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VARIATION IN THE PREVALENCE OF THE EXTERNALLY VISIBLE 
PATHOLOGICAL SYMPTOMS AFFECTING BALTIC HERRING 

ZMIANY W WYST�POW.ANIU ZE\�TRZNYCH OBJA WOW 
CHOROBOWYCH U SLEDZI MORZA BALTYCKIEGO 

Sea Fisheries Institute, Gdynfa, Poland 

Geographical distribution of Baltic herring (Clupea 
harengus membras (L., 1761)) affected with externally visible 
pathological symptoms is demonstrated, based on the observa­
tions of 5 028 individuals. The fish were collected in period 
25.11-08.12.1994, from 36 sampling hauls performed on a 
transect :from the south-western to the north-eastern Baltic Sea. 
The results of analyses indicate statistically significant differ­
ences in the fraction of herring with externally visible diseases 
(mean percentage of3.7%) dependent on the geographical area. 
A relationship between the prevalence of emaciation (mean 
prevalence of 3.3%), infection (mean prevalence of 3.7%) in 
herring with the parasitic larvae of Anisakis simplex (Rudolphi, 
1809), and the area of sample collection was shown to exist. 

INTRODUCTION 

The first observations and ensuing attempts of interpretion of mortality rates due to 
causes other than :fishing, predation and natural ageing processes in the Baltic :fish species 
were undertaken in the 1920s and '30s. Occurrences of dead :fishes in the near-shore areas 
initiated this interest (Draganik et al. 1994). It was concluded that oxygen deficiency or 
parasitic infection caused high :fish mortality. 

Lymphocystis, a common fish diseases :first described in 1874 (Lang 1994), was re­
corded in the Baltic species at the end of the 19th century (Aneer and IJungberg 1976). In­
creased mortality rates among the Baltic fish species, and a higher number of individuals 
with externally visible diseases of the skin and muscles, were periodically observed after 
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World War II. It was proposed that disease occurrences possibly resulted from the deploy­

ment of chemical warfare or its improper storage at the bottom of the sea (Draganik et al. 

1994). At the end of the '70s, the appearance of dead fishes along some beaches, including 

the Polish coast, caused widespread apprehension (Draganik et al. 1994). It was believed 

then, that fishes kills resulted from the deterioration of the natural environment in the Baltic 

(R6zanska 1987; Sherman 1992). 

During the 1980s anomalies in the embryonic development were described in Baltic 

sprat and cod (Grauman and Sukhorukova 1982) and in herring (Hansen et al. 1985). A se­

ries of studies of fish diseases have been recently conducted in the Baltic Sea (Aneer and 

Ljungberg 1976; Rutkowska-St�ien 1990; Draganik et al. 1994; Lang and Dethlefsen 

1994; Wiklund 1994; Kosior et al. 1995, 1996, 1997). During the last 15 years, some inter­

national organisations, e.g., ICES and BMB encouraged monitoring of pathological changes 

mostly in demersal fish species. The North Sea and, to a lesser extent, the Baltic were the 

main research areas (Dethlefsen 1980; Moller and Anders 1983; Hansen et al. 1985, 

Dethlefsen et al. 1986; Anon. 1989, 1994; Lang 1994; Lang and Dethlefsen 1994; Lang et 

al. 1995). 

In this study, results obtained by the author during the BMB/ICES Sea-going Work­

shop ''Fish Diseases and Parasites in the Baltic Sea" (25.11-08.12. 1994; Lang et al. 1995) 

are reported. The prevalence of externally visible diseases, emaciation, and parasitic infec­

tion with the larvae of Anisakis simplex in Baltic herring are analysed in the paper. 

MATERIAL AND METHODS 

The international survey along the Baltic shores, at 11 sampling stations located on a 

transect from the Bight of Mecklenburg to the Gulf of Finland, were conducted on board 

the German RV "Walther Herwig III" (Fig. 1). In total 36 sample hauls were performed, 

used 180-feet bottom trawl (with 10 mm mesh bar length in the codend). Mean trawling 

depths among stations no. 3, 4, 5, 7-11 were approximately similar (56 m in avg.), and for 

eleven hauls (in more shallow water) collected at stations 1, 2 and 6, mean trawling depths 

equal to 31 m. 

Routinely all caught herring were examined for externally visible diseases of the skin 

and vertebral column anomalies; overall, 5 028 herring were analysed (Tab. 1). In addition, 

observations of pathological emaciation (4 727 individuals) and parasitic infection (572 in­

dividuals) with the A. simplex larvae were made for herring. Prevalences were estimated. 

Total length measurements of random samples of 2 121 herring (grouped in 1 cm length� 

classes) were performed (Tab. 1 ). Fish with pathological changes were measured separately. 
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Fig. 1. The geographical location of sampling station (no. 1-11; • - control haul) 

in period 25.11-08.12.1994 

The number of Baltic herring exai.'"1rined (25.11-08.12.1994) for externally visible 

pathological symptoms, according to sampling area 

51 

'fable 1 

Station Haul Range of No. offish 
trawling examined for measured number number 

depth [m] diseases parasite emaciation and weighed 
1 1-5 20-24 362 33 362 11 ' 

2 34-36 27-42 123 38 123 123 
3 6-10 33-60 111 57 111 111 
4 11-16 27-84 163 73 163 163 
5 17-20 31-84 506 71 260 254 
6 31-33 31-43 141 75 141 141 
7 21-22 46-54 415 50 415 231 
8 29-30 44-53 327 50 327 327 
9 23-24 46-52 792 50 737 297 

10 25 68-76 385 25 385 27 
11 26-28 46-86 1703 50 1703 436 

Total 5028 572 4727 2121 

External pathological condition were classi.fied based on the visual inspection. The 

evaluation of fish diseases was carried out according to the methodologies proposed by the 
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ICES WGPDMO (Anon 1989). Herring was classified as pathologically emaciated based on 

external examination only. Emaciated fish were in noticeably poor physical condition, char­

acterised by very poorly developed muscular tissue (Fig. 2). The fish were abnonnally sym­

metrically flattened in the post-cranial region (in the dorsal view) and slightly flattened in 

the horizontal plane. Parasitic analyses of herring consisted of estimates of prevalence of 

infection with A. simplex inside the ventral cavity. 

The statistical methods used in this study included simple regression analysis (linear 

and multiplicative models) and Chi-squared test, which was employed to test the hypothesis 

of equal prevalence of pathological changes in fish from different collection sites. 

RESULTS 

Prevalence of externally visible diseases 

Herring was present, with variable abu..,dance, in all 36 bottom hauls, at 11 different 

sampling stations. The length distributions of healthy and diseased herri..ng from the most 

abundant length-classes (13-16 cm) were similar (Fig. 3). Length in diseased herring ranged 

as follows, respectively to disease unit: 

lymphocystis 13.0-25.0 cm, 

lordosis 

dwarfism 

papilloma 

inflammation 

total diseased 

16.0-19.0 cm, 

15.0 cm, 

14.0-21.0 cm, 

18.0 cm, 

13.0-25.0 cm, 

total measured 6.5-30.5 cm.

The highest percentage of diseased herring amounting to 5.5% was found in the 

length-classes of 14 cm (Fig. 4). Diseases were not found in herring above 25 cm. The re­

sults of linear regression-a percentage of herring with externally visible diseases vs. length­

classes-did not demonstrate the existence of a statistically significant relation (p > 0.05, 

r < 0.5, standard error of parameters a and b � 50% of value of these parameters). 

A Chi-squared test showed a significant difference between the prevalence in the skin 

lesions as well as skeletal anomalies of herring, and the sampling site (at a significance level 

a = 0.001; Tab. 2, Fig. 5 and 6). A relatively high percentage of herring affected with exter­

nally visible diseases were recorded in samples caught in the Latvian (8.0%), Lithuanian 

(5.1%) and Estonian (4.3%) fishery zones. From 0.8% to 2.7% ofherring caught in a vicin­

ity of the Riigen Island and in the western part of the Polish EEZ showed external symp­

toms of disease. No herring with externally visible diseases were observed in samples col­

lected from the Bight of Mecklenburg and from the central and eastern part of the Polish 

EEZ, as well as from the western part of the Russian EEZ (southern Baltic; Tab. 2, Fig. 5 



Fig. 2. The example of Baltic herring with a symptom of pathological emaciation; 

caught on 06 Dec. 1994, on geographical position q>==55°46.9'N, A==20°31.3'E, 

trawling depth 43 m; 

no. I-normal specimen: length - 17 .5 cm, weight - 29 .6 g, male, stage of 

gonads - III, stomach fullnes - 0, age group - 2, coastal spring spawning 

population; no. 2--emaciated specimen: length - 17.5 cm, weight - 22.8 g, 

male, stage of gonads - VIII, stomach fullnes - 0, age group - 5, open sea 

spring spawning population (phot. and data from biological analysis of mentioned 

two herring, by courtesy of MSc Miroslaw Wyszyiiski - SFI, Gdynia). 
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and 6). The overall mean percentage of diseased herring in all sampling sites was 3.7%. The 
most common disease was lymphocystis (found on the ventral side of the body surface, the 
nodules are about 1.0-1.5 mm in diameter; mean infection rate of3.5%). Vertebral anoma­
lies, i.e., lordosis (mainly in the caudal part of the body) and compression of the vertebrae­
dwarfism-(mainly near the dorsal and ventral fins) were recorded in prevalences of 0.1 % 
and 0.02%, respectively. Herring were also affected with epidermal papilloma (hyperaemia; 
mean prevalence equal to 0.08%) and jaw inflammation (probably by bacteria; mean preva­
lence equal to 0.02%; Fig: 6). 
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Fig. 3. Length distribution of healthy herring and herring affected with diseases, pathological 

emaciation, and infected with A. simplex ( data from all investigated Baltic areas) 
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Fig. 4. The relationship between prevalences of diseases, pathological emaciation, infection 

with A. simplex and length-classes for herring collected from the all investigated Bal­

tic areas 
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Table2 

Chi-squared test for Baltic herring caught at different trawling stations, and affected with 
pathological changes; abbreviations used: observed (n.d.) and estimated (n.d1.) number offish 
with pathological changes, f.n.d.-fraction of fish with pathological changes, value (X2) and 

critical value Cx2 cnt) of chi-statistic, d.f.-degrees of freedom, a-significance level 

Station Herring affected with externally visible Herring infected with 
diseases emaciation Anisakis simplex number 

n.d. f.n.d. n.d1. n.d. f.n.d. n.d1. n.d.
1 0 0 13.4 0 0 11.8 2 
2 1 0.008 4.6 1 0.008 4.0 15 
3 3 0.027 4.1 1 0.009 3.6 3 
4 0 0 6.0 1 0.006 5.3 0 
5 0 0 18.7 5 0.019 8.5 1 

6 8 0.057 5.2 5 0.035 4.6 0 
7 19 0.046 15.4 9 0.022 13.5 0 
8 26 0.080 12.1 20 0.061 10.7 0 
9 29 0.037 29.3 53 0.072 24.0 0 

10 16 0.042 14.2 11 0.029 12.5 0 
11 84 0.049 63.0 48 0.028 55.5 0 

Total 186 0.037 186.0 154 0.033 154.0 21 
x

2 69.33 69.06 

Note: d.£= 11; a< 0.001; x2 cnt = 31.26 
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Fig. 5. Changes in prevalence of Baltic herring affected with diseases, pathological 
emaciation, infected with A. simplex, and mean abundance of infection at 
trawling stations 
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Fig. 6. Changes in prevalence of externally visible diseases in Baltic herring caught 

at different trawling stations 

Prevalence of externally visible pathological emaciation 

55 

Symptoms of the pathological emaciation in herring were observed in 154 individuals 

collected in 18 hauls. The fraction of emaciated herring in hauls varied; :fish length ranged 

from 13 cm to 28 cm and the 16 cm length-class was dominant (26.0% in length distribution 

of emaciated fish; Fig. 3). The length distribution of healthy and starving fish in the length­

classes 16-20 cm was alike (mean prevalence in this size group was 4%). The maximum 

value of prevalence of this pathological change among larger herring was 8.6%. The results 

of linear regression-a prevalence of herring with externally visible emaciation vs. length­

classes-did not demonstrate the existence of a statistically significant relation. 

Prevalence of herring with the symptoms of patholological emaciation and the geo­

graphical location of the fish were statistically dependent, as demonstrated by the results of 

the Chi-squared test (Tab. 2, Fig. 5). The highest percentage (6.1-7.2%) of herring with the 

symptoms of emaciation was observed in the eastern part of the central Baltic, that is, in the 

area between the Island of Hiiumaa (Estonia) and Ventspils (Latvia). Mean percentage of 

emaciated herring in all sampling sites was 3.3%. Herring with the mentioned pathological 

symptoms constituted only the minimal fraction (0--0.9%) in samples collected in the west­

ern area of the Baltic. 

Infection with Anisakis simplex 

Infection with the A. simplex larvae was observed in 21 herring, collected in 6 control 

trawls. The length of these fish ranged from 20 cm to 28 cm, with a slightly higher abun-
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dance of fish from the 25 cm length-class (23.8% in length distribution of infected herring; 

Fig. 3). Larvae were located mainly in the digestive tract (inc. pyloric caeca), and gonads of 

herring. 

Length distributions of healthy and infected herring varied (Fig. 3), because the larvae 

were observed only in relatively large fish, e.g., prevalence of infection in herring from 

25 cm length-class equal to 51.8% (Fig. 4). Prevalence of infection in herring (> 22 cm) 

ranged from 22.2% to 51.8%. Average prevalence for all collected herring from the entire 

investigated Baltic area was 3.7% (Tab. 2, Fig. 5). Based on the collected data, the hy­

pothesis about a positive relationship between a prevalence of A. simplex infection and fish 

length was found, to be statistically significant (Y = -14.767+ 1.336X; r = 0.57, p = 0.003). 

Prevalence of infected herring and the geographical location of the fish were depend­

ent as indicated by the results of the Chi-squared test (Tab. 2, Fig. 5). The highest preva­

lence (39.5%) was observed in the western part of the southern Baltic, that is, in the vicinity 

of the Riigen Island. No infected herring were found in the samples collected in the eastern 

part of the southern and central Baltic ( only one specimen caught in the Gulf of Gdansk was 

infected). Mean abundance of infection was 0,2 (range in sampling stations amounting 0-2; 

Fig. 5). 

DISCUSSION 

The results of this study of the prevalences of externally visible diseases, parasitic in­

fection, and pathological emaciation in Baltic herring has implications for the following 

stock assessment issues: 

- stock differentiation,

- the relationship between mortality and diseases,

- the estimation of natural mortality coefficient (M), obtaining more precise predictions of

fish stock size by VP A or MSVP A methods,

- obtaining indirect, biological indicators of degree of pollution in the sea environment,

- technological utilisation of exploited fish for food processing and consumption.

During the last 15 years, the attempts to link pollution (mainly chemical) of the sea 

environment to the increase of pathological changes in fish often ran into the problem of 

how to interpret the data (Sindermann 1965; Dethlefsen 1980; Ipatov 1988; Sherman 1992; 

Anon. 1994; Draganik et al. 1994; Wmklund 1994; Kosior et al. 1997). In general, in the 

available literature there is lack of information about the results from the mathematical 

analyses-a prevalence of the pathological changes affected Baltic herring vs. hydrological 

parameters. In the period of 1981-1990, an observed decreasing trend in mean weight, 

length and condition coefficient for the coastal spring spawning herring population in the 

southern Baltic was believed to be caused by an increased abundance of the spawning stock 
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and by changes in some hydrological parameters, i.e. decreased mean sea water salinity 

(Wyszynski 1991). The observations presented in this study of emaciation in herring are an 

extreme example of morphological changes in this fish. 

The results of the research on prevalence of externally visible diseases in herring, pre­

sented here, differ from the scarce data published elsewhere. Anner and Ljungberg (1976) 

recorded occurrence of individuals with lymphocystis among herring caught in the period of 

1971-1972 along the Swedish coast (near Asko); the prevalence of disease ranged :from 0% 

to 2.7%. Length distnbutions of healthy and diseased fish were similar to the ones presented 

in this study. Draganik: et al. (1994) recorded in 1993 the mean prevalence at level 0.1 % of 

this disease in herring caught in the Polish EEZ. The range and mean value of prevalence of 

lymphocystis affected herring, recorded for the period 25.11--08.12.1994 were as follows: 

0-7.4%, and 3.5%, respectively. 

Rutkowska-St�ien (1990) reported mainly ulceration of the skin in herring collected 

in the period of 1987-1988. The yearly mean prevalence of ulceration in herring was 0.12% 

and 0.06%; respectively. According to the data presented by Draganik: et al. (1994), preva­

lence of ulceration in Baltic herring ranged in the period of 1982-1993 from 0% to 0.7%. 

Herring collected by author of this paper did not display ulceration of the skin, however 

also: lordosis, dwarfism, papilloma and jaw inflammation were indenti:fied, in low preva­

lence (avg. < 0.1 %). 

The prevalence and intensity of infection with A. simplex larvae in herring within the 

Polish EEZ, has previously been reported in the literature by Lubieniecki (1972), Rokicki 

(1972), Grabda (1974, 1981), Strzyzewska (1979), and Rokicki et al. (1997). Lubieniecki 

(1972) recorded the presence in herring collected in the Gulf of Gdansk in the winter and 

spring of 1969-1972, with prevalence of 12% and mean .intensity of 3.6. In one sample of 

herring (from length-classes 22-32 cm), collected in March 1974 in the corresponding area, 

Strzyzewska (1979) found A. simplex in 64.5% of the fish. Fish otoliths investigations sug­

gested that the infected herring belonged to the coastal spring spawner Rligen population, 

and migrated from the Pomeranian Bay (Strzyzewska 1979, 1987; Rokicki et al. 1997). 

Herring from the local Baltic stocks were on the beginning of 1970s free of A. simplex 

(Grabda 1974). 

The results obtained by the author (from a Chi-squared test) showed a significant dif­

ferences between the prevalence of externally visible diseases, emaciation, A. simplex infec­

tion affecting Baltic herring, and the geographical location of the :fish (Tab. 2). The rela­

tively high percentage of externally visible diseases (range: 3.7-8.0%) as well as emaciation 

(range: 6.1-7 .2% ), and lack of infection from the A. simplex larvae were indicated in her­

ring caught in sampling sites located in the fishing zones of Latvia, Lithuania and Estonia 

(Tab. 2, Figs. 5, 6). The relatively low percentage of diseases (range: 0-2.7%) as well as 
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emaciation (range: 0-2.1%), and the highest infection (39.5%-in the vicinity of the Riigen 

Island) of herring were recorded in the investigated part of the western and southern Baltic 

Sea. Herring displaying starvation were observed by the author in Estonian, Latvian and 

Polish :fisheries zones also during yearly hydroacoustic surveys aboard RV "Argos", RV 

"Issledovatel Baltiki", and RV "Baltica" each October in period 1988-1992, and in 1996. 

Pathological changes of the fish were not investigated at that time. In the literature there is 

lack of information about the results from the mathematical analyses--a prevalence of the 

pathological changes affected Baltic herring vs. geographical location of the fish samples. 

The results obtained by author of this paper indirectly shows that herring smaller than 

13.0 cm were apparently healthy. Diseases were also not found in herring above 25.0 cm. 

There were no larger fish with disease symptoms, because those either recovered from sick­

ness or died ( e.g., by predation). The last conclusion is supported by a different shape of 

:frequency distribution curves for the healthy and diseased herring, with discrepancies start­

ing for individuals 17.0 cm in length of fish (Fig. 3). The analysed material did not suggest 

a positive relationship between the prevalence of emaciated herring and the length, excep­

tionally in the length-classes 16-20 cm, in which the length distribution of healthy and ema­

ciated fish was similar (Fig. 3). The susceptibility to this pathological symptom among 

above mentioned length-classes were in equal degree (Fig. 4). In the available literature 

there is lack of information about a prevalence of the emaciation affected Baltic herring. 

Based on the investigations of the herring caught in the Pomeranian Bay in spawning 

period in 1972, Grabda (1974) estimated the prevalence of infection to be 93.0% and mean 

intensity at 11.3 in specimens :from the length-classes 26-30 cm. In 1975 and 1976, preva­

lence values for the length-classes 22-32 cm were 60.0% and 38.0%, respectively 

(Strzyzewska 1979). Strzyzewska (1987) as well as Grabda (1974), remarked that in the 

period of 1976-1980 herring infected with A. simplex were only present in the winter and 

spring catches, when pre-spawning and spawning concentrations of fish were exploited; in 

autumn, herring were free of this nematode. Fish smaller than 20 cm were not infected. 

Grabda ( 197 4) and Rokicki et al. (1997) suggested that the prevalence and intensity of in­

fection increases with the length and the body condition coefficient (K) of herring. This is­

sues have been supported by the results presented by the author of this study. A. simplex in 

samples of herring collected in the western part of the southern Baltic, was mainly observed 

in the length-classes 23-28 cm. Mean prevalence of infection ranged from 5.3% to 39.5%; 

average prevalence in all sampling sites was 3.7% (Fig. 5, Tab. 2). These values fall within 

the range of estimates reported by others. 
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The interaction effects oftbree other sources of variability influencing the relationship 

in question, namely, a prevalence of diseases, emaciation and infection affected herring vs. 

length of fish, probably disturbed its stability. The afore-mentioned sources of variability 

are: 

- location of sample collection,

- potentially different susceptibility to diseases in males and females,

- relatively low effectiveness of fishing gear for clupeids.

RECAPITULATION 

A Chi-squared test showed a significant difference (at a = 0.001) between the preva­

lence of externally visible diseases, emaciation, A. simplex infection affected Baltic hen'ing, 

and the geographical location of the :fish. In herring, five diseases were identified, mainly 

lymphocystis (mean prevalence of 3.5%) and lordosis (mean prevalence of 0.1 %). The rela­

tively high percentage of externally visible diseases (range: 3.7-8.0%) as well as emaciation 

(range: 6.1-7.2%), and lack of infection from the A simplex larvae were indicated in her­

ring caught in sampling sites located in the fishing zones of Latvia, Lithuania and Estonia. 

The relatively low percentage of diseases (range: 0-2.7%) as well as emaciation (range: 

0-2.1 %), and the highest infection (39.5%-in the vicinity of the Rugen Island) of herring 

were recorded in the investigated part of the western and southern Baltic Sea. The results 

:from the simple regression analysis did not demonstrate the existence of statistically signifi­

cant relationships between the prevalence of herring displaying three pathological symptoms 

and fish length, except the relation between the prevalence of infection (A. simplex) and 

length (r = 0.57, p = 0.003). 
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Wlodzimierz GRYGIEL

ZMIANY w WYSTijPOW ANIU ZEWNI:;TRZNYCH OBJA w6w CHOROBOWYCH 
U SLEDZ! MORZA BAL TYCKIEGO 

STRESZCZENIE 

W pracy przedstawiono zmiany ekstensywnosci wystl@owania objaw6w patologicznych u sle­
dzi baltyckich (Clupea harengus membras (L., 1761)) wywolanych chorobami, wychudzerliem 
i zapasozyceniem larwami Anisakis simplex (Rudolphi, 1809). Analizom poddano material zebrany 
przez autora na niemieckim statku badawczym RV ,,Walther Herwig III", podczas zorganizowanego 
w okresie od 25.11 do 08.12.1994 r. mi�narodowego BMB/ICES Sea-going Workshop ,,Fish 
diseases and parasites in the Baltic Sea". Wyniki test6w wskazuj!lna statystycznie istotne zr6znico­
wanie w rozmieszczeniu geograficznym (na profilu od Zatoki Meklemburskiej do Zatoki Finskiej -
11 stacji polow6w kontrolnych ryb) sledzi dotkni�tych rozpatrywanymi zmianami patologicznymi. 
Analiza regresji nie ujawnila statystycznie istotnej zaleznosci mi� ekstensywnosci!l wyst�powania 
trzech rozpatrywanych zmian patologicznych u sledzi a dlugosci!l ryb; jedyny wyjll_tek stanowi staty­
stycznie istotna zaleznosc mi� frakcjft sledzi zapasozyconych a dlugosci!l ryb. 
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