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Abstract During a combined research project at several
stations along the Lower Saxony coast (German North Sea)
antifouling biocides were analysed in water, sediment and
biota. Pathological alterations in blue mussel, PaciWc oyster
and periwinkle found in the harbour of Norderney and a
reference station are presented here and discussed on the
background of chemical analyses. The molluscan species
from the reference station Borkum East Xat did not show
any pathological eVects in central organs, except those pro-
voked by an infestation in the gastro-intestinal tract by the
copepod Mytilicola intestinalis and trematode larvae. In
most animals, the metacercaria were found in the interstitial
tissue without any inXammatory reaction. In a minor num-
ber of specimens, an inXammatory reaction in the mucosa
and sub-mucosa of the intestine occurred in association
with Mytilicola infestation. These reactions may be evoked
through mechanical irritation of the gut epithelium, meta-
bolic products of the parasites or invading bacteria. In con-
trast to the observed pathological changes of mussels,
oysters and periwinkles in Norderney harbour were not
found to be associated with parasitic infestation. The most
prominent pathological alterations were observed in the

digestive system and in the gonad. In the gastro-intestinal
tract inXammatory reactions, atrophy and necrosis of
tubules in the mid gut gland were most pronounced in
spring at the beginning of the pleasure boat season in the
PaciWc oyster and to a minor degree in the blue mussel and
the periwinkle. The latter displayed additional inXamma-
tory and necrotic processes in the gills. Especially in the
gonad, an elevated resorption rate of gametes was present
in the PaciWc oyster and in the periwinkle. In addition,
impact of organotin compounds was reXected in an intersex
index of up to 1.4 in Littorina littorea in coincidence with
masculinization of the reproductive organs.
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Introduction

In October 2001, the “International Convention on the Con-
trol of Harmful Anti-Fouling Systems” has been adopted,
which will come into force by September 2008. A total ban
on the sale, application and use of organotin compounds as
antifouling biocide (new application since 2003, total ban
by September 2008) is the aim of this convention. Although
Germany did not ratify this convention, the use of organo-
tin in Germany has been stopped since then. A variety of
inorganic (copper, zinc) and organic (s-triazines, dimethyl-
urea, dithiocarbamates, isothiazolinone, etc.) antifouling
biocides are in use which will be reviewed by comprehen-
sive dossiers and eventually be approved according to the
EU-Biocidal Products Directive, presumably by 2008.
Some of them are of concern as their persistence, bioaccu-
mulative properties and ecotoxicological eVects may pose
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harm to the marine environment (Konstaninou and Albanis
2004). In European countries such as UK, Sweden and
Denmark, single biocides have been prohibited for several
years due to national approval procedures (Watermann and
Gnass 2006; Cresswell et al. 2006).

So far there is lack of information on the contamination
and biological eVects of inorganic and organic antifouling
biocides in use in the harbours of Lower Saxony along the
North Sea coast. During a combined research project at sev-
eral stations, antifouling biocides were analysed in water,
sediment and biota (Liebezeit et al. 2006). Pathological
alterations in blue mussel, PaciWc oyster and periwinkle
found in the harbour of Norderney and a reference station
are presented here and discussed in the background of the
chemical analyses.

Methods

The investigation on the contamination of the coast of
Lower Saxony, German North Sea, referred to those har-
bours and mudXats where data about residues in water and
sediment exist and eVective studies of antifouling biocides
already had been performed in previous years.

Sampling of sediments and biota for the analysis of Diu-
ron, Irgarol and copper was performed in 2003 and 2004, at
the following harbours: Norddeich, Norderney, Greetsiel,
Dornumersiel, Bensersiel, Neuharlingersiel, Horumersiel,
Hooksiel, Wilhelmshaven-Nassau (Liebezeit et al. 2006).

In August and October 2003, as well as in April and May
2004, samples were taken for histological analysis in the

western Lower Saxony Wadden Sea oV the island Borkum
as reference station (Fig. 1) and at four locations in the har-
bour of Norderney. A total of 226 mussels and snails were
collected and processed for histology.

The snails were narcotized (7% MgCl2 in distilled water)
to separate the soft body without damage from the shell.
The mussels and oysters were opened with an oyster knife
and the soft body thoroughly separated from the shell. The
shell thickness index (STI) was determined according to
Dyrynda (1992). The soft body was Wxed in Bouin’s Xuid
for 24 h, washed and stored in 80% ethanol. After dehydra-
tion, the Wxed animals, or gonadal tissues, were embedded
in paraYn (Shandon, Hyper Center)) and cut with a rotary
microtome (Microm) in serial sections of 2–3 �m. For rou-
tine histology, sections were stained with haematoxylin and
eosin (Romeis 1989).

Results

Mytilus edulis

Borkum East Xat

A total of 27 animals with shell lengths of 43–61 mm, col-
lected in spring and late summer were histologically evalu-
ated (Table 1). In April, the gonad was in maturing stage.
Some females had already spawned. In August, all mussels
displayed a spawned gonad in regeneration. In one speci-
men, a disturbance of spermatogenesis covering about 20
tubuli was noted. In the aVected tubuli, atrophic gamete

Fig. 1 Sampling stations for 
histological investigations at 
Borkum and Norderney 
(arrows)
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stages were present and a number of cells resembling proto-
zoans, possibly haplosporidians. Haemocytes had inWltrated
these tubules and phagocytized gametes as well as protozo-
ans. Some tubuli were entirely Wlled with haemocytes or
Wbroblasts after the breakdown of the tubule membrane.

Forty-one percent of the mussels were infested with
metazoan parasites and displayed associated lesions of the
intestine. The copepod Mytilicola intestinals caused an
inXammatory reaction in the mucosa and sub-mucosa with
massive inWltration of haemocytes. Haemocytes were pres-
ent as extensive aggregates in the sub-mucosa and had inWl-
trated the mucosa by multifocal nests. Eosinophilic and
hyaline haemocytes with phagocytotic activity were found
in nests, harbouring lipo-pigments in their cytoplasm. Cir-
culating haemocytes, granule cells of the ventricle as well
as phagocytes in the kidney contained lipo-pigments in
mussels infested by Mytilicola intestinalis.

Metacercaria of trematodes were observed in11% of the
animals in the connective tissue and in the gills without any
adjacent inXammatory reaction. In the gills, focal necrosis
of secondary lamellae in connection with the presence of
ciliates (presumably Ancestrum sp.) was observed in 22%
of the mussels.

Apart of parasite-associated lesions, the respiratory,
digestive, cardio-vascular and the excretory systems as well
as the gonad were—of normal appearance.

Norderney harbour

At this station 36 animals with shell length of 34–53 mm
were collected in late summer 2004 and spring 2003, for

histological evaluation (Table 1). Most of the females had
spawned in April and May, in only a few animals the
gonads were still in a mature stage. In April, 27% of the
animals showed enhanced resorption of gametes with hae-
mocyte inWltration and lipo-pigments.

The central organs displayed parasite-associated lesions
as well as several pathological disorders. Aggregations of
haemocytes in the sub-mucosa and nests of inWltrated hae-
mocytes in the mucosa were noticed in 92% of blue mus-
sels. In the gills of 14% of the specimens, focal haemocyte
inWltration into the epithelium of secondary lamellae was
present. The cytoplasm of phagocytizing haemocytes con-
tained abundant lipo-pigments. In 72% of animals, a dilata-
tion and congestion of vessels around the mid gut gland and
the gonad occurred. Mytilicola-associated lesions in the
digestive system were dominant in 69% of mussels infested
by this parasite.

Crassostrea gigas

Borkum East Xat

Altogether, 25 animals with shell length of 8–108 mm were
collected in spring 2003 and late summer 2004, for histo-
logical evaluation (Table 1). The gonads of both sexes were
maturing in April and were fully mature in August with one
hermaphroditic individual. Focal haemocyte inWltration in
the mucosa of the gastro-intestinal tract as well as an
increased number of epithelial mucous cells was recorded
in 12% of oysters. Parasites could not be detected in the
aZicted tissues.

Table 1 Mytilus edulis, Crassostrea gigas, Littorina littorea, stations, sampling time, number samples, shell length

Station Sampling time Species Number of 
samples

Shell length (mm) 
minimum–maximum

Shell length 
(mm) mean § SD

Borkum East Xat August 03 Mytilus edulis 12 43–59 50.5 § 4.95

Crassostrea gigas 10 70–108 82 § 12.31

Littorina littorea 24 13–19 15.6 § 1.77

April 04 Mytilus edulis 15 49–61 54.1 § 3.35

Crassostrea gigas 15 8–39 18.3 § 9.62

Littorina littorea 15 15–21 17.2 § 1.42

Norderney harbour August 03 Mytilus edulis 10 34–48 40.8 § 4.50

Crassostrea gigas 10 45–62 54.8 § 5.08

August 03 Littorina littorea 9 19–24 20.8 § 1.70

October 03 Crassostrea gigas 21 43–94 65.6 § 14.07

April 04 Mytilus edulis 15 43–53 48.7 § 2.69

Crassostrea gigas 15 70–120 81.1 § 12.73

Littorina littorea 10 23–26 24.2 § 0.92

May 04 Mytilus edulis 11 37–52 43.7 § 4.41

Crassostrea gigas 17 49–92 69.5 § 10.47

Littorina littorea 20 18–26 21.7 § 2.49
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Norderney harbour

In total, 63 oysters with shell length of 8–120 mm were col-
lected in late summer and autumn 2003, and in spring 2004,
for the histological evaluation (Table 1). Out of 63 oysters,
33 males, 28 females and 2 hermaphrodites were encoun-
tered. The gonads of both genders were in mature.
However, 30% of males showed a disturbance of
spermatogenesis. With respect to the to maturation stage of
the gonad, remarkable diVerences between the genders
were recorded. While all females had spawned and the
gonads were in the stage of regeneration, most males had
still a mature gonad; only 10% of males had already
spawned.

The most striking pathological alterations were recorded
in the intestine and the gonad over the seasonal cycle. In
August and October 2003, the overall appearance of the
mid gut gland of all animals was that of tubulus epithelium
of reduced height. In 23% of the oysters an atrophy of the
epithelium occurred. In all specimens a sub-epithelial hae-
mocyte inWltration in the interstitial storage tissue of the
mid gut gland was noticed along with a multifocal accumu-
lation of lipo-pigments in haemocytes. Parasites could not
be detected. In parallel, the same specimens displayed mas-
sive lipo-pigment deposits in granular cells of the ventricle.

In October 2003, deviations from the normal appearance
of the intestine occurred exclusively in association with
trematode parasites. In 25% of oysters haemocyte inWltra-
tion in the sub-mucosa in the periphery of metacercaria was
noticed.

Additional sampling in the harbours was conducted in
April and Mai 2004 to observe the situation in the beginning
of the pleasure boat season when inputs of antifouling bio-
cides into the water are elevated. Pathological alterations
were observed in the gills, the digestive system and the
gonad. In 28% of oysters, focal haemocyte inWltration and a
distal dilatation of secondary lamellae of gills occurred. In
one animal a granuloma at the gill base was detected.

In 32% of animals, increased numbers of mucous cells
were found in the mucosa of the intestine and in the tubulus
epithelium of the mid gut gland. The mucosa cells of all
oysters contained brown to yellow lipo-pigment deposits.
Intraepithelial and sub-epithelial haemocyte inWltration was
found in the stomach and in the intestine in 15% of the
specimens. In several individuals the inWltration was so
intense that it resulted in haemocyte congestion in second-
ary tubuli of the mid gut gland (Fig. 2). In April the gonads
of both sexes were predominantly in the ripening phase, to
a minor degree in the regeneration phase. In 18% of oysters
a moderate to strong resorption of gametes in connection
with haemocyte inWltration and phagocytosis in the follicles
of the female gonad and in the hermaphroditic gonad was
visible (Fig. 3).

In one animal metacercaria of trematodes were present.
In contrast to the observations made in summer and

autumn 2003, in May 2004 in 82% of oysters shell malfor-
mations as chambering occurred. It was characterized by a
jelly liquid deposition between the shell layers (Fig. 4). The
shell layers were very thin and fragile. The chambering of
oyster shells resulted in ball-shaped shells. The average STI
was 8.5 (minimum 6.8, maximum 10.1; N = 17), slightly
beneath the normal value of 10.

Littorina littorea

In August 2003 and in April/May 2004 a total of 78 peri-
winkles with shell height of 13–26 mm was collected at
Borkum and Norderney (Table 1).

Fig. 2 Crassostrea gigas, Norderney harbour; massive haemocyte
congestion (chc) in secondary duct of mid gut gland (mgg); bar 25 �m,
HE staining

Fig. 3 Crassostrea gigas, Norderney harbour; massive haemocyte
inWltration (hc) and resorption in a follicle (foll) of female gonad; bar
25 �m, HE staining
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Borkum East Xat

In August the gonad of all females was in a mature stage or
already spawned, whereas the gonads of all males were ripe
but not yet spawned (Fig. 5). In April both sexes possessed
a mature gonad. The intersex index of females in August
was 0 and in April 0.08. The albumen gland displayed the
normal appearance according to the reproductive season
(Fig. 6).

The main organs of Littorina were of normal appear-
ance without pathological alterations, diVerent from
those associated with trematode parasites. In April, 20 %
of periwinkles were infested with trematode larvae in
interstitial tissue of the mid gut gland, gonad and kidney
(Table 2). Norderney harbour

For the histological evaluation, 39 snails were collected at
four locations in the Norderney harbour. In both sexes,
most specimens displayed disturbances in gametogenesis.
In August, the gonad of both genders was in the ripening
stage, instead of being fully ripe, indicating an extensive
delay in gonad maturation.

In April/May the male gonad was in the ripening stage
and to a minor degree in the ripe stage. In 69% of female
snails, a massive resorption of oogonia and oocytes
occurred along with haemocyte inWltration and deposits of
lipo-pigments in the follicle epithelium (Fig. 7). A Wbrosis
of numerous follicles per gonad was observed in 18% of
snails. In parallel, the albumen gland displayed extended
secretory ducts (Fig. 8).

Additional morpho-pathological alterations were
observed in April. Along with the opening of the Bursa
copulatrix, the capsule gland of several females was split-
oV corresponding to intersex stages I and II, and resulting

Fig. 4 Crassostrea gigas; shell chambering of individual from
Norderney harbour

Fig. 5 Littorina littorea, Borkum; gonad in active oogenesis, oogonia
(oog), oocytes (ooc), mid gut gland (mgg), bar 50 �m, HE staining

Fig. 6 Littorina littorea, Borkum; albumen gland, tubular gland cells
(tgc), cluster gland cells (cgc), lumen (lu) of oviduct; bar 50 �m, HE
staining

Table 2 Intersex of Littorina littorea at the reference station Borkum
East Xat and in Norderney harbour

Station Number of 
females

Intersex 
index

Encountered 
intersex stages

Borkum East Xat

August 2003 14 0 0

April 2004 14 0.07 0, I

Norderney harbour

August 2003 6 0.3 0, I

April 2004 6 0.5 0, I, II

May 2004 14 1.42 0, I, II, III, IV
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in an overall intersex index of 0.5. In May, more advanced
masculinization of the female pallium gland complex
(yelly-, capsule-, albumen gland) in 42% of animals was
recorded, in correspondence with intersex stages I, II and
III. The overall intersex index amounted to 1.42.

In August, massive resorption of oogonia and oocytes
occurred in the majority of the follicles in 83% of females
(Fig. 9). The size of aVected follicles was clearly reduced.
The histological alterations corresponded with the observed
morphological deviations in the female reproduction tract.
In August 2003, 30% of female snails displayed an opening
of the Bursa copulatrix corresponding to the intersex stage
I. The intersex index amounted to 0.33. Females with an
intersex stage II displayed an albumen gland with focal
atrophic areas (Fig. 10). Females with an intersex stage III

displayed a gonad with strong resorption of oogonia and
oocytes (Fig. 11), an albumen gland which was partly
(Fig. 12) or completely (Fig. 13) transformed to a prostate,
and a reduced capsule gland (Fig. 12).

In May 36% of males showed a disturbance in spermato-
genesis with atrophic tubules accompanied by massive stor-
age of lipo-pigments in the tubulus epithelium. In one male,
an arrest in spermatogenesis occurred in several tubules
associated with haemocyte inWltration and a dilatation of
adjacent vessels. The prostate of single males displayed a
hyperplasia of undiVerentiated basal cells (Fig. 14).

Whereas in August the digestive system did not show
any pathological changes, in April and May several patho-
logical disorders occurred. A focal tubulus necrosis of
the mid gut gland was noticed in April in 10%, and in a

Fig. 7 Littorina littorea, Norderney harbour; female gonad with folli-
cles (foll), follicle epithelium (arrows) in enhanced resorption (res) of
atrophic oogonia (aog) and oocytes (aoc); bar 50 �m, HE staining

Fig. 8 Littorina littorea, Norderney harbour; albumen gland with
tubular gland cells (tgc) and extended secretory ducts (sec); bar 50 �m,
HE staining

Fig. 9 Littorina littorea, Norderney harbour; female gonad with folli-
cles (foll) in intense resorption of atrophic oogonia (aog), (res, arrows)
resorbing follicle epithelium with pink vitelline granules; bar 50 �m,
HE staining

Fig. 10 Littorina littorea, intersex stage II, Norderney harbour; albu-
men gland with normal structure (abg) and atrophic areas (aag), jelly
gland (jg); bar 1,000 �m, HE staining
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multifocal pattern in May in 70% of snails. In parallel, in
33% of periwinkles, pigment deposits in pore cells between
the tubuli of the mid gut gland, in phagocytes of the ventri-
cle and in phagocytes of the kidney were observed.

An infestation with parasites was recorded to a minor
degree. In April and May an infestation with Mytilicola
intestinalis, indetermined trematode larvae and protozoa in
the kidney were encountered.

Discussion

All three analysed mollusc species from the reference
station Borkum East Xat did not show any pathological
eVects in central organs, except for those provoked by an

infestation of the gastro-intestinal tract by Mytilicola
intestinalis and trematode larvae. In most animals the
metacercaria were found in the interstitial tissue without
any inXammatory reaction. In a minor number of specimens
an inXammatory reaction in the mucosa and sub-mucosa of
the intestine occurred in association with Mytilicola infesta-
tion. These reactions may be evoked through mechanical
irritation of the gut epithelium, metabolic products of the
parasites or invading bacteria.

The observed pathological changes of mussels, oysters
and periwinkles in Norderney harbour were not found to be
associated with parasitic infestation. The most prominent
pathological alterations were observed in the digestive sys-
tem and in the gonad. In the gastro-intestinal tract inXam-
matory reactions, atrophy and necrosis of tubules in the mid

Fig. 11 Littorina littorea, intersex stage III, Norderney harbour; fe-
male gonad, atretic follicle with strong resorption of atrophic oogonia
(aog) and oocyte (aoc), follicle epithelium (foe), midgut gland (mgg);
bar 50 �m, HE staining

Fig. 12 Littorina littorea, intersex stage III, Norderney harbour; albu-
men gland (abg) transformed to prostate, with reduced capsule gland
(cpg); bar 50 �m, HE staining

Fig. 13 Littorina littorea, intersex stage III, Norderney harbour; fe-
male prostate with diVerentiated gland cells (glc); bar 50 �m, HE
staining

Fig. 14 Littorina littorea, Norderney harbour; male prostate with
diVerentiated gland cells (glc) and an extended basal layer of undiVer-
entiated gland cells (bglc); bar 50 �m, HE staining
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gut gland were most pronounced in spring at the beginning
of the pleasure boat season in the PaciWc oyster and to a
minor degree in the blue mussel and the periwinkle. The
latter displayed additional inXammatory and necrotic pro-
cesses in the gills. Especially in the female gonad,
increased resorption rates of gametes were present in the
PaciWc oyster and in the periwinkle.

The chemical analysis of sediments and biota in har-
bours of Lower Saxony including the Borkum East Xat
revealed for heavy metals such as copper, zinc and lead,
slightly elevated levels above the North Sea background
(Liebezeit et al. 2006). The mean sediment content of cop-
per in Lower Saxony harbours was 24.8 § 10.8 �g/g, being
in the range of the background level of the North Sea with
20–30 �g/g.

It is known that copper can be ingested and stored in
bivalves and gastropods in the gills, haemocytes and pore
cells. Pore cells are most abundant in the interstitial storage
tissue, in the kidney and in the ventricle of the heart (Soto
et al. 1996; Regoli and Orlando 1994). Mussels can excrete
copper by incorporation into the byssus threats (Davenport
and Redpath 1984). Taking into account the observed cop-
per contents in the harbour sediments, it is very unlikely
that the observed pathological eVects in the bivalves and
gastropods in the harbour of Norderney are related to acute
toxic eVects of copper.

The pathological alterations, especially the inXammatory
reaction in the sub-mucosa of the intestine and the
increased resorption in the gonad, were accompanied by an
increased deposit of yellow brown lipo-pigments in haemo-
cytes and epithelial cells of follicles and tubules. Haemo-
cytes of bivalves contain phenoloxidase (Caraballal et al.
1997), an enzyme belonging to the prophenoloxidase-sys-
tem, which plays a role in the unspeciWc immune reaction
of arthropods (Johansson and Söderhäll 1992). As lipopig-
ment-loaded haemocytes can be found more frequently in
Norderney harbour than at Borkum, uptake and storage of
foreign particles or damage of cells by infectious agents or
toxic compounds have to be taken into consideration.

Chemical analysis of the content of the organic antifoul-
ing biocides Diuron and Irgarol in harbours of Lower Sax-
ony showed elevated concentration in the harbour
sediments compared the reference station Borkum Xat. The
mean content of Diuron was 115 § 93 ng/g in harbour sed-
iments and 60 ng/g in sediments of the Borkum Xat. The
mean content of Irgarol was 6.1 § 5.8 ng/g in harbour sedi-
ments and 1 ng/g in sediments of the Borkum Xat (Liebe-
zeit et al. 2006). Regarding the measured contamination of
sediments by Diuron and Irgarol cited above, the observed
histopathological eVects in the Norderney harbour cannot
be attributed to acute toxicity of this compound: For Diu-
ron, an EC50 value of 1,800 �g/l for adult oysters and
4,800 �g/l for oyster spat was determined. However, the

endocrine eVects occur at far lower concentration, which is
reXected in the Quality Standard of 0.2 �g/l set up in the
actual compromise paper in addition to the EU-Water
Frame Directive. A similar situation can be stated for Irga-
rol 1051, which has a relatively high acute toxicity level of
3.2 mg/l (EC50) (Bard and Pedersen 1992; Bard 1997).
Again, endocrine eVects on the reproductive system could
be observed at far lower concentration. In Radix balthica,
feminization eVects occurred from an Irgarol concentration
of 14 ng/l (unpublished results). The observed atrophic eVects
in the male gonad of bivalves and gastropods may be asso-
ciated with endocrine eVects of Diuron and/or Irgarol 1051.

The harbour of Norderney is especially suited for Weld
investigations as in addition to some hundred pleasure
boats, the Xoating jetties are coated with antifouling paint.

The Norderney marina is built of Xoating jetties with a
total surface of 450 m2, which are coated with an anticorro-
sive paint based on epoxy as a base layer. The epoxy paint
contains as plasticizer Bisphenol A, which may leach for a
certain time (Watermann et al. 2005). As topcoat, an anti-
fouling containing chlorothalonil, Diuron and di-copper
oxide has been painted. Bisphenol A and other plasticizers
like phtalates with estrogenic potential may play a role as
contaminant in harbours. A study of 39 harbours in Japan
revealed that approximately 30–40% of them had sediments
contaminated with these substances (Hosokawa et al. 2003).

The high content of antifouling biocides led either to the
prohibition or to the restriction of their use on leisure boats
in several countries. In the years 1995 to 1997, intensive
investigation in Danish marinas and commercial ports has
been carried out which revealed high concentrations of
antifouling biocides in the sediments. In particular, copper,
Diuron and Irgarol 1051 were found in high concentrations.
Due to the high values of Irgarol 1051 and Diuron in Dan-
ish harbours, both biocides have been prohibited for leisure
boats since January 2000 (Lassen et al. 2002).

In 2000, in Sweden, the contamination of water, sedi-
ment and biota with copper and organic biocides resulted in
a ban to sell antifouling systems containing copper or Irga-
rol 1051 on the East coast. In UK, since 2001, the use Irga-
rol 1051 and Diuron on pleasure boats is prohibited, which
led to a steep decrease in their concentrations in water at the
British South coast.

In contrast, the high intersex index of periwinkles and
the shell chambering of the PaciWc oyster in combination
with the disturbance of female gonad maturation and the
atrophy of female accessory sexual glands may be associ-
ated with organotin compounds still present in the sedi-
ments (Dyrynda 1992; Bauer et al. 1995, 1997). Despite the
ban on the use and application of organotin compounds,
long-term contamination has to be taken into consideration.
The half-life of TBT in deep sediments is estimated to be
approximately 90 years (Hosokawa et al. 2003; Viglino
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et al. 2004). Although the harbours along the Lower Sax-
ony coast are dredged every 2 or 3 years, traces of organo-
tin are still present, indicated by elevated intersex indices of
periwinkles (unpublished results).

The elevated prevalence of inXammatory and necrotic
changes in the digestive tract of periwinkles and mussels
encountered in the harbour of Norderney at the beginning
of the pleasure boat season may indicate an impairment of
the immune system. Adverse eVects on the immune system
of molluscs can be exerted by a variety of compounds and
cannot be attributed to a single factor (Watermann et al.
1996, 1998).
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