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Fig. 12. Limanda limanda. Relative risk for epidermal papilloma stratified by sex

founding factor for epidermal papilloma. Kruskal-
Wallis 1-way ANOVA demonstrated no statistically
significant difference of the annual. vana’non of. the RR
among-age groups.

As shown in Table 3, the attnbutable fractlon of
epidermal papilloma amounted to 57% in 1987, in- -
creasing to-65% in 1989. From 1990 a-decline was ..
observed.
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Skinuiéers .

The -prevélence of skin ulcers was low, not exceed-
ing 0.6%. It varied during the whole investigation
'period without any definite trend (Fig. 5).:-

" . The: RR demonstrated: similar ‘fluctuations (Fig. 14),
without any significant variations between the periods
with and without oxygen deficiency.
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Fig. 13. Limanda limanda. Relative risk for epidermal papilloma stratified by age
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Fig. 14. Limanda limanda. Crude relative risk for skin ulcers
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Skih.ulcers occurred more frequently in female than -

: . in male dab. The RR of females contracting skin ulcers
. compared to males was 3.74, a statlstlcally 51gmf1cant
difference (p < 0.01).

Correlations s
Diseases

The Spearman rank correlation test demonstrated a

. :statistically significant positive correlation (p < 0.01)

.~between the prevalences of lymphocystis and epider-

-mal papilloma for the period 1984 to 1993, while skin

.-ulcers correlated significantly neither with lymphocys-
tis nor ep1derma1 papilloma.

Diseases and stock density ‘

The catch per unit effort (CPUE), i.e. the number of
dab per hour of trawl time for the area, is illustrated in
Table 4. The stock density was calculated on the basis
of the approximate area fished during 1 h of trawl tow
and was within the range 2 to 21 dabs per 1000 m2, The
Spearman rank correlation test did not show a statisti-

.+ cally significant correlation between the prevalence of
- any of the diseases and the stock density in the period
1984 to 1993

Diseases and condition factor

Evaluation of an eventual correlation between the

- mean condition factor of the dab population (Table 4)

and the prevalence of the different diseases was con-
ducted using the Spearman rank correlation test, and
did not show any significant correlation.

Diseases and oxygen deficiency

~The test for correlations between diseases and oxy-
gen deficiency was  conducted by ‘comparing the
prevalence of the different diseases'in a year with the
mean-'and. minimum oxygen 'levels measured in
August and September the previous year (Table 5), as
it was expected that low oxygen levels in the autumn
might affect the.disease level the following year. The
Spearman rank correlation test demonstrated a nega-

. tive correlation between the different diseases and
"-oxygen level. A statistically significant correlation (p <
.0.05) was demonstrated for lymphocystis and the min-

imum oxygen levels in September, while the signifi-

. Table 4. Limanda limanda. Catch per unit effort (fish h™!) and mean condition factor for dab for the period 1984 to 1993

1984 1985 1986 - 1987 ~ 1988 1989 1990 1991 1992 1993
Catch per unit effort 378 . 343 370 797 1619 2443 421 3263 2614 2200
Mean condition factor 0973 0992  0.976 = 0986 . 0.959 0992 0984 0995 0969  0.953

Table 5: Mean and minimum oxygen levels (ml 1-?!) for August and September in the oxygen-depleted area of the Kattegat for
. the period 1983 to 1992

1983 1984 1985 1986 ~ 1987 1988 1989 1990 1991 1992

August  Mean 275 344 386 326 366 303 272 279 279 368
o Mipimum 246 336  3.54 316 315 179 250 239 242 291
September Mean 293 271 376 215  3.03 120 285 172 227 247
© ' Mipimum 255 255 213 095 181 046 167 135 169  1.78

.69
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cance levels for the similar correlation for epidermal
papilloma and for ulcers were p < 0.1 and p < 0.5
. respectrvely s

DISCUSSION -

. . The present study demonstrated. that oxygen defi-
_.ciency may trigger the outbreak of endemic fish dis-
eases such;as lymphocystis and epidermal papilloma
while the prevalence of skin ulcers was found: to be

unaffected. The occurrence of oxygen deficiency in the

southern Kattegat has been caused by increasing
eutrophication problems up through'the 1970s and the
early 1980s (Kronvang et al. 1993). Physical (density

- stratification} and chemical (increasing nutrient levels) -

conditions in the water body resulted in the occurrence

of. severe oxygen deficiency in the bottom water in .

. August.and- September from:1986:to 1988 (Hansen et
al. 1995). \

The importance of env1ronmenta1 stress in the
dynamics of fish diseases is well known (Fry 1969,

ing the extreme oxygen deficiency conditions, they
were exposed to concentrations close to the lethal oxy-
gen levels which are reported to be 0.4 to 1.3 ml 17!
(Muus 1967, Bagge 1970, Scholz & Waller 1992, Weber
1993). It is probably the sum of all the stress factors
occurring during the oxygen deficiency periods that
triggers the disease outbreaks. Of these factors, the
sublethal oxygen levels are probably one of the main
contributors to the outbreak of lymphotystis and epi-
dermal papilloma, which is indicated by the significant
correlation between the minimum oxygen levels in
September and lymphocystis and the -almost signifi-
cant correlation (p < 0.1) for epidermal papﬂloma
Under aquaculture conditions, reductron of growth
associated with low oxygen levels has been observed
in common carp: Cypiinus carpio (Chiba 1965), in
largemouth bass Micropteris salmonides (Stewart et al.
1967) and in coho salmon Oncorhynchus kisutch as
well as chum salmon Oncorhynchus nerka (Brett &
Blackburn 1981). These fish species demonstrated
severe reduction in growth at oxygen levels between

- 2 and 3 ml17%. This would probably be the case foi'dab,

Wedemeyer.1970, Snieszko 1974). In aquaculture, out-

breaks of bacterial diseases in fish species induced by

- oxygen -deficiency ~have;-been—described-previously " -

(Wedemeyer 1981). However,  disease  outbreaks in
wild fish stocks have been.associated only in a very
few cases with oxygen deficiency. From fresh water,
Haley et al: (1967)-described: an Aeromonas liquefa-
ciens epizootic event in American shad. Alosa sapidis-

. .sima.and threadfin shad Dorosoma petenense, proba- .

_ bly triggered by the very low dissolved oxygen content
- in the ‘water of a river basin due'to organic pollution.
‘Mellergaard; & Nielsen (1987) reported on the correla-
.Hon between oxygen deficiency in certain areas of the
eastern North Sea and increased disease prevalence in
" dab. These observation were confirmed by Dethlefsen
(1990). The present work is the first study in which the

long-term  effects of oxygen depletion on the health -

_.status of fish have been studied.
. Flatfish such as plaice Pleuronectes p]atessa, ﬂou.n-
der Platichthys flesus and common dab have demon-

| __sttated the ability to adapt to low oxygen levels (Stef- -

fensen et al. 1981, Weber’ 1993) In the Kattegat the
duration of the periods with oxygen depletion (2 to 3 ml
, 171y in the bottor‘p water was several weeks. So, the

too. Therefore, it might be expected that long periods
of oxygen deficiency might reduceé the condition factor
of the fish and hence could increase-their susceptibility
to diseases. However, no correlation between the con-
dition factor and the diseases in question was ob-
served. This finding corresponds with that of Dethlef-
sen et al. (1987), who did not observe any correlation
between the prevalence of lymphocystis and the nutri-

. tional 'status. of dab in the southern North Sea. This

finding isin contrast to Méller (1981), who foutid a sig-
nificant positive correlation between the condition fac-

. - tor and lymphocystis in dab in the southeastern North

- fish probably adapted to the.low oxygen condition. .-
However, in some instances the oxygen levels were !

further reduced to lower than 2.ml Q,.1-! (Table 5).

Under laboratory- conditions, dab showed -avoidance:

reactions at oxygen levels of 0:9 to 1.1 ml 1-! (Weber
1993) and such reactions probably took place on some
c1ency covered large areas, many fish were probably
unable to escape and, while remaining in the area dur-

Sea, and to.Vethaak et al. (1992), who'fourid a high
prevalence of lymphocystis associatéd with 1ow condi-
tion factor. In the present study, no difference in the
condition factor was observed between the period
before the severe oxygen deficiency, 1984 to 1986, and
the period after, 1987 to 1993. A possible explanation
for this is that the benthic fauna are rapidly re-estab-
lished; as their pelagic larval stages-are unaffected by

_the oxygen depletion at the bottom and they wﬂl settle_ o

when the oxygen condltlons are normahsed _

Stock density expressed as CPUE was not found to be
significantly correlated with any of the diseases investi-
gated: The low CPUE found in 1990 is probably not a
natural phenomenon but is probably a reflection of bad

- weather conditions during fishery that year. Even if the

CPUE for 1990 was elevated to the 1989 level, the cor-

- relation between the CPUE and the different dlseases

70

did not become statistically s1gn1.f1cant However, ;de-
splte the fact that a statistically significant correlatlon
between stock den51ty and the dlseases in questlon
could not be established, hlgh stock density probably
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adds to the stress caused by the oxygen deficiency, as
the risk of contracting a disease increases with decreas-
ing distance between individuals (Moller 1985).

+The attributable fraction or aetiological fraction rep-
" resents a quantitative expression of the proportion of

“disease in the fish stock due to the environmental para- »

- meters. It appears that up to 75% of the lymphocystis
cases and 65% of the epidermal papilloma cases are

due to environmental stress factors, in this case mainly

oxygen deficiency.

Most of the 19 observed cases of skin ulcers looked
like skin abrasions, indicating that the primary cause
may be:a traumatic injury from fishing gear. If skin -
ulcers had an infectious, e.g. bacterial, background
. they would be expected to respond to the impact of

stress (Haley et al. 1967). However, conclusions con- -
cerning the origin of the ulcers cannot be made based =

on 19 cases. The fact that the occurrence of lympho-

cystis and epidermal papilloma was significantly cor- -
"related and showed an identical response to oxygen

deficiency indicates that both may-be of similar aetio-

logical origin, probably viral (Weissenberg 1951, Bloch

et al. 1986). Dethlefsen et al. (1987) also found signifi-

cant positive .correlation between the 2 diseases on
" some occasions, especially during winter.

. Spatial distributions of diseases

- The spatial distribution of diseases seems to differ in
that Site 4 demonstrated a significant increase in RR
“for lymphocystis 1 yr earlier than the other sites, while
_Site 1 had a significant increase in RR for epidermal
papilloma 1 yr prior to the other stations. However,
when considering the Mantel-Haenszel weighted RR
adjusted for sites, the effect of oxygen deficiency is
reflected in a significant increase in the RR for both
lymphocystis and epidermal papilloma already the .
year after the first severe oxygen depletion took place.
Additionally, no statistically significant difference in
- the annual variations of the RR among sites was
observed.

Sexual difference in susceptibility to diseases

Lymphocystis appeared to be evenly distributed
among males and females. However, the RR of lym-
phocystis in females remained at the 1984 to 1986 level
1 yr longer than observed for males, after which it
increased to the ‘'male level'. There are no clear indica-
tions on the background for this observation. There
was no difference among the sex ratios in 1986, 1987
and ‘1988 that might explain the delayed response
observed in the females.

71

' Vitinsh & Baranova (1976) observed a higher preva-
lence of lymphocystis in male than in female flounder.
Calculations based on their presented data demon-

"strate an RR for females having the disease compared

with males ranging from 0.26 to 0.58. The difference
was only statistically significant at 1 out of 7 sites. Sim-
flarly, Vethaak (1992) found a significantly higher
prevalence of lymphocystis in male than in female

" flounders along the Dutch coast.

Based on figures on dab presented in Dethlefsen et
al. (1987), investigations in the German Bight area in
January 1981 demonstrated an RR of 1.22 for females
being infected by lymphocystis compared to males.
This observation corresponds with our findings of an
even RR for both sexes. An even proportion of males
and females infected by lymphocystis was also reported
in yellowfin sole Limanda aspera Pallas (McCain et al.
1979). The observed difference between dab and floun-

" der indicates that there might be a difference in the in-

fection pattern in different fish species.

‘In’ contrast to lymphocystis, epidermal papilloma
revealed a significant increase in the RR for females
the year after the occurrence of oxygen deficiency,
while a significant response in males was observed

only in 1989. A possible explanation for this observa-

tion is that the females have a significantly higher risk
of contracting épidermal papilloma than males, i.e. 2.8
times. Similar observations were made in the German
Bight area in January 1981 (Dethlefsen et al. 1987).
Calculation of the RR based on their presented data
demonstrated a significantly higher risk for females of
contracting epidermal papilloma than for males, i.e. 2.3

‘times. Most female dab had spawned in May in the
. Kattegat, and this might explain the sexual difference

in the susceptibility to epidermal papilloma as female
fish in the postspawning period are often in a weak
condition. However, if this was the case one would also
expect female dab to have a higher risk of getting lym-

. phocystis than males, which is not true. So, it is not

clear why females are more susceptible to epidermal
papilloma than males.

As for epidermal papilloma, the RR of getting skin
ulcers was significantly higher (3.7 times) in females

... ..than in males. Of the 19 dab with skin ulcers, 13 were
" between 20 and 25 cm, and within this length group,

females made up 67 % of the whole population. The
mean length of ulcerated female dab (21.5 cm) was not
significantly different from the mean length of ulcer-
ated males (20.3 cm). Therefore, the higher risk for
ulcerations in female fish is probably because females
are longer than males. This fits in with our assumption
that most of the skin ulcers observed during this study
were primarily due to traumatic skin damage caused

‘by fishing gear, as large fish are more likely to get

stuck in the meshes of these gears.
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Field investigations are seldom able to present clear-

,‘cut proof of the association between specific environ-

:, mental parameters and the outbreak of fish dlseases,

as the initial stressors often have a mulhfactonal back-
.ground. An attempt to estabhsh a cause-effect rela-
tionship is even more d1ff1cult when the environmental

impact. gradually bm.lds up and has a relat1ve1y long ‘

. duration, which gives the flsh the opportumty to adapt

. and lymphocystis. and epidermal papilloma demon-
.. strated in the present work is apparently not a phe-
- nomenon solely localised to the Kattegat region. There

to the system. However, the present study clearly indi-

cates that oxygen def1c1ency, especially sublethal oxy-
. .gen levels, is a very important stress factor for viral
. diseasés such as lymphocystis and ep1derma.l papil-

loma. Laboratory experiments. need to be established

to fu.rther .clarify the 1mphcat10ns of different oxygen .

levels on the outbreak of fish diseases.

The strong association between oxygen def1c1ency e

are also indications that .oxygen depletion is involved
in the dynarmcs of fish diseases in the North Sea (Mel-

Mlergaard & Nielsen 1987).
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Epldemlology oi X-cell glll disease in common dab

ABSTRACT: An epidemiological study of X-cell gill disease in common dab Limanda limanda L. was
conducted at a series of stations in the eastern North Sea, the Skagerrak and the Kattegat during the
period 1986 to 1993. At most of the stations the prevalence of X-cell gill disease varied from 0 to 1%
throughout the whole period of investigation, except at 3 stations where high prevalences, up to 38 %,
were observed. Spatial and temporal variations of prevalence were observed. On one occasion it was
possible to separate a highly affected dab population from a significantly less affected population
within a distance of 500 m. This significant spatial variation was not founid for the diseases lympho-
cystis, epidermal papilloma and skin ulcers. At one station the relative risk of contracting X-cell gill dis-
ease was significantly higher in female dab compared to males while the opposite was the case at the
2 other stations. X-cell gill disease mainly affected 2 and 3 yr old dab and had a serious effect on the
condition of the fish. The condition factor of affected fish was significantly lower compared to healthy
specimens. It was not possible to prove an increased mortality in infected fish, although their general
condition was extremely poor.

KEY WORDS: X-cell gill disease - Dab Limanda limanda - Epidemiology - Low condition factor - Mortality

INTRODUCTION

For the last 15 yr fish disease investigations have
regularly been carried out in the North Sea (Méller
1981, Bucke et al. 1983, Dethlefsen 1984, Mellergaard
& Nielsen 1984, Banning 1987 McVicar et al. 1988).
These investigations have dealt mainly with externally
.. visible diseases such as.lymphocystis, epidermal papil-
loma and ulcerations, but some authors (Dethlefsen
1984, McVicar et al. 1988) also reported observations
of severely swollen, pale gills in dab—a condition
called X-cell gill disease, based on the presence of so-
called X-cells in the gill tissue (McVicar et al. 1987). A
more generalized condition of this disease has been
described by Diamant & McVicar (1987). Additionally,
X-cells have been observed associated with epidermal
tumours in flatfish (Brooks-et -al. 1969, Peters et al.

*E-mail: stig.mellergaard@vetmi.kvl.dk
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1978, Peters & Watermann 1979) and pseudobranchial
tumours in cod (Alpers et al. 1977 Morrison et al. 1982,
Watermann & Dethlefsen 1982).

Reports on the spatial distribution of X-cell gill
disease in dab in the North Sea have focussed on the
central and southern parts (Knust & Dethiefsen 1986,
McVicar et al. 1987, Diamant & McVicar 1989), and the

. Tesults of these studies demonstrate a certain patchi-

ness of the distribution of the disease.

The endemic occurrence of X-cell disease in most of
the North Sea combined with certain epidemic situa-
tions indicates that the disease has an infectious back-
ground, although the exact etiology has not yet been
identified. Some studies suggest that X-cells are proto-
zoan parasites (Dawe et al. 1979, Watermann & Deth-
lefsen 1982, Harshbarger 1984).

- The present work describes the epidemiology of X-
cell gill disease in dab in the eastern part of the North
Sea and the Skagerrak, and concentrates on 3 areas
where the disease occurred in high prevalences.
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MATERIALS AND METHODS

Fish sampling. Common dab Limanda limanda L.
were sampled annually in May from 1986 to 1993 on
board the RV ‘Daha’ using a standard Nymplex fishing
trawl], ‘Star’ model. The trawl was rigged either with 12" .
(30 cm) rubber discs or with 10" (25 cm) bobbins on the
foot rope—depending on the bottom conditions in the
area of research—and fitted with a foot rope chain. The
stretched mesh size in the cod end was 40 mm. Fishing
took place at a number of sites where trawl tracks were .
available from commercial fishermen (Fig. 1). Hauls of
1 h were taken at a_speed of 3 knots. Normally 1 or
2 hauls were taken at each station, except on special
occasions when fishing took place in a grid pattern as
described in ‘Results: Spatial variations".

Handling of the sample. The total catch was sorted
into species and the dabs were subjected to further
investigation. A sample of 150 to 250 specimens [a
sample size required for the detection of a prevalence
of atleast 2% with 95 % confidence (Martin et al. 1987)]
corresponding: to 15 to 20 kg per haul was examined.
Siubsamples were taken at random if the total weight of
dabs exceeded 20 kg. For all fish examined, the length,
weight, sex and health status were registered. The oto-
liths were removed from the first 96 fish for ageing.

Selection of gross lesions. The dabs were examined
for the presence of the diseases lymphocystis, epidermal
hyperplasia/papilloma, skin ulcers and X-cell gill dis-
ease using recommended procedures for detection
(Anohymous 1989). These diseases have been well de--
scribed in the literature (Moller & Anders 1983, Bucke et
al!1995) in terms of their gross appearance and etiology.

77

| Ol _t

: 3
®

070
0
jq
©
57° : O 5
e 00 o %)
0
o 92 . ZD ° %
55 0 v oﬁ A
. . [ ] N
HiG s AR

AN

i ‘ A:
D
Bna"*‘i: W

o

55° — i3 ™

™
N

&

e R © .

.o S » '

‘ 0 /\/ \

. R .
540
N ~ .

cfc’-%,“' ]

& T 8 o 10° e 13°

Fig..1. Stations around Denmark visited during this fish dis-

ease survey..The black and numbered localities represent the

3 stations with high prevalence of X-cell gill disease in dab

Fish affected by X-cell disease are generally emaci-
ated with slightly elevated operculum. The gills are
pale. The gill lamellae are swollen and appear light
pink in moderate cases while creamy white in severe
cases (Fig. 2). X-cell gill disease was registered from
1986 onwards. :

i

Fig. 2. Limanda limanda.

X-cell gill disease affected

dab. Notice the swollen
and pale gill lamellae
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“Macroscopic inspection. The macroscopic inspec-
tion was carried out according to the recommendations
in Anonymous (1989). In order to obtain the highest
degree of precision in the diagnostics of the diseases,
only 1 person conducted the registration during the
whole period of the investigation. The otoliths were
read by 2 skilled. peoples

Data analysis; Most of the data analyses were carried
out-using the public domain software ‘Epi Info' version -

5.0 (Dean et al: 1990) and Statistix, version 4.1 (Analyt-
ical Software). The strength of association between a

- ‘factor’ and a disease is known as the relative risk (RR). -

v ‘The RR is the ratio between the disease rate 1r1 an 'ex-

posed’ group and the disease rate in an unexposed" »

group and is presented with 95 % confidence intervals.
The RR inan ‘exposed’ group is significantly different

from the RR in an 'unexposed" group if the confidence -

© interval for RR does not encompass the value 1.

The statistical tests applied for the data treatment were .

- chi-square test, 2-sample #-test and Mann- -Whitney rank - -
test. To test for difference between the slopes of 2 re-

gression lines a modified t-test was used (Zar 1984).

The condition factor [100 x weight (g) xlength™3 (cm)] -

was calculated based on the total weight of individual

. fish.-(in-contrast to gutted welght as- recommended in:

Anonymous 1989).

RESULTS
The intensity. of the gill lesions ranged from a few
swollen lamellae on 1 gill arc t6 extreme conditions
with all gill lamellae affected to a degree where the
tips of the lamellae protuded as a creamy white band
outside the opercular edge, with the latter being the
predominant finding.

The prevalence of X-cell gill disease showed con-
siderable spatial and temporal variation. At most of the
stations the prevalence varied from 0 to 1% through-
out the whole period of investigation, except at the 3

stations marked in Fig. 1 where prevalences up 1o

38% were observed.

The total number of dab and X-cell gﬂl d.lsease af- o

fected fish separated by sex and year ‘and the mean“"“f‘

prevalence of the disease for each hot-spot station are' , ‘
presented in Table 1. With regard to the total number of ‘
fish examined, an even sexual dlSt['lbllthn was observed’ ‘
atStn 1 whileatStns2and 3,a 51gn1f1cant1y thher num- -

ber of females (p < 0.001) was preseént in the: catches.

_Temporal variations

At Stn 1 the prevalence ranged from 2.6 to 36.6%
.“while the range for Stn 2 was from 0.0 to 10.4 %. For both
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these stations large temporal variations were observed.
In contrast to Stns 1 and 2, the prevalence at Stn 3 was
at a low level, from 0.0 to 0.9 %, in the period from 1986
to 1992, while it increased to more than 12 % in 1993.
The relative risk (RR) of contracting X-cell gill dis-
ease at the 3 stations is illustrated in Fig. 3. For Stn 1,
the RR relative to 1986 (taken here as the ‘unexposed’

group) was significantly higher from 1987 to 1989
while no significant difference was observed in the -

period 1990 to 1992, For Stn 2, the RR was calculated
based on the 1987 figures as the prevalence of X-cell
gill disease in 1986 was zero. The risk in 1988 and 1991
was not significantly different from 1987 while it was

- Relative risk . .
20 - —

"Station 1

15

1988 1989 1990 1981 1992

Station 2

1987

Relative risk

L] B I

05

-+ 1988 1989 . 1990 1991 1992 1993

Relative risk
30~

" ,Staﬁon 3

- 25
20| -

aslons

1989 1990 1882 . 1893

Fig. 3. Limanda limanda. Relative risk of X-cell gill disease in '

dab at the 3 hot-spot stations; the tick mark indicates the rel-
ative risk and the bar the confidence interval
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Table 2. Limanda limanda. Prevalence (%) of X-cell gill
: disease in different hauls at Sin 1
Year ) Haul
A B C D E F
1986 0.0 6.7
1987 35.6 38.0
1988 3.1 10.8
1989 15.9 5.3 11.2 1.8 23.3 2.5
1990 - 3.5 4.7 3.5
1991 3.5 1.5
1992 1.7 28, 51 5.3 3.9

éigniﬁcantly lower in 1989 and 1990, and in 1992 and

1993. At Sin 3, the disease was not observed until 1988,
hence this year was applied as baseline year. The RR in
1989 and 1990 was zero due to no observed cases and
in 1991 and 1992 the risk was not significantly different
from 1988. In 1993, the RR was significantly higher
than in 1988.

Spatial variations

Besides the observed temporal variations .in the pre-
valence of X-cell gill disease at Stn 1, large haul-to-
haul variations also occurred in some years, e.g. 1988
(Table 2). In order to investigate this variation, the

55°55"

55°54'

55°53°

55°52°

§5°51 \

55°50°

7°45'  7°46' TT T8 749 7°50° - 7°51°

Fig. 4. Trawl tracks used in 1989 to investigate the spatial dis-

tribution of X-cell gill disease in dab at Stn 1. Dotted area

indicates the possible distribution of a severely affected dab
population
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Relative risk

4 X-cell gill. dlsease

A B [ D E F

Relative risk

Epidermal papilloma

A B c D E " F

Relative ‘risk

Lymphocystis

A B [ D E F

A B [ D E F

Fig. 5. Limanda limanda. Relative risk of X-cell gill disease, lymphocystis, epidermal papilloma and skin ulcers for dab collected
along 6 trawl tracks at Stn 1 in 1989

trawling was carried out in a grid-like pattern in 1989
as illustrated in Fig. 4. This experiment showed high
prevalence of X-cell gill disease in 3 of the 6 trawl
tracks as listed in Table 2. Fig. 5 illustrates the relative
risk .of X-cell gill disease, lymphocystis, epidermal
papilloma _and: skin ulcers observed in the different
hauls in 1989.- All calculations were made relative to
haul D which had the lowest prevalence. The relative
risk of contracting X-cell gill disease was significantly
mgher on tracks A, C and E, rangmg from 6.1to 12.8

Table 3. LLmanda llmanda Prevalence (%) of X-cell gill
disease in different hauls at Stn2 -

(p < 0.001), while the risk on tracks B and F did not
differ s1gm.f1cant1y from track D. The other investigated
diseases did not show similar significantly higher
relative risks in tracks A, C and E compared w1th Das

-. observed for X-cell gill disease.

In contrast to Stn 1, Stn 2 revealed m.unmal haul-to-

" haul variations (Table 3). The prevalence of X-cell

disease at Stn 3 was low until it appeared with high
prevalence in 1993, In that year, a marked haul-to-haul
variation was observed (Table 4).

Table 4 Limanda limanda. Prevalence (%) of X-ce].l gﬂl
R disease in different hauls at Stn3 ...

Year Haul
A B C D
1986 0.0 0.0
1987 10.5 10.3 .
1988 7.3 6.8
.1989 . . . 09 0.5
1990 0.7
2021991 e 10000, L1080 s
o0 1992 -39 16 41 - 4,7 .
1993 2.3 2.6 T

Year Haul .
A B

1986 0.0 0.0
1987 0.0 0.0
1988 1.9 0.0
1989... .. 0.0 i
1990 0.0

1991 0.9 0.0
1992 - 1.5 0.4

.80
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Station 1

Station 2

Station 3

55°55 56*21

55°54" 56°20°

57743

5553 5619

55°52' 56°18°
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57°4%

5551

5617 7 y

55°50 T 56°16

Tas TeE TAT TAE WY TS TST

7701 /02' 7°0% 704" 7°05° 706" 7708 g5 9736 93T ghag 9°39' 9%a0t 9%’

57°3¢°

g%4zr 9%

- "Fig. 6 Trawl tracks taken throughout the period 1986 to 1993 at the 3 hot-spot stations. Solid line indicates a prevalence of X-cell

gill disease above 4 % and dotted line a prevalence below 4%

Fig. 6 illustrates the trawl tracks taken at each sta-
tion .throughout the period.of the investigation. ANl
_tracks ‘were taken within an area of approximately
4 x 3 nautical miles (75 x 5.5 km). Full lines indicate
. that samples caught in these hauls had a prevalence
_of X-cell gill disease above 4 % while dotted lines indi-
_-cate a. prevalence below this level. At Stns 1 .and 2,

Statlon 1

Percenl

| E X-cell
M Healthy

Percent
60T

Station 2

X-cell
M Healthy

SO} i SR

40¢ .-
30
‘20

10 SR

81

there exists no clear irend in the patchy distribution of
high prevalences (>4 %) of X-cell gill disease, although
there may be a tendency towards concentration in
the central parts of those areas. For Stn 3, the preva-
lence of X-cell gill disease was below 4 % until 1993. In

that year, the haul with the highest prevalence (16.2%)

was the one that diverged from the'main track area.

Percent

Station 3

o EXecell |
| M Healthy

Fig. 7. Limanda limanda. Age composition of X-cell gill dis-

ease for affected and healthy dab at Stns 1, 2 and 3. Dab aged

2 and 3 yr are the predommant age groups affected by the
disease
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Fig. 8. Limanda limanda. Aée. composiﬁon' of the different year-classes (cohorts)
" of (a) X-cell gill disease affected, and (b) healthy dab at Stn 1

Effect on age structure

The age structure of the healthy and X-cell disease

affected dab stock is illustrated in Fig. 7 At Stn 1, X-
cell gill disease was observed in age groups 2 to 5 yr,
mainly affecting the 2 and 3 yr old fish, while the
age of the healthy group ranged from 1 to 8 yr. The

““mean age was sighificantly higher (3.6 yr) (p < 0.001)

in the. healthy population compared to the X-cell
disease affected stock (2.9 yr) (Mann-Whitney rank
test).

. ¥ 1988

Year-class

Year-class

At Stn 2, the age distribution of both
the affected and healthy fish was very
similar to that observed at Stn 1, with
the most severely affected age groups
being the 2 and 3 yr old fish. The age
range for the X-cell affected dab was
2 to 6 yr while the healthy fish were
within the age groups 1 to 7 yr. The
healthy fish had a significantly higher
mean age (3.6 y1) (p< 0.001) com-
pared to the X-cell affected fish (2.8 yr).

At Stn 3, the age structure of the
healthy dab was more narrowly con-
centrated around the 3 yr old fish in
comparison to Stns 1 and 2. Similar to
those 2 stations, the mean age of the
healthy group was significantly higher
(3.1 y1) (p < 0.05) than for the affected
fish (2.8 yr).

The age structure of each year-class

... (cohort) is illustrated in Fig. 8 for the
diseased and healthy dab at Stn 1. It
displayed a similar structure from year

* to year with a peak for affected fish at
anageof2t03yrwh.11e3 and 4:yr old
fish were predominant in the healthy
group.

. The regression lines for the abun-

' dance [(In+1) transformed] relative to
-age of the affected ‘and unaffected
dab were calculated (Fig. 9) to assess

. whether X-cell gill disease caused in-

 creased mortality in the affected stock
compared with the healthy population.
The slope of the regression line for the
affected fish was steeper than for the
unaffected “stock, suggesting an in-
creased mortallty due to the disease.
However, a test for equality of the
slopes of the 2 lines did not show a sta-

. tistically significant difference between

the age-related decline of the 2 groups.

1990
1989 -

1990
1989 .

Efiect on growth

Healthy fish were significantly longer (p < 0.0001)
than affected specimens at both Stns 1 and 2 (Mann-
Whitney rank test) The mean length of diseased dab
was 13.6 ¢cm (range 8 to 23 cm) compared to 16.8 cm
(range 6 to 40 cm) for unaffected fish at Stn 1, and
13.7 cm (ra.n'ge 9 to 26 cm) compared to 17.0 cm (range

"7 t0°33 cm) at Stn 2. In contrast, the affected fish at
Stn 3 were longer, with a mean length of 18 cm (range
12 to 25 cm) compared to 174 cm (range 8 to 29 cm),
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_for the unaffected fish, but these figures were .not sig-
nificantly different.
Table 5 presents. the length data stratlfled by age.

At Stn 1, the healthy 3, 4 and 5 yr old fish were sig-

o mf1cantly longer than the X-cell affected ones (p.<-0.005)

_ while no significant dﬁference was observed in the 2yt - '

old fish. At Stn 2, only the 3 yr old healthy fish were sig-
nificantly longer (p <0.005) than-the. X-cell affected
‘ones. No significant differences between the mean

. lengths of any of the age groups was observed atStn 3. -

Effect on condition factor

A common feature of all 3 stations was that the con-

" dition factor of affected dab was significantly lower (p .

< 0.001) than that of unaffected fish (t-test) (Table 6).
The condition factor of healthy and diseased fish
- stratified by sex was s1gmf1cantly different (p < 0.00 1)
~“for both males and females.

' As the X-cell disease seemed to have
an effect on the growth of the fish, sub- .
" samples of affected and unaffected fish
of approm'niately equal length (13 cm)

114 Dis Aquat Org 25: 107-116, 1996
_70 Table 5. Limanda limanda. Mean length {cm) for X-cell gill
disease affected and healthy dab separated by age. “p < 0.005
8 Age (y7) sm1 Stn 2 Stn 3
2 Healthy 12.71 12.82 14.79
X-cell 12.50 12.41 15.90
g 64 3 Healthy 15.86 * 16.06 * 17.80
8 X-cell 13.88 14.72 '17.36
H 4 Healthy 19.35 ° 19.26 - 20.49
; . X-cell 15.39 16.33 .14.50
5 Healthy 22.00 " 21.35
X-cell 19.14 19.0
2 : - : j
-1 - . Table 6. Limanda limanda. Mean condition factor for X-cell gill
disease affected and healthy dab separated by sex. *p < 0.001
0 ;
1 Sex Stn 1 Stn 2 Stn 3
o = Age ‘ d X-cell 0.846 * 0.890 *  0.920°
Fig. 9. Ln abundance-per age group of healthy (®; upper _ . Healthy - 0.934 - ' 0973 0.992
-~ regression line with 95% confidence interval):and X-cell - 0 X-cell 0.874 - 0.872 * 0.913 *

.- affected dab (m; lower regression line with 95% confidence Healthy 0.963 1.000 1.016
interval). The regression line for the X-cell affected popula- Total X-cell 0.859 * 0.883 * 0.915 *
tion has a steeper slope than the one for the healthy popula- Healthy 0.951 0.990 1.013

tion, suggesting an increased mortality in the affected dab

the 2 groups. However, only the mean condition factor
was significantly different (p < 0.002, t-test). .
Sex related differences

At Stn 1 female dab had .a significantly higher risk of
contracting X-cell disease than males (RR = 1.36; p <

. 0.002). However, the opposite situation was observed at
.- Stns 2 and 3 where female dab had a significantly lower
- 1isk of contracting X-cell disease compared to males

(RR =0.48 and RR = 0.28, respectively) (p < 0.00001).

DISCUSSION

In: Danish coastal areas,- X-cell gill disease in:com-
mon dab occurred at low prevalence except at 3 hot-

. spot stations (Fig. 1). At these stations, considerable

variation of the prevalence—spatial as well as tem-

Table 7. Lima.uda limanda.- Mean length, weight, condition factor and age for
a subsample of X-cell gill disease affected and healthy dabs

. were analysed in order to assess the . - — -
effect of the disease on age structure, | . Mean Mean Mean Mean
welght and condition factor. The key . length (cm) ~ weight (g)  condition factor  age (y)
values appear in Table 7. Differences. | X-cell 26 12.56. 15.60 0.7341 2.59
were observed ‘between the mean . -Healthy 22 . 12.94 19.23 0.8282 2.64
weight and the mean condition factor of '
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poral—ranging from a few percent up to 38% was
observed (Table 1, 2 & 3). Similar patchiness in the dis-
tribution of X-cell gill disease has been reported from
other areas of the North Sea: the Dogger Bank and the
Humber area (Knust & Dethlefsen 1986, McVicar et al.
~ 1987) and in certain areas along the Scottish east coast

.~ (Diamant & McVicar 1989). However, prevalences

higher than 10 % have only been observed in Danish
coastal areas and in the southern Moray Firth (Dia-
mant & McVicar 1989). The present work deals with
disease investigations over a period of 7 to 8 yr while

~ formerly published work on X-cell gill disease (Knust
& Dethlefsen 1986, Diamant & McVicar 1989) dealt
with observations over a period of 3 yr. Knust & Deth-
lefsen (1986) demonstrated distinct temporal and spa-
tial variations in the prevalence of X-cell gill disease in
the North Sea. Although they observed hot-spot:sites
in both the Dogger and Humber regions, these were
not at the same positions at each time of year. Diamant
& McVicar (1989) visited the same stations eachjyear
from 1985 to 1987 and found a very high prevalence
(more than 60 %) at one station in 2 consecutive years.
These authors also observed considerable spatial vari-
ations even within relatively short distances just as
observed in the present work.

The scenario from Stn 1 in 1989 (Fig. 4) showed that "

within a distance of about ¥ nautical mile (500 m), the
distance from haul A and E to haul B, the prevalence

varied significantly from approximately 20 to 5%

(Table 2). Based on the 6 hauls taken there in 1989, it
was possible to frame a high prevalence area (Fig. 4,
dotted area) within very narrow limits. The relative
risk of lymphocystis, epidermal papilloma and skin

ulcers within the different hauls did not differ signifi-

cantly. However, the observation of a seriously X-cell
- affected population being separated from a 'signjﬁ-
cantly less affected population within a distance of
500 m gives an impression of the severity of the dis-
ease. The gill lesions probably debilitate the fish to a
degree where they are unable to travel over longer dis-

tances due to respiratory constraint. The impact of the ‘

" disease was also reflected in the significantly lower

=+:condition factor-of-affected: dab-compared-to-that of

“unaffected fish, whether considering all fish examined,
fish separated by sex, or fish within the same length
group. This clear difference in the condition factor

between affected and unaffected fish was only partly
" reflected in the observations of Knust & Dethlefsen,
(1986). In general, these authors found that the condi-

tion factor of affected fish was reduced compared to
healthy specimens and that this difference was found
‘to be statistically significant regarding the males but
only sporadically significant for the females:

The present study showed that mainly the young age
groups became infected with X-cell gill disease. The

mean age of affected dab at the 3 hot-spot areas
ranged from 2.8 to 2.9 yr while the mean age for the
healthy population was between 3.1 and 3.6 yr. This
pattern was repeated for each year-class (cohort) at
Stn 1 throughout the whole study period as illustrated
in Fig. 8. This corresponds with the observations of
Knust & Dethlefsen (1986) who found X-cell affected
fish within the age range of 2 to 5 yr in contrast to the
healthy fish which were represented within the age
group 3 to 7 yr.

. The length distribution of affected fish differed
among the 3 stations. At Stns 1 and 2, the mean length
of affected fish  was approximately 14 cm while at
Stn 3 it was 18 cm, although identical age groups were
affected. A possible explanation for this difference is
that we may be dealing with 2 different dab stocks

- which have different growth rates, as proposed by
Mellergaard & Nielsen (1984). Differences in the

length distribution of X-cell affected fish between the
present study and others (Knust & Dethlefsen 1986,
Diamant & McVicar 1989) may be attributed to differ-
ent growth rates of the affected dab stocks.

The observed difference in the relative risk of X-cell
gill disease between males and females, with a signifi-
cantly higher risk for females contracting the disease
compared to mnales at Stn 1, while the opposite situa-
tion was true at Stns 2 and 3, has no obvious explana-
tion. Knust & Dethlefsen (1986), McVicar et al. (1987)
and Diamant & McV1car (1989) did not mention such a
phenomenon. It is unlikely that it is due to statistical
vanabr.hty (p < 0.005), but from a brologrcal point of

' view mere variability is a more plausible explanation.

The impact of the disease on- growth becédme appar-
ent in the 3 yr old age group at Stns 1 and 2 (Table 5),
indicating that the disease has to be established in the
fish for a certain period before growth is seriously re-
duced. This is supported by the fact that no adverse
effect on growth was observed at Stn 3 where the dis-
ease had reached epidemic proportions within the pre-

 vious year. The observation that the same age groups
(2 and 3 yr old fish) are affected by X-cell gill disease

' in each cohort suggests that the duration of the disease

~—~is"short; -which may be due to either high recovery or-

o h.1gh mortality rate. The latter is the most likely expla-
nation. Affected fish have a severely reduced capacity
to withstand the stress of capture. Most of these fish die
shortly after belng brought on deck, probably severely
debilitated by resp1ratory problems as indicated by
Diamant & McVicar (1987). One impact of the drsease
was asignificantly lower condition factor for ‘affected
fish than for healthy specimens. Furthermore, there is
a significant’ declirie in the prevalence of thé disease
from age 3 to 4 yr (Fig. 7) and, although not statistically
significantly different, the plots of the regression lines
‘for the abundance at age of healthy and diseased dab
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(Fig. 8) showed a steeper slope for the X-cell affected
fish, indicating higher mortality in this group than in
the healthy population. Taking these factors in con-
sideration, it is likely that X-cell gill disease is fatal for
affected dab, although Diamant & McVicar (1987)
recorded that recovery may occur in some cases. Mor-
tality in fish due to conditions where X-cells have been
involved has previously been described in starry floun-
der Platichthys stellatus with skin tumours (Campana
1982).

The epidemiological data on X-cell gill disease pre-
sented in this study showing temporal and spatial fluc-
tuations clearly add to previous suggestions (McVicar
et al. 1987, Diamant & McVicar 1989) that the disease
has an infectious etiology. The background for the
shifts in the epidemiological status of X-cell gill dis-
ease in certain areas e.g. from endemic to epidemic
situations can only be explained by either changes
in the virulence of the possible infectious agent or
changes in the immunological status of the local dab
populations.
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ABSTRACT: A survey of fish diseases in the common dab Limanda limanda L. was conducted in 4 areas, the
German Bight, 2 areas along the west coast of Denmark and the Skagerrak in May during the years 1983 to 1993.
Actotal of 53302 dab were examined for the presence of the diseases lymphocystis, epidermal papilloma and skin
ulcers. The present study describes long-term variations in the prevalence of these three diseases. The German
Bight and the 2 areas along the west coast of Denmark showed significant similarities in the temporal trend of
the diseases investigated with peaks in 1985 and 1988 for both lymphocystis and epidermal papilloma. A similar
trend was not observed in the Skagerrak. Skin ulcerations did not reveal any temporal trends in any of the 4 areas.
The highest prevalence of lymphocystis was observed in the most offshore area along the Danish west coast with
a peak value of 14.9% in 1988, for epidermal papilloma in the German Bight with a peak value of 9.4% in 1988
and for skin ulcers in the Skagerrak in 1989 with 4.4%.

Areas in the German Bight and along the west coast of Denmark had suffered from oxygen deficiency in late
summer during the years 1981 to 1983. These events may have been an important factor triggering the outbreak
of lymphocystis and epidermal papilloma as the prevalence of these diseases increased from 1983 until 1985
followed by a decline until 1988. Although, it was not possible to establish significant correlations between the
oxygen levels at the bottom and the disease prevalence in the present case, the disease pattern showed evident
similarities with formerly described oxygen deficiency-induced outbreaks of lymphocystis and epidermal
papilloma in dab in the Kattegat. In 1988, the prevalence of lymphocystis and epidermal papilloma increased
significantly without any apparent reason.

The disease pattern observed in the Skagerrak differed significantly from the other 3 areas with skin ulcerations
being the most prevalent disease. A part of the explanation for this may be that thie Skagerrak has fiot suffered
from the same impaired environmental conditions as the other areas.

KEY WORDS: Lymphocystis, Epidermal papilloma, Skin ulcers, Dab, Oxygen deficiency, Epidemiology

INTRODUCTION

The occurrence of diseases in wild fish stocks was already
well described at the beginning of this century (Johnstone
1905, Johnstone 1925), although the prevalence and
geographic distribution of the diseases had not yet been
determined. However, since the early 1970s, when the
close relationship between environmental stress and the

38

outbreak of fish diseases was accepted (Wedemeyer 1970,
Snieszko 1974), a series of investigations has been conduc-
ted into the impact of pollution on disease in natural fish
stocks. The first considerations and results of this work on
monitoring of biological effects of marine pollution were
summarized by McIntyre & Pearce (1980).

During the late 1970s and early 1980s, studies were carried
out in many countries especially those bordering the North
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Sea and in the USA (Christensen 1980, Dethlefsen 1980,
Dethlefsen 1984, Dethlefsen & Watermann 1982, Moller
1981, Despres-Patanjo et al. 1982, Mellergaard & Nielsen
1984, 1985, Vethaak 1991, 1992, 1993, Lindesj6o et al.
1994, Mellergaard & Nielsen 1995, 1996). However, most
of this work has concerned short term investigations in
relatively restricted areas (McAurdle et al. 1982, Bucke et
al. 1983, Moller 1984, Bucke & Nicholson 1987, Vethaak
et al. 1992).

In order to get sufficient data for a more overall assessment

- of the impact of temporal and spatial variations of environ-
" mental parameters on the disease status of fish stocks,

long-term disease investigations are needed. Some long-
term investigations including the prevalence and the

* dynamics of fish diseases over wider sea areas have,

however, been reported by Dethlefsen et al. (1987) and
Dethlefsen (1990), who covering most of the North Sea, by
Banning (1987) in the south-eastern North Sea and by
Mellergaard & Nielsen (1990, 1995 1996) in Danish
coastal zones.

The present work deals with a long-term study of the
epidemiology of selected externally visible skin lesions of
dab in an area stretching from the German Bight to the

. Skagerrak. Possible association has been sought between

observed temporal and spatial variations in disease rates
and environmental parameters that might be of importance
as stress factors.

MATERIAL AND METHODS

Fish sampling. Common dab (Limanda limanda L.) were
sampled annually in May from 1984 to 1993 on board the
RV "Dana" using a Nymplex standard fishing trawl, Star

“model. The trawl was rigged either with 12" (30 cm)

rubber discs or with 10" (25 cm) bobbins on the foot-rope,
depending on the bottom conditions, and fitted with a foot
rope chain. The stretched mesh size in the codend was 40
mm. Fishing took place at 2 number of sites where trawl
tracks had been available from commercial fishermen.

Standard 1 h hauls were taken with a'speed of 3 knots. One
or two hauls were taken at each station. The present work
deals with data obtained from a set of stations (Fig. 1)
which are classified into 4 areas based ‘on geographical
conditions and length and age parameters of the fish.

were registered. After-the disease recording, the otoliths
from the first 96 ﬁsh were removed for ageing later in the
laboratory :

P

Fig. 1. Limanda limanda. Station pattern within the 4 areas
investigated

Selection of gross lesions. The dab were examined for the
presence of the diseases lymphocystis, epidermal hyperpla-
51a/pap1110ma and skin ulcers using recommended proce-
dures for detection (Anon. 1989). These dlseases have
been well described in literature (Moller & Anders 1983,

Bucke et al. 1996) in terms of their gross appearance and

. aetiology.
. Lymphocystis: T.he criterion for recordmg was the presence
of more than one surface nodule.

Epidermal hyperplas:a/papdloma The criterion for
recording was one or more lesions larger than 2 mm in
diameter. In the present work, epidermal hyperplasia and
papilloma are both designated “epidermal papilloma”.

Skin ulcerations: The criterion for recording was one or

more open lesions.

Handling of the sample. The total catch was sorted into ‘

species and the dab were subjected to further investigation.
A sample of 150 to 250 specimens (a sample size required
for the detection of a prevalence of at least 2% with 95%
confidence (Martin et al. 1987) corresponding to 15 to 20

kg per haul was examined. Subsamples were taken at

random if the total weight of dabs exceeded 20 kg. For all

fish examined, the length, weight, sex and health status

89

Macroscopic inspection. Prior to external mspectlon the
fish were rinsed with sea water. Both sides of the fish were
carefully examined visually and by palpation, and the fins
were spread and lifted. The examination took place under
a strong light source.

In order to obtain the highest degree of precision in the
diagnostics of the diseases, only one person conducted the
registration during the whole period of the investigation.
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The otoliths were read by two skilled persons. g5 e

. S . . %‘% "_“.MNNﬁU)J‘l\:,l\ﬁ'ﬁ g
Analysis of the data. Most of the data analysis were 5. e
carried out using the ptiblic domain software "Epi-Info” N é 'g —
version 6.01 (Dean et al. 1990) and Statistix , version 4.1 E .- %_- _ O LA U N o
(Analytical Software). The strength of association between g E o)
a factor and a disease is known as the relative risk (RR). Sold ¢ A SRR

* The RR is calculated as the ratio between the disease rate o 'é-'ﬁ? TR e e e e ey T 2
in an "exposed" group and the disease rate in an "unex- g i & o
posed” group. AllRRestunatrons are presented with 95% ?}. : S A T LAt
confidence intervals. @ | 8888588888 8
The RR in an "exposed” group is significantly different 38 R TR S T
from the RR in an "inexposed" group if the confidence 2 . EAEATA IR :

. interval does not encompass the value. 1 (p<0.05). All g - & ERRENE RPN :
calculations of RR were done relatlve to the 1983 figures - g - Eel Reewe e IoEn s B

" for all areas. g S el ;

. The statistical tests apphed for the data treatment were: 2 gEl N
Chi-square, 2-sample t-test, Mann-Whitney rank test, 1- g | g2 +RYSI2RBRSY &
way ANOVA and' Kruscal Wallls l-way ANOVA. ‘—: v E & § ' ' Lo

E 1< & e

" The condition factor(lOO*weight (@ *length® cm) was  ~E | '§§ sTesgegsndan ., 9
calculated based on the total weight of individual fish (in o x5 gt T T T °
contrast to gutted weight as recommended in Anon. 1989). b L R

‘ N £ = | BENZERAEIETE - &
Oxygen data: Data on the oxygen concentrations in the & R A R A S
areas were obtained from the ICES Hydrographic Service. = =

5 £8 ~geaceazzag 2
RESULTS g i SR

All data presented were sampled at 15 stations distributed E .%,E’ 2o S8REIEEIARE S §
along’ the Danish west coast (Fig. ). These stations were . % o E ,E' § LI
separated into 4 areas, based on geographlcal conditionsas 5 |< . & R :

‘wellaslength, age and condition factor charactenstrcs of €] 'é-é‘ T aSs288Iace §
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mean length of the dab in the 4 areas differed significantly
(1-way ANOVA) (p>0.0001) and a comparison of means
(Tukey) showed that the 4 areas were different from each
other. The mean age and the mean condition factor of the
dabs differed significantly (Kruscal-Wallis) (p<0.0001)
between the 4 areas and a comparison of means (modified
I.SD) showed that all 4 areas differed from each other. In
1993 the sampling was restricted to the areas 2 and 4.
During the 11 years of investigation a total of 53302 dab
were examined. The distribution of the number of exami-
ned dab and dabs affected with lymphocystis, epidermal
papillomas and skin ulcers, respectlvely, on the different
areas appears from Table 2.

Disease examination
Lymphocystis
In Area 1, the prevalence of lymphocystis vaned from
12.8% as peak values to 4.5% as the lowest level. The
temporal pattern showed an increase in the prevalence
from 1983 to 1985 followed by a decrease the following

two years then a sudden decrease in 1988 followed by a
further decline the succeeding years (Fig. 2).

The RR of contracting lymphocystis was significantly
higher in 1985 and 1988 compared to 1983. In 1984, 1986,
1987, 1989 and 1991 the RR was at the same level as in
1983 while it was significantly lover in 1990 and 1992
(Fig. 3).

In Area 2, the prevalence of lymphocystls ranged from
4.6% to 14.9% (Fig. 2). It showed a similar pattern in the
annual variation of the prevalence as observed in Area 1
with increasing prevalence from 1983 to 1985 followed by
a decrease during 1986 and 1987, a three fold increase
from 4.6% to 14.9% from 1987 to 1988 with a gradual
decline the following years. The RR was significantly
increased in 1985 and 1988 to 1989 while significantly
reduced in 1986 to 1987 and in 1992 (Fig. 3). The RR in
1990 to 1991 and in 1993 was at the same level as in 1983.
Area 3 revealed an increase in the prevalence from 3.0%

- in 1983 to 7.2% in 1984 followed by a decrease to 3.2% in

1987 (Fig. 2). In_»1_988, an increase to 13.6% was observed

Fig. 2. Limanda limanda. The prevalence rate of lymphocystis, epidermal papilloma and skin ulcers at the 4 areas invesﬁgated
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M skin ulcars
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Area 1’
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[¢]
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Fig. 3. Limanda limanda. The relative risk of contracting lymphocystis at the 4 areas preseﬁted'with 95% confidence intervals (bar).
- -Where bars do not encounter 1 (bold line) the figures are significantly different from the 1983 figures .

followed by a declme as. observed n the two previous
areas. The RR was mgmﬁcantly increased from 1984 to
1985 and. durlng the period from 1988 to 1991 relative to
1983 (Fig. 3). In 1986, 1987 and 1992, the'RR did not
_show any significant changes compared to 1983.

In contrast to Areas 1, 2 and 3, the prevalence“of »

lymphocystis in Area 4 varied from 0% in 1989 to 3% in
1990 without any trends (Fig. 2). Most years it was at a
level of approximately 1%. The RR of contracting
lymphocystis in Area 4 was at the same level dunng the
11 years of investigation except for 1990 where it
increased significantly relative to 1983 (Fig. 3). Because
the number of affected fish was limited the conﬁdence
levelsof the RR"were very broad-—— — — — —~
Lymphocystis appeared evenly distributed among the
sexes except in Area 3 where females had a significantly
lower risk of comractmg the disease. (0 71 tlmes) than
males (Table 3).

Lymphocystis did not affect the mean condmon factor of

92

Table' 3. Limanda limanda, Sexual difference in the risk of
contracting the dieeases m the 4 areas (female relative to male)

Areal  Area2

L . Area3 Aread
Lymphocystis

093 1.0 0.71 0.88

p<0.001

-Epidermal papilloma - - ,

1.47 1.76 1.22 1.54

p <0.001 p<0.001

Skin ulcer : .

0.98 1.86 08 224

‘ p <0.001 - P<0.05

the dab n the different areas except for Area 1 where the

~condition' factor of lymphocystis-affected fish was
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significantly higher compared to the unaffected fish
(Table 4). In general, the condition factor of lympho-
cystis-affected fish was higher than for the unaffected.
The mean age was found significantly higher for
lymphocystis-affected than for unaffected fish in all 4
areas investigated (Table 4).

Epidermal papilloma
In Area 1, the prevalence of epidermal papilloma ranged
from 1.4% to 9.4% (Fig. 2). It increased from 1.4% in
1983 to 8.3% in 1986 with a minor decrease in 1987. The
prevalence increased to 9.4% in 1988 followed by a rapid
decline from 1989 to 1990 to 2.5%. In 1991 and 1992 the
prevalence increased to approximately 5%. Compared to
1983, the RR was significantly increased during the
whole period except for 1990 (Fig. 4).
In Area 2 the prevalence was at its lowest level 0.9% in
1983 peaking at-6% in 1988 (Fig. 2). An increase was
observed from 1983 to 1985 followed by a decrease to
1.7% in 1987. After having peaked with a prevalence of
6% in 1988 a gradual decrease to approximately 2% was
observed the following years. With the exceptions of

1987 and 1990, the RR was significantly increased
during the period from 1984 to 1993 (Fig. 4). In 1988,
the RR was 6.5 times higher than in 1983. In 1987 and
1990 the RR did not differ significantly from 1983.

The temporal variation pattern of the prevalence of
epidermal papilloma in Area 3 was very similar to Area
2 (Fig. 2). The prevalence was 0.9% in 1983 with an
increase until 1986. A decrease to 1.6% was observed in
1987 followed by a increase to 7.9% in 1988. From 1989
the prevalence showed a decline to about 2%. The RR
was increased relative to 1983 during the whole period
peaking with 9.8 in' 1988 (Fig. 4). The increase of the RR
was . statistically significant in 1985,1988, 1989 and
1991.In Area 4, the prevalence of epidermal papilloma
was within the range of 0% to 1.3% and did not show
any significant pattern (Fig. 2). The RR of contracting
epidermal papilloma was at the same level during the
whole period of investigation but revealed broard confi-
dence levels due to the restricted number of infected
specimens (Fig. 4).

In Areas 1 and 2 females had a significantly higher risk
of getting epidermal papilloma than males while in Areas

Table 4 Lzmanda limanda. Mean condition factor and age for unaffected and lymphocystis, epidermal papilloma and skin ulcer
affected dab for the 4 areas. (p-values in case of sngmﬁca.nt difference (Kruscal-Wallis))

Lymphocystis- s © Areal Area2 Area3 Area 4
Condition factor Unaffected 0.9346 0.9692 0.9583 1.0214
Lymphocystis 0.9432 0.9738 0.9590 1.0189
- (p<0.05) o S " '
Age Unaffected 3.66 352 3.38 2.79
Lymphocystis 4.19 4,17 4.12 3.42
) - (p<0.0001) © (p<0.0001) (p<0.0001) ' (p<0.0005)
Epidermal papilloma , _
-Condition factor .. Unaffected 0.9352 09693 - 09580 -1.0213
' Epid.papilloma - 0.9383 0.9815 _ 0.9662 1.0296
Age Unaffected - 3.69 3.57 341 280
Epid.papilloma 4.07 427 - 410 . 3.83
(p<0.0001) (p<0.0001) (p<0.0001) (p<0.001)
Skin ulcers : : E
“Condition factor Unaffected © 09356 '0.9699 © 0.9589 1.0218
o Skin ulcer - 09225 09520 0.8929 " 0.9835
(p=0.0008) = . (p=0.0177)
Age " Unaffected 3.71 3.58 3.43 2.79
Skin ulcer ) 4.18 418 ‘ . 4.00. 3.28
(p<0.0001) (p<0.0001) - (p<0.01) (p<0.0005)
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Fig. 4. Lzmanda limanda. Relatlve risk of contractmg epidermal papllloma at the 4 areas presented with 95% confidence intervals
(bar). Where bars do not encounter 1 (bold line) the figures are significantly different from the 1983 figures

3 and 4 the disease was evenly dlstrlbuted among the
sexes (Table 3).

‘In -general, epidermal papilloma-affected -fish had a
higher condltlon factor than unaffected fish but the

L difference was not statistically significant (Table 4)...

As for lymphocystis the mean age of epidermal
papilloma-affected fish was significantly higher com-
pared to the unaffected population in all areas (Table 4).

Skin ulcerations

The prevalence of skin ulcers in Area 1 varied from 0.5%
as the lowest to 1.9% as the peak value with a mean level
of approximately 1% (Fig. 2) It did not show any special
trends. The RR did not differ sxgmﬁcantly between the
years relative to 1983 (Fig. 5).
In Area 2, the prevalence was around the same level as in

Area 1, 0.5% to 1.6%, with 2 mean level just below 1%
(Fig. 2) ‘The RR did not differ significantly compared to
1983 (Fig. 5).

| Area 3 reflected the prevelence observed in the Areas 1

and 2 being within the range of 0.4% to 2.2% with minor

annual variations without any pattern.. ‘The RR was lower

" relative to 1983 but did not differ 51gmﬁcantly during the

94

period of investigation. .
In contrast to the prev1ous 3 areas, skm ulceratlons

* seemed to be the most prevalent disease in Area 4. Apart

from 1983 with a prevalence of 1.9% the level was

.within the range of 0.2% to 0.7% in the period 1984 to

1988 (Fig. 2). The prevalence increased to 4.4% in 1989
and 3.8% in 1990 followed by a decrease.to a level of

_ approximately 1% in the period 1991 to 1993. The RR

did not differ sxgmﬁcantly relative to 1983 (Fig. 5).
Female dab had a significantly increased risk at contrac-
ting skin ulcers in Areas 2 and 4 (1.9 and 2.2 times,
respectively) while the rlsk was reduced in Area 1 and 3
(Table 3). '

-+ Skin ulcerations had a negative effect on the condition of

the fish. The difference in the condition factor for the
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Area1

Relaﬂve risk

11
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Flg 5. Lzmanda limanda. The relative risk of contracting skin ulcers at the 4 areas presented thh 95% confidence intervals (bar).
Where ba:s do not encounter 1 (bold line) the figures are significantly different from the 1983 ﬂgures '

-ulcerated dab. was statls’ncally 51gn1ﬁcant from. the

-unaffected fish in Areas 3 -and 4 (Table 4).

The mean age of ulcerated. dab differed significantly

. from unaffected fish in all areas (Table 4).

Correlations .
Diseases

; The prevalence of lymphocystis and ejndermal papllloma

showed a positive but not statistically significant correla-
tion (0.49 <r < 0.56, 0.12 < p < 0.09) (Spearman rank

..-.correlation test) for Areas 1, 2 and 3 for the whole period

of investigation. Similar correlation -patterns were

- . observed for the other combinations of diseases in the

different areas.

Diseases and stock density
The mean stock density calculated on the basis of the
area fished during 1 h of trawl tow was 19,7, 6 and 2
dabper 1000 m? in Areas 1, 2, 3 and 4, respectively. The
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Table 5. Limanda limanda. The catch per unit effort (no/h)
for the 4 areas investigated during the period 1983 to 1993

" Year Areal = Area2  Area3  Area4
1983 226 379 987 139
1984 7327 681 380 73
1985 1403 917 242 164
1986 609 1334 280 132
1987 1007 1132 1082 84
1988 = 464 410 1007 160
1989 5753 1794 1636 34
1990 . 2903 1014 531 . 145
1991 . . 3326 1119 1283 617 -
1992 . 2370 987 709 704
1993 - - 658 - 553
Mean 2539 948 814 - 255
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stock density expressed as the catch per unit effort
(number of dab per hr of trawl time) showed marked
annual variation (Table 5) with Area 1 showing-the
highest trend and Area 4 the lowest. The Spearman rank
correlation test did not show any statistically significant
correlation between the stock density. and the prevalence
of the different diseases except for skin ulcers in Area 2
where a significant negative correlation was found (r=
0.6207, p<0 05).

: Dlseases and condltlon factor
A statistically significant correlation (Spearman rank
correlation test) between the prevalence of the different
diseases and the mean condition factor (Table 6) was
found for lymphocystis in-Area 3 ( r= - 0.8788, p<0.001)
and in Area 4 (r = - 0.6119, p<0.05) and for epidermal
papilloma in Area 3 (r = - 0.6525, p<0,05).

Table 6. Limanda Izmanda ‘The mean condition factor forthe

4 areas mvestlgated for the penod 1983 to 1993

" Area2

Year Areal Area3 Area 4
1983 0939 1018 © 1.0I5. 1126
1984 0928 0990 : 0959 0990
1985 0.926 1.001 0.971 1.035
1986 0.973 0.997 1.031 0.991
1987 0.964 0.980 1.008 1.041
1988 0921 0872 0952  1.034 -
1989 0926 0.895 0.889  1.075
© 1990 . 0959 1.034 099 0980
71991 . 0934 0944 . 1.000  1.031
1992 0.914 0.970 1.006 0990
'1.001 1.020

PR

Diseases and oxygen deﬁciency

Test for correlations between the diseases and oxygen
deficiency was conducted by comparing the prevalence
of different diseases in one year with the mean and
minimum oxygen levels measured in August and Sep-
tember the previous year, as it was hypothesised that low
oxygen levels in the autumn might- affect the disease
level the following year. The Spearman rank corrélation
test'did not reveal any clear corréelation pattern between
the prevalence of the diseases and the mean and mini-
mum oxygen levels measured in August and September
the previous year. ‘
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Table 7. Limanda limanda.Oxygen level (ml/1) (mean/mini-
mum) at the bottom in August for the 4 areas investigated
during the period 1983 to 1990

Areal

Year Area2 Area 3 Aread

1982 3.39/1.66 3.15/2.14 291/1.22 5.13/5.00
1983 2.34/139 2.47/043 3.44/1.13 4.95/3.88
1984 3.88/3.41 3.81/2.86 5.20/4.45 5.81/5.31
1985 5.54/5.00 = 5.43/4.44 5.61/5.22 5.38/4.61
1986 4.75/3.33 ~ 3.78/1.37 4.95/4.13 5.38/4.94
1987  5.07/4.35 - 4.96/3.85 591/5.59 5.44/4.87
1988 ° 5.24/4.77 5.41/3.09 5.18/491 5.46/4.16
1989 5.46/4.92 = 3.90/2.08 5.85/5.26 5.28/4.56
1990 5.29/5.08 4.73/4.35 5.60/4.98 6.26/5.05

DISCUSSION

The present study describes long-term variations in the
prevalence of the diseases, lymphocystis, epidermal
papilloma and skin ulcers in dab in 4 different Areas in
the eastern North Sea and the Skagerrak. The Areas 1, 2

‘and 3 showed significant similarities in the temporal

disease pattern with peaks in 1985 and 1988 for lympho-
cystis and epidermal papilloma, although, based on
different disease levels. A similar pattern was not obser-
ved in Area 4, the Skagerrak. Skin ulcerations did not

- reveal any-kind of temporal trends in any of the 4 areas.

The highest prevalences for lymphocystis and epidermal

‘ 'papillt)ma were observed in Area 1 (German Bight) and

in Area 2 (off the west:-coast of Denmark) and for skm

uilcers in Aréa 4 (Skagerrak)

Similar temporal parallelisms between the diseases
lymphocystis and epidermal papilloma have been descri-

. bed before from the German Bight and the Dogger Bank

(Dethlefsen 1990) and from the Kattegat (Mellergaard &

. Nielsen 1995) where statistically significant correlation

was found between the 2 diseases. In the present study,
these diseases were also found positively correlated in

- the Areas 1; 2 and 3 but this correlatlon was not statisti-
cally significant. ‘ : ; :
*The westernmost part of Area 2 suffered seriously from

oxygen deficiency in September 1981 (Dyer et al. 1983)
and in August and September 1982 and 1983 most of
Areas 1, 2 and 3 were hit by oxygen depletion (Dethlef-

- sen & Westernhagen 1983). It is likely that oxygen

deficiency may be one of the provokirng factors for fish

" - diseases in these areas. The hypothésis that oxygen

depletion might be involved as a stress factor in the
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~ outbreak of lymphocystis and epidermal papilloma in the
. .eastern North Sea was put forward by Mellergaard &
Nielsen (1987), whose observations confirmed that in the

Kattegat, oxygen deficiency was an important factor in

. provoking the outbreak of these diseases (Mellergaard &

Nielsen 1995). Dethlefsen (1990) found that low oxygen

* levels may be one of the stress factors contributing to the

outbreak of lymphocystis and epidermal papilloma in the
German Bight. It has not been possible to establish
significant correlations between lymphocystis and
epidermal papilloma in the present material as demon-
strated for the Kattegat (Mellergaard & Nielsen 1995)

.. probably. due to the lack of baseline prevalence for the

areas (i.e. before the oxygen deficiency occurred).

~. However, comparing the development of the prevalence
‘pattern of lymphocystis and epidermal papilloma in the

period 1983 to 1987 for the Areas 1 to 3 with the obser-

 vations from the Kattegat (Mellergaard & Nielsen 1995)
there ‘are evident similarities that may suggest that

oxygen deficiency may be mvolved in the disease

) : outbreak.
-+ - The 51gmﬁcant increase in the relative risk of contractmg

both lymphocystis and epidermal papilloma observed in

-...1988 can neither be explained by oxygen deficiency nor
by significant changes in the water temperature. Further-

more, it is ‘unlikely that changes in virulence of the
infectious agents of both diseases should take place at the

~ same time. However, there must have been one factor or
another to have increased the dab’ susceptibility to these
two viral diseases in the eastern part of the North Sea.
'The phenomenon seemed to be localized to this area, as

.Dethlefsen (1990) demonstrated an increase in the

-~ prevalence in 1988 of lymphocystis and epidermal

papilloma in the German Bight but not in the Dogger

- Bank area, while our data from the Skagerrak (Area 4)
- similary did not reveal significant- changes i in the disease

rates that partlcular year.
For Area 1 (German Bight) the dumping of waste from
titanium dioxide production may be an additional factor

tobe considered, which might elevate the prevalence of

lymphocystis and epidermal papilloma. Larsson et al.
(1980) showed that titanium dioxide industrial effluent
caused significant disturbances in the electrolyte balance,

" in’ carbohydrate metabolism and changes in the blood

parameters of flounder (Platichthys flesus). Such changes

"" " may be stressful and lead to increased susceptibility to
diseases. Dethlefsen et al. (1987) demonstrated elevated

rates of lymphocystis and epidermal papilloma in the

"dumping areas within the’ German Bight and similar

observations have been made in titanium dioxide waste

.- dumping areas along the Dutch coast (Vethaak 1991).
“A common feature for the Areas 1, 2 and 3 was that skin
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ulcerations did not show similar temporal fluctuations as
observed for lymphocystis and epidermal papilloma.
Similar observationswere made in the Kattegat (Meller-
gaard & Nielsen 1995) where the relative risks of con-
tracting both lymphocystis and epidermal papilloma were
affected by oxygen deficiency while skin ulcerations
seemed unaffected.

In Area 4 (Skagerrak) the 3 diseases investigated did not

display similar temporal variations in the prevalence as

observed in Areas 1, 2 and 3. The significant increase in

.the relative risk of contracting lymphocystis in 1990
.might be-due to-accidental occurrence. The increase in
- the prevalence of skin ulcers in 1989 and 1990 might be

due to increased fishing intensity in the area as a part of

the fishing fleet operating in the Kattegat area turned to
the Skagerrak because the environmental conditions had

caused serious reduction in the abundance of fish species

- of commerc1a1 interest.

The stock density. was highest in Area 1 (German Bight)
with mean catches of 2539 dab per hr trawling and
lowest in Area 4 (Skagerrak) with 255 dab per hr. It was

- not possible to establish any clear correlation between the

prevalence of the diseases and the stock density except
for skin ulcers in Area 2 which were found significantly

- negatively correlated with stock density. Such a correla-
. tion is unlikely to be. general as the transmission of

diseases should be facilitated by higher stock density.

.Although, positive correlations between disease preva-
- lence and stock density could not be established it is
. possible that the differences in stock density between the

Areas 1, 2 and 3 and Area 4 is a factor of importance
when considering the differences in disease levels.

Lymphocystis was found to be significantly negatively
correlated to the mean condition factor of the dab in

- Areas 3 and 4 and similarly for epidermal papilloma in

Area 3. As the condition factor reflects the nutritional

 status of the ﬁsh this may be a factor. contributing to
- outbreaks of diseases in some areas. A negative correla-

tion between lymphocystis, epidermal papilloma and skin
ulcers. was observed at different locations along the

. German and Danish coastal waters (Méller 1981) and for
_lymphocystis in the German Bight (Vethaak et al. 1992).

In general, the condition factor for lymphocystis- and

~ -epidermal papilloma-affected fish was higher than for the

unaffected but this difference was only significant for
lymphocystls in Area 1. In contrast skin ulcerations
showed a negative effect on the fish reflected in a

: ,decreased condition factor compared to the unaffected
- fish. The dlfference in the condition factor between

ulcerated and healthy fish was significantly different in

Areas 3 and 4. This negative effect may probably be

assigned to osmoregulatory problems because of the
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damaged epithelial lining. :
Lymphocystis was found evenly distributed among males
“and females except in Area'3 ‘where females had a

m’ﬂ:slgnlﬁcantly teduced risk of contracting the disease

compared to males. Mellergaard & Nielsen (1995) found
an even relative risk for both sexes in the Kattegat. The
observation in Area 3 may be a coincidence.
- Epidermal papilloma revealed a significant increase in
the relative risk for females in Areas 1 and 2. Although
- - the relative risk was increased for the fémales no statisti-
cal difference was observed in Areas 3 and 4. A ‘similar
- pattern has been observed in the Kattegat (Mellergazrd &
* Nielsen 1995) and in the German Bight (Dethlefsen et al.
1987). There is no obvious reasons that females should

" ~'be more susceptlble 10 epidermal papllloma than males.
' Atthe time of year when the present investigations took

- place, the fish-were in the post-spawning period where
their condition often are poor and this might explain the
difference. However, in that case one- should also’ expect
an elevated risk of. conn'actmg lymphocystls whlch was
not observed.
The relative risk: of contracting skm ulceranons ‘was
- found significantly increased only for females in Areas
2 and 4 while sllghtly ‘reduced in ‘the other areas. In the
" Kattegat region female dab had a- slgmﬁcantly hlgher risk
- than males of getting skm ulcers (Mellergaard & Nielsen
" 1995)." Many of the skin ulcers: observed during ‘this
study looked like skin abrasions mdlcatmg that they may
originate from traumatic skin damage probably caused
by fishing ‘geat. Most ulcerated fish were within the
length rarige’ 18-23 ‘et "a"size ‘Which enables ‘soifie of
them to escape the ‘net meshes of commercral trawls or
‘ ‘they might’ have ‘been ‘discarded” if ‘caught. Fishery
mduced skin'injuries have been' shown correlated with
*'the length of ‘the fish (Ludemann '1993). In general,
‘female dab are longer than males and this may explain
" the’ hlgher Tisk observed for femalés in’ Aréa 2 and 4.

" there is arisk that the increased eutrophication of estuari-
- ne and coastal waters may be the most important danger

to the health status of wild-fish populations.
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