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Abstract. In order to disentangle the contribution of host and parasite biology to host specificity, we compared the structure and 
population dynamics of the Gyrodactylus (von Nordmann, 1832) flatworm community living on sympatric three-spined 
Gasterosteus aculeatus L. and nine-spined Pungitius pungitius (L.) stickleback. Between April 2002 and March 2003, a small 
lowland creek was sampled monthly. Species identity of about 75% of the worms per host was determined with a genetic   nu-
clear marker (ITS1). Each stickleback species hosted a characteristic gill- and fin-parasitic Gyrodactylus: G. arcuatus     By-
chowsky, 1933 and G. gasterostei Gläser, 1974 respectively infecting the three-spined stickleback, with G. rarus Wegener, 1910 
and G. pungitii Malmberg, 1964 infecting the nine-spined stickleback. Host size and seasonal dynamics were strong  determi-
nants of parasite abundance. A strong interaction between host and parasite species determined infection levels and affected 
three levels of parasite organisation: community structure, population structure and topographical specialisation. Community and 
population structure were shaped by asymmetric cross-infections, resulting in a net transmission of the Gyrodactylus species 
typical of the nine-spined stickleback towards the three-spined stickleback. Host density was not a major determinant of parasite 
exchange. Aggregation and topographical specialisation of the Gyrodactylus species of the three-spined stickleback were more 
pronounced than that of the nine-spined stickleback.  

The ecological context of the population dynamics of 
parasites is important to understand host-parasite sys-
tems. Epidemiological models predict a positive rela-
tionship between host population density and abun-
dance of directly transmitted macroparasites (Arneberg 
et al. 1998, Arneberg 2001). Variation in parasite abun-
dance may point to transmission rates relative to the 
probability of physical contact between hosts. The 
population dynamics of directly transmitted parasites 
may thus provide information on the interplay between 
parasite population structure, parasite behaviour, host 
ecology, and host behaviour.  

A central aspect of this interaction is host specificity, 
which determines whether a parasite is able to colonise 
a host (Sasal et al. 1999a). Host specificity can be 
strongly determined by host ecology, such as the degree 
of host isolation, and by parasite ecology, such as mo-
bility (ter Hofstede et al. 2004). This is reflected in the 
parasite population structure. For instance, the degree of 
physical contact between hosts affects the degree of 
parasite aggregation (Sasal et al. 1999b). In ectopara-
sites, the host and parasite components of host specific-
ity may influence two additional levels of parasite or-
ganisation. First, host specificity may account for ecto-

parasite community structure. For instance, specialist 
parasite communities may reveal a higher degree of 
nestedness than generalist parasite communities (Matě-
jusová et al. 2000, Morand et al. 2002). Secondly, to-
pographical specialisation of ectoparasites may be in-
fluenced by factors such as proximity to mates, compe-
tition, or host defence strategies (Reiczigel and Rózsa 
1998, ter Hofstede et al. 2004).  

The link between ectoparasite ecology and host ecol-
ogy, and its consequences for parasite microhabitat, 
population and community structure seems evident, but 
it is hard to disentangle the host and parasite component 
of host specificity in the field. Inference may be particu-
larly strong when sympatric host species share a com-
munity of closely related, host-specific ectoparasites, 
accounting for several replications of host-parasite sys-
tems in a single environment. The present study system 
consists of sympatric three-spined stickleback, 
Gasterosteus aculeatus L., and nine-spined stickleback, 
Pungitius pungitius (L.). Both fishes host several mono-
genean parasites of the genus Gyrodactylus (von Nord-
mann, 1832) (Malmberg 1970, Dartnall 1973, Wootton 
1976, Cone and Wiles 1985, Harris 1985, Kalbe et al. 
2002, Özer et al. 2004). Gyrodactylus species are often 
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highly specific (Harris 1985, Poulin 1992, Bakke et al. 
2002), and given their direct life cycle and direct trans-
mission they are expected to depend heavily on host 
biology. The stickleback immune system can respond 
strongly a few weeks after infection (Lester and Adams 
1974, Raeymaekers et al. 2006). Although transmission 
by direct host contact is not the only route of transmis-
sion (Bakke et al. 1992, 2007), transmission rates are 
probably correlated with the physical contact between 
hosts (Boeger et al. 2005).  

The three-spined and the nine-spined stickleback can 
coexist and are closely related, but their biology differs 
considerably (Bråten 1966, Wootton 1976, 1984, Copp 
and Kováč 2003, Hart 2003). The same is true for their 
Gyrodactylus species, which differ markedly in host 
specificity, microhabitat specificity and reproductive 
strategy, although the latter is less well understood 
(Harris 1993). Our first objective was to determine the 
structure and seasonal dynamics of the Gyrodactylus 
communities and populations living on coexisting three- 
and nine-spined sticklebacks. The occurrence of four 
Gyrodactylus species, identified with molecular tools, 
was linked with host characteristics. Secondly, we stud-
ied the site specificity of each Gyrodactylus species. 
Finally, three Gyrodactylus species in our study were 
recorded on both stickleback species, with a higher oc-
currence on the “primary host” species compared to the 
“secondary host” species. Ratios of infection success in 
primary versus secondary host species enabled us to 
compare the contribution of host and parasite compo-
nents to host specificity. We discuss the implications at 
three levels of parasite organisation: community struc-
ture, population structure, and topographical specialisa-
tion (sensu Pie et al. 2006). 

MATERIALS  AND  METHODS 

Sampling and molecular identification. The study was 
carried out in a small eutrophic polder creek located in West-
kerke (Belgium; 51°10’N, 3°00’E). The site is located near the 
North Sea coast, and has a very slow current of freshwater and 
a high density of macrophytes. Between April 2002 and 
March 2003, we sampled this site monthly for 25–30 indi-
viduals of three-spined and nine-spined stickleback each. Wa-
ter temperature (°C) and conductivity (µS.cm–1) were moni-
tored with a probe (Hach, Loveland, Co, USA). Both stickle-
back species were present throughout the year along a stretch 
of 300 m. An estimate of the proportion of nine-spined versus 
three-spined sticklebacks along this stretch was determined by 
sampling during 30 min in March 2003; nine-spined (n = 87) 
and three-spined sticklebacks (n = 124) were present in a ratio 
of 0.70. Other fish species were rare. Dipnetting along 50 m of 
the stretch was usually sufficient to obtain 30 sticklebacks of 
each species. To avoid an aggregation bias, individuals were 
selected randomly when more than one stickleback was 
caught in one dip. As a result of water turbidity and plant 
growth, all captures were blind. After capture, sticklebacks 
were individually preserved in 100%  ethanol.  In  the  labora-

tory,  each  fish  was  measured (standard length, SL ± 0.1 
cm), weighed (± 0.01 g), inspected for Gyrodactylus sp. in a 
Petri-dish under a stereomicroscope, and dissected for sex 
determination when larger than 25 mm. All worms were 
counted on each of the following fish body parts: caudal fin 
(cf), anal fin (af), dorsal fin including spines (df), pelvic plate 
and pelvic spines (pf), left and right pectoral fin (pc), head 
including the throat and the surface of the eyes (h), and the 
rest of the body (b) and gills (g). Gill covers were removed in 
order to dissect and inspect the gills. Detached worms were 
counted separately. 

Worms were collected with a dissection needle and trans-
ferred to a 250 µl Eppendorf tube containing 5 µl Milli-Q 
water. All worms were collected whenever possible. In case of 
high infection numbers, parasites were sampled proportionally 
to the distribution over the body, with a maximum of 50 
worms per fish. Eppendorf tubes were stored at –20°C until 
further processing. Samples were digested by the addition of 5 
µl of a double concentrated lysis solution, at a final concentra-
tion of 1 × PCR buffer (Eurogentec), 0.45% Tween 20 
(Merck, Germany), 0.45% NP40 (Calbiochem, USA) and 60 
µg l–1 proteinase K (Sigma, USA). Tubes were centrifuged, 
incubated at 65°C for 25 min, followed by incubation at 95°C 
for 10 min. 

Identification of the worms was based on the Internal Tran-
scribed Spacer 1 (ITS1) rDNA region. The 20 µl PCR con-
tained 2 µl genomic DNA, 1 × PCR buffer (Eurogentec), 1.25 
mM MgCl2, 200 µM of dNTP, 1 µM ITS1f (Cunningham 
1997), 1 µM ITS1r (Zietara et al. 2002), 1 U of Silver Taq 
Polymerase (Eurogentec) and Milli-Q water. Samples were 
subjected to an initial denaturation step of 5 min at 95°C, fol-
lowed by 40 cycles of 30 s at 95°C, 30 s at 54°C and 30 s at 
72°C, with a final elongation step of 7 min at 72°C. Aliquots 
(5 µl) of PCR products were run on a 1% agarose gel before 
and after digestion with 5 U of restriction enzymes (RE). RE 
were selected based on all available ITS sequences from G. 
arcuatus Bychowsky, 1933, G. rarus Wegener, 1910, G. 
branchicus, Malmberg, 1964, G. pungitii Malmberg, 1964, 
and G. gasterostei Gläser, 1974 submitted to GenBank 
(AJ001839, AJ001841, AJ001845, AF156668, AF156669, AF 
484543, AF328865, AF328867, AF328869, AY338442, 
AY338443, AY338444, AY338445, AY061976). RE Bst 
1107I was used to discriminate between G. gasterostei and G. 
pungitii. The ITS1 fragment, about 770 bp long, digested into 
two fragments of 303 and 467 bp in the case of G. pungitii, 
and no restriction in the case of G. gasterostei. Each digestion 
and electrophoresis step included a positive control sample of 
G. pungitii to check the quality of the enzyme. RE BseNI was 
used to discriminate between G. rarus, G. arcuatus and G. 
branchicus. The enzyme cuts the 498 bp ITS1 fragment into a 
fragment of 328 bp and 170 bp in G. rarus, and into a frag-
ment of 294 and 224 bp in G. arcuatus. Specimens of G. 
branchicus, lacking a BseNI restriction site (Zietara et al. 
2000), were not observed. However, a more recent GenBank 
ITS1 submission for G. branchicus from Finland (AY061977; 
Zietara and Lumme 2003) contains the same restriction site as 
G. rarus. The identification of G. rarus was therefore con-
firmed by direct sequencing of the ITS1 fragment of 49 
specimens using Big Dye version 1.1 on an Applied Biosys-
tems 3130 DNA Analyser. 
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Data analysis. First, gyrodactylid identification success 
and gyrodactylid infracommunity structure were determined. 
Secondly, we investigated for each Gyrodactylus species to 
what extent two determinants of population structure, preva-
lence and infection intensity, differed between host species, 
host sex, host size and sampling month. As parasite species 
level could not always be determined for the complete Gyro-
dactylus fauna of an individual host, infection intensities of a 
particular parasite species may represent an underestimation 
for that particular host. Therefore, we allocated unidentified 
worms to a particular parasite species proportional to the 
overall occurrence of that parasite species in the whole sample 
of hosts. Overall occurrence was calculated as the number of 
worms of a species divided by the total number of identified 
worms, and this was done in each host species separately. 
From the corrected infection intensity we calculated corrected 
prevalence, which slightly exceeded uncorrected values. 
Prevalence, mean and median intensities were compared 
among subsets of hosts as implemented in the software QP 3.0 
(Rózsa et al. 2000). Third, we analyzed the topographical 
specialisation (Pie et al. 2006) of each parasite species in rela-
tion to host species and host sex. Significance of the associa-
tion between rows and columns of the contingency tables was 
based on χ² values calculated and tested in STATISTICA 6.0. 
Finally, we studied the changes in topographical specialisation 
associated with increasing infection intensity. 

RESULTS 

Habitat and sticklebacks 
Mean monthly temperatures varied between 18.8°C 

in August and 3.6°C in January (Fig. 1a). Size was larg-
est in April for both the three-spined (4.45 ± 0.37 cm) 
and the nine-spined (4.15 ± 0.39 cm) sticklebacks. Sizes 
dropped steeply to minima in July for the three-spined 
stickleback (1.94 ± 0.43 cm) and in August for the nine-
spined stickleback (2.35 ± 0.48 cm), due to the emer-
gence of juveniles (<25 mm). Adults of the three-spined 
stickleback were almost absent in July and August, 
whereas adult nine-spined stickleback persisted in rea-
sonable numbers during summer. This period coincided 
with the growth of a dense layer of duck weed covering 
almost the entire water body. From October onwards, 
most young of the year had grown larger than 30 mm. 
Sex-ratios were biased towards females (female:male 
ratio in three-spined stickleback: 1.45:1; in nine-spined 
stickleback: 1.28:1); males were particularly rare in the 
three-spined stickleback in late autumn. The three-
spined stickleback sample consisted all year round of a 
mix of highly, partially and low-plated individuals, 
which is typical for the lowland populations bordering 
the North Sea (Raeymaekers et al. 2005, 2007). 

Gyrodactylus parasitology, species and community 
structure 

Out of a total of 603 fish, 348 were infected with 
4,011 Gyrodactylus sp. About one third of the worms  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. Dynamics of two coexisting stickleback species and 
their Gyrodactylus parasites from a small polder creek in 
Westkerke (Belgium) between April 2002 and March 2003. 
(a) Average standard length (cm) of nine-spined (triangles) 
and three-spined (circles) sticklebacks along with average 
monthly temperatures (°C; cross marks). (b) Prevalence and 
(c) median intensity of G. pungitii (open symbols) and G. 
gasterostei (black symbols) in nine-spined (triangles) and 
three-spined (circles) stickleback. The breakpoint in the 
graphs between May and June represents the disappearance of 
the adult cohort of three-spined sticklebacks. 

(32%) was  not sampled,  whereas the DNA amplifica-
tion success was 83%. As a result, 45% of the worms 
could not be identified, but the average fraction of iden-
tified worms per host was 0.75 ± 0.30 (median: 0.87). 
There was no difference in identification success of 
worms between host species (Mann-Whitney U test; P =  
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Fig. 2. Composition (%) of Gyrodactylus communities on (a) 
three-spined (n = 129) and (b) nine-spined (n = 201) stickle-
back from a small polder creek in Westkerke (Belgium) be-
tween April 2002 and March 2003. Abbreviations: a – G. ar-
cuatus; g – G. gasterostei; p – G. pungitii; r – G. rarus. Other 
classes (gp, gap, ga, grp and pr) represent multispecies com-
munities. 

0.75). Prevalence in three-spined stickleback (48.6% of 
286 hosts) was considerably lower compared to nine-
spined stickleback (65.9% of 317 hosts) (χ² = 18.5; P 
<0.0001). Median intensities were also lower in the 
three-spined stickleback (i.e. 3 versus 6 worms per fish; 
Mood’s median test; P = 0.038), whereas mean intensi-
ties were not significantly different (t = 0.547; P = 
0.581): the distribution of worms on three-spined stick-
leback was much more overdispersed due to three mass-
infestations of 130 to 275 worms. The highest infection 
level found on nine-spined sticklebacks was 76 worms.  

Gyrodactylus individuals detected on three-spined 
stickleback (n = 802 identified worms) belonged to G. 
gasterostei (81.7%), Gyrodactylus pungitii (13.2%), G. 
arcuatus (4.2%) and G. rarus (0.9%). Gyrodactylus 
pungitii (93.6%), G. rarus (3.8%) and G. gasterostei 
(2.6 %) were found on the nine-spined stickleback (n = 
1,422 identified worms). Gyrodactylus pungitii and G. 
gasterostei are considered fin or skin parasites, whereas 
G. arcuatus and G. rarus are mainly encountered on 
gills (Malmberg 1970). About 49% of the Gyrodactylus 

communities on the three-spined stickleback consisted 
exclusively of G. gasterostei (Fig. 2). Furthermore, 29% 
of the three-spined sticklebacks hosted exclusively G. 
pungitii or G. pungitii combined with G. gasterostei, 
whereas 10% were infected with G. arcuatus with or 
without G. gasterostei. Only 11% were infected with all 
three Gyrodactylus species. On the nine-spined stickle-
back, 76% of the Gyrodactylus communities consisted 
exclusively of G. pungitii. Only 9% hosted G. 
gasterostei with or without G. pungitii, whereas 13% of 
the nine-spined sticklebacks were infected with G. ra-
rus or G. rarus together with G. pungitii. The three Gy-
rodactylus species co-occurred in only 2% of the com-
munities. 

Gyrodactylus population structure 
Host specificity and seasonal dynamics. The “gill” 

parasites, G. arcuatus and G. rarus, were only occa-
sionally encountered, with a prevalence of less than 
10% (Table 1). Gyrodactylus arcuatus was mostly 
found in late autumn on or close to the gills. Occasion-
ally it was also present in other seasons and on other 
parts of the body, but exclusively on three-spined stick-
lebacks. Gyrodactylus rarus occurred throughout the 
year, mainly on the gills of the nine-spined stickleback, 
with a subtle peak in summer. Very rarely (4 out of 286 
hosts) it was observed on the gills of the three-spined 
stickleback. Prevalence, mean and median intensity of 
both gill parasites on their respective primary hosts 
were similar (P >0.05; Table 1). Indices of discrepancy 
(Poulin 1993), expressing how aggregated parasites are 
distributed over their hosts, were mostly greater for gill 
parasites than for fin parasites. 

As suggested by their scientific names, both fin para-
sites, G. pungitii and G. gasterostei, occurred abun-
dantly on their primary host species, the nine-spined 
and the three-spined stickleback, respectively (Table 1). 
Their presence was characterized by strong seasonal 
fluctuations. Prevalence (Fig. 1b) and median intensity 
(Fig. 1c) of both Gyrodactylus species peaked in May, 
but decreased considerably in summer, in parallel with 
the decrease in the number of adult fish. Gyrodactylus 
gasterostei virtually disappeared in August, when the 
three-spined stickleback population mainly consisted of 
juveniles. Intensities of G. gasterostei remained low 
until December, whereas prevalence was only fully re-
covered by February. For G. pungitii, the reduction in 
population size during summer was less pronounced, 
due to a persisting proportion of infected adult nine-
spined stickleback. Prevalence re-established quickly 
between October and November. Infection intensities of 
both fin parasites remained relatively stable during win-
ter and early spring. 

The fin parasites G. pungitii and G. gasterostei also 
cross-infected each others’ primary host species as “sec-
ondary”  hosts  (Table 1). However, the signal of host 
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specificity   was   strong,  as  confirmed  by  signifi- cant 
Table 1. Total number of hosts (nt), number of infected hosts (ni), prevalence (ni/nt), mean intensity, median intensity and index 
of discrepancy (D; Poulin 1993) for four Gyrodactylus species infecting three-spined (Gasterosteus aculeatus) and nine-spined 
(Pungitius pungitius) stickleback in a small polder creek in Westkerke (Belgium) between April 2002 and March 2003. P/S indi-
cates whether the stickleback species is a primary (P) or a secondary (S) host for the parasite. Infection parameters are based on 
values extrapolated towards total number of worms per host. F – fin and skin parasite; G – gill parasite. 

Parasite Host P/S nt  ni  ni /nt Mean intensity Median intensity D 
G. gasterostei (F) G. aculeatus P 286 113 39.5% 12.40 4.0 0.875 
G. pungitii (F) G. aculeatus S 286   52 18.2%   4.18 2.1 0.915 
G. arcuatus (G) G. aculeatus P 286   27   9.4%   2.44 1.2 0.945 
G. gasterostei (F) P. pungitius S 317   24   7.6%   1.88 1.3 0.948 
G. pungitii (F) P. pungitius P 317 193 60.9% 11.03 5.9 0.719 
G. rarus (G) P. pungitius P 317   31   9.8%   2.10 1.2 0.937 

 
 
Table 2. Prevalence (%) of four Gyrodactylus species on four size classes of three-spined (Gasterosteus aculeatus) and nine-
spined (Pungitius pungitius) stickleback in a small polder creek in Westkerke (Belgium) between April 2002 and March 2003. 

Host    n Host size (cm) G. arcuatus G. rarus G. gasterostei G. pungitii 
G. aculeatus   65 

127 
  74 
  20 

<2.5 
2.5–3.4 
3.5–4.4 
>4.5 

  6.2 
  5.5 
14.9 
25.0 

  – 
  – 
  – 
  – 

  9.2 
34.6 
63.5 
80.0 

  0 
11.8 
29.7 
75.0 

P. pungitius   51 
122 
127 
  17 

<2.5 
2.5–3.4 
3.5–4.4 
>4.5 

  – 
  – 
  – 
  – 

  5.9 
  7.4 
13.4 
11.8 

  0 
  5.7 
10.2 
23.5 

21.6 
52.5 
81.1 
88.2 

 
 

differences between primary and secondary host species 
in terms of prevalence (P <0.0001) and median infec-
tion intensity (P <0.001). Moreover, on its primary host, 
each parasite species outperformed the other in terms of 
prevalence (P <0.0001). The index of discrepancy was 
higher in the infected secondary host species (Table 1). 
Seasonal fluctuations of prevalence and median infec-
tion intensity on secondary host combinations resem-
bled primary host combinations, albeit at lower levels 
(Fig. 1b, c). Interestingly, host specificity was also 
asymmetric: ratios of prevalence and intensity on pri-
mary versus secondary host species indicated that the 
three-spined stickleback is more important as a secon-
dary host species for G. pungitii than the nine-spined 
stickleback for G. gasterostei (Table 1). Gyrodactylus 
pungitii was also not significantly underrepresented on 
the three-spined stickleback compared to G. gasterostei 
in terms of median intensity (P = 0.132). Conversely, G. 
gasterostei was underrepresented on the nine-spined 
stickleback compared to G. pungitii (P <0.0001).  

In March 2003, the prevalence of G. gasterostei was 
lower on three-spined stickleback (80%) compared to 
G. pungitii on nine-spined stickleback (92%), despite 
the higher density of three-spined versus nine-spined 
stickleback. In the same month, the ratio of prevalences 
on secondary hosts (0.40; i.e. 16% for G. gasterostei in 
nine-spined stickleback, divided by 40% for G. pungitii 
in three-spined stickleback) was much smaller than the 
estimated host density ratio (0.70), which is an estimate 
(assuming random mixing) of the odds for a worm en-
countering nine-spined versus three-spined stickleback. 

These results suggest that host density is not the major 
determinant of the transmission probabilities of worms 
within and among host species. 

Host sex and host size. Male and female stickleback 
displayed no differences in prevalence, mean or median 
intensity for any of the four Gyrodactylus species, ex-
cept for G. pungitii, which was more prevalent in male 
nine-spined stickleback (males: 78%; females: 62%;    P 
= 0.005). The difference was particularly striking in 
July, the last month of the breeding season in nine-
spined stickleback (Copp and Kováč 2003). Across all 
host–parasite species combinations, prevalence strongly 
increased with host size (Table 2), with median inten-
sity being minimal in the juvenile size class (<25 mm). 
Up to 22% and 6% of the juveniles were infected with 
their primary fin and gill parasites, respectively. Juve-
niles did not serve as secondary hosts. 

Topographical specialisation 
Gyrodactylus communities were differentially dis-

tributed over the body of both stickleback species (χ² = 
343.12; df = 7; P <0.0001; Fig. 3). Worms on three-
spined stickleback (with a majority of G. gasterostei) 
had a greater affinity for the head and the pelvic plate 
and spines. On nine-spined stickleback (with a majority 
of G. pungitii), the dorsal and anal fin were more pre-
ferred, and almost no worms were found on the pelvic 
plate and spines. The proportional occurrence on pecto-
ral fins, caudal fin and other body parts was similar be-
tween  host species. Within host species, toporaph- 
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Fig. 3. Topographical specialisation of Gyrodactylus communities at increasing intensities on (A) three-spined (n = 137) and (B) 
nine-spined (n = 206) stickleback from a small polder creek in Westkerke (Belgium) between April 2002 and March 2003.    
Abbreviations: af – anal fin; b – body; cf – caudal fin; df – dorsal fin and dorsal spines; g – gills; h – head; pc – pectoral fins;    
pf – pelvic plate and pelvic spines. 

 
ical specialisation differed between males and females 
(three-spined stickleback: χ² = 39.48; df = 7; P <0.0001; 
nine-spined stickleback: χ² = 51.94; df = 7; P <0.0001). 
We observed a similar shift in both species, with worms 
being proportionally more predominant on fins in males 
and more on the head and other parts of the body in 
females. 

With increasing infection intensities, worms on nine-
spined stickleback were proportionally more often en-
countered on the body of the fish (Fig. 3). Remarkably, 
this was not the case for worms on three-spined stickle-
back: topographical specialisation in function of infec-
tion intensity changed in a highly irregular way includ-
ing occasional site emptiness. On some three-spined 
sticklebacks, worms aggregated at more specific sites 
like the head and the pectoral fins. As a result, worms 
on nine-spined stickleback were displaying a more di-
verse distribution over sites, as revealed by the Simpson 
index (on nine-spined stickleback: 2.65 ± 1.20; on 
three-spined stickleback: 2.24 ± 1.19; P = 0.0019). 

Topographical specialisation of G. pungitii on three-
spined stickleback deviated significantly from its distri-

bution on nine-spined stickleback (χ² = 33.03; df = 7;   
P <0.0001). On three-spined stickleback, G. pungitii 
maintained its preference for the anal fin, but showed a 
greater affinity for the pelvic plate and spines, and 
weaker for the dorsal fin, similar to G. gasterostei. For 
G. gasterostei, topographical specialisation depended 
only marginally on host species (χ² = 13.52; df = 7; P = 
0.06). On nine-spined stickleback, G. gasterostei 
showed an increased preference for the head and the 
pectoral fins, but was absent from the pelvic plate and 
spines. 

DISCUSSION 

We studied the dynamics of the Gyrodactylus fauna 
living on sympatric stickleback species from a small 
polder creek in Belgium. We document community 
structure, population structure, host specificity and to-
pographical specialisation of four Gyrodactylus species 
in the course of a single year. Whereas we cannot derive 
general conclusions like those obtained in multi-year 
and multi-site studies (e.g. Harris 1993), the identifica-
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tion of a high number of worms with molecular tools 
generated great detail on local gyrodactylid population 
and community biology.  

Gyrodactylus community structure 
The Gyrodactylus community of both stickleback 

species in the Westkerke polder was dominated by a 
specific gill parasite and a specific fin parasite: G. ar-
cuatus and G. gasterostei on the three-spined stickle-
back, and G. rarus and G. pungitii on the nine-spined 
stickleback. Occurrence, host specificity and topog-
raphical specialisation of each parasite largely agreed 
with previous field studies on sticklebacks (Malmberg 
1970, Harris 1985, Özer et al. 2004). For euryhaline 
fish like sticklebacks, Gyrodactylus community struc-
ture may largely reflect the environment. Both fin para-
sites represented more than 90% and 80% of the Gyro-
dactylus community of nine- and three-spined stickle-
backs, respectively. The occurrence of the euryhaline 
gill parasites (G. arcuatus and G. rarus) was relatively 
low. For G. rarus, this has been reported earlier by 
Malmberg (1970). In contrast, a prevalence of more 
than 80% has been described for G. arcuatus infecting 
the three-spined stickleback in a euryhaline stream at 
the mouth of the Black Sea (Özer et al. 2004). An ex-
tremely localised autumn outbreak of G. arcuatus has 
been documented in river sticklebacks by Harris (1993). 
Bakke et al. (2002, 2007) consider G. arcuatus as a 
species with a wide host range and efficient dispersal, 
but poor competitive ability, leading to rapid exclusion 
from fully developed communities. However, the role 
of competition remains controversial in ectoparasites; 
there is little evidence that parasite populations or com-
munities are structured by resource limitation (Rohde 
1991, Reiczigel and Rózsa 1998, Morand et al. 2002, 
but see Pie et al. 2006).  

There is little agreement on which other factors 
structure ectoparasite assemblages (Rohde 1991). It is 
hypothesized that host density, reflecting the probability 
of encountering a host, promotes abundance and species 
richness in communities of directly transmitted parasites 
(Arneberg et al. 1998, Arneberg 2001, 2002). This way 
host density may have contributed to the “natural eco-
logical transfer” (King and Cable 2007) of the parasite 
species of the nine-spined stickleback towards the three-
spined stickleback. However, in at least one month we 
observed that the host with the lowest density (the nine-
spined stickleback) was more heavily infected. This 
suggests either that host density may be no major de-
terminant of parasite exchange in this study, or that 
density estimates do not accurately predict host 
encounters. Another hypothesis is that individual host size relates 
to infracommunity size (Guégan and Hugueny 1994, 
Matějusová et al. 2000). We found that juveniles were 
only infected by their typical parasites, such that infra-
communities represented subsets of the infracommuni-
ties on adult hosts. The increase in species richness with 

host size therefore followed a nested pattern. The most 
likely cause of nestedness is differential colonisation 
(Worthen and Rohde 1996, Rohde et al. 1998). The 
chances of infection with Gyrodactylus may increase 
with host age or reproductive investment, although 
rapid acquisition of Gyrodactylus and other ectopara-
sites has been demonstrated in fry of brooding fish like 
sticklebacks, presumably through adult-fry interactions 
(Bakke et al. 2007). Interestingly, the proportion of sec-
ondary versus primary infections increased with host 
size as well. 

Gyrodactylus population structure 
Overall prevalence and infection intensity in nine-

spined stickleback was higher than in three-spined 
stickleback. Parasite abundance differed among parasite 
species and was strongly influenced by host size (see 
below). The parasite fauna was more strongly aggre-
gated on three-spined stickleback than on nine-spined 
stickleback. Aggregation also differed between fin ver-
sus gill parasites, and between primary and secondary 
fin parasites on the same host. Aggregation, which can 
be considered to reflect parasite isolation (Sasal et al. 
1999b), therefore seems to depend on the host species 
as well as on the parasite species. 

Seasonal dynamics. Major factors affecting the sea-
sonal prevalence and abundance of gyrodactylids in-
clude abiotic factors like water temperature, and host-
related factors, such as behaviour, sex, age, resistance 
and mortality (Malmberg 1970, Bakke et al. 2002, Özer 
et al. 2004). The seasonal dynamics of Gyrodactylus 
parasitizing salmonids and marine gobies were charac-
terized by increased population growth with rising tem-
peratures in spring, peak reproduction in late summer, 
and declining reproductive rates in winter (Appleby 
1996, Geets et al. 1998, Bakke et al. 2002). In several 
permanent freshwater fishes, prevalence in summer was 
low (Matějusová et al. 2000, Dávidová et al. 2005). In 
this study, Gyrodactylus intensity and prevalence on 
three-spined and nine-spined stickleback peaked in late 
spring, collapsed in early summer, remained low in au-
tumn and were built up again during winter. Prevalence 
also followed the dynamics of average host size. The 
abrupt decline in early summer coincided with the end 
of the breeding season of both host populations, most 
likely due to mortality or migration of the post-
spawners. The decline occurred earlier and was stronger 
in three-spined stickleback. Survival of post-spawners 
may be higher in nine-spined sticklebacks, which are 
more resistant to oxygen depletion (Wootton 1984, 
Copp and Kováč 2003). 

In October, prevalence was equally low in both stick-
leback species. The subsequent recovery of prevalence 
was much faster in nine-spined stickleback. This sug-
gests that G. pungitii had a larger total population size 
than G. gasterostei at the onset of the recovery, or that 
the species has a greater growth rate or transmission 
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success. The host’s lifestyle may also promote the re-
covery, through shoaling behaviour (Boeger et al. 
2005), the sediment (Bakke et al. 1992), or the vegeta-
tion. Microhabitat partitioning among both stickleback 
species has been demonstrated experimentally (Hart 
2003) and in shallow streams in the field (Copp and 
Kováč 2003): three-spined stickleback has a more ben-
thic life style, whereas nine-spined stickleback prefers 
to live in the vegetation. As both life styles may favour 
parasite transmission, the contribution of host biology 
to the observed differences remains unclear. Dead hosts 
can also represent a source for parasite transmission 
(Olstad et al. 2006). It has been suggested that G. 
gasterostei and G. pungitii employ different transmis-
sion strategies with respect to dead hosts: G. pungitii is 
thought to remain on a dead host (Malmberg 1970), 
whereas G. gasterostei leaves the host shortly after its 
death (Bakke et al. 2007). 

Host specificity, host size and host sex. The typical 
parasites of the three-spined stickleback, G. arcuatus 
and G. gasterostei, were absent or relatively uncommon 
on the nine-spined stickleback. Conversely, typical spe-
cies of the nine-spined stickleback, i.e. some G. rarus 
and a considerable fraction of G. pungitii, cross-infected 
three-spined stickleback. The fact that we observed this 
pattern for a pair of fin and a pair of gill parasites sug-
gests an effect of host density, which was considerably 
higher for three-spined stickleback in at least one sam-
pling month. However, comparison of infection levels 
of G. gasterostei and G. pungitii suggests that the biol-
ogy of the parasite (prevalence, transmission capacity or 
reproductive success) is a stronger determinant of host 
specificity than host density. The shift of infections to-
wards larger size classes suggests that infection and 
host switching represent a probabilistic process becom-
ing more likely with host age.  

A combination of factors, such as infection rate, sur-
vival, reproduction, population growth and virulence, 
determine host optimality (King and Cable 2007). Mean 
intensity and prevalence of G. pungitii doubled that of 
G. gasterostei on their respective secondary hosts. One 
explanation is the high prevalence of G. pungitii which 
may enhance natural ecological transfers. The optimal-
ity of each fish species as a host for G. pungitii has not 
been studied. The epidermis of the nine-spined stickle-
back appeared not to be suitable as a long-term food 
source for G. gasterostei (Bakke et al. 2002). This is 
consistent with the poor performance of G. gasterostei 
on nine-spined stickleback in this study. Our results also 
confirm previous studies on G. gasterostei populations 
from Western Europe reporting narrow host specificity 
and a strong affinity to the biology of the three-spined 
stickleback (Bakke et al. 2007). At least in Great Britain 
and Belgium, G. gasterostei could therefore be regarded 
as a strict specialist species. 

Male nine-spined sticklebacks were more frequently 
infected than females during the breeding season, which 
may be due to behavioural or endocrinological changes. 
More frequent and more severe infections with Gyro-
dactylus spp. have been reported in mature males of 
brown trout (Pickering and Christie 1980), and in fe-
male stone loach in periods of reproductive investment 
(Šimková et al. 2005). Appleby (1996) and Geets et al. 
(1998) reported a close affinity between Gyrodactylus 
infestations and the breeding biology of two goby spe-
cies, mediated by host-sediment and host-host contact. 
Male gobies building nests were more infected than 
females in the beginning of the spawning season, which 
is expected given the intensity of contact with the sedi-
ment. Later on females visiting these nests carried a 
higher parasite load. In August and September, we also 
observed that females from the nine-spined stickleback 
carried more worms than males, but this was supported 
by few observations. The lack of sex-related infection 
levels in the three-spined stickleback may relate to the 
shorter (Copp and Kováč 2003) and abrupt end of the 
breeding season in this species. 

Topographical specialisation 
In Monogenea, many factors have been implicated as 

determinants of topographical specialisation and its po-
tential changes with infrapopulation size. These factors 
include accessibility to resources, parasite age and mat-
ing strategies, competition, age of infection, and trans-
mission to new hosts (Pie et al. 2006, Bakke et al. 
2007). In this study, both fin parasites preferred differ-
ent sites on their respective primary host species, and 
each parasite shifted its distribution on its secondary 
host species. We also observed that G. pungitii main-
tains a diverse distribution over its hosts at any infection 
level, whereas G. gasterostei tends to aggregate. These 
results suggest that G. pungitii has a more flexible to-
pographical specialisation than G. gasterostei. This 
higher mobility at the infrapopulation level appears to 
match with higher transmission rates at the population 
level. A causal relationship remains tentative at the 
moment. 

Conclusion  
In this field study, differential infection and cross-

infection levels influenced three levels of parasite or-
ganisation: community structure, population structure 
and topographical specialisation. Parasites of the nine-
spined stickleback enriched the Gyrodactylus fauna of 
the three-spined stickleback. The typical parasites of the 
three-spined stickleback were more host-specific, 
showed a more aggregated distribution at the population 
level, and a more pronounced topographical specialisa-
tion at the infrapopulation level. Our study illustrates 
that similar Gyrodactylus species may exploit sympatric 
and closely related hosts in surprisingly different ways. 
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The analysis of Gyrodactylus population and commu-
nity biology with respect to host characteristics may 
reveal important ecological or behavioural interactions 
between hosts. Because of their direct life cycle and 
continuous need to find susceptible hosts, Gyrodactylus  
species strongly  depend on host biology. Gyrodactylus 
may therefore represent a particularly useful system to 
study host-parasite evolutionary dynamics (Boeger et al. 
2005, Decaestecker et al. 2007), and to assess the con-
tribution of parasitism to the remarkable cases of stick-
leback speciation (McKinnon and Rundle 2002, Raey-
maekers et al. 2007). 
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