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Abstract: The Cuvier’s gazelle Gazella cuvieri is a vulnerable species of high conservational importance, which is
endemic in Northwestern Africa. The present study aimed to characterize gastrointestinal parasites in G.
cuvieri and to understand the relationship between seasonality factor and parasitic infection rates as well
as to analyse their conservational importance in seasonally-variable environments in northern Algeria. To-
tally, 48 faecal samples were analysed and ten gastrointestinal parasite species were identified, represent-
ing seven species of gastrointestinal helminths and three species of parasitic protozoans. It was observed
that the seasonal faecal samples were mostly infected with Nematodirus sp. (prevalence 97.9 %). The
overall prevalence of Marshallagia sp. and Eimeria sp. were significantly very higher in rainfall season
compared to harsh environmental season. The highest gastrointestinal parasite counts were recorded dur-
ing and soon after peak rainfall, while the lowest value was in the dry season. These findings show that
seasonality can be an important driver of gastrointestinal parasitic infections. It seems that observations
such as the high prevalence of gastrointestinal parasites and intensity of the infection, especially in the
winter season, should be specifically considered by the wildlife conservation officers. This study could
be the key to success in the long-term conservation of this vulnerable species in its native range and in
providing a wealth of new information about parasite biodiversity.
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. 2020). However, the species has declined dramati-
Introduction cally since the 1950s (BEUDELS-JAMAR ct al. 2006)
Cuvier’s gazelle Gazella cuvieri (Ogilby, 1841) due to excessive hunting, anthropogenic barriers,
is an endemic species to the mountain ranges and  feeding competition with domestic livestock and
hills of the Maghreb, with neighbouring ranges habitat degradation (BEUDELS-JAMAR et al. 2006,
in Morocco, Algeria and Tunisia (MORENO et al. HERRERA-SANCHEZ et al. 2020, BENAMOR et al.

"Corresponding author: naceur_ mh28@yahoo.fr

431



Benamor N., Bounaceur F., Marniche F. & Benia A.R.

2021). The IUCN Red List of Threatened Species
classified the Cuvier’s gazelle as “Endangered”
between 1986 and 2016. It is currently globally
threatened and is classified as “Vulnerable”, main-
ly due to its small population size (IUCN 2016). In
Algeria, the primary cause of population decline is
anthropogenic, and it is considered as a result of
the illegal hunting and the forest fires (BOUNACEUR
et al. 2016, IUCN 2018). The latter indicated that
a wildlife monitoring healthcare network has been
set up and has not reported any diseases of the spe-
cies. It should be noted that some of these threats
have not been quantified and are more assumed
than proven; some threats e. g. diseases, are hard
to be quantified.

Biodiversity decline continues largely una-
bated (SCBD 2020), despite efforts to set policy
targets to slow the rate of decline, bend the curve
of biodiversity loss and “reverse the red” (MACE et
al. 2018, RODRIGUES-ESPELETA et al. 2021). Para-
sites are a crucial component of biodiversity as they
are able to play a key role in causing population
cycles (HuDpsoN et al. 1998), control the host’s re-
productive output (Hupson et al. 1992a) and in-
crease hosts’ vulnerability to predation (Hubpson
et al. 1992b). Therefore, parasitic diseases repre-
sent one of these increasing threats to the natural
populations (Daszak et al. 2000), and can cause
endangered populations to decline either temporar-
ily or permanently (SmitH et al. 2006, TURGEON
et al. 2018). In order to prevent the extinction of
threatened species, attention has been focused on
examining methods by which disease threats can
be managed in free-ranging wildlife (WOODROFFE
1999, LAFFERTY & GERBER 2002, THOMPSON et al.
2010). Studies on pathogens that cross host spe-
cies boundaries are disproportionately represented
(WoobpHOUSE 2002). In addition, understanding
disease processes in natural populations is an ur-
gent priority in the face of increased rates of infec-
tious disease emergence (JOLLES & EzeENwa 2015).
Thus, baseline information on patterns of infection
in natural populations is critical to assess and man-
age wildlife disease risks (EzEnwa 2003).

Ecological systems are responding to changes
in climate and, due to their ubiquitous nature, para-
sites will not be exempt from such changes (GILL-
INGHAM 2015). Understanding the effect that global
climate change will have on parasites is of utmost
importance because there will be climate-driven im-
plications for hosts, parasites, vectors, vegetation,
abiotic elements of the ecosystem and many of the
associations among these that affect the parasite web
and parasite flow (CABLE et al. 2017). In particular,
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dynamics of gastrointestinal parasites (GIP) are reg-
ulated by environmental conditions such as ambient
temperature, humidity and precipitation (HuDSON et
al. 2006, OrTiZ et al. 2006, Dor & YURLOvA 2011,
TINSLEY et al. 2011). Hence, designing and planning
control strategies require the knowledge on the epi-
demiological factors that influence the risk for GIP
infections.

The GIPs are the most important agents that
affecting gazelles (SouLsBY 1982). Thus, determin-
ing the identities of various parasites infecting ga-
zelles is the first step towards an effective control
program of specific parasites (MOHAMMED 2002).
However, published information about the species
and prevalence of GIP of Cuvier’s gazelle in north-
west Africa is very limited, while no study has been
conducted in the wild range of Algeria. Since Cu-
vier’s gazelle is a vulnerable species, the purpose of
the present epidemiological study is to characterise
gastrointestinal parasites as well as understand the
relationship between seasonality factor and para-
sitic infection rates.

Materials and Methods

Study area

Our study area was in the Djebel Messaad Forest
(35°01°48” N, 4°09°00” E). Djebel Messaad For-
est is the largest forest area in the M’Sila Province,
northern Algeria, with an area of about 33556.06
ha and elevation of 1675 m (BENAMOR et al. 2021).
The Climate in Djebel Messadd Forest is semiarid
Mediterranean pattern, with moderate rainfall dur-
ing spring, autumn, and winter and a hot and dry
period during summer (Fig. 1). The mean annual
rainfall 315.5 mm, while the mean annual tempera-
ture varies from 10.4 °C to 21.1 °C. Minimum tem-
perature recorded 0.74 °C in January (winter), and
the maximum temperature 35.1 °C occurred in July
(summer).

Collection and processing of faecal samples

During this study, 48 faecal samples were collect-
ed monthly from September 2016 through August
2017. Freshly-deposited faeces were collected early
in the morning during a systematic search from the
different latrine sites in order to investigate different
individuals. Four to six balls from each stool were
collected (OrTIZ et al. 2006). Parasitological Analy-
sis of these faecal samples was done by direct smear
and flotation methods as per standard techniques
(MAFF 1986). Quantitative evaluation of intensity
of the infection was based on the mean number of
parasite eggs and oocysts per infected host, fol-
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Fig. 1. Climatic conditions (rainfall, maximum, minimum and mean temperatures) during the study period in Djebel

Messaad Forest.

lowing a modified McMaster technique (ZAJAC &
ConBoy 2012). Slides were read under a light mi-
croscope at x100 magnification. The detected para-
sites were identified to the generic level based on
their key morphological features (Zajac & CoNBOY
2012, BowmMan 2014, TAYLOR et al. 2016).

Statistical analysis

Quantitative descriptors such as prevalence, mean
intensity and ranges of infection for each parasite
species were defined according to BusH et al. (1997)
in order to characterise the seasonal variation of
GIPs load in autumn, winter, spring and summer
seasons. The prevalence values were compared be-
tween seasons using a chi-squared test. Statistical
analyses were conducted in Quantitative Parasitol-
ogy (REICZIGEL et al. 2019). Values were considered
statistically significant when the p-value was less
than 0.05.

Results

Seasonal prevalence of gastrointestinal parasites

Totally, 48 faccal samples examined. Ten 10 gastro-
intestinal parasites were identified, representing 7
species of gastrointestinal helminths and 3 species
of parasitic protozoans (Table 1). The seasonal fae-
cal samples were mostly infected with Nematodirus
sp. It was observed that the prevalence of Nemato-
dirus sp. was 97.9 % whereas the infection rates of
Entamoeba sp., Balantidium sp., Oesophagostomum
sp. and Trichostrongylus sp. (8.3 %) were lower.
Among the faecal samples, 58.3 % were infected
by Strongyloides sp. The prevalence of Eimeria sp.,

Marshallagia sp., Strongyloides sp., Oesophago-
stomum sp., Trichostrongylus sp., Entamoeba sp.
and Balantidium sp. was was significantly associ-
ated with seasons (p<0.05) The overall prevalence
of Marshallagia sp. (y*= 26.667; p< 0.0001) and
Eimeria sp. (y>= 19.556; p=0.000) were significant-
ly very higher in peak of the rainfall season (spring)
compared to harsh season - summer.

Seasonal intensities and ranges of faecal
gastrointestinal parasite counts

Parasite egg and oocyst counts of the parasite spe-
cies were shown in Table 2. In this study, faecal
egg counts showed strong seasonal trends related
to rainfall. A peak of the faecal egg counts was ob-
served during and soon after rainfall peak. It was
also revealed that gazelles were more susceptible to
gastrointestinal parasitic infection in the winter sea-
son than other seasons. Nematodirus sp. eggs were
present primarily in the faeces of Cuvier’s gazelle.
Nematodirus sp. egg shedding showed a seasonal
variation, peaking in winter, declining during other
seasons. We had the same observation on Strongy-
loides sp. eggs, however, in relatively low counts.
No seasonal patterns were observed for Trichuris
sp. and Moniezia sp. eggs excretion. The three pro-
tozoan species showed a similar pattern; however,
they were totally absent during the summer (dry
season). The highest gastrointestinal parasite rich-
ness of eight species was recorded in winter and
autumn seasons, while the lowest richness was in
summer — three species. In spring, the number of
the parasite species was intermediate (six species,
see Table 2).
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Table 1. Seasonal prevalence of gastrointestinal parasites in Cuvier’s gazelle from Djebel Messaad forest.

Parasite . . Prevalence (%) Mean )
Parasite species - - o X p-values
group Autumn | Winter | Springer | Summer | (%)
Entamoeba sp. 333 0.0 0.0 0.0 8.3 13.091 0.004**
Protozoans Balantidium sp. 0.0 333 0.0 0.0 8.3 13.091 0.004**
Eimeria sp. 333 0.0 66.7 0.0 25 19.556 0.000%**
Cestodes Moniezia sp. 333 333 333 0.0 25 5.333 0.149
Nematodirus sp. 100.0 100.0 100.0 91.7 97.9 3.064 0.382
Strongyloides sp. 333 66.7 100.0 333 58.3 15.086 0.002%%*
Marshallagia sp. 333 66.7 100.0 0.0 50 26.667 | <0.0001***
Nematodes
Trichuris sp. 333 333 333 333 333 0.000 1.000
Oesophagostomum sp. 333 0.0 0.0 0.0 8.3 13.091 0.004%**
Trichostrongylus sp. 0.0 333 0.0 0.0 8.3 13.091 0.004**
p<0.05: (*) Significant; p<0.01: (**) Highly significant; p<0.001: (¥***) Very highly significant.
Table 2. Mean intensities, ranges and richness of gastrointestinal parasites in the Cuvier’s gazelle.
Parasite Mean intensities
Parasite species Ranges
group Autumn Winter Springer Summer
Entamoeba sp. 3 - - - 0-10 (VL)
Protozoans Balantidium sp. - 15 - - 10-50 @L)
Eimeria sp. 1 0 2 - 0-10 (VL)
Cestodes Moniezia sp. 1 3 2 - 0-10 (VL)
Nematodirus sp. 1191 4168 1321 1350 >100 (H)
Strongyloides sp. 12 87 31 1 50-100 ™M)
Marshallagia sp. 3 15 3 - 10-50 L)
Nematodes
Trichuris sp. 1 3 1 9 0-10 (VL)
Oesophagostomum sp. 7 - - - 0-10 L)
Trichostrongylus sp. - 3 - - 0-10 (VL)
Richness 8 6 3

Ranges: (H) high; (M) moderate; (L) low; (VL) very low.

Discussion

Seasonal prevalence of gastrointestinal parasites

In order to elucidate the patterns of emergence for
pathogenic organisms and establishment of host’s
geographic colonization, it is necessary to under-
stand the history and structure of parasite fauna in
ruminants (HOBERG 1997). Absence of previous
data of GIP in Cuvier’s gazelle in their native range,
either in free-ranging or in captivity, enhances the
importance of this study.

We identified 10 GIP species in our surveys,
which is a contribution to the parasite ecology
of G. cuvieri. The most prevalent species were
Nematodirus sp., Strongyloides sp. and Marshal-
lagia sp. The present study is in agreement with
previous reports recording Nematodirus sp. as the
predominant parasite detected in gazelle species

434

(ABAIGAR et al. 2009, SAUD et al. 2012, WANG et
al. 2016, KanouL & BENMOUAFFOK 2017). Specif-
ic information on G. cuvieri in its natural habitats
is lacking; however, overall prevalence of Nemato-
dirus sp. was observed in captive Cuvier’s gazelle
in Spain (Ortiz et al. 2006). The highest preva-
lence rate of Nematodirus sp. in different season
had no statistical significance difference (p>0.05).
On the other hand, the prevalence of Strongyloides
sp. showed a clear seasonality, peaking in winter
and being virtually absent throughout the dry sea-
son (summer). That observation corresponded to
the pattern of rainfall and reinfection did not seem
to be possible during the dry season (TURNER &
GETZ 2010). Several previous studies reported that
the high temperatures and the lack of rainfall pro-
duced a virtual absence of parasites (FRITSCHE et
al. 1993).



First Description of Seasonal Gastrointestinal Parasitic Infections in the Vulnerable Gazella cuvieri...

The prevalence of Marshallagia sp. ranged
from 10 (Kazakhstan) to 85 % (Algeria) (MERADI
et al. 2011). It should be noted that it might vary a
lot in the different sites of the same country, e.g.,
from 21 to 81 % in Algeria. In this study, Marshal-
lagia sp. was recorded in autumn, winter and spring
seasons. Intensity of that nematode was strongly as-
sociated with spring (p<0.05) and it was similar to
the finding in endangered Tibetan antelope (Cao et
al. 2020). With a 50 % prevalence value observed
for the Trichostrongylidae, our results corroborate
those already obtained by OrTIZ et al. (2006) report-
ing a prevalence oscillating between 87.5 % for Ca-
melostrongylus mentulatus and 18.8 % for Telador-
sagia circumcincta. The latter authors reported that
Cuvier’s gazelles exhibited the greatest number of
Trichuris sp. throughout the year.

Analyses of GIP in faecal sample showed
an increase in the numbers of the nematode Oe-
sophagostomum sp. (p<0.05) in September and
October (SARKONAS et al. 2007). The cestode Mon-
iezia has been widely cited in the African ungulate
endoparasites, notably in the scimitar-horned oryx,
Roan antelope, Defassa Waterbuck, African Buffalo
and the Derby eland (GRABER et al. 1964, GRABER &
THAL 1979). Moreover, in the genus Gazella, tape-
worms represent a significant group of endopara-
sites in Gazella dama, Eudorcas rufifrons and Ga-
zella subgutturosa marica (GRABER & THAL 1979,
Saup et al. 2012). Coccidian Eimeria sp. oocysts
were reported in 25% of faecal samples, an observa-
tion agreed with the importance of this parasites as
causative agents in gazelles (SAuD et al. 2012). The
co-existence of GIP such as Eimeria sp., Strongyloi-
des sp., Oesophagostomum sp. and Balantidium sp.
in the faeces of G. cuvieri in Djebel Messaad seems
to be similar to those obtained in deer (BARMON et
al. 2014, Hap1 et al. 2020).

Seasonal intensities and ranges of faecal
gastrointestinal parasite counts

Understanding the different GIPs epidemiology and
lifecycle is necessary to interpret the results, espe-
cially for the faecal egg counts for parasite species
that have high seasonal fluctuations (CARLSSON et
al. 2018). Faecal egg counts showed that seasonality
can be an important driver of gastrointestinal para-
sitic infections during and soon after peak rainfall
(FriTscHE et al. 1993). The seasonal relationship
between parasite egg counts and rainfall is similar
to findings in captive wild gazelle Gazella cuvieri in
a semiarid region of Spain (OrtiZ et al. 2006) and
Algerian captive gazelles (ABAGAR et al. 2009, Ka-
HOUL & BENMOUAFFOK 2017). Our data perfectly

corroborate those already obtained for captive Ga-
zella cuvieri, which reveal the higher Nematodirus
sp. egg excretion throughout the year (Ortiz et al.
2006, SAuD et al. 2012), especially in winter season
via the delayed effects of rainfall (SHEARER & EZEN-
WA 2020). During harsh environmental conditions,
reinfection becomes more difficult and the level of
egg excretion decreases (TURNER & GETZ 2010).
The finding of low Strongyloides sp. eggs shedding
and predominantly in dry season by this study is
similar to findings by ORrtiZz et al. (2006) in Cuvier’s
gazelle in Spain, Apio et al. (2006) in bushbucks in
Uganda and NaLumBABMA et al. (2012) in captive
wild impala in Zambia. These low number of Stron-
gyloides eggs detected in the samples indicate low
Strongyloides sp. infection. Prior to the study, it was
anticipated that unfavourable weather conditions in
summer would delay Marshallagia sp., Trichostron-
gylus sp., and Oesophagostomum sp. eggs availabil-
ity, thus resembling the general pattern of Cuvier’s
gazelle gastrointestinal nematodes in Spain (ORTIZ
et al. 2000).

Our study showed a low shedding in the num-
bers of Moniezia sp. eggs; due to the low intensity
of infection, it seems that these parasites have only
a limited pathogenic role (GRABER & THAL 1979).
On the other hand, previous study in ungulate popu-
lations revealed a relatively lower intensity rate for
protozoan infections than helminth infections. Bal-
antidium coli is a cosmopolitan protozoan, which
lives in the intestine of herbivore hosts (RAHMAN et
al. 2014); in our study, the intensity of infection with
Balantidium sp. in G. cuvieri was low. The intensity
of other parasitic protozoans (Eimeria sp. and En-
tamoeba sp.) was very low (BEN BELGACEM 2015),
and being totally absent during the summer. Never-
theless, it seems that the genus Gazella is very vul-
nerable to this group of intestinal protozoans, repre-
sented in this host genus by Eimeria idmii, E. rheemi
and E. dorcadis (MOHAMMED & HUSSEIN 1992).

Generally, the findings of the current study
showed that GIP infections are a heath status chal-
lenge for the Cuvier’s gazelle in the Djebel Messaad
forest, northern Algeria. It seems that observations
such as the high prevalence of GIPs and intensity
of the infection, especially in the winter, should be
specifically considered by the wildlife conservation
officers. This study could be the key to success in
the long-term conservation of this vulnerable spe-
cies in its native range and in providing a wealth of
new information about parasite biodiversity.
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tion about the gazelle populations.
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