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sticklebacks are decreasing. In this paper, the parasite community of the three-spined stickle-
backs was studied. The values of parasitological indices are counted and compared with previous
data. Possible consequences of the harboured parasites for body condition, fecundity and changes
in host behaviour are described. Also the other possible reasons for the current reduction in the
number of sticklebacks in the Puck Bay are analyzed.
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1. Introduction

Fish from the family Gasterosteidae are distributed world-
wide in the Northern Hemisphere and they inhabit fresh-
water, brackish water and inshore zones of the sea (Wootton,
1976). They are short-living fishes, about 2—4 years (DeFaveri
and Merila, 2013; Voight, 2007). Because of its worldwide
distribution, occurrence in various habitats, omnivorous nat-
ure and a central position in the food web, three-spined
stickleback Gasterosteus aculeatus (Linnaeus, 1758) is a very
popular model host in ecological parasitology (Barber, 2013).

Parasites are a very important component of biocenosis
and good indicators of the environmental changes and eco-
system health (Hudson et al., 2006; Marcogliese, 2002). Some
species of parasites play a vital role in the regulation of the
abundance of hosts by affecting their growth, fertility and
behaviour (Marcogliese, 2004; Pojmanska and Niewia-
domska, 2010). They may also change the host's colouration
making them easier to be seen and easier to be caught by the
other hosts (Pojmanska and Niewiadomska, 2010).

Among the parasites of G. aculeatus we found generalists
as well as specialists. Some of them can contribute to the
reduction of sticklebacks population, e.g., Schistocephalus
solidus inter alia affect their fertility (Heins and Baker, 2008),
Diplostomum spp. reduced vision and can lead to blindness
(Valtonen and Gibson, 1997; Voutilainen et al., 2009) and
Thersitina gasterostei reduced respiration (Rokicki, 1994).

Barber (2013) reported that 155 parasites, including
120 metazoans, were recorded from the three-spined stickle-
backs worldwide. From Euroasia region 86 metazoan species
of parasites were known (Poulin et al., 2011). In Poland,
totally 51 species of parasites, including one alien species
Anguillicola crassus Kuwahara, Niimi & Itagaki, 1974, have
been noted (Morozinska-Gogol, 2006).

A significant increase in the number of the three-spined
sticklebacks was recorded since the mid-seventies of the
twentieth century. They became the dominant species and
were distributed evenly and in large numbers in the coastal
waters of the southern Baltic Sea, especially in the Puck Bay
(Skoéra, 1992, 1993). The next change in the composition of
ichthyofauna of the Puck Bay was observed in the nineties,
when the alien invasive species, the round goby Neogobius
melanostomus (Pallas, 1811), appeared and spread rapidly
(Sapota, 2004). Over the last few years, changes in the
occurrence of G. aculeatus in the coastal waters are
observed. Formerly sticklebacks occurred in large number
in the Gdynia Marina and the fishing port in the Puck for the
whole year. Presently, their abundance in these locations has
significantly decreased. Reduction in the number of stickle-
backs in these areas could be a result of changes in the abiotic
and biotic elements of the environment, including relation-
ships with other species, like competition, predation and
parasitism.

The first information about parasites of stickleback from
the Polish Coast was printed in 1883 by Girdwoyn, who
described the plerocercoids S. solidus. Afterwards parasito-
fauna of G. aculeatus from the Polish coastal waters was
studied in detail by Fidelus (1975), Morozinska-Gogol (1999,
2002) and also by Sulgostowska and Vojtkova (2005),
when the sticklebacks were the dominant fish species in
the habitat. More than 30 species of parasites of the stickle-
backs were recorded from the entire Polish coastal waters,

including lagoons, estuaries and coastal lakes (Morozinska-
Gogol, 2006).

In this paper, the recent decline in the abundance of the
three-spined sticklebacks in the Puck Bay is reported. Some
of the parasites that infected sticklebacks caused health
effects and induced changes in host behaviour. This research
is carried out for a better understanding of the role of the
parasite communities in the fluctuations in host abundance,
their health and circulation of the parasites in the food web
of the ecosystem of the Puck Bay.

2. Study area

The Puck Bay is the western part of the Gulf of Gdansk. This
reservoir is separated from the open sea by the Hel Peninsula.
The border between the Puck Bay and the Gulf of Gdansk is a
line connecting the tip of the Hel Peninsula with Kamienna
Gora — the hill in Gdynia. The sandbank, Rybitwia Mielizna,
divides the Puck Bay into the inner and outer Puck Bay. The
inner part is also called the Puck Lagoon. Both parts have
different conditions. The outer eastern part connected with
the Gulf of Gdansk is deeper with higher salinity and lower
summer temperature. The Puck Lagoon is a shallow semi-
enclosed basin with less salinity and more susceptibility to
changes in weather and strong anthropogenic pressure (Kruk-
Dowgiatto and Szaniawska, 2008).

In the past this basin was inhabited by many species of
freshwater, migratory and marine fish (Skora, 1993). From
the 1970s, adverse changes in the ecosystem structure
because of increasing eutrophication and pollution were
observed. Structure of ichthyofauna has changed, including
the disappearance of many fish species and expansion of
Gasterosteidae and also Gobiidae (Kruk-Dowgiatto and Sza-
niawska, 2008; Skora, 1993). The biomass of the three-spined
stickleback was 99% of all fish biomass in this basin in the
1990s (Skora, 1993).

3. Material and methods

The three-spined sticklebacks were caught with a manual
fishing lift net in two ports of the Puck Bay, in the Gdynia
Marina (54°31'0”N, 18°33’12"E) situated in the outer Puck Bay
and in the fishing port in Puck (54°43'22"N, 18°24'40"E)
located in the Puck Lagoon. Fish were caught from the Gdynia
in November 2012 and April 2013 and from the Puck in April
and June 2013. In the remaining months fishing of the samples
was unsuccessful.

Lateral plate morphs were determined, where trachurus
is a fully plated form, semiarmatus is partially plated on the
pectoral and caudal parts of the body, and leiurus is a low
plated form (Banbura and Bakker, 1995). Fish were weighed
and measured. Sex of the sticklebacks was also determined.
Fulton's condition factor (CF) was calculated with the for-
mula: CF = 10° x W/L3 (Coop and Kovac, 2003), where W is
fish weight in grams and L is total fish length in millimetres. If
stickleback was infected with S. solidus, because of signifi-
cant weight of the parasites, plerocercoids were removed
before fish weighing. Statistical significance of the differ-
ences in CF between males and females as well as between
infected and uninfected sticklebacks was tested with t-test.

Sticklebacks were examined for ectoparasites and endo-
parasites using the standard procedures of parasitological
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examination. The body surface, gills, eyes (lens and vitreous
humour), body cavity and visceral organs have been viewed.
Parasitic identification was based on taxonomic keys (e.g.,
Dzika, 2008; Kabata, 1992; Niewiadomska, 2003; Pojmanska,
1991). Parasitological indices (prevalence, mean and range
intensity) were calculated according to Bush et al.
(1997). Prevalence is the percentage of hosts infected with
parasites, mean intensity is the average number of parasites
found on one infected host and range intensity is the range
from the lowest to the highest number of parasites found in
one infected fish.

4. Results

A total of 145 three-spined sticklebacks were examined. Two
morphotypes, trachurus and semiarmatus, were identified
with preponderance of trachurus. Average body weight was
1.8 g (range 1.2—3.2 g) and length was 6.3 cm (range 5.1—
6.9 cm). Plerocercoids of S. solidus were removed from the
body cavity of infected fish and were also weighed (0.3—
0.6 g).

The overall mean Fulton's condition factor was 0.67
(SD = 0.17); when considering sex of fish, CF was higher for
females than for males, respectively 0.73 (SD =0.18) and
0.66 (SD=0.07) (p<0.05). Fulton's factors were also
counted for fish infected with S. solidus as 0.68 (SD = 0.10)
and for uninfected as 0.70 (SD = 0.06) (p > 0.05).

Eight species of parasites and digeneans of the genera
Diplostomum were collected in the samples. Of these two
were ciliates Trichodina domerguei Wallengren, 1897 and
Trichodina tenuidens Faure-Fremiet, 1944 and one each were
of microsporidia Glugea anomala (Moniez, 1887), monoge-
nean Gyrodactylus arcuatus Bychowsky, 1933, digenean Apa-
temon gracilis (Rudolphi, 1819), cestode S. solidus (Miiller,
1776), leech Piscicola geometra (Linnaeus, 1758), and also
the copepod T. gasterostei (Pagenstecher, 1861).

A single specimen of the leech was found on the skin of the
stickleback from the Puck. The remaining parasites were
collected at both locations. Parasitological indices are given
in Table 1. The most prevalent parasites were T. gasterostei
and T. domerguei.

The allogenic community comprised three taxa, all pre-
sent as larval stages: Diplostomum spp., A. gracilis and

S. solidus, and the remaining parasites belong to the auto-
genic community. Five species of the ectoparasites were
noted: T. domerguei, T. tenuidens, G. arcuatus, P. geometra
and T. gasterostei. Sticklebacks were infected by the species
of specialist, like G. anomala, G. arcuatus, S. solidus and
T. gasterostei.

4.1. Microparasites of the three-spined
stickleback

4.1.1. Trichodina domerguei

These ciliates were located on the body surface of the
sticklebacks — skin and fins, mostly on the caudal fin. Inten-
sity of infection with ciliates was defined as low, medium or
high. The highest intensity of infection was observed in the
case of sticklebacks from Puck. Also prevalence was highest
in samples from Puck (Table 1).

4.1.2. Trichodina tenuidens

Parasites were recorded in the gill cavity, mostly on the gill
operculum. T. tenuidens was found only in Puck with highest
prevalence in April (Table 1). Intensity was lower than that
observed for T. domerguei.

4.1.3. Glugea anomala

Xenomas with microsporidian G. anomala were located in the
subcutaneous tissue and visible on the body surface or on the
viscera as white round cysts up to 5—8 mm of diameter. The
highest values of parasitological indices were recorded in
June in Puck (Table 1).

4.2. Macroparasites of the three-spined
stickleback

4.2.1. Gyrodactylus arcuatus

This monogenean parasite was recorded on the gills and fins,
rarely on the skin. Parasites were found only in June in Puck
(Table 1).

4.2.2. Apatemon gracilis
Encysted metacercariae of A. gracilis were collected from
the vitreous humour of eye. A. gracilis occurred in all samples

Table 1 Mean intensity (range) and prevalence of infection of the three-spined stickleback from the Puck Bay. | — mean intensity
(range) [individuals], P — prevalence [%].
Species of parasite Gdynia Puck

November 2012 April 2013 April 2013 June 2013

n=32 n=45 n=37 n=31

I P | P | P I P
Trichodina domerguei None 0 Low 44.4 High 81.1 Medium 87.1
Trichodina tenuidens None 0 None 0 Medium 37.8 Low 9.7
Glugea anomala 0 0 1.1 (1) 2.2 4.0 (1-7) 5.4 16.3 (1—45) 9.7
Gyrodactylus arcuatus 0 0 0 0 0 0 6.9 (1-26) 45.2
Apatemon gracilis 1.8 (1-5) 18.8 1.4 (1-3) 11.1 1.5 (1-2) 5.4 4.2 (1—-11) 16.1
Diplostomum spp. 1.3 (1-2) 9.4 1.3 (1-2) 6.7 0 0 14.4 (1-35) 25.8
Schistocephalus solidus 1.0 (1) 12.5 1.0 (1) 6.7 1.0 (1) 2.7 1.6 (1-5) 74.2

Thersitina gasterostei 2.9 (1-12) 50

1.8 (1-5)

66.7 2.4 (1-6) 56.8 113.0 (8—253) 100
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with highest values of mean intensity in June in Puck and its
prevalence in November in Gdynia (Table 1).

4.2.3. Diplostomum spp.

Metacercariae of digeneans from this genus were found in the
lenses of the eye. Both parameters of infection have reached
high values in June in Puck (Table 1).

4.2.4. Schistocephalus solidus

Plerocercoids of S. solidus occurred in the body cavity of
sticklebacks. Parasites are very large relative to the size of
the host. Plerocercoids were removed from the body cavity of
infected fish and were also weighed (0.3—0.6 g). The highest
parasitological indices were recorded in June in Puck
(Table 1). Males and females were infected with plerocer-
coids in different levels. The highest prevalence was
observed in the case of males, in Puck 66.7% and in Gdynia
10.3%, while in females, it was respectively 14.6% and 7.9%.
Some of the sticklebacks harboured more than one plero-
cercoid, maximum 5 parasites.

4.2.5. Thersitina gasterostei

Copepods aggregations were found first of all on the ventral
inner side of the operculum, and in the case of high infection
also on the gill lamellae and under pectoral fins and spines.
Copepods were found in all samples with prevalence higher
than 50% (Table 1). In June all of the fish from Puck were
infected and infection intensities were of up to 253 parasites.

5. Discussion

In our own studies carried out in the mid-1990s of the 20th
century, 20 species of parasites were found in the Gulf of
Gdansk (Morozinska-Gogol, 1999). In contrast, today, a sig-
nificant decrease in the diversity of the parasites is observed,
with only eight species being present. Some of the formerly
frequent species, e.g. Proteocephalus filicollis (Rudolphi
1810), restricted to sticklebacks in also other parts of the

Baltic Sea (Zander et al., 1999), have not been reported.
Now, parasitofauna has a low diversity and is limited to a few
species; first of all specialists, like S. solidus or T. gasterostei,
and generalist infected most of the fish species in this region,
like Diplostomum spp. According to many views in the lit-
erature, the majority of the currently found parasites affect
the body condition and fertility and modify the behaviour of
the host.

As shown in Figs. 1 and 2, some changes in the values of
prevalence and intensity of the most frequent parasites were
found. Increase in the prevalence of both ciliates and
S. solidus was observed. The greatest prevalence decrease
was noted for Diplostomum spp. and marine copepod
T. gasterostei (Fig. 1). The values of mean intensity are very
similar, with the exception of Diplstomum spp. and T. gaster-
ostei for which intensity has increased (Fig. 2).

Species such as G. anomala, G. arcuatus, S. solidus and
T. gasterostei are specialist parasites of gasterosteid fish
(Dzika, 2009; Kabata, 1992; Stentiford et al., 2013; Zander,
2007). According to many authors physiological condition
and/or behaviour of sticklebacks are affected by S. solidus
(e.g. Barber and Huntingford, 1995; Barber et al., 2004;
Schultz et al., 2006), T. gasterostei (Rokicki, 1994),
G. anomala (Ward et al., 2005) and also flukes located in
the eyes (e.g. Voutilainen et al., 2009). Kalbe et al. (2002)
reported that sometimes combination of different parasite
species may cause parasite-induced host mortality. According
to these authors parasites also act as selective agents of the
host's divergence. Many authors reported that the host—
parasite interaction is not simple and has various regulating
mechanisms. The relationship between both, parasite and
host, and abundances could be regulated by parasite-induced
host mortality and also by host-induced mortality of parasites
(e.g. Stanko et al., 2006). Abundant hosts usually tend to
harbour richer parasitofauna (e.g. Hechinger and Lafferty,
2005; Vazquez et al., 2005). If the species of the host
becomes less numerous, its parasitofauna may become less
rich. In this study correlation between infection and fish
mortality was not found.
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Figure 1

Prevalence of selected parasites of sticklebacks from the present study compared with data from the 1990s.
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Figure 2 Mean intensity of selected parasites of sticklebacks from the present study compared with data from the 1990s.

Rohde (1993) and Yeomans et al. (1997) reported that the
ciliates infected generally fish from the eutrophic and pol-
luted environments. Changes in occurrence of the ciliates
depend on the environmental factors. Ward et al. (2005)
observed reduction of the fish growth, nutritional drain and
increasing energetic costs of locomotion through disfigure-
ments by tumours caused by G. anomala. Mortality, espe-
cially among young fishes, is also observed (Arnold et al.,
2003). Cysts of G. anomala can indirectly affected survival —
infected fish are less agile and more visible to predators.

Some effects caused by macroparasites were also noted by
many authors. Barber et al. (2000) indicate that the meta-
cercariae Diplostomum spp. causes severe effects on vision
and several other damages, also causing cataract and leading
to blindness, when parasites migrate and aggregate in the
part of lens with minor illumination. Infected fish spend more
time near the water surface, where they are more visible for
the avian predators and more susceptible to attack (Barber
et al., 2000; Valtonen and Gibson, 1997). Infection, because
of reduction of visual acuity, also reduces their success in
nutrition and consequently reduces the body condition
(Owen et al., 1993). Hoglund (1999) reported in heavily
infected fish loss of body condition, even death, especially
in young fish. The increase of mean intensity observed in the
Puck Bay do not affect the body condition, but it is possible
that heavily infected sticklebacks notice the predators later
and therefore do not have sufficient time to escape and so are
eaten by predators. Also Pennycuick (1971) concluded that
the heavily infected host may not die but may be eaten by a
predator. She refers this phenomenon to the generalist
Diplostomum and the specialist S. solidus.

S. solidus changes the host appearance; infected fish have
a distended abdomen (Arme and Owen, 1967) and often have
a pale body colour. Nuptial colouration of males affected by
parasites is less intense than the uninfected, which reduced
their chance of mating (Bakker and Mundwiler, 1994; Barber
et al., 2000; Rowland, 1982). Because the intensity of
male nuptial colouration positively correlates with physical
condition, females preferred brightly coloured males

(Milinski and Bakker, 1990). Heins et al. (2010) documented
also the mass mortality of stickleback infected with S. solidus
and reduction in the reproductive capacity in the Walby Lake
in Alaska in the years 1996—1998.

Dietary stress and increased oxygen demand in the case of
infected stickleback were described in many papers (cf.
LoBue and Bell, 1993). Arme and Owen (1967) explain in
detail the effects of parasitisation, which among others is the
reduction of liver weight, delay in oocyte maturation or
inhibition of spawning in the case of heavily infected stickle-
backs. Also changes in behaviour facilitate the transmission
of the parasites (Ness and Foster, 1999) and reduce the body
condition (Tierney et al., 1996) were observed. Infected fish
are usually slower than the uninfected, prefer swimming in
shallow water or close to the water surface and become more
susceptible to avian predators (Barber et al., 2000; LoBue
and Bell, 1993; Ness and Foster, 1999). According to LoBue
and Bell (1993) the reason is higher oxygen demand, and the
higher concentration of oxygen is in the upper part of the
water column.

In Gdynia in the winter of 2008, prevalence was very high
and reached 94% with intensity even to 6 individuals (Mor-
ozinska-Gogol, 2011), and indeed, some fish were pale. These
high parameters of infection indirectly could be one of the
reasons for the decrease in the abundance of sticklebacks,
because infected fish can more often be caught by cormor-
ants. This is probably because infected fish spend more time
near the water surface and because of their distended belly
they were more visible for the predators and were less agile.
The final hosts of S. solidus are about 40 species of piscivorous
birds (LoBue and Bell, 1993) in these cormorants (Milinski,
2006). In Poland, S. solidus was noted in several species of fish
eating birds (cf. Morozinska-Gogol, 2011), and also cormor-
ants (Kanarek and Rokicki, 2005; Kanarek and Zalesny, 2014).
The Gulf of Gdansk is an important breeding and wintering
area for water birds (Bzoma and Meissner, 2005; Kanarek and
Zalesny, 2014). In the recent years, in the Puck Bay and the
Gulf of Gdansk population of the great cormorants Phalacro-
corax carbo sinensis (Blumenbach, 1798) has been regularly
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and significantly increasing. Thus, the role of cormorants as
predators and potential hosts has increased in this region.
Many cormorants spend winter in this region (Bzoma and
Meissner, 2005). In the Baltic region sticklebacks as well as
round gobies are an important food component of the cor-
morants (Bzoma and Meissner, 2005; Winkler et al., 2012).

Copepod T. gasterostei is the most abundant parasite in the
Puck Bay. Zander et al. (1999) found the highest prevalence for
this species. Poulin and Fitzgerald (1987) did not find signifi-
cant differences in the body condition factors of fish infected
and uninfected and they did not find a situation where the
copepods aggregated on the gills. Kabata (1981) as well as
Rokicki (1994) found that intense infection of T. gasterostei
with aggregation on the gills affect growth and survival of
hosts. Rokicki (1994) observed high mortality of heavy infected
sticklebacks in the summer months, when temperature
increases and dissolved oxygen decreases in the shallow waters
of the Puck Bay. One fish often harboured more than 100 cope-
pods. Sticklebacks were also infected with G. anomala,
S. solidus, Diplostomum spp. and A. gracilis. Unfortunately,
he did not give the value of the body condition factor. Similarly
Threlfall (1968) observed mass mortality of stickleback in
Newfoundland as an effect of stress induced by the combina-
tion of heavy infection with three species of parasites,
S. solidus, T. gasterostei and Argulus canadensis Wilson,
1916. The increase of mucus secretion in the gills of stickle-
backs infected with T. gasterostei was observed. It is a defence
against parasites, but from another aspect, this heightened
secretion impeded respiration.

The Fulton's condition factor of examined fishes was lower
than CF found by Voight (2007), but in its study CF was higher
for female than for males, and was statistically significant
(p < 0.05). Voight (2007) for sticklebacks from the coastal
waters of western Gulf of Finland recorded overall CF as 0.87
(£0.11), and CF for females and males were respectively 0.92
(£0.11) and 0.88 (£0.08). This author calculated also that
the average weight of the large parasites (S. solidus) con-
stituted 25% of the weight of the infected fish and it was
confirmed in the present study, where weights of plerocer-
coids were 0.3—0.6 g. He has not counted CF for infected and
uninfected fish. In the present study, uninfected fish have a
little higher CF, but the difference was statistically insignif-
icant (p > 0.05).

A variety of abiotic and biotic factors, like salinity, pollu-
tion, eutrophication, and relationships with other species,
determine distribution of organisms, including also the para-
sites. In the Baltic Sea two abiotic stressors are important.
There is decreasing salinity dependent on the influx of saline
waters from the North Sea and eutrophication with oxygen
deficiency in the deep and shallow water (Zander, 1998).

Adverse changes caused by high pollution and eutrophica-
tion of estuarine and coastal marine ecosystems lead to
changes in the littoral zone and in the structure of food webs
(Heuschele et al., 2009; Smith, 2003; Smith et al., 2006;
Zander et al., 1999). Changes in fish communities were
observed in all regions of the Baltic Sea and in the Puck
Bay they were significant (Kruk-Dowgiatto and Szaniawska,
2008; Rajasilta et al., 1999; Skora, 1993). Primarily changes
in the abundance of commercially exploited fish species were
described, but some authors, like Rajasilta et al. (1999),
observed also reducing the abundance of G. aculeatus, prob-
ably as a consequence of eutrophication in the Archipelago

Sea (part of the Baltic Sea between the Gulf of Finland and
the Gulf of Bothnia). Changes in parasite community e.g.
decline in species richness of parasites of gobies fish exposed
to environmental stress — eutrophication — was also
observed in the Baltic Sea (Zander, 1998).

The possible reasons for reduction in the number of
sticklebacks in the Puck Bay could be also the increasing
abundance of competitors such as round gobies and predators
such as cormorants or the introduced rainbow trout Oncor-
hynchus mykiss (Walbaum, 1792). The Hel Marine Station at
the University of Gdansk managed project “Rainbow trout”
which aims at introducing to the food web of the Puck Bay
predatory fish like rainbow trout for reduction of undesirable
fish species, including sticklebacks (Skora, 2010).

Summing up, the fall in the abundance of the three-spined
sticklebacks in the recent years is a result of the combination
of diverse factors. In this study we did not find direct
significant correlation between structure of parasite com-
munity, parasitological indices and mortality of host. How-
ever, parasites may contribute to the selective eating of the
infected individuals by predators or in special conditions in
combination with other parasites and/or abiotic factors e.g.
temperature, oxygenation affects the survival of the host.
Moreover changes in the species diversity, e.g. increase of
the number of cormorants, emergence of expansive species
like round goby or introduction of predators as rainbow trout,
and also environmental changes such as pollution and eutro-
phication of the Puck Bay play an important and multidirec-
tional role.
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