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Abstract In contrast to the situation at the west coast of
the North Sea, the breeding colony of black-legged kittiwa-
kes Rissa tridactyla at Helgoland in the south-eastern North
Sea did not exhibit severe declines since 1990 but instead
numbers increased and only lately stabilised. Declines at
the west coast of the North Sea were attributed to a lower
abundance and lower quality of the key prey, sandeels. We
hypothesised that kittiwakes at Helgoland do not rely as
heavily on sandeels as their conspecifics. We analysed
stomach contents of nestlings and adults of 2001, 2002,
2004 and 2006. In concordance with earlier studies of the
1980s and 1990s, young whiting Merlangius merlangus
was the most important prey species in 2001, 2002 and
2004. Clupeids and sandeels were consumed in lower pro-
portions. While earlier studies suggested whiting to origi-
nate from fisheries discards, evidence now supports that
kittiwakes prey upon whiting in areas of hydrographic
fronts. No whiting was recovered in samples of 2006 and
the proportion of fish prey was low. Main prey items were
polychaete worms (Nereidae), which were presumably con-
sumed as swarming Heteronereis stages. An observed
strong rise in water temperature in summer 2006 might
have influenced food availability of kittiwakes by inducing
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swarming of Nereidae. Overall, kittiwakes breeding on
Helgoland showed a positive population trend for several
decades while mainly feeding on whiting.
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Introduction

In the North Sea, breeding numbers of black-legged kit-
tiwakes Rissa tridactyla (hereafter ‘kittiwakes’) have
declined by more than 50% since 1990 (Frederiksen et al.
2004; Heubeck 2004). In most areas, a distinct decrease of
breeding success has been recorded (Wanless et al. 2005;
ICES-WGSE 2006), which was probably connected to low
food availability and low food quality (Frederiksen et al.
2004; Wanless et al. 2005, 2007). The kittiwake’s surface-
feeding foraging technique restricts it to prey concentra-
tions at the sea surface and thus renders this species more
vulnerable to food reductions than most other seabird spe-
cies (Monaghan 1996; Furness and Tasker 2000). The
insufficient food availability, which has also led to breeding
failure and negative population trends of other seabird spe-
cies (Mavor et al. 2005), is assumed to result mainly from
ecosystem changes (Heubeck 2004). At the Isle of May,
breeding success and population trend of kittiwakes was
strongly influenced by the availability of sandeel (Frederik-
sen et al. 2004). In the last decades, mean water tempera-
ture in winter has increased, leading to depressed
recruitment of sandeels (Arnott and Ruxton 2002). More-
over, a stronger inflow of warm water from the Atlantic led
to changes in phytoplankton communities which resulted in
deteriorated food availability for sandeel larvae (Beaugrand
2004; Wanless et al. 2007).
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In the south-eastern North Sea, kittiwakes occupy a sin-
gle colony that in 2007 hosted approximately 7,500 breed-
ing pairs on the small offshore island Helgoland (54°11'N,
7°53'E). Although oceanographic changes resulting in a
warmer, more marine situation have been recorded in the
sea area around Helgoland as well (Wiltshire and Manly
2004), neither elevated breeding failure nor a distinct
decline of breeding numbers have been recorded for this
colony so far. In contrast to other colonies, the breeding
numbers of kittiwakes at Helgoland doubled since 1990.
Thus, the situation of kittiwakes breeding in the south-east-
ern North Sea apparently is up to now favourable. As diet is
regarded to be one of the key factors influencing breeding
performance and trends in numbers, we assumed that the
success of the kittiwakes breeding at Helgoland could be
explained by analysing the diet of chicks and adults. In par-
ticular, we hypothesised that kittiwakes at Helgoland do not
rely as heavily on sandeel as their conspecifics from the
west coast of the North Sea.

Materials and methods
Population trend of the breeding colony on Helgoland

After about 150 years of absence most likely due to strong
human persecution, kittiwakes recolonised Helgoland in
1938. Continuous data on breeding numbers are available
since 1952 (Fleet 1984; Hiippop 1997). Numbers showed a
strong increase especially during the 1970s, 1980s and
1990s and reached a maximum of 8,600 pairs in 2001. The
following years showed a stagnation and lately indicate a
slight decline (Fig. 1).
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Fig. 1 Numbers of breeding black-legged kittiwakes on Helgoland
from 1952 to 2007 (Data: O. Hiippop/IfV unpubl. data)

Samples

Samples consisted of chicks and adults found dead in the
colony in the breeding seasons 2001, 2002, 2004 and 2006
(Table 1). Birds breed in highly eroding sandstone cliffs
making nests inaccessible to humans and handling of birds
to get diet samples only exceptionally possible. Killing of
birds was not considered appropriate due to ethical reasons
and conservation aspects. The majority of chicks presum-
ably died due to falling out of the nest which is caused by
accidents, e.g. resulting from antagonistic behaviour or
unfavourable weather conditions. These birds die either
directly from fractures or internal injuries or within the next
days as adults do not continue to brood, feed or guard these
chicks (Vauk-Hentzelt and Bachmann 1983). In 2002, all
sampled chicks but one fell off the cliffs in the course of a
heavy storm in early July. In 2006, an exceptional number
of more than 100 chicks was found dead during a period of
extremely high temperatures. A sub-sample only of these
birds was analysed in the present study. Due to low sam-
pling effort, no chicks were collected in 2003 and only one
chick each was found in 2005 and 2007, which were not
considered in the following analysis. The lungs of six adult
birds were severely inflamed suggesting that these birds
died from disease. Nevertheless, these birds possessed good
fat depots and exhibited body masses in the range of
healthy birds (350-430 g).

Analyses of stomach contents

Both samples of adults and chicks comprised 71% of stom-
achs which contained items classified as prey remains.
Stomach contents were analysed following Leopold et al.
(2000) and Guse (2005). Prey remains were identified to the
lowest possible taxon (Ouwehand et al. 2004) by use of
undigested hard-parts e.g. of fish skeletons, jaws of
Nereidae, claws of crustaceans or chitinous remains of
insects. Fish species were identified according to otoliths
(Hérkonen 1986; Leopold et al. 2001), urohyals, premaxil-
lae, vertebrae and otic bullae (Watt et al. 1997; Leopold
etal. 2001). Fish remains that could not be identified to
species or family level were grouped as ‘fish indet.”. We
derived minimum numbers of prey individuals consumed
by grouping remains. Thus, right and left hard-parts of the
same species or family such as otoliths, premaxillae and
nereid jaws were paired based on size, shape and wear.

Table 1 Number of stomach

. 2001 2002 2004 2006 Total
samples from the breeding
colony of kittiwakes at June July August June July June July June July
Helgoland which were analysed
in the present study Chicks 5 21 3 0 20 11 22 4 19 105
Adults 2 1 0 1 5 5 0 0 14
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Identification of prey remains and measurement of oto-
liths was performed using a stereo microscope in combina-
tion with an attached digital camera (Olympus SZH 10
Research Stereo and Olympus Camedia; Olympus, Ham-
burg, Germany) using Olympus DP-Soft v3.2 software
(Olympus, Hamburg, Germany). We corrected for wear due
to digestion by categorizing otoliths within wear classes
and by multiplying size measurements of worn otoliths
with correction factors to estimate original sizes (Leopold
etal. 1998, 2001; Ouwehand et al. 2004). Total length of
fish was calculated based on size measurements of otoliths
by applying regressions between otolith length/width and
total fish length obtained from Leopold et al. (2001). Subse-
quently, the fresh mass of fish was calculated based on
regressions between total length and mass (Leopold et al.
2001). Biomass of individual fish identified by objects other
than measurable otoliths was estimated based on available
data of the respective prey species. We therefore calculated
mean biomass values of each prey species separately for
adults and chicks and separately for each year by bootstrap-
ping the available data values applying 500 permutations
(Efron and Tibshirani 1993).

Lengths of Nereidae were not calculated as jaws could
not be identified to species level. Moreover, it was
assumed that Nereidae were caught as swarming Heter-
onereis stages during their reproductive period. To our
knowledge, no regression formulae are available for the
calculation of total length of swarming stages on the basis
of length of jaws. In addition, gulls preying on swarming
Heteronereis stages mostly do not catch whole individuals
but fragments only (N. Markones and N. Guse, personal
observation, 2006).

Results
Stomach contents

Overall, diet composition of kittiwakes was dominated by
fish prey. Fish did not only account for the maximum num-
ber of individual prey items but was also the most fre-
quently consumed prey being found in 60% of the birds’
stomachs. Exceptional in this aspect were the samples of
2006, which exhibited an occurrence of fish in only 39% of
the stomachs.

The most frequent prey with respect to absolute numbers
of prey individuals were polychaete worms of the family
Nereidae with a total of at least 259 individuals based on
recovered jaws. The majority of these Nereidae (206
ind. = 80%) was found in a total of 16 stomachs of nes-
tlings from 2006. During earlier years, nereid worms were
less important both with respect to frequency of occurrence
and absolute numbers.

In 2001, 2002 and 2004, gadoid fish comprising above
all whiting Merlangius merlangus represented the most fre-
quent prey by far, both with respect to frequency of occur-
rence and absolute numbers (Tables 2 and 3). Clupeids
(Clupeidae) and sandeels (Ammodytidae) followed next,
both showing the same moderate values of frequency of
occurrence (Table 2). Fish species of other families as well
as other prey species were only exceptionally recorded in
single stomachs.

Fish length and biomass

Fish prey was on average rather small with a mean total fish
length of 10.7 cm (median = 9.5 cm) and a mean biomass
of 11.5 g (median = 5.7 g). Whiting, lesser sandeel Ammo-
dytes marinus and great sandeel Hyperoplus sp. reached
maximum lengths of 20-23 cm. The maximum biomass
value of 70 g was calculated for whiting (Table 3). Gadoids
and especially whiting presented the most important prey
when considering total biomass of prey fish calculated for
the different years both for chicks and adults (Fig. 2). The
proportion of the single fish families in the diet varied
between years and differed between chicks and adults.

Discussion
Material and methodology

Results of stomach content analyses are sensitive to differ-
ences in digestibility of species-specific prey remains (Bar-
rett et al. 2007). Otoliths of clupeids e.g. are smaller and
more delicate compared to otoliths of similar-sized gadoids
and thus are digested within a shorter period of time (see
Brugger 1992). Thus, gadoids have a higher probability of
being recovered, leading to a possible overestimation of
their importance regarding diet composition. However, the
majority of gadoid otoliths recovered in the present study
was rather pristine and otoliths were often recovered along
with vertebrae and other bones of gadoids, indicating a
fresh meal. In conclusion, we are confident that bias due to
differing digestibility did not constrain our principal result
of whiting being the major prey in the study years 2001—
2004.

The fact that our samples consist of birds that had died
due to accident or disease leads to the question whether our
results correspond to natural diet composition of healthy
birds. Adult birds showing signs of lung infections were
well nourished suggesting that foraging behaviour was not
affected by the disease. With respect to chick samples, it
could be argued that only chicks fed with lower quality food
died while chicks fed with food of higher quality faced a
lower risk of death. Although whiting is not as energy rich
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Table 2 Frequency of occurrence of prey items in stomachs of kittiwake nestlings and adults

2001 2002 2004 2006 2001-2006

N chicks N adults N chicks N adults N chicks N adults N chicks N chicks Proportion
(total (total (total (total (total (total (total (total (%)
N=16) N=3) N=13) N=1) N =26) N=06) N=19) N=174)

Gadidae 12 2 7 1 21 5 0 40 54
Whiting 8 1 5 1 14 5 0 27 37
Merlangius
merlangus
Poor cod 0 0 0 0 2 0 0 2 3
Trisopterus
minutus
Gadoid indet. 6 1 2 0 8 0 0 16 22
Ammodytidae 1 3 6 0 3 1 6 16 22
Lesser sandeel 0 1 1 0 0 1 3 4 5
Ammodytes marinus
Great sandeel 0 0 1 0 0 0 0 1 1
Hyperoplus sp.
Sandeel indet. 1 2 4 0 3 1 3 11 15
Clupeidae 7 1 1 0 3 2 5 16 22
Herring 1 1 0 0 2 2 1 4 5
Clupea harengus
Sprat 2 0 0 0 1 1 2 5 7
Sprattus sprattus
Clupeid indet. 6 0 1 0 1 0 2 10 14
Pleuronectiformes 0 0 0 0 0 1 0 0
Dab 0 0 0 0 0 1 0 0 0
Limanda limanda
Scaldfish 0 0 0 0 0 1 0 0 0
Arnoglossus
laterna
Flatfish indet. 0 0 0 0 0 1 0 0 0
Anchovy Engraulis 0 1 0 0 0 1 0 0 0
encrasicolus
Goby indet. 0 1 0 0 0 0 0 0 0
(Gobiidae)
Wrasse indet. 0 0 0 0 1 0 0 1 1
(Labridae)
Fish indet. 3 1 1 0 4 1 0 8 11
Nereidae indet. 0 0 3 0 3 1 16 22 30
(Polychaeta)
Coleoptera indet. 0 1 0 0 0 0 1 1 1
(Insecta)
Brachyura indet. 1 0 0 0 1 0 1 3 4
(Crustacea)

The categories of Gadidae, Ammodytidae, Clupeidae and Pleuronectiformes (only Bothidae and Pleuronectidae) combine results of all identified
and unidentified (indet.) species of the respective family as given below

N Number of stomachs containing the respective prey item; Total N Total number of stomachs with prey items; Proportion Proportion of stomachs
containing the respective prey item of the total number of stomachs with prey items

as clupeids (herring e.g. 6.5 klJ/g, Garthe et al. 1996), it is  fractures and injuries caused by their fall from the nest and
comparable to lesser sandeel with respect to nutrient compo-  not due to malnourishment. Diet composition of the chicks
sition and energy density (whiting: 4.41 kJ/g, lesser sandeel: ~ of 2002 which all fell from the cliffs during a heavy storm,
4.63 kl/g, Hilton et al. 2000). Results of dissections showed  i.e. got killed in an accident, did not differ substantially from
that the majority of chicks most probably died directly from  chick samples of other study years (see Fig. 2). Moreover,
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Table 3 Occurrence, length (cm) and biomass (g) of fish prey found in stomachs of kittiwake nestlings and adults at Helgoland in 2001, 2002,

2004 and 2006
Median Max N N, Median fish length  Range fish length ~ Median biomass  Range biomass
o o Chicks ~ Adults  Chicks Adults Chicks Adults Chicks Adults
Whiting Merlangius merlangus 2 17 113 86 8 10 6-21 5-21 4 6 1-70 1-68
Poor cod Trisopterus minutus 1 1 2 2 14 - 13-15 - 31 - 25-38 -
Gadoid indet. 1 4 21 3 12 - 9-15 - 12 - 5-25 -
Lesser sandeel Ammodytes marinus 1 2 7 7 15 15 13-20 15-16 9 11 7-23 9-12
Great sandeel Hyperoplus sp. 2 2 2 2 22 - 21-23 - 27 - 23-30 -
Sandeel indet. 1 4 19 7 14 21 13-17 21-21 9 30 6-13  30-31
Herring 1 3 9 6 9 11 9-10 9-14 5 11 4-6  4-17
Clupea harengus
Sprat 25 3 13 12 10 11 6-13 11-12 8 11 7-18 9-13
Sprattus sprattus
Clupeid indet. 1 2 12 5 9 - 6-9 - 4 - 1-5 -
Scaldfish Arnoglossus laterna 4 4 4 4 - 9 - 7-11 - 8 - 3-13
Anchovy Engraulis encrasicolus 1 1 2 1 - 15 - - - 18 - -
Goby Pomatoschistus sp. 1 1 1 - 6 - - - 2 - -

Fish length and biomass were calculated based on otoliths and thus could not be derived for individuals, e.g. one Dab and one wrasse, identified

according to objects other than otoliths

Median no. minimum number of individual fish per stomach containing remains of the respective prey species; Max no. Maximum number of indi-
viduals per stomach; N Total number of individuals recovered according to otoliths and other prey remains; N, Total number of individual fish

used for calculations of fish length and biomass

[mAmmodytidae @ Clupeidae EIGadidae EIFlatfish 0 Gobiidae @Miscellaneous|

100% -+

80%

60%

40% A

20%

0%

adults chicks  chicks adults  chicks chicks
nst = 3, nSt=14, nst=11, nst=6, nst =21, nst=9,
nFi = 14 nFi=55  nFi=20 nFi=35  nFi=66 nFi= 16

2001 2002 2004 2006

Fig. 2 Yearly variation in relevance of the main fish families in the
diet of kittiwake nestlings and adults based on calculations of total bio-
mass. nSt number of stomachs containing fish remains used for calcu-
lations of biomass; nFi number of individual fish used for calculations
of biomass; see “Materials and methods” for details of calculations.
The results of one adult kittiwake from 2001 are not shown due to low
sample size (nSt = 1, nFi = 1). Note that all chicks of 2002 fell from the
cliffs during a heavy storm, i.e. got killed in an accident

recent pellet analyses from the breeding season 2008
showed that diet composition of living healthy adult birds
also consisted predominantly of whiting (N. Markones,

unpublished data). In conclusion, we found neither an indi-
cation that whiting represents a low-quality food that might
cause higher probability of falling from the nest nor did we
find an indication that diet composition of birds sampled
differed from living healthy birds.

Comparison to earlier studies

The diet composition in the years 2001, 2002 and 2004
assessed in this study corresponds well to earlier studies on
food of kittiwake nestlings at Helgoland (Table 4). With the
exception of 2006, whiting was always the major or one of
the main prey species in the diet of chicks at Helgoland.
Moreover, the size of fish consumed was more or less the
same over the different study periods, implying that mostly
whiting of age class 0 were preyed upon (following age-
length relationships described by Knijn et al. 1993).

Whiting: discard or natural prey?

As gadoids are generally classified as demersal fish species
(Muus and Nielsen 1999), whiting and other gadoid species
were believed not to be naturally available for the surface-
feeding kittiwake, which reaches a maximum diving depth
of 1-2 m only during surface plunging (Burtt 1974). Earlier
studies consequently assumed whiting to be mainly accessi-
ble to kittiwakes in form of fisheries discard (Vauk-Hent-
zelt and Bachmann 1983; Priiter 1989; Maul 1994). Thus,
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Table 4 Comparison of present results with previous studies: occurrence of fish remains, main prey species and length and biomass of consumed
whiting in the diet of kittiwakes at Helgoland according to food remains in stomach samples

Period N stomach Stomachs Main prey species Length of whiting consumed Source
samples containing
fish remains (%)
1980-1982 113 78 Saithe/haddock, Min-max: 613 cm Vauk-Hentzelt
whiting and Bachmann (1983)
1983-1985 560 97 Sandeels, whiting ¢ 16 cm (min—max:<10-23 cm) Priiter (1989)
1990-1992 320 63 Whiting ¢ 13 cm (min—max: 7-22 c¢cm) Maul (1994)
2001 29 64 Whiting ¢ 8 cm (min—max: 6-13 cm) This study
2002 20 67 Whiting ¢ 20 cm (min—max: 19-21 cm) This study
2004 33 81 Whiting ¢ 9 cm (min—max: 6-19 cm) This study
2006 23 43 Nereidae Not found This study

All results refer to nestlings with the exception of the period 1990-1992 that contains data of 11 adults additionally (Maul 1994). Stomachs con-
taining fish remains are given in % of stomachs with any contents (=stomachs containing dietary remains plus stomachs containing other objects)

Saithe, Pollachius virens; haddock, Melanogrammus aeglefinus

kittiwakes were believed to rely heavily on fisheries and to
be highly vulnerable to reductions in this anthropogenic
food source (Camphuysen et al. 1995). However, only a
very low percentage of kittiwakes was actually observed at
fishing vessels in the German Bight (<5%, Jan—Dec 1990—
2006, German Seabirds at Sea database v5.07). Instead,
analyses of dedicated cruises depicted an association of kit-
tiwakes with hydrographic fronts during summer (Mark-
ones 2007). Most interestingly, young whiting (<15 cm
total length) were found to concentrate in frontal areas of
the North Sea (Floeter 2005). In summer, the German Bight
represents one of the concentration areas of juvenile whit-
ing within the North Sea (http://www.ices.dk/marineworld/
fishmap/ices/pdf/whiting.pdf) and dense schools of juvenile
whiting have been recorded in the upper water column of
the sea area around Helgoland in August 2004 in the course
of a fisheries research cruise (D. Stepputtis, personal com-
munication, 2006). These findings lead to the assumption
that juvenile whiting are indeed available in high concen-
trations near the sea surface in frontal areas of the German
Bight, where they can be preyed upon by foraging kittiwa-
kes. Consequently, we consider whiting in the diet of kit-
tiwakes at Helgoland to originate from a natural feeding
area independent of commercial fishing activities.

Diet composition in 2006

Our samples of 2006 comprise three unusual aspects con-
trasting earlier results: (1) An exceptionally high number of
chicks died within a few days although weather conditions
were not stormy. (2) No whiting was found. (3) The main
prey item according to stomach contents were polychaetes
(Nereidae). Nereidae are benthic polychaetes and thus are
like benthic fish usually out of reach for surface-feeding
kittiwakes. During reproduction, however, most Nereidae

@ Springer

evolve epitokous Heteronereis stages swarming in the sur-
face layers which simultaneously release gametes within a
few days (‘epidemic spawning’, Watson et al. 2000).

It may be speculated that a single factor, i.e. temperature,
influenced both availability of Nereidae and caused high
mortality of kittiwake chicks. In the respective period, high
temperature of air and water was recorded with sea surface
temperature in the German Bight rising above 19°C and
temperature at the sea bottom around Helgoland rising
above 17°C (Wegner 2007). Temperature of the seabird
breeding cliffs which are mainly oriented to SW presum-
ably reached extremely high values. Direct radiation and
high temperatures constrain thermoregulatory abilities and
cause heat stress both in adults and chicks of kittiwakes.
Under such circumstances, parent birds are forced to leave
the nest, leading to death of chicks due to heat stress or lack
of food (Barrett and Runde 1980). On the other hand, sud-
denly raised temperatures can trigger swarming in poly-
chaetes (Hardege et al. 1990). With regard to frequency of
occurrence and numbers of Nereidae found in kittiwake
stomachs in 2006, which were all collected within four suc-
cessive days, it is highly probable that kittiwakes preyed
upon swarming Heteronereis stages occurring ephemerally
at the sea surface. However, it remains unclear whether
swarming was actually induced by the observed rise in tem-
perature or whether it was triggered by other parameters,
e.g. the lunar cycle (Watson et al. 2000). In conclusion,
superabundance of swarming Nereidae might explain diet
composition of kittiwake nestlings in July 2006.

Conclusions

In confirmation of our hypothesis, the kittiwakes of the
breeding colony at Helgoland do not depend as strongly on
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sandeels as their conspecifics from the west coast of the
North Sea which suffer severe declines in breeding
numbers. The combination of present results and earlier
studies showed that kittiwakes at Helgoland were perform-
ing well while consuming predominantly whiting for
several decades.

Differing trends for marine prey stocks in the southern
and the north-western part of the North Sea are also indi-
cated by an exceptionally high abundance of seabirds and
marine mammals in the southern North Sea in recent years
(Camphuysen 2006). For the latter group this phenome-
non can particularly be observed for Harbour Porpoises
Phocoena phocoena which showed a long-term shift in
their main concentration area from the northern to the
southern North Sea between 1994 and 2005 (Hammond
and Macleod 2006). Following Clark and Frid (2001), dis-
tinct ecosystem changes in the northern, western and cen-
tral part of the North Sea are generally mainly caused by
climatic changes while ecosystem changes in the southern
and eastern part are predominantly driven by changes in
nutrient input from anthropogenic sources. Thus, current
climatic changes like increasing temperatures probably
led to reductions in food availability for seabirds and
marine mammals in the northern part of the North Sea but
presumably did not cause significant changes in the south-
ern part. It remains unclear, however, whether the latter
will persist to provide good foraging grounds for marine
top predators or whether comparable ecosystem changes
in this region will become evident after a certain time lag.
Like seabird research in the north-western North Sea,
future studies of breeding numbers, breeding performance
and diet composition of kittiwakes at Helgoland could
provide the potential to evaluate the situation of marine
prey stocks in the German Bight and to identify major
ecosystem changes.
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