 8 7 ) . D e s p it e  a  m u c h  

lo w e r  b r e e d in g  p o p u la t io n  in  t h e  s o u t h e a s t e r n  p a r t  o f  
t h e  s t u d y  a r e a  (F u r n e s s  1 9 9 2 ) , t h e  n u m b e r s  o f  le s s e r  
b la c k - b a c k e d  g u l l s  t h e r e  w e r e  m a n y  t im e s  h ig h e r  th a n  
t h o s e  o f  h e r r in g  g u l l s ,  p r e s u m a b ly  b e c a u s e  le s s e r  

b la c k -b a c k e d  g u l l s  m a y  u t i l iz e  f i s h e r y  w a s t e s  n e a r  th e  
W a d d e n  S e a  to  a  h ig h e r  d e g r e e  t h a n  h e r r in g  g u l l s  ( s e e  
N o o r d h u is  & S p a a n s  1 9 9 2 ).

B la c k - l e g g e d  k i t t iw a k e s  w e r e  m o r e  e v e n l y  d is t r i­
b u te d . S l ig h t ly  h ig h e r  n u m b e r s  w e r e  fo u n d  in  th e  

s o u t h e a s t e r n  a n d  n o r t h w e s t e r n  p a r t s  o f  t h e  N o r th  S e a

(F ig . l e ) .  E v e n  in  t h e  c e n tr a l  a n d  e a s t e r n  p a r t  o f  th e  
s t u d y  a r e a ,  b l a c k - l e g g e d  k i t t iw a k e s  w e r e  fo u n d  in  s u r ­
p r is in g ly  h i g h  n u m b e r s ,  w h ic h  s t a n d s  in  c o n t r a s l  to  th e  
m a p s  in  T a s k e r  e t  a l .  (1 9 8 7 ).

C h o i c e  o f  f i s h  s p e c i e s  a n d  l e n g t h

N e a r ly  a l l  l e n g t h  c l a s s e s  o f  o f f e r e d  f i s h  w e r e  u t i l iz e d  
b y  s h ip - f o l lo w in g  s e a b ir d s  d u e  to  t h e  b r o a d  s p e c tr u m  
o f  b ir d  s p e c i e s  (F ig . 2 ) . In  a l l  f i s h  s p e c i e s  ( s e e  T a b le  2  
fo r  s c ie n t i f i c  n a m e s )  w e  n o t ic e  m u c h  o v e r la p  in  th e ir  
u t i l iz a t io n  b y  b ir d  s p e c i e s .  H o w e v e r ,  a v e r a g e  l e n g t h  

c h o i c e s  o f  t h e  f ish  s p e c i e s  t a k e n  v a r ie d  a m o n g  th e  
m o s t  c o m m o n  s h ip - f o l lo w in g  b ir d  s p e c i e s ,  n o r th e r n  
fu lm a r , n o r th e r n  g a n n e t ,  l e s s e r  b la c k - b a c k e d  g u i i ,  
h e r r in g  g u i i  a n d  b l a c k - l e g g e d  k i t t iw a k e .  S ig n if ic a n t  
d i f f e r e n c e s  (K r u sk a l-W a llis  H - te s t )  b e t w e e n  t h e s e  b ir d  

s p e c i e s  o c c u r r e d  in  t h e  c h o ic e  o f  l e n g t h s  o f  w h it in g  
(X2 =  2 1 0 .9 ,  p  <  0 .0 0 0 1 ,  n  =  8 6 4 ) ,  p o o r  c o d  (x 2 =  1 3 1 .6 ,  
p  <  0 .0 0 0 1 ,  n  =  2 5 9 ) ,  N o r w a y  p o u t  (x2 =  4 8 .7 , p  <  0 .0 0 0 1 ,  
n  =  1 3 1 8 ) , h a d d o c k  (x 2 =  1 8 3 .5 .  p  <  0 .0 0 0 1 ,  n  =  4 9 7 ) ,  

h e r r in g  (x 2 =  2 6 6 .1 ,  p  <  0 .0 0 0 1 ,  n  =  1 0 4 6 ) , sp r a t  (x2 =  
3 6 .9 , p  <  0 .0 0 0 1 ,  n  =  2 4 0 )  a n d  g r e y  g u r n a r d  (x2 =  9 .7 2 ,  
p  <  0 .0 5 ,  n  =  8 6 ) .  N o  d i f f e r e n c e s  w e r e  f o u n d  fo r  sa n d
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e e l s  (x2 =  3 .3 8 ,  n o t  s ig n i f ic a n t ,  n  =  1 7 3 ). N o r t h e r n  g a n -  
n e t s  to o k  t h e  la r g e s t  m e a n  l e n g t h s  o f  a l l  f i s h  s p e c i e s  

e x c e p t  p o o r  c o d , b l a c k - l e g g e d  k i t t iw a k e s  t h e  s m a lle s t .  
C o m m o n  g u l l s  a n d  b la c k - h e a d e d  g u l l s ,  w h ic h  w e r e  
n o t p r e s e n t  a s  o f te n  a s  o t h e r  s p e c i e s ,  b e h a v e d  m u c h  
lik e  b la c k - l e g g e d  k i t t iw a k e s  in  th e ir  l e n g t h  c h o ic e s .  In  
m o st c a s e s ,  n o r th e r n  fu lm a r s , g r e a t  s k u a s  C a th a r a c ta  

s k u a ,  l e s s e r  b la c k - b a c k e d  g u l l s ,  h e r r in g  g u l l s  a n d  
g r e a t  b la c k -b a c k e d  g u l l s  L a r u s  m a r i n u s  w e r e  in te r ­
m e d ia te  b e t w e e n  n o r th e r n  g a n n e t s  a n d  b la c k - l e g g e d

k i t t iw a k e s  in  th e ir  c h o i c e s  o f  f ish  le n g t h s .  G r e a t  b la c k -  
b a c k e d  g u l l s  a n d  g r e a t  s k u a s  t e n d e d  to w a r d s  g r e a te r  
l e n g t h s ,  w h e r e a s  h e r r in g  g u l l s  a n d  l e s s e r  b la c k -  
b a c k e d  g u l l s  w e r e  in c l in e d  to  s e l e c t  in te r m e d ia te  
l e n g t h s .  S o m e  o f  t h e  v a r ia b i l i ty  in  t h e  m e a n  le n g t h s  o f  

f i s h  c h o s e n  b y  d i f f e r e n t  s h ip - f o l lo w in g  b ir d  s p e c i e s  c a n  
b e  e x p l a i n e d  b y  th e ir  b o d y  m e a s u r e s  ( T a b le  1): b o d y  
l e n g t h s  o f  b ir d s  c o r r e la t e d  w i t h  l e n g t h  c h o ic e  in  4  o u t  
o f  6  f i s h  s p e c i e s ,  b o d y  m a s s  a n d  b ill le n g t h  o n  2  o c c a ­

s io n s  e a c h .
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F ig. 2 . L ength  c h o ices  o l  6  fish  sp e c ie s  b y  se a b ir d s  in  M a y -J u n e  a n d  J u ly -A u g u s t  1992. T h e x -a x is  sh o w s the  len g th  c la sses  with 
their approxim ate cen tre . F: northern  lulm ar; G: northern  g an n et; LG; le s se r  b la ck -b a ck ed  gu ii; 11G: herring gu ii; K: b la ck -leg g ed  
kittiw ake. (a) H erring |n  = 1189, m ea n  le n g th  o ffer ed  = 23 .2  cm ), |b ) sprat (n =  335 , 12 .6  cm ), (c) h ad d ock  (n =  604 , 21 .1  cm), 

(d | poor co<l In = 270 , 16.4 cm ). f e | w h itin g  (n =  1166. 23 .1  cm ), <f) sa n d  e e ls  (n = 235 , 19.0 cm)
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Table? 1. B ody m a sses, body le n g th s  la lter B o zze l 1985) a n d  bill le n g th s  (after 
C ram p & S im m o n s 1977, 1983) o f  the  m ost n u m ero u s bird sp e c ie s  a n d  their 
correlations w ith  a v era g e  fish  len gth s. S ign ifican t correla tion s |r >  roi» < i) are

underlined

p a r a m e te r  o f  in t e r e s t  fo r  b ir d s , a s  a l ­
r e a d y  s h o w n  b y  S w e n n e n  & D u iv e n  
(1 9 7 7 )  fo r  3  s p e c i e s  o f  a lc id s .

S p ec ies B ody m ass
(g>

B ody len g th  
(mm)

Bill len gth  
(mm)

B la ck -leg g ed  k ittiw ak e 371 3 90 34 .0
N orthern  lulm ar 781 4 75 39 .3
Lesser b la ck -b a ck ed  gu ii 792 5 95 5 1 .9
H erring g u ii 1061 6 1 0 5 4 .9
N orthern  g an n et 3015 935 9 8 4

C o effic ien t o f  correlation
r»»nd 0*1 0 .3 6 0 0.234 0  273
r«ptat 0 .8 7 5 0 .866 Q J 8 6
fbilllDQ 0 .927 0 .840 0  857
FfciiMnrt 0 .6 6 6 0.794 0.721
rpa*<«4 0 .4 0 9 0  631 0  557
r.tutmq 0 .6 6 2 QJ7Q 0 6 9 7

L e n g t h  r a n g e s  o f  f ish  s p e c i e s  t a k e n  a l s o  d i f f e r e d  c o n ­
s id e r a b ly  b e t w e e n  t h e  d i f f e r e n t  b ir d  s p e c i e s  (T a b le  2 ) . 
N o r th e r n  g a n n e t s  a n d  n o r th e r n  fu lm a r s  t o o k  t h e  

lo n g e s t  in d iv id u a ls  o f  m o s t  f i s h  s p e c i e s .  N o r th e r n  fu l­
m a r s  s h o w e d  a  h ig h ly  v a r ia b le  u t i l iz a t io n  o f  o f fe r e d  
f ish  l e n g t h s  d u e  t o  t h e ir  p e c k in g  o f  o f fa l  o u t  o f  t h e  f ish  
b o d ie s ,  e s p e c i a l ly  fr o m  la r g e  s p e c i m e n s  o f  w h ic h  t h e  

r e m a in s  s a n k  la te r  o n .  In  t h i s  m a n n e r  t h e y  a c h i e v e  
a n  e x p a n d e d  l e n g t h  s p e c t r u m . C o m m o n  g u l l s ,  b la c k ­
h e a d e d  g u l l s  a n d  b la c k - l e g g e d  k i t t iw a k e s  to o k  p r e ­
d o m in a n t ly  s m a l le r  f is h .  i .e .  t h e  m a x im u m  l e n g t h s  o f  
t h e  f ish  s p e c i e s  c h o s e n  o f t e n  la y  d is t in c t ly  b e lo w  t h o s e  

s e l e c t e d  b y  la r g e r  b ir d  s p e c i e s .
B l a c k - l e g g e d  k i t t iw a k e s  a n d  t h e  o t h e r  4  b ir d  s p e c i e s  

h a d  a  c le a r  s i z e  s e p a r a t io n  fo r  w h i t in g ,  p o o r  c o d  a n d  
h a d d o c k  (F ig . 2 ) .  Ín  c o n tr a s t ,  l e n g t h  c h o i c e s  fo r  s a n d  

e e l s ,  sp r a t  a n d  h e r r in g  o v e r la p p e d  c o n s id e r a b ly  b e ­
t w e e n  t h e s e  b ir d  g r o u p s .  S im ila r ly , a  c le a r  s e p a r a t io n  
b e t w e e n  n o r th e r n  g a n n e t s  a n d  n o r th e r n  f u lm a r s / la r g e  
g u l l s  o c c u r r e d  fo r  h a d d o c k  a n d  h e r r in g ,  b u t  n o t  fo r  

s a n d  e e l s  a n d  o n ly  s l ig h t ly  fo r  w h i t in g  a n d  p o o r  c o d .  In 
m o s t  c a s e s ,  n o r th e r n  fu lm a r s  a n d  la r g e  g u l l s  o v e r ­
la p p e d  to  a  g r e a t  e x t e n t  in  th e ir  l e n g t h  c h o i c e s  o f 
o f f e r e d  fish .

D if fe r e n t  n a tu r a l l e n g t h s  o f  f ish  m a y  e x p la in  s o m e  

o f  t h e s e  r e s u lt s .  It i s  o f te n  n o t  p o s s ib le ,  e s p e c i a l ly  for  
s m a l le r  b ir d  s p e c i e s ,  t o  s w a l lo w  la r g e r  f i s h  s u c h  a s  
c o d .  O n  t h e  o t h e r  h a n d , a l l  c o m m o n  s h ip - f o l lo w in g  
s e a b ir d s  c a n  m a n a g e  s p r a t s  a t  a n y  t im e .  R e a lis t ic  
c o m p a r is o n s  m a y  o n ly  b e  a p p l ic a b le  if  o t h e r  p a r a ­

m e te r s  o f  f i s h  b o d y  d im e n s io n s  a r e  c o n s id e r e d .  T h e  
la c k  o f  s ig n i f i c a n c e  in  t h e  c o m p a r is o n  o f  l e n g t h  
c h o ic e s  fo r  s a n d  e e l s  a n d  t h e  la r g e s t  m e a n  o f  t a k e n  
s a n d  e e l s  b y  t h e  s m a l le s t  b ir d  s p e c i e s ,  t h e  b l a c k ­
l e g g e d  k i t t iw a k e ,  s h o w e d  th a t  l e n g t h  i s  n o t  t h e  o n ly

S u c c e s s  in d e x

In  b o th  t h e  M a y - J u n e  a n d  J u l y -  
A u g u s t  s u r v e y s ,  n o r th e r n  g a n n e t  w a s  th e  

s p e c i e s  m o s t  s u c c e s s f u l  a t  g e t t i n g  fish  
( T a b le  3 ) .  H e r r in g  g u i i ,  b l a c k - l e g g e d  
k i t t iw a k e .  p o m a r in e  s k u a  S te r c o r a r iu s  
p o m a r in u s ,  l e s s e r  b la c k - b a c k e d  g u i i ,  
g r e a t  b la c k - b a c k e d  g u i i  a n d  n o r th e r n  
fu lm a r  f o l lo w e d  w’lth in  a  c l o s e  r a n g e .  

E v e n  lo w e r  s u c c e s s  in d ic e s  w e r e  fo u n d  
fo r  g r e a t  s k u a ,  c o m m o n  g u i i ,  b la c k ­
h e a d e d  g u i i  a n d  f in a l ly  c o m m o n  tern  

S t e r n a  h i r u n d o  a n d  a r c t ic  te r n  S t e r n a  
p a r a d i s a e a .

N o r th e r n  g a n n e t s  w e r e  m o s t  s u c c e s s f u l  in  ta k in g  
o f f e r e d  f is h .  T h e  s u c c e s s  o f  n o r th e r n  fu lm a r s  d e p e n d e d  
s t r o n g ly  o n  t h e  q u a n t i t a t iv e  c o m p o s i t io n  o f  o t h e r  s h ip -  

f o l lo w e r s  b u t  w a s  n e v e r  v e r y  h ig h .  T h e y  s u c c e e d e d  
l e a s t  d u n n g  tr a w ls  w h e r e  a l l  b ir d  s p e c i e s  w e r e  p r e ­
s e n t .  A b s e n c e  of s p e c i e s  w ith  fo o d  p ir a c y  b e h a v io u r ,  
s u c h  a s  g r e a t  s k u a ,  n o r th e r n  g a n n e t  a n d  g r e a t  b la c k -  

b a c k e d  g u i i ,  l e a d s  t o  h ig h e r  s u c c e s s  in d ic e s .  B la c k ­
h e a d e d  g u i i  a n d  c o m m o n  g u i i  w e r e  l e s s  s u c c e s s f u l  
th a n  t h e  o t h e r ,  m o r e  t y p ic a l  s h ip - f o l lo w in g  s p e c i e s .  
H o w e v e r ,  t h e  e x t r a  fo o d  p r o v id e d  b y  f i s h in g  v e s s e l s  
c o u ld  h e l p  t h e m  s a t is fy  t h e ir  e n e r g y  d e m a n d s  d u r in g  

m ig r a t io n .
A n a ly s e s  o f  t h o s e  h a u ls  d u r in g  w h i c h  a l l  t h e  b ird  

s p e c i e s  c o n s i d e r e d  w e r e  p r e s e n t  g a v e  m o r e  d e t a i le d  
r e s u lts :  n o r th e r n  g a n n e t  a n d  b la c k - l e g g e d  k i t t iw a k e  

s h o w e d  a  r e la t iv e ly  c o n s t a n t  s u c c e s s  r a te ,  w h e r e a s  
n o r th e r n  fu lm a r  w a s  m o r e  s u c c e s s f u l  i n  t h e  a b s e n c e  o f  
la r g e r  s p e c i e s  s u c h  a s  n o r th e r n  g a n n e t ,  g r e a t  s k u a  
a n d  g r e a t  b la c k - b a c k e d  g u i i .  S u c c e s s  in d ic e s  o f  l e s s e r  

b la c k - b a c k e d  g u i i  a n d  h e r r in g  g u i i  w e r e  h ig h ly  v a r i ­
a b le ,  s h o w in g  n o  c le a r  t e n d e n c ie s .

H o w  a c c u r a t e  i s  t h is  m e a n  s u c c e s s  in d e x ?  S in c e  w e  
h a v e  n o  in fo r m a t io n  a b o u t  t h e  l e n g t h  o f  t im e  b ir d s  s ta y  
b e h in d  v e s s e l s ,  w e  d o  n o t  k n o w  h o w  m a n y  in d iv id u a ls  
p e r  s p e c i e s  a c t u a l ly  a t t e n d  a  tr a w l a n d  t h e  c o n s e c u t iv e  

p r o c e s s in g .  E r ik s ta d  e t  a l. ( 1 9 8 8 |  d e t e r m in e d  a n  a v e r ­
a g e  o f  4 8 0  to  5 9 1  m in  fo r  b la c k - l e g g e d  k i t t iw a k e s  
f o l lo w in g  a  s h ip  in  t h e  B a r e n ts  S e a  in  A u g u s t  1 9 8 6 . 
T h e  v e s s e l  t r a w le d  r e g u la r ly  e v e r y  2 0  to  3 0  n  m ile s .  

B e t w e e n  t h e  tr a w l s t a t io n s  t h e  b ir d s  r e s t e d  o n  t h e  sh ip .  
W ith  f e w  e x c e p t io n s ,  t h is  o b s e r v a t io n  c o u ld  n o t  b e  
c o n f ir m e d  o n  e i t h e r  o f  t h e  'W a lth e r  H e r w ig '  j o u r n e y s .  
T h u s ,  a  s h o r te r  f o l lo w in g  t im e  s e e m e d  p r o b a b le .  
H u d s o n  & F u r n e s s  (1 9 8 9 )  m e n t io n  t h a t  t h e  a v e r a g e



T a b le  2 . N u m b e rs  o l  f ish  o f fe r e d  lo  a n d  o a te n  b y  b ird s , a n d  le n g th  r a n g e s  |m  c m )  o f  f ish  n o t  t a k e n  a n d  e a t e n  b y  b i r d s  in  t h e  N o r th  S e a

Species N o  ol 
fish  

offered

Fish
eaten

<%)
Not

taken
Northern

fulmar
Northern

gannet
Great
skua

--------  Length ---------
Ulack-h. Common  

guii guii
LBB
guii

Herring
guii

GBB
guii

Black-1.
kittiw ake

Total number 13991 82 2485 4451 2251 57 20 54 948 604 146 2963

Norway pout Trisop terus esiiiarki 3  279 96 12-20 .5 1 0-22 1 2-20 1 5-16 1 5 -1 6 14-18 12-20 .5 12 20 14-20 11-21 .5
Poor rod T risop terus m in u tu s 279 96 1 3-16 1 3 .5-19 .5 16-21 - - - 18-21 15 .5-24 - 1 2 -2 0
Herring C lu p e a  h a re n g u s 2 4 1 9 90 10-31 10-31 1 2-36 23  31 15-17 1 2 -2 0 11-28 11-31 16-33 9 -2 4
L esser argentine A rg e n tin ,» sphyraena 55 84 1 5 -2 2 1 5 -2 3 17 - - - 17-20 - 17-19 16-19
W hiting M erla n g iu s  m erlangus 3 6 2 9 82 7 -3 4 1 1-43 1 5-37 18-31 11 19-21 13-31 1 3 -3 6 17-32 13-27
H addock S le la n o g ra m m u s a e g le lm u s 1458 80 1 0 -4 0 .5 1 0 -3 8 1 2-39 .5 29 13 12-13 11-28 11-31 12-29 10-21
Sprat S p ra ttu s spra ttu s 862 77 8 -2 1 7 5 - 2 2 9 -1 9 - 10-14 11-12 11-17 1 1-13 - 9 -1 7
Pilchard Sardina p ilch a rd u s 30 73 2 5 -2 8 - - - - - 2 3 -2 8 2 5 -2 7 - -
Sand e e ls  A m m o d y t e s  sp ., H yp ero p lu s  sp. 641 72 14-31 1 4-28 1 4-25 - 16 - 15-25 1 4-23 - 13 -31
C od  G adus m orhua 187 70 1 4 .5-42 8 -3 7 2 1 -3 3 - 7 10 14-32 16 5  29 29 10-18
G rey gurnard E utrig la  g u rn a rd u s 276 55 12-37 1 7-34 1 6 -3 3 - 13 - 13-24 1 4-22 18-28 19
M ackerel S c o m b e r  scom brus 161 52 23  35 2 4 -2 5 25 -3 6 .5 - - - 2 1 -2 9 2 4 -2 8 - -
Rocklings R h in o n e m u s  c im brius  etc 24 42 1 7-28 18 - - - - 17-24 - - 17-21
D iagonet C a llio n ym u s lyra 19 37 1 6 -2 3 17 20-21 - 12 - 16-22 24 - -
Scad Trachurus trachurus 110 36 2 1 -3 3 2 8 -3 0 2 5 -3 3 - - - 2 1 -3 0 2 2 -3 0 - 17
Lemon so le  M icro sto m u s k itt 19 21 1 8-35 _ 22 - - - - - 18-25 -
Long rough d a b  H ip p o g lo sso id es p la tesso id es 53 8 1 0-25 - 16.5 - - - 19-20 - - -
Dab L unanda  lim anda  
O th ei/n o t id entified  round!ish 
Other flatfish

322
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3

7
79

0

1 2-26 13-17 1 4-22 11-24 1 7 -1 9
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T a b le  3 . S u ccess  in d ices o f (he  m ost com m on  sh ip -fo llo w in g  bird sp e c ie s  in (he  N orth  S e a  1992. A v era g e  v a lu e s  for all hau ls w ith  
p resen ce  o f  th e  sp e c ie s  a re  sh o w n  in  (he  first 3  co lu m n s, (he  n ext 2  co lu m n s g iv e  (h e  n u m b er of h a u ls  in  w h ic h  th e  sp e c ie s  
occurred, the  final 2  co lu m n s p resen t th e se  a s  p e r c e n ta g e s  o f total h a u ls. M a y -J u n e : n =  56  hauls: J u ly -A u g u st:  n  «  51 hauls:

not present

M a y -
June

J u ly -
A ugust

Both
jou rn eys

com b ined
M a y -J u n e

(n)

N o . o l  hau ls w ith  sp e c ie s  p resen t
J u ly -A u g u st  M a y -J u n e  J u ly -A u g u st  

(n) (% ) (%)

N orthern  g an n et 80 71 76 46 43 82 84
H erring guii 34 45 38 38 28 68 55
B la ck -leg g ed  k ittiw ake 34 40 37 56 49 100 96
P om arine skua - 36 36 0 2 0 4
L esser  b la ck -b a ck ed  gu ii 33 38 35 40 38 71 75
G reat b la ck -b a ck ed  guii 40 28 31 6 19 11 37
N orth ern  fulm ar 37 25 31 56 51 100 100
G reat skua 30 23 24 3 21 5 41
C om m on  gu ii 0 24 23 1 29 2 57
B la ck -h ea d ed  gu ii 0 20 17 3 18 5 35
C om m on  tern  /  arctic  tern — 4 4 0 11 0 22

m e r c ia l  f i s h e r ie s .  H o w e v e r ,  2  q u i t e  t a n g i b l e  e x a m p le s  
i l lu s t r a te  t h e  im p o r ta n c e  o f  d is c a r d  u s e :  o n  15  J u ly  

1 9 9 2 , a  c a  4  y r  o ld  n o r th e r n  g a n n e t  w a s  o b s e r v e d  to  
s w a l lo w  5  m a c k e r e l  ( 2 5  c m ,  3  x  2 6  c m . 2 8  c m )  a n d  a  
w h it in g  ( 2 2  c m )  w h ic h  w e r e  e x p e r im e n t a l ly  d is c a r d e d ,  
in  l e s s  t h a n  1 0  m in . U s in g  l e n g t h - m a s s  r e la t io n s h ip s  in  
D a a n  ( 1 9 7 5 )  a n d  e n e r g e t i c  v a l u e s  p r o v id e d  in  S id w e l l  

( 1 9 8 1 )  fo r  m a c k e r e l  m u s c l e  a n d  H is lo p  e t  a l .  ( 1 9 9 1 )  
fo r  w h it in g ,  t h e  to ta l  e n e r g y  c o n s u m e d  w a s  5 8 7 5  kJ. 
A s s u m in g  a n  u t i l iz a t io n  e f f i c i e n c y  o f  8 0 %  ( W ie n s  1 9 8 4 , 
C a s tr o  e t  a l. 1 9 8 9 ) , 4 7 0 0  k J  r e m a in e d  fo r  t h e  n o r th e r n  

g a n n e t .  B ir t -F r ie s e n  e t  a l .  ( 1 9 8 9 )  d e t e r m in e d  a  f ie ld  
m e t a b o l ic  r a t e  (F M R ) o f  4 8 6 5  k J  fo r  f e e d i n g  a d u lt s  
in  N e w f o u n d la n d ,  C a n a d a .  T h is  im p l ie s  th a t  t h e  n o r th ­
e r n  g a n n e t  o b s e r v e d  in  t h e  s o u t h e r n  N o r th  S e a  m e t  it s  

e n e r g y  d e m a n d s  fo r  m o r e  th a n  a  d a y  a s  a  n o n b r e e d in g  
in d iv id u a l  w i t h  l e s s  e n e r g y  c o s t s  t h a n  a  b r e e d in g  a d u lt  
w it h in  t h o s e  10  m in .

A n o t h e r  e n e r g y  c o n s id e r a t io n  c o u ld  b e  fo r m u la te d  

a s  f o l lo w s :  h o w  m a n y  f i s h  d o e s  a  h e r r in g  g u i i  n e e d  
e a c h  d a y ?  H ü p p o p  (1 9 8 7 )  e s t im a t e d  th a t  n o n b r e e d in g  
in d iv id u a ls  r e q u ir e  9 4 0  k J  d  :. T h u s ,  h e r r in g  g u l l s  c a n  
m e e t  th e ir  e n e r g y  d e m a n d s  fo r  1 d a y  b y  e a t i n g  a  c o d  of  
3 1  c m  o r  2  p la i c e  o f  2 5  c m  e s t im a te d  b y  l e n g t h - m a s s  

r e la t io n s h ip s  in  D a a n  ( 1 9 7 5 )  a n d  b y  e n e r g e t i c  v a l u e s  in  
S id w e l l  (1 9 8 1 ) . T h e s e  e n e r g e t i c  a s p e c t s  s h o w  t h e  e n o r ­
m o u s  p o t e n t ia l  o f  f i s h e r y  w a s t e s  in  p r o v id in g  a  s u p p le ­
m e n ta r y  fo o d  s o u r c e  to  s e a b ir d s .  F u r th e r  s t u d i e s ,  e .g .  

o n  t h e  tu r n o v e r  r a t e  o f  s p e c i e s  a n d  th e ir  a g e  g r o u p s  at 
t h e  v e s s e l s ,  w o u l d  d e s c r ib e  t h e  s i t u a t io n  o f  c o m p e t i t io n  
m o r e  p r e c is e ly .

A c k n o w le d g e m e n ts .  W e  than k  th e  B u n d esforsch u n gsan sta lt  
für F isch erei (F ed era l R esearch  B oard tor F ish eries) in H am ­
burg for th e  opportunity to  ta k e  part in  th e  jou rn eys o l  the 
fishery  research  v e s se l 'W alther H erw ig'. T h e  cru ise  lead ers  
(S iegfr ied  Ehrich and  H o lg er  D ornheim ) and C ap ta in  H inners

a n d  h is  crew  le t u s  w ork  o n  board  th e  v e sse l. T h e  untiring  
h e lp  o l  S te fan  Brager, S in a  C loriu s a n d  Kirstin J a n ssen  in  d is ­
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