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Abstract 
 
The present study was carried out between January and October 2018, in order to determine the infection of 
Eustrongylides excisus Jägerskiöld, 1909 in some fish species inhabiting Eğirdir Lake - the second largest freshwater 
lake of Turkey. Parasite infection was detected in host species belonging to Konya tooth-carp (Aphanius iconii Akşiraz, 
1948), Big-scale sand smelt (Atherina boyeri Risso, 1810), Caucasian dwarf goby (Knipowitschia caucasica Berg, 
1916) and pike-perch (Sander lucioperca Linnaeus, 1758). The highest prevalence of infection (21.4%) was determined 
in S. lucioperca. The mean intensity ranged from 1.25 nematode/fish in K. caucasica to 2.3 nematodes/fish, in S. 
lucioperca. The nematode E. excisus was recorded for the first time on Caucasian dwarf goby, a non-native fish species 
in Eğirdir Lake. In addition, this research provides useful data regarding histopathology effects of E. excisus in all 
studied teleost species. Hyperaemia, edema, microhaemorrhages, inflammatory reaction and necrosis were observed 
around the encysted parasites.  
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INTRODUCTION  
 
The worldwide parasite Eustrongylides excisus 
Jägerskiöld, 1909 is considered a freshwater 
zoonotic nematode potentially dangerous for 
human health (Branciari et al., 2016; 
Goncharov et al., 2018). In the life cycle of this 
worm, fish are intermediate hosts for the larvae 
which develop in muscles, within the body 
cavity, liver or other visceral organs, while 
wading birds species such as herons, egrets or 
cormorants are the definitive hosts (Bjelić-
Čabrilo et al., 2013).  
The pike-perch or other piscivorous fish 
species become infected when consuming the 
already parasitized prey and could play the role 
of paratenic host to the nematodes, when 
ingested by birds (Soylu, 2013; Dezfuli et al., 
2015). For humans, accidentally eating of 
undercooked or raw fish infested with larvae 
means that E. excisus become pathogenic, 
causing gastritis and verminous peritonitis 

(Goga and Codreanu-Bălcescu, 2013; 
Ljubojevic et al., 2015; Branciari et al., 2016). 
Novakov et al. (2013) indicated the need for 
adequate preparation of fish meat as key factor 
in combating eustrongylidiosis.  
Fish infections with E. excisus in Turkey were 
reported from various host species: Neogobius 
fluviatilis from lakes Manyas (Ozturk et al., 
2001) and Uluabat  (Ozturk et al., 2002); 
Silurus glanis from Durusu (Terkos) Lake 
(Soylu, 2005); Abramis brama from Durusu 
(Terkos) Lake (Karatoy and Soylu, 2006); 
Aphanius mento from Kırkgöz Stream 
(Aydoğdu et al., 2011); Perca fluviatilis and 
Sander lucioperca in lake Sıgırcı (Çolak, 
2013); Atherina boyeri from Iznik Lake 
(Özesen Çolak, 2013); Carassius gibelio, 
Cyprinus carpio, Sander lucioperca and 
Atherina boyeri from lake Egirdir in Turkey 
(Akcimen et al., 2014); Sander lucioperca in 
Lake Egirdir (Metin et al., 2014); Cyprinus 
carpio from Marmara Lake (Demir, 2014) and 

 
Carassius gibelio from Marmara Lake (Demir 
and Karakişi, 2016); Perca fluviatilis and 
Lepomis gibbosus from Gala Lake (Soylu, 
2014); Oncorhynchus mykiss (Akcimen et al., 
2016); Silurus glanis, Perca fluviatilis, 
Leuciscus cephalus, Rutilus rutilus, Vimba 
vimba, Scardinius erythrophthalmus from 
Büyükçekmece Dam Lake (Yardimci et al., 
2018); Capoeta baliki from Seydi River (Mnisi, 
2017); Vimba vimba, Scardinius 
erythrophthalmus from Balıkhane Creek 
(Yazıcı, 2013) and Proterorhinus marmoratus 
from Kurtköy Creek (Yazıcı, 2013); Alburnus 
chalcoides and Lepomis gibbosus from Lake 
Mert (Kırcalar, 2018); Aphanius iconii  from 
Eğirdir Lake, A. saldae  from Salda Lake,        
A. sureyanus from Burdur Lake, A. 
transgradiens from Acıgöl Lake (Innal et al., 
2019).  
E. excisus was reported so far in freshwater 
Eğirdir Lake in Aphanius iconii, Cyprinus 
carpio, Atherina boyeri, Carassius gibelio, 
Sander lucioperca (Akcimen et al., 2014; 
Metin et al., 2014; Innal et al., 2019) fish 
species.  
Belonging to Aphaniidae monophyletic family 
group of Cyprinodontiformes, Konya tooth-
carp Aphanius iconii Akşiraz, 1948 is a widely 
fish species distributed in freshwater Lake 
Eğirdir basin from Isparta province, Turkey 
(Freyhof et al., 2017; Esmaeili et al., 2018). 
This species is considered to be endemic for 
Eğirdir and Kovada Lakes (Yoğurtçuoğlu and 
Ekmekçi, 2017). The parasitofauna of this fish 
species has remained unknown until recently. 
In a previous study, Innal et al. (2019) recorded 
the presence of monogenean Salsuginus sp., 
crustaceans (Argulus foliaceus, Lernaea 
cyprinacea) and nematode E. excisus on          
A. iconii host species from Eğirdir Lake. 
Big-scale sand smelt Atherina boyeri Risso, 
1810 (Atheriniformes, Atherinidae) is a 
euryhaline species mainly encountered in 
coastal and estuarine waters, considered an 
exotic fish for Turkish inland waters (Küçük et 
al., 2012). A. boyeri was introduced by 
fishermen in Eğirdir Lake for its commercial 
value. Growth and reproduction of this 
important fish in Eğirdir Lake were clarified 
before by Yağcı et al. (2017), the literature 
review indicated little research conducted on 
sand smelt’s parasites in this study area 

(Akcimen et al., 2014). Caucasian dwarf goby 
Knipowitschia caucasica Berg, 1916 
(Perciformes, Gobiidae) is considered to be an 
alien species for the Lake Eğirdir. According to 
Güçlü and Erdoğan (2017), A. boyeri and         
K. caucasica are nowadays among the major 
fish species of this lentic ecosystem. Another 
non indigenous species, the pike-perch Sander 
lucioperca Linnaeus, 1758 (Perciformes, 
Percidae) drastically changed the native fish 
fauna of Lake Eğirdir after its intentional 
introduction in 1955 (Güçlü and Erdoğan 
2017). Diler and Yıldırım (2003) have 
mentioned the infestation of S. lucioperca and 
K. caucasica from Lake Eğirdir by trematode 
Bucephalus polymorphus. Metin et al. (2014) 
reported larval forms of E. excisus in 
abdominal cavity, peritoneum, muscle, adipose 
tissue, liver, spleen, swimbladder and stomach 
of S. lucioperca from Lake Eğirdir, and also 
highlighted the importance of public awareness 
concerning such fish consumption. 
Although the presence of E. excisus has been 
described in several fish hosts worldwide, 
studies based on pathological effects of this 
nematode species remain scarce. To date, the 
only available data about the pathological 
findings of E. excisus larvae infection in fish 
from Turkey were recorded in native species of 
genus Aphanius (Innal et al., 2019). Therefore, 
the aim of this paper was to investigate the 
pathological effects and occurrence of 
nematode E. excisus parasitizing some native 
and introduced fish species of Eğirdir Lake. 
 
MATERIALS AND METHODS 
 
This study was conducted between January 
2018 and October 2018 in fishes inhabiting 
Eğirdir Lake (Figure 1). Located at 38°15′ 
latitude N and 30°52′ longitude E in the Lake 
District from southwest Turkey, Lake Eğirdir is 
the second largest freshwater lake of Turkey 
(Güҫlü 2012).  
Three stations (Yeşilada, Bedre and Boyalı) 
were selected and samplings were carried out 
by beach seine nets for Aphanius iconii, 
Atherina boyeri and Knipowitschia caucasica. 
Sander lucioperca specimens were purchased 
from a commercial fisherman.  
Fish individuals were placed in a well aerated 
20-litre aquarium filled with stream water. Fish 
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samples were maintained in the aquarium for  
2-3 hours and subsequently anaesthetized by 
MS-222. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 1. Study area for fish sampling (Eğirdir Lake) 
 
Fish samples were measured and weighed to 
the nearest 1.0 mm and 0.1 g, respectively. 
During the dissection, internal organs 
(gastrointestinal tract, liver, kidney, heart, swim 
bladder and gallbladder), and body surfaces 
were examined separately under a dissecting 
microscope.  
Fixation, staining and preparation process of 
the determined parasites was done according to 
Pritchard and Kruse (1982). The parasites were 
identified using selected identification keys 
(Markevich, 1951; Bykhovskaya-Pavlovskaya, 
et al., 1962; Burton, 1984; Bauer, 1987; 
Moravec, 1994).  
Prevalence and mean intensity were calculated 
for each parasite species as defined by Bush et 
al. (1997). Some fished were selected for 
histopathological examination. Because the fish 
and organs were small, the whole body was 
transversally cut into six pieces from head to 
tail (Koca et al., 2019). Carefully slicing 
performed near the parasite attached areas. 
After slicing all parts of the fish were fixed in 
buffered 4% formaldehyde. Tissue samples 
were processed by automatic equipment (Leica 
ASP300S, Wetzlar, Germany) and embedded in 

paraffin. Sections (5 µm) were cut by a Leica 
RM2155 (Wetzlar, Germany) rotary microtome 
and mounted on glass slides before staining 
with Hematoxylin and Eosin (HE).  
Stained sections were examined under light 
microscopy (Olympus CX41, Tokyo, Japan). 
Morphometric evaluation and microphoto-
graphy was performed using the Database 
Manual cellSens Life Science Imaging 
Software System (Olympus Corporation, 
Tokyo, Japan). 
 
RESULTS AND DISCUSSIONS 
 
A total of 89 Aphanius iconii, 411 Atherina 
boyeri, 85 Knipowitschia caucasica and 28 
Sander lucioperca individuals were inspected 
for the presence of parasites. In all examined 
fish species, only nematode Eustrongylides 
excisus was identified (Table 1). Overall, 51 
specimens of E. excisus larvae were collected 
from 34 of 613 fish individuals. The highest 
prevalence of infection (21.4%) was 
determined in S. lucioperca. The prevalence of 
infection in A. iconii, A. boyeri and                  
K. caucasica (Figure 2) populations in Eğirdir 
Lake was nearly similar (3.4%, 5.1% and 4.7%, 
respectively). The mean intensity ranged from 
1.25 nematode/fish in Caucasian dwarf goby to 
2.3 nematodes/fish, in pike-perch (Table 2). 
At the microscopical examination, larvae of      
E. excisus were in generally localized in the 
abdominal cavity but numerous parasites were 
also detected in the muscles of analyzed fish 
species. Most of the nematodes were found 
near the ovaries and hepatopancreas. In some 
cases, intestinal sections revealed the presence 
of numerous parasites. The parasites were 
covered by a thin fibrous tissue and 
inflammatory cell infiltrations were commonly 
observed around the parasites. In some cases, 
hyperemia, microhemorrhage and edema were 
present. Marked necrosis was observed in 
severe cases and more than one parasite 
localized in same area (Figure 3).  
Of the host species of interest for this study,     
E. excisus have been founded so far in Eğirdir 
Lake on alien fish species Atherina boyeri and 
Sander lucioperca (Akcimen et al., 2014) and 
on native Aphanius iconii (Innal et al., 2019). 
Metin et al. (2014) detected the occurrence of 
the nematode in pike-perch populations of this 

 
Turkish inland water, however histopathology 
aspects were missing.  
As novelty, the present work provides 
microphotographs of Eustrongylides excisus 
encysted in four fish species of Egirdir Lake. In 
addition, this study reports for the first time the 
presence of E. excisus in Eğirdir Lake on alien 
host K. caucasica and for the second time on 
endemic fish species Aphanius iconii.  
In a previous study (Innal et al., 2019) 
concerning the parasitofauna of fish caught in 

Eğirdir Lake, A. iconii showed 2.8% prevalence 
and 1.25 mean intensity of infection with         
E. excisus larvae. Özesen Çolak (2013) studied 
the metazoan parasites of 271 specimens of      
A. boyeri in Iznik Lake between June 2008 and 
May 2009 and for E. excisus infection recorded 
the following data: overall prevalence and 
mean intensity 6.64% and 1.2, respectively; no 
nematode larvae found  from July to October; 
zero prevalence in fish from 3.0-3.9 to 7.0-7.9 
cm.

 
Table 1. Host species and their status in ichthyofauna of Eğirdir Lake

 

Table 2. Prevalence and intensity of E. excisus infection in host fish species from Eğirdir Lake (2018)  
(N = total number of hosts examined; N’ = number of infected fishes; NP = number of collected parasites;  

P = prevalence; Int = mean intensity of infection) 
Species N N’ P (%) NP Int. 
Aphanius iconii 89 3 3.4 5 1.7 
Atherina boyeri 411 21 5.1 27 1.3 
Knipowitschia caucasica 85 4 4.7 5 1.3 
Sander lucioperca 28 6 21.4 14 2.3 

 
 
 
 
 
 

 
 

Figure 2. Eustrongylides excisus in K. caucasica host 
 

According to Diler and Yıldırım (2003), the 
pike-perch is the main catch of the fisherman in 
Eğirdir Lake. This fact is important, since fish-
borne nematodes belonging to genus 
Eustrongylides could represent a threat to 
carnivorous organisms that ingest the parasites 
(Eiras et al., 2016; Shaw, 2018).  
It was postulated before that high prevalence of 
infection of S. lucioperca in Eğirdir Lake has a 
negative impact on the marketability of this fish 
species (Metin et al., 2014). There is little 
knowledge about the pathological reaction 
against to Eustrongylides excisus in fish. In this 
study were noticed hyperaemia, edema, slight 
hemorrhage, inflammatory reaction and in 
some cases necrosis in the host tissues caused 

by the parasite. These findings were in 
agreement with our previous study (Innal et al.,  
2019). Similar inflammatory response of           
A. boyeri was recorded by Branciari et al. 
(2016) on fish infected with Eustrongylides 
spp. in Trasimeno Lake, Italy. Metin et al. 
(2014) noticed abdominal swelling, 
hemorrhage in jaw, fins, gills, liver, intestine, 
spleen and muscles of S. lucioperca in Eğirdir 
Lake. Also, hemorrhages and inflammatory 
reactions due to E. excisus infection were 
registered in A. iconii of Eğirdir Lake (Innal et 
al., 2019). In this study it was found that severe 
lesions appeared when more than one parasite 
infected the same area.  
So far, the only known parasite species of 
ichthyofauna inhabiting the Eğirdir Lake are: 
the cestode Ligula intestinalis Linnaeus, 1758; 
the trematode Bucephalus polymorphus Baer, 
1827; the monogenean Salsuginus sp.; the 
nematode Eustrongylides excisus Jägerskiöld, 
1909) and crustaceans Argulus foliaceus L., 
1758 and Lernaea cyprinacea L., 1758 (Güralp, 
1968; Diler and Yıldırım, 2003; Innal et al., 
2007; Metin et al., 2014; Innal et al., 2019).  

Species Family Status N L, cm  
(min.-max.) 

W, g  
(min.-max.) 

Aphanius iconii Aphaniidae Endemic 89 2.3-4.3 0.18-1.5 
Atherina boyeri Atherinidae Introduced 411 4-6.4 0.15-1.8 
Knipowitschia caucasica Gobiidae Introduced 85 2.2-3.5 0.14-0.48 
Sander lucioperca Percidae Introduced 28 23.6-42.5 112-710 
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K. caucasica (Figure 2) populations in Eğirdir 
Lake was nearly similar (3.4%, 5.1% and 4.7%, 
respectively). The mean intensity ranged from 
1.25 nematode/fish in Caucasian dwarf goby to 
2.3 nematodes/fish, in pike-perch (Table 2). 
At the microscopical examination, larvae of      
E. excisus were in generally localized in the 
abdominal cavity but numerous parasites were 
also detected in the muscles of analyzed fish 
species. Most of the nematodes were found 
near the ovaries and hepatopancreas. In some 
cases, intestinal sections revealed the presence 
of numerous parasites. The parasites were 
covered by a thin fibrous tissue and 
inflammatory cell infiltrations were commonly 
observed around the parasites. In some cases, 
hyperemia, microhemorrhage and edema were 
present. Marked necrosis was observed in 
severe cases and more than one parasite 
localized in same area (Figure 3).  
Of the host species of interest for this study,     
E. excisus have been founded so far in Eğirdir 
Lake on alien fish species Atherina boyeri and 
Sander lucioperca (Akcimen et al., 2014) and 
on native Aphanius iconii (Innal et al., 2019). 
Metin et al. (2014) detected the occurrence of 
the nematode in pike-perch populations of this 

 
Turkish inland water, however histopathology 
aspects were missing.  
As novelty, the present work provides 
microphotographs of Eustrongylides excisus 
encysted in four fish species of Egirdir Lake. In 
addition, this study reports for the first time the 
presence of E. excisus in Eğirdir Lake on alien 
host K. caucasica and for the second time on 
endemic fish species Aphanius iconii.  
In a previous study (Innal et al., 2019) 
concerning the parasitofauna of fish caught in 

Eğirdir Lake, A. iconii showed 2.8% prevalence 
and 1.25 mean intensity of infection with         
E. excisus larvae. Özesen Çolak (2013) studied 
the metazoan parasites of 271 specimens of      
A. boyeri in Iznik Lake between June 2008 and 
May 2009 and for E. excisus infection recorded 
the following data: overall prevalence and 
mean intensity 6.64% and 1.2, respectively; no 
nematode larvae found  from July to October; 
zero prevalence in fish from 3.0-3.9 to 7.0-7.9 
cm.

 
Table 1. Host species and their status in ichthyofauna of Eğirdir Lake

 

Table 2. Prevalence and intensity of E. excisus infection in host fish species from Eğirdir Lake (2018)  
(N = total number of hosts examined; N’ = number of infected fishes; NP = number of collected parasites;  

P = prevalence; Int = mean intensity of infection) 
Species N N’ P (%) NP Int. 
Aphanius iconii 89 3 3.4 5 1.7 
Atherina boyeri 411 21 5.1 27 1.3 
Knipowitschia caucasica 85 4 4.7 5 1.3 
Sander lucioperca 28 6 21.4 14 2.3 

 
 
 
 
 
 

 
 

Figure 2. Eustrongylides excisus in K. caucasica host 
 

According to Diler and Yıldırım (2003), the 
pike-perch is the main catch of the fisherman in 
Eğirdir Lake. This fact is important, since fish-
borne nematodes belonging to genus 
Eustrongylides could represent a threat to 
carnivorous organisms that ingest the parasites 
(Eiras et al., 2016; Shaw, 2018).  
It was postulated before that high prevalence of 
infection of S. lucioperca in Eğirdir Lake has a 
negative impact on the marketability of this fish 
species (Metin et al., 2014). There is little 
knowledge about the pathological reaction 
against to Eustrongylides excisus in fish. In this 
study were noticed hyperaemia, edema, slight 
hemorrhage, inflammatory reaction and in 
some cases necrosis in the host tissues caused 

by the parasite. These findings were in 
agreement with our previous study (Innal et al.,  
2019). Similar inflammatory response of           
A. boyeri was recorded by Branciari et al. 
(2016) on fish infected with Eustrongylides 
spp. in Trasimeno Lake, Italy. Metin et al. 
(2014) noticed abdominal swelling, 
hemorrhage in jaw, fins, gills, liver, intestine, 
spleen and muscles of S. lucioperca in Eğirdir 
Lake. Also, hemorrhages and inflammatory 
reactions due to E. excisus infection were 
registered in A. iconii of Eğirdir Lake (Innal et 
al., 2019). In this study it was found that severe 
lesions appeared when more than one parasite 
infected the same area.  
So far, the only known parasite species of 
ichthyofauna inhabiting the Eğirdir Lake are: 
the cestode Ligula intestinalis Linnaeus, 1758; 
the trematode Bucephalus polymorphus Baer, 
1827; the monogenean Salsuginus sp.; the 
nematode Eustrongylides excisus Jägerskiöld, 
1909) and crustaceans Argulus foliaceus L., 
1758 and Lernaea cyprinacea L., 1758 (Güralp, 
1968; Diler and Yıldırım, 2003; Innal et al., 
2007; Metin et al., 2014; Innal et al., 2019).  

Species Family Status N L, cm  
(min.-max.) 

W, g  
(min.-max.) 

Aphanius iconii Aphaniidae Endemic 89 2.3-4.3 0.18-1.5 
Atherina boyeri Atherinidae Introduced 411 4-6.4 0.15-1.8 
Knipowitschia caucasica Gobiidae Introduced 85 2.2-3.5 0.14-0.48 
Sander lucioperca Percidae Introduced 28 23.6-42.5 112-710 
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Figure 3. Main sites of location for nematode 
Eustrongylides excisus within its hosts (A, B - Aphanius 
iconii; C, D - Sander lucioperca; E, F - Atherina boyeri;     

G, H - Knipowitschia caucasica) from Eğirdir Lake:         
(A) Parasite (arrows) localized in abdominal cavity. The 

nematodes are separated by a fibrous capsule from the fish 
visceral organs, near the ovarian follicles, Bar = 500 μm; 

(B) Inflammatory reaction (thick arrow) around the 
parasites (thin arrows) covered by a fibrous capsule (arrow 
head), HE, Bar = 200 μm; (C) Numerous parasite sections 
(arrows) in an intestinal section of the host, Bar = 500μm; 

(D) Two parasite sections near the pancreatic tissue. Fibrous 
tissue (arrow heads) around the 

parasite (arrows) and inflammatory cell reaction is visible, 
Bar = 200 μm; (E) Numerous parasites (thin arrows) 

localized in muscles and covered by fibrous capsule (arrow 
head) and inflammatory reaction (thick arrow) around the 
nematodes, Bar = 200 μm; (F) Another parasite individual 

(thin arrow) localized in muscle caused marked 
inflammatory reaction (thick arrow) and necrosis (white 

arrow head) covered by fibrous capsule (black arrow head), 
Bar = 200 μm; (G) Nematodes (thin arrows) localized in 
muscle, covered by fibrous tissue (arrow head) and slight 

inflammatory reaction (thick arrow), Bar=200 μm;            
(H) Parasites (thin arrows) localized in muscles caused 

moderate inflammatory reaction (thick arrow),  
Bar = 100 μm, HE 

 
 

CONCLUSIONS  
 
The novelty of the present work lies in 
providing for the first time microphotographs 
of nematode parasite E. excisus encysted in 
four fish species of Egirdir Lake: one endemic 
(A. iconii) and three introduced (A. boyeri,       
K. caucasica, S. lucioperca).  
Moreover, for freshwater Eğirdir Lake the first 
record of E. excisus on alien host K. caucasica 
and the second record on endemic fish species 
A. iconii were highlighted in this study.  
Further studies are encouraged in searching of 
new parasite species in endemic and introduced 
fish of the second largest freshwater lake in 
Turkey. 
 
REFERENCES 
 
Akçimen, U., Ceylan, M., Yeğen, V., Uysal, R., Bilgin, 

F., Yağcı, M.A. (2016). First report of Eustrongylides 
excisus (Jagerskiöld, 1909) larvae in Rainbow Trout 
(Oncorhynchus mykiss) for Turkey. International 
Symposium on Fisheries and Aquatic Sciences 
(FABA), 03-05 Ekim 2016, Antalya, Türkiye. 

Aydoğdu, A., Emre, Y., Emre, N., Altunel, F.N. (2011). 
The occurrence of helminth parasites 
(Nemathelminthes) in some freshwater fish from 
streams discharging into Antalya Bay in Antalya, 
Turkey: Two New Host Records from Antalya. 
Turkish Journal of Zoology, 35(3), 859-864. 

Bauer, O.N. (1987). Key for determination of freshwater 
fish parasites of USSR. Academy of Science SSSR. 
Lenjingrad, 426 p. 

Bjelić-Čabrilo, O., Novakov, N., Ćirković, M., Kostić, 
D., Popović, E., Aleksić, N. (2013). The first 
determination of Eustrongylides excisus Jägerskiöld, 
1909-larvae (Nematoda: Dioctophymatidae) in the 
pike-perch Sander lucioperca in Vojvodina (Serbia). 
Helminthologia, 50(4), 291-294. 

Branciari, R., Ranucci, D., Miraglia, D., Valiani, A., 
Veronesi, F., Urbani, E., Lo Vaglio, G., Pascucci, L., 
Franceschini, R. (2016). Occurrence of parasites of 
the genus Eustrongylides spp. (Nematoda: 
Dioctophymatidae) in fish caught in Trasimeno Lake, 
Italy. The Italyan Journal of Food Safety, 5(4), 6130.  

Burton, M.B. (1984). Guide to the parasites of fishes of 
Canada, Part I, Monogenea and Turbellaria. Ed. by 
Margolis, L., Kabata Z., Canadian Special 
Publication of Fisheries and Aquatic Sciences, 
Ottawa, 209 p. 

Bush, A.O., Lafferty, K.D., Lotz, J.M., Shostak, A.W. 
(1997). Parasitology meets ecology on its own terms: 
Margolis et al. revisited. Journal of Parasitology, 83, 
575-583. 

Bykhovskaya-Pavlovskaya, I.E., Gussev, A.V, Dubinina, 
M.N., Izyumovae, N.A, Simirnova, T.S, 
Sokolovskaya, I.L, Shtein, G.A, Shulma, S.S., 
Epshtein, V.M. (1962). Key to parasites of freshwater 

 
fish of the USSR. Izdatel’stvi Akademi Nauk SSSR. 
Moskva. 776 p. 

Çolak, S.H. (2013). Metazoan Parasites of Fish Species 
from Lake Sığırcı (Edirne, Turkey). The Turkish 
Journal of Veterinary and Animal Sciences, 37, 200-
205. 

Dezfuli, B.S., Manera, M., Lorenzoni, M., Pironi, F., 
Shinn, A.P., Giari, L. (2015). Histopathology and the 
inflammatory response of European perch, Perca 
fluviatilis muscle infected with Eustrongylides sp. 
(Nematoda). Parasites and Vectors, 8, 227.  

Demir, S. (2014). Marmara Gölü’nde (Manisa) Yaşayan 
Sazan (Cyprinus carpio L., 1758) Ve Havuz Baliği 
(Carassius gibelio Bloch, 1782)’Nin Parazit 
Faunasinin Araştirilmasi, Ege Üniversitesi Fen 
Bilimleri Enstitüsü, Doktora Tezi. 101 p. (in 
Turkish). 

Demir, S., Karakişi, H. (2016). Metazoan Parasite Fauna 
of the Prussian carp, Carassius gibelio (Bloch, 1782) 
(Cyprinidae), from Marmara Lake, Turkey. Acta 
Zoologica Bulgarica, 68(2), 265-268. 

Diler, Ö., Yıldırım, U. (2003). Metacercariae of 
Bucephalus polymorphus Baer, 1827 described in 
Knipowitshia caucasica in Egirdir Lake, Turkey. 
Bulletin-European Association of Fish Pathologists, 
23 (4), 201-204. 

Eiras, J.C., Pavanelli, G.C., Takemoto, R.M., 
Yamaguchi, M.U., Karkling, L.C., Nawa, Y. (2016). 
Potential risk of fish-borne nematode infections in 
humans in Brazil – Current status based on a 
literature review. Food and Waterborne 
Parasitology, 5, 1-6. 

Esmaeili, H.R., Asrar, T., Gholamifard, A. (2018). 
Cyprinodontid fishes of the world: an updated list of 
taxonomy, distribution and conservation status 
(Teleostei: Cyprinodontoidea). Iranian Journal of 
Ichthyology, 5(1), 1-29. 

Freyhof, J., Özuluğ, M., Saç, G. (2017). Neotype 
designation of Aphanius iconii, first reviser action to 
stabilise the usage of A. fontinalis and A. meridionalis 
and comments on the family group names of fishes 
placed in Cyprinodontidae (Teleostei: 
Cyprinodontiformes). Zootaxa, 4294(5), 573-585. 

Goga, I.C., Codreanu-Bălcescu, D. (2013). Preliminary 
records on the presence of the nematode 
Eustrongylides excisus at the fish species Silurus 
glanis and Perca fluviatilis from Victoria Lake 
(Bratovoieşti-Dolj). Muzeul Olteniei, Craiova. Studii 
şi comunicări. Ştiinţele Naturii, 29(2), 184-190. 

Goncharov, S.L., Soroka, N.M., Pashkevich, I.Y, 
Dubovyi, A.I., Bondar, A.O. (2018). Infection of 
predatory fish with larvae of Eustrongylides excisus 
(Nematoda, Dioctophymatidae) in the Delta of the 
Dnipro River and the Dnipro-Buh Estuary in 
Southern Ukraine. Vestnik Zoologii, 52(2), 137-144. 

Güҫlü, S.S. (2012). Population structure of Killifish, 
Aphanius anatoliae (Cyprinodontidae) endemic to 
Anatolia in Lake Eğirdir-Isparta (Turkey). Iranian 
Journal of Fisheries Sciences, 11(4), 786-795. 

Güçlü, S.S., Erdoğan, Ö. (2017). Age, growth, sex ratio 
and feeding of Knipowitschia caucasica (Berg, 1916) 
(Actinopterygii, Gobiidae) in non-native species of 

Eğirdir Lake, Turkey. Acta Biologica Turcica, 30(1), 
1-6. 

Güralp, N. (1968). Yurdumuz baraj gölleri baliklarinda 
Ligulose. Veteriner Hekimler Derneği Dergisi, 3, 29-
30 (in Turkish). 

Innal, D., Keskin, N., Erk’akan, F. (2007). Distribution 
of Ligula intestinalis (L.) in Turkey. Turkish Journal 
of Fisheries and Aquatic Sciences, 7, 19-22.  

Innal, D., Yıldırım, M., Stavrescu-Bedivan, M.M., 
Güçlü, S.S., Ünal, M.C., Doğangil, B., Özmen, Ö. 
(2019). Occurrence and infection dynamics of 
Salsuginus sp. (Monogenea, Ancyrocephalidae) and 
Eustrongylides excisus (Nematoda, 
Dioctophymatidae) in four endemic Aphanius 
(Cyprinodontidae) species: new host records for 
Turkish fauna. Acta Biologica Turcica, 32(2), p. 103-
109. 

Karatoy, E., Soylu, E. (2006). Metazoan Parasites of 
Bream (Abramis brama Linnaeus, 1758) in Lake 
Durusu. Acta Parasitologica Turcica, 30, 233-238. 

Kırcalar, F. (2018). İğneada Sulak alan ekosistemindeki 
balık parazitlerinin dağılımı, İstanbul Üniversitesi 
Fen Bilimleri Enstitüsü, Doktora Tezi. 142 p. (in 
Turkish). 

Koca, S.B., Ongun, O., Ozmen, O., Yigit, N.O. (2019). 
Subfertility effects of turmeric (Curcuma longa) on 
reproductive performance of Pseudotropheus acei. 
Animal Reproduction Science, 202, 35-41. 

Küçük, F., Güçlü, S.S., Gülle, I., Güçlü, Z., Çiçek, N.L., 
Diken, G. (2012). Reproductive features of Big 
Scale-Sand Smelt, Atherina boyeri (Risso, 1810), an 
Exotic Fish in Lake Eğirdir (Isparta, Turkey). Turkish 
Journal of Fisheries and Aquatic Sciences, 12(1-2), 
731-735. 

Ljubojevic, D., Novakov, N., Djordjevic, V., 
Radosavljevic, V., Pelic, M., Cirkovic, M. (2015). 
Potential parasitic hazards for humans in fish meat. 
Procedia Food Science, 5, 172-175.  

Markevich, A.P. (1951). Parasitic fauna of freshwater 
fish of the Ukrainian SSR. Kiev, USSR: Academy of 
Sciences of the Ukrainian SSR Zoological Institute. 
388 p. 

Metin, S., Didinen, B.I., Boyacı, Y.Ö., Kubilay, A., 
Emre, N., Didinen, H., Emre, Y. (2014). Occurrence 
of Eustrongylides excisus Jägerskiöld, 1909 larvae 
(Nematoda: Dioctophymatidae) in Pikeperch (Sander 
lucioperca L.) in Lake Eğirdir. Eğirdir Su Ürünleri 
Fakültesi Dergisi, 10(1), 20-24.  

Mnisi, M.E. (2017). Türkiye Endemiği Siraz Balığı, 
Capoeta baliki (Turan, Kottelat, Ekmekçi & 
İmamoğlu, 2006) (Cyprınıformes: Cyprınıdae) 'nin 
Helmint faunası. Uludağ Üniversitesi, Fen Bilimleri 
Enstitüsü Yüksek Lisans Tezi, 57 p. (in Turkish). 

Moravec, F. (1994). Parasitic nematodes of freshwater 
fishes of Europe. 1st Edition, Kluwer Academic 
Publishers, 473 p. 

Novakov, N., Bjelic-Cabrilo, O., Cirkovic, M., 
Jubojevic, D., Lujic, J., Davidov, I., Jovanovic, M. 
(2013). Eustrongylidosis of European catfish (Siluris 
glanis). Bulgarian Journal of Agricultural Science, 
19(1), 72-76. 

Özesen Çolak, S. (2013). The helminth community of the 
sand smelt (Atherina boyeri Risso, 1810) from Lake 



177

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Main sites of location for nematode 
Eustrongylides excisus within its hosts (A, B - Aphanius 
iconii; C, D - Sander lucioperca; E, F - Atherina boyeri;     

G, H - Knipowitschia caucasica) from Eğirdir Lake:         
(A) Parasite (arrows) localized in abdominal cavity. The 

nematodes are separated by a fibrous capsule from the fish 
visceral organs, near the ovarian follicles, Bar = 500 μm; 

(B) Inflammatory reaction (thick arrow) around the 
parasites (thin arrows) covered by a fibrous capsule (arrow 
head), HE, Bar = 200 μm; (C) Numerous parasite sections 
(arrows) in an intestinal section of the host, Bar = 500μm; 

(D) Two parasite sections near the pancreatic tissue. Fibrous 
tissue (arrow heads) around the 

parasite (arrows) and inflammatory cell reaction is visible, 
Bar = 200 μm; (E) Numerous parasites (thin arrows) 

localized in muscles and covered by fibrous capsule (arrow 
head) and inflammatory reaction (thick arrow) around the 
nematodes, Bar = 200 μm; (F) Another parasite individual 

(thin arrow) localized in muscle caused marked 
inflammatory reaction (thick arrow) and necrosis (white 

arrow head) covered by fibrous capsule (black arrow head), 
Bar = 200 μm; (G) Nematodes (thin arrows) localized in 
muscle, covered by fibrous tissue (arrow head) and slight 

inflammatory reaction (thick arrow), Bar=200 μm;            
(H) Parasites (thin arrows) localized in muscles caused 

moderate inflammatory reaction (thick arrow),  
Bar = 100 μm, HE 

 
 

CONCLUSIONS  
 
The novelty of the present work lies in 
providing for the first time microphotographs 
of nematode parasite E. excisus encysted in 
four fish species of Egirdir Lake: one endemic 
(A. iconii) and three introduced (A. boyeri,       
K. caucasica, S. lucioperca).  
Moreover, for freshwater Eğirdir Lake the first 
record of E. excisus on alien host K. caucasica 
and the second record on endemic fish species 
A. iconii were highlighted in this study.  
Further studies are encouraged in searching of 
new parasite species in endemic and introduced 
fish of the second largest freshwater lake in 
Turkey. 
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Abstract 
 
There is a plurality of studies highlighting the beneficial properties of blackcurrant, especially the anti-oxidant ones. 
These are mainly due to phenols, of which anthocyanins and flavonoids stand out, yet the mechanisms by which the 
active substances in blackcurrant act are not fully understood. Blackcurrant extract has a complex biochemical 
composition, it contains tannins, green volatile oils, terpenic carbides, B-complex vitamins, vitamin C, organic acids 
(citric, malic), pectins, sugars, anthocyanins, terpenes, oils fats, flavonoids (myricetol, cvercetol, camphor), pectin, 
calcium, iron, potassium, phosphorus, vitamin PP. The research was carried out between 2017 and 2020. By chemical 
and biochemical analyses, the content of blackcurrant fruits was monitored over time, as well as the presence of some 
chemical or biochemical compounds with sulphur, with harmful action on the human organism, in the extract. It was 
sought to know if the presence of sulphur springs would have an influence on the chemical and biochemical 
composition of blackcurrant fruits. 
 
Key words: antioxidant activity, blackcurrant fruits, polyphenols content, Ribes nigrum. 
 
INTRODUCTION 
 
Blackcurrant (Ribes nigrum L.) is a shrub 
belonging to Saxifragaceae family, which grows 
up to 2 meters high. It can be found growing 
spontaneously of cultivated in mountain areas, 
in forests and bushwood, in colder temperate 
regions of Europe and Northern Asia. The white 
flowers are gathered in short clusters, gradually 
transforming into black baccae, with specific 
smell and taste. They are very valuable due to 
their content of polyphenols and vitamin C, 
intervening in the regulation of the intestinal 
microbiota, thus granting protection against 
anti-inflammatory degenerative disorders or 
even cancer (Butură, 1979; van Wyk and Wink, 
2017; Vepštaitė-Monstavičė et al., 2018).  
The blackcurrants are recognised as a rich 
source of polyphenols (especially anthocyanins, 
phenolic acid derivatives, flavonols and 
proanthocyanidins) useful for vascular and 

metabolic health. Among the large range of 
bioactive components of these fruits a main 
position is occupied by the anthocyanins, which 
are polyphenolic glycosides and belong to the 
flavonoid family. They also provide the natural 
colouring of the fruits. The minor compounds 
containing sulphur (as 8-mercapto-p-menthan-3-
one) are contributing to the specific smell and 
aroma of blackcurrants (Castro-Acosta et al., 
2016; Paunović et al., 2017; van Wyk and 
Wink, 2017). 
The phenolic compounds, important bioactive 
compounds, split in two groups: phenolic acids 
and flavonoids (Quideau et al., 2011). 
Generally, they occur in nature as combined 
forms with sugars, organic acids and esters; 
while other phenols occur as aglycones. 
Phenolic acids are present in vegetal tissues 
mainly as hydroxyl derivatives of benzoic and 
cinnamic acids. They cause of the bitter and 
sour taste of different plants, to these adding 


