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ABSTRACT: Scavenging seabirds in the North Sea exploit discards with different success and by dif- 
ferent feeding techniques. Northern gannet (SuM bassana) had the highest foraging success index, 
followed by lesser black-backed gull (Larus fuscus) and black-legged kittiwake (Rissa tridactyla). 
Northern fulmar (Fulmarus glacialis), mew gull (Larus canus) and black-headed gull (Larus ridi- 
bundus) were the least successful species. Ranking species according to the ratio of fish stolen from 
vs. lost to other species (= robbery index), northern gannet, great black-backed gull (Larus marinus) 
and great skua (Catharacta skua) were at the top, northern fulmar and black-legged kittiwake at the 
bottom. Varying compositions of the feeding flocks influenced the foraging success of the species 
significantly. Both body length and body mass of the birds can well explain species order in the rob- 
bery index but not in the foraging success index. Our hypothesis that the most successful species 
employ particular feeding techniques and/or exhibit the strongest kleptoparasitic abilities could be 
confirmed to a large extent but not totally. During reduced overall feeding rates, some less success- 
ful species and/or species with weaker kleptoparasitic capabilities fared better than during intense 
feeding rates as predicted, some others did not. 

INTRODUCTION 

Discards suppl ied by commercia l  fisheries form a substantial  part of the diet  of many 

scaveng ing  seabird  species, most notably demons t ra ted  in great  skuas Catharacta  skua 
(e.g. Hamer  et al., 1991) and large Larus gulls (e.g. Noordhuis  & Spaans, 1992; Ruiz et al., 

1996). In consequence ,  it is not surprising that the availabil i ty of this type of food can 
strongly inf luence not only the feed ing  ecology of the species but  also their daily activity 

(Oro, 1995), predat ion  rates (Russell & Montevecchi ,  1996), b reeding  pheno logy  and re- 

product ive output  (e.g. Oro et al., 1996). Since (a) the sizes of discard items t aken  by birds 
broadly overlap, (b) the numbers  of ship-followers are often high and (c) interactions 

be tween  individuals  are somet imes numerous,  it is conc luded  that compet i t ion often 
occurs b e t w e e n  scaveng ing  species when  feeding  near  trawlers (see Furness, 1992 for re- 

view). Flock composition, however ,  is known to affect a species '  foraging success whe the r  
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it forages on na tura l  food (e.g. Porter &Sealy, 1982; Shealer & Burger, 1993) or on fishery 
waste (e.g. Furness et al., 1992; Garthe & Hiippop, 1994). Seabirds might  therefore try to 
employ particular strategies when  feeding near  trawlers, which may lead to differences 
in behaviour  and  prey choice (e.g. Hudson  & Furness,  1989; C a m p h u y s e n  et al., 1995). 
Kleptoparasitism, general ly  considered to be either a type of interspecific aggress ion (e.g. 
Thompson,  1986) or a response to food shortage (e.g. Oro, 1996), is part icularly facilitated 
in feeding assemblages  found around fishing vessels (sensu Brockmann & Barnard, 
1979). 

We hypothesize that those bird species that are the most successful in ob ta in ing  dis- 
cards either employ particular feeding techniques  or exhibit the s trongest  kleptoparasi-  
tic abilities. These two assumptions will be tested in this paper. Furthermore,  we predict  
that, dur ing  periods of reduced overall feeding rates, less successful species and/or  spe- 
cies with weaker  kleptoparasitic capabilit ies fare better  than dur ing  periods of intense 
feeding rates. 

MATERIAL AND METHODS 

Experiments  on seabirds feeding on discards were carried out from on board the Ger- 
man  fishery research vessel "Walther Herwig" (Federal Research Board for Fisheries, 
Hamburg).  Two observers part icipated in each of four cruises in the central  and  nor thern  
North Sea: 12th May to 8th June  1992, 14th July to 3rd August  1992, 10th to 20th June  
1993 and  16th to 21st July 1993. These journeys were part of the In terna t ional  Bottom 
Trawl Survey, a sampl ing  scheme to examine  the distr ibution of demersal  fish in the North 
Sea r ecommended  by ICES (= Internat ional  Council  for the Exploration of the Sea). For 
more details see Garthe & Hfippop (1994). For analyses, data from all journeys  were 
pooled because  the exper imental  methods were identical and the studies were conduc-  
ted at a similar time of year. 

Discard exper iments  were carried out us ing subsamples  of the total fish catch. The 
subsamples  closely matched the total catch with regard to both species composit ion and 
length of prey. Before be ing discarded, fish were identif ied to species, and  their total 
length measured.  The fate of each fish, thrown overboard singly, was recorded. It was 
noted whether  a fish was swallowed instantly, stolen by another  bird, or whe ther  it sank 
(see Garthe & H~ippop, 1994 for more details). 

S h i p - f o 1 1 o w e r s : We est imated the number s  of birds a t t end ing  the vessel 
dur ing the trawls. For each species, the max imum n u m b e r  from sett ing out the net  unti l  
the end  of processing of the haul  was recorded. In this study, n ine  bird species regularly 
following the vessel were considered; other species were rare (Garthe & Hfippop, 1994). 

F o r a g i n g s u c c e s s : As a measure  of the foraging success of birds we calcu- 
lated the foraging success index (FSI). Here, only the final consumer  of the fish was 
taken into account. The FSI is expressed as a logari thm to match a normal  distr ibution of 
the data: 

FSI = log ([percent of all fish that were swallowed by a species / percent  of all ship- 
followers that were this species] + 1). 

K 1 e p t o p a r a s i t i s m : We calculated a robbery index (RI) by quant i f iy ing the 
interspecific interactions that took place when  fish were discarded (Camphuysen  et al., 
1995): 

RI = n u m b e r  of fish stolen by a species / n u m b e r  of fish stolen from this species. 
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P r o p o r t i o n  o f  d i s c a r d s  c o n s u m e d :  The pe rcen tage  of d iscards  t aken  
by birds differed greatly.  There  is reason to be l ieve  that  hunger,  among  severa l  o ther  fac- 
tors, inf luences this pe rcen tage ;  consequent ly ,  hunger  was taken  into account.  Since flat- 
fish are rare ly  swa l lowed  (Camphuysen  et al., 1995; Gar the  & Hfippop,  1994) a n d  were  
d i sca rded  only in low numbers  due  to the low avai labi l i ty  in the catches,  we  ca lcu la t ed  
the propor t ion  of d iscards  consumed  (PDC) for roundfish only. To avoid s t rong biases,  we 
neg lec t ed  d iscard  exper iments  with fewer  than  30 fish d iscarded.  The var iabi l i ty  of the 
PDC was re la t ive ly  little affected by the type  of roundfish which we discarded:  fish that  
were  usual ly  p re fe r red  by  the scavenge r s  rece ived  also less a t tent ion when  the PDC was  
low. 

PDC (in %) = (number  of i tems swal lowed  / number  of i tems offered) x 100. 

Correlat ions b e t w e e n  the absolu te  and  relat ive numbers  of ship-fol lowers  and  FSI 
were  inves t iga ted  for the  four spec ies  exhibi t ing  the  most character is t ic  f eed ing  techni-  
ques and  par t icu lar ly  h igh  or low FSI values.  In order  to compensa te  for the mult ipl ic i ty  
of s ignif icance tests,  Beal & Khamis  (1991) s trongly r ecommend  adjus t ing  the level  of 
s ignif icance accord ing  to the Bonferroni me thod  in the case of s imul taneous  inferences .  
We therefore  cor rec ted  the  level  of s ignif icance by dividing c~ (the probabi l i ty  of a type  I 
error) by 7 (number  of tests to expla in  the FSI of each species  considered).  Hence ,  the  sig- 
nif icance level  is l owered  to 0.05/7 = 0.007. 

RESULTS 

F o r a g i n g  s u c c e s s  

Scaveng ing  spec ies  differed significantly in their  foraging success (Table 1). The 
nor thern  ganne t  (Sula bassana, hereaf te r  gannet)  was  the most successful  species,  follow- 
ed by lesser  b l a c k - b a c k e d  gull  (Larus fuscus) and  b l ack - l egged  k i t t iwake  (Rissa tridac- 
tyla, hereaf te r  ki t t iwake) .  M e w  gull  (Larus canus) and  b l a c k - h e a d e d  gull  (Larus ridibun- 
dus) were  the leas t  successful  species.  The spec ies  order  c h a n g e d  somewhat  for h igh  and 
low proport ions  of d iscards  consumed  (PDC), which  we  consider  to reflect  different  
s tages  of in teres t  in food (e.g. repletion).  However ,  the  ganne t  was a lways  the most 
successful  spec ies  (Table 1). At high PDC, the grea t  skua  (Catharacta skua) had  the 
second  h ighes t  FSI, while  nor thern  fulmar (Fulmarus glacialis, hereaf te r  fulmar) and  
b l a c k - h e a d e d  gull  the lowest.  The foraging successes  of gannet ,  k i t t iwake  and  m e w  gull 
were  s ignif icant ly h igher  for t rawls  with high PDC. Compar ing  FSI b e t w e e n  PDC of 
< 60 % and of 90-100 %, the dif ferences  become  also signif icant  for fulmars (t = 2.13, 
p < 0.05), with FSI s ignif icant ly h igher  at t rawls with low PDC. 

The FSI of ganne t s  and  g rea t  skuas  increase  s ignif icant ly with inc reas ing  PDC 
whereas  the FSI of fulmars  d e c r e a s e d  signif icant ly (Table 2). 

FSI and  body  d imensions  of the birds d id  not correlate  s ignif icant ly (Table 3). 
For example ,  k i t t iwakes  were  much  more successful  than expec ted  from thei r  body  
mass. 

The FSI of fulmar, gannet ,  g rea t  skua  and  k i t t iwake  were  corre la ted  with some of the 
absolute  numbers  and  pe rcen t ages  of ship-fol lowing species  (Table 4). 
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Table 1. Foraging success  indices (= FSI, for definition see "Methods")  of nine bi rd  species  feeding 
on discards in different situations; n = n u m b e r  of trawls 

Proport ion of discards consumed  
Total 90-100 % < 75 % Null  hyp. II 

FSl n FSI n FSI n 

Ganne t  0.551 128 0.704 53 0.385 39 t = - 4.50 p < 0.001 
Lesser  b lack-backed  gull 0.284 123 0.307 41 0.217 45 t = -  1.70 n.s. 
Kittiwake 0.281 155 0.317 58 0.227 54 t = -  2.30 p < 0.05 
Herr ing gull 0.271 101 0.285 37 0.279 35 t = -  0.08 n.s. 
Great  b lack-backed  gull 0.262 44 0.275 19 0.167 17 t = - 0.92 n.s. 
Great  skua  0.239 32 0.364 19 0 5 not tes ted  
Fulmar  0.211 161 0.194 60 0.232 56 t = 1.44 n.s. 
Mew gull 0.186 38 0.260 17 0.070 13 t = - 2.13 p < 0.05 
Black-headed gull 0.117 26 0.149 7 0.039 13 t = - 1.25 n.s. 

Null hyp. I F = 18.75 F = 17.23 F = 3.91 
p < 0.0001 p < 0.0001 p < 0.001 

Null hypothes is  I: FSI of all species  is not different (one way ANOVA) 
- > rejected: FSI is different for all species  at all, h igh  and low PDC 

Null hypothes is  It: FSI of each species  is not different at h igh and  low PDC (t-test) 
- > accepted:  FSI of lesser b lack-backed  gull, her r ing  gull, grea t  b lack-backed gull, grea t  skua, 
fulmar and  b lack-headed  gull are not different  at h igh  and  low PDC 
- > rejected: FSI of gannet ,  ki t t iwake and  m e w  gull are different at high and low PDC 

K l e p t o p a r a s i t i s m  

S t e a l i n g  d i s c a r d e d  f i sh  f r o m  o t h e r  b i r d s  w a s  f r e q u e n t l y  o b s e r v e d .  F i g u r e  1 d e m o n -  

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

T h e  f u l m a r  w a s  t h e  s p e c i e s  w i t h  m o s t  i n t e r a c t i o n s ,  s t e a l i n g  m a n y  f i sh  f r o m  k i t t i w a k e s  a n d  

l o s i n g  m a n y  f i sh  to g a n n e t s  a n d  l a r g e  gu l l s .  

Table 2. Spea rm an  rank correlation b e t w e e n  foraging  success  indices {FSI) and  propor t ion  of 
discards c o n s u m e d  (PDC) of n ine  scaveng ing  seabird species 

Species rs Sample  size Significance 

Fulmar  - 0.157 161 p < 0.05 
Ganne t  0.314 128 p < 0.001 
Great  skua  0.501 32 p < 0.01 
Black-headed gull 0.289 26 n.s. 
M e w  gull 0.277 38 n.s. 
Lesser  b lack-backed  gull 0.171 123 n.s. 
Her r ing  gull 0.077 101 n.s. 
Great  b lack-backed  gull 0.212 44 n.s. 
Kittiwake 0.142 155 n.s. 
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Table  3. Robbery  ind ices  (= RI) a n d  f o r a g i n g  s u c c e s s  ind ices  (= FSI; for def ini t ions  s ee  " M e t h o d s " )  
of t he  n ine  mos t  n u m e r o u s  b i rd  spec i e s  a n d  the i r  corre la t ion  wi th  b o d y  m a s s  (after Bezzel ,  1985) 

a n d  b o d y  l e n g t h  (after C r a m p  & S immons ,  1977, 1983) 

Spec ies  FSI RI Body M a s s  Body L e n g t h  
(g) (ram) 

G a n n e t  0.551 13.9 3015 935 
Lesse r  b l a c k - b a c k e d  gul l  0.284 1.9 792 595 
Ki t t iwake  0.281 0.1 371 390 
He r r i ng  gull  0.271 2.5 1061 610 
Grea t  b l a c k - b a c k e d  Gull  0.262 6.7 1600 710 
Grea t  s k u a  0.239 4.5 1432 555 
F u l m a r  0.211 0.4 781 475 
M e w  gul l  0.186 1.2 396 410 
B l a c k - h e a d e d  gul l  0.117 0.2 261 355 

S p e a r m a n  r ank  corre la t ion  
1. B e t w e e n  FSI a n d  
- body  mass :  rs = 0.550, df -- 8, n.s.  
- body  length :  rs = 0.650, df = 8, n.s.  

2. B e t w e e n  RI a n d  
- b o d y m a s s :  r s = 0 . 9 6 7 ,  d f = 8 ,  p < 0 . 0 0 1  
- body  length:  r~ = 0.917, df = 8, p < 0.01 

Table  4. S p e a r m a n  r ank  corre la t ions  b e t w e e n  fo r ag ing  s u c c e s s  ind ices  (FSI) of f u lmar  (n = 161 
trawls),  g a n n e t  (n = 128 trawls), g r ea t  s k u a  (n = 32 t rawls)  a n d  k i t t iwake  (n = 155 trawls)  a n d  (a) the  
abso lu t e  n u m b e r  of s ing le  sh ip - fo l lowing  spec ies ,  (b) the  p e r c e n t a g e  of s ing le  sh ip - fo l lowing  

species .  Only  s ign i f ican t  corre la t ions  a re  listed; s ee  text  for s ta t is t ical  a s s u m p t i o n s  

(a) Abso l u t e  n u m b e r  (b) P e r c e n t a g e  of 
of sh ip- fo l lowers  all sh ip- fo l lowers  

Spec ies  r S Spec ies  

F S I  ( 

F S I  ( 

F S I  ( 

F S I  ( 

f u l m a r ) :  
g a n n e t  - 0.254 
lesser  b l a c k - b a c k e d  gul l  - 0.273 

g a n n e t ) :  
f u lmar  + 0.391 
g a n n e t  + 0.454 
k i ~ i w a k e  + 0.271 

g r e a t  s k u a ) :  
f u lmar  + 0.468 

k i t t i w a k e ) :  
f u lmar  + 0.240 
l e sse r  b l a c k - b a c k e d  gul l  - 0.233 

g a n n e t  

gannet 

- 0.250 

+ 0.254 
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Fig. 1. Quantification of interactions between seven birds species. Arrow thickness is equivalent 
to the number of fish stolen (from dashed = 1-2 interactions to the broadest arrows = more than 100 
interactions), the arrows point at the species which stole the fish. Species at top of the figure have 

the highest robbery indices, those at the bottom the lowest 

The robbery index (RI) was highest  for the gannet ,  followed by the great  black- 

backed  gull (Larus mar~nus) and  the great  skua (Table 5). The fulmar, b l ack -headed  gull 

and  kit t iwake had the lowest values.  Regarding (high and  low) PDC, the order was 

the same, and  the numer ica l  values similar. However, fulmars lost s ignificantly fewer fish 

(or stole significantly more fish) w h e n  PDC was low. Interestingly, the species with the 

highest  RI (gannet,  great b lack-backed  gull, great skua) hardly ever stole fish from one 

another. 

Overall, the kleptoparasitic interact ions did not occur randomly b e t w e e n  the species 

involved. At all trawls and  at high and  low PDC, the differences be t w e e n  fish stolen and  

fish lost are highly significant. 
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Table 5. Robbery indices (= RI; for definition, see "Methods") of nine bird species feeding on 
discards in different situations; n = n u m b e r  of interactions 

Proportion of discards consumed 
Total n 90-100% n < 7 5 %  n Null hyp. II 

G a n n e t  13.9 655 18.1 402 9.6 95 • = 2.45 n.s. 
Grea t  b lack-backed  gull 6.7 77 5.8 61 7.0 8 not tested 
Great  skua 4.5 61 4.5 61 - - not tested 
Herr ing gull 2.5 183 2.5 77 2.9 39 • = 0.11 n.s. 
Lesser b lack-backed  gull 1.9 289 1.6 111 1.4 85 X 2 = 0.12 n.s. 
Mew gull 1.2 13 . . . .  not tested 
Fulmar 0.4 1199 0.3 661 0.6 209 • = 11.66 
Black-headed gull 0.2 11 . . . .  not tested 
Kittiwake 0.1 430 0.1 233 0.1 75 • = 0.17 n.s. 

p < 0.001 

Null hyp. I ~(2 = 1078.7 • = 628.9 • = 100.8 

p < 0.0001 p < 0.0001 p < 0.0001 

Null hypothesis I: RI of all species is not different {• of homogeneity) 
->  rejected: RI is different for all species at all trawls and high and low PDC 

Null hypothesis II: RI of each species is not different at high and low PDC (x2-test of indep- 
endence)  
-> accepted: RI of gannet ,  herr ing gull, lesser b lack-backed gull and  kitt iwake is not different at 
h igh  and  low PDC 
-> rejected: RI of fulmar is different at high and  low PDC 

T h e  ra t io  of i n t e r a c t i o n s  p e r  r o u n d f i s h  c o n s u m e d  d id  no t  c h a n g e  m u c h  for  d i f f e r e n t  

P D C  (X 2 = 1.83, n.s. ,  p = 0.77, K r u s k a l - W a l l i s  H- tes t ) .  

F e e d i n g  t e c h n i q u e s  

G a n n e t : T h i s  s p e c i e s  w a s  b y  fa r  t h e  m o s t  s u c c e s s f u l  in  u t i l i z ing  d i s ca rds .  It w a s  

o n l y  l e s s  s u c c e s s f u l  w h e n  o t h e r  s p e c i e s  o c c u r r e d  in  (very) h i g h  n u m b e r s  a n d  e s p e c i a l l y  

w h e n  g a n n e t s  t h e m s e l v e s  w e r e  p r e s e n t  in  p a r t i c u l a r l y  low n u m b e r s .  T h u s ,  t h e i r  f o r a g i n g  

s u c c e s s  i n c r e a s e d  s i g n i f i c a n t l y  w h e n  b o t h  t h e i r  a b s o l u t e  a n d  r e l a t i v e  n u m b e r s  as  sh ip -  

f o l l o w e r s  i n c r e a s e d  (Tab le  4). S i n c e  g a n n e t s  t a k e  a l m o s t  all  d i s c a r d s  b y  p l u n g e - d i v i n g ,  

t h e r e  is a c e r t a i n  t i m e  l a g  b e t w e e n  d e t e c t i n g  a n d  s w a l l o w i n g  t h e  food. T h i s  l a g  is t h e  b e s t  

a n d  o f t e n  t h e  on ly  c h a n c e  for o t h e r  s p e c i e s  to o b t a i n  d i s ca rds .  G a n n e t s  s t e a l  d i s c a r d s  f rom 

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

v e r y  r a r e l y  in  f l ight .  

F u 1 m a r : O n  a l m o s t  all  occas ions ,  a n d  in  c o n t r a s t  to all  o t h e r  spec i e s ,  t h e  m a j o r i t y  

of f u l m a r s  s w i m  b e h i n d  or a r o u n d  t h e  ves se l .  T h u s ,  t h e y  c a n  o b t a i n  f i sh  o n l y  if t h e y  s w i m  

n e a r  t h e  p l a c e  w h e r e  t h e  d i s c a r d s  a re  d i s c h a r g e d .  S w i m m i n g  m a k e s  t h e m  v e r y  v u l n e r -  

a b l e  to  p h y s i c a l l y  s t r o n g  c o m p e t i t o r s  s u c h  as  l a r g e  gulls ,  g r e a t  s k u a s  a n d  g a n n e t s .  In-  

d e e d ,  t h e y  lose  a c o n s i d e r a b l e  a m o u n t  of f i sh  to t h e s e  s p e c i e s  (Fig. 1). F u l m a r s  s u f f e r e d  

s i g n i f i c a n t l y  less  f r o m  l d e p t o p a r a s i t i c  i n t e r a c t i o n s  w h e n  t h e  f e e d i n g  p r e s s u r e  ( m e a s u r e d  
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as the propor t ion  of d iscards  consumed)  was  low than they did when  h igh  propor t ions  of 
d iscards  were  consumed  (Table 5). 

G r e a t  s k u a  a n d  g r e a t  b l a c k - b a c k e d  g u l l :  Both spec ies  r a r e l y t a k e  
fish direct ly  from the wate r  surface. Instead,  they pr imar i ly  try to s teal  it from other, 
genera l ly  smaller,  species  such as fulmars and  lesser  b l a c k - b a c k e d  gulls. These  species  
also stay most ly  at a g rea te r  d is tance  from the ship. 

K i t t i w a k e : Kit t iwakes do not swal low large  fish (Garthe & Hfippop,  1994; Camp-  
huysen  et al., 1995). Hence,  they  focus only on a small  par t  of the catch which  seems  to 
be  less a t t rac t ive  for the larges t  bird species.  Best oppor tuni t ies  occur w h e n  the ne t  is 
hau led  because  small  fish can then  be t aken  direct ly  out of the net  meshes .  Since kitti- 
wakes  fare worst  in interactions,  they have  to catch and  swal low the fish rapidly.  Indeed,  
this spec ies  is ab le  to pick up the d iscards  very  quickly  due  to its exce l l en t  m a n o e u v -  
rabil i ty (high flight speed,  agi l i ty  and  small  body  size). 

L e s s e r  b l a c k - b a c k e d g u l l s  a n d  h e r r i n g  g u l l s  Larusargentatus 
use an in t e rmed ia te  s t ra tegy b e t w e e n  g rea t  skuas /g rea t  b l a c k - b a c k e d  gulls  and  kitti- 
wakes .  

DISCUSSION 

Firstly, we hypothes ized  that  those bird spec ies  that  are  the most successful  in ob- 
ta ining d i scards  employ  par t icu lar  f eed ing  techniques  and /o r  exhibit  the s t ronges t  k lep-  
toparasi t ic  abili t ies.  This hypothes is  can be conf i rmed to a large ex ten t  bu t  not totally. 
First of all, the FSI cannot  be exp la ined  by  bird  body  d imensions  alone (Table 3). Hence,  
it is obvious that  the species '  t echniques  of feed ing  on discards  differ in thei r  success.  For 
this reason,  a discussion on the different  fo rag ing  behav iour  employed  by var ious  spec ies  
while  feed ing  on discards  was appropr ia t e  (see also D~indliker & Mii lhauser ,  1988; Hud-  
son & Furness ,  1989; Camphuysen ,  1993). The  species  rank ing  first in FSI, the ganne t  
(conduct ing p lunge-dives) ,  and  the spec ies  r ank ing  third, the k i t t iwake  (with appa ren t ly  
the h ighes t  flight manoeuvrabi l i ty) ,  ca tch food by par t icular  feed ing  t echn iques  quite dif- 
ferent  from the techniques  used  by those spec ies  that  special ise  in k lep toparas i t i sm,  e.g. 
the g rea t  skua.  Two other  spec ies  r ank ing  also re la t ively  high, the lesser  b l a c k - b a c k e d  
gull  and  the her r ing  gull, can be  cons ide red  as genera l i s t s  because  they  use an inter-  
med ia t e  s t ra tegy  when  scaveng ing  on discards.  Kleptoparas i t i sm does not  inf luence  for- 
ag ing  success  s ignif icant ly (FSI cor re la ted  with  RI: rs = 0.433, n.s., S p e a r m a n  rank  corre- 
lation) sugges t ing  that, in this case, "crime does  not pay" .  

That  does  not  mean,  however,  that  fo rag ing  success  is not in f luenced  by  k lepto-  
parasi t ism,  which  is genera l ly  an impor tan t  f eed ing  techn ique  in skuas  and  gulls 
(Furness,  1987). C a m p h u y s e n  et al. (1995) found that  17 % of all round.fish and  22 % of 
all flatfish we re  h a n d l e d  by  more  than  one bird. Most  of these  events  can be  a t t r ibu ted  to 
the  fact that  birds  s teal  fish from one another .  The n u m b e r  of in terac t ions  was  par t i -  
cular ly h igh  for large  fish since these  are  most  difficult to swal low rapidly.  Since RI is 
a lmost  per fec t ly  corre la ted  with body  m e a s u r e m e n t s  of the  scavengers  (Table 3), it is 
obvious that  re la t ively  w e a k  species  such as k i t t iwake  but  also fulmar a n d  lesser  b lack-  
b a c k e d  gull  do bet ter  by avoid ing  these  interact ions.  Recent  inves t iga t ions  i n d e e d  indi~ 
ca te  that  fulmars  a t tend  t rawlers  less in au tumn  and  winter  when  usual ly  l a rge  number s  
of sh ip- fo l lowing her r ing  gulls invade  the Nor th  Sea (Camphuysen  & Gar the ,  1997). 
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Varying compositions of the feeding flocks at the trawler apparently inf luence FSI 
of some species. Although analyses of correlations be tween  FSI and numbers  of ship- 
followers are somewhat  impaired by heterogenei ty  in the data (strongly varying num-  
bers of species and  individuals,  time of year /b reed ing  stage and  region), the correlations 
appear  to be not only statistically valid but  also biologically relevant. Thus, fulmars fare 
worse in the presence  of ganne ts  and lesser b lack-backed gulls to which they lose many  
discards but  from which they steal considerably less. Likewise, gannets  and  great skuas, 
but  also kittiwakes, benef i t  from the presence of fulmars. Similarly, Furness et al. (1992) 
observed that the foraging success of herr ing gulls was remarkably lowered by the pre- 
sence of ganne t s  near  fishing vessels in the Clyde, west Scotland. Apparently, the her- 
ring gulls moved away from the trawlers, possibly flying to refuse tips, when  confronted 
with increasing competi t ion from gannets .  

Secondly, we hypothesized that, dur ing  periods of reduced overall feeding rates, less 
successful species and/or  species with weaker  kleptoparasitic capabilities fare better  
than dur ing periods of intense feeding rates. This hypothesis can partly be corroborated. 
Thus fulmars, which obta ined relatively low values in both FSI and RI, were significantly 
more successful when  feeding pressure, measured  as PDC, decreased. Also, they exhibi- 
ted a higher robbery index when  PDC was low. On the other hand, mew gulls were sig- 
nificantly more successful dur ing low PDC (Table 1) al though PDC and FSI were not sig- 
nificantly correlated. Furthermore, kit t iwakes reached the same low RI values  dur ing 
both categories of feeding pressure (Table 5). 

How reliable are then our data on foraging success? Two topics originating from the 
methods employed might  have affected the results on foraging success: FSI is probably 
biased somewhat  towards the smaller, more agile scavengers  flying close to the ship. This 
is because  we singly discarded fish from the stern which is an unusual  si tuation for com- 
mercial fisheries. Care was taken, however, to throw the fish as close to the net  as possi- 
ble when  it was hauled  in and  into the s t ream of discards when  the bulk of the catch was 
discharged. In addition, we have no information about  the turnover time of birds follow- 
ing the ships. Kittiwakes may at tend ships for many  hours (Erikstad et al., 1988) whereas  
gannets  occur there chiefly for only short time periods (Hudson & Furness, 1989). This 
could seriously bias the FSI: high turnover  rates mean  that a large number  of individuals  
are involved, hence  the FSI would be lower if corrected appropriately. 

In conclusion, the results demonstra te  that scavenging  seabird species utilize dis- 
cards provided by fisheries throughout  the whole North Sea to very different degrees. 
Whereas the species order obtained by the robbery index can be weU expla ined by bird 
body dimensions,  the foraging success index cannot  be explained in this way. This 
means  that species that have lower kleptoparasit ic capabilit ies can nevertheless  obtain a 
high foraging success by us ing part icular feeding techniques.  
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