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ABSTRACT: As part of a survey on population dynamics and ecology of fishes in the Elbe River,
seasonal and regional fluctuations of external fish diseases were studied from the open North Sea to
Hamburg in 1981-1982. Clinical signs of 11 different diseases, several of them not being recorded
before, were noted in 22 fish species. Averaged over all samples, the total disease prevalence was
below 1 % in 16 species. Highest prevalences were found in smelt (12.7 %), eel (8.2 %)}, and
flounder {5.5 %}. The frequency of most diseases increased in larger {older} fish. High prevalences
of skeletal abnormalities in cod could be related to abnormal migration habits of diseased fish,
Spawning papillomatosis, skin ulceration, and fin rot in smelt occurred predominantly during the
spawning season. Most diseases observed occurred at relatively high prevalences in the central
Elbe estuary between Cuxhaven and Brunsbiittel. This is most obvious for lymphocystis, fin rot, skin
ulceration, and bleaching syndrome in flounder, but such a tendency also seems to occur in
cauliflower disease of eel, as well as spawning papillomatosis and pharyngeal granuloma in smelt.
This area is less heavily polluted and less frequently affected by oxygen deficiency than the area
upstream of Gliickstadt, where diseases in general occurred at lower frequencies. Therefore, it is
concluded that neither pollution nor lack of oxygen are the main triggers for the outbreak of
diseases in Elbe fish. It is supposed that large tidal fluctuations of salinity are a major stress factor
for fish in the estuary between Cuxhaven and Brunsbiittel. Flounder from this area usually are in a
relatively bad nutritional state. Their condition factor increases significantly towards Hamburg,
while their disease prevalence decreases in the same direction.

INTRODUCTION

The Elbe is one of the largest rivers in Europe (1144 km). Intensive stream regulation
started in 1840 making it a major inland shipping route. Together with increasing
sewage introduction this led to severe conflicts with the use of the river as a source of
drinking water and as a fishing area, as reviewed by Riedel-Lorje & Gaumert (1982}.

Complaints of fishermen about decreasing catches have been well documented for
more than a hundred years and were accompanied by an intensive reduction of fishing
activities during the present century. Wilkens & Kéhler (1977) and Kohler & Holzel
(1980) have described a retraction of the main fish species of the lower Elbe River since
1950 towards the estuary and attributed this to the effects of increasing channelization
and pollution. Méller & Miiller (1984), on the other hand, found no general decrease in
the population density of the main fish species when comparing catches per unit effort
from fisheries in 1894 and 1982. However, sale of the main market species — the eel —is
practically forbidden, since very high residues of mercury and various chlorinated
hydrocarbons have been discovered in its fillets {(Kriiger & Kruse, 1982; Kruse et al,,
1983).
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Early information on diseases of Elbe fish is scarce. Nieschulz (1921) and Schnaken-
beck (1927) described lymphocystis as a well-known and frequently occurring disease of
flounder in the Elbe estuary. Cauliflower disease of eel was the main subject of the
studies of Liihmann & Mann (1957), Koops & Mann (1969}, and G. Peters (1975, 1977).
Several authors have pointed out a possible association between high rates of abnor-
malities and diseases in Elbe fish and high pollution levels. Wunder (1971) discussed
this problem in respect to skeletal abnormalities of cod, N. Peters (1981a, b) in respect to
gill hyperplasia of flounder and cauliflower disease of eel, and Kohler & Hélzel (1980},
when describing pathological findings of internal organs from smelt and flounder.

During the last 10 yr, fish diseases have been used in pollution effects monitoring
(Stich et al., 1977; Sindermann, 1979; Christensen, 1980; N. Peters, 1981a}. The evidence
for “‘pollution-associated’” fish diseases, however, for many cases is controversial (Mol-
ler, 1984). Certain misinterpretations have been made, due to the fact that the level of
disease prevalences is dependent upon a variety of mostly unknown factors, environ-
mental as well as stock-specific. Therefore, a statistical correlation between increasing
pollution levels and increasing disease frequencies is not sufficient proof for a causal
correlation (Moller & Anders, 1983).

The lower Elbe River is an ideal area for studying this problem. It is reputed for its
high pollution levels and well-known for its abundance of fish. Its hydrography and
pollution levels have been surveyed intensively by the “Arbeitsgemeinschaft fiir die
Reinhaltung der Elbe"” since 1978 (ARGE Elbe, 1980, 1982, 1983). However, only few
quantitative data on the occurrence of fish diseases have become available until now.

This paper presents results from the first multi-species survey on fish diseases from
the Elbe River and a critical discussion of their correlation to environmental conditions.
The present survey was part of a comprehensive study of the biology of Elbe fish,
including their species composition, population dynamics, migration habits, parasita-
tion, body condition, food habits, and heavy metal loads {(Miiller, 1982; Anders, 1983;
Fiedler, 1983; Mieth, 1983; Moller, 1983a, b; Wichowski, 1983; Moller & Miiller, 1984).

MATERIAL AND METHODS

Area investigated

The fish were sampled by commercial shrimp trawls from September 1981 to
September 1982 at Stations 1 to 8, by a young-fish-bottom-trawl from September 1981 to
October 1982 at Stations 9 to 17, and by a commercial anchor net from December 1981 to
November 1982 at Stations 22 to 33. Altogether on 102 days of fishing, 319 samples and
more than 150,000 individuals were examined. The area of investigation was divided
into 8 regions according to Figure 1. Region I is characterized by a marine fish fauna.
The occurrence of freshwater species usually is restricted to Regions IV to VIII. Monthly
samples were taken at each station except in January, when all, and in December, when
13 stations had to be ommitted due to ice conditions.

Salinity fluctuated considerably during the survey. The freshwater area was limited
downstream to Station 11 in summer and extended to Station 6 during winter (Fig. 2). At
Station 1 salinity varied between 16 and > 30 %..
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Water depth was between 5 and 10 m, except at Station 17, where it did not exceed
1.5 m. Stations 17 and 31 were located near the mouths of tributary rivers, Station 24
near the nuclear power plant of Brunsbiittel, Station 15 near the nuclear power plant of
Stade, and Station 29 near the waste water outlet of the industrial area Biitzfleth. The
uppermost Station 33 was in the vicinity of the sewage outlet of the city of Hamburg.
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Fig. 1. Station map of fish survey in the lower Elbe River (1981-1982) and location of Regions I to
Vil

Fish examination

Fish were examined macroscopically for externally visible disease signs and abnor-
malities immediately after capture, except under very stormy conditions, when work was
done in the harbour with a delay of up to 3 h. Night samples from Stations 22 to 33 were
stored in water tanks and examined in daylight.

Fish were measured on board ship to the cm below total length. In order to
determine condition factors, fish were preserved for at least 2 weeks in 8 % formal-
dehyde, measured to the mm below tfotal length and weighed to an accuracy of 0.01 g
after removal of the organs of the body cavity.

All diseases observed during this survey, their probable sources, pathogenicity, and
distribution within the Northeast Atlantic Ocean have been described recently (Mdéller &
Anders, 1983). The only exception is the '‘bleaching syndrome" of flounder and plaice.
Typical signs of this disease include destruction of the mucous layer and of the coloration
of the skin, leading to a pale appearance, and progressive fin rot. Diseased fish look as if
they had been dead for 2 days; they die rapidly after capture.

Three groups of skeletal deformities have been treated separately: (1) Deformities of
the opercula, leading to partial exposure of the gills; (2) deformities of the lower jaw,
probably due to damage by hook or net; (3) bull-head and deformities of the spine,
including shortening, lordosis, and scoliosis.

Eels were examined for cauliflower disease on head and fins, flatfish for lymphocys-
tis on skin but not on gills. All fish were inspected for papillomas on the skin. The
frequency of spawning papillomatosis in smelt might be underestimated, as some of the
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Fig. 2. Monthly and regional fluctuations in salinity (%0} in 0.5 to 1.0 m water depth, lower Elbe
River (1981-1982) calculated from conductivity at low tide. Circles and stream-kilometers indicate
the position of the 8 % mark (basic data provided by ARGE Elbe}



Dynamics of fish diseases 393

papillomas dropped off easily. A similar observation was made for cauliflower tumors of
eel in autumn.

Cod, whiting and smelt were examined for tumors in the gill cavity, smelt addition-
ally for tumors in the mouth cavity. Tumor-like growths in the gill chamber of gadoids,
obviously due to previous infestation by Lernaeocera branchialis, were not taken into
consideration.

All fish were examined for skin ulceration, fin rot, and eye damage. The occurrence
of 2 different diseases in one fish led to a non-significant overestimation of the total
disease prevalence in smelt and flounder, as each disease entered a different statistic.
Fin rot was not counted in flatfish with bleaching syndrome, as destruction of fin tissue is
one of the characteristic clinical signs of the syndrome.

Treatment of data

In Table 1, the prevalences of 11 different diseases in 22 fish species are listed
{averages of all samples). The data give only a rough impression of the disease situation,
as neither regional nor seasonal fluctuations or length correlations are considered. In
order to reduce the impact of fish length on the data, 0-group fish were excluded from the
calculations by excluding individuals smaller than 12 ¢cm. For species that had been
counted but not measured, all specimens of > 4 cm length were considered. As adult
Alosa fallax had been caught in very small numbers, data in Table 1 refer to 0-group
shad (3-12 c¢m) only.

Diseases that occurred at prevalences above 0.5 % in single fish species were tested
for length correlations. A correlation was determined to exist, if its statistical signifi-
cance exceeded 95 %. For each set of diseases, prevalence/fish length data, linear and
exponential regressions were calculated. The curve form with the highest correlation
coefficient was chosen for further calculations. In cases where correlations were found,
disease rates of every cm-group were recalculated according to the statistical relation
(for example see Table 2).

To make disease prevalences of different length groups comparable in order to
establish regional differences, the data were length-adjusted as described in detail by
Moller & Anders (1983). The percentages of diseased fish of every cm-group were related
to the value of the average length group. The length correlation factor for this group was
defined as 1, being > 1 in cm-groups with lower disease prevalences than in the average
group,and < 1 in cm-groups with higher disease prevalences than in the average cm-
group. For further calculations, the number of diseased fish per length group (i) was
multiplied by the length-specific correction factor (c;). The percentage of diseased fish
was then calculated as X ¢; X (n diseased fish per length group i)/n fish examined.
Length groups in which the disease did not occur were excluded from these calculations.

RESULTS

Smelt (Osmerus eperlanus)

Smelt are found all over the lower Elbe River. Adult fish aggregate in the estuary in
January and February and start their spawning migration upstream in early spring. In
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Table 1. Percentages of diseased Elbe fish sampled between the Isle of Scharhérn and Hamburg from September 1981 until November 1982.

n.d. = not determined
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Osmerus eperlanus 124+ 29,033 127 0.2 1.5 1.1 0 0 0.8 8.8 0.1 0.2 0.1 0
Anguilla anguilla 12+ 8024 92 <01 <01 0 9.1 0 0 nd. <01 <0.1 0 0
Platichthys flesus 12+ 14,364 55 0.1 <01 <01 0 2.1 0 n.d. 1.4 0.6 0 1.3
Pleuronectes platessa 12+ 3,102 25 <01 0 0 0 < 0.1 0 n.d. 1.5 0.7 0 0.3
Gadus morhua 12+ 5,018 1.3 11 0.1 0 0 0 0 0 0 0.1 0.1 0
Merlangius merlangus 12+ 273 11 0 0 0 0 0 0 0 0 1.1 0 0
Abramis brama 12+ 734 09 0.1 0.4 0 0 0 0 n.d. 0.1 0.3 0 0
Acerina cernua 12+ 220 0.9 0.9 0 0 0 0 0 n.d. 0 0 0 0
Rutilus rutilus 12+ 326 06 0.3 0 0 0 0 0 nd. 0.3 0 0 0
Limanda limanda 12+ 285 0.4 0 0 0 0 0.4 0 n.d. 0 0 0 0
Solea solea 12+ 903 03 0 0 0 0 0 0 nd. 0.3 0 0 0
Zoarces viviparus 12+ 776 0.1 0.1 0 0 0 0 0 n.d. 0 0 0 0
Lampetra fluviatilis 12+ 257 0O 0 0 0 0 0 0 n.d. 0 0 0 0
Taurulus bubalis 5+ 939 0.2 0 0 0 0 0 0 n.d. 0.2 0 0 0
Clupea harengus 5+ 4,848 <01 <0.1 0 <0.1 0 0 0 n.d. 0 0 0 0
Callionymus lyra 5+ 124 0 0 0 0 0 0 0 n.d. 0 0 0 0
Liparis sp. 5+ 384 O 0 0 0 0 0 0 n.d. 0 0 0 0
Agonus cataphractus 5+ 1,909 0 0 0 0 0 0 0 n.d. 0 0 0 0
Sprattus sprattus 5+ 826 O 0 0 0 0 0 0 n.d. 0 0 0 0
Blicca bjorkna 5+ 258 0 0 0 0 0 0 0 n.d. 0 0 0 0
Gasterosteus aculeatus 3+ 9,585 01 <01 <01 <04 0 0 0 n.d. 0 0 0 0
Alosa fallax 3-12 1,485 0.6 0.5 0 01 0 0 0 n.d. 0 0 0 0
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1982, the first 0-group smelt appeared in June, spreading out over the freshwater region
by the end of the year (Moller, 1983a).

Smelt was the species with the largest variety of disease signs as well as the highest
total disease prevalence (Table 1). Pharyngeal granuloma occurring predominantly on
jaws, palate, and inside the opercula, were found in 8.8 % of fish > 11 cm. There was a
clear linear relation between disease prevalence and fish length. Approximately 20 % of
smelt > 21 cm carried the disease symptoms (Table 2). The smallest diseased fish
measured 9 cm. Monthly disease prevalences increased by a factor of 2.3 from May to
September 1982 and were lowest in October 1981 (Table 3}. On average during the
period of investigation, the percentage of diseased fish decreased from the estuarine
Regions II + III towards Regions VII + VIII (Hamburg harbour) from 6.8 to 5.0 %
(Table 4).

Spawning papillomatosis was observed exclusively in adult smelt > 11 cm and only
during the spawning period from February to May. The maximum value of 5.5 % for
16 cm long fish was reached in April 1982 (Table 3). As in pharyngeal granuloma the
highest prevalence of this disease was found in Regions II + IIL

Externally visible skeletal abnormalities occurred in 2.8 % of adult smelt (Table 1).
A correlation between disease prevalence and fish length could be established only for
deformities of the opercula (Table 2). Higher percentages of deformities were observed
in the freshwater area in comparison with estuarine regions (Table 4). No seasonality
was evident for the occurrence of deformities of lower jaws and opercula (Table 3).

No regional differences in the prevalences of skin ulceration and fin rot were
observed; both occurred in 0.1 % of adult smelt. Highest values were present during the
spawning season (Table 3).

Eel (Anguijlla anguillaj

Eels were caught in high numbers at most stations upstream of Cuxhaven. Based on
the average of all samples and length groups, skeletal anomalies, jaw deformities, skin
ulceration (= red pest, Vibrio disease}, and fin rot occurred at prevalences below 0.1 %.
Cauliflower disease was found in 9.1 % of all eel examined (Table 1).

Its abundance is related to season as well as to fish length. During the catch season
1982, stock eel was affected on average at a rate of 10.0 % and marketableeel at 4.1 %
(Table 5, values < 30 n excluded). The highest monthly disease prevalence of market-
able eel was 10.1 % in July, dropping considerably during the following months. For
stock eel, values near 15 % were observed from August to October (Fig. 3). The length
group most frequently affected was 21 to 25 cm. Disease prevalences were less than half
this value in eel smaller than 16 cm and larger than 30 cm (Table 6).

For regional comparisons, the data were length-adjusted according to the correction
factors given in Table 6 and related to the 21 to 25 cm group. During June and July
highest disease prevalences were found in Region I, the outer estuary (Table 7).
Unfortunately, there are no sufficient data from the following months. Values above
30 % were present in eel from Region IIl in September and October. This was also the
region with the highest average disease prevalence (14.2 %} from May to September. It
was 21 % above the average value of Regions II to VIL
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Fig. 3. Monthly fluctuations in the abundance of cauliflower disease in stock eel and marketable eel
from the lower Elbe River (Stations 1 to 33) and the Oste River (May only)

Flounder (Platichthys flesus)

Young-of-the-year flounders in 1982 entered the Elbe in June, remaining in the
freshwater region for their first year of life. One-year-old flounders were caught all over
the area of investigation, their migration being influenced mainly by ice conditions
during winter and lack of oxygen in late summer. Adult flounders were found in large
numbers in the estuarine Regions II + III as well as in the Miihlenberger Loch (Sta-
tion 17) near Hamburg (Méller, 1983a).

Lymphocystis, bleaching syndrome, skin ulceration, and fin rot were the main
contributors to a total disease prevalence of 5.5 % on average of all stations in fish
> 11 cm (Table 1). Length correlations of disease frequencies were studied in fish from
Stations 5 to 8 caught between September 1981 and September 1982. Except for fin rot,
significant correlations were found for all diseases, following a linear regression for skin
ulceration and bleaching syndrome and an exponential regression for lymphocystis
(Fig. 4). Smallest diseased fish measured 6 cm for skin ulceration, 8 cm for finrot, 9 cm
for bleaching syndrome, and 12 cm for lymphocystis.

After separation of the age groups according to the length frequency distribution
(Mbéller, 1983a), the development of diseases in one age group could be followed for a
period of 12 months. Prevalence of skin ulceration, lymphocystis, and fin rot decreased
from November 1981 until April 1982, but increased again during the following months
{Table 8).

Data were compiled for regional comparisons of disease prevalences from Sep-
tember 1981 until September 1982 at Stations 1 to 17. Only fish of 12 to 25 ¢cm length
were included, as smaller fish were not or only seldomly affected and as larger fish
occurred only in relatively low numbers. Data in Figure 5 and Table 4 refer to flounders
of 18 cm length. For all diseases examined, the highest percentages were observed in
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Table 6. Relation between fish length and tumor frequency in eel from Elbe River. Data from June to
September 1982 and from Stations 22 to 33

Length Number Diseased Relativity Length
(cm) examined (%) of disease correction
prevalence {%) factor ¢;
11-15 182 6.6 46 2.2
16 124 8.1
17 141 10.6
18 205 1,040 11.7 11.5 80 1.2
19 275 12.7
20 295 12.2
21 274 16.4
22 239 134
23 233 ) 1,186 16.3 ) 144 100 1
24 206 15.5
25 234 10.3
26 197 11.2
27 171 8.8
28 140 752 93 ) 10.8 75 1.3
29 117 12.8
30 127 12.6
31 108 7.4
32 102 5.9
33 62 392 6.6 46 2.2
34 57
35 63
36-40 188 5.8 41 2.4
306 { 52 { 36 { 2.8 {
41-70 118 4.2 29 3.4

Region II with total values between 7 and 12 % on Stations 5, 6, and 7. Disease
prevalences dropped towards the open North Sea below 1 % for single diseases. Lowest
percentages were found in the freshwater area. At Stations 14 to 17, between Stade and
Hamburg, only 3 out of 812 flounders were diseased. The total value in Regions V to VII
(Gliickstadt to Hamburg) was 0.5 % on the average. No flounder with bleaching
syndrome was caught upstream of Brunsbiittel.

The presentation of average values masks the fact that occasionally very high
disease prevalences can be found. In September 1981, 19 % out of 155 and in October
1981, 27 % out of 145 flounders caught at Station 6 suffered from bleaching syndrome.
Additionally 6 %, and 8 % respectively, carried symptoms of other diseases. In
November at the same station values were 9 % for skin ulceration, 13 % for lymphocys-
tis, and 3 % for fin rot (No. = 106).

Seasonal fluctuations of disease prevalences were not as evident as those from other
areas. Lymphocystis was most frequently encountered during the spawning season. The
maximum value was 3.6 % for 18 cm long fish from Regions II + HI in February (Fig. 6).
Fin rot was most abundant during early summer. The 2 highest percentages of skin
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Table 8. Development of disease prevalences in one age group of Elbe flounder from Region Il over

1 year
Month Number Length Disease prevalence (%)
examined (cm) Skin ulcers Lymphocystis Fin rot
Oct 1981 503 5-13 0.4 0 0
Nov 976 5-14 0.7 0.2 0.1
Feb 1982 985 5-13 0.3 0.1 0
Mar 668 5-13 0.1 0 0
Apr 107 5-15 0 0 0
May 1,193 6-15 0.5 0.1 1.5
Jun 443 7-16 1.1 0.2 0.7
Jul 479 9-18 1.9 0.8 1.0
Aug 802 11-21 0.6 0.5 0
Sep 1,076 11-21 1.1 1.0 1.3
0 .
%o lymphocystis % fin rot
15
9 E
= -0261 + 0237 ¢ .
V= Ov035~90228)< 10 1 3_0237 X
6 =0
r=0939 "
3 054 ¢ " * .
— . - Cm
5 10 15 20 25 S 10 15 20 25 cm
" %  bleachi 3
4 €aching  gyndrome
3 34
y= -1786 +0.218 x
r= 0810
21 2
1 1 .
. , —— CM . cm
5 10 15 20 25 5 10 15 20 25

Fig. 4. Relation between average length and disease in flounder from the Elbe estuary (Regions
II + 1II), September 1981 to September 1982

ulceration as well as of bleaching syndrome were found in October 1981. Lymphocystis
and skin ulceration were present all year round. Changes in their abundances from one
month to the next did not exceed the factor 3. Very remarkable short-term fluctuations
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Fig. 5. Regional differences in average disease prevalences of 18 cm long flounder, September 1981
to September 1982. Open circles: lymphocystis; filled circles: skin ulceration; open squares:
bleaching syndrome; filled squares: fin rot; solid line: total disease prevalence
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Fig. 6. Monthly fluctuations of disease prevalences in flounder, 18 cm in length, in the Elbe estuary

(Regions IT + II). Striped bars: skin ulceration; dotted bars: lymphocystis; black bars: fin rot; white
bars: bleaching syndrome




Dynamics of fish diseases 405

were evident in fin rot and bleaching syndrome. For both diseases the maximum
percentages were reached from a zero level within one or two months (Fig. 6).

Cod (Gadus morhua)

Within the Elbe estuary, cod migrate upstream to Brunsbiittel (Fig. 1). Skin ulcera-
tion, fin rot, and eye damage were observed in 0.1 % or less of the total samples
{Table 1). No pseudobranchial tumors were present. Heavy infestation of young cod with
Lernaeocera branchialis resulted in reduction of storage fat, and, frequently, in obvious
emaciation of the host fish (Miiller, 1983).

Various forms of skeletal deformities (shortage and curvature of the spine, bull-
head) were found in 0.7 % of 7,752 cod examined (Mbller, 1983b). Striking seasonal
fluctuations in the disease prevalence are evident from Table 9. In June and July about
50 % of the cod were affected, while the values were between 0.4 and 1.4 % during the
rest of the year. These differences were apparently due to abnormal migration habits of
deformed fish. Healthy cod usually leave the estuary in summer when water temperature
rises, and return in autumn, as indicated by the following. The average catch per unit
effort was 270.9 from September to May, but only 1.5 from June to August; the
comparative figures for deformed fish were 1.8 and 1.3, suggesting that the majority of
them stay in the estuary the whole year round.

Other fish species

Among other marine species the total disease prevalence exceeded 1 % only in cod
and whiting. Out of 273 individuals, 3 whiting were found to suffer from fin rot in April
1982. No external disease signs were observed in Callionymus lyra, Liparis sp., Agonus
cataphractus, and Sprattus sprattus. Among 285 dab Limanda limanda > 11 cm, only 1
diseased individual was found with small lymphocystis nodules. Skin ulceration was the
only disease sign in Solea solea and Taurulus bubalis. Skeletal deformities were
observed in 0.1 % or less of Zoarces viviparus and Clupea harengus (Table 1).

Table 9. Prevalence of skeletal deformities in cod {7 to 20 cm) from Stations 1 to 4 in the Elbe estuary
(unit haul = 1 h of fishing with two 11-m-shrimp trawls)

Month Healthy fish Deformed fish Percentage
per unit haul per unit haul of deformities
Sep 1981 621.9 2.2 0.4
Oct 422.5 1.6 0.4
Nov 400.7 1.5 0.4
Dec 206.5 1.4 0.7
Feb 1982 170.5 2.5 1.4
Mar 196.8 1.5 0.8
Apr 2119 2.6 1.2
May 166.0 2.0 1.2
Jun 3.1 2.8 47.5
Jul 0.6 0.7 53.8
Aug 0.8 0.3 27.3
Sep 41.7 0.5 1.2
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Except for smelt, eel, and flounder, in no other freshwater or euryhaline fish species
was the total disease prevalence above 1 %. Skeletal deformities were observed in
Abramis brama, Acerina cernua, Rutilus rutilus, Gasterosteus aculeatus, and in 0-group
Alosa fallax; skin ulceration only in Abramis brama and Rutilus rutilus. All Lampetra
fluviatilis and Blicca bjorkna were disease-free.

DISCUSSION

During the survey in 1981-1982 and during a previous pilot survey (Mbller, 1981a}
in the lower Elbe River, 3 "new’ fish diseases were found: bleaching syndrome,
spawning papillomatosis, and pharyngeal granuloma. At least the first 2 have been well-
known to local fishermen for many years. Additional abnormalities are the petechial
bleeding in the adipose fin of smelt and in the gill lamellae of various species, a
cauliflower-like tumor on the tip of the jaw and tumor-like growth in the adipose fin of
smelt (Msller, 1981b). The recent discovery of these frequently occurring and easily
recognizable diseases shows that only few systematic studies on the health status of Elbe
fish had been carried out before. A similar statement can be made for the population
dynamics of fish stocks in the area. On the other hand, public media willingly accept the
hypothesis that the occurrence of fish diseases in the Elbe estuary is a result of the
relatively high pollution load of the river. A critical review is necessary.

The most spectacular fish disease in the area is the cauliflower tumor of eel. Its
source is still unknown. Most probably it is of viral etiology {Méller & Anders, 1983).
Fishery biologists reported this tumor in 1953 for the first time in Elbe eel and noted that
it had occurred only very rarely during previous decades, according to information from
local fishermen (Lithmann & Mann, 1957; Mann, 1962).

Koops & Mann {1969) described an increasing prevalence of cauliflower disease rate
from 5.6 % in 1957-1959 to 11.9 % in 1967. These data should be regarded with some
caution, as the authors were neither able to demonstrate the well established seasonal
fluctuations of the disease frequency nor its correlation with host length, G. Peters (1975,
1977) continued the survey. The values for the catch seasons 1971-1974 in Table 10 were
calculated from her data. N. Peters {1981a, b} and N. & G. Peters (1983) described an
increase of the prevalence from “up to 6 % in 1955, up to 11 % in 1965 (and 1967) and up
to 28 % in the period 1970-1975". However, they did not cite a report on a very high
prevalence in the fifties (19 % in July 1957; Mann, 1962) and compared average values
from the whole catch seasons in 1965 and 1967 (Koops & Mann, 1969) with the value of
one single sample in 1971 (28 % in August, No. examined = 100, G. Peters, 1977).
Prevalences from the sixties are underestimated, as fishermen had rejected an unknown
quantity of diseased eel before examination by scientists (Koops & Mann, 1969}. It
remains unclear, to what extent the differences in length of fish examined influenced
these data. All authors cited above inspected stock eel of 12 or 15 to 35 cm length. Within
this size group the relative disease frequency varies between 100 and 46, if 5-cm groups
are taken into consideration (Table 6). According to Table 10, there has been no increase
in disease prevalence since the mid-fifties.

The interpretation of regional fluctuations of cauliflower disease prevalences is
restricted here to data from Regions II to VIII and May to September (Table 4), due to
insufficient data from other months and from Region I (Table 7). The average prevalence
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Table 10. Occurrence of cauliflower disease in eel from the Elbe River 1953-1982. (Data from Peters
[1975, 1977] are calculated as averages of the catch season, based on monthly average values)

Year Number Disease Time of Source
examined prevalence in % investigation

1953-57 ? <10 summer Mann {1962}

1956 ? 6.8 summer ? Lithmann & Mann (1857}

1957 280 19 Jul Mann (1962)

195759 3,416 5.6 Apr-Nov Koops & Mann (1969)

1960-63 596 8.0 Apr—Nov Koops & Mann {1969}

196465 1.070 11.1 Apr—Nov Koops & Mann {1969)

1967 1,432 11.9 Apr-Nov Koops & Mann (1969)

1971 1,200 14.8 Apr-Oct Peters (1975)

1972 900 8.8 Apr—Oct Peters (1975)

1973 1,200 9.8 Apr—Nov Peters (1975)

1974 1,400 9.5 Apr—-Oct Peters (1977)

1980 204 5.9 Jul Moller (1981a)

1982 7,046 stock eel: Apr—Nov Moller & Anders (1983)
10.0

1982 759 marketable eel: Apr—Nov Msller & Anders {1983}

4.1

gradually increases from 9.8 % in Regions VII + VIII to 14.2 % in Region III and
decreases to 12.3 % in Region II. However, according to the data available it cannot be
excluded that this finding is accidental. These regional distribution patterns could be
correlated neither with population density, as indicated by Hussein & Mills (1982) for
eels from Tweed River tributaries, nor with condition factors of eel.

Elbe flounder have recently become the subject of several studies in pathology.
Kohler & Holzel (1980) described desquamation defects of the intestinal mucosa and
lipoid vacuolization of the liver after immigration into the estuary. However, neither
“bleaching” of the liver nor the accumulation of lipoids are reliable symptoms of
diseased conditions. A whitish coloration of the liver might well be the result of fat
storage and "'in wild fish at certain times of the year extensive lipid infiltration of the
hepatic parenchyma is found and not considered pathological” (Roberts, 1978; p. 219).

N. Peters (1981a) found gill hyperplasia in 54 % of flounders caught during summer
in the Elbe estuary and suggested toxic substances as causes of this condition. It seems
equally probable that the hyperplasia is a result of an infestation by copepodites of
Lernaeocera branchialis. These parasites anchor themselves by cranial filaments into the
tips of the gill lamellae. They drop off in summer after their last moult and also when the
host enters water of low salinity. The hyperplasia will persist for several weeks
(Gercken, 1982; Wichowski, 1983).

The source of the bleaching syndrome of flatfish is still completely unknown. It has
been observed in flatfish from the Waddensea (Rauck, pers. comm.) and it is regularly
found in adult flounder from Kiel Bight during the spawning season. Neither the
presence of pollutants, effects of spawning stress, microbial infections nor damage by
nets (rejected by-catch, rejected spawning females) can be excluded as causes of this
disease.
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It is remarkable that all 4 flounder diseases (lymphocystis, bleaching syndrome, skin
ulceration, fin rot) follow the same trend in their regional distribution patterns. All of
them occur most frequently in the estuarine Regions II + III. Their decrease from
Region Il towards Region I goes along with a decrease of unit catch {No. per hour, age
groups 1979-1981) from 891 in Region III to 314 in Region II and 191 in RegionI on
average from September 1981 to September 1982 (Méller, 1983a). On the other hand,
upstream from Region IV towards Region VII the unit catches increase from 211 to 331,
while the disease prevalences drop considerably (Fig. 5).

High population densities, facilitating transmission of pathogens, therefore might
contribute to high disease frequencies in the central estuary as compared with the outer
estuary. A similar relation between disease prevalence and population density of host
fish has also been described for skin ulceration and cod in the German Bight (Méller,
1981a). Low disease prevalences at high flounder densities in the freshwater region of
the Elbe might be explained by a marine origin of the causative agents. However, this
hypothesis does not explain why they are not replaced by freshwater pathogens.

Pathological studies of Elbe smelt are just beginning (Koéhler & Hélzel, 1980).
Spawning papillomatosis seems to be caused by a viral infection {Anders & Moller,
1984). A similar condition was described by Breslauer (1916) in smelt from waters around
Riigen Island in the Baltic Sea. In the pharyngeal granuloma of Elbe smelt we recently
found a fungus that is supposed to be the etiological agent of this disease. Deformities of
spine and opercula can be induced experimentally by unfavourable water conditions,
including pollution, under aquarium conditions (for literature see Moller & Anders,
1983). Skeletal deformities of fish caught in natural waters usually cannot be attributed
to single causative factors, but locally high disease prevalences occasionally can be
related to abnormal migration behaviour of the fish (Table 9) or to unfavourable
salinities during the larval phase (Berzins, 1943).

In adult smelt, spawning papillomatosis, skin ulceration, and fin rot occur at highest
prevalences during the spawning season (Table 3). Pharyngeal granuloma and spawn-
ing papillomatosis are more frequently found in the central estuarine Regions II + III
rather than in areas upstream or downstream from there. Skeletal deformities do not
follow either of these 2 trends (Table 4).

An impact of pollution on the abundance of fish diseases in the Elbe River can
theoretically be demonstrated in 3 ways: (1) Along with an increasing pollution level
during the last decades increasing disease prevalences might have become evident. (2}
Higher disease prevalences might be more evident in fish from the Elbe River than in
fish from cleaner areas. (3) Within the Elbe River, relatively high disease prevalences
might be evident in regions with relatively high pollution loads.

Unfortunately, regular measurement of Elbe water quality did not start until 1978
and long-term observations on fish diseases have been restricted to cauliflower tumor of
eel. Therefore, Way (1) is not suitable.

When comparing disease prevalences of fish from the Elbe with those from other
areas, smelt have to be excluded due to lack of any comparable data.

Eel are known to suffer in certain years from a high prevalence of spring ulcer
disease (Dalsgaard, 1981) and skin ulceration (= red pest) (Aaser, 1925; Meyer, 1933;
Schéperclaus, 1934; Bruun & Heiberg, 1935; Mattheis, 1960; Wolter, 1960}, especially in
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coastal waters of the western Baltic Sea. Both diseases occurred only rarely during the
1982 survey on the Elbe River.

The occurrence of cauliflower disease is restricted to brackish coastal areas of the
Baltic Sea, the North Sea, and the Black Sea (Moéller & Anders, 1983). Prevalences of the
disease of up to 40 to 50 % have been reported in coastal waters off the German
Democratic Republic by Schéperclaus (1953) and southwest Sweden by Thulin (1981).
Data comparable to those in the Elbe estuary were reported by Mbéller (1981a) in the
Weser River, and by Hussein & Mills (1982) in a tributary of the Tweed River, free from
toxic wastes.

In flounder from the marine and brackish regions of the Elbe estuary, lymphocystis
was found at lower frequencies in comparison with the Irish Sea (Shelton & Wilson,
1973), Gullmarsfiord (Moller, 1979), Oresund (Nordenberg, 1962), eastern Baltic Sea
(Vitinsh & Baranova, 1976}, and Irish coastal waters {(McArdle et al., 1982), but at higher
prevalences than in Kiel Fjord (Moller, 1974). No sufficient data are available for other
flounder diseases.

In other flatfish from the Elbe estuary, disease prevalences were remarkably low.
Lymphocystis was found in less than 0.1 % of the plaice examined. Higher values have
been reported in many other areas by several authors (Banning, 1971; Perkins et al.,
1972; Shelton & Wilson, 1973; Moller, 1979; McArdle et al., 1982). Among 285 dab
> 11 c¢m, only 1 diseased individual was noted. On the other hand, in summer 1980 on
the Dogger Bank in the central North Sea 34 % of dab had skin ulceration, 4 %
lymphocystis, and 0.5 % epidermal papillomas (Mg&ller, 1981a). High disease preva-
lences of dab from other areas have been described by Dethlefsen (1980), Wootten et al.
(1982), and Moller & Anders (1983).

Skin ulceration and fin rot were rare in gadoids from the Elbe estuary in 1981-1982.
Differences in size of the fish examined make comparisons with data from other areas
difficult. In Kiel Bight 0.3 % of cod 11 to 20 cm long suffered from skin ulceration
between 1971 and 1978 (Méller, 1979). In August 1980, up to 13 % of cod > 16 cm were
diseased at single stations near the island Helgoland (Mdller, 1981a). Christensen (1980)
described a prevalence of up to 30 % in cod from polluted bays in eastern Denmark.

The total disease rates of 16 other fish species were below 1 %, too low to detect any
regional differences that might be connected with environmental factors.

Sufficient data are now available to compare regional differences in pollution levels
of the Elbe River and in fish disease prevalences in corresponding areas. Among the
heavy metals, the main interest is focussed on mercury. When comparing heavy metal
loads in muscle of Elbe flounder (15 to 17 cm, average of the 3 stations groups 14,
8 + 24, 14-16 and 29-31) with data from other coastal areas, Mieth (1983) found an
elevated value only for mercury (0.42 ppm]), but not for cadmium (< 0.01 ppm), lead
(0.02 ppm) or copper (0.27 ppm). No significant regional differences were reported in the
mercury load of the Elbe sediment at stations downstream from Hamburg, but values
were about 5 to 10 times higher at stations upstream of Hamburg (ARGE Elbe, 1980).

Intensive studies have been carried out on the chlorinated hydrocarbon burden of
the Elbe (ARGE Elbe, 1983). It was observed regularly that dieldrin, endrin, DDT, DDD,
DDE, HCH, HCB, and PCB occur at significantly higher levels in the sediment upstream
of Gliickstadt than downstream from there. Also the occurrence of oxygen deficiencies in
the water is usually restricted to areas upstream of Gliickstadt (ARGE Elbe, 1982).
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Therefore, the general statement can be made that Regions V to VIII in Figure 1 suffer
from a higher pollution load than Regions I to IV. What relations are evident in regard to
regional differences of fish disease prevalences?

The most striking result of this survey was the discovery that all externally visible
diseases supposedly caused by viruses or micro-organisms occur most frequently in
Regions II + III in the central Elbe estuary. This is most obvious for lymphocystis, skin
ulceration, fin rot, and bleaching syndrome in flounder, but such a tendency also seems
to occur in cauliflower disease of eel, and spawning papillomatosis and pharyngeal
granuloma of smelt. As highest disease prevalences occur in Elbe regions with relatively
low pollution burdens, main triggers for their outbreak other than pollution have to be
found.

One of the most obvious stress conditions in Regions II + III is constant tidal change
in salinity, ranging from about 2 %, to about 15 %. in certain localities. In this respect it is
interesting to note that high disease prevalences have also been observed in other
estuaries. Similar findings were made for flounder diseases in the lower Weser River
(Moller, 1981a) and for ulcerations of Oncorhynchus kisutch in an estuary on the
Canadian Pacific coast (Wood, cited by Rodgers & Burke, 1981). Burke & Rodgers (1981)
observed exceptionally high disease prevalences in mullets of a Queensland estuary
after heavy rainfalls had led to rapid changes in salinity and temperature. Ulcerative
dermal necrosis affects adult Atlantic salmon, usually as they pass river estuaries on
their spawning migration (Carbery & Strickland, 1968).

Further studies have begun to evaluate the ecological significance of continuous
changes in salinity for Elbe flounder. Two hypotheses will be examined: The first one
suggests that flounders are not sufficiently adapted so that extensive changes in salinity
act as stress, reducing the resistence to pathogens. The second hypothesis suggests that
changes in salinity affect flounders by destroying their food resources. There is some
evidence that a combination of both hypotheses is valid in the case of Elbe flounder.

Fiedler (1983} studied food composition and body condition of Elbe flounder during
the same survey. In two different age groups both parameters followed the same trend:
stomach contents as well as condition factor were relatively low in the estuarine Regions
II + IIT and increased considerably towards Region VII. Averaged over the year, the
condition factor of gutted 15 to 17 cm long flounder was 1.017 in Regions II + III and
1.098 in Regions VI + VII. It seems quite likely that the very good condition of flounder
caught near Hamburg is a major reason for low disease prevalences in that area, while
high disease prevalences in the central estuary might have been triggered by weak
condition and reduced resistence to pathogens.

Presently available data do not indicate that pollution or lack of oxygen affect the
occurrence of externally visible diseases in fish from the lower Elbe River at a measur-
able level. However, a tidal estuary is a complicated system and it remains unknown to
what extent possibly existing pollution effects are masked by more significant effects of
various environmental or stock-specific factors.
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