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Preface

Wadden Sea Ecosystem No. 18 - 2004

Birds play a prominent role as bioindicators: They
are conspicuous, one of the best studied groups
of organisms, relatively easy to observe and in the
focus of public interest and care. As top preda-
tors, raptors and seabirds accumulate persistent
chemicals, which affect their physiology, repro-
duction and even survival. This can cause popula-
tion declines, which have frequently been an in-
dicator of environmental change.

This value of birds was also recognized for the
Wadden Sea by the Trilateral Monitoring and As-
sessment Group (TMAG 1997), which has an out-
standing importance for the life cycle of millions
of bird individuals each year. Consequently, among
the parameters of the Trilateral Monitoring and
Assessment Program (TMAP) selected to assess the
ecological state of the Wadden Sea, five refer to
birds: “Numbers and Distribution of Breeding
Birds”, “Monitoring of Migratory Birds”, “Beached
Bird Surveys (BBS)” and “Contaminants in Bird
Eggs” are implemented; the fifth parameter
“Breeding Success” was proposed, tested success-
fully in a pilot study (Thyen et al. 1998), but to
date has still not been implemented trilaterally.

With respect to chemical pollution in the Wad-
den Sea, coastal birds have proven to be an excel-
lent monitoring system. Bird eggs are a favorable
matrix as they indicate the local pollution, and in
the long-term they reveal temporal trends in the
contamination of the reproductive females and
by that in the environments. Therefore, on the
German Wadden Sea coast, monitoring with bird
eggs has been carried out since 1981. In two TMAP
reports (Becker et al. 1998, Becker et al. 2001),
the successful implementation of the parameter
and its value to assess the current ecological state
of the Wadden Sea ecosystem with respect to
contamination was presented in detail.

The first report in this volume 18 is an update
of the recent contamination status of birds in the
Wadden Sea. The focus is on geographical varia-
tion of contamination from the Netherlands to
Denmark, and on the temporal trends for three
periods, 1998–2003, 1991–2003 and 1981–2003.
For the first time, temporal trends of Chlordane
levels are presented, which have been analyzed
since 1998. The Wadden Sea burden by pollut-
ants slowly moves towards meeting the Targets
of the Wadden Sea Plan: Concomitant with the
decreasing levels with time, also the strong inter-

site and inter-specific differences present during
the 1980s have been reduced.  On the other hand,
the results show stagnation or rather increases of
pollution of Wadden Sea biota, including birds,
and some local problems of recent anthropogenic
discharges of micropollutants (e.g. at the western
Wadden Sea, Ems estuary and Jade), even of con-
taminants prohibited long time ago such as Chlo-
rdanes. The results reveal that the Elbe estuary
and the inner German Bight are still the hot spot
of chemical contamination in the Wadden Sea.

Birds are vulnerable to the effects of chemi-
cals, and the second report in this volume pre-
sents results of a specific investigation from the
mid 1990s, which combined the parameters “Con-
taminants in Bird Eggs“ and “Breeding Success”
at selected sites to facilitate data assessment and
give us a better understanding about the influ-
ence of pollutants on bird populations. The ef-
fects of environmental chemicals on reproductive
success and mass growth of four common larid
species were investigated, Common Tern (Sterna
hirundo), Herring Gull (Larus argentatus), Com-
mon Gull (Larus cannus), and Black-headed Gull
(Larus ridibundus), breeding at highly (Elbe) and
low polluted areas (Jade). In general, the contam-
inants levels were not clearly associated with pa-
rameters of reproduction, with the exception of
hatching success in Common Gulls breeding at
the Elbe Estuary which was probably impaired by
HCB, DDE and HCH. The report comes to the con-
clusion that during the 1990s bird reproduction
in general was not at risk by toxic substances on
the Wadden Sea coasts.

The presentation of both reports in this vol-
ume of Wadden Sea Ecosystem No. 18 aims to
show that the combination of different TMAP pa-
rameters provides deeper insight into the dynam-
ics and effects of chemical contamination of
breeding birds in the Wadden Sea. Just the use of
birds in their function as both accumulative and
sensitive indicators of chemical contamination,
demonstrates their full value as an early warning
system to monitor the ecological state of the
Wadden Sea with respect to chemical pollution.
We hope that this issue will support the final im-
plementation of the parameter “Breeding Success”
at selected sites of the Wadden Sea.

Peter H. Becker and Jacqueline Muñoz Cifuentes
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Abstract

Since 1998, when the parameter “Contaminants
in Bird Eggs” was successfully implemented with-
in the Trilateral Monitoring Assessment Program
(TMAP), it has contributed to the understanding
of trends and dynamics of environmental chemi-
cals’ levels in coastal birds and in the Wadden Sea
environment. This report presents and evaluates
latest levels of contaminants in bird eggs from the
Wadden Sea and its recent trends. We focus on
the geographical variation of contamination from
The Netherlands to Denmark in 2002, and on the
temporal trends for three periods, 1998–2003,
1991–2003 and 1981–2003. For the first time,
temporal trends of Chlordane levels, which have
been analysed since 1998, are presented.

Geographical Trends
Our results reveal that in the German Wadden Sea,
the Elbe estuary and the inner German Bight are
still hot spots of chemical contamination (Figs. 2
- 3). The spatially lowest egg residue levels in Com-
mon Tern and Oystercatcher eggs were recorded
in the Danish Wadden Sea. The concentrations of
most chemicals (PCBs and mercury, PCBs, DDT, and
Chlordanes, respectively) decreased from the west-
ern to eastern parts of the Dutch Wadden Sea. For
PCBs and Chlordanes, these spatial trends were
continuing towards the north-eastern Wadden
Sea, indicating pollutant sources in its western
parts. Also the Ems estuary was recognized as a
pathway discharging contaminants into the Wad-
den Sea, which was reflected by higher levels of
HCB and Chlordanes in Oystercatcher eggs.

Temporal Development
The temporal trends of coastal bird egg pollution
from 1981–2003 in the German Wadden Sea (Figs.
4 - 7, Tab. 1) showed that the contamination of
Common Tern and Oystercatcher eggs with envi-
ronmental chemicals had decreased strongly since
the beginning of the 1990s, especially the con-
tamination with mercury, �PCB, HCB and �HCH.
During the 1990s, concentrations of chemicals
were roughly lesser than half of those of the de-
cade before. Since the mid of the same decade,
however, the decrease of egg concentrations
seemed to stagnate at levels above the target con-
centrations. The short-term trends from 1998–
2003 surprisingly reveal that during recent times
at various sites concentrations of some pollutants
increased again on a lower level. Chlordane con-
centrations in Common Tern and Oystercatcher
eggs increased throughout most sites.

Effects on Bird Populations and
Target Assessment

The current levels of contaminants are in general
lower than known critical concentrations for birds’
reproduction. However, the increases of environ-
mental pollution with some chemicals over the
last six years, which seem to be due to new inputs
or remobilization of chemicals, remind us of the
necessity of further efforts and measures to re-
duce anthropogenic inputs of chemicals into the
Wadden Sea, in order to avoid possible impacts
on bird populations. The available data of con-
taminants in bird eggs show that the Wadden Sea
burden with pollutants slowly moves towards
meeting the Wadden Sea Plan Targets: Concomi-
tant with the decreasing temporal levels, the
strong inter-site and inter-specific differences
present during the 1980s have also been reduced
(Fig. 7). On the other hand, the results showed
stagnation or rather increases of pollution of Wad-
den Sea biota, including birds, and some local
problems of recent anthropogenic discharges of
micropollutants (e.g. at the western Wadden Sea,
Ems estuary, Jade) and even problems with con-
taminants, prohibited long time ago such as Chlo-
rdanes. The present concentrations of PCBs and
DDT, especially in Common Terns, are still very high
in comparison with the proposed target levels,
whereas the proposed target levels for HCB and
HCH may be reached sooner. In case of mercury,
the concentrations measured in Oystercatcher and
Common Tern eggs were still higher than the rec-
ommended levels, e.g. at the Elbe estuary.

Recommendations
Considering the current contamination status of
bird eggs on the Wadden Sea coast and their tem-
poral development, we recommend: (1) to con-
tinue the monitoring of the TMAP parameter “Con-
taminants in Bird Eggs” on a long-term basis, es-
pecially at the hot spots; (2) to analyse the inter-
relation between different TMAP parameters; (3)
to also continue the monitoring of those chemi-
cals already prohibited by law, but still remain in
the environment (e.g. PCBs); (4) to broaden the
set of substances measured by some new envi-
ronmental chemicals with persistence and toxi-
cological relevance (e.g. TBT, polybrominated bi-
phenyls, bromocyclen or musk xylol); (5) to sup-
plement the geographical coverage by an addi-
tional sampling area at the Rhine delta; and (6) to
implement the TMAP parameter “Breeding Suc-
cess” to use birds as sensitive indicators.

Wadden Sea Ecosystem No. 18 - 2004: Contaminants in Bird Eggs
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1. Introduction

The aim of the Trilateral Monitoring and Assess-
ment Program (TMAP) is to provide a scientific
assessment of the status of the Wadden Sea eco-
system and to assess the implementation of the
Targets of the Wadden Sea Plan (Stade Declara-
tion 1997). One of these Targets is to achieve con-
centrations of contaminants in the marine envi-
ronment and in indicator species near background
values for naturally occurring substances such as
heavy metal mercury and close to zero for man-
made synthetic substances (xenobiotic com-
pounds) (OSPAR 1997; ICES 2001, 2002, 2003).

Since the beginning of the 1980s, bird eggs have
successfully been used as bioindicators of envi-
ronmental pollution on the southern North Sea
coast (e.g. Becker et al., 2001). Egg levels of chem-
ical contaminants reflect pollutant uptake by the
female, foraging close to the colony in the few
days prior to egg-laying (Gilbertson et al., 1987;
Becker, 1989; Becker et al., 1991, 1998, 2001).
Furthermore, bird eggs are powerful biomonitors
in long-term studies, since they reveal spatial and
temporal trends in the contamination of environ-
ments (Furness, 1993; Bignert et al., 1995, 1998;
Becker et al., 2001; Braune et al., 2001, Becker,
2003, Becker et al., 2003, Muñoz Cifuentes et al.,
2003).

In order to assess variability in chemical con-
tamination of the Wadden Sea, Common Tern and
Oystercatcher eggs (Sterna hirundo and Haemato-
pus ostralegus, respectively) have been sampled
at selected sites from the western to the northern
part since 1981. Both species are among the most
common waterbirds using the Wadden Sea as
breeding area (Rasmussen et al., 2000). The Com-
mon Tern is a long-distance migrant that arrives
in the Wadden Sea in spring and forms large breed-
ing colonies (Becker and Ludwigs in press). Oys-
tercatchers, however, are resident birds in the
Wadden Sea area. Both species display different
habits of foraging and have different diets: Com-
mon Terns feed mainly on fish which is taken by
plunge-diving, and is considered as a top-preda-
tor of the Wadden Sea food-chain, while Oyster-
catchers mainly feed on macrozoobenthic organ-
isms like mussels and worms (Smit and Wolff,
1980; Cramp and Simmons, 1985). The good
knowledge of the biology and ecology of these
species, their large populations and high abun-
dance in the Wadden Sea, the high position they
occupy within the marine food-chains, and the
capacity to accumulate persistent contaminants
make them especially suitable as monitors of the
contamination of the environment (Becker et al.,
1998a).

Wadden Sea Ecosystem No. 18 - 2004: Contaminants in Bird Eggs

Common Tern
(Photo: J.-D. Ludwigs)



10 1. Introduction

Since 1998, contaminants in bird eggs have
been monitored within the framework of the TMAP
and as an integrate part of the joint bird monitor-
ing in the Wadden Sea. A first trilateral report was
published in 2001 (Becker et al. 2001). In this sec-
ond report, results from a five-year period (1998
– 2003) can now be analysed with statistical tools
for the entire Wadden Sea.

The Wadden Sea Quality Status Report 1999
(Bakker et al., 1999) revealed that until 1997,
mercury levels in eggs of both bird species tended
to decrease, especially at the input source, the Elbe
estuary, followed by the sites at the Jade Bight.
Also the assessment of Polychlorinated Biphenyls
(PCB), of insecticides and other organochlorines
showed a decrease in concentrations in bird eggs,
which was clearly related to the reduction of riv-
erine inputs reduction during the period 1989 -
1993. Organochlorine residues in bird eggs were
in general highest at the Elbe estuary (SH1), in-

termediate at the inner German Bight (SH2), and
lowest in the remaining areas, irrespective of the
year of study, indicating the high pollutant inputs
by the river Elbe.

The objectives of this report are to present and
to evaluate the levels of contaminants in bird eggs
of the Wadden Sea since 1998, when for the first
time the entire Wadden Sea area was covered by
this parameter as part of the TMAP. We focus on
(1) geographical trends of contamination from The
Netherlands to Denmark; (2) temporal develop-
ment for three periods, 1998–2003, 1991–2003
and 1981–2003; (3) trends of Chlordane levels,
which have been analysed since 1998; (4) the sta-
tus of the recent bird contamination with respect
to possible negative effects on bird populations,
and regarding the targets of the Wadden Sea Plan;
and (5) recommendations for the future monitor-
ing of contaminants in bird eggs.

Wadden Sea Ecosystem No. 18  - 2004: Contaminants in Bird Eggs

Oystercatcher
(Photo: J.-D. Ludwigs)



11

Figure 1: Sampling sites of Common Tern and Oystercatcher eggs in the Wadden Sea in 2002. The Netherlands: 1
Balgzand, 2 Griend, 3 Julianapolder, 4 Delfzijl; Germany, Lower Saxony: 5 Dollart, 6 Minsener Oog, 7 Mellum (6 and 7 =
Jade), 8 Hullen, 9 Neufelderkoog (8 and 9 = Elbe estuary); Germany, Schleswig Holstein: 10 Trischen, 11 Norderoog;
Denmark: 12 Margrethekoog, 13 Langli. At sites 5, 7, 8,11 and 13 only Oystercatcher eggs, at sites 6, 9 and 12 only
Common Tern eggs have been taken; at all other sites eggs of both species have been collected.

2. Sampling Sites

In order to study spatial patterns in bird pollu-
tion, sampling sites from the western to the north-
ern parts of the Wadden Sea have been chosen,
including different habitats of the Wadden Sea
coast (Fig. 1 and Table 1, for details, see Becker et
al., 2001).

Bird eggs were collected in the following sub-
areas of the Wadden Sea (numbering according
to Essink et al., 2005): Balgzand and Griend (NL1:

Western Dutch Wadden Sea), Julianapolder (NL2:
Eastern Dutch Wadden Sea), Delfzijl and Dollard
(NL3: Ems-Dollart estuary, the first site in The
Netherlands and the second one in Germany),
Minsener Oog and Mellum (LS2: Jade Bight), Neu-
felderkoog and Hullen (SH1: Elbe estuary), Trischen
(SH2: Inner German Bight), Norderoog (SH3: Hal-
ligen), Margrethekoog (DK1: Sylt-Rømø basin), and
Langli (DK3: Varden and Sneum estuary).

Wadden Sea Ecosystem No. 18 - 2004: Contaminants in Bird Eggs
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3. Methods

The sampling, preparation and chemical analyses
follow the standardized methodological guideline
for JAMP Biota Monitoring (OSPAR 1997) which
is part of the TMAP guidelines.

To analyze contaminant levels, 10 fresh eggs
per species per year were sampled, if possible, at
these sampling sites. In the German Wadden Sea,
eggs were collected in 1981 and from 1985 –
2003. Common Tern eggs have been sampled at
Griend since 1993 and at Julianapolder since 1997,
Oystercatcher eggs at Griend since 1995. Since
1998, eggs of both species have been collected at
Balgzand and Delfzijl. Since 1999, egg samples
from Denmark have been collected, but not in
2003 due to the lack of financial resources.

 Concentrations of these chemicals have been
determined: Mercury (Hg), �PCB (including 62
polychlorinated biphenyl congeners), hexachlo-
robenzene (HCB), �DDT (including p,p’-DDT, o,p’-
DDD, p,p’-DDD, o,p’-DDE, and p,p’-DDE), �HCH
(including �-, �- and �-isomers of hexachlorocy-
clohexane) and �Chlordane. The o,p’-isomers of
DDT, DDD and DDE have been excluded since 1999,
as they were no more detected. Chlordanes have

been included since 1998 and their levels are pre-
sented as �Chlordane, summing up levels of cis-
and trans-chlordane, and cis- and trans-nonachlor.
Mercury determination was carried out by atomic
absorption spectrometry and organochlorines were
determined by gas chromatography. The determi-
nation limit for mercury was 0.1 ng·g-1 and for
organochlorines varied between 0.3 and 0.4 ng·g-1

for single organochlorines, and for p,p’-DDT it was
0.9 ng·g-1. For details about chemical procedures
see TMAP 2001 (Becker et al., 2001). The residue
levels are given in ng g-1 fresh egg mass. Since
1991 all egg samples have been analyzed at the
ITI of the University of Applied Sciences or, since
2000, at TERRAMARE research center, Wilhelm-
shaven. The ITI participated in an intercalibration
with two other labs,  in 1996, 1997 and 2000 also
in an international quality assurance (QUASIM-
EME project), and results were ranked as satisfac-
tory in most analyses.

In the figures, arithmetic means ± 95% confi-
dence intervals are shown. If the confidence in-
tervals of two groups do not overlap, a significant
difference of at least p<0.05 is given.

Wadden Sea Ecosystem No. 18  - 2004: Contaminants in Bird Eggs
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4. Results

4.1 Interspecific Differences
in Contaminant Levels in

Bird Eggs
The general pattern of contaminant levels in eggs
of the two species is shown exemplary in the sam-
ples of the year 2002 (Fig. 2). Among the analysed
chemicals, �PCB had highest levels in the eggs of
both species and at all sites. In addition, mercury
and �DDT were found in higher concentrations
than the remaining contaminants.

In general, Common Tern eggs were significant-
ly higher contaminated at most sampling sites
than Oystercatcher eggs (Fig. 2). However, some
exceptions were found: �Chlordane levels were
higher in Oystercatcher eggs from Griend, Balg-
zand, Delfzijl and Norderoog. In some sites the
levels of mercury, �PCB and �HCH were similar
in Common Tern and Oystercatcher eggs: Mercu-
ry concentrations were similar in eggs from Balg-
zand, PCBs in Delfzijl (Ems estuary), Jade and the
inner German Bight, and �HCH at the Elbe and at
the inner German Bight.

4.2 Spatial Trends of
Contaminants

Intersite variation of chemical levels in coastal bird
eggs in the Wadden Sea is exemplarily presented
for the most recent year of this study (2002), when
the sampling included sites from The Netherlands,
Germany and Denmark (Fig. 2).

Common Tern
The spatial pattern of Common Tern pollution
showed higher levels of contaminants at the Elbe
estuary and in some cases at Trischen (Fig. 2). With
the exception of �PCB and �Chlordane levels, the
concentrations of the other contaminants were
on a similar and lower level in the other areas of
the Wadden Sea. The �PCB concentrations tend-
ed to decrease from the Western Dutch Wadden
Sea to the coast of Denmark, with a peak of PCB
contamination at the Elbe estuary. At Balgzand
and Griend, slightly higher HCH levels were de-
termined than at the other Dutch sites. The con-
centrations of mercury, �DDT and HCB in eggs,
sampled at the Elbe, were significantly higher than
in eggs from the other sites, and were usually fol-
lowed by the levels of eggs collected on Trischen.
Also the �HCH levels in bird eggs found at the
Elbe and on Trischen were found to be consider-
ably higher in comparison to samples found on
other sites. The concentrations of �Chlordanes
reached the highest levels in samples from the
western Wadden Sea, at Trischen and Margrethek-
oog. In samples from Delfzijl, Jade, and Elbe, res-
idues of Chlordane were very low (on average be-
low 1 ng·g-1).

Wadden Sea Ecosystem No. 18 - 2004: Contaminants in Bird Eggs
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Figure 2:
Sampling sites and geographic variation of the contaminants analyzed in Common
Tern and Oystercatcher eggs in the Wadden Sea in 2002. The Netherlands: 1
Balgzand, 2 Griend, 3 Julianapolder, 4 Delfzijl; Germany, Lower Saxony: 5 Dollart,
6 Minsener Oog, 7 Mellum (6 and 7 = Jade), 8 Hullen, 9 Neufelderkoog (8 and 9
= Elbe estuary); Germany, Schleswig Holstein: 10 Trischen, 11 Norderoog;
Denmark: 12 Margrethekoog, 13 Langli. At sites 5, 7, 8,11 and 13 only Oystercat-
cher eggs, at sites 6, 9 and 12 only Common Tern eggs have been taken; at all
other sites eggs of both species have been collected. Mean concentration (ng·g-1

fresh weight of egg content) and 95% confidence intervals are presented. At
most sites, n=10 eggs per species were analyzed.



14 4. Results

Wadden Sea Ecosystem No. 18  - 2004: Contaminants in Bird Eggs

Oystercatcher
Mercury levels were rather similar on all sites, with
slight increases at Balgzand and Trischen. Also the
�PCB concentrations were similar among the sites,
although in Lower Saxony (Jade) and Schleswig-
Holstein (Trischen), and at the Danish site Langli,
slightly lower and significantly lower �PCB levels
were found, respectively. HCB concentrations were
considerably higher in eggs sampled at the Ems

and at the Elbe estuary. Eggs from Delfzijl, Elbe
estuary and Norderoog contained high levels of
�DDT. At the Dutch Wadden Sea, �HCH levels were
lower than at the Elbe estuary. �HCH decreased
gradually from the Elbe estuary towards the Dan-
ish Wadden Sea. The geographical pattern of Chlo-
rdane concentrations revealed higher levels at the
Western Wadden Sea, at Delfzijl (Ems estuary), and
in Schleswig-Holstein.

Figure 3:
Temporal trends of mercury,

HCB, sum of HCH-isomers
(�HCH),  Sum of DDT and

metabolites (�DDT), sum of
PCB congeners (�PCB), and

sum of cis- and trans-
chlordane, cis- and trans-

nonachlor (�Chlordane)
concentrations in eggs of

Common Tern from selected
sampling sites 1991-2003.

Arithmetic means (ng·g-1

fresh weight of egg
content) are presented.
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4.3 Temporal Development
for the Period 1991-2003

The temporal variation of chemical contamination
in Common Tern and Oystercatcher eggs in the
Wadden Sea is exemplarily presented for five se-
lected areas throughout the period 1991-2003
(Figs. 3, 4, Table 1). Between 1991 and 2003, mer-
cury, HCB and �HCH decreased gradually. HCH
levels decreased significantly at all selected areas
(see Table 1 for p-values of Spearman rank corre-

lation), with the exception of Common Tern eggs
sampled at Julianapolder and Norderoog, where
no significant trends were found. In Oystercatch-
er eggs from the Elbe, significant increases of mer-
cury were found (Table 1). �DDT didn’t show sig-
nificant trends in Common Tern and Oystercatch-
er eggs sampled at Griend (between 1993-2003
and 1995-2003, respectively), nor did Oystercatch-
er eggs from Trischen and Norderoog. Significant
decreases of �DDT levels, however, were detected
in Common Tern eggs sampled at the Jade, Trischen

Figure 4:
Temporal trends of

mercury, HCB, sum of
HCH-isomers (HCH),  Sum

of DDT and metabolites
(�DDT), sum of PCB

congeners (�PCB), and
sum of cis- and trans-
chlordane and cis- and

trans-nonachlor
(�Chlordane)

concentrations in
Oystercatcher eggs from

selected sampling sites
1991-2003. Arithmetic

means (ng·ng-1 fresh
weight of egg content) are

presented.
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Hg n HCB n �����PCB n �����DDT n �����HCH n �����Chlordane n
Common Tern
Balgzand 1998-2003 n.s. 60 n.s. 60 n.s. 60 0,278* 60 -0,528*** 60 0,438*** 60
Griend 1993-2003 -0,320** 100 -0,363*** 100 n.s. 100 n.s. 100 -0,698*** 100

1998-2003 n.s. 60 n.s. 60 0,282* 60 0,419** 60 n.s. 60 0,726*** 60
Julianapolder 1998-2002 n.s. 33 n.s. 33  0,771*** 33  0,647*** 33 -0,653*** 33 n.s. 33
Delfzijl 1998-2003 n.s. 60 -0,258* 60 n.s. 60 n.s. 60 -0,506*** 60 0,318* 60
Minsener Oog 1991-2003 -0,251** 130 -0,334*** 129 n.s. 130 -0,195* 130 -0,274** 130
(Jade) 1998-2003  0,418** 60 0,291* 60  0,476*** 60  0,418** 60 n.s. 60 0,418** 60
Elbe 1991-2003 -0,626*** 135 -0,228** 135 -0,269** 135 n.s. 135 -0,250** 135

1998-2003 n.s. 60 -0,653*** 60 -0,422** 60 n.s. 60 -0,601*** 60 n.s. 60
Trischen 1991-2003 -0,548*** 120 -0,448*** 120  -0,387*** 120 -0,352*** 120 -0,355*** 120

1998-2003 n.s. 60 -0,270* 60 n.s. 60 n.s. 60 -0,352** 60 0,382** 60
Norderoog 1991-2003 n.s. 109 -0,352*** 110 -0,205* 110 -0,341*** 110 -0,588*** 110

1998-2003 n.s. 40 n.s. 40 -0,320* 40 n.s. 40 -0,478** 40 n.s. 40
Oystercatcher
Balgzand 1998-2003  0,396** 60 -0,283* 60 n.s. 60 n.s. 60 -0,536*** 60 0,654*** 60
Griend 1994-2003 -0,278* 82 -0,315** 82 n.s. 82 n.s. 82 -0,389*** 82

1998-2003 n.s. 60 n.s. 60 0,263* 60 0,408** 60 n.s. 60 0,620*** 60
Julianapolder 1998-2003 -0,337* 58 -0,448*** 58  0,443*** 58 0,533 58 -0,647*** 58 0,634*** 58
Delfzijl 1998-2003   -0,579*** 60 -0,261* 60  0,460*** 60  0,626*** 60 -0,542*** 60 0,682*** 60
Dollart 1991-2003 n.s. 85 -0,322** 75 0,320** 75 n.s. 75 n.s. 75

1998-2003 -0,330* 36  0,600*** 36  0,677*** 36  0,716*** 36 0,368* 36 0,414* 36
Mellum (Jade) 1991-2003  -0,276** 130 -0,562*** 130 -0,359*** 130 -0,494*** 130 -0,625*** 130

1998-2003 n.s. 60 n.s. 60 -0,381** 60 n.s. 60 -0,285* 60 n.s. 60
Elbe 1991-2003   0,334*** 130 -0,424*** 130 -0,218* 129 n.s. 130 -0,289** 130

1998-2003 n.s. 60 -0,286* 60 n.s. 60 0,403** 60 n.s. 60 0,510*** 60
Trischen 1991-2003  -0,373*** 118 -0,346*** 118 -0,406*** 118 n.s. 118 -0,503*** 118

1998-2003  0,423** 58 -0,627*** 58 n.s. 58 n.s. 58 -0,336* 58 n.s. 58
Norderoog 1991-2003 -0,276** 129 -0,512*** 129 n.s. 129 n.s. 129 -0,490*** 129

1998-2003 n.s. 59 -0,389** 59 n.s. 59 n.s. 59 n.s. 59 0,268* 59
Langli 1999-2002  0,453** 40 n.s. 40 n.s. 40 n.s. 40 -0,579*** 40 n.s. 40

4. Results

and Norderoog. �DDT concentration decreased
also in Oystercatcher eggs from the Jade. �DDT
increased significantly in Common Tern eggs sam-
pled at Julianapolder (between 1997-2002) and
in Oystercatcher eggs from Delfzijl (1998-2003).
�PCB levels in Common Tern eggs increased sig-
nificantly at Julianapolder, decreased at the Elbe,
Trischen and Norderoog, and were stable at Griend
(1993-2003) and Jade. Likewise, the contamina-
tion by PCBs in Oystercatcher eggs increased at
Delfzijl (1998-2003), and decreased significantly
at the Jade, Elbe, and Trischen. No significant PCB-
trend was observed in Oystercatcher eggs sam-
pled at Griend (1995-2003) and Norderoog.

Considering only the last six study years (1998-
2003), remarkable increases in contaminant lev-
els were obvious at several sites (Figs. 3 and 4,
Table 1). At Balgzand, significant increases of lev-
els of �DDT in Common Tern, of mercury in Oys-
tercatcher, and of �Chlordane in eggs of both bird
species were found, whereas decreases of �HCH
were observed; HCB decreased only in Oyster-

catcher eggs. On Griend, PCBs, �DDT, and �Chlo-
rdane levels increased in Common Tern and Oys-
tercatcher eggs. Also at the Julianapolder and Ems
estuary (Delfzijl and Dollart), increases in the lev-
els of organochlorines were recognized. But the
HCB levels in Oystercatcher eggs from Delfzijl have
strongly decreased since 2002, owing to measures
against a source of industrial pollution (Eggens
and Bakker, 2001). The concentrations of all ana-
lyzed chemicals, with the exception of �HCH, in-
creased significantly in Common Tern eggs sam-
pled at the Jade Bight. At the Elbe estuary, signif-
icant increases in �DDT and �Chlordane were
found in Oystercatcher eggs. In Oystercatcher and
Common Tern eggs from Trischen, positive trends
were found in levels of mercury and �Chlordane,
and the same trends were found in Oystercatcher
eggs from Norderoog and Langli, respectively. The
�Chlordane levels in eggs from the Western Wad-
den Sea had been increasing in both species since
2001.

Wadden Sea Ecosystem No. 18  - 2004: Contaminants in Bird Eggs

Table 1:
Temporal trends in pollutant levels in Common Tern and Oystercatcher eggs for one or two time periods. Chlordanes studied since 1998. For significant trends,
Spearman rank coefficients (rs) calculated on the basis of n eggs and p-values are presented. N.s.: not significant, *<0.05, **<0.01***<0.001.
Positive trends are given in bold.
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4.4 Temporal Trends
1981-2003

The comparison of the temporal trends in the Ger-
man Wadden Sea from 1991 to the present time
with the trends during the 1980s reveals that the
burden of Common Tern and Oystercatcher eggs
with environmental chemicals had decreased
strongly since 1989 (Figs. 5 and 6), especially the
contamination with mercury, 3PCB, HCB and
3HCH. Additionally, the strong interannual fluc-

tuations of the concentrations in eggs from the
Elbe estuary, Trischen and Jade were also constant-
ly reduced. This process of pollutant reduction was
most pronounced in samples from the Elbe estu-
ary, followed by Trischen and Jade. During the
1990s, concentrations were roughly more than
half of those from the decade before (Figs. 5 and
6), but since the mid 1990s, the decrease of con-
centrations seemed to have stagnated at levels
above the target concentrations.
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Figure 5:
Temporal trends of

mercury concentrations
(ng·ng-1 fresh weight,
arithmetic means) in

common tern and
oystercatcher eggs from

selected breeding sites
from the German Wadden

Sea 1981-2003. Data
from 1981-1990 after

Becker et al. 1991, 1992.

Figure 6:
Temporal trends of

�32PCB (sum of 32
congeners) concentrations

(ng·ng-1 fresh weight,
arithmetic means) in

Common Tern and
Oystercatcher eggs from

selected breeding sites
from the German Wadden

Sea 1981-2003. Data from
1981-1990 after Becker et

al. 1991, 1992.
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5. Assessment and Conclusions

5.1 Scientific Assessment
As result of differences in diet choice, reproduc-
tive ecology and migration, Common Terns accu-
mulate higher residues of most persistent con-
taminants than Oystercatcher (Becker et al., 1998,
2001; Thyen and Becker, 2000). Common Terns
feed on fish occupying higher trophic levels than
benthic organisms taken by Oystercatchers.
Through biomagnification, fish is contaminated
stronger by most of the environmental chemicals
examined than benthic invertebrates (Mattig et
al., 1996). This fact explains the higher tern con-
tamination although Oystercatchers are exposed
to the chemical load of the Wadden Sea for long-

er periods of the year than the terns. Thus, Com-
mon Tern and Oystercatcher reflect the contami-
nant load of their prey representing specific trophic
levels.

However, the degree of the interspecific dif-
ference is linked with the level of chemical con-
tamination in the environment: The higher the
environmental contamination with a compound
was, the greater was the difference between Com-
mon Tern and Oystercatcher egg levels. Conse-
quently, the difference in egg contamination be-
tween the two species as well as between the sites
was reduced if the total chemical burden of the
ecosystem had declined temporally (Fig. 7).
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Figure 7:
Temporal, spatial and

interspecific variation in
the concentrations of

�PCB (sum of 32
congeners) in Common
Tern and Oystercatcher

eggs from selected
breeding sites on the

German Wadden Sea coast
between 1987 and 2003

(see Fig. 1 for sites). Mean
concentration (ng·g1 fresh

weight of egg content)
and 95% confidence

intervals are presented.
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5.2 Spatial Trends
The North Sea contamination originates mainly
in three pathways: riverine inputs, atmospheric
deposition, and direct discharges (e.g. Albrecht
and Schmolke, 2002; Weigel, 2002). Near the
coast, the most important pathways are riverine
and direct inputs. Coinciding with that, our re-
sults reveal that the rivers still are the most im-
portant path introducing pollutants into the
Wadden Sea. Consequently, at the German Wad-
den Sea, the Elbe estuary and the inner German
Bight still were the “hot spots” of chemical con-
tamination. Also at the western part of the Wad-
den Sea, effects of riverine inputs could be rec-
ognized; hence, concentrations of some chemi-
cal were higher at the Dutch Wadden Sea than
in the eastern parts: The �PCB levels of Common
Tern eggs diminished from Balgzand to Julia-
napolder, as did the levels of mercury, �PCBs,
�DDT, and �Chlordane in Oystercatcher eggs. This
could suggest that the Dutch Wadden Sea eco-
system was still influenced by contaminant loads
originating from the river Rhine or IJsselmeer
(Jonge, 1990; Jonge and Essink, 1991; Bester and
Faller, 1994) or from other local sources. Also the
negative spatial trend in PCB and �Chlordane
levels in Common Tern and Oystercatcher eggs,
respectively, from the western towards the north-
eastern parts of the Wadden Sea indicates pol-
lutant sources in its western parts. In this respect,
the Ems estuary was also recognized as pathway
discharging contaminants into the Wadden Sea,
which has been reflected by higher levels of some
pollutants (e.g. HCB and �Chlordane in Oyster-
catcher eggs). Atmospheric deposition may ex-
plain the relative uniform spatial pattern of egg
contamination with mercury and PCBs on high
levels, apart from the distinct inputs of the Elbe
river (Fig. 2). Atmospheric inputs, however, are
known to be important also for some pesticides
as DDT and Chlordanes (Fischer et al., 1994; Fran-
zaring and Eerden, 2000; Weigel, 2002), which,
however, is not evident from the contamination
of bird eggs in the Wadden Sea.

In the Danish Wadden Sea, lowest egg resi-
due levels were recorded (Fig. 2). Because of the
direction of North Sea currents, the pollutant
loads originating from the Elbe are transported
into north-eastern and northern directions (e.g.
Lee, 1980). Accordingly, bird contamination de-
creased from the Elbe estuary via Trischen to
Norderoog, Margrethekoog and Langli in the Dan-
ish Wadden Sea, obviously in parallel with an in-
creasing dilution of chemicals in water, sediment
and food web (Fig. 2).

Yet despite the lowered inputs of chemicals into
the North Sea through rivers and by atmosphere,
the contamination of the seabird eggs clearly in-
dicates distinct geographical variation even to-
day, with the Elbe estuary still persisting to date
as a hot spot. During the 1980s, however, the spa-
tial variation in bird egg contamination in the
German Wadden Sea was more distinct, and in-
tersite differences were more pronounced, owing
to the formerly huge contaminant inputs mainly
by the river Elbe into the North Sea (Fig. 7; see
Becker et al., 1985a,b, 1991, 1992; Bakker et al.,
1999). Nevertheless, the Wadden Sea adjacent to
the Elbe estuary was and will further be the hot
spot where birds are most likely at risk of hazard-
ous environmental chemicals, which should be
kept under careful observation.

5.3 Temporal Trends
In contrast to the long-term data series on egg
contamination from the German Wadden Sea sites,
eggs from the Dutch coast had not been sampled
before 1997 (except Griend, Table 1), and eggs from
the Danish sites were only sampled between 1999
and 2002. Therefore, the preliminary time trend
analyses for the Danish sites have to be treated
with caution. Furthermore, the occurrence of lo-
cal and short-term events affecting contaminant
levels in the environment and in biota have to be
considered, as they could mask a temporal trend
in contamination (Becker et al., 2001).

The long-term monitoring results show strong
contamination decreases at the beginning of the
1990s and further reductions during the last de-
cade, which is corroborated by the analyses of
abiotic and other biotic samples in the Wadden
Sea (Bakker et al., 1999, 2005). The comparison of
the temporal trends from the 1990s to the present
time with the temporal development of coastal
bird pollution during the 1980s in the German
Wadden Sea reveals that the burden of Common
Tern and Oystercatcher eggs with environmental
chemicals have decreased since the beginning of
the 1990s (Figs. 5 and 6), especially the contami-
nation with mercury, �PCB, HCB and �HCH. Ad-
ditionally, the strong fluctuations of the concen-
trations in eggs from the Elbe estuary, Trischen
and Jade were also constantly reduced. This pro-
cess of pollutant reduction was most pronounced
in samples from the Elbe estuary, followed by
Trischen and Jade. Concentrations in the 1990s
were roughly lesser than half of those from the
decade before (Figs. 5 and 6), but since the mid
1990s, the decrease of concentrations seems to

Wadden Sea Ecosystem No. 18 - 2004: Contaminants in Bird Eggs

5. Assessment and Conclusions
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stagnate at levels above the target concentrations.
The long-term trends from 1981 onwards which
showed strong decreases of the contaminant lev-
els in birds corrrespond with results of other sea-
bird species and sea areas in Europe (e.g. Bignert
et al., 1998; Olafsdóttier et al., 2005).

The comparison between the trends from 1991–
2003 and 1998–2003 surprisingly reveals that
during recent time concentrations some pollut-
ants had increased again on a lower level, at var-
ious sites in the eastern and southern Wadden Sea;
Chlordane concentration increased throughout all
sites. These results indicate that pollution by en-
vironmental chemicals, also by historical ones, is
ongoing, even though production and use of these
chemicals have been forbidden in central Europe
since the 1980s. The quantification of the river-
ine inputs (Bakker et al. 2005) since the mid 1990s
partly corresponds well with the bird data: for
example, the increase in mercury and PCB levels
in Common Tern eggs from Minsener Oog can be
related to the higher input of these substances by
the Weser, and the reduction of HCH emissions by
the Elbe since 2001 corresponds to decreased lev-
els in eggs of Common Terns breeding at the es-
tuary of this river.

After the river Elbe flooding in August 2002, it
was expected that large amounts of contaminants
were mobilised from contaminated areas and
transferred to the German Bight and North Sea,
respectively. But results from various studies have
shown that the levels of most contaminants have
not increased, and that the water quality of the
German Bight through the Elbe flooding did not
get worse (Nies et al., 2002). Water mercury con-
centrations measured after flooding were within
the range of variability of the years before. In case
of organochlorines, only HCH concentrations were
affected by flooding, and the isomers �-HCH and
�-HCH showed higher concentrations after flood-
ing (Nies et al., 2002). However, HCH levels were
back to “normal” levels at the end of 2002. Also
the bird egg contamination in 2003 compared with
the years before didn’t give any evidence of ex-
ceptional contaminant levels related to the Elbe
flooding in August 2002.

5.4 Toxicological Aspects
Effects of chemical contaminants on avian repro-
duction have been frequently studied (e.g. Mori-
arty et al., 1986; Furness, 1993; Keith & Mitchell,
1993; Wiemeyer, 1996; Burger and Gochfeld,
1997; Willet et al., 1998). Becker et al. (1993)
found that although the hatching success of Com-

mon Tern colonies breeding at highly and low con-
taminated sites at the German Wadden Sea coast
was similar, PCB contents of unhatched eggs
(7,600 ng·g-1) sampled at the Elbe were signifi-
cantly higher than in eggs collected at random
(5,100 ng·g-1). In a more recent study on the pos-
sible effects of chemical pollution on the repro-
duction of birds, HCB, p,p’-DDE, and �-HCH
seemed to be related with decreases in the hatch-
ing and overall reproductive success of Common
Gulls (Larus canus) breeding at the Elbe Estuary
in the mid 1990s (Muñoz Cifuentes, 2004). The
other bird species considered in this study were
Common Tern and herring gull (Larus argentatus).
In the case of the Common Tern, the fledging suc-
cess was probably affected by �HCH, and �DDT
and the total organochlorine level seemed to play
an important role, determining the overall repro-
ductive success of herring gulls. Furthermore, the
chick development of both species at the Elbe es-
tuary possibly was injured by HCB, p,p’-DDE, and
�-HCH. �DDT concentrations in herring gull eggs,
as well as and TEQ levels found in herring gull
and Common Tern eggs were within the range
associated with embryonic toxicity and impaired
hatching success in fish-eating birds. Owing to
the long-term exposition and additive and syner-
gistic effects of single compounds, chronic effects
should not be excluded.

Our results show, that although the current lev-
els of contaminants were in general lower than
known tolerable concentrations for bird reproduc-
tion, the increases of environmental pollution with
some chemicals over the last six years, which seem
to be due to new inputs of chemicals, remind us
of further efforts and measures necessary to re-
duce anthropogenic inputs of chemicals into the
Wadden Sea to avoid possible impacts on bird
populations.

5.5 Assessment of the
Targets

The long-term trends gained by the monitoring
of contaminants in bird eggs from the Wadden
Sea have shown that the Wadden Sea burden by
anthropogenic micropollutants converges slowly
towards the Wadden Sea Plan Targets (see also
Bakker et al., 1999; Becker et al., 2001). This pro-
cess is well illustrated by Fig. 7, showing that the
interspecific and intersite differences in bird egg
contamination have been reduced more and more
by the years, arriving now at equalized levels closer
to the Targets. However, the evaluation of the
most recent results revealed stagnation or rather

5. Assessment and Conlusions
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ongoing increases of pollution of Wadden Sea bio-
ta, including birds. The monitoring of contami-
nants in bird eggs from the Wadden Sea indicates
some local problems of recent anthropogenic dis-
charges of micropollutants (e.g. at the western
Wadden Sea, Ems estuary and Jade), or problems
of persistence of contaminants prohibited long
time ago, such as in Chlordanes. These problems
need further efforts of environmental protection,
accompanied by the control of the success of those
activities through the continuation of relevant
TMAP parameters including top predators, such
as birds, on the basis of long-term and annual
sampling.

Presumably the Target levels for man-made
chemicals of zero values in biota, including bird
eggs, cannot be achieved in the near future as
these persistent chemicals have long half-life pe-
riods. Despite the immense efforts in preventing
chemical pollution of the Wadden Sea by legal
regulations over the last two decades, more mea-
sures are needed to reduce the chemical inputs
into the environment and to come closer to the
Targets or Ecological Quality Objectives. ICES
(2003, 2004) recommends the average concen-
trations of PCBs should not exceed 20 ng·g-1 in
fresh mass of the eggs of Common Tern and Oys-
tercatcher, of DDT and metabolites should not
exceed 10 ng·g-1and of HCB and HCH should each
not exceed 2 ng·g-1 at each site. Our results show
that current concentrations of PCBs and DDT, es-
pecially in the Common Tern, are still very high in
comparison with these proposed target levels; the
target levels of HCB and HCH may be reached
sooner. ICES (2003, 2004) recommends in case of
mercury, that environmental levels should be re-
duced to concentrations measured at habitats in
southwestern Norway and in the Moray Firth, or
at least to the lowest recorded values in current
monitoring schemes (Oystercatcher: 100 ng·g-1;
Common Tern 200 ng·g-1, Becker et al., 2001).

5.6 Recommendations with
regard to Monitoring and

Research
Considering the recent development of contami-
nation, we recommend that at “hot spots” and
those sampling sites where increases of pollution
were observed, intensive and careful observations
should be carried out in order to elucidate the
causes of this trend and to reduce or avoid an-
thropogenic inputs of contaminants. A recent suc-
cessful example was the reduction of HCB con-
tamination near Delfzijl whose success is clearly

shown by the Oystercatcher egg levels (Fig. 4, Egg-
ens and Bakker, 2001). Relevant parameters of the
TMAP, including birds as top predators and accu-
mulative indicators, also have to be measured fur-
ther on a long-term basis, in order to distinguish
short-term fluctuations from time-trends. Spa-
tial and temporal trend monitoring of different
TMAP parameters should be interrelated in order
to discriminate whether an increase in contami-
nation is caused by new inputs or by remobiliza-
tion of chemicals, released a long time ago and
being a latent risk. Also xenobiotics, which have
been forbidden many years ago in Europe as some
pesticides and PCBs, but still causing recent local
chemical contamination, should be continued to
be monitored. Furthermore, the spectrum of chem-
icals studied should be adapted, and some “new”
toxic substances should be assessed whether they
should be included into the monitoring of bird
eggs (e.g. TBT, polybrominated biphenyls, bromocy-
clen or musk xylol). Additional sampling sites at
the Rhine delta with its important industries
should be included in using birds as monitors in
this area, in order to record the impact of con-
taminants originating from this river and being
transported to the Wadden Sea. Finally, the pro-
posed TMAP parameter “Breeding Success” (Thy-
en et al., 1998; Thyen et al., 2000; Becker, 2003;
Muñoz Cifuentes, 2004) should be implemented
to also utilize birds as sensitive indicators of chem-
ical contamination and as an early warning sys-
tem, in addition to the other parameters within
the TMAP, making use of birds to monitor the eco-
logical state of the Wadden Sea.

5. Assessment and Conclusions
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During the mid 1990s, the possible effects of
chemical contaminants on the overall reproduc-
tive success and chick development of common
and widespread bird species  breeding at the North
Sea coast were investigated. Levels of mercury and
PCBs, HCB, HCHs, and DDTs were determined in
eggs of Common Terns (Sterna hirundo), Herring
Gulls (Larus argentatus), Common Gulls (Larus
canus), and Black-headed Gulls (Larus ridibundus).
Simultaneously, reproductive parameters, such as
hatching success, breeding success, fledging suc-
cess, and growth rates of the chicks were evalu-
ated. The Common Tern and the Herring Gull were
investigated both at highly and low polluted ar-
eas at the Elbe Estuary and at the Jade Bay, re-
spectively. The Common Gull and the Black-headed
Gull were studied during the breeding seasons
1995 and 1996, the first one at the Elbe Estuary
and the second one at the Jade Bay. In general,
the contaminants levels were low and not clearly
associated with parameters of reproduction, with
the exception of the hatching and overall repro-
ductive success related to HCB, p,p’-DDE, and �-
HCH in Common Gulls breeding at the Elbe Estu-
ary.

The species most contaminated were the Com-
mon Tern and the Herring Gull, which accumulate
higher contaminant levels than the Common and
the Black-headed Gull. In the case of the Com-
mon Tern, the fledging success was probably af-
fected by �HCH, and for the Herring Gull, �DDT
and �OHa seemed to play an important role de-
termining the overall reproductive success. The
chick development of both species at the Elbe es-

tuary was possibly injured by HCB, p,p’-DDE, and
�-HCH. DDT concentrations found in Herring Gull
eggs, as well as TEQ levels determined in the Com-
mon Tern and the Herring Gull, were within the
limits associated with embryo toxicity and im-
paired hatching success in fish-eating birds. The
Common Gull was more sensitive to contamina-
tion than the above mentioned species, being HCB,
p,p’-DDE and �-HCH related with reduced hatch-
ing success, and HCB with reduced overall repro-
ductive success. The Black-headed Gull was not
affected by environmental chemicals. But owing
to the long-term exposition and additive and syn-
ergistic effects of single compounds, chronic ef-
fects should be not excluded.

Other environmental factors, such as food sup-
ply and availability, disturbance by man or preda-
tors, and weather, might affect the overall repro-
ductive success of birds. In order to recognize ef-
fects caused by pollution, the influence of those
factors have to be identified. Consequently, the
monitoring of contaminants in bird eggs, carried
out in the framework of the Trilateral Monitoring
and Assessment Program (TMAP) for the entire
Wadden Sea since 1998, using birds as accumu-
lative indicators of environmental chemicals
should be combined with the proposed TMAP-pa-
rameter “Breeding Success”, in order to utilize birds
as suitable indicators of chemical contamination
and as an early warning system to monitor the
ecological state of the Wadden Sea. The present
study suggests several approaches to be consid-
ered in further investigations about the influence
of chemicals on the bird populations.

Summary

Wadden Sea Ecosystem No. 18 - 2004: Seabirds at Risk?
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Effects of chemical pollutants on avian reproduc-
tion have been well documented, especially in
the past when the contaminant levels in the en-
vironment were higher than today (Ratcliffe 1970,
Gress et al 1973, Blus et al. 1974, Blus 1982,
Newton et al. 1989, Boudewijn & Dirksen, 1995).
High levels of organochlorine compounds and
heavy metals in birds have shown to influence
negatively the overall reproductive success, not
only by affecting the embryonic development,
owing to the contaminant burden in eggs, but
also chick development and fledging success,
owing to additional intake of chemicals from
contaminated environments via the food. Con-
taminants like DDT, PCBs, and dioxins have been
linked with reproductive failure through eggshell
thinning, biochemical and toxic effects resulting
in reductions of Vitamin A and thyroid hormone
levels, in mortality of embryos and small chicks,
and in morphological aberrations in chicks (Fox
1976, Gilbertson 1983, Weseloh et al. 1983, Fox
et al. 1991, Gilbertson et al. 1991). Furthermore,
several authors have suggested that the repro-
ductive success and the chick development may
possibly be affected by organochlorines affect-
ing pre-mating behavior, e.g. nest building (Mc-
Carty & Secord 1999) and/or reducing parental
care of highly polluted individuals, which should
increase the mortality risk by predation (intra-
and interspecific), starvation, and hypothermia
(Kubiak et al. 1989, Dirksen et al. 1995, Bustnes
et al. 2001).

1. Introduction

Also in Germany, overall reproductive success
and abundance of bird populations have been neg-
atively affected by environmental pollution (Becker
et al. 1993, Denker et al. 2001, Schillig & Wegner
2001). However, contamination of seabirds and
raptors by OC and heavy metals have become con-
siderably lower over the last years, and are nowa-
days below the threshold levels known to affect
wild life (e.g. Becker et al. 2001). When the con-
centration of a specific chemical substance reach-
es or exceeds the threshold level of toxicity, it is
possible to analyze the causation of a particular
effect, but when the toxicant levels are below haz-
ardous levels and they are not associated with
observable effects (e.g. lethality or malformations
in chicks), it is difficult to differentiate the effect
of chemicals from other factors that also affect
the population dynamic. However, even low con-
centrations of single compounds of a pollutant
mixture may injure reproduction by synergistic
interactions (Wachs 1994, Busch 1996). Thus,
long-term exposition to chemical mixtures could
play an important role affecting the reproduction
and dynamics of bird populations. Accordingly, the
implementation of long-term monitoring of breed-
ing success of birds combined with chemical pol-
lution monitoring is very important in order to
understand the interactions between organisms,
contaminant levels and other biotic and abiotic
factors, since they will throw light on the recov-
ery of populations and communities after envi-
ronmental perturbations. Consequently, as has

Wadden Sea Ecosystem No. 18  - 2004: Seabirds at Risk?
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been recommended by Becker et al. (2001), the
monitoring program “Monitoring Pollutants in
Coastal Bird Eggs in the Wadden Sea” (Becker et
al. 1998, Becker et al. 2001) should be combined
with the proposed TMAP-parameter “Breeding
Success” (Thyen et al. 1998), in order to utilize
birds as sensitive indicators of chemical contam-
ination and as an early warning system to moni-
tor the ecological state of the Wadden Sea.

In this sense, this study aims to determine pos-
sible effects of chemical contamination on the re-
production of common and widespread seabirds
breeding at the German Wadden Sea coast in the
mid 1990s. The species considered were the Com-
mon Tern (Sterna hirundo), the Herring Gull (Larus
argentatus), the Common Gull (Larus canus), and
the Black-headed Gull (Larus ridibundus), which
are abundant on the Wadden Sea coast (Spaans
1998, Südbeck & Hälterlein 1999, Rasmussen et
al. 2000). These bird species are top-predators of
the aquatic system, and therefore they tend to
accumulate lipophilic chemical contaminants,
which, during the breeding season, will be elimi-
nated through the eggs and transferred finally to
the hatchlings, affecting the reproductive success
of the populations. This study was carried out us-
ing three different approaches: First, eggs of se-
lected breeding pairs were analyzed for orga-
nochlorine compounds and for the heavy metal

mercury; in addition reproductive success and
development of chicks in those samples-nests,
from which eggs were taken for chemical analy-
ses, were studied. This approach is based on the
method “sample egg technique”, which provides
hints to critical residues of pollutants that nega-
tively affect nest success (Blus et al. 1974, Blus
1984, Henny et al. 1984, Becker et al. 1993). As
the overall reproductive success in a specific col-
ony and area may depend on the degree of chem-
ical contamination, a second approach was cho-
sen: breeding colonies from highly polluted areas
at the Elbe Estuary and from adjacent areas in the
Wadden Sea characterized by lower contamina-
tion have been selected and compared with re-
spect to their reproductive success, in order to
detect possible effects of different local contam-
inant levels on reproduction. Finally, as the bird
species breeding in the Wadden Sea differ in the
degree of contamination with environmental
chemicals (Mattig et al. 2000) and may differ in
the degree of sensitivity to contaminants (Neu-
man & Blokpoel 1996, Ryckman et al. 1997), a
third approach was chosen: Several species were
selected in order (i) to investigate differences in
sensitivity and (ii) to evaluate their suitability as
bioindicators.

Wadden Sea Ecosystem No. 18 - 2004: Seabirds at Risk?
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2.1 Areas of Study
During 1995 and 1996, breeding colonies located
at highly and lowly polluted areas of the Wadden
Sea coast (Elbe Estuary and Jade Bay, respective-
ly) were selected to study the influence of chem-
ical contaminants on the reproductive biology and
on the development of juveniles (Fig. 1 and Table
1). Common Terns were investigated only in 1996,
at the Elbe Estuary in Neufelder Koog and on Min-
sener Oog Island at the Jade Bay. Herring Gulls
were only studied in 1995, the breeding colonies
were located on Pionier Island (at the Elbe Estuary
near Hamburg) and on Mellum Island (Jade Bay).
Common Gull and Black-headed Gull colonies were
studied in 1995 and 1996, on the Pionier Island
and at Augustgroden (Jade Bay), respectively.

2.2 Collection of Egg
Samples

One egg was collected under license from select-
ed and marked nests (Table 1). The second egg of
a clutch was taken for chemical analyses, repre-
senting the contamination of the clutch (for de-
tails and discussion see Becker et al. 1991). Be-
cause egg levels reflect the contamination of the
egg-laying female (e.g. Becker et al. 1989, Lewis
et al. 1993), the eggs indicate the current con-
tamination of the females breeding in the  respec-
tive area and year.  The eggs were frozen at –18°C
until they were analyzed.

2.3 Reproductive Parameters
and Body Mass Development

of Chicks
All nests found in a selected area of each colony
(those with higher nest density) were considered
to study reproductive biology (Table 1). The nest
checks were performed according to Thyen et al.
(1998) and Wagener (1998) and carried out every
two days during the first hours of the day to avoid
heating of eggs and/or chicks. Each nest was
marked by a numbered stick and eggs were marked
with respect to laying sequence. Laying date (date
of finding the first egg minus 1 day) and hatching
date were determined for all individuals. Chick
growth rates were only recorded at nests enclosed
with a metal mesh (50 cm of height). The mesh
was buried approximately 10 cm into the ground
to avoid that the chicks escaped before fledging.
The nests of Common Gulls, Black-headed Gulls
and in part of Common Terns, were enclosed col-
lectively, since they nest aggregated. On the oth-
er hand, Herring Gull nests were individually en-
closed, because of large inter-nest distance.

2.4 Definitions
The following reproductive parameters are con-
sidered: clutch size (number of eggs/clutch), brood
size (number of hatched chicks/clutch), breeding
success (number of fledged chicks/clutch), hatch-

2. Material and Methods
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Table 1:
Bird species, colony sites,
years of study, number of
nests and eggs produced.

Besides, the number of
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ing success (number of hatched chicks in % of all
eggs), fledging success (number of fledged chicks
in % of hatched chicks), and reproductive success
(number of fledged chicks in % of all eggs). Con-
sidering the body mass development of chicks,
further parameters were determined: Linear
growth rate of all chicks, maximum body mass,
fledging mass, and fledging age. The linear growth
rate was defined as the increase of body mass
during the phase of linear growth, which is dif-
ferent for each species (Thyen et al. 1998). In Com-
mon Tern nestlings, the phase of linear growth
was defined 3-13 d, in Herring Gull at an age of
5-25 d, in Common Gulls at an age of 5-21 d, and
in Black-headed Gulls at an age of 5-15 d. Maxi-
mum mass corresponds to the highest body mass
during the development of fledged chicks (g),
fledging mass is the last mass record before fledg-
ing (g), and fledging age the last age on record
before fledging (d).

2.5 Chemical Analyses
The eggs were analyzed at the University of Ap-
plied Sciences, Wilhelmshaven, Germany. The ho-
mogenate of the yolk and the white of egg was
used for chemical analyses. All concentrations are
given in ng·g-1 fresh weight of egg content.

Mercury determination: 100 mg of the homo-
genated egg was prepared with a mixture of ni-
tric acid, chloric acid and perchloric acid in a partly
closed test tube according to Kruse (1979). An

atomic absorption spectrometer (FIMS-400, Per-
kin Elmer) with an integrated flow injection mod-
ule of the FIAS series was used for the measure-
ments (Sommer et al., 1997). The determination
limit was 0.1 ng·g-1.

Organochlorine determination: Hexachloroben-
zene (HCB), an isomer mixture of Hexachlorocy-
clohexane (�HCH) consisting of a, b, and g-HCH
(lindane), and � DDT including the metabolites
o,p’-DDT, p,p’-DDT, o,p’-DDD, p,p’-DDD, o,p’-DDE,
and p,p’-DDE were analyzed. Furthermore, 62 con-
geners of polychlorinated biphenyls were deter-
mined (�PCB, for the whole spectrum of conge-
ners examined see Becker et al., 2001). Two grams
of each homogenated egg was dried with sodium
sulfate, cleaned with a silica gel filled column, elut-
ed with n-hexane:dichloromethane (8:2), evapo-
rated and taken up in 250 ml toluene. A GC HP
5890, series II coupled to a mass selective HP 5971
(electron impact ionization, SIMmode) with heli-
um as carrier gas was used for the measurements.
A HT-5-column from SGE with a length of 25m
was used for the separation (Sommer  et al., 1997).
The limit of determination varied between 0.3-
0.4 ng·g-1for single organochlorines, and for p,p’-
DDT it was 0.9 ng·g-1. The identification and quan-
tification of pesticides and CB congeners was
achieved according to Büthe & Denker (1995). It
was possible to determinate 41 of the 62 PCBs
separately. The other 21 eluate together within
nine peaks with two PCBs and one with three PCBs

Wadden Sea Ecosystem No. 18 - 2004: Seabirds at Risk?

Figure 1:
Map of the German

Wadden Sea coast and
geographical location of

the study areas.
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(Becker et al., 2001). The value �OHa represent
the sum of all analyzed organochlorine compounds
(�PCB, HCB, �DDT , and �HCH).

Furthermore, bird-specific 2,3,7,8-TCDD toxic
equivalency factors (TEF) proposed by the World
Health Organization (van den Berg et al., 1998)
were used to estimate the toxic equivalents (TEQs)
of non- and mono-ortho PCB congeners detected
in eggs of the considered bird species. Non-ortho
congeners detected were PCB126 and PCB169,
and mono-ortho congeners PCB105, PCB114,
PCB118, PCB123, PCB156, PCB157, PCB167, and
PCB189.

2.6 Statistical Methods
Contaminant values in eggs were log-transformed
(log n + 1) to achieve homogeneity of variances
and normal distribution. Variation of the chemi-
cal concentrations in eggs between breeding col-
onies or between years was analyzed by t-tests.
Reproductive parameters and growth of chicks
were compared between breeding colonies or be-
tween years using Mann-Whitney tests. Signifi-

cant differences in the fate of the chicks between
breeding colonies or years were determined using
c2-tests or Fisher’s exact tests. Only those nests
where one egg for chemical analyses was taken
were considered in order to estimate the effects
of chemical pollutants on the reproductive param-
eters and on the body mass development of chicks
(Table 1). Relationships between chemical pollut-
ants and reproductive parameters (hatching suc-
cess, fledging success and reproductive success)
were tested comparing the chemical levels in eggs
between unsuccessful and successful nests using
t-tests and ANOVA with post-hoc Scheffé tests,
and in some cases non-parametric tests (Kruskal-
Wallis). These comparisons were carried out only
if n was � 3. Possible negative effects of pollut-
ants on the increase of body mass of nestlings
were ascertained by means of Spearman’s rank-
correlation (n = number of the chicks). Results
were considered as significant at p-values < 0.05,
< 0.01 (highly significant), and < 0.001 (very highly
significant). All tests were conducted two-tailed
by SPSS 8.0 for Windows.

Sampling site „Pionier“-
island in the  Elbe estuary
(Photo: Institute for Avian

Research)

2. Material and Methods
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3.1 Chemical Contaminants
in Bird Eggs

The highest concentrations of mercury were found
in Common Tern eggs followed by Herring Gull
eggs, whereas Common Gull and Black-headed
Gull eggs displayed the lowest levels. The con-
tamination with organochlorines (�OHa) was
higher in Common Terns and Herring Gulls, Black-
headed Gulls showed intermediate levels and
Common Gull eggs exhibited a lesser contamina-
tion with these chemicals (Table 2).

In the case of Common Tern and Herring Gull
eggs, significant differences in the concentrations
of all measured chemicals were found between
breeding colonies from the Elbe Estuary and the
Jade Bay, the eggs collected at the Elbe being al-
ways more contaminated than those from the Jade
Bay (Table 2). Considering the levels of single con-
taminants, at both breeding sites, PCB congeners
with 5 to 7 chlorine atoms represented over 90%
of the SPCB. In Common Terns and Herring Gulls
SDDT corresponded mainly to p,p’-DDE (more than
90% of the total DDT contamination). Further-
more, both bird species displayed the same pat-
tern of HCH contaminations, at the Elbe, �HCH
was mainly represented by b-HCH (more than
80%), whereas at the Jade Bay, similar propor-
tions of b and g isomers were observed.

Common Gull eggs from the Elbe Estuary col-
lected in 1995 were statistically higher contami-
nated with �PCB, HCB, and �OHa than the eggs

3. Results

sampled in 1996 (Table 2). The samples from both
years displayed the same patterns of the PCB mix-
ture. Although in the case of �HCH no inter-year
differences were observed, the proportions of �-
and �-HCH varied: in 1995, �-HCH represented
approximately 81% and �-HCH 18%, and in 1996,
the proportions were 72% and 28%, respectively.

Black-headed Gull eggs from the Jade Bay were
contaminated similarly with the analyzed chem-
icals in 1995 and 1996 (Table 2). Nevertheless,
the PCB mixture was different between years, in
1995, corresponding mainly to congeners with 6,
7, and 8 chlorine atoms, whereas in 1996 to PCBs
with 4 and 5 chlorine atoms. In 1995 and 1996,
�HCH did consist exclusively of �-, and �-HCH,
which were found in similar proportions.

3.2 Reproductive Success
Common Terns breeding at the Elbe Estuary and
at the Jade Bay exhibited a similar clutch size
and hatching success, but the brood size was sig-
nificantly higher at the Jade Bay (Table 3). Breed-
ing success, fledging success and reproductive
success were higher at the Elbe Estuary than at
the Jade Bay (Table 3). Egg losses at the Jade Bay
represented only 6.5% of the laid eggs, but 20%
at the Elbe. At the Elbe, 9.5% of the eggs disap-
peared as a result of predation and in 4.8% em-
bryos died. At the Jade Bay, 2.2% of the eggs were
lost by unknown causes and 4.3% were unfertil-
ized eggs. With respect to the fate of the chicks,
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Table 2: Average concentrations of chemical contaminants (arithmetic mean ± 1 s.d.) found in eggs of Herring Gulls,
Common Terns, Common Gulls, and Black-headed Gulls breeding on the German North Sea coast. Differences in the chemical
concentrations between breeding colonies were tested parametrically using t-tests. p-values are presented. n.s.: not significant,
* p<0.05, ** p<0.01, and *** p<0.001.
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more Common Tern chicks survived and fledged
at the Elbe Estuary than at the Jade Bay (p<0.001,
Fisher’s exact test; Table 4). The number of dead
chicks was significantly higher at the Jade Bay,
but the proportion of predated chicks was similar
in both colonies.

The mean clutch size of Herring Gulls breeding
at the Elbe Estuary was significantly higher than
that found at the Jade Bay, whereas the brood
size did not significantly vary between colonies
(Table 3). In contrast, Herring Gulls breeding at
the Jade Bay had significantly higher hatching
success, breeding success, fledging success, and
reproductive success than the colony situated at
the Elbe Estuary. In 1995 and 1996, Herring Gulls
and Common Gulls breeding at the Elbe Estuary

were intensively predated by a Red Fox family
(Vulpes vulpes). In 1995, 51.3% of the Herring
Gull eggs were predated and 32.7% disappeared
for unknown causes. In 1996, Herring Gulls breed-
ing at this place were totally predated, only one
egg hatched successfully and the chick disap-
peared before fledging. Considering the fate of
the chicks, in 1995, a higher proportion of Her-
ring Gull fledglings was registered at the Jade Bay
than at the Elbe Estuary (c2= 21.018, d.f.=2,
p<0.001; Table 4). The proportion of chicks dead
by starvation, hypothermia or diseases was simi-
lar at both colonies (approximately 32%; Table
4). At the Jade Bay, predation was not observed,
unlike at the Elbe Estuary, where 50% of the chicks
were predated (Table 4).
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Table 3: Reproductive parameters of each colony are presented. The clutch size represents the number of eggs per clutch ±
1 s.d. Brood size corresponds to the hatched chicks per clutch ± 1 s.d. Hatching success is the percent of hatched chicks from
all produced eggs. Nest differences were tested non-parametrically with Mann-Whiney tests. p-values are presented. n.s.:
not significant, * p<0.05, ** p<0.01, and *** p<0.001.

Table 4: Number and fate of chicks in Herring Gulls, Common Terns, Common Gulls, and Black-headed Gulls at different
colony sites in 1995 and 1996.

3. Results
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Clutch size, hatching success, and reproduc-
tive success of Common Gulls breeding at the Elbe
Estuary were significantly higher in 1996 than in
1995 (Table 3). On the other hand, brood size,
breeding success, and fledging success were sim-
ilar in both years (Table 3). As the colony of Her-
ring Gull breeding at the Elbe, Common Gulls were
also in 1995 predated by the foxes. During 1995,
predation caused at least approximately 29% of
egg losses, and 32% of the eggs disappeared for
unknown causes. Other causes for losses in this
colony were unimportant, because they only rep-
resented 3% of the total eggs laid in 1995. In 1996,
there was no evidence of egg predation in this
colony (e.g. by egg shell remains near the nests),
only in case of Herring Gulls which were totally
predated at the same place. Considering the chicks,
the number of fledglings and predated chicks was

similar between 1995 and 1996 (p>0.05, Fisher’s
exact tests; Table 4). Although the proportion of
dead chicks in 1996 was higher than in 1995
(55% and 39%, respectively; Table 4), significant
differences were not observed (p>0.05, Fisher’s
exact tests).

In case of Black-headed Gulls breeding at the
Jade Bay, no significant differences in the repro-
ductive parameters were observed between 1995
and 1996, although the values were always higher
in 1995 than in the subsequent year (Table 3).
The eggs were predated in 1995 and 1996 in sim-
ilar rates (approximately 32% of the laid eggs),
and in 1996, almost 10% of the eggs were lost
by flooding. The proportions of fledged, predat-
ed, and dead chicks of Black-headed Gulls was
similar in 1995 and 1996 (Table 4; p>0.05, Fish-
er’s exact test).

Common Tern breeding
pair

(Photo: Dietrich Frank)

3. Results
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3.4 Body Mass Growth of
Chicks

During the phase of linear growth, Common Tern
nestlings from the Elbe Estuary showed a higher
mass increase than those growing at the Jade Bay
(p<0.001, Mann-Whitney test; Fig. 2). The nest-
lings growing at the Elbe tend to reach higher
maximum (129.4 g) and fledging masses (122.6
g) than at the Jade Bay (121.5 g and 116.1 g, re-
spectively). Significant differences were found in
fledging age: the chicks from the Elbe fledged at
an age of 22.2 ± 1.6 d, whereas those from the
Jade Bay fledged at more advanced age (29.7 ±
3.9 d; p<0.001, Mann-Whitney test).

The body mass of Herring Gull chicks from the
Elbe Estuary and from the Jade Bay increased with
similar rates during the phase of linear growth
(p>0.05, Mann-Whitney test; Fig. 2). The mean lin-
ear growth rates were approximately 24.5 g·day-1.
Herring Gull chicks growing at the Jade Bay fledged
at an age of  42  9.8 d, fledglings from the Elbe at
an age of 36.2 ± 2.7 d (p>0.05, Mann-Whitney
test). At both colonies, Herring Gull chicks reached
similar maximum and fledging masses (approxi-
mately 850 g and 800 g, respectively).
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In 1995 and 1996, the linear growth rates of
Common Gull hatchlings from the Elbe were sim-
ilar (approximately 15 g·day-1, p>0.05, Mann-
Whitney test; Fig. 2), but in 1996 the nestlings
fledged earlier (in 1995 at an average age of 35.0
± 3.2 d, in 1996, at an age of 31.7 ± 3.4 d; p>0.05,
Mann-Whitney test). Also the maximum body
mass and fledging mass were not statistically dif-
ferent between 1995 and 1996 (Mann-Whitney
tests; in 1995 maximum body mass was 404.4 ±
58.2 g and in 1996, 396.2 ± 35.5 g; fledging mass
was 381.9 ± 60.0 g in 1995, and 374.5 ± 27.9 g in
1996).

At the Jade Bay the growth rate of Black-head-
ed Gull hatchlings did not show differences be-
tween 1995 and 1996 (about 10 g·day-1, p>0.05,
Mann-Whitney test; Fig 2). The maximum body
mass was significantly higher in 1995 than in
1996 (260.3± 26.6 g and 225.8 ± 42.2 g, respec-
tively; p = 0.021, Mann-Whitney tests). The fledg-
ing age was similar between years (26.0 ± 3.1 d
in 1995, and 25.2 ± 4.3 d in 1996; p>0.05, Mann-
Whitney test). The fledging mass was higher in
1995 than in 1996 (255.1 ± 25.7 and 211.6 ± 58.3
g, respectively; p = 0.038, Mann-Whitney test).

Figure 2:
Body mass development of
chicks of four coastal bird

species and/or years. at
different colony sites.

Mean masses of each age
group ± S.D. and mean

growth rates with regard
to all chicks during the
period of linear growth
(Gra in g/d ± S.D.) are
presented. ¯¯ indicates
empirical limits of the

phase of linear growth, p-
values  differences in the

growth rates (Mann-
Whitney).
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3.5 Relationships between
Reproductive Parameters,

Body Mass Development and
Contaminants

The hatching success and the reproductive suc-
cess of Common Terns breeding at the Elbe Estu-
ary in 1996 were not related to the levels of chem-
ical pollutants measured in their eggs (Table 5). In
case of fledging success, eggs sampled in nests
with lower success displayed slightly higher con-
centrations of �HCH than those eggs from suc-
cessful nests (Table 5). Negative relations were
determined between body mass development of
chicks and levels of HCB, �DDT, p,p’-DDE, �HCH,
and �-HCH (Table 6).
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Table 5: Levels of chemicals contaminants in Common Tern eggs sampled at the Elbe estuary in 1996. The eggs were
sampled in nests with different hatching success, fledging success and reproductive success, respectively. Differences
between successful nests and nests of reduced success were tested using t-tests. Arithmetic mean of the chemical
concentrations ± 1 S.D. are presented. p-values between groups are presented. n.s: not significant.

Table 6: Relationship between chemical concentrations in eggs and development of body mass
in Common Tern chicks growing in the Elbe estuary in 1996. Mean concentrations of the
contaminants (ng·g-1  fresh weight of egg content) and standard deviations are presented. For
significant trends, Spearman rank coefficients (rs) calculated on the basis of n chicks and p-
values are presented. n.s: not significant. The analyses were carried on the basis of the raw data,
but for a better representation, ranges of body mass growth are presented.
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Table 7: Levels of chemicals contaminants in Herring Gull eggs sampled at Elbe estuary in 1995. The eggs were sampled in
nests with different hatching success, fledging success and reproductive success. Differences between successful (with
100% success) and unsuccessful (without success) nests were tested using t-tests. Arithmetic mean of the chemical
concentrations ± 1 S.D. are presented. For significant trends p-values are presented. n.s: not significant.

Table 8: Relationship between chemical concentrations in eggs and development of body mass in
Herring Gull chicks growing at the Elbe estuary in 1995. Mean concentrations of the contaminants
(ng·g-1  fresh weight of egg content) and standard deviations are presented. For significant trends,
Spearman rank coefficients (rs), calculated on the basis of n chicks, and p-values are presented.
The analyses were carried on the basis of the raw data, but for a better representation, ranges of
body mass growth are presented. n.s.: not significant, * p<0.05, ** p<0.01, and *** p<0.001.

Table 9: Relationship between chemical concentrations in eggs and development of body mass in Herring Gull
chicks growing at Jade Bay in 1995. Mean concentrations of the contaminants (ng·g-1  fresh weight of egg
content) and standard deviations are presented. For significant trends, Spearman rank coefficients (rs), calculated
on the basis of n chicks, and p-values are presented. n.s: not significant.
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In case of Herring Gulls nesting at the Elbe Es-
tuary, a significant relationship between repro-
ductive success and levels of �DDT and �OHa was
found: eggs from nests with 100% of reproduc-
tive success had lower levels of �DDT and �OHa
than eggs from unsuccessful nests (without re-
productive success, Table 7). Mean concentrations
of �PCB, HCB and �HCH were always lower in
nests with 100% hatching rate, although the dif-
ferences were not statistically significant. On the
other hand, in eggs from unsuccessful nests, mer-
cury levels were lower, although not significant.
The growth rates of Herring Gull chicks from the
Elbe Estuary were negatively correlated with the
levels of HCB, �HCH, and �-HCH. The levels of
these chemicals were lower in nests with higher
growth rates (Table 8).

In the Herring Gull colony from the Jade Bay,
negative correlations between body mass growth
of chicks and concentration of chemicals were
observed in case of �PCB, �DDT, �OHa, mono-
ortho-PCBs, di-ortho-PCBs, 3PCB6Cl, and 3PCB7Cl

(Table 9).

The hatching success of the Common Gulls
breeding at the Elbe Estuary in 1995 was lower in
nests where the eggs contained higher concen-
trations of HCB, �DDT and �HCH (Table 10). No
relationships were observed between fledging suc-
cess and concentration of chemicals in eggs (Ta-
ble 11), but in 1995, the reproductive success was
lower in nests whose eggs showed higher levels
of HCB (Table 11). In 1996, fledging success and
reproductive success were higher in nests with
lower levels of �OHa (Table 11). In both years, no
relationship between body mass development of
chicks and concentration of chemicals was deter-
mined.

In 1995 and 1996, no interactions between
reproductive parameters of Black-headed Gulls
breeding at the Jade Bay and concentration of
chemical in eggs were found. In both years also,
the development of body mass of the chicks was
not affected by chemicals.
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Table 10: Levels of chemicals contaminants in Common Gull eggs sampled at the Elbe estuary in 1995. The eggs were
sampled in nests with different hatching success, fledging success and reproductive success. Fledging success and reproductive
success had the same values. Differences between successful and unsuccessful were tested using t-tests. Arithmetic mean of
the chemical concentrations ± 1 S.D. are presented. For significant trends p-values are presented. n.s: not significant.
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Table 11: Levels of chemicals contaminants in Common
Gull eggs sampled at the Elbe estuary in 1996. The eggs
were sampled in nests with different hatching success,
fledging success and reproductive success. Fledging success
and reproductive success had the same values. Differences
between successful and unsuccessful were tested using t-
tests. Arithmetic mean of the chemical concentrations ± 1
S.D. are presented. For significant trends p-values are
presented. n.s: not significant.
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Table 12: Average concentrations of toxic equivalents (TEQs) of
non- and mono-ortho PCBs (arithmetic mean ± 1 s.d.; in pg·g-1)
found in Herring Gull, Common Tern, Common Gull, and Black-
headed Gull eggs, breeding on the German North Sea coast.
Differences were tested parametrically using t-tests. p-values are
presented. n.s.: not significant, * p<0.05, ** p<0.01, and *** p<0.001.

3.6 Toxicological impact of
non-, and mono-ortho-PCBs
Mean concentrations of toxic equivalents (TEQs)
were considerably high in eggs of Common Terns
sampled at the Elbe and at the Jade Bay and in
Herring Gull eggs from the Jade Bay (Table 12).
Statistically significant intersite or interyear dif-
ferences were found in case of Herring Gulls, Com-
mon Gulls and Black-headed Gulls: Herring Gull
eggs from the Elbe Estuary had higher concen-
trations of TEQs than eggs from the Jade Bay, and
TEQs found in Common Gulls and Black-headed
Gulls were higher in 1995 than in 1996 (Table
12).
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In general, the effects of chemical contaminants
on the reproduction of the studied species were
of much lesser extent than effects of other envi-
ronmental factors (e.g. disturbance by man or
predators, food availability, weather). Neverthe-
less, some impacts of the chemical pollution were
observed, both between low and highly contami-
nated areas and among species.

4.1 Contaminant Levels in
Eggs

Owing to the transport of pollutants from indus-
trial areas situated within the catching area of
the river Elbe and to the constant release of con-
taminants deposited in estuarine sediments, the
Elbe Estuary was recognized as a “hot spot” of
contamination (Kausch 1996, Becker et al. 1998;
Becker et al. 2001). Yet despite lowered inputs of
chemicals into the North Sea through rivers and
atmosphere, seabird eggs are clearly indicating
distinct geographical trends in contamination to-
day, with the hot spot Elbe Estuary persisting to
date (Becker et al. 2001). Consequently, the birds
breeding at the Elbe have been highly exposed to
persistent chemicals, which are bioaccumulated
throughout the aquatic food chains. Also at the
Jade Bay, the burden of chemical contaminants
was higher in the past, although its environments
and biota have been historically less exposed to
pollution than at the Elbe (Becker et al. 2001).
The emissions of pollutants and therefore the to-
tal burden of the Elbe, including those of its bio-
logical communities, have significantly decreased
during the last decade (Haarich 1996, Bakker et
al. 1999). This decrease has been reflected by the
contamination of seabirds eggs in the Wadden Sea,
which have revealed a continuous reduction in the
levels of most organochlorines and mercury from
the early 1990s onwards (Becker et al. 1998, 2001).
According to the spatial pattern of contamina-
tion, with “hot spots” in the estuarine areas, the
results of this investigation show that the eggs of
Common Tern and Herring Gull sampled at the Elbe
were significantly higher contaminated by mer-
cury and organochlorines than those from the Jade
Bay. The contaminant levels in Common and Black-
headed Gull eggs were distinctly lower than those
found in eggs of Herring Gulls and Common Terns,
and moreover, the organochlorine levels of Com-
mon Gulls from the Elbe have been lower than

4. Discussion

those measured in Black-headed Gull eggs from
the Jade Bay (cf. Mattig et al. 2000).

Such differences in the chemical contamina-
tion between species might be due to interspecif-
ic differences in feeding strategies and/or in dif-
ferential rates of chemicals’ accumulation, me-
tabolism, and elimination (Becker et al. 1998, Thy-
en & Becker 2000). Common Terns and Herring
Gulls are top-predators of aquatic food chains. The
terns feed exclusively on fish (Becker et al. 1987,
Frank & Becker 1992), and Herring Gulls in the
Wadden Sea mostly feed on mussels, fish, crusta-
ceans, and garbage (Goethe 1980, Hüppop, 1987).
For the Common Gulls breeding at the Elbe, fruits
of cultures located in the neighborhoods, terres-
trial worms and small mice constitute the main
food (pers. obs., Del Hoyo 1996), whereas Black-
headed Gulls have a more general diet including
mainly terrestrial and marine worms, insects but
also fish and crustaceans (Brandl 1987, Gorke
1990). Considering the diets and the chemical lev-
els found in eggs, the results confirm that bird
species that feed on fish accumulate higher pro-
portions of persistent chemicals, being therefore
more suitable to be used as bioindicator of envi-
ronmental pollution.

4.2 Effects of Pollutants on
Reproductive Parameters

Effects of PCBs on avian reproduction have been
frequently studied, and concentrations of more
than 3,000 to 5,000 ng·g-1 can influence the bird
reproduction (Lorenz & Neumeier 1972). Becker
et al. (1993) found that although the hatching
success of Common Tern colonies breeding at
highly and low contaminated sites at the German
Wadden Sea coast (Hullen at the Elbe Estuary and
Augustgroden at the Jade Bay, respectively) was
similar, PCB contents of unhatched eggs (7,600
ng·g-1) sampled at the Elbe were significantly high-
er than in eggs collected at random (5,100 ng·g-1).
In this study, PCB levels in Common Tern eggs from
the Elbe were slightly lower than those levels con-
sidered as critical for avian reproduction, and were
not linked with reproductive parameters or chicks’
growth rates. At the Jade Bay, PCB levels in eggs
were significantly lower than those found at the
Elbe, therefore negative effects on the reproduc-
tion are not expected. Also Herring Gull eggs from
the Elbe were more contaminated with PCBs than

Wadden Sea Ecosystem No. 18 - 2004: Seabirds at Risk?
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eggs from the Jade Bay, but no relationships be-
tween PCB levels and reproductive parameters
were detected. However, PCB levels were linked
with body mass development of Herring Gull chicks
reared at the Jade Bay, although the tendency was
weak and not necessarily indicates causality. On
the other hand, the same tendency was observed
in Herring Gull chicks growing at the Elbe, where
chicks from nests with high PCB levels displayed
lower growth rates (n.s.).

The congeners that specifically might affect the
development of chicks were those with 6 and 7
chlorine atoms, and mono- and di-ortho PCBs. The
toxicity of the PCBs depends on the chlorination
degree (the toxicity increases with rising chlorine
number) and on the number of chlorine atoms in
ortho-positions: several authors have concluded
that congeners with smaller number of chlorine
atoms in this position show a higher toxicity (e.g.
Parkinson & Safe 1987). Mono- and di-ortho PCBs
are included among the more toxic PCB conge-
ners owing to their coplanar structure, similar to
those of dioxins and dibenzofurans, and their abil-
ity to bind to the Ah receptor. The most common
adverse effects of PCBs on the avian reproduction
are reduction of egg hatchability, and chick growth
rates (CCME 2001). Nevertheless, in order to esti-
mate the real effect of PCBs on chick develop-
ment, the change in PCB concentrations and con-
tents from egg to chick due to degradation, elim-
ination or intake with food must be considered,
since egg contents affect mainly the early devel-
opment of chicks (Becker & Sperveslage 1989).
Therefore, further studies considering not only the
development of the chicks, but also their diets
might throw light on possible effects of PCBs on
chick growth.

With respect to the toxicity of the PCB mix-
ture (based on 1998 WHO, van den Berg et al.
1998) found in the eggs of the studied bird spe-
cies, influences of chemical pollution on the overall
reproductive success, and chick growth rates can
be expected in the case of Common Terns (breed-
ing at the Elbe Estuary and at the Jade Bay) and
Herring Gulls (from the Elbe Estuary). Hence, al-
though the concentrations of pollutants are low-
er in comparison to other sites and to previous
years at the Wadden Sea coast, the estimated tox-
icity of the PCB mixture was within the limits as-
sociated with embryo toxicity and impaired hatch-
ing success in fish-eating birds (90 – 4000 pg
TEQ·g-1, Hoffman et al. 1996). However, the TEQ
levels found in this study are lower in comparison
with several published data, e.g. Elliot et al. (1996)
suggested an LOAEL of 210 pg TEQg-1 wet weight

in Bald Eagle eggs for CYP1A induction, Powell et
al. (1997) found that the injection of the White
leghorn chicken eggs with an extract of Double-
crested Cormorant eggs containing approximate-
ly 322 pg·TEQ·g-1 wet weight resulted in 77%
mortality at hatch, and Tillit et al. (1992) deter-
mined mortality rates of about 40% in Double-
crested Cormorant eggs from the Great Lakes with
about 350 pg TEQ·g-1 wet weight. In view of the
fact that the differences in the TEQ levels causing
negative effects reflect interspecific differences
in the ability to transform and to eliminate xeno-
biotic compounds, threshold TEQ levels must be
carefully considered to evaluate possible effects
on the reproduction of a bird species.

Also HCB, �HCH, �DDT showed some relation
to reproductive failure and/or to low chick growth
rates at the Elbe Estuary. Van Birgelen (1998) has
postulated that HCB is able to bind to the aryl
hydrocarbon (Ah) receptor producing dioxin-like
effects; therefore adverse effects on the reproduc-
tion and development of birds could be expected.
These dioxin-like effects might explain the inverse
relation between HCB levels and reproductive pa-
rameters hatching-, and reproductive success of
Common Gulls in 1995 as well as the negative
correlation between HCB and body mass devel-
opment of Common Tern and Herring Gull chicks.
Nevertheless, literature data about toxic HCB ef-
fects on avian reproduction vary widely, both in-
tra- as interspecifically, and they are extremely
high in comparison with the levels found in eggs
from the Elbe. Wiemeyer (1996) reviewed several
studies and reported that the effects of HCB on
reproduction of birds vary widely among species,
e.g. in one exposure study the egg hatchability of
Japanese quail (Conturnix conturnix japonica) with
an estimated HCB burden of 35 ppm was not af-
fected, while in another study, hatchability of
chicken eggs containing 100 ppm was normal.

In case of HCH, the effects caused by the HCH
mixture from those caused by single isomers have
to be separated. The technical mixture of HCH
consists of at least 5 isomers, whose toxicity is
variable (approximately 60–70% �-HCH, 5–12%
�-HCH, 10–15% �-HCH, 6–10% �-HCH, and 3–
4% �-HCH). With respect to acute exposure, g-
HCH is the most toxic, followed by �-, �-, and �-
HCH. With chronic exposure, however, �-HCH is
the most toxic followed by �-, �-, and �-HCH.
With chronic exposures, the increased toxicity of
�-HCH is probably due to its longer biological half-
life in the body, its accumulation in the body over
time, and thus its higher bioconcentration factor
(Willet et al. 1998). For these reasons, �-HCH is

4. Discussion
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still found in bird eggs, although in low levels.
There are no studies of the effects of this chemi-
cal on the reproduction and development of birds;
however, some studies in rats have found a de-
crease in body weight after oral exposition to �-
HCH (van Velsen et al. 1986). �HCH was inversely
correlated with the hatching success of Common
Gulls, the fledging success of Common Terns, and
with the growth rates of Common Terns and Her-
ring Gulls. The developmental effects observed in
Common Terns and Herring Gulls were mainly
linked with the levels of �-HCH. Nevertheless, ef-
fects of HCH on the hatching success, i.e., on the
embryonic development, and on chick growth and
fledging success are not known.

Many studies have associated high concentra-
tions of p,p’-DDE with significant egg shell thin-
ning, embryo toxicity and reduced reproductive
output in a variety of species including gulls, terns,
raptors and cormorants (see reviews, e.g. Mori-
arty et al. 1986, Furness 1993). Becker et al. (1991)
and Becker et al. (1993) have not found differ-
ences in the shell-thickness and strength of Com-
mon tern eggs neither between highly nor low DDT
polluted sites: 670 ng·g-1 in eggs from the Elbe
and 230 ng·g-1 in eggs sampled at the Jade Bay
(both concentration are given in fresh weight of
egg content), nor between unhatched eggs and
eggs sampled at random at the Elbe (17,500 ng
and 20,300 ng total amount in eggs, respective-
ly). In the present study, parameters of shell qual-
ity of eggs (eggshell weight and thickness) of all
considered species was not impaired by the p,p’-
DDE levels (unpublished data). The threshold range
of p,p’-DDE in bird eggs associated with impair-
ment of reproduction varies between 500 to more
than 6,000 ng·g-1, and in Herring Gulls breeding
at the Elbe, p,p’-DDE levels found in their eggs
were within this range, which might explain the
lower overall reproductive success in nests with
higher levels of this metabolite. Consequently,
negative effects cannot be ruled out, and further
studies are recommended in order to assess the
impact of DDT on Herring Gulls at the Elbe.

Furthermore, DDT levels (determined mainly by
the isomer p,p’-DDE) possibly affected the hatch-
ing success of Common Gulls, as well as chicks’
growth of Herring Gulls and Common Terns. DDT
and its metabolites were banned in West Europe
during the 1970s but was still used in several
countries of East Europe during the 1980s. The
presence of p,p’-DDE has been associated usually
to “old” DDT contamination (Streit 1991), which
could explain the higher proportions of this me-
tabolite – in comparison to the other metabolites

– found in the eggs. A reduction in the early post-
hatching survival of chicks after oral exposures to
DDT or DDE in maternal birds has been the most
consistently reported developmental effect (Log-
core et al. 1971). While the mechanism of DDT-
induced reduced chick survival has not been thor-
oughly studied, investigators have hypothesized
that increased body burden of DDT in chicks may
cause direct toxicity, or that reduction in parental
care of treated birds may result in chick malnutri-
tion and poor survival (Keith & Mitchell 1993).
Other developmental effects in birds included a
decreased ability to thermo regulate and behav-
ioral alterations in chicks of treated parental birds
(Vangilder & Peterle 1980).

Mercury levels of 0.5–6 ppm in eggs have been
associated with decreased egg weight, malforma-
tions, lowered hatchability, and/or altered behav-
ior in various species (Eisler 1987, Burger & Goch-
feld 1997). Although the mercury levels found in
Common Tern and Herring Gull eggs from the Elbe
were within this range, no relationship between
mercury and reproductive parameters or chick
development was observed. Furthermore, although
mercury pollution has been historically high, es-
pecially at the Elbe (Haarich 1996, Becker et al.
2001), effects of this heavy metal on bird repro-
duction have been not observed (Becker et al.
1993). The results of this study coincide with these
results: at the Elbe as well as at the Jade Bay the
relationship between mercury levels and bird re-
production were not observed.

4.3 Confounding Factors
that Affect the Overall

Reproductive Success
Because of confounding factors that affect repro-
duction of birds, as predation, food availability, and
weather, etc., it is difficult to recognize and dis-
criminate the effects of chemical contaminants
on reproduction. Predators were an important fac-
tor determining the overall reproductive success
in Herring and Common Gulls breeding at the Elbe.
Common Gull nests were mainly concentrated in
a relatively small area of the island Pionier Island,
being the distance among nests not larger than 2
m, whereas Herring Gull nests were distributed
all over the island (although concentrated at the
northwest side and not where Common Gulls
breed). The distance among Herring Gull nests
varied between 10–15m, being smaller at the edg-
es of the island. Several authors have suggested
that nest distance may be related to a large body
size of the birds: e.g. in Great Black-backed Gulls
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(Larus marinus) and Glaucous Gulls (Larus hyper-
boreus), low nest densities reduce the risk of nest
predation by other birds as well as the intraspe-
cific killing of chicks by cannibalistic neighbors
(Butler & Trivelpiece 1981, Cramp & Simmons
1983, Götmark 1982). Also in Herring Gulls on
Mellum Island (Jade Bay), Wilkens & Exo (1998)
found that the reproductive success decreased
with increasing population density, because high
nest density increased the predation risk of chicks
by conspecifics. On the other hand, several stud-
ies have shown that an increasing numbers of
defenders reduce predator success in colonially-
breeding birds (Kruuk 1964, Götmark & Anders-
son 1984, Conover 1987; Arroyo et al. 2001). But
as ground breeders, seabirds are very vulnerable
to predation by ground predators such as rats (Rat-
tus norvegicus) or foxes. In contrast to effective
antipredator behavior against aerial predators,
colony sites affected regularly by fox predation as
on the Pionier Island, colonial gulls do not exhibit
behavior that effectively deters or distracts foxes
from the nests (Southern et al. 1985). That ex-
plains the heavy eggs and chick losses in the col-
onies on Pionier Island.

Also the overall reproductive success of Black-
headed Gulls breeding at the Jade Bay was possi-
bly affected by ground predators. Numerous egg
losses were observed as in 1995 as in 1996 (ap-
proximately 35%), and also chicks have been pre-

dated. Thyen et al. (1998) found that in 1996 fox-
es were presumably responsible for total egg losses
in some places at the eastern Jade Bay. In the case
of the Common Tern, the predation on eggs and
chicks was not important in determining its over-
all reproductive success. On Minsener Oog Island,
where ground predators did not occur, the preda-
tion pressure on Common Terns was low, and at
the Elbe Estuary, predation was also unimportant.
Here, the other important factor – food availabil-
ity – might have positively influenced the repro-
ductive success by reducing the time for foraging
so that the parents can more intensively care and
defend the clutch or chicks, as has been suggest-
ed for Herring Gulls and Oystercatcher (Haemato-
pus ostralegus, Ens et al. 1992, Brouwer & Spaans
1994). The terns breeding at the Jade Bay (on Min-
sener Oog Island) are more dependent on the tide
to acquire food (Frank & Becker 1992, Becker et
al. 1993), since tides regulate the accessibility to
marine organisms, whereas at the Elbe, the terns
can use limnetic food sources, which are known
to be constantly available (Becker et al. 1997) and
might explain the differences in the chick growth
rates between both sites. The relatively high pro-
portion of chicks dead by starvation, hypothermia
or diseases in all studied colonies suggests that
besides food availability weather conditions had
affected chick survival (Becker & Fink 1985, Becker
& Specht 1991).
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The contaminants’ levels found in the 1990s were
low and they did not clearly affect the birds’ re-
production, with the exception of the hatching and
overall reproductive success of Common Gull,
which were related to HCB, p,p’-DDE, and �-HCH.
Although in Common Gull eggs the levels of these
contaminants were lower than in Common Tern
and Herring Gull eggs, this species was especially
sensitive to them. Therefore, the Common Gull may
be studied to supplement the monitoring carried
out with less sensitive species – as the Common
Tern and the Herring Gull – giving information
about the lowest levels that could affect the re-
production of birds within the coastal bird com-
munity. The Common Tern and the Herring Gull
accumulate contaminants to high body levels, be-
ing suitable to show  temporal as well as intersite
variation in environmental pollution.

In general, the levels of chemicals in bird eggs
were low. However owing to the long-term expo-
sition and additive and synergistic effects of the
single compounds, chronic effects cannot be ruled
out. In the case of the Common Tern, the fledging
success was probably affected by �HCH, and for
the Herring Gull, �DDT and �OHa seemed to play
an important role determining the overall repro-
ductive success. The chick development of both
species was at the Elbe estuary possibly injured by
HCB, p,p’-DDE, and �-HCH. On the other hand,
correlations observed between chick growth rates
and egg concentrations of �PCB, �DDT and �OHa
of Herring Gulls breeding at the Jade Bay were
not so coherent, therefore these results must be

interpreted carefully. Although the Common Tern
is considered a sensitive species, ten times more
sensitive to chlorinated hydrocarbons than Her-
ring Gulls (Neuman & Blokpoel 1996), which ac-
cumulate high pollutant levels, clear effects on
its reproduction were not identified, probably
owing to the low pollutant levels in eggs found at
the Elbe Estuary in the mid 1990s. Also the Her-
ring Gull accumulates and magnifies contaminants
to high levels, but it is not as sensitive to orga-
nochlorine compounds as some other fish-eating
waterbird species (Ryckman et al. 1997). In gen-
eral, in the case of the Herring Gull, contaminant
effects on reproduction were difficult to recog-
nize because contaminant levels were low and be-
cause other factors influencing the reproductive
success. Nevertheless, DDT concentrations found
in Herring Gull eggs were within the range asso-
ciated with reproductive failure for wildlife men-
tioned in the literature. For this reason and be-
cause TEQ levels determined in the Common Tern
and the Herring Gull were within the limits asso-
ciated with embryo toxicity and impaired hatch-
ing success in fish-eating birds, further studies are
recommended in order to assess the impact of
chemicals on the populations of these species. The
Black-headed Gull was not affected by environ-
mental chemicals during the 1990s.

In order to recognize effects of chemical con-
taminants on the overall reproductive success of
birds, effects of other environmental factors on
reproduction must be identified, such as food sup-
ply and availability, disturbance by man or preda-

5. Conclusions

Herring Gull
(Photo: Rolf Nagel)
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tors, and weather. Considering the necessary com-
promise between getting “reproducible and exact
results” and “nature conservation” (Thyen et al.
1998), I suggest the following approaches for fur-
ther studies aiming to use seabirds as suitable in-
dicators of the environmental contamination in
the Wadden Sea:

1. Both, the “Monitoring Pollutants in Coastal
Bird Eggs in the Wadden Sea” using birds as
accumulative indicators of environmental
chemicals (Becker et al. 2001) and the pro-
posed TMAP-parameter “Breeding Success”
(Thyen et al. 1998) should be combined and
carried out long-term in order to reveal tem-
poral trends in the contaminant levels as well
as population dynamics, and to discriminate
possible chronic effects induced by pollution
from changes caused by environmental fac-
tors;

2. Breeding colonies located at high and low pol-
luted areas should be selected in order to com-
pare effects of different environmental levels
of pollutants on reproduction;

3. Field methods have to be used and to be opti-
mized which allow to determine with accura-
cy the fate of chicks, the fledging success and
the body mass development of chicks;

4. Species should be selected, which accumulate
large quantities of pollutants, such as the fish-
feeding Common Tern and Herring Gull, and/
or which are sensitive to pollutants, as the
Common Tern and the Common Gull, in order
to investigate the relation between pollutants
and reproduction;

5. Large breeding colonies should be chosen to
obtain a statistically adequate number of sam-
ples; and

6. Besides the “sample egg technique”, pollut-
ant levels between unhatched eggs and eggs
taken at random could be compared to evalu-
ate the effects of chemicals on hatching suc-
cess (e.g. Becker et al. 1993).

5. Conclusions
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