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 ABSTRACT

In order to 1nvesngate potential links between marine pollunon and fish diseases, a long-
term epidemiological study was conducted in the Netherlands during 1983-89. Thxs study
concentrated on grossly identifiable diseases of flounder (Platichthys flesus), an abundant
species which is highly susceptible to disease.

Flounder were found to be affected with the viral skin disease lymphocystxs and by skin

ulcers of bacterial origin. Overall prevalences of these two diseases in fish > 2 years old were -
14.1% and 2.6% respectively. Also notable was the _presence of neoplastic nodules (tumours) ‘
in the livers of 0.8% of the population, prevalences nsmg steeply with age and locally attaining
values of up to 30 % in 6+ year old fish.
- o Spatial and temporal patterns of disease occurrence were analysed staUSucally using log-

. linear models which incorporated significant effects of length, age and sex. Temporal variation .
showed little correspondence between the three diseases, but their spatial distributions showed
striking similarities. In the case of lymphocystis and skin ulcers; there was also a sxgmﬁcant
association in individual fish.

The observed spatial and temporal pattcms showed no apparcnt correlation with thc
condition factor of the fish or with concentrations of contaminants in sediments or in tissues.
However, spanal variation was strongly cornclatcd with salinity and with fishing activity (and
hence possibly damage by fishing gear). In view of the differing aetiologies of the three
diseases, the similarities in spaual pattcms may indicate a general underlying mechanism of
disease causation, perhaps acting via an immunosuppresive effect. At the same time, migratory
behaviour might explain some aspects of the spatial patterns of liver neoplasia.

The ﬁndmgs of this field study have led to the formulation of several hypothescs that
need further i investigation and testing. It is clear that on the basis of thesé findings alone, the
sxgmflcancc of pollution in disease causation cannot be clearly demonstrated; due to the

: apparent importance of other factors such as salinity, fishing activity, and migration.
Expenmcntal work will be needed to test the various hyposeses; and a large-scale cxperirhehtal
stu;iy, now in progress on the isle of Texel, will test for the effects of pollution acting in
1solation.
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1 INTRODUCTION

1.1 GENERAL

With growing concern about marine pollution, interest in the potent1al of fish
~ diseases for monitoring environment quality has increased con31derably in
recent years (Vethaak and ap Rheinallt 1992). In the North Sea area; many
studies have focussed on diseases of dab, Limanda limanda) (eg Bucke et al.
1984, Dethlefsen et al. 1987, Vethaak and Meer 1991); but numerous other
spemes including ﬂounder Platzchthys flesus, have also been studied. At present
there appears to be no general consensus of opmlon about the importance of
pollution as a causative factor for dlsease in this area, although a small number
of studies appear to prov1de convincing evidence for a relattonshxp (see recent
review by Vethaak and ap Rheinallt 1992). This situation contrasts with that
prevailing on the other side of the Atlantic, where an impressive body of

evidence has been assembled, showing clearly the existence of a link between
liver abnormalities and pollution, particularly by PAHs (¢g Malins et al 1988)

In the North Sea area, studies to date show that dab and flounder are both
susceptlble to diseases with easily recognizable signs, frequently affecting a

. large proportions of the population. This together with their abundance and

wrdespread dtstnbutlon, has led to the recommendation of these two species
for use in dlsease monitoring programmes (Dethlefsen et al. 1986, Anon

1989).

Early studies of flounder in the North Sea and associated waters such as the
Irish sea, drew largely negative conclusions about the influence of pollution on
disease in this species (Perkins et al 1972, Shelton and Wilson 1973, Newell et
al 1979, McArdle et al 1982, Bucke et al 1983a, 1983b, Reiersen and Fugelli
1984). Some of these negative ﬁndmgs can be attrlbuted to methodological
shorthcomings. More recently, a small number of more thorough studies have
been published. : :

Extensive studles of diseases of flounder in the Elbe estuary and the German
Wadden Sea were ‘carried out by Moller and colleagues (Moller 1990, Maller
and Anders 1992) The prevalence of most of the diseases observed was

highest at mtermedlate stations in the estuary even though pollutlon levels .

increased inwards towards Hamburg The major factor triggering disease was
considered to be ﬂuctuatmg sahmtxes in the central _estuary, whtch led, via
associated increase in susceptlblhty to disease. Although the possible existence
of other relatlonshlps was acknowledged, pollution was not considered to be a
major factor causing dxsease

Results of a spec1al survey of flounder diseases in the Dutch Wadden Sea in

- 1988 have been published recently (Vethaak 1992) Partlcularly hrgh
prevalences of skin ulcers (20 to 50%) were observed at certain localities in



the SW Wadden Sea, correspondmg to dlscharges of fresh water although in
the freshwater bodies behind the sluices prevalences were very low. It was
suggested that bacterial infection, osmotic stréss; and anaerobic sediments, as
well as perhaps crowding and nutritional deficiencies, could all be involved in
disease causation (Vethaak 1992). :

In contrast to the above, a comprehenswe series of studies of liver pathology-
in flounder from the Elbe provides convincing evidence a causal relationship
between disease and pollution, most significantly by chlorinated hydrocarbons
(Peters et al. 1987, Kohler 1989). Data revealed that major liver damage was
confined almost exclusively to fish from the polluted river, being absent in fish
from the nelghbourmg Eider, a relatively clean river. Neoplastic liver nodules
were found in other species from the Elbe, though they did not occur in
flounder. Experimental studiés confirmed the field data, flounder showing
signs of liver regeneration when kept in clean water and fed contaminant-free
diet (Kohler 1989).

1.2 BIOLOGY OF THE FLOUNDER

The flounder is a common species on soft substrata in the coastal zone,
estuaries, and large fresh water bodies in the Netherlands, where it is
frequently exposed to high levels of pollutton It was therefore considered
appropriate for use in the present study.

In order to understand and evaluate disease data, knowledge of the population
biology of the flounder is required. In partxcular the interpretations of spatial
and temporal patterns of disease occurrence depends crmcally on the
movement pattems of the target species. :

Information on the migration of flounder in this area is largely 'confined to
Dutch language publications or unpublished data from the Netherlands Institute
for Fishery Investigations (RIVO) (Vethaak and Rijnsdorp 1989). ”

The ﬂounder is an euryhalme species: it spawns in offshore marine waters but
both the nurseries and the feedmg grounds of the adults are concentrated in or
near to estuaries. In Dutch waters some young flounder grows up under
marine conditions (Wadden Sea, Eastern Scheldt), but the the maJorlty occur
in brackish and fresh waters (Rijnsdorp and Vethaak 1989). The importance of
rivers as nursery grounds for 0- and 1-group flounder has recently. been
demonstrated, with smaller fish preferrmg less saline waters (Kerstan 1991). 1t
appears that during the first years of a flounder's life there is a downstream
migration, with 4 year old and older fish seldom occurring above the estuary
mouth (author's unpubhshed observatlons) In terms of pollution, the condition
of flounder captured in the vicinity of a particular estuary can therefore be
regarded as reflecting the status of the estuarine/river system as a whole.

The migratory habits of flounder in Geérman and Dutch watérs were s'tu‘died by -
Redeke (1907) Ehrenbaum (1908) and Veen (1971). Using tagging methods;



these authors found that flounder from inshore waters, estuaries and fresh
water migrate offshore in the winter to spawn. The study of Veen in particular
is important, since this shows strong hommg behaviour with respect to. the
feedmg grounds. Only exceptionally were tagged flounders obsérved to
migrate back inshore to a different location the following year.

. Because of their m1gratlon pattern, only durmg the summer can ﬂounder
captured at a given location be considered to have been feedmg there for any
length of time. In particular the condition of flounder captured in September,
as in the present study, can be expected to reflect local conditions over the
prevxous 3 to 4 months or so. .

13 SCOPE OF THE PRESENT STUDY

The final stage of the present study comprised an inventory of internal and

external lesions in flounder, dab, and plaice Pleuronectes platessa in Dutch
coastal waters, carried out during 1983-84 (Vethaak 1985). From this it
emerged that the flounder was the most suitable species for monitoring
pollution in near-shore and estuarine waters. Three prmcrpal diseases were
thought to be potentially useful for this purpose, namely lymphocystrs (viral),
skin ulcers (associated with bacteria) and liver nodules (aetiology less clear).
Other frequently encountered diseases included fin rot, but although reported
in the literature as _possibly associated with pollution, its use was abundant
because of diagnostic problems related to mechanical damage (Vethaak 1992).

The study contmued to 1989, with addmonal sites being mcorporated into the
programme. The prmcrpal objective was to map the occurrence of grossly
identifiable diseases in flounder populations inhabiting various areas with
differing degrees of pollution. Interim reports have already been published
(Marqueme and Vethaak 1989, Vethaak 1987, 1991) and show that disease
prevalence are significantly influenced by season, year, length or age of the
fish, and sex of the fish. These reports were also the_ first to record the
presence of epizootics of macroscopically observablé liver nodules,
corresponding to histologically identified néoplastic and putative pre-neoplastlc
disorders (Vethaak 1985, 1987).

This paper constitutes a final report on the survey- programme. In'it, the
epldemrology of three maJor diseases, lymphocystrs, skin ulcers; and liver

neoplasia; is described in detail. Associations between certain potential risk
- factors (fish condition, salmlty, fishery 1mpact pollutant concentratlons) and

spatlal and temporal variation of disease occurrence are examined in an
attempt to evaluate the impact of pollutlon on flounder diseases in this area.



2 METHODS
2.1 SAMPLING SITES

The choice of the sampling areas was made on the basis of data available
through the various environmental monitoring programmes carried out by the
Public Works Department (RWS) of the Dutch Mlmstry of TranSport and
Public Works as well as, on the basis of the occurrence of the target specres

coastal waters (Sites 5 and 6), and a reference site in the Eastem Scheldt (Site
4), known to suffer relatively little from pollutlon Durmg 1987-89, however;
the programmé was extended to include six additional sites: two in the coastal
waters (Sites 3 and 7); one in the Wadden Sea (Site 8), and a further three sites
in two différent estuarles the Western Scheldt (Sites 1 and 2) and the Ems-
Dollard (Site 9) (Fig 1). '

The characteristics of each site arid the main sotirces of pollution are deScﬁhéd
in Table 1. S

2.2 SAMPLING AND INSPECTION OF FISH FOR DISEASE

Most flshmg was carried out by the two research vessels RV Octans (1983- 85)
and RV Small Agt (1985-1989). The gear used was a 6-meter beam trawl
fitted with 2-4 tickler chains, and a standard sole net havmg aa 7 cm mesh and
a cod-end mesh of 4 cm. - .

Each site was v151ted once in September of each year and a number of tows
were made within a deliminated area (Fig 1). The same tows were repeated
every year until the desired sample size was attained. Each tow lasted between
35 and 80 min; and at each site a minimum of 4 tows were made; but the
number was usually greater and varied dependmg on the size of the catch.
Some additional samples were taken by local shrimp trawlers or by standing
nets at Sites 1 2 and 9. The depth fished at each s1te was noted (Table 1).

Only flounder with a total length of 20 cm or more were retamed and
examined, smaller individuals being v1rtually absent from coastal sites at the
time of sampling. Fish from the catch were divided into 3 length classes: 20-
24.9 cm; 25-29.9 cm; and 30 cm and over. The objective at each site was to
collect at least 150 fish in each length class. A total sample of 450 fish per site
allows the detection of a disease having a prevalence of at least 1.0% with a
confidence level of 95% (Munro et al. 1983). Subsequent data analysrs was,
however, confined to diseases with observed prevalences (considerably)
greater than this value.

Although the target samplmg size for the mrddle length class (25-29 9 cm) was
usually reached at each site, some dtffrculty was experlenced in collecting
enough large fish (30 cm+) at Site 9, but more often in collecting small fish



(20-24.9 cm) at some coastal sites, especrally Sites 3 and 6 (Table 2) For
analysis, therefore, data for the small and middle length class were pooled

Every fish was mspected externally by a combmanon of visual and tactrle
examination, lasting approximately 30 to 60 s per fish. On each occasion, fish
were examined by a small group of observers in close communication, and in
addition there was a considerable degree of continuity from year to year

Inspection for disease signs concentrated on three major conditions; as follows:

1.

Lymphocystis. This viral disease can be recognised by the presence of
nodules, sometimes creamy-white in colour, but occasionally pigmented, on

the skin covering the body and/or fins. Occasionally nodules are found in

the gill or oral cav1ty The | presence of a single nodule on the body or fins

was taken to be the minimum for recording this dlsease, and the position of

the nodules on the body (uppersrde, underside, or both sides) was noted.
Cases where the diagnosis was doubtful were chécked by hlstologrcal

examination.

The srgns of lymphocystrs were divided into 3 categorles in order of
increasing severity:

Grade I: 1 to 10 cysts or clusters of cysts not exceeding a total diameter of
5 mm;
Grade II: lesions covering a surface area up to twice that of the
~outspread caudal fin;
Grade III: lesions covering a larger area.

2. Skin ulcers. These are usually circular open lesions surrounded by a whmsh

border, but when in the process of healing the penphery develops darker
pigment. Healed ulcers can be identified as areas of dark plgment with
irregular distribution of scales, but were not included in the data analysrs _
Only lesions larger than 2 mm in diameter were recorded and the position

on the body noted as for lymphocystls

of 2 mm or more situated on the surface of the liver, were included in this
category. Frequently these nodules are lighter or darker in colour than the
rest of the liver. All nodules were sampled for further hlstopathologrcal
investigation, and only cases histologically confirmed as neoplasia were
rétained for data analysis.

Recordmg of gross lesions; . visible with the naked _eye, permitted
eprdemrologrcal mvestlgatxon of large numbers of ﬁsh as in earlrer studles

have been possible to attam such large samples sizes usmg histological

investigation alone.



All 14041 mdmduals captured during 1983- 89 were inspected extemally for
the presence of lymphocystis and skin ulcers. All 12670 individuals captured
during 1985-89 were also inspected internally for hver nodules (Table 2).

In addition, the occurrence of skeletal deformities | was noted, but the prevalence
of this condition was very low (less than 0.3% overall) and it was therefore
omitted from further analysis. Fin rot has already been referred to above.

2.3 AGE DETERMINATION

During 1987 and 1988, otoliths were taken from a random subsample of 10
healthy individuals per cm length group at each site, and also from all diseased
fish. After the fish had been aged, length age-keys were determined separately
for healthy and diseased fish at each site; following the method described by
Van Leeuwen and Vethaak (1988). A summary of the growth curves at the 9
sites used in the present study is provided by van Leeuwen and Vethaak (1988).

Using the length-age keys; and the md1v1dually determined ages of the diseased
fish, the 1987 and 1988 samples could then be’ rec]ass1f1ed into three age

categories (2, 3, and 4+ year old fish) for statlstlcal analy51s
2.4 OTHER POTENTIAL RISK FACTORS
2.4.1 Fish condition factor

A gutted condition factor (C) was determmed for a sub-sample of at least 40
flSh (females 20- 29 9 cm length) at each site every year. For ths purpose flSh

laboratory
C was calculated as: 100 x somatic weight (mg) x total length (mm-3),

24.2 Salinity

H

For each site the observed range of salmmes (T able 1) is based on mean values
derived from a routine monitoring programme carried out by RWS during

11983-89.

2.4.3 Fishing actiVity

An index of total fishing activity was calculated as the total boat-days spent

within each area by beam trawlers (< 300 HP) and shrimp boats in 1987 using
statutory flshmg returns (RIVO, unpublished data)



2.4.4 Contaminant concentrations

Sedlment ,

Concentratlons of PCB C153 PAHs ‘(benz(b)fluoranthene, benz(k)fluoranthene,
pum) fraction of superf1c1al sediments from each site. Some sites (Sltes 2, 4-9)
were sampled in November 1986 and in the summer of 1987, but sampling was
repeated in 1990 and 1991 during the same periods in order to cover all the
sites (data from spec1a1 surveys of RWS).

Analysis of contaminant concentrations was carried out according to standard
methods described by Joint Monitoring Group of ICES.- '

Because of the wide variation of the organic content of sediment from sne to
site (2.0% - 7.5%) the concentrations of these contaminants, known to be
attached prmcxpally to organic matter, were expressed in terms of organic
content.

Flounder livers *

Concentrations of polychlormated blphenyls (PCBs) weré measured in pooled
samples of 20 male and 20 female livers (Iength 25-29.9 cm) collected at each
site in 1987 durmg the fish dlsease survey (author's own data). PCB
concentrations were determined -using high resolution gas chromatography.
- Lipid content were determined by soxhlet extraction with hexane. Details of the.
analytical methods are given in Stronkhorst (1992).

Conceritrations of PCBs were expressed as the sum of 6 congeners (C52, C101,
C118; C138, C153, and C180). As an alternative, the concentration of C153
was expressed separately this congener normally makes up about 10% of the
total PCB concentration.

2.5 DATA PRESENTATION AND STATISTICAL METHODS

The disease data were analysed using a log-linear model with disease
occurrenice as the dependent variable and site, year, length (or age), and sex as
independent variables. The logit model used predicts the log odds logits) for the
dependent variable as an additive function of the other variables. If; in a
populatlon exposed to a certain risk factor, the numiber of fish which have a
disease is A, and the number not having the disease is B, then the prevalénce is
A/A+B; but the odds are A/B.

This measure of assoc1atlon is commonly used in retrospecuve epxdemlologlcal :
studies and seems equally suitable for thé analysis of data collected from fish
disease surveys (Rhodes et al: 1987, Vethaak 1992, Vethaak et al. 1992).



The method allows the estimation of the odds ratio, which is a measuré of the
degree of association of explanatory factors (such as site, sampling occasion,
length, age or sex) with the occurrence of disease.

The odds ratio, estimated from the parameter coefficiénts of the logit analysxs
is defined, as:

(A/B)/(C/D)

where A and B are defined as above, and C and D are the numbers with and
without disease in a population not exposed to the risk factor (C/D being the
odds for this population). In the present study, where risk factors are not
formally defined, the population represented by C and D is selected as follows:.
Odds ratios for site were expressed relative to Site 4 (reference site), for year
relative to the first year of sampling (1983 or 1985), for length and age relative

to the smallest (20-24.9 cm) or youngest (age 2) group, and for females relative
to males.

The parameters were estimated using the statistical package GLIM (Baker and
Nelder 1978), assuming a binomial error structure. Since the numbers of fish
analysed for each combination of mdependent factors, the design is unbalanced
and therefore each main effect was tested by comparing two models, one with
all the main effects included and the other with that particular main effect
excluded. Interaction effects were tested by comparing the model with all main
effects and the interaction effect under consideration.

Because .the statistical analysis involved numerous tests (> 50; the limit

according to the Bonferroni inequality), the level of significance for each test

separately was kept low (a=0.01); in order to ensure a low experiment-wise

error rate (preferably not exceeding 0.05).

The following data sets were analysed separately:

1. For spatial trends, data on all three diseases for 1987-89.

2. For temporal trends, data on lymphocystls and skin ulcers for 1983-89 and-
data on liver nodules for 1985-89 at 3 sites. '

3. For effects of age, data on all three diseases for 1987-88. ‘

Multiple regression analysis was then used to seek correlations between the
estimated odds ratios f0r site or year and other potential risk factors such as
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3 RESULTS

3.1 CRUDE DISEASE PREVALENCES

In Table 3 observed drsease prevalences (trreSpectlve of size, sex; and year) are
presented for each site. It can be seen that lymphocystis was the predominant

diséase with an overall prevalence of 14.1%, followed by skin ulcers with
2.6%. The overall prevalence of llver neoplasias was 0.8 %.

3.2 EFFECTS OF LENGTH, SEX, SITE AND YEAR

- 3.2.1 Spatial patterns:1987-89 data set

Lymphocystis
For lymphocystis, the logtt analysrs showed that there were srgmfrcant

differences between sites, years, length groups and sexes. However, there were

no significant two-way interactions and thus the final model chosen was that
including the four main effects only (Table 4a).

Relative to the reference site, all other sites showed significantly higher
estimated odds for lymphocystis (Table 5). Odds ratios increased along the -
coastal transect going from Site 3 to Site 7. The odds ratio for flounder from
the Wadden Sea (Site 8) was comparable to that at Site 3; while odds at the
éstuarine sites (Sites 1,2 and 9) were lower, though still higher than at the
reference site. . .

Large flounder were more likély than small ones, and males more likely than
females, to have lymphocystis (Table 5).

Skm ulcers

length and sex d1d riot affect the occurrence of the drsease Agam two -way

"interactions were not signifi cant (Table 4a).

Relative to the reference site, only 4 sites had srgmﬁcantly hrgher or- lower
estimated odds. At 3 coastal sites (Sites 5, 6, 7) the odds for skin ulcers were -
higher than at Site 4, whereas in the Ems Dollard (Site 9) it was lower (Table

5).

Liver nodules
For liver nodules, no good fit could be achleved with any model when all four
explanatory variables (site, year length sex) were used. This was due largely

to low prevalences and the presence of zero values in many cells of the table. In
order to avord thlS problem data from both sexes were pooled and Sites 1 and



A reasonably good fit was then obiained by the model including all three main
effects but no two-way interactions (Table 6a).

Estlmated odds ratios were srgmﬁcantly hlgher at the coastal sites (Sltes 3,5,6
and 7) but not at the Wadden Sea site (Site 8) The estimated odds ratios for
Sites 6 and 7 were particularly high (Table 5). Large flounder were more
likely to have liver nodules than small ones (Table 5).

Although the effect of sex on the prevalence of liver nodules was ignored, a
comparison of the crude data indicated that female flounder more frequently
had liver nodules than males, by a factor of about 2 (Frg 3).

3.2.2 Temporal patterns: 1983-89 data set

Significant main effects of some or all of site, year, length and sex were found,
depending on the disease (Tables 4b, 6b). No significant two-way mteracuon

were similar to those obtained by analysing the spatral data set (Table 4a, 6a).

Table 7 presents estimated odds ratios of different years; length groups and
sexes, derived from the final models chosen. |

For lymphocystls odds were significantly higher in 1984-88 (relative to 1983),
and peaked in 1986. However, the odds for the disease in 1989 were not
significantly different from those in 1983. Estimated odds ratios for large fish
and male fish (Table 7) approximate to values obtained by analysmg the spatral
data (Table 5).

For skin ulcers, the odds ratios show considerable ie'm'poral variauon pealung
in 1984 and 1988 but statistically mdlstmgurshable from 1983 in 1986 and 1987
(Table 7).

Odds ratios for liver nodules showed a very cléar peak in 1987, being 4. 3 times
higher than in 1985. As expected, large fish were much more likely to have
liver nodules than small fish, the odds ratio being 4.9 (Table 7).

3.3 AGE AS AN EXPLANATORY VARIABLE
3.3.1 Length-age relationships

Growth rates of ﬂounder appeared to be considerably hrgher at the coastal sites
than at the estuarine sites (Table 8). There appeared to be no difference in
length-age relatlonshrps between healthy and those with lymphocystis or skin
ulcers. However, flounder with liver neoplasias showed slowér growth rates
than apparently healthy ones, thus, justifying the use of separate length-age keys
for diseased and healthy fish in this case.



3.3.2 Spatial pattems: 1987-88 data set

| Results of the loglt analysrs gave broadly similar results to the analysrs based on

length, with all main effects significant in the case of lymphocystls and liver
neoplasias (Table 9). Similarly, the estimated odds ratios did not clearly alter
the patterns obtained previously, although estimates were less precise,
partrcularly in the case of skin ulcers and liver neoplasias for which prevalences
were relatively low (Table 10). Note that because effects of year were ignored;
the effects of sex on the occurrence of liver nodules could be included on this

. occasion.

An exammauon of the age composrtron of fish at each site (Flg 2) shows trends
which are not apparent from the statistical analysis, particularly noticeable is
the lack of old fish at estuarme sites (Sitel, 2, and 9), partlculalrly at Site 9
where only 2 and 3 year old fish were caught. Fig 2 also clearly indicatés that
most of the fish affected with liver nodules belong to the 6% age group. The
occurrence of this disease in fish as young as 2 years old is restrrcted to the sites
with the highest prevalences, particularly Site 6.

With age, the prevalence of lymphocystls shows a steady i increase in both males
and females until they are about 5 years old, and then levels off (Fig 3). In
contrast, the prevalence of skin ulcers, although increasing until the age of 4
years, decreases in older fish (Fig 3). This latter trend was not detected in the

logit analysis.

Age- specrﬁc prevalences for lxver nodules (Frg 3) confirm the pattern of Fig 2,

with a steep increase in 6 year old fish. The scarcity or absence of liver nodules
from some sites may be explamed in terms of the age structure, with older fish
bemg absent. At Site 9, for example the sample was compost almost exclusrvely
of 2 year old fish (Fig 3). On the other hand, 3 2% of the 156 2 and 3 year old
fish examined at Site 6 had liver neoplasia, whereas none of the much larger
number of similarly aged fish from Sites 1 and 2 were affected.

3.4 SEVERITY OF DISEASE SIGNS

The degree of seventy of lymphocystxs and skin ulcer at each site, categonsed

" as described in Section 2, was mvestlgated using the spatlal (1987-89) and the

temporal data (1983-89) sets: No statistical analysrs was attempted on these data

" because of the relative low numbers of fxsh per cell and the complexity of the

analysis. For neither disease were there any marked differences between sites

or discernible trends from year to year. Thus the degree of severity did not

appear to be linked to the prevalence Percentages of affected fish making up
each of the three grades of severity were as follows

Lymphocystrs: Grade 1, 77%; Gradé 2, 15%; Garde 3, 8%.

Skin ulcers: 1 ulcer, 57%: 2 or 3 ulcers, 15 %: 4 or more ulcers, 23 %



Of flounder with lymphocystls, 39% had thém on thé undersidé and 18 % on
the upperside, with 43% having lymphocystts on both sides of the body. For.
skin ulcers the corresponding percentages were 68% (underside), 24%
(upperside) and 8% (both sides). For both diseases most sites showed a srmllar
trend, except Sites 1 and 3 for skin ulcers _

3.5 ASSOCIATIONS BETWEEN DISEASE CONDITIONS

It was found that 3.6 % of the fish affected by lymphocystrs also had skin
ulcers, whereas the’ correspondmg percentage was only 2.3% in fish unaffected
by lymphocystis. The association was highly significant (Table 11). This'is in
agreement with the overlap in their spatial patterns. Liver nodules, on the other
hand, were not significantly associated with either lymphocystis or skin ulcers
. (Table 11).

3.6 RELATIONSHIP WITH OTHER POTENTIAL RISK FACTORS
3.6.1 Condition faCtOr

There was considerable temporal variation of the condition factor in the study
area. At Sites 4, 5 and 6 temporal differences over 7 years were largely
consistent with a maximum in 1987, falling to low values in 1988 and 1989.
This fall to low values towards the end of the study was also visible at the other
sites (data for only 3 years), with the exception of the Wadden Sea (Site 8) and
the Ems-Dollard estuary (Site 9) where values remained fairly constant (Fig 4).

No clear spat1a1 trend emerged although values at Sltes 1, 2; and 7 were lower
than at Sites 8 and 9, at least in 1988 and 1989.

3.6.2 Sahmty

A highly significant positive correlation was found between the occurrence of
liver nodules (using log (odds)) and mean salmlty at each site (r=0.908; p<
0.001). Correlations of salinity with lymphocystis and skin ulcers were not
_ significant (P= 0.22 and 0.08 respectively). It should be noted, however, that
the distribution of sites was heavily biased towards hrgh sallmty values with
only Sites 1, 2 and 9 havmg medium or low- salinities. It is clear from the data
that these low salinity sites were associated with low prevalences of
lymphocystis and skin ulcers as well (Table 5). :

3.6.3 Fishing activity

4

Fig 5 indicates the relative intensity of ﬁshmg at each site in 1987. The pattern
in 1988 and 1989 was considered to be similar (RIVO unpublished data).



Ftshmg mten51ty was found to be 51gn1ﬁcantly posmvely correlated with the
occurrence of lymphocystis (r=0.80, p< 0.01), skin ulcers (r=0.75; p< 0.02)
and liver nodules (r=0.80, p< 0.04).

3.6.4 Containlnant concentrations

Concentrations of PCBs in the liver were similar in males and females, with the
exception of Site 2 where females showed concentrations almost twice as high
as males (Fig 6). Concentrations were higher at Sites 2, 3 and 5 than at the-
other sites, which appeared to differ little among themselves (Fig 6). The hlgh
~ values at Site 2, and perhaps also at Site 3, probably indicate a local source of
pollution originating from the Westem Scheldt; whereas Site 5 is affected by
discharges from the Rhine. .

The spat1a1 patterns of all four groups of contaminants in sedimerits were rather
similar in 1986-87 and 1990-91; but concentrations of Pb and espemally Cd
.were higher at Site 6 on the latter occasion (Fig 7).

When the complete data set was analysed, no mgmﬁcant correlations were
detected between the different contaminants and the estimated log odds for
lymphocystls, skin ulcers and liver nodules. When the analysis was restricted to
the 6 marine sites, in order to eliminate a possible bias due to salinity, Pb in
sediment then showed positive correlations with the occurrence of skin ulcers -
and liver nodules (Table 12).

Concentrations of PCBs in the sedtments although significantly correlated With
each of the three other contaminant groups (Table 12), showed no apparent
correlation with PCB concentrations in the liver of the fish. Thi discrépancy is
partly due to high concentrations in the llver at Site 3, which might indicate
movement of fish to this site from Site 2 or elsewhere.

4 DISCUSSION
4.1 SPATIAL AND TEMPORAL PATTERNS OF DISEASE

The results reveal con31derable similarities in the spatial distribution of the
three- diseases studied. Despite their different aetiologies, this suggest that a
common causal mechanism may contribute to their development pamcularly as
two of the diseases (lymphocystls and skin ulcers) were associated i in individual
fish as well. Temporal variation, however, showed little similarity between the
diseases. :

The obsérvéd spatlal pattems did not correspond to the nutritional statuis of the
fish (as assessed by the condition factor) or on the whole to observed

contaminant concentrations. . Instead disease prevalence was statistically
correlated with sahmty and fishmg activity, with sites of low sahmty (Table 1)
and little fishmg activity (Fig 5) having the lowest disease prevalences.



Nevertheless, the results show for the sites with high salinities (Sites 3 8;
~ Table 1), that prevalences of all the diseases were con51derably lower at the
Eastern Scheldt reference site (Site 4) than at the other sites (Table 5). The only
exception to this was skin ulcers at Site 8 in the Wadden Sea (Table 5). This
would appear to JUStlfy the choice of Site 4 as reference site. On the basis of
contaminant levels in sediments and fish tissue; however, Sltes 8 or 9 would
have been equally suitable as reference sites (Fig 6, 7). In addition, an influence
of fishing activity on disease prevalences at these sites cannot be dlscounted and
is discussed below. :

4.2 SALINITY

The ﬁndmg that salinity could be an 1mportant factor affecting skin diseases of
flounder is in agreement with earlier studies on the same species in the Elbe’
(Msller 1990) and the Dutch Wadden Sea (Vethaak 1992) At the same time,

the absence of liver neoplasia in fish from waters of low salinity agrees with the
findings of Peters et al (1989) in the polluted Elbe estuary.

The nature of the possxble reduced disease risk associated with low sallmty 1s
not known. The occurrence; activity or pathogenicity of the lymphocysns virus
or of bacteria associated with skin ulcers could show a positive relationship
with salinity, but this is unlikely to apply to he liver neoplasia and otheér factors
may be involved as well. :

4.3 FISHING ACTIVITY

Flounders have a low commercial valué in the Netherlands .and they are
frequently discarded from catches. At most of the coastal sités there are
intensive flatfish and shrimp fisheries, and fresh or healed catch wounds are
commonly observed in flounder from these areas. Fishing gear could damage
the protective mucous layer of the fish, making them more vulnerable to
infectious pathogens.

In general the sités with most fishing act1v1ty (Sxtes 3 s, 6) also had hxghest
disease prevalences; and the reference site (Site 4) was unique among the coastal
sites in having almost no fishing (Fig 5). Changes in fishing pressure can not
explain, however, observed temporal variation in disease prevalence: For
example the peak of lymphocystls in 1986 did not coincide with any substantial
increase of fishing pressure during that year (RIVO unpublished data)
Moreover, the prevalence of skin ulcers was particularly low during the same
year.

Furthermore; it-is dlfflcult to imagine how fishery actlvxty could have an

influence on the development of liver neopla51a, and thus at best it could help to
explain the spatial pattem of only 2 out of the 3 diseases studied. ’



4.4 CONTAMINANTS AND SEDIMENT-ASSOCIATED FACTORS

: Although there was some md1catron of a relatlonshlp between contaminant
concentrations and spatlal disease pattems for the marine sites alone (Table 12),
the evidence is weak and unconvincing.

A statistical analysis of PCB C138 and Cd in the liver tissue and of Hg in the
muscle tissue of flounder from Sites 2 and 9 was carried out by Stronkhorst
(1992). Only for Cd at Site 9 was there any s1gmf1cant increase in.
concentrations from 1985 to 1990. These findings could not explain the
bserved temporal patterns of disease at these sites. .

frequently on the blind site of the fish suggest a determmmg role of factors
. associated with sediment. These could include irritation by sediment particles
alone or with associated micro-contaminants; partrcularly as flounders prefer
soft muddy substrata and turbid habitats. On the other hand, the muddiest and
most turbid sites; broadly speaking, were in estuaries where disease prevalences -
were lowest. :

4.5 NUTRITIONAL STATUS

In principle, a low condition factor may indicate malnutrition associated with
local feeding conditions, which could increase disease risk, as proposed by
Maller (1990) for Elbe flounder.

However, statistical analysrs of the present data indicates that malnutntlon is
unlikely to play an important role in the development of disease at the sites
studled Thrs factor was, however consrdered 1mportant for flounder
estuarine sites were included'in the present study (Srtes 1,2,9), they were not
comparable to those studied by Vethaak (1992) in terms of salinity fluctuations;
population densxty, and other factors. Prevalences of skin ulcers were
considerably lower in the present study

The poss1ble influence of the nature, as well as the quantrty, of food should also
be taken into account when attempting to explain pattems of disease prevalence

in a study carried out in 1989, considerable spatial variation was found in
flounder diets, fish at some sites feedmg almost exclusively on crustaceans,
those at other sites on bivalves, and yet others having mixed diets with a high
proportion of polychaetes (Haver and Vethaak; unpubllshed data) Such
differences could be important in terms of the llpld content of the prey that
mxght affect contaminant accumulation, or other food-related risk factors. This
hypothesis remains purely speculative for the moment, howéver.



4.6 OTHER POSSIBLE CAUSAL FACTORS

Although temperature fluctuations and temperature extremes may interfere
-with the immune system of fish and affect the occurrence and virulerice of
pathogens, differences between the various sites in the present study were small
(2 to 4 deg C at most) and are unlikely to have affected observed prevalences
Similarly high populauon densities could increase prevalences, but in the
present study those sites with highest disease prevalences (Sites 3, 6; 7) also had
the lowest population densities (authors unpubhshed data)

Some of the disease patterns could be explamed in terms of spawning and
associated mrgratron During spawning, flounder are subjected to_stress which
may lower their resistance to infections: The high prevalence of lymphocystls '
in male flounder by comparison with females may find its origin in spawnmg
stress in combination with a hlgh population density on the offshore spawning
grounds, where males remain for considerable longer periods than females
(Rijnsdorp and Vethaak 1989). : :

Conversely, the higher risk of developmg liver neoplasia in female fish may be
linked with reproductron, perhaps via sex hormones or risk factors related to
the depletlon of lipid stores in the liver. A similar sex-related difference in
prevalence was found in dab (Vethaak and Meer 1991), but does not appear to
have been reported elsewhere in the literature. ,

A little-known factor which may be related to temporal variation in particular
is the history of the cohorts examined. Fluctuating environmental conditions
affecting larval and post-larval stages may lead to different selection pressures,
thus mdlrectly affectmg disease prevalence in later life. For example, the
weaker members of a cohort could be eliminated by a partrcularly cold winter
or higher predation pressure occumng at age O+, thus decreasing the apparent
prevalence of disease in future years.

4.7 LIVER NODULES

Since lymphocystls and skin ulcers are infectious dlseases any effect of
pollutlon can only be indirect, for example via 1mmunosuppressron or via
activation or increased virulence of a pathogen. By contrast the liver neoplasia
observed in flounder could have a direct chemical aetiology without the
- involvement of infective agents. Although this has not been established for
flounder in partlcular, chemical contaminants in the livers of other fish species

are thought to act as carcmogens (Mix 1986; Malins et al 1989, Vethaak and ap
Rheinallt 1992),

The findmg of high prevalences of liver neoplasra at some of the coastal sites
thus ments closer examination. Spatlal variation in the prevalence of this
disease was large but very consistent from year to year. The hrghest
prevalences were found near the mouths of heavrly polluted estuaries, with
significantly lower values at the reference site further removed from direct



estuarine dlscharges As stated above, differences in the 1ntensrty of flshery
activity are unlikely to offer a satisfactory explanation for this spat1a1 pattem
However, the disease was absent from fresh and brackish waters irrespective of
pollution status, suggesting that a factor related to salinity is necessary for its
development. -

For neoplasia as well as the two skin diseases, the observed increase in °
prevalences with length and age of the fish are well known. The increase in
“prevalence with length is approximately linéar for both lymphocystis and skin
ulcers, but cases of liver neoplasm are concentrated in the very largest fish.
Since growth is asymptotic, this suggests that the occurrence of neoplasia is
related to age rather than length.

Neoplastlc nodules were found mainly in individuals older than 6 years of age,
which were absent from some estuarine sites. However, at Sites 5, 6 and 7
neoplasm were also observed in younger flounder (2 and 3 years old),
suggestmg extreme exposure to causal agents (th 3). A more detailed recent
survey of Site 6, near the North Sea Canal and in the vicinity of an iron works,
has revealed the occurrence of hrgher prevalences of liver nodules“l_n young
data). This suggests both unusually high levels of a causative factor or factors,
as well as early mortality from the disease. It seems possible that the factor
involved is pollution; and further mvestlgatlon are planned at Site 6.

It should also be noted that marked temporal variation in the occurrence of
liver neoplasia was observed, with a peak in 1987. This cannot be explained in
terms of salinity, fishing activity, or contaminant concentrations.

As well as probably having a different aetiology, liver neoplasia also differs
from the other two diseases studied in having a more lengthy development
period. For a chronic dlsease, long-term movements and m1gratory pattems are
likely to be 1mportant in explaining spatial variation. In the present case, the
downstream migration of flounders as they grow explams why the disease is
absent or has only a low prevalence at some estuarine sites, as above. In
addition, large fish at some of thé coastal sités may have been exposed to
pollution under estuarine condmons at an earlier stage in their lives. For
example; flounder at Site 6 and 7 may have grown up in the North sea canal,
those at Site 5 in the Rhine, and those at Site 3 in the Westem or Eastem
“Scheldt.

Hlstologlcally, the liver lesions observed in this study correspond to those
described in Amerlcan flatfish species. A publication dealing with the
hlstologlcal aspects is in preparatlon (Vethaak and Wester, in prep). There are,
however, some differences between the. findlngs reported here and published
American ﬁndmgs on liver neoplasia in fish (Mix 1986, Malins 1988). In’
contrast to the latter, neoplasra appears to be present in fish from less polluted
sites as well as in those from heavily polluted sites. However, it must be
admitted that background prevalences of this diseases in flounder from



genuinely ‘clean’ sites are unknown; and mtgratory pattems still need
clarification.

4.8 GENERAL DISCUSSION

The present study demonstrates that disease occurrence is influenced by host-
related factors such as 1ength age and sex. Although corrections can be made
for these factors, the same does not apply to pollution or to other
environmental factors, such as salinity and ﬁshmg act1V1ty The last two factors
are posmvely correlated, with fishing activity greatest in coastal waters where
salinity is highest. Thus it is not possrble to separate out their effects; or indeed
to consider the effect of pollutlon acting in isolation. It can be said, however,
that in certain estuaries, the negative effect of low salinity or absence of fishing
on disease prevalence appear to override any potential positive effects of high
- pollution levels.

It is in any case apparent that comparison of diséase prevalences i in flounder
along a transect of a river or estuary must be considered invalid from the pomt
of view of pollutron -related studies. A better approach would be to compare
cohorts of flounders at the mouths of different estuaries. These cohorts
probably consist of fish which have migrated downstréam durmg the first years
of their life.

One or more of salrmty, fishing activity, and pollution 1 may help to explarn the
observed spatial patterns of disease, but temporal variation appears to have a
different explanation. Not only did the three diseases studied show different
patterns of temporal variation, but in addition none of the factors studied are
likely to vary over time in the same way as disease prevalence. The cause of the
observed variation is thus unknown.

5 CONCLUSiONS

In flounder, the apparent association between the three diseases studied may
indicate a general underlying mechanism of disease causation.

However the ﬁndmgs of the study do not mdtcate a clear and universal
disease causation is complex. Effects of salinity; ﬁshmg activity, and migratory
behaviour may interact with pollution to produce observed spaual patterns of
the diseases studied, the evidence for a relationship is perhaps strongest for
liver neoplasia. However, there are too many uncontrolled factors for any firm
conclusion to be possible. ‘

Nevertheléss, this study has produced several hypOtheSes which can be tested
further. Expenmental work will be particularly important in this context, and a
large-scale mesocosm study now in progress on the island of Texel (Vethaak
1992) is designed to test for the effects of pollution acting in isolation.
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Map showing the geographic position of the sampling sites.
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Table 1: Characterisation of sampling sites
Site Habitat ~ Main pollution inputs Salinity Fishing
(g/kg) depth (m)
1 Western Scheldt estuarine River Scheldt 1.6-8.5 1-5
(Saaftinge)
2 Western Scheldt estuarine River Scheldt and the canal 20.5-29.6 1-5
(Vlissingen) from Gent to Terneuzen
3 North Sea coast|coastal zone indirectly via
(Voordelta) River Scheldt, Belgian 29.8-32.0 114
coastal waters and
Eastern Scheldt
4 Eastern Scheldt estuarine, only indirectly from 29.3-30.8 1-5
(Hammen) semi- Hollands Diep via
enclosed Volkerak and River
Scheldt
5 North Sea coast coastal zone . 26.9-28.8 7-14
water from the Rhine
(H. off Holland) and Meuse
6 North Sea coast coastal zone  directly from North Sea 27.7-29.2 14-21
(Umuiden) Canal; indirectly via water
from Rhine
7 North Sea coast coastal zone . . . 28.9-304 . 7-21
(Callantsoog) no direct discharges;
indirectly via Sites
5and 6
8 Wadden Sea estuarine, Lake IJssel and North Sea 28.1-30.1 1-22
tidal basin coastal waters
9 Ems-Dollard estuarine ‘River Ems 8.3-14.1 1-5
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1983 1984 1985 1986 1987 1988 1989

443
590
226
855
194
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113
169
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Table 3: Observed prevalences of lymphocystis (%LYM), skin ulcers

(%ULC) and liver nodules (%LNL) at each site (all sizes and years
combined). N= no of fish examined.

EXTERNAL DISEASES LIVER NODULES
SITE Years N %LYM % ULC Years N  %LNL
1 1987-89 1160 7.2 1.0 1987-89 1160 0.0
2 1987-89 1368 7.2 1.1 1987-89 1368 0.1
3 1987-89 818 16.1 2.4 1987-89 818 1.3
4 1983-89 3423 4.4 1.4 1985-89 2363 0.1
5 1983-89 3885 20.0 3.4 1985-89 2385 0.8
6 1983-89 2693 22.8 3.9 1985-89 1436 1.9
7 1987-89 1269 24.1 4.7 1987-89 1269 34
8 1987-89 1054 12.0 1.5 1987-89 1054 0.3
9 1987-89 817 4.3 2.0 1987-89 817 0.0
TOTAL 16487 14.1 2.6 12670 0.8




Table 4: Summary of the logit analysis of lymphocystis (LYM) and skin
ulcers (ULC), based on (a) the 1987-89 data set (9 sites), and (b)
the 1983-89 data set (3 sites): deviances with associated residual
degrees of freedom (df) and significance tests (* =p<0.01).
Models finally chosen are underlined. See text for explanation
of significance tests.

a) Significance tests df . deviance
Ly Ul

null model 81 13677 1617

all four main effects 71 71.8 81.7
without Site 73 439.8% 123.4%*
without Year 77 184.2%* 113.5%
without Sex 72 275.8* 82.8
without Length 72 412.3* 81.7
without Length, Sex 73 82.9
with Site*Year 59 60.8 70.1
with Site*Length 69 65.9 79.0
with Site*Sex 69 68.5 78.5
with Year*Length 65 63.8 74.6
with Year*Sex 65 59.4 70.5
with Length*Sex 70 71.7 79.2

b) Significance tests df deviance

LYM ULC

null model 97 945.2 181.8

all four main effects 85 77.0 110.4
without Year 87 164.2% 118.8*
without Site 93 292.7* 161.0*
without Sex 86 200.1* 110.9
without Length ' 86 324.0%* 111.1
without Length, Sex 87 111.7
with Site*Year 69 61.5 93.0
with Site*Length 77 70.4 102.6
with Site*Sex 77 62.5 98.1
with Year*Length 83 74.7 109.9
with Year*Sex 83 69.1 107.3

with Length*Sex 84 73.4 110.3



Table 5: Estimated odds ratios (with 95% confidence intervals) for
effects of site, length and sex on the occurrence of lymphovystis
(LYM), skin ulcers (ULC), and liver nodules (LNL). Effects of
sex were not included in the analysis of liver nodules.

EFFECT |Relative to LYM ULC LNL

SITE 1 SITE 4 2.0 (1.4-2.9) 0.5  (0.3-1.1)

SITE 2 . 24  (1.7-3.3) 0.6  (0.3-1.1) 0.6 (0.1-6.1)
SITE 3 ” 3.8 (2.6-5.1) 1.3 (0.7-2.3) 6.8 (1.5-31.0)
SITE 5 " 40 (2.3-5.5) 1.8 (1.1-3.0) 6.3  (1.4-28.4)
SITE 6 . 45  (3.1-6.6) 2.0 (1.1-3.7) 19.5 (4.4-87.0)
SITE 7 " 6.0 (4.4-8.1) 2.7 (1.7-4.2) 15.7 (3.7-65.7)
SITE 8 " 38 (2.7-5.3) 0.9  (0.5-1.6) 23  (0.4-14.2)
SITE 9 " 1.8 (1.2-2.8) 0.2  (0.1-0.4)

LARGE |SMALL 32 (2.7-3.7) . 10.1 (4.8-21.2)
MALE FEMALE 2.1 (1.9-2.5) -




Table 6: Summary of the logit analysis of liver nodules (LNL) based on
(a) the 1987-89 data set (9 sites), and (b) the 1985-89 data set (3
sites). Details as for Table 4.

a) Significance tests df deviance
LNL
null model | 35 1775
all three main effects 27 18.9
without Site 32 68.2*
without Year 29 41.2%
without Length 28 81.0*
with Site*Year 17 15.3
with Site*Length 22 10.8
with Year*Length 25 15.2
b) Significance tests df deviance
LN
null model 29 88.4
all three main effects 22 18.0
without Year 26 32.1*
without Site 24 51.4%*
without Length 23 36.5*
with Site*Year 14 12.9
with Site*Length 20 124

with Year*Length 18 157



Table 7: Estimated odds ratios (with 95% confidence intervals) for effects of
year on the occurrence of lymphocystis (LYM), skin ulcers (ULC),
and liver nodules (LNL). Effects of sex were not included in the
analysis of liver nodules. Note that for liver nodules the effect of
year is expressed relative to 1985. o

EFFECT Relative to LYM f - ULC LNL
1984 1983 1.9 (1.5 -24) 23  (1.5-3.6)

1985 1983 18 (1.4 -24) 2.0 (1.2-3.3)

1986 1983 (1985) 26 (2.0-32) 1.1  (0.6-1.9) 10 (0.4-25)
1987 1983 (1985) 1.5 (1.2 -20) 1.1 (0.6-2.1) 43 (1.7 - 11.0)
1988 1983 k1985) 1.8 (1.3 -23) 24  (1.4-4.0) 1.7 (0.6-4.7)
1989 1983 (1985) | 0.8 (0.6 -1.2) 21  (1.2-3.6) 12 (0.4 -3.5)
LARGE | SMALL 33 (2.9 -3.8) - _ 49 (2.1-11.1)
MALE FEMALE 24 (2.1-2.7) - ’

Table 8: Mean lengths and ages of each length class of flounder at each site
(data for 1987 and 1988 pooled).

20-24.9 CM 25-29.9 CM : 30-39.9 CM
STE | LtEN  AE N LEN AE N LEN  ACE N
1 224 22 99 272 22 99 338 3.7 243
2 22.6 2.1 181 269 2.1 622 33.8 4.2 296
3 229 2.0 57 272 27 186 344 49 319
4 |226 23 152 26.9 2.3 502 33.9 43 248
5 227 2.1 156 27.1 2.9 437 340 48 419
6 224 2.3 10 212 25 66 342 44 112
7 23.0 2.1 118 27.1 2.7 389 34.2 4.7 595
8 224 2.1 233 26.5 2.3 236 344 47 116
9 21.5 2.0 200 26.7 2.0 85 33.7 3.3 8




Table 9: Summary of the logit analysis of lymphocystis (LYM), skin
ulcers (ULC), and liver nodules (LNL), using age instead of
length as main effect, based on -the 1987-88 data set. Details as

for Table 4. -
a) Significance tests df - viance
LYM ULC LNL
null model 53 5329 . 914 347.4
all four main effects ‘ 42 34.6 36.6 33.7
without Site . 50 172.1% 77.7* 96.5%
without Sex ; 43 92.9%* 36.6 52.3%
without Age . 44 208.0* 38.5 - 1434*
Site 45 38.5
with Site*Age 26 17.2 21.3 17.8
with Site*Sex : - 34 21.8 : 23.4 28.4
with Age*Sex ; . 40 32.2 35.9 29.1

Table 10: Estimated odds ratios (with 95% confidence intervals) for
effects of site, age and sex on the occurrence of lymphocystis
(LYM), skin ulcers (ULC), and liver nodules (LNL).

EFFECT |Relative to LYM ULC LNL
SITE 1 SITE 4 28 (2.0-4.1) 0.4 (0.2-0.9) |

SITE 2 . 33 (22-5.1) 04 (02-09) 04 (0.1-3.2)
SITE3 | ., 35 (24-53) 1.1 (0.6-22) 22 (0.7-65)
SITE 5 . 45 (3.1-6.6) 14 (0.8 -2.5) 1.8 (0.6-5.4)
SITE 6 . 55 35-88) 13 (0.6-3.0) 50 (1.6 -15.0)
SITE 7 . 56 (39-8.1) 22 (1.3-37) 51 (19-13.7)
SITE 8 . 29 (1.7-5.0) 0.7 (0.4-1.5) 09 (0.2-3.2)
SITE 9 . 24 (14-42) 03 (0.1-1.2)

AGE(3) |AGE(Q) 22 (1.8-2.7) - 20 (0.6-67)
AGE@) |AGE(@) 40 (3.3-49) - 19.0 (6.8 - 52.3)
MALEALE | FEMALE 1.8 (1.5-2.1) . 04 (0.2-0.6)




Table 11: Contingency table showing association between lymphocystis
(LYM), skin ulcers (ULC), and liver nodules (LNL) for all
sites and years (1985-89) combined. Cells on the lower left
show numbers of fish with different combinations of 2 diseases
(+=diseased fish;-=apparently healthy fish). Cells on the upper
right show associated probabilities derived from chi-square test
of independence (log likelihood ratio)

LYM+ LYM- ULC+ ULC- LNL+ LNL-

LYM+ | 1774 - p= 0.004 p=0.063

LYM- - 10896

ULC+ | 63 255 | 318 - p=0.84

ULC- | 1711 10641} - 12352

LNL+ | 22 85 3 104 | 107 -

LNL- | 1752 10811 313 12250] - 12563




Table 12: Matrix of correlation coefficients between log (disease odds) and log
(contaminant concentrations) for all sites (normal typeface) and for
the 6 marine sites only (italics). *=p<0.05; **p=<0.01.

, a b c d e
a PCB-C153 liver
b PCB-C153 sediment 0.203
-0.272
; 0318 0.894**
¢ PAH sediment .
0.285 0807"
) -0.176 * 0.418
d Cd sediment A 0.509 g;g;‘ 0.528
0035 . 0521 ogss’
e Pbsediment | -0.332 0.723 0.449 0.888*
0.695 :
0.050 -0.335 0.329 0473
f Lymphocystis -0.056 ’00014259 -0.148 0.338 0.621
0.170 0015 -0.273 0.459 0453
g Skin ulcers -0.138 0,482 0.393 0.686 0.939
0.380 '0.477 0.149 0.107

-0.027 -0.276 0.142 -
h Liver neoplasia 0.286 0578 0.830




