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ABSTRACT

This study pertains to biometry and parasitismhefcommon carp captured in Lake Oubeira. This iredlollection of 360arp specim
which were weighed and measured before being desbéz harvest the parasit@e size of the carp in Lake Oubeira varied frontd %1
in length, although more than 70% did not exceech8In length. This fraction of the studied popuatiexhibited isometrigrowth, wit
condition factor that did not exceed 1.15.The aapin of the Von Bertalanffy equation shows that Carfosake Oubeira have an asyn
length of 55.65 cm and a maximum length of 53cnhwitgrowth rate of about 0.22 yearThe Observation of anatomical morpho
characters of 869 parasites collected allowed uslentify a MonogeneaD@actylogyrus anchoratus) a CrustaceaAfgulus foliaceus), ]
tapeworms Bothriocephalus acheilognathi and the larval form oEigula intestinalis) and nematode (larva@ontracaecum sp.). The lattg
reported for the first time in the general cavify@ carpio originating from Oubeira Lake. The Survey of theolationary dynami
parasitism reveals th&ontracaecum sp present throughout the year; and affects over 80%arp. The Statistical analysis shalvdat
distribution of parasites is related to the seamod the fish size. The use of principal componewtysis shows that watéemperatu
correlated positively with the distribution eéntracaecum sp, D. anchoratus andA.foliaceus. These peasites were more frequents in s
and autumn when water temperature and suspendediaharesent the highest values, in contrary; memperature is corr@ed negati
with the distribution ofB.acheilognathi and L.intestinalis. It appears fronthis study that the water temperature has a gréhtehce
distribution of parasites.
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INTRODUCTION

The common carp is a freshwater fish that showsde wistribution in the world [71]. Its natural igen
extends from the Aral Sea to China and the Amumbi®]. This global distribution of carp is reldt¢o the
many introductions around the world to promotedhkivation, aquaculture and sport fishing [36,23,1

Algeria, like many other countries of the world vadfected by the political introductions of new sigs of
fish. The aims of some introductions of fish speéiecludes occupying vacant ecological niches aclshg of
watersheds that are deprived of fish (e.g. dansgrveirs). Introduction of a species, however, astails
introduction of its parasites and associated bac{®9,24,48,14], doing so can hence result in rgeaof
ecological effects.
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In addition to giving rise to problems relatingpathologies [48], introduction of the Chinese carjhake
Oubeira has resulted in the elimination of a Igwgétion of the aquatic vegetation, as well as aakse in the
autochthonous populations and waterfowl [46].

Villizi et al., [66] report, in common carp inhabit various waite Turkey, the existence of 41 species
parasites. Carp is nevertheless likely to be caofi@iruses, bacteria, fungi and parasites [26il Parasites are
causing major problems in fish farms or naturatksoof fish; this is why freshwater fish parasitesitinue to
be the subject of numerous studies [27]. Tombi Bitdng-bilong [65] Tekin-Ozaret al., [64]; Loucif et al.,
[44]; Fomenaet al., [29]; Borji et al., [16]; Nematollahiet al., [53]. In Algeria, the studies of parasites of
Cyprinidae are few [49,50,34,22,17,3]. The aim biststudy is firstly,to determine the structure ptar
population, secondly to identify the influence obnge environmental factors on the epidemiological
parameters(prevalence, intensity of infestationamnghdance) of the parasites.

MATERIALS AND METHODS

Lake Oubeira is a fresh water lake, situated inefilg North-East (N36°50, E08°23) (Fig.1). It covers
surface area of 2,200 hectares, and that has amabaepth of 4m. It is a designated wilderness éneggistered
with the RAMSAR Convention) of the Parc NationaEtKala that has the unique distinction of hostthg
most important wetland complex of the Maghreb df&. The native Ichthyofauna of the Lake OubeBa i
represented bBarbus callensis, Pseudophoxinus callensis, P.guichenoti, P.punicus and Gambusiaffinis affinis
(Poeciliidae)Mugil cephalus, Liza ramada (Mugilidae) and eefnguilla anguilla [52].

rs -
= mediterranean sea
an # a Cags Laghen
£ 3 s viate
= I
>
I sl
E Alargr Namgweed T L2 ale Cyeta Agasod &
£ ELFm =y o LRk Adwm
Do, " . s : & i D ] PR e
L Tt
-
K [abar Cium A
&' a
i 2
L]

Fig. 1: Study area

The temperature and dissolved oxygen in the watengéasured, monthly, using a multi parameter sensor
provided (brand Consort 335); as regards theiresudpd material is estimated using the differenti@ighing
method [4].

A total of 360 carps (30 specimens per month) weetkected between January 2012 and December 2012,
by professional fishermen, and then transportegl dim ice to the laboratory where they were meas(icedl
length, to the nearest centimeter) and weightedjlweiith a balance. Fish gills were cut out and eraoh
under a microscope. Vigorously, moving worms wegpasated from the gills and fixed in70 % alcohotl an
carefully examined under stereo microscope (OlymBdX 10). The carps were opened by a longitudinal
incision along the belly. The intestinal tract waig at each end and lifted out to reveal the pessiThe
parasites were then washed and fixed in 70 % alcoho

The nomenclature adopted in reporting the preval¢ine mean intensity and abundance is that custigmar
used [20].

Linear growth:The growth parameters were determined by the FISAT II software; Asymptotic length Loo
and K growth rate of the Von Bertalanffy equati6i@]were estimated through d’ELEFEN 1, the lineamgh
law is expressed by the equation: Lt ® [1-& “™) Lt: length at time t (cm), ko: asymptotic length (cm), K:
growth coefficient (yeah), t0: age hypothetical theory to zero length.

Relative growth: (length-weight relationship): Thength and weight of fish are highly correlated.eTh
relationship between the size and weight of a fisheflected in the type of formula (W = a x°); W:
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eviscerated weight (g),tt total length (cm) a: constant, coefficient ofallometry. The type of growth
determined according to b (b = 3: isometric grotliween weight and length; b <negativeallometry b> 3
positive allometry).

Condition factor (k):This coefficient is calculated using the followifaymula: K = (W / L° x 100); W:
eviscerated weight (g),rL.total length in cm, b: coefficient of allometrgrsidered equal to

Satistical Analysis:

Statistical analysis of the data was performnder R (R Development Core Team, 2014 Version B
developed by Ross lhaka (1996). The normality diordiof the distributions was checked beforehanc
applying the ShapirdV¥ilk (not shown). Distributions, being usually ofyanmetric time, forced us choose
non-parametric alternatives for the statistical anal

The correlations between the sets of parameters\aleated by the n-parametric Spearman correlati
coefficient (r) to analyze the intensity of relatso between our parameters. Furmore, comparisons of
intensity and the abundance of parasite were gagdrusing the nonparametric test exact of Fighncipal
component analysis (PCA) was carried out usingpidiekage FactoMinel[37] on the normalized data. TI
principal componenanalysis (PCA) was used as a descriptive andoeaqolry method aiming to characteri.
through a multivariate approach, the structuringaif inte-months variations and to highlightthe contribut
of environmental parameters measured on prevalenean intensity and abundance of parasites. All pzesd
used were downloaded from the official website dRAMN (The Comprehensive R Archive Networ
http://cran.rproject.org/web/packagt. Tables and graphs were drew by Excel software.

Results:
Proportions of size classes:
Over the course of 1@onths we captured 360 carps, ranging in size ftdom to 51cm (Fi2)
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Fig. 2: Size distribution for carps captur

Linear growth:
The application of the Von Bertalanffy equationsBas that the carp Lake Oubeira have an asymptc
length of 55.65 cm and a maximum length of 53cniaigrowth rate of about 0.22 y™.
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Relative growth: The estimated relative growth,tbg equation relating the total length with evisted
weight, shows the existence of an isometry of ghowith a correlation coefficient r = 0.929.
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Fig. 4: length-weight relationship in carp of Lake Oubeira

Coefficient of Condition (K): Condition factor ofap from Lake Oubeira varies between 0.93 and 1.15;
the highest value is recorded in winter (1.15) (Bigand the lowest value is recorded in the summer
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Fig. 5: Seasonal variations in condition factor (k) offcar

Parasitism:

The examination of 360 specimens®e€arpio originating from Oubeira lake revealed the presesfc@69
parasites attached to 5 families: DactylogyridBacfylogyrus anchoratus), Argulidae @Argulus foliaceus),
Bothriocephallidae Bothriocephalus acheilognathi), Diphyllobothriidae(plerocercoid larvae otigula
intestinalis) and AnisakidaeGontracaecum sp larvae).

Table 1: epidemiological parameters

Dactylogyrus Argulus Contracaecumsp Bothriocephalus Ligula
anchoratus foliaceus acheilognathi intestinalis
P% 12,5% 1,66% 30,55 3,33% 0,83%
| 3,77 1,16 5,75 4,66 1
A 0,47 0,01 1,75 0,15 0,008

(P%: Prevalence, I: intensity, A: abundance)

From Table 1lit is the nemato@®ntracaecum sp that affects over 30% of carp, against only 12% 3%d
for Dactylogyrus anchoratus and Bothriocephalus acheilognathi respectively. The other 2 species of parasites
infest less than 2% of fish numbers. The intersiti&infestations are on the order of 5.75, 4.66 377 for
Contracaecumsp, Bothriocephalus acheilognathi and Dactylogyrusanchoratus respectively. This is
Contracaecum sp is the most abundant (1.75 individual / fish exasd) and comes witlDactylogyrus
anchoratus (0.47 individual / fish examined).

Table 2: Seasonal distribution of parasites found®iarpio in Lake oubeira

Species Winter Spring Summer Autumn
Dactylogyrusanchoratus(170 4 17 128 21
specimens)

Argulusfoliaceus 0 0 4 3

(7 specimens)

Contracaecumsp. 88 195 200 150

(633 specimens
Bothriocephal usacheil ognathi 53 1 2 0
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(56 specimens)

Ligulaintestinalis 3 0 0 0

(3 specimens)

Total (869 specimens) 148 213 334 174

Results obtained revealed th@dntracaecum sp and Dactylogyrus anchoratus are present throughout the
year; the percentage of parasitic individuals i192

Percentage of the individuafSontracaecumsp living in the body cavity is also higher in summend
spring. It is reported that the percentage of tickviduals ofD. anchoratus andA. foliaceus in the gills is higher
in dry season; as . acheilognathi andL. intestinalisare present just for winter. (Tab2).

The Fisher test shows a distribution of dependeifice3, p-value <2.2e-16, the test is significdrttis to
say that distribution of parasites depends on¢hsan.

Distribution of parasites depending on class size:

Table 3: Distribution of parasites as a function of theesif carps

Parasites [11-21] [21 - 31] [31-41] [41 - 51]
Dactylogyrus 5 6 118 41
anchoratus

Argulus 0 7 0 0
Foliaceus

Contracaecumsp. 12 372 205 44
Bothriocephal us acheil ognathi 53 2 1 0
Ligula intestinalis 3 0 0 0

The parasiticContracaecum sp. andD. anchoratus species are encountered in the four size categtva
comprise the carp population of Lake Oubeira. H@wveindividuals in the [21 — 31cm] and the [31 €]
size categories harbored the greatest number @frspas of theContracaecum sp. species. In regard .
anchoratus, it is particularly the individuals in the [31 — 4th{ size category that harbored the highest
proportion of this parasite (i.e. in 69.4%). Whilee B. acheilognathi parasite was not encountered in carp
belonging to the large size category (i.e. [41 €m]), by contrast it was found to be highly prevalé.e. in
94.6%) in the small-sized carp (i.e. [11 — 21cmheTpresence oArgulus foliaceus and Ligula intestinalis
parasites was limited to individuals belonging e {21 — 31cm] and the [11 — 21cm] size categories,
respectively.

The Fisher test shows a distribution with df = @eledency, p-value <2.2e-16; the test is signifithat is
to say that the distribution of parasites depemdthe class size.

Principal component analysis (PCA):
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Fig. 6: Projection of months on the first two principakaxrig. 7: Correlation circle of biotic and abiotic
ariables with the first two principal axes.

The use of principal component analysis (PCA) geaiminary and exploratory descriptive approach
helped visualizing the structure of the temporalatan in Lake Oubeira according to five measuwadables:
water temperature, pH, dissolved Oxygen, suspesdis content and distribution of parasites.

PCA also led to investigate the existence of pdssimilarities between different months and disttion
of parasites. It is noteworthy that the distribatiof parasites was used as an additional quangtatiriable to
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achieve the PCA by the Facto MineR package. Monedw€A was performed on the reduced-centric data
(standard PCA), whose results are summarized imd&y(6 and 7).

The first two major components (F1 et F2) contath78% of total variability (64,75 % and 28,07 %
respectively).

Axis 1 is defined to the positive pole by water pmrature and suspended material with strong relativ
contribution(r= 0,93 ; cos? =0,88 et r= 0,78 ; ef561 respectively), and it is the warmest monjbsg july,
august, september and october) that result in tbet ppronounced effect The increase in temperatate a
suspended material favorite the appearance of ifeg@s anchoratus, A.foliaceus and Contracaecum sp, these
parasites were more frequents in dry and fall seaso

Axis 2 is defined to the positive pole by dissolM@rlygen(r=0,66 ;c0s2=0,44),on this Axis are project the
cold months (january, february, november and deegjrdndB. acheilognathi andL.intestinalis. So we can say
that the decrease in temperature favors oxygenafiavater and abundance of parasiBescheilognathi and
Ligula intestinalis. These parasites were more frequents in wet period.

Discussion:

Of the 360 carps captured during the study petdadary to December 2012), ranged from 11cm to 51cm
with a high proportion of the carps falling intoetl21- 41cm size range. The application of von Bamféy
growth equation shows that the carp populati@netan asymptotic length of 55.65 cm and a maxirneungth
of 53cm with a growth rate of about 0.22 y&atn Turkey, Baliket al., [10], report that this species reaches an
asymptotic length equal to 130cm with a growth aftaround 0,75 yeat.

The length-weight relationship of the carp popwiatin the Lake oubeira was W=0.018*%%% The value
of the length-weight relationship showed that bediight grows isometrically with length. The lengtieight
relationship of carp population for the dam GhribAlgeria [5] and for the Caspian sea in Iran [G8fsents a
positive allometric growth; these variations coldd attributed to differences in age, maturity amed, s
geographic location and associated environmentaditions, such as seasonality, stomach fullnesgadie and
parasite loads [8].

The mean condition factor of the population wasudated asl1, 01; the mean condition factor of carp
population in the Lake Karamik (Turkey) as 2.02P][1lt is clear that the mean condition factor bé tcarp
population in the lake oubeira is lower than thhatcarp population in Turkey. The reason may lardedy
attributed to feeding opportunities.

In terms of the gills, we observed a predominanfcth@ monogenid. anchoratus over theA. foliaceus
crustaceanThe predominance would be related not only totabjwarameters such as temperature and salinity
but also interspecific competition for the ecol@jiniche; because according to Mackenzie and B&l], [the
competition could be the cause of this dynamic betwthe different groups that some ecological fadtavor
one group over another.

Meddour [49], report the presence of three speoiesnonogeneaD. extensus, D. anchoratus and
Gyrodactylus sp in the gills ofC. carpio caught from Lake oubeira. On the same species foum El Khanga
dam (Souk Ahras) Allalguat al., [3] report the presence of 5 species of monogeam@ong which 4 are
attached to the genu@actylogyrus. Chaibi [22] report on the gills d. carpio originating from Timgad dam
(Algeria), the presence of two species of monog&raetyl ogyrus sp andGyrodactylus sp.

The presence ob. anchoratus in C. carpio is reported in Turkey [56,43], in Kurdistan Irad],[ in
Northeast of Iran [16] and in Latvia [41], this paite was found for other species such asCthairatus andL.
Barbus esocinus [1] and theAuratus auratus from Bulgaria [15].

In Lake OubeiraD. anchoratus is highly abundant during the summer. Our resarésbolstered by those of
Borji et al., [16] who showed that infestation Y. anchoratus is higherin summer time for theC. carpio
populating Lake Mashhad in Iran.On the other hakithlgua et al., [3] have reported the various species
encountered in th€. carpio of Foum El Khanga appeared in different seasomsgédr suggesting that infestation
correlates with changes in temperature.

A. foliaceus, is reported inC. carpio captured in river Bounamoussa and Lake Oubeiry & In C.
carpio of Foum El Khanga [17] and of Timgad dam [22] iresence ofrgulus foliaceus is not reported. This
variability in the parasitic abundance is a funetaf the ecology of the host [51,73], the phylogefyhe host
and the parasite [20,62], the water quality [3Q] #re testing methods [69].

For the Lake Oubeira carp, the 7 specimens oAtlgelus foliaceus species were collected in summer time
and the autumn. Numerous authors have reporteddiagathe influence of temperature on infestation b
Argulus species [35,69,70]. In the Czech Republic, Rohlambal., [61] havereported that infestation of ti@&
carpio population in the/odnany fish farm by the two crustaceafygulus foliaceus andErgasilus sieboldi is
higher in spring and summer time.

D. anchoratus is present in all four of the size categorieshalgh it is particularly the individuals in the
[31 — 41cm] size category that harbor the gregtesportion of this parasite (at 69.4%). Our resaite in
agreement with those of Allalgw al., 2015 who report that it is the fish with overalhgths between 37 cm
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and 47 cm that are the most infested with parasitegeral investigations indicate that the levedDaftyl ogyrus

is often higher in older fish than in younger off#857]. The increase in the parasite infectioe & a function
of the size of the host specimen can be explainedhb increase in gill surface area with body léngt
[33,13,9,21]. According to these authors, largeedifish provide a larger gill surface area that bance
accommodate greater numbers of parasites. Futtmeriime of exposure of the fish gills to infestatiby
parasites could explain why larger specimens anme ndested.

We report for the first time the presence of thevde of the nematod€ontracaecumsp in the general
cavity of C. carpio populating the lake Oubeira. In Iran, the preseot¢his larva is reported iCapoeta
damascina (cyprinidae) in Lake Kerman [58] and Barbus lacerta populating the Gheshlagh reservoir [19].
The survey of the evolutionary dynamic of parasitigveals tha€ontracaecum sp present throughout the year,
the highest infestation is recorded during summed &pring. The high prevalence of the larvae of
Contracaecum sp in the populations dflugil cephalus from Saloum estuaries means that this nematode more
frequent in dry season [54]. The study of the ptsas evolution from a consideration of the sizetloé host
shows thatContracaecum sp met in four size classes, with highest number o&gites in individuals from size
classes [21-31 [and [31-41 [(58.7% and 32.38% Ietpady).

The prevalence ofontracaecum sp could be explained by the strong presence dEpfinal hosts of the
parasite [12,28,47,31,39]. These final hosts wejpasit the eggs of the parasite in the environnErgse eggs
hatch in 2 to 3 days with 24°C or in 5 to 7 dayghw#1°C [6].

The cestod®.acheilognathi is essentially present in winter (53 specimentectdd); similar findings have
been reported foGambusi aaffinis in the southern United States [3B)]. acheilognathi is strongly present in
young carps (94.6%).The presence of this cestodeedges with the increase of the size of the hKsiiting
[42] found 60 worms per fish in young carp from @any. On the other hand, Bachinséial., [7], have
indicated that older carp remain less prone tostaféon. Kimet al., [40] found that for young carp (i.e. ranging
in size from 9 to 16 cm) this amounted to 30 to t&Gure worms.

The use of principal component analysis shows ioglship between abundance Bf anchoratus and A.
foliaceus and Contracaecursp and temperature; these parasites were moreefiesjin summer and autumn
when water temperature and suspended materialnirdsehighest values. The statistical analysieatad that
presence oB. acheilognathi would be correlated by decrease of temperatureremease of water oxygenation.

Conclusion:

This study of theC. carpio carp captured in Lake Oubeira revealed:

- Relatively poor growth rates compared to those meploin the literature; which appears to reflect a
relationship with the availability of food, and jsdsy other environmental factors linked to theptaihabitat

- Alow diversity parasites;

- The distribution of parasites shows a relationshiih the temperature and host SiZ@.:anchoratus is
strongly present in the summer and in large siz@ds;Contracaecum sp is present throughout the year, with
highest infestation during summer and spring.

We wish to point out; however, that temperatur@as the only element that influences the rate dmd t
degree of infestation of the host by these pamasites for the parasites encountered in this sttltyinfluence
of copepods on carp infestation Byacheilognathi, L. intestinalis, and that of birds on infestation of these fish
by Contracaecum sp. andL. intestinalis was not negligible.
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