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Fig. 10. Limanda limanda. erude relative rlsk for epidermal 
papilloma presented with95 % confidence intervals (bar). 
Where bars are above 1 (bold line) the figures are signifi-

cantly different from the 1984 to 1986 figur es 

fish was 'limited, ,the confidence levelof some of the 
values was verybroad. Kruskal-Wallis l-way'ANOVA 
did not show a significant difference in theannual 
variations of the RR among sites. 
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The RR of epidermal papilloma stratified into 
females and males (Fig. 12) showed that the RR in 
females became statistically significant from 198? to 
1990, af ter which it reached the original level. In con­
trast to the females, the RR of the males became signif­
icantly higher than in the 'unexposed' period only in 
1989. However, the crude RR did not differ from the 
Mantel-Haenszel weighted RR adjusted for sex, indi­
cating that this factor is not to be regarded as a con­
founder. For females the RR of contracting epidermal 
papilloma was significantly higher (p < 0.001) than for 
males, namely 2.8. The Wilcoxon signe d rank test did 
not demonstrate a significant difference in the annual 
variation of the RR between males and females. 

Stratification of the RR into age groups (Fig. 13) 
demonstrated significantly elevated RRs only for 3 and 
5 yr old fish. For the 3 yr age group, the RR in 198? and 
1988 was significantly higher than for the 'unexposed' 
.period while for the 5 yr age group only the RR for 1989 
became significant. Also in this case, the confidence 
levels were broad for some of the values because of the 
limited number of affected dab. The Mantel-Haenszel 
weighted RR adjusted for age revealed similar values 
as for the crude RR, indicating that age is not a con-
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Fig. 11. Limanda limanda. Relative rlsk for epidermal papilloma stratified by sites 
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Female Male 
Relative risk Relative risk 

8 8 

6 - - - - - - - - - - - 6 - - - - - - I - - - - -

l1: t - ~ -
~ -I -I 4- - - - - -l 4 - - - - -:r. IO e 

~ 
~ 

~ 

r- ~ ~ I 2 - - - - - - 2 - - ~ - ~ -~ -I~ - - - - - li: 
il! ~ ~ ~ 

~ ! ~ ~ ~ 

o o 
1'989 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1984 1985 1986 1987 1988 1990 1991 1992 1993 

Fig_ 12. Limimda 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,variation.oUhe RR 
amongage groups. 

As shownin Table 3, the attributable fraction of 
epidermalpapilloma amounted to 57% in 1987, in- . 
creasing to 65% in 1989. From 1990, a decline was 
observed_ 
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Skin ulcers 

Theprevaience of skin ulcers was 10w,' not exceed­
ing 0.6 %. It varied during the whole investigation 
penod withoutany definite trend (Fig. 5). . 

The RR demonstrated: siinilarfluctuations (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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Relative risk 
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Fig. 14. Limanda limanda. Cmde relative risk for skin ulcers 

Skinulcers occurred more frequently in female than . 
in male dab. The RR of females contracting skin ulcers 
comparedto males was 3.14, a statistically significant 
difference (p < 0.01). 

Correlations 

Diseases 

. The Spearman rank correlation test demonstrated a 
!;!tatistically 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 norepidermal 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 stockdensity 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 bycomparing the 
prevalence of the differentdiseasesin 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 
rnight affect thedisease 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 oxygenlevels in September, while the signifi-

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

Catch per unit effort 
Mean condition factor 

1984 

778 
. 0.973 

1985 

343 
0.992 

1986 

370 
0.976 

1987 

797 
0.986 

1988 

1619 
0.959 

1989 

2443 
0.992 

1990 

421 
0.984 

1991 

3263 
0.995 

1992 

2614 
0.969 

1993 

2200 
0.953 

. Table 5. Mean and minimum oxygen levels (ml l-l) 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 2.75 3.44 3.86 3.26 3.66 3.03 2.72 2.79 2.79 3.68 
Minimum 2.46 3.36 3.54 3.16. 3.15 1.79 2.50 2.39 2.42 2.91 

September Mean 2.93 2.71 3.76 2.15 3.03 1.29 2.85 1.72 2.27 2.47 
Minimum 2.55 2.55 2.13 0.95 1.81 0.46 1.6'7 1.35 1.69 1.78 
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cance levels for thesimilar correlation for epidermal 
papilloma and for ulcers were p < 0.1 and p < 0.5 

. r,especti:vely. 

DISCUSSION· 

Tlle present study demonstrated. thai oxygen defi­
ciep.cy II).ay trigger the .outbreak ofendemic fish dis­
eases suciJ.i as lymphocystis and epidermal papilloma 
while the prevalence of skin ulcers was found to be 
unaffected. The occurrence of oxygen deficiency in the 
southem Kattegat has been caused by increasing 
eutrophication problems up throughthe 1970s and the 
early 1980s (Kronvang et al. 1993). Physical (density 
stratification) and chemical (increasing nutrienUevels) 
conditions in the water bodyresulted intheoccurrence 
of· severe, oxygen deficiency in the bottom water in 
AugustanQ. SeptemberJrom .1986 to 1988 (Hansen et 
al. 1995). . .. " 

The importance of environmental stress in the 
dynamics of fish diseases is well known (Fry 1969, 
Wedemeyer.1970, Snieszko 1974). In aquaculture, out- .' 
breaks of bacterial diseases in fish species induced by 
oxygendeficiency'havei 'been--described-previously 
(WedemeYfO!r1981).However, disease outbreaks in 
wild fish stocks have been .. associated only in a very 
few cases with oxygen deficiency. Fromt fresh water, 
Haley et al; (lQ67)Q.escribed an Aeromonas liquefa­
dens epizootic event in American shad Alosa sapidis­
sima.and threadfin shad Dorosomapetenense, proba­
bly triggered by: the very low dissolved oxygen.content 
in the water.of. a. riverbasin due' toorganic pollution. 
Mellergaard; & Nielsen (1987) reportedon the correla­
tionbetweenoxygen deficiency in certain are as of the 
eastem North Sea and increased disease prevalence in 
dab. These observation were conftrmed by Dethlefsen 
(1990). The present work is the first study in which the 
long-term effects of oxygen depletion on the health . 
statusof fish have been studied. 

Flatftsh such asplaice PIeuronectes pIa tessa, floun-· 
der PIatichthysflesus and common dab have demon-
sq-ated 1jleability tC)(idapt tolow oxyge111evels(Sti:!f::: __ 
fensen et al. 1981,Weber'i993). :rnthe Kattegat, the '. 
duration ofthepenods WIth oxygen deplfo!tion (2 t03 ml 
0 2 1-1) in the bottom water was several weeks. So, the • 
fish probablyadapted to theJow oxygen conditiclll. 
However, in some instances the oxygen levels were 
further reduced to lower than 2ml O2 l-l (Table 5). 
Under laboratory conditions. dab .showed avoidance 
reactions at oxygen levels of OÆ to 1.1 ml l-l (Weber 
1993) and such reactions probably took place on some 
occasionsin the sea. However, as"tJ:1e oxyg-en defi~, , 
ciency covered large areas, many fish were probably 
unable to escape and, while remaining in the area dur-

ing the extreme oxygen deficiency conditions, they 
were exposed to concentrations dose to the lethal oxy­
gen levels which are reported to be 0.4 to 1.3 ml l-l 
(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 lymphcieystis 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 papilloma. 

Under aquaculture conditions, reduction of growth 
associated with low oxygen levels has been observed 
in common carp Cypiinus carpio (Chiba1965), in 
largemouth bass Micropteris salmonides (Stewart et al. 
1967) and in coho salmon Oncorhynchus kisutch as 
well as chum salmon Oncorhynchus nerka (Brett & 
Blackbum 1981). These fish species demonstrated 
severe reduction ingrowth at oxygen levels between 
2 and 3 mll ~ 1. This would probablybe fuecaSEdcitdab, 
too. Therefore, it might be expected that long periods 
of oxygen deficiency might reduce' the conditionfactor 
of thefish and 'hence couldincreasetheir susceptibility 
to diseases. However, no correlation between the con­
dition factor and the diseases in question was ob­
served. This tinding corresponds with that of Dethlef­
sen et al. (1987), whodid not observe any correlation 
between the prevalence of lymphocystis and the nutri­
tionalstatus of dab in the southem Notth Sea. This 
finding is in contrast to M6ller (1981), whofouild a sig­
nificant positive 'correlation betweeIi the condition' fac-

,torand lymphdcystis indab inthe southeastemNorth 
Sea, and to Vethaaketal. (1992), whofotuida ,high 
prevalence of lymphocystisassoCiated -Willilow c6hdi­
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 
theperiod atter, 1987 to 1993. A possibie explanaUon 
for this is that the benthic fauna are rapidly re-estab­
lished, . as their pelagic larval stages' areunaffecteq. by 
th~_.Q~gen_ 9:~pleti9il ,a~,the bqtt~l!! ~~,!!l~Yjy!il.'s~ttle 
wherithe oXygen cdnditions are Ilormalised. 

Sto& density expressed as CPUE was not found to be 
significantly correlated with any of the diseases investi­
gated; TheJow CPUJ; found in 1990 is probablY'Dot 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 diseases 
did not becoine stafistically significant. However, ;de­
spite the faet, that astatistically significant correlation 
betWeen stbck density and the Clisease~' 'in 'questlon 
could not be established, high 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 betweenindividuals (Mimer 1985). 

o 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 skiri. ulcers looked . 
like skin abrasions, indicating that the primary cause 
may be a traumatic injury from fishing gear. It skin 
ulcers had an infectious, e.g. bacterial, background 
they would be expeeted 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 faet that the occurrence of lympho­
cystis and epidermal papilloma was significantly cor-

o 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. 

Spalial 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 aromal variations of the RR among sites was 
observed. 

Sexual difference in susceplibility to diseases 

Lymphocystls 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, atter 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. 
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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
ilarly, Vethaak (1992) found a significantly higher 
prevalence of lymphocystis in male than in female 
flouilders 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 tindings of an 
even RR for both sexes. An even proportion of males 
and females infected by lymphocystis was also reported 
in yellowfin sole LiInanda 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 femaIes 
the year atter the occurrence of oxygen deficiency, 
whilea significant response in males was observed 
only in 1989. A possibIe explanation for this observa­
tion is that the females have a significantly higher risk 
of contracting epidermal 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 ofte n 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 
signiffcantly 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 specificenviron­
mental parameters and the o;utbreak of fish diseases, 
as the initial stressors often have a multifactorial back­
ground. An attempt to establish a cause-effect rela­
tionship is even more difficult when the environmental 
impact. gradually builds up and~as.~ rel~tively .long 

. duration, which gives the fish.the opportunity to adapt 
to the system. However, the pre~entstudy clearly indi­
cates that oxygen deficiency, especialiy sublethal oxy­
'gen leveIs, is a very important stress factor for viral 
'diseases .' such as lymphocystis and epidermal papil­
lorna. Laboratory experiments. need to be established 
to further. clanty the implications of different oxygen 
lev!=!ls on the outbrea.1:c of. fish diseases. 

The strong association between oxygen deficiency 
and lymphocystis. and epidermal papillomademon­
strated, in the present wor),{ .is apparently not a phe-

. nomenon solely localised to the Kattegat regi9n. Th,ere 
are also indications that. oxygen. depletion is involved 
P?:the d}'1l~cs. ,!f fish cii.seases in the :N0~ Sea (Mel­
lergaard & Nielsen 1981). 

Aq,lglJ?v.r1e,dgemeIlts . . V'!~ t1!an~ Ms I. Hbrnum for excellent 
technical assistance, Dr O.V. oisen for exti:acfugfue oxygen 
data.fromtheICE~ Hydrographic Service Database and the 
crew of RV 'Dana' for. excellent c~llab~ration during the 
cruises. 
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Epidemiology of X~cell gill disease in common dab 
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ABSTRACT: An epidemiological study of x-cen 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-cen gill disease varied from O 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 
possibie to separate a highly affected dab population from a significantly less affected population 
withln a cfiSiarice of500 ID. This siQriifi.cant SpatiaIvarlatioii was not fouild for tlie diseases lyJiJ.pho~ 
cystis, epidermal papilloma and skin ulcers. At one station the relative risk of contracting x-cen gill dis­
ease was significantly higher in female dab compared to males while the opposite was the case at the 
2 other stations. x-cen 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 possibie to prove an increased mortality in infected fish, although their general 
condition was extremely poor. 

KEY WORDS: x-cen 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 (Moller 
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 asJymphocystis, epidennal papil­
loma and ulcerations, but some au~ors (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-mall: stig.menergaard@vetmi.kvl.dk 

© Inter-Research 1996 

1978, Peters & Watennann 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 & Dethlefsen 1986, 
McVicar et al. 1987, Diamant & McVicar 1989), and the 
results of these studies demoIlstrate 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. 

76 



108 Dis Aquat Org 25: 107-116, 1996 

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 rigge d eitherwith 12" 
(30 cm) rubber dis es 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 w:ere 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 pattem 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 detectlon of a prevalence 
ofatleast 2 % with 95 % confidence (Martin et al. 1987)] 
corresponding to 15 to 20 kg per haul was examined. 
Subsamples were taken at random li 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 
hyperplasialpapilloma, skin ulcers and X-cell gill dis­
ease . using recommended procedures for detection 
(Anonymous 1989). These diseases have been well de­
scribed in the literature (Moller & Anders 1983, Bucke et 
al) 1995) in terms of fueir gross appearance and etiology. 
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Fig .. 1. Stations around Denmark visited during this fish dis­
eas e 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. 

Fig. 2. Limanda limanda. 
X-cell gill disease affeeted 
dab. Notice the swollen 

and pale gilllamellae 
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, Macroscopie inspection. The macroscopic inspec­
tion was carrie d out according to the recommendations 
in Anonymous (1989). IIi. order to obtain the hlghest 
degree of precision in the diagnostics af the diseases, 
only 1 person conducted the registration during the 
whole period of tp:e, investigation. The otoliths were 
read by 2 skilledpeoples. ' 

Data analysis.'Most of the data analyses were carrled ' 
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). 
TheRR is the ratio between the disease rate m an 'ex­
posed' group and the disease rate in an 'unexposed' 
group and is presented with 95 % confidence intervals. 
The RR in an 'exposed' group is significantly different 
from theRR 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-~quaretest,2-sample t~testandMann-Whitn~yrank' " 
test. To test for difference betw'een the slopes of 2 re­
gression lihes a modified t-test was used (Zar 1984). 

The condition factor [100 x weight (g) x length-3 (cm)] 
was calculated base d on the total weight cif individual 

, fish(incontrasttogutted weight.a:s,reco'.iIunended in' ___ _ 
Anonymous 1989). 

RESULTS 

The intensity of, the gilllesions ranged from a few 
swollen lamellae on 1 gill arc to extreme conditions 
with all gilllamellae affected to a degree wher'e the 
tips of the lamellae protuded as acreamy white band 
outside the opercular edge, with the latter being the 
predominant tinding. 

The prevalence of X-cell gill disease showed con­
siderable spatial and temporal variation. At most of the 
stations the prevalence varied from O to 1 % through­
out the whole period of investigation, except at the3 
stations marked in Fig. 1 where preyalences up to 
38 % were observed. ' 

The total number of dab and X"cell gill disease af- , 
fected 'fish separate d by sex and'yeifr'åiid'llie'mea:ri"=--­
prevalence of the dis eas e foreå~h p.6t-spotstation are " 
presented in Table 1. With regard to the total number of 
fish ex'amined, an even sexual distribution was obserired 
at Stn 1 while at Stns 2 and 3, a sigruncantl~hlgh~r num~ 
ber of females (p < 0.001) was present ,in thecatches. 

_I~mporal variations 

At Stn,l the prevalence ranged from 2.6 to 36.6% 
while the range for Stn 2 was from O.Oto 10.4%. Forboth 
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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 contractirig 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 1981 to 1989 
while no significant difference was observed in the , 
period 1990 to 1992. For Stn 2, the RR was calcuIated 
based on the 1981 figures as the prevalence of X-cell 
gill disease in 1986 was zero. The risk in 1988 and 1991 
was not significantly different from 1981 whileit was 

_ RelaUv. rlok Station 1 
20.-~~----~--__ ~--~--~~--~ ____ ~ 

O" : •••• :. " ••••• :.: •• '.:,: .,' •• o,' .• : •• :'; : ...•••• 

'.;:~: .,:~ _,": ~ ...... / .... >.: ... -,._>~. _ .. ~ . ___ .~ ::~.·i::·~·.· 

10 

oE'~==~~~~~~~~~~ 
1987 1988 1989 1990 1991 1992 

Relativ. rlsk Station 2 2r-______ --__ ------__ ------------__ --~ 

1.5 ............... . 

0.5 

1991 1992 1993 

RelaUve risk Station 3 
30r-------------~----------------

25 ....•..... , ....... ,', .. " . " .. 

20, 

5 ,' .. 

1989 1990 1992 ' 1993 

Fig. 3. Limanda limanda. Relative Tisk of X-cell gill disease in 
dab at the 3 hot-spot stations; the tick mark indicates the rel­

ative Tisk and the bar the confidence interval 
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Table 2. Limanda limanda. Prevalence (%) of X-cell gill 
disease in different hauls at Stn 1 

Year 
A B 

1986 0.0 6.7 ' 
1987 35.6 38.0 
1988 3.1 10.8 
1989 15.9 5.3 
1990 ' 3.5 4.7 
1991 3.5 1.5 
1992 1.7 2.8, 

Haul 
C D 

11.2 
3.5 

5.1 

1.8 

5.3 

E F 

23.3 2.5 

3.9 

significantly lower in 1989 and 1990, and in 1992 and 
1993. At Stn 3, thedisease was not observed until1988, 
hencethis 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 hauI-to­
hauI variations also occurred in some years, e.g. 1988 
(Table 2). In order to investigate this variation, the 

55'54' -I---t---+----, 

55'53' -!---,-t----!-

55·52·-II---i---+I-;f-/--!f----l----t--'t--t--' 

7'45' 7'46' 7'47' 7'48' 7'49' 7'5D' 7'51' 

Fig. 4. Trawl tracks used in 1989 to investigate the spatial dis­
tribution of X-cell gill diseasein dab at Stn 1. Dotted area 
indicates the possibie distribution of a severely affected dab 

population 
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Relative risk X-cell gil! disease 
20 ..,.,......".,--~,-

F 

Relative risk 
20~-~~~~~~~~~~~~~~~-~ 

F 

Lymphocystis Relative 'risk 
20..--~-----~~~--~~----~--~--~ 

, , ,"" :, ' ':' ,,: 
15 .'~. '. -'o ..... :- .. ;-." ... ".-.- - ........ . 

. i"o .... :,' ::: 

10 .::. ' ........ ~ ••. , . '.'.' .. ' ......... > . 

Skin ulcer Relative risk 

20r-~~--~~~~~~~~~~~~~~~ 

A B c D F 

Fig. 5. Limanda limanda. Relative risk of X-cell gill disease, lymphocystis, epidermal papilloma and skin wcers 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. S illustrates the relative 
riskof X-cellgill disease, lymphocystis, epidermal 
papilloma and" skmulcers observed in the different 
haulsin 1989. All calculations were made relative to 
haul,D which hadthe lowest prevaience. The relative 
risk of contracting X-cellgill disease was significantly 
higher on tracks A, C and E, rangiIlg from 6.1 to 12.8 

Table 3. Limanda limanda. Prevalence (%) of X-cell gill 
disease in different haws at Stn 2 

Year Haw 
A B C D 

1986 0.0 0.0 
1987 10.5 10.3 
1988 7.3 6.8 
1989 0.9 0.5 
1990 0.7 

. ·1991 ".10.0._ . --.10.8~ .. _-
1992 3.9 1.6 4.1 4.7 
1993 2.3 2.6 

(p < 0.001), while the risk on tracks B and F did not 
differ significantly from track D. The other investigated 
diseases did not show similar significantly higher 
relative risks in tracks A, C and E compared with D as 
observed for X-cell gill disease. 

In contrast to Stn 1, Stn 2 revealed n:rlnimal 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-cell gill 
disease in different haUls at Stn 3 

Year Haw 
A B 

1986 0.0 0.0 
1987 0.0 0.0 
1988 1.9 0.0 
1989" 0.0 
1990 • 0.0 
1991 0.9 0.0 
1992 1.5 0.4 
1993'· " 7.6 16.2 
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Station 1 Station 2 Station 3 

55·55'-t--I---I--t---t---t-;f-+- 50·21'-t--I---!---j---..-If--I---!- 57·'" -+-_+_-+----i--+--I--t--+-_+_ 

55·54' -!--+--I-t-IlhT-H'--'o;-;'---W-,--t- 50·20' -!--+--H'-H'lff,---if---+--!-

55·53,--j--j--..,f--.f-HM--fJ-+'-+-

55·52' -t--;-----, 5 .. ,.'-t--+-

55"51'--\---hH-.A+-ff---t--j---+-':-, 
, 

/ 
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. r45' r46' rq r48' r49' rso' rS1' 

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. All 
tracks 'were taken within anarea of approximately 
4 x 3 nautical miles (7,5 x 5,5 km), Fulllines indicate 
that.samples caughtin these hauls had a prevalence 
of X-cell gi1l disease above 4 % while dotted lines indi­
cate a, prevalence below this level. At Stns 1 ,and 2, 

Station 1 

Station 2 Pereent 
60~~~-~---~-----~-~----' 

so , 

40 , 

30 

'20 

10 

o '-------'''''' 

mJX-cell 

• Heallhy 

~ . . -. - .- -'. - ,- . - -

81 

there exists no clear trend in the patchy distribution of 
high prevalences (>4 %) of X-cell gi1l 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 gi1l disease was below 4 % until1993, In 
that year, the haul with the highest prevalence (16,2 %) 
was the one that diverged from themain track area. 

Pereent Station 3 
70 

60 

SO 

40 

30 

20 

10 

o 
2 

Fig, 7. Limanda limanda. Age composition of X-cell gill dis­
ease for affec1ed and healthy dab at Stns 1,2 and 3. Dab aged 
2 and 3 yr are' the pred9minant age groups affec1ed by the 

disease 
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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-cen affected dab was 
2 to 6 yr while the healthy fish were 
within the age groups 1 to 1 yr. The 
healthy fish had a significantly higher 
mean age (3.6 yr) (p < 0.001) com­
pared to the x-cen ajfected 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 yr) (p <: 0.05) than for the affected 
fish (2.8 yr). 

The agestructure 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 
an age of 2 to 3 yr while 3 and 4yr old 
fish were predominant in the healthy 
group. 

The regression lines for the'abun-

Fig. 8. Limanda.limanda. AgecompositiO~Of the different year~classes (cohorts) 
, of (a) X-cell gill disease affected, and (b) healthy dab at Stn 1 

. dance [(ln+l) transformed] relative to 
ageofthe affected and unaffected 
dab were calculated (Fig. 9) to as ses s 
whether x-cen gill dise·ase 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 :rti~rtality 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. 

Eiiect on age struclure 

The age structure of the healthy and x-cen disease 
affected dab stock is illustrated in Fig. 1. At Stn 1, X­
cen 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 range d from 1 to 8 yr. The 

-- 'iiieanage~assignifican:tly-higheY(3;6yr)(P .::: 0.001) 
in the healthy population compared to the x-cen 
disease affected stock (2.9 yr) (Mann-Whitney rank 
test). 

Eiiect qn growth 

Healthy fish weresignificantly longer (p < 0.0001) 
than affected spe<::imens at both Stns 1 and 2 (Mann­
Whitney rank test): Themean 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 
13.1 cm (raiige 9tcf26cm:fcomparea to 11.0 cm (range 
1 to 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 11.4 cm (range 8 to 29 cm), 
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Fig. 9. Ln abundance per age group of healthy· (ej upper 
regression line with 95% confidence interval) .and X-cell 
affected dab (.j lower regression line with 95 % confidence 
interval). The regression line for the X-cell affected popula­
tion has a steeper slope than the one for the healthy popula-

tion, suggesting an increased mortality in the affected dab 

, . . 
for the unaffected fish, but these figures w.ere not sig-
nificantly different. 

Table 5 presents the length data stratified by age. 
At Stn l, the healthy 3, 4 and 5 yr old fish were sig­
nificantly longer than the X-cell affected ones (p < 0.005) 
while no significant difference :was obs~rved in the 2 yr 
old fish. At Stn 2, only the 3 yr old healthy fish were sig­
nificantly longer (p < 0.005) than the. X-cell aHected 
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 unaHected fish (t~test) (Table 6). 
The condition factor of healthy and diseased fish 
stratified by sex was significantly different (p< 0.001) 
for both males and females. 

As the X-cell disease seemed to have 

Table 5. Limanda limanda. Mean length (cm) for X-cell gill 
disease affected and healthy dab separated by age. op < 0.005 

Age (yr) Stn 1 Stn2 Stn3 

2 Healthy 12.71 12.82 14.79 
X-cell 12.50 12.41 15.90 

3 Healthy 15.86 o 16.06 o 17.80 
X-cell 13.88 14.72 17.36 

4 Healthy 19.35 o 19.26 20.49 
X-cell 15.39 16.33 14.50 

5 Healthy 22.00 o 21.35 
X-cell 19.14 19.0 

Table 6. Limanda limanda. Mean condition factor for X-cell gill 
disease affected and healthy dab separated by sex. op < 0.001 

Sex Stn 1 Stn2 Stn 3 

ar X-cell 0.846 o 0.890 o 0.920 o 
Healthy . 0.934 0.973 0.992 

9 X-cell 0.874 o 0.872 o 0.913 o 
Healthy 0.963 1.000 1.016 

Total X-cell 0.859 o 0.883 o 0.915 o 
Healthy 0.951 0.990 1.013 

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 
risk 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-

an eHect onthe growth of the fish, sub~ 
samples of aifected and.unaffected·fish 
of approximately equal length (13 cm) 
were analysed in order to assess the 

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

eHect of the disease on age structure, 
weight and condition factor. The key 
values appear in Table T. Differences 
were observed 'between the mean 
weight and the mean condition factor of 

.. X-cell 
Healthy 

83 

n 

26 
22 

Mean 
length (cm) 

12.56 
12.94 

Mean 
weight (g) 

15.60 
19.23 

Mean Mean 
condition factor age (yr) 

0.7341 2.59 
0.8282 2.64 
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poral-ranging from a few percent up to 38 % was mean age of affected dab at the 3 hot-spot areas 
observed (Table 1,2 & 3). Similar patchiness in the dis- ranged from 2.8 to 2.9 yr while the mean age for the 
tribution of X-cell gill disease has been reported from healthy population was between 3.1 and 3.6 yr. This 
other areas of the North Sea: the Dogger Bank and the pattem was repeated for each year-class (cohort) at 
Humber area (Knust & Dethlefsen 1986, McVicar et al. Stn 1 throughout the whole study period as illustrated 

. 1987) and in certain are as along the Scottish east coast in Fig. 8. This corresponds with the observations of 
'-~- (Diamant & McVicar 1989). However,~prevalences Knust & Dethlefsen (1986)who found X-cell affected 

higher than 10 % have only been observed in Danish fish within the age range of 2 to 5 yr in contrast to the 
coastal areas and in the southem Moray Firth (Dia- healthy fish which were represented within the age 
mant & McVicar 1989). The present work deals with group 3 to 7 yr. 
disease invE!stigations over aperiod of 7 to 8 yr while The length distribution of affected fish differed 
formerly published work on X-cell gill disease (Knust among the 3 stations. At Stns 1 and 2, the mean length 
& Dethlefsen 1986, Diamant & McVicar 1989) dealt of affected fish was approximately 14 cm while at 
with observations over aperiod of 3 yr.Knust & Deth- Stn 3 it was 18 cm, although identical age groups were 
lefsen (1986) demonstrated distihct temporal and spa- affected. A possibie explanation for this difference is 
tial variations in the prevalence of X-cell gill dis eas e in that we may be dealing with 2 different dab stocks 
the North Sea. Although they observed hot-spot sites which have different growth rates, as proposed by 
in both the Dogger and Humber regions, these were Mellergaard & Nielsen (1984). Differences in the 
not at the same positions at eachtime of year. Diamant length dis1;ributionof X~cell affected fish between the 
& McVicar (1989) visited the same stations eachyear present study and others '(Knust'& Dethlefsen 1986, 
from 1985 to 1987 and found a very high prevalence Diamant & McVicar 1989) may be attributed to differ-
(more than 60 %) at one station in 2 consecutive Years. ent groWth rates of the affected. dab stocks. 
These authors also observed considerable spatial vari- The observed difference in the relative risk of X-cell 
ations even within relatively short distances just as gill disease between males and fernales, with a signifi-
observed in the present work. cantly higher risk for fernales contracting the disease 

The scenario from Stn 1 in 1989 (Fig. 4) showed that· compared to males at Stn l, while the opposite situa-
within a distance of ab out % nautical mile (500 m), the tion was true at Stns 2 and 3, has no obvious exj:Jlana-
distance from haul A and E to haul B, the prevalence tion. Knust & Dethlefsen (1986), McVicar et al. (1987) 
varied significantly from approximately 20 to 5 % and Diamant & McVicar (1989) did notmention such a 
(Tab le 2). Based on the6 hauls taken there in 1989, it phenomenon. It is unlikely that it is due to statistical 
was possibie to frame a high prevalence area (Fig. 4, variability (p < 0.005), but from a biological point of 
dotted areal within very narrow limits. The relative view mere variability is a more plausible explanation. 
risk of lymphocystis, epidermal papillOIlla and skin ;fhe impact of the disease ongrowthbecame appar-
ulcers within the different hauls did not differsignifi- ' ent in the3 yr old age group at stIls 1 arid 2 (Tabte 5), 
cantly. However, the observation of a seriously X-cell indicating that the disease has to be established in the 
affected population being separated from a signifi- fish for a certain period before growth is seriously re-
cantly less affected populationwithin a distance of duced. This is supported by the fact that no adverse 
500 m gives an impression of the severity of the dis- effect on groWth was observed at Stn 3 where the dis-
ease. The gilllesions probably debilitate the fish to a ease had reachedepidemic proportions within the pre-
degree where theyare unable to travelover longer dis- ' vious year. The observation thafthe same age groups 
tances due to respiratory constraint. The impact of the (2 and 3 Yr old fish) areaffected by X-ceUgill cllsease 
disease was also reflected in the significantly lower in each coholt suggests that the duration of the disease 

-""'condition' factorof- affected' dabccompared -to- that of ---- is-short;-which Iriaybe due to either high recovery or 
unaffectedfish, whether collsidering aUfish exaIriilled, ", hlgh mortiility rate. The latter is the most likely expla-
fish separated by sex, or fish within the same length nation. Affected fish have a severely' reduced cCipacity 
group. This clear difference in the condition factor to withstand the stress of capture.' Most of these fish die 
between affected and unaffected fish was only partly shortly af ter being brought on deck, probably severely 
reflected in the observaticins of Knust & DethlefseIl , debilitated 'by respiratory problems as indicated by 
(1986). In general, these authors found that the condi- Diamant & McVicar (1987). One impact cif the disease 
tion factor of affected fish was reduced compared to was asignificantly lower condition factor foraffected 
healthy specimens and that this. difference was fou~d fish thari for healthy specimens. Furfuermore, there is 
to be statistically significant tegarding the males but a significaIiCdedme in the ptevalefice-bf the-disease 
only sporadically significant for the females;ITom age 3 to 4 yr (Fig. 7) and~ alth~ugh not statistically 

The present study showed that mainly the young age significantly different, the plots of the regression lines 
groups became infected with X-cell gill disease. Thefor the abundance at age of healthy and dlseased dab 
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(Fig. 8) showed a steeper slope for the x-cen affected 
fish, indicating higher mortality in this group than in 
the healthy population. Taking these factors in con­
sideration, it is likely that x-cen 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-cens have been 
involved has previously been described in starry floun­
der Platichthys stella tus with skin tumours (Campana 
1982). 

The epidemiological data on x-cen 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-cen 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 possibIe infectious agent or 
changes in the immunological status of the local dab 
populations. 
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ABSTRACT: A survey offish diseases in the common dab Limanda limanda L. was conducted in 4 areas, the 
German Bight, 2 areas aIong the west coast ofDenmark and the Skagerrak in May during the years 1983 to 1993. 
A total of 53302 dab were examined for the presence ofthe diseases Iymphocystis, epidermaI papiIIoma and skin 
ulcers. The present study describes long-term variations in the prevalence ofthese 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 Iymphocystis and epidermaI papiIIoma A similar 
trend was not observed in the Skagerrak. Skin ulcerations did not reveaI any temporal trends in any ofthe 4 areas. 
The highest prevalence of Iymphocystis was observed in the most offshore area along the Danish west coast with 
a peak value of 14.9% in 1988, for epidermaI papilIoma in the German Bight with a peak vaIue of 9.4% in 1988 
and for skin ulcers in the Skagerrak in 1989 with 4.4%. 
Areas in the German Bight and aIong 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 Iymphocystis and epidermaI papilloma as the prevaIence of these diseases increased from 1983 until 1985 
folIowed by a decJine until 1988. Although, it was not possibIe to estabJish significant correlations between the 
oxygen levels at the bottom and the disease prevalence in the present case, the disease pattern showed evident 
similarities with formerJy described oxygen deficiency-induced outbreaks of Iymphocystis and epidermal 
papilloma in dab in the Kattegat. In 1988, the prevalence of Iymphocystis and epidermaI papilloma increased 
significantly without anyapparent reason. 
The disease pattem observed in the Skagerrak differed significantly from the other 3 areas with skin ulcerations 
being the mosipn:v!llent disease. A part cif the explanation for this may be that the Skagerrak has not siJffeted 
from the same impaired environmental conditions as the other areas. 

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

INTRODUCTION 

The occurrence of diseases in wild fish stocks was already 
well described at the beginning ofthis 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 environmentaI stress and the 
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outbreak of fish diseases was accepted (Wedemeyer 1970, 
Snieszko 1974), a series ofinvestigations has been conduc­
ted into the impact of pollution on disease in natural fish 
stocles. The fust considerations and results of this work on 
monitoring of biologicai effects of marine pollution were 
summarized by McIntyre & Pearce (I980). 
During the late 1970s and early 1980s, studies were carried 
out in many countries especiaIly 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, Lindesjoo et al. 
1994, Mellergaard & Nielsen 1995, 1996). However, most 
of this work has concemed short term investigations in 
relatively restricted areas (McArdle 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 
ofthe impact oftemporal 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 
dynamicsof fish diseases over wider sea areas have, 
however, been reported by Dethlefsen et al. (1987) and 
Dethlefsen (1990), who covering most ofthe North Sea, by 
Banning (1987) in the south.;eastem 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'ofselected extemally visible skin les ions of 
dab in an area stretching from the German Bight to the 
Skagerrak. Possibie 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. COIDIDon dab (Lirnanda 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 rigge d 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 tookplace at å niunber ofsites where trawl 
tracks had been available from commercial fishermen. 
Standard l h hauls were taken with a speed of3 knots. One 
or two hauls were taken at eiiCh station. The present work 
deals with data obtained from a set of stations (Fig. l) 
which are cIassified into 4 areas basedon geographical 
conditions and length and age parameters of the fish. 
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 ifthe total weight of dabs exceeded 20 kg. For all 
fish examined, the length, weight, sex and health status 

were registered. Afterthe disease recording, the otoliths 
from the fust 96 fish were removed for ageing later in the 
laboratory . 

7" S" 9' IO" II" Il" 

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

Selection of gross lesions. The dab were examined for the 
presence ofthediseases lymphocystis, epidermal hyperpla­
sialpapilIoma and skin ulcers using recommended proce­
dures for detection (Anon. 1989). These' diseases have 
been well described in literature (Moller & Anders 1983 
Bucke et al. 1996) in terms of their gross appearan~e and 
aetiology. 

. Lymphocystis:The criterionfor recording was the presence 
ofmore than one.surface nodule. 
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Epidermal hyperplaslalpapilloma: The criterion for 
recording was one or more lesions larger than 2 mm in 
diameter~ In the present work, epidermal hyperplasia and 
papilIoma are both designated "epidermal papilloma" . 
Skin ulcerations: The criterion for recording was one or 
more .open lesions. _ 
Macroscopie inspection. Prior to extemal inspection the 
fish were rinsed with sea water. Both sides ofthe fish were 
carefuIly examined visually and by palpation, and the tins 
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 ofthe diseases, only one person conducted the 
registration during the whole period of the investigation. 
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The otoliths wereread by twoskilled persons. 

Analysis of the data. Most of the dataanalysis were 
carrled out using the public domain softw~e "Epi-Info" 
version 6.01 (Dean et al. 1990) and Statistix ,version 4.1 
(Analytical Software). The strength of association between 
a factor and a disease is lmown as the relative risk (RR). 
The RR is calculated astheratio betweenthe disease rate 
in an "exposed" group and the di~ease rate in an "unex­
posed" group. AllRR,estimations cire presented with 95% 
confidence intervals. 
The RR in an "exposed" group is signifi~antly different 
from the RR in an "tinexposed" group if, the confidence 
interval does not' encompass the value, 1 ,(p<0.05). All 
calculations of RR were done relative to the 1983 figures 
for ali ' areas. 
The statisticai tests applied for the datatreatment were: 
Chi-square,2-samplet-:-test, Mann-Whitney rank test, 1-
way ANOV A and Kruscal Wallis l-way ANOV A. 

,. Theconciitionfactor(lOO* Welgb.t(gf*length~3(cm))was' 
calculatedbased on the total weight ofindividual fish (in 
contrast to gutted weight as reconuriended in Anon. 1989). 

Oxygen data: Data ,on theoxygen conceiltrations in the 
areas were obtained from the ICES Hydrographic Service. 

RESULTS 

AUcIatapresentedwere sampled af 15 stationsdistributed 
aloilg the Danish west coast (Fig. 1). These stations'were 
separaied into 4 aieaS, based on geographicai conditions as 
\Vell as length, age and condition factorch~ctenstics of 
thehamined dab.A southem zone was designated Area 1, 
representing the Gennan Bight, as well as 2 centrnlz()nes, 
one offshore, Area 2 and onecmistal, hea 3 and il north­
emzone, Area 4, representihg theSkagerrak. The mean 

,o"length;"ii}eanåge an(fmean~c'ondHi()rifåctor "forth'e'The 

Table 1.!Limanda limanda. Characteristicsused for separation 
ofthe 4:areas . 

Area 

l 

2 

3 
4, 

Mean age 
(yrs) , ,',' 

3.7 ' 

3.6 

,3.4 , 

2.8 

Meanlength 
(cm) , 

17;9 

17.4 
,,17.1 

17.6 

" '. 

Mean coridition 
factor 

" " 

0.9380 

0:~821 
0.984Q 

1.0335 
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mean length of the dab in the 4 areas differed significantly 
(l-way ANOVA) (p>0.0001) and a comparison ofmeans 
(Tukey) showed that the 4 areas were different from each 
other. The mean age and the mean condition factor ofthe 
dabs differed significantly (Kruscal-Wallis) (p<0.0001) 
between the 4 areas and a comparison ofmeans (modified 
LSD) showed that all 4 areas differed from each other. In 
1993 the sampling was restricted to the areas 2 and 4. 
During the Il years of investigation a total of 53302 dab 
were examined. The distribution ofthe number of exami­
ned dab and dabs affected with Iymphocystis, epidermal 
papillomas and skin ulcers, respectively, on the different 
areas appears from Table 2. 

Disease examination 
Lymphocystis 

Iri Area l, the prevalence of Iymphocystis varied from 
12.8% as peak values to 4.5% as the lowest level. The 
temporal pattem showed an increase in the prevalence 
from 1983 to 1985 followed by a decrease the folIowing 

two years then a sudden decrease in 1988 followed by a 
further decline the succeeding years (Fig. 2). 
The RR of contracting Iymphocystis 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 Iymphocystis ranged from 
4~6% to 14.9% (Fig. 2). It showed a similar pattem in the 
annual variation of the prevalence as observed in Area I 
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 folIowing years. The RR was significantly 
increased in 1985 and 1988 to 1989 while significantJy 
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 1988, an increase to 13.6% was observed 

Fig.·2. Limanda limanda. The prevalence rate of lymphocystis, epidennal papillorna and skin ulcers at the 4 areas investigated 
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Fig. 3. Limanda {imanda .. The relative risk of contracting lymphocystis at the4 areas preserltedwith 95%confidence intervals (bar). 
Where bars do not encounterl (bold,line) the figures are significantly different from the 1983 figures, 

followedby a de'cli1}e as.observed in the two previous 
areas.The RR was signifi~antlYiP..~reased, from 1984 to 
1985 andduring 1he periodfrom' i Q88 to 1991 relative to 
1983 (Fig. 3). In 1986, 1987 and 1992;the'RR did not 
show anysignificant changescompared, to 1983. 
In contrast to Areas 1, 2 and 3, the prevalence of 
lymphocystis in Area 4 varled from 0% in 1989 to 3% in 
1990 without any trends (Fig. 2). Most years it was at a 
levelof approximately 1 %. The RR of contracting 
lymphocystis in Area 4 was at the same level during the 
11 years of investigation except for 1990 where it 
increased significantly relative to 1983 (Fig. 3). Because 
the nuniber of affected fish was limited·the confidence 
levelnjfth-e'RR'were'very'broad:-- -- -_. -
Lymphocystis appeared evenly distributed among the 
sexes except in Are a 3 where females had a significantly 
lowerrisk of contracting the disease.{0.71 times) than 
males (Table 3). . 
Lymphocystis did not affect the mean condition fuctor of 
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Table 3. Limanda /imanda. Sexual difference in the .risk of 
contracting the diseases in the 4 areas (female relative to male) 

the dab in thedifferent areas except for Area 1 where the 
condition ' factor' of lymphocystis-affected fish was 



6 Dis Aquat Org, submitted 

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

Epidermal papiIIoma 
In Area l, the prevaIence of epidermal papiIIoma ranged 
from 1.4% to 9.4% (Fig. 2). It increased from 1.4% in 
1983 to 8.3% in 1986 with a minor decreasein 1987. The 
prevaIence increased to 9.4% in 1988 followed by a rapid 
decline from 1989to 1990 to 2.5%. In 1991 and 1992 the 
prevaIence 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 graduaI decrease to approximately 2% was 
observed the folIowing 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 pattem of the prevaIence of 
epidermal papiIIoma in Area 3 was very simiIar to Area 
2 (Fig. 2). The prevalence was 0.9% in 1983 with an 
increase untiI 1986. A decrease to 1.6% was observed in 
1987 followedby 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 ofthe RR 
was statistically significant in 1985, I 988, 1989 and 
1991.In Area 4, the prevalence of epidermal papiIIoma 
was within the range'ofO% to 1.3% and did not show 
any significant pattern (Fig. 2). The RR of contracting 
epidermal papiIIoma was at the same level during the 
whole period ofinvestigation but reveaIed broard confi­
dence levels due to the restricted number of infected 
specimens (Fig. 4). 
In Areas l and 2 femaies had a significantly higher risk 
of getting epidermal papiIIoma than males whiIe in Areas 

Table 4. Limanda limanda. Mean condition factor and age for unaffected and Iymphocystis, epidennaI papiIIoma and skin ulcer 
affected dab forthe 4 areas. (p-values in case ofsignificant difference (KruscaI-WaIlis)) 

Lymphoeystis' Area 1 Area2 Area3 Area4 

Condition factor Unaffected 0.9346 0.9692 0.9583 1.0214 

Lymphocystis 0.9432 0.9738 0.9590 1.0189 

(p<0.05) 

Age Unaffected 3.66 3.52 3.38 2.79 

Lymphocystis 4.19 4.17 4.12 3.42 

(p<O.OOOI) (p<O.OOOI) (p<O.OOOI) (p<0.0005) 

EpidermaI papiIloma 

. Condition factor Unaffected 0.9352 0.9693 0.9580 1.0213 

Epid.papiIIoma 0.9383 0.9815 0.9662 1.0296 

Age Unaffected 3.69 3.57 3.41 2.80 

Epid;papiIIoma 4.07 4.27 4.10 3.83 

(p:<0.000 1 ) (p<O.OOOI) (p<O.OOOI) (p<O.OOI) 

Skin Ideers 

Condition factor Unaffected 0.9356 0.9699 0.9589 1.0218 

Skin uIcer 0.9225 0.9520 0.8929 0.9835 

(p=0.0008) (p=0.0177) 

Age Unaffected 3.71 3.58 3.43 2.79 

Skin ulcer 4.18 4.18 4.00 3.28 

(p<O.OOOI) (p<O.OOOI) (p<O.OI) (p<0.0005) 
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Fig. 4. Limanda limanda. Relative risk of contraeting epidennal papilloma at the 4 areas presented with 95% confidence intervals 
(bar). Where bars do not encounter l (bold line) the figures are significantly different from the 1983 figures 

3 and 4 the disease was evenly distributed, aplong the 
sexes (Tab le 3). . 
In . general, epidennal papilloma-affected·· fish had a 
higher condition factor ihari imaffected fish" but the 
differencewas not statisticallysignificant (Tab le 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 ptev~ence of skin ulcers in Aiea 1 varied .from 0.5% 
as the lowest to 1.9% as the peak value with a mean level 
of approximately l % (Fig.2)~ It did not show any special 
trends. TheM did riot "diffei significantly" oefWeen the 
years relative to 1983 (Fig. 5), 
In Area 2, the prevalerice was around the same level as in 
Area 1, 0.5% to 1.6%, witha mean level just below 1% 
(Fig. 2).' The RR did not differ significantly compared to 
1983 (Fig. 5). 
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Area 3 reflected the prevalence observed in the Areas 1 
and 2 being within the range ofOA% to 2.2% with minor 
annual variations without any pattem.·The RRwas lower 

•. . relative to 1983 but did not aiffer significantIy during the 
period of investiglition. . 
In contrast to the previous 3 areas, skin ulcerati6ns 
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 ofO.2% to 0.7% in the period 1984 to 
1988 (Fig. 2). The prevalence increased to 4A% in 1989 
ahd 3.8% in: 1990 follow,ed by a 4ecrea~e.tq a levelof 
approximately 1% in the'period 1991 to 1993. The RR 
did not differ significantly relative to 1983 (Fig. 5). ' 
Fernale dåbhåd asigrtificantly increased risk at contrac­
ting skin ulcers in Areas 2 and 4 (1.9 and 2.2 times, 
respectively) while the risk was reduced in Area 1 and 3 
(Table 3). 
Skin ulcerations had a negative effect on the condition of 
theo fish. The difference in the conditi()n fact()J: for the 
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,ulcerated dab, was statistically significant from the 
unaffected fish in Areas 3 and 4 (Table 4). 
The mean age of ulcerated., dab differed signiijcantly 
from unaffected fish in all areas (Table 4). 

Correlations 
Diseases 

Theprevalence oflymphocystis and epidermal papilloma 
showed a positive but not statistically significant correla­
tion (0.49 < r < 0.56, 0.12 < P < 0.09) (Speannan 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 ofthe 
area fishedduring l hof trawl tow was 19,7,6 and 2 
dabper 1000 m2 in Areas 1,2,3 and 4, respectively. The 
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Table 5. Limanda limanda. The catch per unit effort (nolh) 
for the 4 areas investigated during the period 1983 to 1993 

Year 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

Mean 

Area 1 

226 

7327 

1403 

609 

,1007 

464 

5753 

,2903 

3326 

2370 

2539 

Area2 

379 

681 

917 

1334 
1132 
410 

1794 

1014 

1119 
987 

658 

948 

Area3 

987 

380 

242 

280 

1082 

1007 

1636 

531 

1283 

709 

814 

Area4 

139 
73 

164 

132 
·84 

160 

34 
145 

617 

704 

553 

255 
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stock density expressed as the catch per unit effort 
(number of dab per hr bf trawl time) showed marked 
annu~l variation (Table S) with Area l showing- the 
highest trend and Area 4 the lowest. The Speannruaruc 
correlation test did not show any statistically significant 
correlation between the stock density and the prevalence 
ofthe different diseases except for skin ulcers in Area 2 
wh~re a significant negativecorrelation was found (r =-
0.6207, p<O.OS). 

Diseases and condition faCtor 
A statistically significant correlation (Speannan rank 
corrc;llation test) between the prevalence ofthe different 
diseases and the mean condition factor (Table 6) was 
found for lymphocystis in Area 3 ( r= - 0.8788, p<O.OO l) 
and in Area 4 (r = - 0.6119, p<O.OS) and for epidermal 
papilloma in Area 3 (r = - 0.6S2S, p<O,OS). 

Table 6. Limanda limanda. -The mean condition factor for the 
4 areas investigated fortbe period i 983 to 1993-

Year Area 1 Area2 Area3 Area4 

1983 0.939 1.018 1.015 1.126 

1984 0.928 0.990 0;959- 0.990 

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 0;921 - 0.872 0.952 1.034 

1989 0.926 0:895 0~889 1:075 

1990 0.959 1.034 0.990 0.980 
: ',' 

1991 0.934 0.944 l.000 1.031 

1992 0.914 0.970 1.006 0.990 

1993 1.001 1.020 
_. - - .... _ .. -, ,. 

Diseases and oxygen cleflciency 
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 
leveFthe followmg year.-The SpeaiTIfan rank correlation 
test;did not reveal any clear correIation pattem 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 (mUl) (mean/mini-
mum) at the bottom in August for the 4 areas investigated 

during the period 198} to 1990 

Year Area 1 Area2 Area3 Area4 

1982 3.39/1.66 3.1512.14 2.9111.22 5.13/5.00 

1983 2.3411.39 2.47/0.43 3.44/1.13 4.95/3.88 

1984 3.88/3.41 3.8112.86 5.20/4.45 5.8115.31 

1985 5.54/5.00 5.43/4.44 5.6115.22 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 5.9115.59 5.44/4.87 

1988 5.24/4.77 5.4113.09 5.18/4.91 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, epidermaI 
papilloma and skin ulcers in dab in 4 different Areas in 
the eastem North Sea and the Skagerrak. The Areas l, 2 
-and 3 showed significant similarities in -the temporal 
disease pattem with peaks in 1985 and 1988 for lympho­
cystis and epidermal papilloma, although, based on 
different disease leveis. A similar pattem was not obser­
ved in Ar(laA, the Skagerrak, Skin ulcerations did not 
reveal anyekind oftemporal trends in any ofthe 4 areas. 
The highest prevalences for lymphocystis and epidermal 
papilloma were observed in Area l (German Bight) and 
in Area 2 (off the west eoast of Denmark) and for skin 
i.dcers in Area4 (Skagerrak). . . 
Similar temporal parallelisms between the diseases 
lymphocystis and epidermaI papilloma have been descri­
bed before fr()mtheGel1llan Bight aIldthe Dogger Bank 
(Dethlefsen 1990) and from the Kattegat (Mellergaarcl& 

. Nielsen 1995) whete statistically significant correlation 
was fomid between the 2 diseases. Inthe present study, 
these diseases were also found positively correlated in 
the Areas l, 2 and 3 but thiscorrelation wasnot statisti­
cally significant. . 
The westemmost 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 l, 2 and 3 -were hit by oxygen depletion (Dethlef­
sen & Westemhagen 1983). It is likely that oxygen 
deficiency may be bne ofthe provoking factors for ·fish 
diseases in these areas. The hypothesis that oxygen 
depletion might be involved as a stress factor in the 
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outbreak of Iymphocystis and epidermal papiIIoma in the 
eastem North Sea was put forward by MeIIergaard & 
Nielsen (1987), whose observations confIrmed that in the 
Kattegat, oxygen defIciency was an important factor in 
provoking the outbreak ofthese diseases (MeIIergaard & 
Nielsen 1995). DethIefsen (1990}found that low oxygen 
levels may be one ofthe stress factors contributing to the 
outbreak of Iymphocystis and epidermal papiIIoma in the 
German Bight. It has not been possibie to establish 
significant correlations between Iymphocystis and 
epidermal papiIIoma in the present material as demon­
strated for the Kattegat (MeIIergaard & Nielsen 1995) 
probably due to the Jack of baseline prevalence for the 
areas (i.e. before the oxygen defIciency occurred). 
However, comparing the development ofthe prevalence 
pattem oflymphocystis and epidermal papiIIoma in the 
period 1983 to 1987 for the Areas 1 to 3 with the obser­
vations from the Kattegat (MeIIergaard & Nielsen 1995) 
thereare evident similarities that may. suggest that 
oxygen deficiency may be involved in the disease 
outbreak . 

. The. signifIcant increase in the relative risk of contracting 
bothlympho·cystis and epidermal papiIIoma observed in 
.1988 can neither be. explained by oxygen deficiency nor 
by significant changes in the water temperature. Further­
more, it is· unlikely that changesin virulence of the 
infectious agents ofboth diseases should takeplace at the 
same time. However, there must have been one factor or 

. another to have increased the dab' susceptibiIity to these 
two viral diseases in the eastem part of the North Sea. 
The Pllenomenon seemed to be locaIized to thisarea, as 
Dethlt,fsen (1990) demonstrated an increase in the 
pre"alence in 1988 of Iymphocystis and epidermal 
papiUoma in the German Bight but not in the Dogger 

.. Bimkarea, whiIe our data fromthe Skagerrak (Area 4) 
simiIary did notreveal signifIcantchanges in the disease 
rates that particular year. 
For Area 1 (German Bight) the dumping ofwaste from 
titanium dioxide production may be an additional factor 
to be considered, which might elevate the prevalence of 
Iymphocystis and epidermal papiIIoma. Larsson et al. 
(1980) showed that titanium dioxide industrial effluent 
caused significant disturbances in the electrolyte balance, 
in carbohydrate metaboIism and changes in the blood 
parameters offlounder (Platichthysflesus). Such changes 

. may be· stressful and lead to increased susceptibiIity to 
diseases. Dethlefsen et al. (1987) demonstrated elevated 
rates of Iymphocystis and epidermal papiIIoma in the 
dumping areas within the· German Bight and simiIar 
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 simiIar temporal fluctuations as 
observed for Iymphocystis and epidermal papiIIoma. 
SimiIar observationswere made in the Kattegat (MeIIer­
gaard & Nielsen 1995) where the relative risks of con­
tracting both Iymphocystis and epidermal papiIIoma were 
affected by oxygen defIciency whiIe skin uIcerations 
seerned unaffected. 
In Area 4· (Skagerrak) the 3 diseases investigated did not 
display simiIar temporal variations in the prevalence as 
observed in Areas 1, 2 and 3. The signifIcant increase in 
the relative risk of contracting Iymphocystis in 1990 
might be due toaccidental occurrence. The increase in 
the prevalence of skin uIcers in 1989 and 1990 might be 
due to increasedfishingintensity in the area as a part of 
the fishing fleet operating in the Kattegat area tumed to 
the Skagerrak because the environmental conditions had 
caused serious reduction in the abundance of fIsh species 
of commercial 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 possibie to estabIish any clear correlation between the 
prevalence. of the diseases and the stock. density except 
for skin ulcers in Area 2 :whichwere foundsignificantly 
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 
possibie 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 leveis. 
Lymphocystis was found to be signifIcantly negatively 
correlated to the mean condition factor of the dab in 
Areas 3 and 4 and simiIarly for ep·idermal papiIIoma 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 Iymphocystis, epidermal papiIIoma and skin 
ulcers. was observedat different locations along the 
German and Danish coastal waters (MoIler 1981) and for 
lymphocystis in the German Bight (Vethaak et al. 1992). 
In general, the condition factor for Iymphocystis- and 
epidermal papiIIoma-affected fish was higher than for the 
unaffected but this difference was only significant for 
Iy~phocystis in Area 1. In contrast, skin uIcerations 
shoyved a negative . effect .on the fIsh reflected in a 
decreased condition factor compared to the unaffected 
fish. The difference in the condition factor between 
uIcerated 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 epitheliallining. 
Lymphocystis was found evenly distTibuted among males 

_:aIld femaies except in Area' 3where ·fell!~e~ had a 
'significantly Teduced risk of contractingthedisease 
compared to måles. Mellergaard & Nielsen (1995) found 
an even relative risk for both sexes ih the Kattegat. The 
observation in Area 3 may be a coincidence. 
Epide.nnaJ papillorna revealerl a signifidmt inc'rease in 
the relative risk for femaies in Areas l arid 2. Although 

, the relative risk was increased for the femaIes . no statisti­
cai difference waS observed in Areas 3 arid 4. Asimilar 

. ' pattem has' been observed in the Kattegat (Mellergruird & 
Nielsen 1995) and in the German Bigllt (Dethlefsen et al. 
1987). Thereisno obvious' reaSons 'that femaies should 

"bemOre'SllSCeptibkf6 epiderma:l'papilloma thful måles. 
. Atthetime ofyear when the present investigations took 

... place, the fish -werein the post-spawning period where 
their condition often are poor and this might expla:in the 
difference. However, in that case one should also' expect 
anelevated risk ofcontfacnngJymphocystis, which was 
not observed. 
The relative risk of contrading skin ulcerationswas 
found sigrtificantly increased only for ferriales' in Areas 
2 and 4 while slightly:reduced in 'the other areas. In the 
Kattegat regionfemaledab had asignificantly higher risk 
than males of getting skin ulcers (Mellergaard' & Nielsen 
1995) .. ,' Many· of the skin' ulcersobserved dUrlngthis 
stlidy looked like skiri abraSioils iridicating that theymay 
origmate·fromtraumatiC skiri daInage probably caused 

.' byfishmggear. MostulCerated flsh were within the 
'leil'gtlf ra:iige" T8-23' 'cm 'å'sizeWhich'enablessome of 
them to' escape therietfueshes'Of cofurriercial traWls or 
they' mighfhlwebeeildiscarded ifcaught. Fishery 
induced skirimjurieshave beeri' shdwn correlated with 
the :leilgth ofthefish' (LiideiriartnI993). in gerieral, 
femål6 dah arelongerthari males and thismay explain 
the'higIi~r -riSkooserVed fof feIIial~s iil' Areal· and 4. 
There is: no obvious expliuiation onwhy femaleshad a 
'r~duced riskiri thi:: othetareaS~ .. : '. 

. TIle tnean age' ()f diseåsed fishwas' significantly higher 
compared to unaffeded fish' for all 3 diseases . exainined 
indicating that it is nUlinly older'fish that become disea­
sed: . 

'. The present study demonstratedrharked geographical 
differences in the msease levelsindab. Areæi'such as the 
Gemlan Bightand the west cOaSt of Denmaik having 
suffere-d -from'oxygeri'deficiencY-'sliowed"sigfiificantlY 

····higher pretralence of-lymphocystisandepidermal papil­
lorna coirip~edto an UiJ.a:ffecled area likethe SkageITak. 
Although~ environmentalstress often has a multifactorial 
background, the impact ofoxygen depletion has probably 
been'rinderestifuated (Sindermann' 1984). Therefore, 

there is arisk that the increased eutrophication of estuan­
ne andcoastal waters may be the most important danger 
to the health status of wi~!is.!Ipopulations. 
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