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Abstract: 	 The amphipod Gammarus obnixus Karaman & Pinkster, 1977 is an intermediate host for the acanthoceph-
alan parasite Pomphorhynchus laevis (Zoega in Müller, 1776). Specimens of G. obnixus were collected 
from two sampling stations: (1) Işıklı Spring (clear, cold water with a fast current and hard substratum 
with a gravel-covered bottom) and (2) a rainbow trout net-cage area (dense community of macrophytes 
on a soft substratum due to net-cages residues and high water turbidity). The aim of this study was to 
determine monthly changes of the larval occurrence of P. laevis and to understand the effect of the fish 
farming on the infection rate with cystacanths of P. laevis. A total of 14,027 specimens of G. obnixus were 
collected. Cystacanths of P. laevis were found in the hemocoel of the gammarids. At the Işıklı Spring, P. 
laevis infected 832 (16.2%) of the 5149 G. obnixus examined over the total sampling period and had a 
mean intensity of the cystacanths of 1.5 and mean abundance 0.2 per amphipod individual. At the net-
cage area, P. laevis infected 3480 (39.2%) of the 8878 G. obnixus, with a mean intensity of 2.3 and mean 
abundance 0.9 per amphipod host. Amphipods in all 12 length classes were infected with P. laevis. The 
maximum intensity of the infection was 16 cystacanths of P. laevis in a single G. obnixus in August. Sex 
ratio of the cystacanths was approximately 1:1. Males of G. obnixus from both stations were more heavily 
infected than females. The results showed that the population density and infection rates of G. obnixus 
were higher at the net-cage area than at the Işıklı Spring.
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Introduction
Members of the phylum Acanthocephala are com-
monly known as “spiny-headed worms” and there 
are about 1200 species known (Amin 2013). All 
known acanthocephalans are endoparasites and 
adults live in the intestines of vertebrates, including 
fishes (Golvan 1994). Various species of fish acan-

thocephalan parasites, which have an indirect life 
cycle, exploit amphipod crustaceans as intermediate 
hosts, in which they develop from egg to acanthel-
la and cystacanth (Taraschewski 2000, Kennedy 
2006, Perrot-Minnot et al. 2011, Dianne et al. 
2012). Larvae of Polymorphus minutus were found 
to co-occur with cystacanths of Pomphorhynchus 
laevis in Echinogammarus stammeri (Dezfuli & 
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Giari 1999). All acanthocephalan fish parasites re-
quire trophic transmission to complete their life cy-
cle. The acanthocephalan parasite is transmitted by 
crustacean gammarids to its paratenic or final hosts, 
fish (Bakker et al. 1997). Pomphorhynchus laevis 
use some cyprinid and salmonid fish as definitive 
hosts and several amphipod crustacean species as 
intermediate hosts (Kennedy 2006). Interactions be-
tween acanthocephalan parasites and their amphipod 
hosts have been widely studied. Some parasite spe-
cies have evolved the ability to alter the behaviour of 
their intermediate host that increases the probability 
of consumption by the definitive host (Taraschews-
ki 2000, Cézilly & Perrot-Minnot 2005, Mor-
mann 2010). Pomphorhynchus and Polymorphus are 
known to change the photophobic behaviour of their 
amphipod intermediate hosts (Bakker et al. 1997). 
Pomphorhynchus laevis manipulates amphipods to 
increase their susceptibility to fish predation (Dez-
fuli et al. 2000, Perrot-Minnot et al. 2007). 

There is no information available on the in-
termediate hosts of fish acanthocephalans in Tur-
key. In the present study, we found cystacanths of 
P. laevis in the hemocoel of Gammarus obnixus. 
Adults of P. laevis were previously reported in the 
intestine of Oncorhynchus mykiss (see Çevrimel & 
Soylu 2017) and Squalius carinus (see Soylu et al. 
2017) caught from the same study sites. We focused 

on studying the monthly changes of occurrence of 
larval P. laevis within its intermediate host G. ob-
nixus, which was a prevalent amphipod in both Işıklı 
Spring and rainbow trout net-cage area. In addition, 
we examined whether there were any differences of 
infection parameters between the two stations. 

Materials and Methods
Specimens of G. obnixus were taken between Janu-
ary and November 2015 from the Işıklı Spring 
(38º18′55.67′′N, 29º51′38.29′′E). The first trout net-
cage was located 700 m away from the spring. There 

Fig. 2. Cystacanths of Pomphorhynchus laevis (arrows) in 
the hemocoel of Gammarus obnixus from the Işıklı Spring.

Fig. 1. Propodus and nail of dactylus on gnathopod 1 of Gammarus obnixus from the Işıklı Spring: a. male; b. female.
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was a 5 m difference in altitude between the spring 
pool and the net cage area, which contained 70 
cages. The Işıklı Spring had clear, cold water with 
a fast current and hard substratum with a gravel-
covered bottom. In contrast, the trout net-cage area 
featured dense community of macrophytes on a soft 
substratum, resulting from net-cage residues and 
high water turbidity. In total, 14,027 specimens of 
Gammarus obnixus were collected (5149 specimens 
from the Işıklı Spring and 8878 specimens from the 
net cage area). Specimens were collected through 
sweeping over submerged plants with a hand-held 
net with a two-millimetre mesh. Collected amphi-
pod specimens were fixed in 4% formalin, cleared 
in lactic acid-glycerine-water and then examined 
for infection of Pomphorhynchus laevis. The total 
length of specimens of G. obnixus was measured to 
the nearest millimetre, from the tip of the rostrum to 
the end of the telson. Female and male gammarids 
were differentiated by the shape and size of propo-
dus (males have large gnathopods, nearly twice the 
size of those of the females), their hook-like dacty-
lus attached to the distal end of gnathopods 1 and 2 
(Fig. 1a, 1b) and the presence of eggs or embryos 
in the brood pouch (Karaman & Pinkster 1977, 
Ware & Sandefur 2009). Infected gammarids 
were separated for counting of cystacanths (Fig. 2). 
The number of acanthocephalans present, their sex 
and length were recorded for each individual. The 
intestines of 21 Chondrostoma meandrense were 
examined for the presence of P. laevis. Identifica-
tion of acanthocephalan specimens was performed 
as described by Špakulová et al. (2011) using un-
fixed fresh material. Immediately after collection, 
some acanthocephalan specimens were washed in 
saline and then fixed in 90–100% ethanol for mito-
chondrial and nuclear sequencing.

Results
Morphological characteristics of the cystacanths 
collected from the hemocoel of G. obnixus and ma-
ture specimens of P. laevis collected from the in-
testine of C. meandrense inhabiting the study area 
were compared. This comparison were based on 
the dimensions and shape of proboscis, length of 
the proboscis hooks and neck, number of longitu-
dinal rows of proboscis hooks and number of hooks 
in each row. Consequently, acanthocephalan larvae 
collected from G. obnixus was identified as P. laevis. 
Sequencings of mitochondrial partial cytochrome 
oxidase subunite 1 COI gene of the acanthocephalan 
specimens confirmed the morphological identifica-
tion (Fig. 3).

A total of 14,027 specimens of G. obnixus were 
collected from the two sampling stations. Yellow-
orange coloured cystacanths of P. laevis were seen 
in the hemocoel of G. obnixus on fresh unfixed ma-
terials. Some melanised cystacanths were also found 
within the gammarids. 

Sampling Station I (Işıklı Spring, St-I). Cys-
tacanths of P. laevis infected 832 (16.2%) of the 
5149 individuals of G. obnixus examined from the 
Işıklı Spring. Out of them, 3049 (59.2%) were fe-
males and 2100 (40.8%) were males. The total num-
ber of cystacanths recovered from the infected G. 
obnixus was 1265. Mean intensity and mean abun-
dance of cystacanth for the total sampling period 
were 1.5 and 0.2, respectively. There were monthly 
changes in occurrence of cystacanths in G. obnix-
us (Table 1). The prevalence of cystacanths in G. 
obnixus changed from 4.2% in March to 30.6% in 
June, although the monthly differences were not sig-
nificant (Mann-Whitney U-test Z=12; P>0.05). The 
largest number of worms per individual (16 cysta-

Fig. 3. Sequences of mitochondrial partial cytochrome oxidase subunit 1 COI gene of the acanthocephalan specimen 
from the Işıklı Spring.

 

ggtctgatgt atgttttggt tggtgtgtga ggggggctaa tgggattttc tataaggcta     60 
ttaattcgat tagagctagg gagaggaggg gtttggatag gaagagaggc tgtgtataat   120 
gttttagtga ctagacatgc tgttataata gtattttttc tagtaatacc agtatttatg   180 
ggaggatttg gtaattggct catgccagtt atgttaggat tgagggacat ggccctccca   240 
cgactgaata atttgaggct tattctactt atcgctaggt tgggaattat aggagtatcc   300 
ctgcttttag gagggggtgg ggctggttgg acaatgtatc cacccctcat gttgggggat   360 
tacaggtctg gtgtagctgt tgacctaatg atcctgaggt tgcatgtagt aggtctttcc   420 
tctatcctag gctcaatcaa catcctgatt acatgggtag ccgggaggag ggtggtgtat   480 
agagtagaac aggcacctct gtttgtatgg gctttagtaa cgaccgctgg cttagtggtt   540 
ttaacggtcc cagtcttggc ggcagcttta acgatgcttt tgatagaccg taatttgaat   600 
gccagatttt ttga        614 
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canths) was recorded in G. obnixus with length of 12 
mm. The mean intensity of the cystacanths of P. lae-
vis in G. obnixus changed from 1.1 in 6 mm to 2.1 
in 15 mm size classes. Prevalence of the infection 
varied from 1.4% in 6 mm to 19.1% in 12 mm size 
classes (Table 2). The monthly differences of the 

mean intensity of cystacanths in males and females 
of G. obnixus (Fig. 4) varied significantly (p=0.009, 
p<0.05 and p=0.027, p<0.05, respectively). Overall, 
542 (10.5%) of the examined G. obnixus had one 
cystacanth, 171 (3.3%) had two and 53 (1.0%) had 
three cystacanths. The frequency distribution of cys-
tacanths of P. laevis in G. obnixus from the two sam-
pling stations is shown in Fig. 5. No significant dif-
ferences were observed between infections in male 
and female G. obnixus. Mean intensity and mean 
abundance of the worms were, respectively, 1.2 and 
0.1 in female and 1.7 and 0.4 in male G. оbnixus. 
The mean percentage of infected egg-carrying G. 
obnixus was 23.8% from those animals collected 
from the Işıklı Spring.

Sampling Station II (Net cage area, St-II). 
Cystacanths infected 3480 (39.2%) of the examined 
8878 individuals of G. obnixus in the net-cage area. 
These were 3973 (44.8%) females and 4905 (55.2%) 
males. The total number of larvae of P. laevis col-
lected from the infected amphipods was 7953 indi-
viduals. Mean intensity and mean abundance of cys-
tacanth for the total sampling period were 2.3 and 
0.9, respectively. The monthly changes in occurrence 
of cystacanths in G. obnixus are presented in Table 3. 

Table 2. Mean intensity and prevalence of larval infec-
tion with Pomphorhynchus laevis in Gammarus obnixus 
in relation to length classes from the Işıklı Spring (St–I).

Length 
class 
(mm)

Number 
of infected 
amphipods

Number 
of para-

sites

Mean 
number of 
parasites

Preva-
lence (%)

6 12 13 1.1 1.4
7 32 43 1.3 3.8
8 61 72 1.2 7.3
9 73 91 1.2 8.8

10 103 134 1.3 12.4
11 119 153 1.3 14.3
12 159 264 1.7 19.1
13 145 247 1.7 17.4
14 84 162 1.9 10.2
15 37 77 2.1 4.4
16 7 19 1.3 0.9

Total 832 1265

Table. 1 Monthly changes in the occurrence of cystacanths of Pomphorhynchus laevis in Gammarus obnixus from the 
Işıklı Spring (St–I).

Months

Number of 
Gammarus 

obnixus 
examined

Females
Infected 
females 

(%)

Collected 
cystacanth Males Infected 

males (%)
Collected 

cystacanth

Total 
prevalence 

(%)

January 244 155 16 (10.3) 15 89 23 (25.8) 31 16.0
March 1266 865 26 (3.0) 31 401 27 (6.7) 45 4.2
May 2008 1103 108 (9.8) 130 905 181 (20.0) 311 14.4
June 754 334 55 (16.5) 54 420 176 (41.9) 326 30.6
August 636 458 94 (20.5) 129 178 54 (30.3) 94 23.3
November 241 134 16 (11.9) 20 107 56 (52.3) 79 29.9
Total 5149 3049 315 379 2100 517 886

Fig. 4. Monthly change in the mean intensity of infection 
with Pomphorhynchus laevis in males and females of Gam-
marus obnixus at the Işıklı Spring (St–I). 

Fig. 5. Frequency distribution of Pompohynchus lae-
vis cysacanths in Gammarus obnixus from Işıklı Spring  
(St-I) and net-cage area (St-II).
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The prevalence of cystacanths in G. obnixus changed 
from 58.7% in August to 18.3% in November and the 
monthly variation was significant (Mann-Whitney 
U-test Z=9, p<0.05). Gammarus obnixus of 13 mm 
in length were infected with the largest number of 

worms. Mean intensity of the cystacanth of P. lae-
vis in G. obnixus changed from 1.2 in 6 mm to 4.0 
in 16 mm size classes. Prevalence of the infection 
varied from 0.6% in 6 mm to 19.5% in 13 mm size 
classes (Table 4). The monthly differences of the 
mean intensity of cystacanths in male and female 
G. obnixus (Fig. 6) varied significantly (p=0.002, 
p<0.05 and p=0.008, p<0.05, respectively). Overall, 
1517 (17.1%) of the examined G. obnixus had one 
cystacanth, 818 (9.2%) had two and 487 (5.5%) had 
three cystacanths (Fig. 5). Mean intensity and mean 
abundance of the worms in the females of G. obnixus 
were 1.6 and 0.5, respectively; for the males, they 
were 2.6 and 1.2, respectively. The differences be-
tween the infections in male and female G. obnixus 
were bordering on significance (p=0.048, p<0.05). 
The mean percentage of the infected individuals car-
rying eggs was 6.2% in the net-cage area. 

The mean length of cystacanths for the entire 
sampling period was 1.6 mm (range 0.8–2.4 mm). 
The sex ratio of the cystacanths was approximately 
1:1. There were no statistically significant differenc-
es in the sex ratio of the cystacanths in the males and 
females of G. obnixus. Some cystacanths of P. laevis 
had everted proboscis (Fig. 7). Males of G. obnixus 
were significantly larger than females (♂: mean  ± 
SE = 10.3 ± 0.07 mm, n= 236; ♀: 8.21 ± 0.03 mm, 
n = 321, Mann-Whitney U-test Z=5.653, p <0.001). 

Adults of P. laevis were found at the study sites 
in the intestine of Chondrostoma meandrense with an 
overall prevalence of 18.8% and mean intensity of 2.6.

Discussion
The main purpose of the current study was to com-
pare the occurrence of cystacanths of P. laevis with-
in its intermediate host G. obnixus in the spring and 
net-cage area and to understand the influence of fish 

Table 3. Monthly changes in occurrence of cystacanths of Pomphorhynchus laevis in Gammarus obnixus from the net 
cage area (St–II).

Months

Number of 
examined 

Gammarus 
obnixus

Females Infected 
females (%)

Collected 
cystacanth Males Infected 

males (%)
Collected 

cystacanth

Total 
prevalence 

(%)

January 1531 613 224 (36.5) 365 918 333 (36.3) 739 36.4
March 2201 1138 292 (25.7) 465 1063 511 (48.1) 1536 36.9
April 1507 582 189 (32.5) 276 925 484 (52.3) 1213 44.7
May 947 352 59 (16.8) 73 595 301 (50.6) 759 38.0
June 1288 574 101 (17.6) 126 714 411 (57.6) 1037 39.8

August 787 523 287 (54.9) 572 264 175 (66.3) 566 58.7
November 617 191 39 (20.4) 76 426 74 (17.4) 150 18.3

Total 8878 3973 1191 1953 4905 2289 6000

Fig. 6. Monthly change in the mean intensity of infec-
tion with Pomphorhynchus laevis in males and females of 
Gammarus obnixus at the net–cage area (St–II).

Fig. 7. Cystacanth of Pomphorhynchus laevis with evert-
ed proboscis collected from the hemocoel of Gammarus 
obnixus from the Işıklı Spring.
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farming on the infection rate of the gammarids by 
larval acanthocephalans. The results showed that 
the percentage of infected G. obnixus, the mean in-
tensity and abundance of cystacanths were higher at 
St II. At both stations, the infection rate of male G. 
obnixus was higher than in females. A higher per-
centage of cystacants were found in the 12 mm size 
class at St I and in the 13 mm size class at St II. The 
percentage of infected, eggs-carrying individuals of 
G. obnixus was four times greater at St I.

Several studies concerning acanthocephalan 
parasites and their intermediate and final hosts have 
been published. Muzzal (1982) studied Pompho-
rhynchus bulbocolli in Gammarus pseudolimnaeus. 
Dezfuli et al. (1991) collected Echinogammarus 
stammeri (Amphipoda) to study its role as an inter-
mediate host of P. laevis. Dezfuli et al. (1999) exam-
ined E. stammeri as an intermediate host of P. mini-
tus. Dudinak & Spakulova (2003) explored the life 
cycle and the seasonal changes in the occurrence of 
P. laevis in its intermediate host Gammarus balcani-
cus and its final host Phoxinus phoxinus. The infec-
tion rates and intensity of P. laevis were also reported 
in the intestine of two fish species from our study 
site Işıklı Spring: Squalius carinus, with prevalence 
85.2% and mean intensity 12.4 (Soylu et al. 2017) 
and Oncorhynchus mykiss, with prevalence 77.8% 
and mean intensity 6.7 (Çevrimel & Soylu 2017).

There are no published reports for Turkey of 
gammarid amphipods serving as intermediate host 
for acanthocephalans that utilise fish as final hosts. 
In the present study, we explore the monthly chang-

es of the occurrence of cystacanths of P. laevis in 
a comparative study from two stations. Overall, the 
prevalence in females and males individuals of G. 
obnixus were 59.2% and 40.8%, respectively, at St-
I. However, at St-II, these were 44.8% and 55.2%, 
respectively. At St-I, the percentage of infected gam-
marids was 16.2%, whereas at St-II it was 39.2%. 
There were no significant differences in the monthly 
percentage of infected Gammarus obnixus at St-I, 
however significant differences were found at St-II. 
These differences between the infection characteris-
tics at the two stations were likely driven by differ-
ent environmental factors operating at the two sites. 
Excessive nutrient load results in intense sedimen-
tation of organic matter and overgrowth of higher 
plants and algae (Karlson et al. 2002). Cage culture 
farming has been reported to cause negative effects 
on the environment, such as eutrophication, which is 
recognised as a major threat to aquatic ecosystems 
(Nordvarg 2001). Particulate and dissolved nutri-
ents are discharged directly into the surrounding wa-
ters through uneaten waste feed, faecal matter and 
excretory products (Masser 2008). At St-II, a dense 
population of G. obnixus was observed on the leaves 
of aquatic macrophytes. Gammarids are one of the 
organic pollution-facultative and tolerant organisms 
(Hawkes 1979). The combined effect of abiotic and 
biotic factors in the habitat of our study site St-II 
likely triggered an increase in the population density 
of G. obnixus much more rapidly than at St-I. In ad-
dition, at St II, mature females of Pomphorhynchus 
laevis in the gut of Oncorhynchus mykiss (Çevrimel 
& Soylu 2017) could produce higher numbers of 
eggs and serve as a source of year-round infections 
in gammarids, characterised by higher prevalence, 
mean intensity and abundance than at St I.  
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