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Abstract

Examination of 341 individuals of Luciobarbus callensis caught in Foum El Khanga Dam during the year 2015, allowed
us to collect 2782 specimens of the parasitic species Dactylogyrus heteromorphus ElI Gharbi, 1994. The statistical study of
the epidemiological index distribution of D. heteromorphus shows that the parasitic infestation varies from one season to
another. In contrast, the sex and size of L. callensis do not affect parasite infestation. Variations in the epidemiological index
of D. heteromorphus concerning fifteen physicochemical water parameters were tested statistically. These variations are
significant with temperature, salinity, nitrate, nitrite, chloride, phosphate, calcium, sulfate, hardness, turbidity, and electrical
conductivity, however, no significant effect of the concentration of magnesium, dissolved oxygen, ammonium, and pH on
these indexes according to the Pearson’s parametric test.
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Biyotik ve Abiyotik Faktorlerin Foum-El-Khanga Baraji'nda (Souk-Ahras, Cezayir) Yasayan Cezayir Barbeli
Luciobarbus callensis (Cyprinidae) Paraziti Dactylogyrus heteromorphus El Gharbi, 1994 (Monogenea) ‘min
Epidemiyolojik indeksi Uzerindeki Etkisi

Ozet

2015 yilinda Foum El Khanga Baraji'nda yakalanan 341 Luciobarbus callensis bireyinin incelenmesi ile Dactylogyrus
heteromorphus El Gharbi, 1994 parazit tiriinden 2782 6rnek toplandi. D. heteromorphus'un epidemiyolojik indeks
dagiliminin istatistiksel ¢aligmasi, parazit istilasinin bir mevsimden digerine degistigini gosterdi. Buna karsilik, L. callensis'in
cinsiyeti ve boyutunun parazit istilasini etkilemedigi belirlenmistir. On bes fizikokimyasal su parametresine iligkin D.
heteromorphus'un epidemiyolojik indeksindeki varyasyonlar istatistiksel olarak test edildi. Pearson'm parametrik testine gore
sicaklik, tuzluluk, nitrat, nitrit, kloriir, fosfat, kalsiyum, siilfat, sertlik, bulaniklik ve elektriksel iletkenlik agisindan énemli
olarak bulunurken magnezyum, ¢6ziinmiis oksijen, amonyum ve pH konsantrasyonunun bu indeksler iizerinde énemli bir
etkisinin olmadig1 belirlenmistir.

Anahtar Kelimeler: Monojen, Dactylogyrus heteromorphus, Luciobarbus callensis, Foum-EI-Khanga baraji, Epidemiyolojik
indeks

INTRODUCTION

Freshwater fish are an important part of biodiversity. They have great economic and social value
with nearly 30,000 living species (Moyle and Cech, 2004). Taxonomically, freshwater fish are the
most diverse hosts of parasites, with estimates of up to 30,000 species of helminth parasites (Williams
and Jones, 1994).

Recently, parasitologists have shown more importance to parasitic ecology, which deals with the
influence of environmental conditions on parasitic fauna (Sargsyan, 2013). Seasonal changes in abiotic
factors and their influence on the presence of parasites have been the subject of numerous ecological
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studies (Rohlenova et al., 2011; Alsarakibi et al., 2012; Singh et al., 2012; Khidr et al., 2012;
Karvonen et al., 2013; Majumder et al., 2013; Wali et al., 2016). For example, the prevalence and
intensity of parasitic infection have been assessed considering several parameters of water quality
(temperature, dissolved oxygen, alkalinity, hardness, clarity) and water pollutants (heavy metals,
petrochemicals, effluents, organic pollutants) (Siddall et al. 1997; Yeomans et al., 1997; Faulkner and
Lochmiller, 2000; Lefcort et al., 2002; Billiard and Khan, 2003).

The composition of the helminth parasites of fish was influenced by the aquatic environmental
stress, and the biology of the host. Consequently, they constitute a bio-indicator of the structure and
the evolution of the host population. Monogenean species infest gill tissue and are exposed directly to
the environment; they are also subject to variations in the abiotic environment in which their host
evolves (Zargar et al., 2012).

Dactylogyrus heteromorphus El Gharbi 1994 comes from the class of ectoparasitic monogeneans
with a direct life cycle parasitizing exclusively the gills of Luciobarbus callensis (Valenciennes,
1842). This host fish is a characteristic species of North Africa where it is very well represented in
Algeria, Morocco, and Tunisia (Djemali, 2005). It is an important cyprinid species in the world for
aquaculture because of its abundance, availability (year-round), affordability, and economic value
(Mimeche et al., 2013).

Algerian continental waters are endowed with an ichthyological fauna that has emerged, especially
in recent years, from numerous studies related to its biology, reproduction, and growth (Mimeche et
al., 2015; Mouaissia et al., 2017). In contrast, on the parasitological level, it can be considered that any
research concerning the freshwater fish hosts is almost non-existent, on L. callensis, except those of
Boucenna et al (2018), Menasria et al. (2019) in the Oued Charef Dam, and Tolba et al. (2018) in the
Beni Haroun Dam.

The objective of this work is to assess the variation in the epidemiological index of Dactylogyrus
heteromorphus infesting the Algerian barbel Luciobarbus callensis inhabiting the Foum El-Khanga
Dam (Souk-Ahras, Algeria). It highlights the effect of some biotic (sex and size) and abiotic (season
and physicochemical parameters) factors on the distribution of the monogeneans.

MATERIALS and METHODS
Study Area

The Foum EIl-Khanga dam is located on the Oued-Charef, in the communes of Zouabi and Bir
Bouhouche, 20 km south-west of the town of Sedrata (Wilaya of Souk-Ahras). The area of the
watershed is 1735 km2 and its current capacity is 80 million cubic meters; the latter is used for
upstream irrigation through releases on the perimeter of Guelma and forward illicit irrigation over 200
ha by farmers.

Study Method

During the year 2015 (from January to December), a total of 341 individuals of the Algerian barbel
Luciobarbus callensis were sampled monthly using gill nets, after specific identification according to
the nomenclature and criteria used by Lévéque et al. (1990, 1992). All fish were measured, weighed
and the sex was also determined after dissection of the abdominal cavity, the gill arches were
examined immediately or preserved with formaldehyde (8-10%) for later study.

The research was carried out by a careful examination of the gills under stereomicroscope
(Olympus SZX 10).

The collected parasites were mounted using Magmberg's ammonium picrate glycerol (APG)
mixture (Magmberg, 1957), the slide was looted with Canada balsam, and finally observed and
measured using a phase-contrast microscope equipped with a photographic system and an ocular
micrometer.

Some of our observations were made on fresh material. According to Lambert (1977), the
examination of living Dactylogyroidea is the best technique.

The determination of the monogenean species was carried out under the microscope by following
the key given by Bykhovskaya-Pavlovskaya et al. (1962), Gusev (1985), and Guegan (1988).

For physicochemical sampling, 15 water quality parameters were measured on the same day of host
sampling. These are temperature, pH, dissolved oxygen, electrical conductivity, and salinity, which
were measured in situ using a multi-parameter, and turbidity, calcium, magnesium, chlorides, sulfate,
phosphate, nitrate, nitrite, ammonia, and total hardness were carried out at the Chemistry Laboratory
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of the Algerian Water Institution (Wilaya of Souk-Ahras). Physicochemical characteristics were
established according to the standards of Rodier (1984) and AFNOR (1985).
Data Analysis

Prevalence, abundance, and mean intensity were calculated according to Bush et al. (1997).

The Chi-squared test (y2) was used to observe the significant effect of the different factors studied:
sex, size classes, and seasons on prevalence. In addition, the variation in mean intensity by sex of host
was statistically analyzed using the Mann-Whitney test.

The Kruskal-Wallis test was used to see the significance of mean intensity within different host
size classes and over the four seasons. Pearson’s correlation test was applied to determine the
correlations between D. heteromorphus infection and the physicochemical parameters of the water.
The differences were considered significant at the 5% threshold.

Statistical analysis of the data was performed using Statistica software (StatSoft version 8.0) for
Windows.

RESULTS

Out of a total of 341 L. callensis examined, 68.91% were infested by 2782 individuals of
Dactylogyrus heteromorphus (Figure 1) with parasitic loads of 8 parasites per fish examined
(abundance) and 11 parasites per infested fish (mean intensity).
Effect of Biotic Factors
Effect of Sex

The highest rate of infestation was found in female of L. callensis, of which 75.70% of the
examined population is infested. Moreover, parasite load values were higher in males (MI = 12.79; A
= 8.42) compared to females (MI = 10.02; A = 7.59) (Table 1). Statistically, parasitizing by D.
heteromorphus seems to evolve independently of the sex (prevalence: x2= 0.64; p = 0.42; mean
intensity: U = 6275; p = 0.93).
Effect of Size Classes

The parasitic index of D. heteromorphus in different classes of host size shows that small
individuals have the highest infestation rates and parasitic loads (Table 1). The statistical study shows
that the size of the host appears to have no influence on the infestation (prevalence: 2 = 1.14; p =
0.56; mean intensity: H = 0.01; p = 0.99).

Table 1 Variation in parasite index of D. heteromorphus as a function of biotic factors of
Luciobarbus callensis (sex and size classes)

Biotic parameters NP NFE NIF P(%) A Ml
. Male 1970 234 154 65,81 8,42 12,79
3 Female 812 107 81 75,70 7,59 10,02
g - [26-31[ 596 59 44 74,58 10,10 1355
§ O | [31-36] 1885 228 156 68,42 8,27 12,08
& | [B6-41 301 54 35 64,81 5,57 8,60
Total 2782 341 235 68,91 8,16 11,84

NW : NP : number of parasites ; NFE : number of fish examined ; NIF : number of infested fish

Effect of Abiotic Factors
Seasonal Variation

Parasitic index values of D. heteromorphus show fluctuations between seasons. We also note that
infestation rate and parasitic loads are the highest during the summer season and the lowest in the
winter season (Figure 1).
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Figure 1. Seasonal variation in the parasite index of D. heteromorphus harvested from Luciobarbus callensis

The results of the statistical analysis show that the seasons have a very highly significant influence
on prevalence (y2 = 18.87; p= 0.0003) and mean intensity (H= 18.32; p= 0.0004).
Correlation Between Water Quality and Parasitic Index of D. heteromorphus

Analysis of the Pearson’s correlation matrix (Table 2) allowed us to determine some significant
relationships between the parasitic index of D. heteromorphus and water physicochemical parameters.

It was found a positive and highly significant correlation between prevalence and water
temperature (r=0.79). Nevertheless, the values of this index are inversely proportional to the values of
salinity (r=-0.86), nitrate (r=-0.84), nitrite (r=-0.76), chloride (r=-0.73), phosphate (r=-0.68), calcium
(r=-0.67), sulfate (r=-0.67), hardness (r=-0.65) and turbidity (r=-0.60). However, parasitic loads are
negatively correlated with electrical conductivity where r= -0.68 for abundance and r=-0.67 for mean
intensity (significant correlation).

Table 2 Pearson’s correlation analysis between water quality and parasitic
index of D. heteromorphus recorded in L. callensis in Foum El-Khanga dam

r (Prevalence) r r (Mean
pH (/) 0,13™ -0,06™ -0,07™
T(C®) 0,797 0,33™ 0,28™
Conductivity -0,32"™ -0,68" 0,67
Total Hardness -0,65" -0,39"™ -0,35"™
Ca ™ (mg/l) 067" -0,23"™ -0,18"™
Mg*™* (mg/l) -0,13™ 0,06™ 0,10
S0,* (mg/l) 067" -0,55™ -0,52"™
Turbidity (UNT) -0,60" -0,51" -0,46"
Salinity (S%o) 0,86 -0,49"™ -0,45"
CI' (mg/) 0,73 -0,31"™ -0,28"™
PO,* (mg/l) -0,68" -0,36"™ -0,36"™
0, (mg/l) 0,57"™ 0,44™ 0,39 "™
NO, " (mg/l) -0,76 -0,38"™ -0,37"™
NO3 (mg/l) 0,84 -0,54 " -0,50"™
NH, (mg/l) -0,44"™ -0,22"™ -0,19™

NW : * (p <0,05) ; ** (p <0,01) ; *** (p <0,001) ; ns (p >0,05)

DISCUSSION

The most common measures of the extent of parasite populations in hosts are prevalence,
abundance, and mean intensity (Margolis et al., 1982). Calculation of these indexes will make it
possible to determine statistically whether communities of monogenean parasites vary according to
biotic (sex and host size) and abiotic factors (season and physicochemical parameters of water). For
this reason, the ectoparasite D. heteromorphus was examined in 341 specimens of L. callensis species
during the year 2015 from January to December.

Evaluation of parasitic index of D. heteromorphus according to host sex does not indicate a
significant difference in prevalences and mean intensity between male and female fish. The absence of
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influence of fish sex on infestation has already been demonstrated by Allalgua et al. (2015) in
Cyprinus carpio infested by monogenean parasites in Foum ElI Khanga dam and by Boucenna et al.
(2018) in L. callensis.

According to Rohde (1993), only very rare parasite species prefer the sex of the host. However,
some studies have found that Monogenean infestation is sometimes correlated with the sex of host fish
(Ibrahim, 2012; Chaibi, 2014).

Concerning the distribution of parasitic index by size classes, our results show that the infestation
rate and parasitic loads increase with the decrease in total length of L. callensis, it is indeed the small
specimens that are the most infested by D. heteromorphus. Our observations are consistent with those
of Fazio et al. (2008) who revealed a negative correlation between individual size and parasite
infestation. This can be explained by the fact that young fish are more susceptible to parasite
infestation and indeed have a somewhat fragile immune system compared to those of mature (older)
fish. Contrary to these results, lbrahim (2012) reported a significant correlation of prevalence and
mean intensity of monogenean infracommunities with the total body length of Tilapia zillii collected
from Lake Manzalah in Egypt.

According to Luque and Alves (2001), the relationship between host size and epidemiological
index of parasites is a widely studied model in marine and freshwater fish. In contrast, Poulin (2000)
stated that this model cannot be generalized, because in many systems the host-parasite relationship is
positive but weak and not significant. Nevertheless, some quantitative differences and qualitative data
are found in size class studies for fish.

Evaluation of parasite index indicates that collected D. heteromorphus specimens show seasonal
variations. Indeed, the highest infestation rates and parasitic loads are noted in the warm season
(spring and summer) and the lowest in the cold season (autumn and winter). Several authors have
indicated an increase in pest infestation in the warm periods and a decrease in the cold periods (Turgut
etal., 2011; Lekeufack-Folefack and Fomena, 2013; Allalgua et al., 2015).

Koyun (2011) also agreed with our results and reported a higher infection of A. alburnus by D.
alatus in summer. In addition, a higher prevalence of D. marteau from B. barbusis was reported in
spring (Kadlec et al., 2003; Stojanovski et al., 2010). Some authors reported no temporal variation in
infestation (Geng et al., 2005; Knopf, 2006).

According to Chubb (1970) and Hanzelova and Zitnan (1985), changes in temperature and season
have a major influence on the dynamics of Dactylogyrus populations, some of which tend to produce
more at higher water temperatures, others prefer a cold-water temperature.

Variations in the epidemiological index of D. heteromorphus in the fish host L. callensis
concerning fifteen physicochemical parameters were tested statistically. According to the Pearson's
parametric test, the prevalence shows a significantly positive correlation with water temperature.
Similar observations were obtained in several studies showing a positive correlation between the
increase in water temperature and the oviposition rate of monogeneans (Marchiori et al., 2015;
Bayoumy et al., 2015; Gilbert and Avenant-Oldewage, 2016; Ojwala et al., 2018).

Water temperature is the most important factor affecting the life cycle of parasites in the aquatic
ecosystem (Karvonen et al., 2013). According to El-Naggar and Khidr (1986) and Zargar et al. (2012),
water temperature affects the survival, growth, reproduction, and progression of parasitic helminths.

In contrast, the present study indicates a significantly negative correlation between prevalence and
salinity, nitrate, nitrite, chloride, phosphate, calcium, sulfate, hardness, and turbidity. Similar to our
results, a study by Khidr (2012) shows a negative correlation between the average intensity of
Microcotyloides sp and salinity. Numerous works show the impact of salinity and temperature on the
longevity of larvae of A. crassus (Kennedy and Fitch, 1990; Schippers et al., 1991). These authors
report that in freshwater, free-living larvae can live for up to 3 to 4 weeks, but their life span is
reduced to 3-4 days if the meeting with the host is not carried out and if the salinity of the environment
is high with the absence of temperature increase.

In vitro, Buchmann et al. (1987) and Crespo et al. (1995) also assumed that long-term treatment
with sodium chloride reduced the intensity of infestation of European Eel A. Anguilla by the P.
anguillae and P. bini monogeneans. These authors found that sodium chloride was very effective in
controlling Cichlidogyrus infestation.

Ndour's (2007) work on Sarotherodon melanotheron heudelotti (Cichlidae) in some dams in
Senegal concluded that high salinity could be a preventive measure against parasitic infections since it
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affects the biological conditions of both the host and its parasites. The results of Schippers et al.
(1991), also point in the same direction, they report that in freshwater, free larvae of A. crassus can
live for up to 3-4 weeks, but their longevity is reduced to 3-4 days if the encounter with the host is not
made and if the salinity of environment is high with no temperature increase.

In our result, Pearson's correlation test revealed an inversely proportional correlation between
electric conductivity values and parasitic loads (mean intensity and abundance). In accordance with
our results, negative correlations between P. ichthyoxanthon infestation intensity and water
conductivity were shown by Gilbert and Avenant-Oldewage (2016).

Several studies have shown that there is a close and very sensitive correlation between abiotic
factors and parasitism (Alsarakibi et al., 2014; Hagen et al., 2014; Pilecka-Rapacz et al., 2015;
Smallbone et al., 2016). According to Esch et al. (1977), environmental factors are important in the
recruitment, transmission, colonization, fertility, and survival of adult and larval parasites.

Monogenean parasites are recognized as useful bio-indicators of quality because of their
predictable numerical responses to chemical pollution (Pietrock and Marcogliese, 2003; Thomas et al.,
2005). They tend to increase in number when exposed to low and medium concentrations of pollutants
but disappear at high concentrations (Moles and Wade, 2001; Khan and Payne, 2004).

Conclusively, this study shows that the parasitic index of D. heteromorphus is also strongly
influenced by variations in abiotic factors (seasons and physicochemical parameters). However, biotic
factors (sex and size of L. callensis) do not affect the parasite infestation.

ACKNOWLEDGMENTS

Thanks are given to Mm Sena MESMI (assistant professor at Messaadia Mohamed Chérif
University, Souk-Ahras, Algeria) for his participation in the English language, and to the Chemistry
Laboratory of the Algerian Water Institution (Wilaya of Souk-Ahras) for physicochemical data.

FUNDING INFORMATION

This work falls within the framework of a research project PRFU (2016-2019) code:
DO0LO3UN410120150001, intituled “Eco-biology and parasitic species of the genus Barbus
inhabiting three dams in eastern Algeria (Foum EI Khanga, Ain El Dalia and Beni Haroun)”, under the
responsibility of Pr. Nouha KAOUACHI (Laboratory of Aquatic and Terrestrial Ecosystems). It was
supported by the National Fund for Scientific Research of General Direction of Scientific Research
and Technology Development.

REFERENCES )

AFNOR (1985). Recueil des normes francaises des eaux, méthodes d’essais, AFNOR. 2°™°
édition, Paris, pp 566-622.

Allalgua, A., Guerfi, S., Kaouachi, N., Boualleg, C., Boucenna, I., Barour, C., Menasria, A., & Bensouilah, M.
(2015) L’infestation de Cyprinus carpio (Cyprinidés) peuplant le barrage Foum El-Khanga (Souk Ahras,
Algérie) par les monogenes parasites. Bulletin de la Société zoologique de France, 140 :217-232.

Alsarakibi, M., Wadeh, H., & Li, G. (2012). Freshwater abiotic components’ impact on the viability of fish
lice, Argulus sp., in Guangdong province, China. Parasitology Research, 111:331-3309.

Alsarakibi, M., Wadeh, H., & Li, G. (2014). Influence of environmental factors on Argulus japonicus occurrence
of Guangdong Province, China. Parasitology Research, 113:4073-4083.

Bayoumy, E.M., Abou-El-dobal, S.K.A., & Hassanain, M.A. (2015). Assessment of Heavy Metal Pollution and
Fish Parasites as Biological Indicators at Arabian Gulf off Dammam Coast, Saudi Arabia. International
Journal of Zoological Research, 11:198-206.

Billiard, S.M., & Khan, R.A. (2003). Chronic stress in cunner, Tautogolabrus adspersus, exposed to municipal
and industrial effluents. Ecotoxicology and Environmental Safety, 55 :9-18.

Boucenna, I., Khelifi, N., Boualleg, C., Allalgua, A., & Bensouilah, M. (2018). L’infestation de Luciobarbus
callensis (Cyprinidés) par les copépodes parasites dans le barrage Foum El Khanga (Souk-Ahras,
Algérie). Bulletin de la Société zoologique de France, 143 :199-212.

Buchmann, K., Mellergard, S., & Koie, M. (1987). Pseudodactylogyrus infections in eel. Diseases of Aquatic
Organisms, 3(1):51-57.

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(4):575-583.

537



ALLALGUA et al. 2021 ActAquaTr 17(4), 532-540

Bykhovskaya-Pavlovskaya, I.E., Gusev, A.V., Dubinina, M.N., Izyumov, N.A., Smirnova, T.S., Sokolovskaya,
I.L., Shtein, G.A., Shulman, S.S., & Epshtein, V.M. (1962). Key to Parasites of Freshwater Fish of the
USSR. Translated by Israel Program for Scientific Translations, Jerusalem, pp 180-218.

Chaibi, R (2014). Connaissance de ’ichtyofaune des eaux continentales de la région des eaux et du Sahara
septentrional avec sa mise en valeur. PhD thesis, Biology option, University Mohamed Khider, Biskra,
Algeria 237 p.

Chubb, J.C. (1970). La faune parasitaire de l'eau douce en Colombie Poissons. Dans aspects de poisson
parasitologie, Symposium de BSP 8 :119-144 .

Crespo, F.J., Crespo, F.R., Velarde, I.F.,, Montenegro, V.Y., & Pelaz, V.C. (1995). Evaluation of
chemotherapeutic drugs against cichlidogyriasis in tilapia fish (Oreochromis hornorum) in Mexico.
Revista Latinoamericana de Microbiologia, 37:179-187.

Djemali, 1. (2005). Evaluation de la biomasse piscicole dans le plan d'eau douce tunisienne. PhD thesis, Tunisia,
180p.

El-Naggar, M.M., & Khidr, A.A. (1986). Population dynamics of some monogeneans from the gills of three
Tilapia spp. from Demieta Branch of the River Nile in Egypt. Proceedings of the Zoological Society A.R.
Egypt, 12:275-286.

Esch, G.W., Hazen, T.C., & Aho, J.M. (1977). Parasitism and r- and K-selection. pp. 9-62. In : Regulation of
parasite populations. Esch G. W. (ed). Academic Press. 253 pp.

Faulkner, B.C., & Lochmiller, R.L. (2000). Ecotoxicity revealed in parasite communities of Sigmodon hispidus
in terrestrial environments contaminated with petrochemicals. Environmental Pollution, 110:135-145.

Fazio, G., Sasal, P., Lecomte-Finiger, R., Da Silva, C., Fumet, B., & Moné, H. (2008). Macroparasite
communities in European eels, Anguilla anguilla, from French Mediterranean lagoons, with special
reference to the invasive species Anguillicola crassus and Pseudodactylogyrus spp. Knowledge and
Management of Aquatic Ecosystems, 06:390-391.

Geng, E., Sahan, A., Altun, T., Cengizler, I., & Nevsat, E. (2005). Occurrence of the swimbladder parasite
Anguillicola crassus (Nematoda, Dracunculoidea) in European eels (Anguilla anguilla) in Ceyhan River,
Turkey. Turkish Journal of Veterinary and Animal Sciences, 29:661-663.

Gilbert, B.M., & Avenant-Oldewage, A. (2016). Effects of altered water quality and trace elements on the
infection variables of Paradiplozoon ichthyoxanthon (Monogenea: Diplozoidae) from two sites in the
Vaal River system, South Africa. Acta Parasitologica, 61(1):52—62.

Guegan, J.F., Lambert, A., & Euzet, L. (1988). Etude des Monogenes des Cyprinidae du genre Labeo en Afrique
de I'Ouest. - I. Genre Dactylogyrus Diesing, 1850. Revue d'hydrobiologie tropicale, 21 :135-151.

Gusev, A.V. (1985). Class Monogenea, In: O.N. Bauer, (Ed.), Keys to Parasites of the Freshwater Fish Fauna of
the USSR, (Parasitic Metazoa), Leningrad Publishing House Nauka, Leningrad, 2:10-253 (in Russian).

Hagen, A.G., Hytterad, S., & Olstad, K. (2014). Low Concentrations of Sodium Hypochlorite Affect Population
Dynamics In Gyrodactylus Salaris (Malmberg, 1957): Practical Guidelines For The Treatment Of The
Atlantic Salmon, Salmo Salar L. Parasite. Journal of Fish Diseases, 37 :1003-1011.

Hanzelova, V., & Zitnan, R. (1985). Epizotiologic importance of the concurrent monogenean invasion in carp.
Journal of Helminthologia, 22 : 277-283.

Ibrahim, M.M. (2012). Variation in parasite infracommunies of Tilapia zillii in relation to some biotic and
abiotic factors. International Journal of Zoological Research, 8(2):59-70.

Kadlec, D., Simkova, A., Jarkosvky, J., & Gelnar, M. (2003). Parasite communities of freshwater fish under
flood conditions. Parasitology Research, 89:272-283.

Karvonen, A., Kristjansson, B.K., Skulason, S., Lanki, M., Rellstab, C., & Jokela, J. (2013). Water temperature,
not fish morph, determines parasite infections of sympatric Icelandic three spine sticklebacks
(Gasterosteus aculeatus). Ecology and Evolution, 3(6):1507-1517.

Kennedy, C.R., & Fitch, D.J. (1990). Colonization, larval survival and epidemiology of the nematode
Anguillicola crassus, parasitic in the eel, Anguilla anguilla, in Britain. Journal of Fish Biology, 36 :117-
131.

Khan, R.A., & Payne, J.F. (2004). Comparative Study of oil will drill Cuttings and polycyclic aromatic
hydrocarbons on parasitism in winter Flounder: A dose response study. Bulletin of Environmental
Contamination and Toxicology, 73:652- 658.

Khidr, A.A., Said, A.E., Abu Samak, O.A., & Abu Sheref, E.S. (2012). The impacts of ecological factors on
prevalence, mean intensity and seasonal changes of the monogenean gill parasite, Microcotyloides sp.,
infesting the Terapon puta fish inhabiting coastal region of Mediterranean Sea at Damietta region.
Journal of Basic and Applied Zoology, 65:109-115.

Knopf, K. (2006). The swimbladder ne atode Anguillicola crassus in the European eel Anguilla anguilla and the
Japanese eel Anguilla japonica: Differences in susceptibility and immunity between a recently colonized
host and the original host. Journal of Helminthology, 80(2):129-136.

538



ALLALGUA et al. 2021 ActAquaTr 17(4), 532-540

Koyun, M. (2011). Seasonal distribution and ecological of some Dactylogyrus species infecting Alburnus
alburnus and Carassius carassius (Osteichthyes: Cyperinidae) from Porsuk River, Turkey. African
Journal of Biotechnology, 10(7) :1154-1159.

Lambert, A. (1977). Les Monogénes Monopisthocotylea parasites de poissons d'eau douce de la faune de la
France méditerranéennes. Bulletin du Muséum national d'histoire naturelle : Paris, (429) Zool: 299; 177-
214.

Lefcort, H., Aguon, M.Q., Bond, K.A., Chapman, K.R., Chaquette, R., Clark, J., Kornachuk, P., Lang, B.Z., &
Martin, J.C. (2002). Indirect effects of heavy metals on parasites may cause shifts in snail species
compositions. Archives of Environmental Contamination and Toxicology, 43 :34-41.

Lekeufack-Folefack, G.B., & Fomena, A. (2013). Structure et dynamique des infracommunautés de
Myxosporidies parasites de Ctenopoma petherici GUNTHER, 1864 (Anabantidae), Clarias pachynema
Boulenger, 1903 (Clariidae) et Hepsetus odoe (Bloch, 1794) (Hepsetidae) dans la riviére Sangé au
Cameroun. International Journal of Biological and Chemical Sciences, 7(6):2301-2316.

Lévéque, C., Paugy, D., & Teugels, G.G. (1990). Faune de poissons d'eau douces et saumdtres de I'Afrique de
I'Ouest. Faune Tropicale XXVIII, MRAC, Tervuren. ORSTOM. Paris, 902 P.

Lévéque, C., Paugy, D., & Teugels, G.G. (1992). Faune de poissons d'eaux douces et saumdtres de l'Afrique de
I'Ouest. Faune Tropicale XXVLLI, MRAC, Tervuren. ORSTOM. Paris, 902 P.

Luque, J.L., & Alves, D.R. (2001). Ecologia das comunidades de metazoarios parasites doxareu, Caranx hippo
(L.) e do xerelete Caranx latus Agassiz (Osteichthyes, Carangidae) dolitoral do Estado do Rio de Janeiro,
Brazil. Revista Brasileira de Zoologia, 18:399-410.

Majumder, S., Panda, S., & Bandyopadhyay, P.K. (2013). Effect of temperature on the prevalence of different
parasites in Cirrhinus mrigala Hamilton of West Bengal. Journal of Parasitic Diseases, 39:110-112.

Malmberg, G. (1957). Om forekomsten av Gyrodactylus pa svenska fiskar. Skr. Sodra Sveriges Fiskeforen.
Arsskrift 1965:19-76. (In Swedish).

Marchiori, N.C., Gongalves, E.L.T., Tancredo, K.R., Pereira-Junior, J., Garcia, J.R.E., Martins, M.L. (2015).
Effect of water temperature and salinity in oviposition, hatching success and infestation of
Aphanoblastella mastigatus (Monogenea, Dactylogyridae) on Rhamdia quelen. Brazilian Journal of
Biology, 75 4 suppl 1, S245-S252.

Margolis, L., Esch, G.W., Holmes, J.C., Kuris, A.M., & Schad, G.A. (1982). The use of ecological terms in
parasitology (report of an ad hoc committee of the American Society of parasitologists). Journal of
Parasitology, 68:131-133.

Menasria, A., Bar¢ak, D., Kaouachi, N., Bensouilah, M., Scholz, T., & Hernandez-Orts, J.S. (2019).
Redescription of Acanthogyrus (Acanthosentis) maroccanus (Dollfus, 1951) (Acanthocephala:
Quadrigyridae), a parasite of the Algerian barb Luciobarbus callensis (Valenciennes) (Cyprinidae) in
Algeria, and first molecular data. Journal of Helminthology, 1-12.

Mimeche, F., Belhamra, M., & Mimeche, H. (2015). Croissance de Cyprinus carpio Linnaeus, 1758
(Cyprinidae) dans le barrage El K'sob dans la Wilaya de M'sila (Algérie). C d s 19:59- 64.

Mimeche, F., Biche, M., Ruiz-Navarro, A., & Oliva—Paterna, F.J. (2013). The Population structure, age, and
growth of Luciobarbus callensis (Cyprinidae) in a man-made lake from Maghreb (NE, Algeria).
Limnetica 2:391-404.

Moles, A., & Wade, T.L. (2001). Parasitism and phagogytic function among sand lance Ammodytes hexapterus
Pallas exposed to crude oil-laden sediments. Bulletin of Environmental Contamination and Toxicology,
66: 528-535.

Mouaissia, W., Kaouachi, N., Boualleg, C., Tolba, M., Khelifi, N., Sahtout, F., & Bensouilah, M. (2017).
Reproductive biology of Algerian barb Luciobarbus callensis (Valenciennes, 1842) (Cyprinidae) in Beni
Haroun dam, north-east of Algeria. Aquaculture, Aquarium, Conservation & Legislation - International
Journal of the Bioflux Society, 10(6):1671-1682.

Moyle, P.B., & Cech, J.J. (2004). Fishes: an introduction to ichthyology. No. 597 MOY. Naturels, 47: 387 p.

Ndour’s, 1. (2007). Comparaison des populations de poissons amont/ anal du barrage anti- sel de Maka sur
Casamance au Sénégal. Diplome d’étude approfondie. Univ Cheihk Anta Diop Sénégal 98p.

Ojwala, R.A., Otachi, E.O., & Kitaka, N.K. (2018). Effect of water quality on the parasite assemblages infecting
Nile tilapia in selected fish farms in Nakuru County, Kenya. Parasitology Research, 117(11):3459-3471.

Pietrock, M.T., & Marcogliese, D.J. (2003). Free — living endohelminth stage: at mercy of environmental
conditions. Trends in Parasitology, 19:293-299.

Pilecka-Rapacz, M., Piasecki, W., Czerniawski, R., Stugocki, L.., Krepski, T., & Domagata, J. (2015). The effect
of warm discharge waters of a power plant on the occurrence of parasitic Metazoa in freshwater bream,
Abramis brama (L.). Bulletin- European Association of Fish Pathologists, 35:94-103.

Poulin, R. (2000). Variation in the intraspecific relationship between fish length and intensity of parasitic
infection: biological and statistical causes. Journal of Fish Biology, 56:123-137.

539


https://www.springer.com/journal/128
https://www.springer.com/journal/128

ALLALGUA et al. 2021 ActAquaTr 17(4), 532-540

7°™ édition Dunod Paris,

Rodier, J. (1984). Analyse de I’eau, eaux naturelles, eaux résiduaires, eau de mer.
1365 p.

Rohde, K. (1993). Ecology of marine parasites. CAB International 2™ edition, Wallingfor, Oxon, 298 p.

Rohlenova, K., Morand, S., Hyrsl, P., Tolarova, S., Flajshans, M., & Simkové, A. (2011). Are fish immune
systems really affected by parasites? An immunoecological study of common carp (Cyprinus carpio).
Parasites & Vectors, 4:120-138.

Sargsyan, N.H. (2013). Influence of abiotic factors on infection of rock lizards Darevski araddei by geohelminth
Spauligodon saxicolae. Chemistry & Biology, 2:44-47.

Schippers, C., Booms, G.H.R., & Boon, J.H. (1991). Susceptibility of Anguillicola crassus in the swimbladder of
European eel (Anguilla anguilla) to high water temperatures. Bulletin of the European Association of Fish
Pathologists, 11(2): 92-95, 8.

Siddall, R., Koskivaara, M., & Valtonen, E.T. (1997). Dactylogyrus (Monogenea) infections on the gills of roach
(Rutilus rutilus L.) experimentally exposed to pulp and paper mill effluent. Parasitology, 114:439-446.

Singh, N., Kumar, P., & Singh, D.K (2012) Variant abiotic factors and the infection of Fasciola gigantica larval
stages in vector snail Indoplanorbis exustus. Journal of Biology and Earth Sciences, 2(2):110-117.

Smallbone, W., Cable, J., & Maceda-Veiga, A. (2016). Chronic nitrate enrichment decreases severity and
induces protection against an infectious disease. Environment International, 91:265-270.

Stojanovski, S., Hristovski, N., Cakic, P., Hristovski, M., Velkova-Jordanoska, L., & Blazekovic, D. (2010).
Monogenean trematods of chub (Leuciscus cephalus albus Bonaparte, 1838) from lake Ohrid
(Macedonia). Biotechnology & Biotechnological Equipment, 24(Special Edition):623-627.

Thomas, F., Renaud, F., & Guegan, J.F. (2005). Parasitism and ecosystems. Oxford university press, Inc; New
York, PP. 221.

Tolba, M., Kaouachi, N., Boualleg, C., Mouaissia, W., Allalga, A., Berrouk, H., & Boulahbal, S. (2018). Impact
of Parasitic Helminths on the Growth of Luciobarbus callensis (Valenciennes, 1842) (Cyprinid fish)
Populating Beni Haroun Dam (East of Algeria). WORLD JOURNAL OF ENVIRONMENTAL
BIOSCIENCES, 7(1):92-99.

Turgut, E., Ozgul, G., & Buhan, E. (2011). Seasonal changes of metazoan parasites in Capoeta tinca and
Capoeta capoeta in Almus Dam Lake, Turkey. Bulletin of the European Association of Fish Pathologists,
31(1):23-30.

Wali, A., Balkhi, M.H., Magbool, R., Darzi, M.M, Shah, F.A., Bhat, F.A., & Bhat, B.A. (2016). Distribution of
helminth parasites in intestines and their seasonal rate of infestation in three freshwater fishes of Kashmir.
Journal of Parasitology Research, 2016:8901518.

Williams, H.H., & Jones, A. (1994). Parasitic Worms of fish. Taylor & Francis Ltd London UK pp. 77-89, 593p.

Yeomans, W.E., Chubb, J.C., & Sweeting, R.A. (1997). Use of protozoan communities for pollution monitoring.
Parassitologia, 39:201-212.

Zargar, U.R., Yousuf, A.R., Chishti, M.Z., Ahmed, F., Bashir, H., & Ahmed, F. (2012). Effects of water quality
and trophic status on helminth infections in the cyprinid fish, Schizothorax niger Heckel, 1838 from three
lakes in the Kashmir Himalayas. Journal of Helminthology, 86:70-76.

540


javascript:;
javascript:;

