
©2011 Parasitological Institute of SAS, Košice  
DOI 10.2478/s11687-011-0005-7 

 
 

                                                                                                                                                                                                23 
 
 
 

Summary 
 
The intensity and extensity of infestation of cormorants 
(Phalacocorax carbo sinensis) from a colony in Lake Sel-
ment Wielki with the tapeworm Paradilepis scolecina 
(Rudolphi, 1819) was examined. The cormorants were shot 
in April, August and October 2006 and in August and 
September 2007. The extensity of infection in all the cor-
morants under study was very high - even reaching 100 %. 
The highest intensity of infestation was found in the birds 
shot in August - 4697 tapeworms per bird in 2006 and 
2562 in 2007. The intensity of infestation in the birds 
which were shot in autumn was less than one-tenth of that 
found in the birds shot in summer. The lowest intensity of 
infestation was found in the spring of 2006 - 61 tapeworms 
per bird.  
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Introduction 
 
The tapeworm Paradilepis scolecina (Rudolphi, 1819) is a 
cosmopolitan parasite of ichthyophagous birds (Rybicka, 
1958; Korpaczewska, 1963; Scholz, 1989; Murai et al., 
1996 – 97; Scholz et al., 2004). According to Jarecka 
(1970), the first intermediate host of the tapeworm in Po-
land is the crustacean Eudiaptomus graciloides (Cope-
poda), in whose body cavity a cercoscolex type larva de-
velops 20 days after infection. The second intermediate 
hosts are fish, mainly Cyprinidae, in which the parasite 
develops to the stage of plerocercus. Cysts with plerocer-
cuses were found in the body cavity, intestinal mesentery, 
liver and in the gallbladder wall of fish from various water 
reservoirs in Poland (Kozicka, 1971; Rolbiecki et al., 
1999; Dzika, 2002, 2003; Rolbiecki, 2003). The intensity 
and extensity of infestation with this parasite is especially 
high in fish from the reservoirs situated close to cormorant 
colonies. The highest intensity (8.2 plerocercuses per fish 

….  
 
on average) and extensity (65.8 %) of infestation with this 
tapeworm was found by Dzika (2003) in roach from Lake 
Wulpińskie, in which a cormorant colony is situated. The 
values were much lower for the roach caught in lakes situ-
ated farther away from cormorant colonies (Lakes Dgał 
Wielki, Warniak). The definitive hosts for P. scolecina are 
ichthyophagous birds, mainly the great cormorant (Phala-
crocorax carbo) and the pygmy cormorant (Phalacrocorax 
pygmaeus), as well as the Dalmatian pelican (Pelecanus 
crispus) and the white pelican (P. onocrotalus). Occasion-
ally, ibises (Plegadis falcinellus) and falcated ducks (Anas 
falcata) become infected (Ryzhikov et al., 1985). The in-
tensity of cormorant infestation the tapeworm can be very 
high. Rybicka (1958) found 900 tapeworms in one cor-
morant, while the 7 cormorants examined by Korpaczew-
ska (1963) had from 58 to 2643 tapeworms. The extensity 
of infestation in both studies was found to be 100 %. Mass 
occurrence of the tapeworm in the jejunum of cormorants 
from the colonies situated in the Mazurian Lakes and the 
Vistula Lagoon was found by Szostakowska and Sulgos-
towska (2004). The main source of cormorant infestation 
by the parasites are cyprinids (Murai et al., 1996 – 97), 
which are a staple food for cormorants (Martyniak et al., 
1997a, b, 2003).  
The nature of pathogenicity of P. scolecina towards the 
indirect and definitive hosts has not been found. In the 
places infected by tapeworms in the fish’s bodies extrava-
sations and hypertrophy of the tissue surrounding the para-
site may appear (Prost, 1994), and a large number of plero-
cercuses in the fish body cavity may facilitate the develop-
ment of other diseases (Murai et al., 1996 – 97). The 
histopathological changes found by Dzika et al. (2005) in 
the liver and spleen of the roach may have been caused, in 
the author’s opinion, by the presence of plerocercuses P. 
scolecina. In definitive hosts, a large number of tapeworms 
may cause extensive damage to the small intestine 
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(Karstad et al., 1982). The damages observed by the 
authors were caused by tapeworm scolexes, penetrating 
deep into the intestine wall. Infiltrations of macrophage, 
eosinophil granulocytes and lymphocytes were found 
around the tapeworm cuticle.    
The aim of this study was to examine the seasonal changes 
in the intensity and extensity of tapeworm P. scolecina 
infections in cormorants in the breeding colony on Lake 
Selment Wielki.  

 
Materials and methods 
 
The study was conducted in 2006 and 2007 in a colony 
situated on Lake Selment Wielki (the Province of Warmia 
and Mazury, the north-east of Poland). In 2006, cormorants 
were shot on 12 April (soon after the colony arrived), then 
on 27 August (when the young had grown) and on 4 Octo-
ber. In 2007 the first shooting was done on 24 August and 
the second on 28 September. A total of 61 birds were 
examined. Most of them were adult cormorants, only a few 
of them were young individuals. The birds’ age was 
roughly estimated from the colour of plumage on their 
bellies. The entire alimentary tract was isolated for the 
study and divided into sections: oesophagus, stomach, 
small intestine, large intestine. Each section was cut 

lengthwise, washed with physiological saline (0.9 % NaCl) 
and observed under the stereomicroscope for P. scolecina. 
The tapeworms found during such examinations were 
counted and then fixed in 70 % ethanol with 5 % glycerol. 
Measurements and photographs were taken under an 
Olympus microscope with image analysing software 
Multiscan v.4.2. In each season, 20 randomly chosen 
tapeworms from a cormorant were measured. The meas-
urements were taken of such features as the length and 
width of the tapeworm body, the length of long and short 
hooks, the diameter of the scolex and suckers.  
 
Results 
 
The extensity and intensity of infestation in cormorants 
and the tapeworm dimensions are shown in Table 1. Ex-
cept in autumn 2007, the extensity of infestation in cormo-
rants with P. scolecina, was as high as 100 %. The infesta-
tion intensity varied and ranged from 3 to 8765 tapeworms 
per bird. All the tapeworms were found inside the small 
intestine. A particularly high intensity of infestation was 
found in the birds shot in August of 2006 and 2007. The 
average intensity of infestation in August 2006 was 4697, 
and in August 2007 - 2562 tapeworms per bird. Most of 
the tapeworms were young individuals, less than 2 mm 

 
 

Fig. 1.  Paradilepis scolecina. A – young specimen;  B- adult specimen’s rostellum armed with hooks;  C, D- large and small rostellar hooks. 
(Scale bar: A-B = 100 µm; C-D  = 50 µm) 
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long (Fig. 1A). The intensity of infestation autumn was 
less than one tenth of the above value - in 2006 it was 403, 
and in 2007 - 167 tapeworms per bird. Most of them were 
adult tapeworms whose body was over 3 mm long (Fig.  
1B). The lowest average intensity of infestation was found 
in the spring of 2006 - 61 tapeworms per bird. The width 
of scolex and strobila of the tapeworms under study 
depended on their length. No correlation between the 
length of hooks and diameter of suckers on the one hand 
and the tapeworm length on the other was found. The 
length of large and small hooks (Fig. 1 C, D) lay within the 
low limits of dimensions typical of the species (Ryzhikov 
et al., 1985).  

 
Discussion 
 
The results obtained in the study indicate that the intensity 
and extensity of infestation in cormorants from the colony 
situated on Lake Selment Wielki is very high and clearly 
indicates the presence of seasonal fluctuations. The highest 
intensity of infestation in both study periods was found in 
the cormorants shot in August. This is a period of intensive 
preying for birds (Wziątek et al., 2005) when they prepare 
for a journey to the winter habitats after the breeding pe-
riod. Such a high intensity of infestation in cormorants 
indicates the widespread occurrence of tapeworm larvae in 
the fish that they consume. In the available literature there 
are no reports on the occurrence of larval stages of the 
tapeworm in fish from the reservoirs situated near the 
colony under study. The study into fish from Mazurian 
lakes (Mamry Północne, Święcajty, Stręgiel, Gołdapiwo), 
conducted for many years by Kozicka (1971) did not re-
veal a high extensity or intensity of infestation. In the years 
1954 – 55, individual plerocercuses of the tapeworm P. 
scolecina were found by the author only in bleak (Alburnus 
alburnus) from Lake Gołdapiwo. In 1956, the author 
examined 16 bleak  (Alburnus alburnus) from Lake 
Mamry and found 1 – 2 tapeworm plerocercuses only in 4 
of them; in 1957, 6 out of 29 examined fish were found to 
be infected by the tapeworm, with the intensity ranging 
from 1 to 19 larvae per fish. Much lower extensity and 
intensity were found by the author in roach (Rutilus ruti-
lus) and crucian carp (Carassius carassius) from the reser-
voirs under study. The very low indicators of tapeworm 
infestation in the fish can be explained by a low size of the 
cormorant population in Poland. At the turn of the 19th and 
20th centuries, the European population of cormorant in-
cluded only 3500 – 4500 couples, 150 of which lived in 
Poland (Przybysz, 1997). The size of the cormorant popu-
lation was positively affected by covering the birds by 
legal protection in Poland from 1952, the growth of cypri-
nid and percid populations as well as by the cessation of 
using DDT-containing pesticides in agriculture. Over the 
past 20 years, the size of the European cormorant popula-
tion has increased from several thousand in 1980 to about 
200 – 250 thousand couples in 2000. The cormorant 
population in Poland in the years 1981 – 1992 is estimated 
to have increased by 14 % annually. Currently in Poland 

there are about 20 – 22 thousand couples of cormorants 
(Przybysz et al., 1988; de Nie, 1995; Carss, 2003). 
Such a rapid increase of the cormorant population size in 
Poland must have affected the population of parasites for 
which the cormorant is the definitive host. The study of 
parasitefauna of bream (Abramis brama) from Lake Kor-
towskie, conducted in 1983 – 84, did not reveal the pres-
ence of plerocercuses of P. scolecina (Kukliński, 1984). A 
study into the bream from the same lake, conducted in 
1994 by Dzika (2002) showed that that the tapeworm lar-
vae were present in 27.8 % of the fish. According to the 
author, this may have been caused by frequent preying of 
cormorants from the constantly growing colony on Lake 
Wulpińskie. Dzika (2003) found considerable differences 
in the occurrence of P. scolecina larvae in the fish from the 
reservoirs situated at various distances from cormorant 
colonies. Larvae of this tapeworm has also been found in 
the fish from the Bay of Gdańsk and the Vistula Lagoon at 
the potential preying sites of cormorants from the colony in 
Kąty Rybackie (Rolbiecki et al., 1999; Rolbiecki, 2003).  
Rolbiecki (2003) examined 3 fish species from the order 
Perciformes and 13 species from the order Cypriniformes 
in the Vistula Lagoon and found the highest intensity of 
infection with P. scolecina in roach (5.7). The available 
literature does not contain reports on the occurrence of the 
tapeworm in fish from other water reservoirs in Poland. 
The high extensity and intensity of the tapeworm infection 
in cormorant, found in the study, may imply a high exten-
sity and intensity of infection in fish. The study has re-
vealed considerable seasonal fluctuations in the intensity of 
infection in cormorants. Both in 2006 and in 2007, the 
maximum intensity of infections in August was as high as 
8 thousand tapeworms in a bird, whereas in spring it was 
125, and in autumn - a thousand tapeworms in a cormo-
rant. Such a high intensity of infections in August may 
have resulted from intensive preying in the months pre-
ceding the shooting, which is indicated by a large percent-
age of tapeworms with a short strobila. Wziątek et al. 
(2005) found the cormorants from the colonies situated on 
lakes Wulpińskie, Mamry and Wigry to consume the larg-
est amounts of fish in July and August. Similar seasonal 
fluctuations in the intensity of infections with the nema-
tode Contracaecum rudolphii have been observed by Tor-
res et al. (2000) in cormorants from several colonies in 
Chile. The authors did not find any seasonal differences in 
nematode infections in the fish from the area under study, 
but they did find considerable differences in the compo-
sition of cormorant diet, which – in the authors’ opinion – 
resulted in seasonal changes in the infection intensity in 
cormorants. The study conducted by Martyniak et al. 
(1997b, 2003) into the diet of cormorants from a colony in 
Kąty Rybackie has revealed seasonal fluctuations in the 
diet. In March, the dominant fish species in the cormo-
rants’ diet were perch (27.9 %),  roach (24.2 %), smelt 
(20.2 %) and ruffe (14.7 %). In the subsequent period from 
April to August, the diet was dominated by ruffe (85.9 %). 
However, according to many authors (Goc et al., 1997; 
Bzoma et al., 2003), the cormorant can modify its feeding 
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behaviour in a very short time. Underwater preying takes a 
lot of energy (Carss, 1997); therefore cormorants fre-
quently catch the fish swimming just under the water sur-
face. Very frequently, this includes the fish whose behav-
iour has been changed by larval stages of birds’ parasites 
(Barber et al., 2000). Experiments have shown that fish 
infestation by larvae of the tapeworm Schistocephalus 
solidus swim closer to the water surface than those unin-
fected (Lobue & Bell, 1993).  
This study also found a significant difference between the 
infestation intensity and the tapeworm length. In summer, 
when the intensity of infestation in cormorants is very 
high, the average tapeworm length was 2.25 and 2.34 mm, 
while in autumn, when the intensity was much lower, the 
parasite length was 3.72 and 3.62 mm. A decrease in the 
tapeworm length in birds with a high infection intensity 
has also been observed by Korpaczewska (1963) and 
Reece (1989). This may have been caused by overpopula-
tion, which affects the parasite’s phenotype (Niewiadom-
ska et al., 2001). A negative correlation between the in-
tensity of nematode C. rudolphii infestation and the 
nematode length and the amount of eggs produced by 
females has been determined by Dezfuli et al. (2002). Such 
correlations were not found in this study in the spring of 
2006. Despite a low intensity of infestation, the length of 
tapeworms found in the birds was short. It is the time when 
the birds come from their winter habitats and the intensity 
of preying is lower than in July and August (Wziątek et al., 
2005). Such a large difference between infestation in-
tensity in spring, soon after the birds return from the winter 
habitats, and in summer and autumn, suggest that they 
become infected with the parasite in Poland. There have 
been no reports in the available literature on the occurrence 
of the tapeworm in the fish in the cormorant winter habi-
tats. According to Mokwa et al. (2005), cormorants ringed 
in Poland have usually been found to the west or to the 
south of their breeding colony. The farthest displacements 
were to Tunisia, Egypt, Algeria and Spain.  
The effect of cormorants on aquatic ecosystems may be 
considered in two aspects: the effect of birds on the fishing 
economy and the role that they play in a lacustrine eco-
system (Gmitrzuk, 2004). The cormorant is a typical ich-
thyophagous bird, which feeds on various fish species, 
with dominating small cyprinids and percids, which ac-
count for most of the biomass in highly trophic lakes 
(Prejs, 1978). Among the species eaten only sporadically 
by cormorants are pike, whitefish and vendace (Wziątek et 
al., 2005). Another important aspect of the cormorant’s 
role in the environment is its sanitary effect on the fish 
population; removing the individuals infected with para-
sites (van Dobben, 1952; Mellin, 1990; Barber, 2003), 
which account for an increasing portion of the population 
as the eutrophication process progresses (Prejs, 1978; 
Dzika, 2003). On the other hand, the cormorant is a highly 
“attractive” definitive host for many parasites: due to its 
mobility between water reservoirs on different continents it 
can contribute to their widespread propagation (Barber, 
2003). Many of the parasites whose larvae have been 

found in the bodies of consumed fish grow and reach the 
stage of sexual maturity in the cormorant’s body. Eggs 
produced by females are excreted with a cormorant’s fae-
ces to water, where they reach subsequent stages of their 
development. According to Rolbiecki et al. (1999), a par-
ticular role in the propagation of aquatic parasites in the 
Bay of Gdańsk and the Vistula Lagoon is played by birds 
from the families Laridae, Phalocrocoracidae, Podici-
pedidae and Anatidae.  
 
References 
 
BARBER, I. (2003): The role of parasites in fish-bird inter-
actions: a behavioural ecological perspective. In Cowx, I. 
G. (Eds):  Interactions between Fish and Birds: Implica-
tions for Management, Fishing News Books, Blackwell 
Science Ltd., Oxford, UK 
BARBER, I., HOARE, D., KRAUSE, J. (2000): The effects of 
parasites on fish behaviour: an evolutionary perspective 
and review. Rev. Fish Biol. Fisher., 10: 131 – 165 
BZOMA, S. GOC, M., BRYLSKI, T., STEMPNIEWICZ, L., 
ILISZKO, L. (2003): Seasonal changes and intra-colony 
differentiation in the exploitation of two feeding grounds 
by Great cormorant Phalacrocorax carbo sinensis breed-
ing at Kąty Rybackie kolony. Vogelwelt, suppl., 124: 175 – 
181 
CARSS, D. N. (1997): Techniques for assessing cormorant 
diet and food intake: towards a consensus view. Ric. Biol. 
Selvaggina, suppl., 26: 197 – 230 
CARSS, D. N. (2003): Reducing the conflict between Cor-
morants and fisheries on a pan-European scale. Report to 
the European Commission (REDCAFE final report). 
DE NIE, H. (1995): Changes in the inland fish populations 
in Europe in relation to the increase of the Cormorant 
Phalacrocorax carbo sinensis. Ardea, 83: 115 – 122 
DEZFULI, B.S., VALPONI, S., BELTRAMI, I., PAULIN, R. 
(2002): Intra-and interspecific density-dependent effects on 
growth in helminth parasites of the cormorant, Phalacro-
corax carbo sinensis. Parasitology, 124: 537 – 544 
DZIKA, E. (2002): The parasites of Bream Abramis brama 
(L) from Lake Kortowskie. Arch. Pol. Fish., 10: 85-96 
DZIKA, E. (2003): Metazoan parasites of roach Rutilus 
rutilus (L.) in the lakes of Mazury District as a quality 
indicator of aquatic environment. Dissertations and mono-
graphs. UWM,  Olsztyn (in Polish) 
DZIKA, E., ROTKIEWICZ, T., HOFFMANN, R.W. (2005): 
Histopatological examination of liver and spleen of roach 
Rutilus rutilus (L) originating from selected lakes of 
Warmia and Mazury Lakeland in Poland. Zool. Polon., 50: 
33 – 47  
GMITRZUK, K. (2004): The Phalacrocorax carbo cormo-
rant’s influence on the aquatic and forest ecosystems of 
Węgierski National Park. Parki Narodowe i Rezerwaty 
przyrody 23: 129 – 146 (in Polish) 
GOC, M., ILISZKO, l., CHEŁKOWSKA, N. (1997): Daily 
foraging rhythm at a cormorant Phalacrocorax carbo col-
ony during the breeding season. Ric. Biol. Selvaggina, 
suppl. 26: 445 – 451 



 
 

 
 

28

JARECKA, L. (1970): On the life cycles of Paradilepis 
scolecina (Rud., 1819) Hsü, 1935 and Neogryporhynchus 
cheilancristrotus (Wedl, 1855) Baer and Bona, 1958 – 1960 
(Cestoda-Dilepididae). Bull. Acad. Pol. Sci., 15: 159 – 163 
KARSTAD, L., SILEO, L., OKECH, G., KHALIL, L.F. (1982): 
Pathology of Paradilepis scolecina (Cestoda: Dilepididae) 
in the white-necked cormorant (Phalacrocorax carbo). J. 
Wildl. Dis., 18: 507 – 509 
KORPACZEWSKA, W. (1963): Tapeworms of aquatic birds 
in some Mazurian lakes. Acta Parasitol. Pol., 9: 81 – 93 
KOZICKA, J. (1971): Cestoda larvae of the family Dilepidi-
dae Fuhrman, 1907 parasitizing freshwater fish in Poland. 
Acta Parasitol. Pol., 19: 81 – 93 
KUKLIŃSKI, K. (1984): Infestation and its impact on the 
health of bream Abramis brama (L) in Lake Kortowskie. 
MS Thesis, AR-T Olsztyn (in Polish) 
LOBUE, C. P., BELL, M. A. (1993): Phenotypic manipula-
tion by the cestode parasite Schistocephalus solidus of its 
intermediate host, Gasterosteus aculeatus, the threespine 
stickleback. Am. Natur., 142: 725 – 735 
MARTYNIAK, A., MELLIN, M., STACHOWIAK, P., WITTKE, 
A. (1997a): Food composition of cormorants Phalacro-
corax carbo sinensis in two colonies in north-east Poland. 
Ekol. Pol., 45: 245 
MARTYNIAK, A., TERLECKI, J., BOROŃ, S., HLIWA, P., 
SZAMAŃSKA, U., GABRYŚ, B., ROMANIEWICZ, A. (1997b): 
Diet composition of cormorants Phalacrocorax carbo 
sinensis from pellets collected at Katy Rybackie colony, 
northern Poland. Ric. Biol. Selvaggina, suppl. 26: 505 – 510 
MARTYNIAK, A., WZIĄTEK, B., SZYMAŃSKA, U., HLIWA, 
P., TERLECKI, J. (2003): Diet composition of Great Cormo-
rants Phalacrocorax carbo sinensis at Katy Rybackie, NE 
Poland, as assessed by pellets and regurgitated prey. Vo-
gelwelt, suppl. 124: 217 – 225 
MELLIN, M. (1990): The preliminary results of the cormo-
rants dissection (Phalacrocorax carbo sinensis) shot in 
Mazury.  Notatki Ornitol., 31: 53 – 59 (in Polish) 
MOKWA, T., BZOMA, Sz., GROMADZKI, M. (2005): Where 
from and where are the cormorants  Phalacrocorax carbo 
observed in Poland migrating? Materials from Ornitology 
Conference.  Olsztyn, Poland: 82 (in Polish). 
MURAI, E., MOLNAR, K., GUBANYI, A. (1996-97): Occur-
rence of the plerocercus forms of the Paradilepis scolecina 
(Rudolphi, 1819) (Cestoda: Dilepididae) in Lake Balaton, 
Hungary. Parasit. Hung., 29 – 30: 33 – 38 
NIEWIADOMSKA, K., POJMAŃSKA, T., MACHNICKA, B., 
CZUBAJ, A. (2001): Outline of General Parasitology. 
PWN, Warszawa (in Polish) 
PREJS, A. (1978): Lakes Eutrofisation and the ichtiofauna. 
Wiad.  Ekol., 24: 201 – 208 (in Polish) 
 
 
 
 
 
RECEIVED JUNE 26, 2010 
 
 

PROST, M., (1994):  Fish diseases. PZWL, Lublin (in Polish) 
PRZYBYSZ, J. (1997): Cormorants. Wyd. Lubelskiego 
Klubu Przyrodników, Świebodzin (in Polish)  
PRZYBYSZ, J., ENGELS, J., MELLIN, M., MRUGASIEWICZ, A., 
PRZYBYSZ, A., PRZYBYSZ, K. (1988): A quantitative increase 
of cormorant (Phalacrocorax carbo sinensis Shaw et Nodder) 
populations in Poland. Przegl. Zool., 32: 71 – 81(in Polish) 
REECE, R. L. (1989): Avian pathogens: their biology and 
methods of spread. In Cooper, I. E. (Eds): Disease and 
Threatened Birds. International Council for Bird Conser-
vation Technical Report No. 10, pp 1 – 24 
ROLBIECKI, L. (2003): Diversity of the parasite fauna of 
cyprinid (Cyprinidae) and percid (Percidae) fishes in the 
Vistula Lagoon, Poland. Wiad. Parazytol.,  49: 125 – 164 
ROLBIECKI, L., ROKICKI, J., MOROZIŃSKA-GOGOL, J., 
CHIBANI, M. (1999): Larval stages of helminths in fish 
from the Vistula Lagoon and the Gulf of Gdańsk in rela-
tion to bird occurrence. Bull. Fish. Inst., 2: 51 – 60 
RYBICKA, K. (1958): Tapeworms of birds (excl. Anseri-
formes) in Drużno Lake. Acta Parasitol. Pol., 6: 143 – 178 
RYZHIKOV, K. M., RYŠAVÝ, B., KHOKHLOVA, I. G., 
TOLKATCHEVA, L. M., KORNYUSHIN, V. V. (1985): Hel-
minths of Fish-Eating Birds of the Palaearctic Region II. 
Cestoda and Acanthocephales. Moscow/Praque 
SCHOLZ, T. (1989): First record of the larvae of Paradi-
lepis scolecina (Rudolphi, 1819) (Cyclophylidae: Dilipidi-
dae) in fishes from Czechoslovakia. Folia Parasitol., 36: 
65 – 66 
SCHOLZ, T., BRAY, R.A., KUCHTA, R., ŘEPOVÁ, R. (2004): 
Larvae of gryporhynchid cestodes (Cyclophyllidea) from 
fish: a review. Folia Parasitol., 51: 131 – 152 
SZOSTAKOWSKA, B., SULGOSTOWSKA, T. (2004): Helmin-
tofauna of the black cormorant (Phalacrocorax carbo 
sinensis) from North-Eastern Poland . Wiad. Parazytol., 
50: 119 
TORRES, P., VALDIVIESA, J., SCHLATTER, R., 
MONTEFUSCO, A., REVENGA, J., MARIN, F., LAMILLA, J., 
RAMALLO, G. (2000): Infection by Contracaecum rudol-
phii (Nematoda: Anisakidae) in the Neotropic cormorant 
Phalacrocorax brasilianus, and fishes from the estuary of 
the Valdivia river, Chile. Stud. Neotrop. Fauna & Envi-
ronm., 35:101 – 108 
VAN DOBBEN, W. H. (1952): The food of cormorant in the 
Netherlands. Ardea, 40: 1 – 63 
WZIĄTEK, B., MARTYNIAK, A., HLIWA, P., KOZŁOWSKI, J., 
KRZYWOSZ, T., OSEWSKI, M., SOBOCKI, M., SZAMAŃSKA, 
U., GOMUŁKA, P. (2005): Great Cormorant predation on 
coregonid fishes at sites in Poland. Advanc. Limnol., 60: 
285 – 297 
 
 
 
 
 
 
ACCEPTED  NOVEMBER 11, 2010 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


