FISHDISEASES

SIGNALS FOR A DISEASED ENVIRONMENT?
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SIGNALS OF

ENYVIRONMENTAL DETERIORATION

ABSTRACT

In recent years, the subject of fish diseases in relation to pollution has received more and
more attention in research on the quality of the North Sea environment. On the basis of laboratory
experiments, there is reason to believe that the introduction of toxic substances actually does have
a negative effect on the health of fish populations in the North Sea ecosystems. FHowever,
conclusive evidence from the field is not yet available. Methodological uncertaintics and the
difficuity of separating natural disease causing factars from pollutional ones form the greatest
problems for research.

In general, the data base of fish disease occurrence in the North Sea is inadequate, Many of
the investigations, in particular, are still incomplete because of the lack of chemical and microbio-
logical parameters (thought to be) associated with the observed disease levels. Nevertheless, there
are presently enough indications and circumstantial evidence to link some fish diseases with
environmental deterioration in certain areas of the North Sea.

To illustrate this, the results of our investigations (of the Dutch situation) have been
summarized. These findings support the case for a relationship between pollution and the preva-
lence of diseases in adult flatfish from the Dutch coast (flounder - Platichtys flesus and dab-
Limanda limanda). The first results over a three-year period (1983-86) reveal the presence of
epizootic liver neoplasms (tumours), and the greater prevalences of several viral skin diseases
(lymphocystis and epidermal hyperplasia/papilloma) and bacterial skin diseases (ulcers and fin
rot) in the two flatfish species from the contaminated areas. The presence of liver tumours may be
directly related to specific environmental contaminants and, in the case of viral and bacterial skin
diseases, there are strong suspicions that there is an (in)direct relationship with the total pollution
load of the water. Our findings certainly suggest that there is real cause for concern, particularly in
regard to the observed liver tumours.

It is concluded that the limited amount of knowledge about fish diseases doet not permit an
adequate assessment of the current situation or future problems regarding the health of marine fish

populations.

INTRODUCTION

One of the major issues within the discussion on the effects of pollution at present is the
question whether pollutants affect the health of marine fish populations and, subsequently,
whether fish diseases’ can be used as signals for environmental deterioration,

1 The definition of disease is: ‘a deviation from the state of compiex physical or social well-being of an
organism involving a well defined set of symptoms and aeticlogy and leading to an impairment of its
normal functions' (HCES, 1985). For practical reasons, disease is used in the narrower sense as: ‘any
abnormality in the fish structure’.
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To begin with, [ would like to point out that several cases are known where anthropogenic
toxicants have caused massive fish mortalities. A well-known example is the case of copper
poisoning off the Dutch coast (Roskam, 1965). Nevertheless, such an occurrence is rare in the

STOCK-SPECIFIC
PARAMETERS

ENVIRONMENTAL
PARAMETERS

SPAWNING HABITS

POPULATION DENSITY

FISH MIGRATION

FISH LENGTH (OR AGE)

ENVIRONMENTAL
CONDITIONS DURING
THE EGG AND LARVAL
PHASES

SALINITY CONDITIONS
DURING THE ADULT
PHASE

TEMPERATURE
CONDITIONS DURING
THE ADULT PHASE
SELECTION PRESSURE

NUTRITIONAL
CONDITION

PARASITES
FISHERIES
PARASITES
POLLUTANTS

marine environment because of the likelihood of dilution and the
fact that fish can usually flee from polluted waters (Moller, 1985).

Far more attention should be paid, however, to the chronic pollution

caused by heavy metals and persistent contaminants. These are

harmful substances which are impossible to get rid of and which can

slowly and insidiously contribute to the development of diseases.

This is underlined by the fact that fish can take up pollutants

directly from the water and, because toxic substances from their

food intake can also build up.

The relationship between fish diseases and pollution is, in
most cases, not a clearly visible or straightforward one. Within the
scientific community, it has become increasingly obvious that the
relationship is even more complex than has been assumed until now
(ICES, 1986). Pollution is only one factor in the eco-system that
can cause diseases, infections and abnormalities to become more
prevalent (table 1), The outbreak of many diseases in marine fish
depend on the presence of pathogenic organisms, such as viruses or
bacteria. In general, the outbreak of an infectious disease can be

TABLE 1

Paramolers that are
suspacted or have been
proven to influence disease
pravalence in free-living
lish {from Mdiler and
Andars 19856, Moditied).

triggered off by pollution in two ways. First, pollutants which cause
physiological stress in fish, thereby reducing disease resistance.
Second, pollutants which contribute to increasing the activity and number of infectious organisms,
causing a higher infection pressure. Pollution-induced stress, however, may cause damage of a
non-infectious nature, such as certain types of tumours, liver or gill abnormalities, and skeletal
deformities. ‘

In this paper, I will briefly describe and evaluate the present situation of fish disease/pollu-
tion problems in the North Sea. In my opinion, the best way to illustrate some of the major
problems is by summarizing recent Dutch experiences.

SOME POINTS FOR ORIENTATION

The following points are of general interest in the study of disease occurrence in relation to
marine pollution. '
B Effects of toxic substances on fish health
Laboratory experiments have clearly shown that heavy metals and a variety of organic substances
are able to induce or trigger off the outbreak of different types of diseases (including tumours) in
fish (Meyvers and Hendricks, 1982; Couch and Harshbarger, 1985). Iron can play a role in
reducing a fish's resistance (Weinberg, 1974); the presence of copper may induce a bacterial
disease known as vibriosis (Roedsaether et al, 1977); toxic oil components may cause fin rot (Giles
et al, 1978}, ulcers (Balouet and Baudin-Laurencin, 1980) and/or tissue abnormalities in various
organs (Malins and Hodgins, 1981); PCB’s may contribute to the development of fin rot in fish
{Sherwood, 1982), and, it has been shown that chromium can induce hyperplasia in the gills of
rainbouw trout (Temmink et al, 1983), ete.
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It has clearly been established in the field that concentrations of heavy metals and organic
poliutants in the water and sediments of the southern North Sea and German Bight are relatively
high. The chronic pollution caused by persistent contaminants in these areas, especially estuaries,
is reflected in higher concentrations of these pollutants in the tissue of several marine organisms
including fish (see de Jong, Volume 1, p. 43-47). The data of dutch computations suggest that the
current levels of contamination in organisms ofien approach or even extend beyond levels which
have sub-lethal effects according to laboratory experiments: the concentrations of cadmium,
mercury, copper, lead and zinc appear generally to be above the ‘no-effect’ level, whereas the
concentrations of iron and polychlorinated biphenyis {PCB's) are even above levels that are
considered to be sub-lethal (Water-quality management plan, 1985).

8 Effects of eutrophication on fish health

Concentrations of nutrients have increased considerably along the North Sea coastline. They have
caused marked changes in the ecology of several areas. In the German Bight and along the danish
west coast, recurring concentrations of low dissolved oxygen have been found, and the effects of
eutrophication may have worsened the situation (see de Jong, Volume 1). Oxygen deficiency
lowers the resistance of fish populations against diseases and, in extreme situations, can lead to
acute fish mortality. In eutrophicated waters, it is quite likely that there will be favourable growth
conditions for some pathogenic populations, which could cause infectious diseases to become more
prevalent.

B Other effects of pollution on fish health

Thermal pollution and radioactive waste may have some impact on fish health, but they only playa
minor role in the North Sea. There is not much data available on this subject. Theoretically,
thermal pollution can lead to a rise of pathogenic micro-organisms and it has heen associated
locally with mass fish mortality (Thulin, 1985). Artificial radionucleids do not appear to have any
effects on marine life, even on a local scale (near Sellafield, La Hague) (GESAMP, 1982), This
statement, however, may require reappraisal as the use of nuclear energy increases. Finally, the
introduction of pathogenic organisms via sewage effluents could also be considered as a potential
threat to fish health, However, not enough is known yet about these effects.

SEARCHING FOR EVIDENCE IN THE FIELD
GENERAL DISEASE STUDIES AND PROBLEMS FOR RESEARCH

Among marine organisms, fish appear to be one of the most chvious victims of diseases and
abnormalities. Numerous illnesses have been recorded in fish from the North Sea over the last
hunderd years. The variety and kinds of diseases found to date in North Sea fish have been
summarized by Miller and Anders (1986). Many of the recently noted diseases are also known
from the past (ic. Johnstone, 1905), and therefore are probably not, or only indirectly, related to
pollution. _

Only a limited amount of knowledge is available about the natural background levels of
diseases in marine fish. Consequently, the question whether fish disease prevalence in the southern
North Sea has generally increased during the course of this century will remain unanswered.

It is not an easy task to establish a baseline for discovering more about unnatural disease
occurrences: most diseases show either great geographic and seasonal variations in occurrence
and, differences amongst various species and populations are also known te exist (Banning and
Warmerdam, 1986). Moreover, the gathering of accurate epidemiological data is still fraught
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FIGURE 1

Map showing North Sea
areas whore fish disease
surveys have produced
positive (+) or negative (-)
data indicating the
involvement of pollution
(based an a review by
Dethleisen, 1986).

rw o

with several uncertainties (Dethlefsen et al, 1984). Major handicaps in conducting field werk are
high running costs of research vessels and the lack of trained personnel. Another factor which
compliicates the issue when comparing regional disease rates is the fact that the disease frequency
may differ according to age (length) or sex of the fish. Therefore, it is essential to ensure that the
rates used are comparable. Finally, it is important to bear in mind that fish are mobile organisms.
Fish can migrate and become diseased in other areas. One possible effect of this could be an
apparent reduction in the prevalence of a disease in polluted areas. Consequently, it is essential to
take into account the migrational patterns, if there are any, of the fish specics that are being
examined.

Despite all these problems, the seasonal and geographic distributions of some of the common
diseases in {ish in the North Sea are becoming better known (ie. Banning and Warmerdam, 1986).

SPECIFIC POLLUTION/DISEASE STUDIES

In his recent review on studies of pathology in relation to pollution, Dethlefsen (1986} uses
various examples which clearly indicate the relationship between pollutants and diseases in certain
areas. Among these are the occurrence of ulcera-

. oL o .- . - - ted fish in connection with the Amoco Cadiz wreck-

age; fin rot in flatfish in the New York Bight; fin
erosion and liver conditions in fish from three

regions in the United States; the ulcus syndrome in

cod {Gadus morthua) in Danish coastal waters

i

NORWAY

and liver tumours in bottom-dwelling fish in Pud-

get Sound, United States. But, these cases have
not provided conclusive evidence for canse-and-

.

effect relationships, The difficulty of providing

statistical evidence for such cause-and-effect rela-

tionships is just one of the problems involved. The

key difficulty, however, appears to be the differen-

}J - NORTH SECA

tiation between pollution and natural factors caus-

{ing a regional or seasonal rise in the prevalence of
a disease,

In the North Sea, research on fish diseases

\\ and pollution is largely coordinated within the

\ framework of the International Council for Explo-

+ . ration of the Sea (ICES). Figure | shows a map of

- N : i;E the North Sea indicating the areas where fish
y Sl {-JE{’\ \: disease surveys have been conducted with positive

2 A4 ‘ ~, or negative data on a possible relationship with

ENGLAND N\ [ % ot ’»: :} pollution. Scientists from Denmark, Germany,

/ */NE THER S ~ 1. Belgium, and the Netherlands have provided a vast

‘?T{ . :: PS -~ supply of data and circumstantial evidence that

NS caad ansaumﬂzf GERMANY 21 ¥ pollution is, in fact, involved in their coastal waters

Sl % “_ .~-Ji  orareas beyond these. However, these studies are

_’L FRANCE Y ,’f;) I .lﬂ”;.':‘w-w'nl % not yet complete owing, in part, to the involved

\ SI_po A phest 1 Bemotes nature of the problem. What is facking is a suf-

o P ety e e ficient number—of investigations into chemical
————— NORTH SEA BOUNDERIES and/or microbiological parameters thought te be
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associated with the observed disease levels. Interestingly enough, a problem area has also been
found ncar the Dogger Bank in the central North Sea (Dethiletsen, 1986), indicating that
pollution/disease problems are not totally restricted to inshore areas. Conflicting results have
been found in the German Bight and Elbe estuary, near the Thames estuary and east of Scotland
(Moller, 1986 and Dethletsen, 1986). The conflicting evidence indicates that disease trends
related to pollution may differ in certain areas and, that caution is required in extrapolating
findings from one area to another. It is quite possible that non-pollutional stress factors play an
important part in complicating and obscuring the situation in some areas. From a hydrographical
point of view, the German Bight, in particular, is known to be a problematic area (sce Eisma,
Volume 1, fig 4, 5 and 6). Furthermore, it must also be mentioned that the negative findings of
English and Scottish scientists are based on a limited amount of information as they have not yet
carried out any detailed studies (Dethlefsen, 1986). On the whole, however, at least four other
extensive studies indicate that a relationship does actually exist between fish diseases and pollution
in the North Sea.

THE DUTCH FIELD STUDIES
AS AN ILLUSTRATION
Perhaps the best way to illustrate some of the current fish disease problems in the North Sea
is by summarizing recent dutch experiences. The types of

diseases discussed here largely cover those dealt with in
other studies on this subject. The heavily polluted dutch

coastal waters have been the site of an extensive fish disease
survey since 1983. The multi-disciplinary project, commis-
sioned by the Public Works Department (Rijkswaterstaat)
and presently still underway, has already provided signi-
ficant results supporting the case for a relationship between
fish diseases and pollution (Vethaak, 1985a, 1985b),

The main contributors to the pellution of the dutch
coastal waters are the Rhine, the Meuse and the Scheldt
rivers. Dumping of contaminated harbour sludge takes place
at several sites off the coast near these large water outlets.
Sewage (from The Hague) is pumped directly into this coas-
tal area. In addition, industrial waste from the titanium

1,03~ WASTE
DUMPING ARE

{JMUIDEN

REFERENCE
g AREA NW OF THE
ml WADDEN ISLANDS

WADDEN SE?

NETHERL ANDS

dioxide industry is still being dumped directly into the dutch
sea. It will be difficult or even impossible to differentiate
between the efTects of the various pollution sources: synerge-
tic or antagonistic effects will undoubtedly be found, Sam-
pling areas are given in figure 2. They have been selected on

criteria such as quality of the water (Rijkswaterstaat, 1983-
1986), levels of contamination of ¥arious organisms: floun-
der, mussel and shrimp {received from the Joint Monitoring
Group of ICES) and the occurrence of target fish species.
In our study, we concentrated on two fish species, namely flounder (Platichthys flesus) and
dab (Limanda limanda). Both are flatfish species and live in intimate contact with the sediments.
Moreover, these species appear to be particularly sensitive to various diseases. Although flounder
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FIGURE 2

Map showing the
geographic location of the
sampling areas.

Fiounder was sampled in
areas 1-5; dab in two off-
shore areas.



FIGURE 3

Prevalence {in percentage)
of hver neoplasms in two
flaifish species in different
locahties in Dutch coastai
waters.

I e

range of prevalence relars
to samphngs of fish larger
than 25 cm during

September ‘83, 84 and '85.

: dab;

range of prevalence refers
to samphings of fish larger
than 20 cm in March ang
May 1986,

follows distinct migrational patterns, familiarity with these movements still enables it to be used as
a local indicator species in estuaries and coastal zones, Dab is used as a general indicator species; it
commonly occurs in the entire North Sea and shows only local migrations.

PRELIMINARY RESULTS AND CONCLUSIONS

By taking migration patterns and possible natural disease-causing factors into account, it
was possible to indicate which abnormalities may result from pollution. Although no cause-and-
effect relationship has been proven by this study, the following can be stated:
fl the high frequency of liver tumours (neoplasms) observed in flounder and dab in dutch coastal
waters is cause for major concern as it may be directly related to specific contaminzants in the
eavironment. This finding was the first to indicate a high prevalence of neoplastic liver lesions in
North Sea fish.

@i pollution was probably a contributing factor in at least three of the most common skin diseases
found in flounder, which demonstrates an indirect effect of the general load of pollution. The
identified diseases were: lymphocystis (a viral disease), ulcers and fin rot (bacteriological condi-
tions). The observed levels of these external disease conditions in flounder in dutch coastal waters
can (easily) be ranked among the highest levels found in the entire North Sea.

B preliminary data on the occurrence of papilloma (epidermal hyperplasia/papilloma, a viral skin
disease) in dab in the dumping area of titanium dioxide waste point to the possibility that the
associated waste contributed to the elevated disease levels found there.

MORE DETAILED DESCRIPTION OF THE EVIDENCE

In the following section, the specific diseases and their relationship with pollution are
discussed in more detail.
B Liver tumours in flounder and dab
This is probably the most relevant disease condition that
can be linked to chemical pollutants. Liver neoplasms

were observed in flounder and dab from various locations
in dutch coastal waters (figure 3). These types of lesions
have so far not been noted in flounder in the relatively
clean reference area (Eastern Scheldt). A number of inter-
esting remarks can be made in relation to this form of

cancer’

B the prevalence of clearly visible neoplasms increased
with greater size or age. Its prevalence among lish older
than three to four years was locally up to 40%. The total
tumour prevalence will undoubtedly increase when inspec-

NETHERLANDS tions of microscopic lesions (presently being studied) are

BELGIUM

included.

B there is a higher prevalence of liver tumours among
flounder and dab from polluted areas than those from less
polluted regions,

r’g

2 Neoplasms with various degrees of malighancy.
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Generally, neoplastic lesions in animals and humans have been recopnized as potential
long-term indicators of environmental change (as certain human neoplasms are thought to be
induced by specific environmental contaminants). There is growing evidence that certain, as yet
unidentified, toxic substances in the water and sediment are involved in the development of
tumours in fish (Couch and Harshbarger, 1985). Furthermore, the prevalence of liver tumours in
various fish species has been associated with PCB's and/or DDT (se¢ Peters, 1984). American
studies have been conducted on this problem and are particularly relevant to this discussion (Malins
et al., 1984). These studies showed that statistically significant correlations existed between toxic
chemicals (aromatic hydrocarbons) in the sediment and the prevalence of liver neoplasms in
bottom-dwelling marine fish. The findings support an environmental aetiology of liver tumours in
fish from contaminated areas. No evidence of a viral actiology has as yet been found.

It is suggested therefore, that in the case of liver tumours in flatfish from dutch coastal
waters, chemical contaminants may have acted as causative agents, Liver neoplasms were found in
fish from the areas where the water and biota are known to contain many toxic chemicals including
carcinopens, such as Polyaromatic Hydrocarbons (PAH’s), From 1979-83, the highest PCB
contents in the livers of flounder and mussels were detected along the Dutch coast, revealing the
Rhine and Meuse rivers to be the main PCB sources (JMG-data-ICES). PAH concentrations in
mussels from the Western Scheldt were shown to be about ten times higher than in other Dutch
coastal areas (unpublished data RIKILT, Wageningen).

SKIN DISEASES IN FLOUNDER

(A compilation of the data of the analysis is presented in table 2.)

B Lymphocystis disease

The symptoms are pearl- or tumour-like growths on the skin and fin. The disease is known to be
caused by a contagious virus infection and is not necessarily lethal. The infection appeared to
mainly spread among flounder during the spawning season, despite the fact that this occurs in deep
and relatively clean water. In this season, the flounder is subjected to spawning stress and a high
population density, which increase the risk of infection. It also hardly feeds in this period (low
nutritional condition). After spawning, the flounder returns to its coastal and estuarine habitats (de
Veen, 1971). There is growing evidence that pollution stress helps to activate latent virus infections
in fish (Sindermann, 1983). This has most likely resulted in more frequent (2.1-2.5 times) and
severe infections in the heavily polluted coastal waters (see histograms, table 2).

B Ulecers and fin rot

Ulcers were mostly round, red and open wounds in the skin. Fin rot was characterized by tissue
necrosis and - in severe cases - complete disappearance or erosion of the fin margin and fin rays,
particularly of the caudal fin. The prevalence of ulcers and fin rot was highest in the most polluted
areas, with clearly lower rates in less polluted regions (showing an increase of 4-5 and 11-15 times,
respectively). It was found that various species of bacteria occurred in the blood of the flounder
from severely polluted areas having one or both of these conditions. This is contrasted with the
finding that there were no bacteria in the blood of flounder in the relatively unpolluted area. This
has been interpreted as a possible indirect effect of pollution. The underlying assumption here is
that bacteria grow faster in water with heavy organic pollution, thereby increasing the risk of
infection. ;

It has been suggested that fin rot might be linked to chemical stress factors affecting the
protective mucous layer of the fish. Such chemical stress may result from a low oxygen content
combined with a high sulphide content in the aquatic environment. A secondary effect may be a
bacterial invasion taking place in the affected spot (Sindermann, 1583).
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TABLE 2

The case study ol diseases
in flounder in dutch coastal
waters: compilation of
analysis data.

DEGREE OF heavy moderate minimal
POLLUTION 5 4 3 2 1
SAMPLING AREA Hook of IJmuiden Western Wadden Sea Eastern
Holiand Scheldt near Scheldt
(Mauth) Terscheliing (Mouth)
POLLUTION - the ARhine and - river Scheld! - influence of dutch relatively minimal
SOURCES Meuse rivers (port - effluent gischarges ceoastai waters and influence from
of Rotterdam - dumping of gypsum  the lJsselmeer. outside sources
approaches, the considerable sedi-
Haringvliet) mentation of
- direct sewage - North Sea Canal contaminants
effluents (from with Hoogovens
The Hague) industrial site
DISEASE
RATES IN %
{period '83-85; Sept.)
No. of flounder exam,
(>20cm) 1884 1576 465 909 1280
LYMPHOCYSTIS
cbserved prevalence 2086 21.7 16.1 2286 46
expected prevalence! - 200 200 17.4 232 8.1
expected prevalence 20 4
and degrees of —
infection severity . | |
in different years . w04 .
) STAGE1 7 A 72 2
STAGE 2 o -] ]
@ STAGE3] LIS Ca 83 8o bS & 83 84 8% [13
ratio® 25 25 21 27 1.0
ULCERS
observed prevalence 39 44 24 1.1 0.9
ratio® 43 48 27 1.2 1.0
FIN ROT
observed prevalence 13 1.1 - 1.5 01 01
ratio” 13 1 15 1 1
—— — S S
WATER TEMPERATURE®
maximum {* C) 20 20 22 23 22
SALINITY?
FLUCTUATIONS (%) 24-30 26-30 17-30 28-32 27-30
CONDITION FACTOR? 96 100 87 84 86
POPULATION DENSITY 16 11 36 100 65
FISHERY INTENSIVITYS +++ +++ -+ + +

Stage | {mild): a few nodules occuring sporadicaily. Stage Il {moderate): nodules and/or nodule clusters covering up to twice the area of the spread-out
caudal fin Stage 1) (severe): nodules and/or nodule clusters covering an area larger than twice that of the spread out caudal fin.

* the prevalencs of the disease of the Eastern Scheldt {'cleanest’ area) is determined as 1.
1 calculated by indirect standardisation for length and sex of the tish. 2 data derived from Rijkswaterstaat, 1983-85.
3 condition factor -weightin mg x 100/ (lenght in mm}? maximum value - 100 {September '83-'84); condition factoris used as measuremeni of nutritional
condition. 4 maximum value - 100, based on total no. caught per hour (September '83-84 and '85). § roughly estimated; based on urpublished RIVO data.
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