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ABSTRACT: Prey availability is one of the factors determining the distribution of seabirds at sea.
Northern fulmars Fulmarus glacialis and black-legged kittiwakes Rissa tridactyla were the most
regularand frequent ship-followers across the central and northern North Sea during 2 surveys witha
fishery research vessel in May-June and July-August 1992. Sixteen other species occurred less often
and/or m lower numbers. Birds consumed 84 % ot experimentally discarded roundfish and 8% of dis-
carded flatfish. On average, northern gannets Morus bassanustook the largest individuals of most fish
species, black-legged kittiwakes the smallest. The average size choices of herring gulls Larusargenta-
tus, lesser black-backed gulls Larus luscus and northern fulmars lay between these 2 extremes. The
choice of fish lengths by birds varied with different fish species. Northern gannct was the most
successful species in consuming discards. Northern fulmars' success rates decreased with the presence
of larger ship-followers but were never high. Black-headed guii Larus ridibundus and common guii

Laruscanus were less successful than the more frequent, typical ship-following species.
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INTRODUCTION

The distribution of seabirds at sea is patchy at
various scales. The processes responsible include
hydrographical mechanisms, active and passive move-
ments of prey and the social behaviour of birds (Ilunt
1988). These factorsare of variable relative importance
in different parts of the world's oceans. Although the
location of breeding sites influences seabird feeding
distribution, fisheries also have a strong influence
at a smaller scale on the distribution of seabirds at
sea, as seen in the North Sea (Tasker et al. 1987),
the Benguela Current (Ryan & Moloney 1988) and the
Eastern Pacific (Wahl & Heinemann 1979).

Studies near the Shetland Islands and in the Clyde
areawest of Scotland, UK, gave firstinformation on the
use of fishery wastes by seabirds (Furness et al. 1988).
A first study covering the whole North Sea in winter
1993 confirms the assumption that seabirds benefit
enormously from this type of food resource (Camphuy-
sen et al. 1993). Populations of most seabird and some

coastal bird species in the North Sea have grown con-
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siderably in the last few decades, probably as a result
of improved food conditions provided by whaling and
fisheries (Vauk et al. 1989, Dunnetet al. 1990, Lloyd et
al. 1991). Presently, about 1.2 million seabirds, feeding
at least partially on discards and offal, breed around
the North Sea (Furness 1992).

Interspecific competition evoked by the supply of
discards and offal has already led to changes in the
avifauna of seabirds and coastal birds (Furness et
al. 1992, Noordhuis & Spaans 1992). Further changes
in catch composition due to larger mesh sizes will
probably cause higher competition for discards and
offal. Decreasing populations of the weaker scaveng-
ing species are to be expected. Therefore it is es-
sential to obtain detailed data about the utilization
of discards by scavenging seabirds. This includes
not only the choice of different fish species and
their lengths but also the rates at which discards are
taken by birds. To evaluate interspecific com petition
and its possible consequences, it is also important
to know the distribution and numbers of ship-

followers.
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northern gerne!

Northern gannets were seen in higher numbers in
the western part ol the North Sea than in the other
areas (Fig. lb). They were numerous only near the
colony at Bass Rock in the Firth of Forth, Scotland, but
they were present in low numbers at nearly all trawl
stations, except a few in the German Bight.

Lesser black-backed gulls occurred in considerable
concentrations close to the Dutch and German coast,
and in lower numbers near the Scottish coast (Fig. le).
The highest numbers of herring gulls were found close
to the Scottish coast, with low numbers in the south-
eastern part of the study area (Fig. 1d). Both herring
guii and lesser black-backed guii were hardly recorded
in central parts ot the North Sea. Their maps resem ble
those presented in Tasker et al. (1987). Despite a much
lower breeding population in the southeastern part of
the study area (Furness 1992), the numbers of lesser
black-backed gulls there were many times higher than
those of herring gulls, presumably because lesser
black-backed gulls may utilize fishery wastes near the
W adden Sea to a higher degree than herring gulls (see
Noordhuis & Spaans 1992).

Black-legged kittiwakes were more evenly distri-
buted. Slightly higher numbers were found in the

southeastern and northwestern parts of the North Sea

Fig. 1. Distribution ot (he 5 most common
ship-following bird species in the North
Sea in July-August 1992. Each dot rep-
resents the number ol individuals «t a
single trawl station, (a) Northern fulmar,
(b| northern gannet, (e) lesser black-
backed guii, (d) herring guii. (e) black-
legged kittiwake

(Fig. le). Even in the central and eastern part of the
study area, black-legged kittiwakes were found in sur-
prisingly high numbers, which stands in contrasl to the

maps in Tasker et al. (1987).

Choice of fish species and length

Nearly all length classes of offered fish were utilized
by ship-following seabirds due to the broad spectrum
of bird species (Fig. 2). In all fish species (see Table 2
for scientific names) we notice much overlap in their
utilization by bird species. However, average length
choices of the fish species taken varied among the
most common ship-following bird species, northern
fulmar, northern gannet, lesser black-backed guii,
herring guii and black-legged kittiwake. Significant
differences (Kruskal-W allis H-test) between these bird
species occurred in the choice of lengths of whiting
X2=210.9,p <0.0001, n = 864), poor cod (x2 = 131.6,
p<0.0001,n=259), Norway pout (x2=48.7, p<0.0001,
n = 1318), haddock (x2 = 183.5. p < 0.0001, n = 497),
herring (x2= 266.1, p < 0.0001, n = 1046), sprat (x2=
36.9, p < 0.0001, n = 240) and grey gurnard (x2= 9.72,

p <0.05, n=286). No differences were found for sand
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eels (x2=3.38, not significant, n = 173). Northern gan-
nets took the largest mean lengths of all fish species
except poor cod, black-legged kittiwakes the smallest.
Common gulls and black-headed gulls, which were
not present as often as other species, behaved much
like black-legged kittiwakes in their length choices. In
most cases, northern fulmars, great skuas Catharacta
skua, and

lesser black-backed gulls, herring gulls

great black-backed gulls Larus marinus were inter-

mediate between northern gannets and black-legged
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kittiwakes in their choices of fish lengths. Great black-
backed gulls and great skuas tended towards greater
black-

intermediate

lengths, whereas and lesser

backed gulls

lengths. Some of the variability in the mean lengths of

herring gulls

were inclined to select
fish chosen by different ship-following bird species can
be explained by their body measures (Table 1): body
lengths of birds correlated with length choice in 4 out
of 6 fish species, body mass and bill length on 2 occa-

sions each.
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Fig.2. Length choices 0/ 6 fish species by seabirds in May-June and July-August 1992. The x-axis shows the length classes with
theirapproximate centre. F: northern lulmar; G: northern gannet; LG; lesser black-backed guii; 11G: herring guii; K: black-legged

kittiwake. (a) Herring [n = 1189, mean length offered = 23.2 ¢cm), |b) sprat (n

335, 12.6 cm), (¢) haddock (n = 604, 21.1 cm),

(d| poor co<l In =270, 16.4 cm). fe| whiting (n = 1166. 23.1 cm), <f) sand eels (n =235, 19.0 cm)
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Table? 1. Body masses, body lengths lalter Bozzel 1985) and bill lengths (after
Cramp & Simmons 1977, 1983) of the most numerous bird species and their
correlations with average fish lengths. Significant correlations |r > roi» <i) are

underlined
Species Body mass Body length
(@ (mm)

Black-legged kittiwake 371 390
Northern lulmar 781 475
Lesser black-backed guii 792 595
Herring guii 1061 610
Northern gannet 3015 935
Coefficientof correlation

pwnd 0F1 0.360 0.234

r«ptat 0.875 0.866

HilllDQ 0.927 0.840

FfciiMart 0.666 0.794

rpat<cd 0.409 0631

r.tutmq 0.662 QJ7Q

Length rangesof fish species taken also differed con-
siderably between the different bird species (Table 2).
Northern gannets and northern fulmars took the
longest individuals of most fish species. Northern ful-
mars showed a highly variable utilization of offered
fish lengths due to their pecking of offalout of the fish
bodies, especially from large specimens of which the
remains sank later on. In this manner they achieve
an expanded length spectrum. Common gulls, black-
headed gulls and black-legged kittiwakes took pre-
dominantly smaller fish. i.e. the maximum lengths of
the fish species chosen often lay distinctly below those
selected by larger bird species.

Black-legged kittiwakes and the other 4 bird species
had a clear size separation for whiting, poor cod and
haddock (Fig. 2). in contrast, length choices for sand
eels, sprat and herring overlapped considerably be-
tween these bird groups. Similarly, a clear separation
between northern gannets and northern fulmars/large
gulls occurred for haddock and herring, but not for
sand eels and only slightly for whiting and poor cod. In
most cases, northern fulmars and large gulls over-
lapped to a great extent in their length choices of
offered fish.

Different natural lengths of fish may explain some
of these results. It is often not possible, especially for
smaller bird species, to swallow larger fish such as
cod. On the other hand, all common ship-following
seabirds can manage sprats at any time. Realistic
comparisons may only be applicable if other para-
meters of fish body dimensions are considered. The
lack of significance in the comparison of length
choices for sand eels and the largest mean of taken
by the

legged Kkittiwake, showed that length is not the only

sand eels smallest bird species, the black-

parameter of interest for birds, as al-

ready shown & Duiven

(1977) for 3 species of alcids.

by Swennen

Bill length .
Success index

(mm)
34.0 In both the May-June and July-
39.3 Augustsurveys, northern gannet was the
::g species most successful at getting fish
984 (Table 3). Herring guii, black-legged
kittiwake. pomarine skua Stercorarius
0273 pomarinus, lesser black-backed guii,
QJ86 great black-backed guii and northern
0 857 fulmar followed wlthin a close range.
0.721 Even lower success indices were found
26595; for great skua, common guii, black-

headed guii and finally common tern
Sterna hirundo and arctic tern Sterna
paradisaea.

Northern gannets were most successful in taking
offered fish. Thesuccess of northern fulmarsdepended
strongly on the quantitative com position of other ship-
followers but was never very high. They succeeded
least dunng trawls where all bird species were pre-
sent. Absence of species with food piracy behaviour,
such as great skua, northern gannet and great black-
backed guii, leads to higher success indices. Black-
headed guii and common guii were less successful
than the other, more typical ship-following species.
However, the extra food provided by fishing vessels
could help them satisfy their energy demands during
migration.

Analyses of those hauls during which all the bird
species considered were present gave more detailed
results: northern gannet and black-legged kittiwake
showed a relatively constant success rate, whereas
northern fulmar was more successful in the absence of
larger species such as northern gannet, great skua
and great black-backed guii. Success indices of lesser
black-backed guii and herring guii were highly vari-
able, showing no clear tendencies.

How accurate is this mean success index? Since we
have no information about the length of time birds stay
behind vessels, we do not know how many individuals
per species actually attend a trawland the consecutive
processing. Erikstad et al. (1988| determined an aver-
age of 480 to 591
following a ship in the Barents Sea in August 1986.

min for black-legged Kkittiwakes

The vessel trawled regularly every 20 to 30 n miles.
Between the trawlstations the birds rested on the ship.
With few exceptions, this observation could not be
confirmed on either of the '"Walther Herwig' journeys.
Thus, a

Hudson & Furness (1989) mention that the average

shorter following time seemed probable.



Table 2. Numbers ol fish offered lo and oaten by birds, and length ranges |m cm)of fish nottaken and eaten by birdsin the North Sea

Species

Totalnumber

Norway pout Trisopterus esiiiarki
Poorrod Trisopterus minutus

Herring Clupea harengus

Lesser argentine Argentin,»sphyraena
Whiting Merlangius merlangus

Haddock Slelanogrammus aeglelmus
Sprat Sprattus sprattus

Pilchard Sardina pilchardus

Sand eels Ammodytes sp., Hyperoplus sp.
Cod Gadus morhua

Grey gurnard Eutrigla gurnardus
Mackerel Scomber scombrus

Rocklings Rhinonemus cimbrius ete
Diagonet Callionymus lyra

Scad Trachurus trachurus

Lemon sole Microstomus kitt

Long rough dab Hippoglossoides platessoides
Dab Lunanda limanda
Othei/notidentified round!ish

Other flatfish
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a 0
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gannet
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Table 3. Success indices of (he most common ship-following bird species in (he North Sea 1992. Average values for all hauls with

presence of the species are shown in (he first 3 columns, (he next 2 columns give (he number of hauls in which the species

occurred, the final 2 columns present these as percentages of total hauls. May-June: n = 56 hauls: July-August: n « 51 hauls:
not present

May- July- Both
June August journeys
combined
Northern gannet 80 71 76
Herring guii 34 45 38
Black-legged kittiwake 34 40 37
Pomarine skua - 36 36
Lesser black-backed guii 33 38 35
Great black-backed guii 40 28 31
Northern fulmar 37 25 31
Great skua 30 23 24
Common guii 0 24 23
Black-headed guii 0 20 17
Common tern / arctic tern — 4 4

mercial fisheries. However, 2 quite tangible exam ples
illustrate the importance of discard use: on 15 July
1992, a ca 4 yr old northern gannet was observed to
swallow 5 mackerel (25 ¢cm, 3 x 26 cm. 28 ¢cm) and a
whiting (22 cm) which were experimentally discarded,
in less than 10 min. Using length-m ass relationships in
Daan (1975) and energetic values provided in Sidwell
(1981) for mackerel muscle and Hislop et al. (1991)
for whiting, the total energy consumed was 5875 kJ.
Assuming an utilization efficiency of 80% (W iens 1984,
Castro et al. 1989), 4700 kJ remained for the northern
gannet. Birt-Friesen et al. (1989) determined a field
metabolic rate (FMR) of 4865 kJ

in Newfoundland, Canada. This im plies that the north-

for feeding adults

ern gannet observed in the southern North Sea met its
energy demands for more than a day as a nonbreeding
individual with less energy costs than a breeding adult
within those 10 min.

Another energy consideration could be formulated
as follows: how many fish does a herring guii need
each day? Hiippop (1987) estim ated that nonbreeding
individuals require 940 kJd : Thus, herring gulls can
meet their energy demands for 1day byeating a cod of
31 ¢cm or 2 plaice of 25 c¢cm estimated by length-mass
relationships in Daan (1975) and by energetic values in
Sidwell (1981). These energetic aspects show the enor-
mous potential of fishery wastes in providing a supple-
mentary food source to seabirds. Further studies, e.g.
on the turnover rate of species and their age groups at
the vessels, would describe the situation of com petition

more precisely.
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