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Abstract 

Seasonal changes in the intensity and prevalence of infestation of the black cormorants from 
the colony on Lake Selment Wielki were investigated. In 2006, the cormorants were procured in 
April, August, and October, while in 2007, they were collected in August and September. The 
prevalence of the infestation was very high and reached 100%. The highest intensity (mean values 
of 102.46 and 82.17 nematodes/bird in 2006 and 2007, respectively) was revealed in the 
cormorants shot in August. Intensity of infestation of those birds procured in autumn 2006 was 
more than twice that found in spring and one-fourth of that found in summer of that year. 
Similarly, in autumn of 2007, the birds’ stomachs contained less than half of the number of 
nematodes recorded in summer of that year.  
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INTRODUCTION 

At the turn of the 20th century, the European population of the black 
cormorant (Phalacrocorax carbo L. 1758) consisted of as few as 3500-4500 
pairs; about 150 pairs have been recorded in Poland (Przybysz 1997, 
Stempniewicz et al. 1998). The granting of legal protection to the species in 
Poland in 1952, the increase in the abundance of cyprinids and percids (the 
major food items of the cormorants), and the ban on DDT-containing pesticides 
resulted in a rapid growth of the species’ abundance (Hansen 1984, Przybysz et 
al. 1988, de Nie 1995, Carss 2003).  

According to Gmitrzuk (2004), black cormorant’s effects on aquatic 
ecosystems may be analysed from two standpoints: effects on fisheries and the 
species’ role in the functioning of a lacustrine ecosystem. The black cormorant 
is a typical fish-eater feeding on numerous fish species. As shown by many 
authors (Martyniak et al. 1997 a, b; Mellin & Krupa 1997) black cormorant’s 
diet is dominated by small cyprinids and percids, which also contribute most to 
the fish biomass in highly trophic lakes (Prejs 1978). In contrast, species such as 
pike, whitefish, and vendace occur only sporadically in the black cormorant diet 
(Wziątek et al. 2005). The black cormorants play an important sanitary role with 
respect to the fish population: they remove parasite-infected individuals (Barber 
2003). The contribution of which to the population increases with progressing 
eutrophication (Prejs 1978, Dzika 2003). On the other hand, the black 
cormorant may contribute to parasite dispersal in aquatic environments. 
Numerous parasites, whose larvae were present in the fish consumed, continue 
developing and mature in the black cormorant’s body. A large part of faeces 
produced by the cormorants, containing various developmental stages of 
parasites, ends up in water where the parasites carry on their development. 
Important for parasite dispersal are also migrations of the black cormorants 
from their wintering grounds to breeding sites. Establishment of parasites in 
new ecosystems is favoured by climatic changes, primarily warming of the 
climate.  

The nematode Contracaecum rudolphii is a cosmopolitan species, 
commonly found in ichthyophagous birds (Huizinga 1971, Kuiken et al. 1999, 
Nottekämper et al. 1999, Torres et al. 2000, Abollo et al. 2001, Torres et al. 
2005, Amato et al. 2006). The nematode was first reported in Poland from the 
crested grebes (Podiceps cristatus, P. griseigena, P. ruficollis) in the Lublin 
Upland and in the little grebe (Tachybaptus ruficollis) near Białystok (Bezubik 
1956). Korpaczewska and Sulgostowska (1967) found the nematode in the 
intestines of the crested grebes in Lake Warnołty, whereas Okulewicz (1989) 
reported the parasite to be present in the oesophagus of the red-throated diver 
(Gavia stellata) near Jelenia Góra. The nematode’s presence in the Polish black 
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cormorant population was first reported by Żuchowska (2000). Studies carried 
out in the Kąty Rybackie breeding colony and in selected Masurian lakes 
showed almost 100% of the black cormorant in northern Poland to be infested 
(Kanarek et al. 2002, Szostakowska & Sulgostowska 2004, Kanarek & Rokicki 
2005). Nottenkämper et al. (1999) found the infestation with that nematode to 
be very high in Bavaria (intensity and prevalence of 96.3 and 100%, 
respectively) and in the St. Gallen canton of Switzerland (63.3 and 94%, 
respectively). According to Kuiken et al. (1999), the prevalence of C. rudolphii 
invasion and its intensity in the black cormorant is bird age-dependent: the 1-
week-old chicks showed 50% prevalence, while the 2- and 3-week-olds were 
infested in 71 and 83%, respectively and all the adults (100%) were hosts to the 
nematode.   

Papers on the nematode’s ability to complete its life cycle in Poland are 
very scarce. The laboratory study of Dziekońska-Rynko & Rokicki (2007) 
showed that in north-western Poland, similarly to North America (Huizinga 
1966, Bartlett 1996) and Azerbaijan (Mosgovoy et al. 1968), copepods are the 
initial hosts, while fish are the second intermediate hosts and the major source 
of cormorant infestation. While in the cormorant stomach, the larvae moult for 
the last time and mature. The literature survey revealed a single paper only on 
the nematode’s presence in fish in Poland (Szostakowska & Fagerholm 2007). 
On the other hand, many years of studies failed to demonstrate the presence of 
the parasite’s larvae in those fish species that contribute most to the black 
cormorant diet (Dzika 2003, Rolbiecki 2003). The nematode’s larvae were, on 
the other hand, frequently reported from fish in Chile (Torres & Cubillos 1987, 
Torres et al. 2000), Brazil (Martins et al. 2005), and the Black Sea (Kvach 2005, 
Pronkina & Belofastova 2005), which suggests that the parasite develops in 
water that is warmer than the waters of Poland, and that the black cormorants 
become infested during wintering.  

The present study was aimed at investigating the prevalence and intensity of 
infestation of the black cormorants from the breeding colony on Lake Selment 
Wielki. In the 1970s, the black cormorants were seldom observed on the lake; 
the first nesting sites were reported in 1988. Since that time, the colony size has 
been growing steadily: at present, the colony consists of about 3000 birds 
(Abramczyk, pers. comm.).  

MATERIALS AND METHODS 

The study was carried out in 2006 and 2007 in the black cormorant breeding 
colony on Lake Selment Wielki (Province of Warmia and Masuria, north-
eastern Poland). The cormorants were procured by shooting, 3 times in 2006 (on 
12 April, just after the birds had arrived to the colony; on 27 August, after they 
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had completed clutch rearing; and on 4 October). In 2007 it proved impossible 
to shoot the cormorant prior to their breeding season, so the cormorants were 
procured on 24 August and 28 September. A total of 61 birds were examined.  

For the study, the entire alimentary tract was dissected and divided into the 
oesophagus, stomach, and intestine. The individual parts were cut along their 
length and examined for the presence of the nematode C. rudolphii. The 
nematodes found were fixed in 10% formalin and cleared in lactophenol prior to 
identification. The larval stages were identified following Huizinga (1966) and 
Baruš et al. (1978).    

RESULTS 

The data on the infestation prevalence and intensity and the abundance of 
different developmental stages of the parasite are summarised in Table 1.  

In all the black cormorants examined C. rudolphii were found only in the 
glandular stomach. The prevalence of infestation of the total black cormorant 
population was almost 100%. The highest infestation intensity (mean values of 
102.46 and 82.17 individuals in a bird in 2006 and 2007, respectively) was 
revealed in August. In autumn 2006, infestation intensity was more than a half 
that found in spring and a quarter of the summer intensity. Similarly, nematodes 
found in autumn 2007 were more than two times fewer than those encountered 
in summer of that year. The nematodes found in stomachs of the birds shot in 
spring, immediately after their arrival to the colony, were dominated by females 
(65.34%) that measured, on the average 40.8 mm. Stomachs of most birds 
contained very little food; nematodes, both adult and larval, were anchored in 
the stomach wall. Nematodes found in stomachs of those birds shot in summer 
and autumn were dominated by larvae, which accounted for 47.82 and 56.08% 
of all nematodes isolated from the stomachs in 2006 and 2007 respectively. 
Stomachs of most black cormorants contained abundant food, whole or slightly 
digested fish being frequently found. The nematodes were immersed in the 
stomach content and occasionally they were found in the slightly digested fish. 
Analysis of the fish remains (scales, tail fins) in the stomach content showed 
roach, bream, and bleak to be the main food items for the cormorant colony 
studied. Remains of pike and tench were occasionally found in the stomachs as 
well.  

DISCUSSION 

Results obtained in this study showed the intensity and prevalence of 
infestation in the black cormorant colony on Lake Selment Wielki to be very 
high and varying seasonally. In this study, the adult and larval nematodes found 
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in the stomachs of the black cormorant studied were smaller than those found in 
the cormorant studied by Huizinga (1966). In his study, females measured 46.5 
mm on the average, the average length of the females found in this work was 
40.8, 35.4, and 38.7 mm in spring, summer, and autumn 2006, respectively. 
Males found by Huizinga (1966) averaged 43.17 mm in length, this study 
showing the male nematodes to measure from 20.4 mm (the shortest males) in 
autumn 2006 to 32.5 mm (the longest males) in summer 2006. According to 
Baruš et al. (1978) the female and male lengths range within 10.10-77.60 and 
12.10-33.90 mm, respectively.   

The highest intensity in both years of study was recorded in August, which 
could have resulted from the very intense feeding activity just before the birds 
were shot. According to Wziątek et al. (2005), the most intensive feeding of the 
black cormorants in colonies located in north-eastern Poland occurs in July and 
August. The very high infestation intensity appears to indicate a mass 
occurrence of the nematode in fish. The available literature, however, contains 
but a few papers on larval C. rudolphii in the fish inhabiting areas located in the 
vicinity of the colony under study. It was only Szostakowska & Fagerholm 
(2007), who examined 10 fish species (Carassius carassius, Scardinius 
erythrophthalmus, Abramis brama, Blicca björkna, Tinca tinca, Esox lucius, 
Lucioperca lucioperca, Acerina cernua, Neogobius melanostomus), found stage 
3 larvae of the nematode in the crucian carp from Lake Selment Wielki and in 
the Caspian round goby from the Gulf of Gdańsk. In their study, both the 
prevalence and intensity of infestation were very low: only 3 out of 120 crucian 
carp examined were found to carry the nematode larvae. Two crucian carp 
contained 1-2 larvae, the third one hosting 500 larvae. The prevalence and 
intensity of infestation of the round goby were 2.4% and 1, respectively. The 
literature survey failed to reveal papers on the larval C. rudolphii presence in 
fish from other areas in Poland. Studies of fish from the Vistula Lagoon and 
Lake Wulpińskie, potential feeding grounds of the black cormorants from 
colonies in the immediate vicinity, failed to detect the larval C. rudolphii, too 
(Dzika 2003, Rolbiecki 2003).  

 The high number of C. rudolphii larvae in stomachs of the black 
cormorants examined may indicate a possibility of the nematode being capable 
of closing its live cycle in Poland, and that the cormorants become infested not 
only in their wintering areas, but also during the breeding season. In August 
2006 and 2007, the larvae accounted for about 48 and 56% of the total numbers 
of C. rudolphii individuals found, respectively. A similar pattern was observed 
in autumn, but the total number of C. rudolphii found in the stomachs was 
definitely lower. As shown by a laboratory-based study of Dziekońska-Rynko 
& Rokicki (2007) the C. rudolphii eggs may develop at the water temperature as 
low as about 16-17°C and that cyclopoids may act as first intermediate hosts. In 
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summer, when the water temperature in lakes rises to more than 20°C, eggs of 
the nematode removed from the cormorant’s body with faeces, may then fairly 
rapidly develop to produce larvae. The latter, having left the egg cover, are 
consumed by copepods, the major diet item of cyprinid fishes. The lack of 
publications on the larval nematode’s presence in the fish results most probably 
from the small size of the larvae. A month after the experimental infestation of 
the crucian carp with C. rudolphii larvae, the larvae found in the fish body 
cavity averaged 841.25 µm in length, the mean length increasing to 1242.47 µm 
after 2 months (Dziekońska-Rynko et al. 2007). According to Moravec (1994), 
the early 3rd larvae found in the fish are 0.78–0.91 mm long, the older stages 
measuring 15.0–24 mm.  

The distinctly lower infestation intensity in autumn than in summer is 
difficult to explain. In 2006, the mean infestation intensity in those birds shot in 
August was 4 times that found in the birds shot in late September, while in 2007 
the pattern was repeated except that the August infestation intensity was twice 
as high as in late September. The only explanation that can be offered is that the 
change of birds in the colony. Migration routes of those cormorants breeding in 
north-eastern Poland are very poorly known. According to Mokwa et al. (2005), 
the black cormorants ringed in Poland were most commonly reported west or 
south of the breeding colony. The longest distances were covered by the black 
cormorants migrating to Tunisia, Egypt, Algeria, and Spain. At the same time, 
Poland is a destination for those birds migrating from the north, mainly from 
Sweden and Denmark, and from the White, Barents, and Azov Seas. The 
infestation intensity lower by a high factor could mean that the birds obtained in 
September had flown in from the north. Waters in northern Europe, much colder 
than those in Poland, are not hospitable to the development of the C. rudolphi 
eggs and do not permit the nematode to complete its life cycle. This contention 
may be supported by the lack of reports of the nematode’s larvae in the fish of 
northern Europe, the larvae being present in those fishes caught in warmer areas 
(Torres & Cubillos 1987, Torres et al. 2000, Kvach 2005, Pronkina & 
Belofastova 2005). 

Seasonal changes in the infestation intensity of the cormorants were 
described by Huizinga (1971) from Connecticut, USA. He found the highest 
number of nematodes, dominated by larvae, in stomachs of the cormorants short 
in August and September. The lowest numbers were typical of November, and 
most of the nematodes found were females. Seasonality in infestation intensity 
and prevalence in the Chilean cormorant Ph. brasilianus were reported by 
Torres et al. (2000). They found the highest intensity in spring, 75% of the 
nematodes being adult. The 3rd stage larvae were present only in autumn and 
winter, while the 4th stage larvae were found throughout the period of study, but 
they were at their most abundant (51%) in winter. 
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The presence of the nematode’s larvae in fish from the Selment Wielki and 
the Gulf of Gdańsk (Szostakowska & Fagerholm 2007) confirms that the 
parasite is capable of closing its life cycle in Polish waters, and casts doubt on 
the safety of fish consumption, particularly prior to thermal treatment. As 
shown by the research carried out in Chile (Torres & Cubillos 1987, Torres et 
al. 2000), the introduced salmonids turned out to reveal a particularly high 
intensity and prevalence of infestation with the nematode’s larvae. The 
nematode is a member of the family Anisakidae and, perhaps as is the case with 
other anisakids (Anisakis simplex, Pseudoterranova decipiens), humans may act 
as paratenic hosts. The problem of accidental human infestation with the 
nematode as a result of consuming dishes prepared of raw fish containing the 
parasite, has been widely discussed in the literature (Smith & Wotten 1978, 
Beldsoe & Oria 2001, Mercado et al. 2001). As shown by the relevant research, 
anisakids are highly pathogenic with respect to intermediate and definite hosts. 
Larvae of A. simplex damage the stomach of their intermediate and definite 
hosts (Smith & Wootten 1978, Young & Lowe 1969) and of the experimentally 
infested mammals. A similar ability to produce lesions in the stomach wall was 
observed during C. rudolphii invasions in cormorants (Huizinga 1971, Amato et 
al. 2006). This study, too, found the black cormorant stomach to show 
numerous haemorrhages related to penetration of the mucosa by the larvae that 
subsequently undergo their last moult. In view of the constantly increasing 
abundance of the black cormorant in Poland, the parasites, so abundant in their 
alimentary tract, may pose a threat to other organisms.  
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