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Abstract

Background: Understanding parasite diversity in wild and captive animal populations

has critical implications for both individual animal health and ecosystem dynamics in

a broader sense. In mountain gazelles (Gazella gazella), the gastrointestinal helminth

community is poorly understood, limiting our efforts in the conservation of this endan-

gered bovid species. This species has only two remaining populations in the world,

including the isolated northernmost population in Türkiye.

Objectives: To identify and compare the diversity and prevalence of gastrointesti-

nal helminths in captive and free-ranging populations of mountain gazelles in Hatay,

Türkiye, and to assess potential zoonotic risks.

Methods: In total, 105 fresh faecal samples, 45 individual samples and 60 fae-

cal samples, representing 16 pools, from both captive and free-ranging populations

were collected and analysed using Fulleborn flotation, Benedek sedimentation and

Bearman–Wetzel methods faecal flotation methods, including the McMaster tech-

nique to determine the severity of infection.

Results:Wedetected 12 helminth taxa in our examination of faecal samples, including

gastrointestinal nematodes, lungworms and trematodes. Parasites from the Tri-

chostrongyloidea family demonstrated variable hatching stages and rates, potentially

influenced by ambient conditions. We also detected one protozoan among the sam-

ples. Our results revealed a higher diversity of parasites in free-ranging populations

compared to captive ones.

Conclusions: This study underscores the necessity for regular parasitological surveil-

lance in both captive and free-ranging wildlife populations for effective conservation

management. It also contributes to the ‘One Health’ perspective by highlighting

the potential zoonotic risks posed by parasites in wild ruminants. Our results have

implications for the conservation andmanagement of themountain gazelle.
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1 INTRODUCTION

The management, conservation and health care of wildlife are essen-

tial acrossmany disciplines (Mackenzie & Jeggo, 2019). Various factors

threaten the lives of wild animals, including infections, parasitic dis-

eases, poaching, habitat fragmentation, human activities and climate

change (Muraleedharan, 2016). With the rapidly increasing human

population, interactionsbetweenpeople andwild animals havebecome

more prevalent (König et al., 2020), leading to a two-way exchange of

parasites and an increase in their impact (Apio et al., 2013). Indeed,

the majority of infectious diseases, which greatly affect public health,

livestock and food safety, originate from wildlife (Idland et al., 2021;

Mackenzie & Jeggo, 2019). Diseases such as parasitic infections can

be transmitted directly or indirectly through contaminated water, soil,

meat or faeces, affecting other wild animals’ populations, domestic

species or humans (Figueiredo et al., 2020).

Several serious diseases leading to morbidity and mortality are

caused by gastrointestinal helminths, including trematodes, cestodes

and nematodes (Cook, 1986). These diseases have a significant nega-

tive influence on domestic andwild animals as well as the environment

in addition to humans (Thompson, 2013). The various transmission

pathways for helminths make their prevalence high, creating an issue

that requires attention (Shoop, 1991). It has also been shown that the

dynamics of wild ungulate populations are adversely impacted by the

rise in parasitic load, which refers the number or quantity of parasites

carried by a single infected host organism (Albon et al., 2002; Gulland,

1992; Maublanc et al., 2009). The clinical manifestations of parasitic

infections can vary depending on the region where they occur. These

infections harm the host’s physical condition, impair nutrient utiliza-

tion, reduce reproductive success, may cause abortions, and increase

the risk of congenital transmission. Lungworms, bacteria, viruses and

stress factors play a significant role in pneumonia among wild sheep.

The parasite Strongyloides spp. can trigger anorexia, dyspnea and diar-

rhoea in Boselaphus tragocamelus, Axis axis, Bos gaurus and Rusa unicolor

(Gupta et al., 2011). The Haemoenchus spp. parasite can cause severe

gastrointestinal ulcers and blood loss, making the host weak and more

vulnerable to other illnesses in the populations ofOdocoileus virginianus

andCervus nippon. It can also lead to significantmortality andmorbidity

(Bhat et al., 2022).

Considering the threats wild ungulates face, such as climate change,

habitat fragmentation and poaching, along with their expanding dis-

tribution and interactions with other species, understanding the

helminths of wild ungulates is crucial. Previous studies emphasise the

importance of regular monitoring of parasites and parasitic diseases

in wild ungulate species (Akramova et al., 2020; Carrau et al., 2021;

Davidson et al., 2015; Debeffe et al., 2014; Figueiredo et al., 2020;

Hoberg et al., 2001; Idland et al., 2021; Jaiswal et al., 2014; Kapni-

sis et al., 2022; Kutz et al., 2004; Meister et al., 1993; Muraleedharan,

2016; Patra et al., 2022; Romero-Castañón et al., 2008).

The genus Gazella, a member of the Bovidae family, which is the

largest and richest ungulate family in the order Artiodactyla (Groves,

1997), is distributed across a wide geography from Africa to North

Asia, including southeastern Anatolia and the Arabian Peninsula,

and has adapted to desert and semidesert climates (Lerp et al.,

2013). Among other gazelle species, Gazella gazella (the mountain

gazelle; TSN: 625093) is especially important because it is classified

as ‘Endangered’ species by IUCN and its population has decreased

over the past century anthropogenic activities, poaching, road kills

and habitat degradation and fragmentation (Yom-Tov, 2021). Today,

G. gazella is distributed in a limited area in Israel, Palestine, Jor-

dan and Kırıkhan district of Hatay province in Türkiye (Mallon &

Kingswood, 2001; Yom-Tov, 2021). Even though the Hatay popula-

tion of mountain gazelle was once connected to the Israeli population,

it became an isolated population with the extinction of the Syrian

population (Kankılıç et al., 2012). The mountain gazelle (G. gazella)

population has shown varying trends in different regions, reflect-

ing both conservation successes and challenges. According to the

initial data, the Hatay population of mountain gazelle consisted of

approximately 200 individuals in 2008. The latest inventory stud-

ies, conducted by the Hatay Branch of Nature Conservation National

Parks of Türkiye, reveal a count of 1331 individuals in 2023. This

data shows that the mountain gazelle population has increased over

the years, indicating that conservation efforts in the region have pos-

itively impacted the population size. In contrast, the Israeli population

ofmountain gazelle, whichwas around10,000 individuals in the 1990s,

has decreased by 50% over a decade, with the number of individuals

declining to 2500 in 2015 (IUCN SSCAntelope Specialist Group, 2017;

Saragusty et al., 2006).

There have not been many studies done on the helminths in the

Gazella genus (Apio et al., 2013; Baghi et al., 2016; Casselino et al.,

2001; Chertkova, 1971; Elsamı et al., 1981; Saud et al., 2012; Yıl-

maz, 2021; Zerek et al., 2022). Studies on species belonging to the

genus Gazella have generally been carried out from the perspective

of morphological identification of helminths, species conservation and

wildlife management or pharmacology (Akramova et al., 2020; Eslami

et al., 1980; Mohammed et al., 2007; Moreno Manas et al., 2019;

Ortiz et al., 2006). As the potential competition and transmission of

helminths between wild herbivores and livestock in shared grasslands

could lead to local extinction of wild populations (Modabbernia et al.,

2021), monitoring the parasitic fauna and implementing preventive

measures for helminth contamination are necessary in wild ruminants.

In this study, we examined the helminths of the mountain gazelle by

analysing faecal samples in the northernmost Hatay population of the

species.
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F IGURE 1 A general scene from the study site (left) and the study species,Gazella gazella (right).

2 MATERIALS AND METHODS

2.1 Study site

The study was conducted in the Hatay Mountain Gazelle Wildlife

Development Area, in Hatay province, Türkiye, near the Syrian bor-

der (36◦32′ N, 36◦32′ E; 200–450 m). The study site constitutes the

only and the main range of the northernmost population of G. gazella

(Kankılıç et al., 2012) and predominantly has grassland vegetation

with several shrubland patches, extensive cropland areas and rocky

hills (Figure 1). The site was declared as Wildlife Development Area

in 2019, covering approximately 13,288 ha. Observations confirmed

that mountain gazelles actively use this area throughout the year (T.

Kankılıç, personal observation). Within the study site, there is the

Hatay Mountain Gazelle Production Centre where captive mountain

gazelleswere found. This production centre shares a similar vegetation

structure to the area where free-ranging individuals are found, char-

acterised predominantly by grassland vegetation interspersed with

patches of shrubs. Additional forage is supplied by animal caretakers

for captive individuals, but no anthelmintics have been applied.

The study site has a richmammal community, as 23mammal species

were recorded in this area, including Canis aureus (golden jackal), Canis

lupus (wolf) and Vulpes vulpes (red fox), which are classified as natu-

ral predators of mountain gazelle, and some others such as Hyaena

hyaena (striped hyena), Felis chaus (jungle cat), Felis silvestris (wildcat),

Hystrix indica (Indianporcupine), Lepus europaeus (wild rabbit) andMeles

meles (European badger) (Akay et al., 2011; Çoğal & Sözen, 2017). In

the study area, domestic sheep herds are also frequently observed

throughout the year.

2.2 Faecal sampling

Faecal sampling was carried out in April, July and September 2023,

at several locations within the study area, between 07:00 and 19:00

local time (GMT+3). Faeces of both free-ranging and captive moun-

tain gazelles were sampled in the study. Before collecting the faecal

samples of free-ranging mountain gazelles, individuals were watched

with binoculars from aminimumdistance of 500m. The locationwhere

the group or the individual detected with binoculars was reached in

the fastest way by vehicle and sometimes on foot. Then the observa-

tion point was visually examined and the freshest faecal samples were

collected. As our observations suggest thatG. gazella individuals either

defecate inpreviously used spots or choosenew locations,we collected

fresh faeces from both new and previously defecated spots. Although

faeces from both populations were collected as specified, due to the

confined and fenced territory of the captive population, the average

collection distance was 50 m in this population. Whether the sam-

ple was fresh or not was determined based on colour, hardness and

moisture criteria. Fresh faeces are darker, softer and wetter than old

faeces (Figure 2). Based on our previous observations, the freshest fae-

ces have been identified due to their softness, shiny appearance and

sometimes even the presence of mucus.

For each fresh faeces found in the field, approximately 10 g of faecal

samples were taken and then put into plastic containers. The contain-

ers, including faecal samples, were then placed into a cooler (∼4◦C)

in the field. Containers, later, were transferred to the laboratory for

further parasitological examinations.

2.3 Coprological analysis

Flotation, sedimentation and Baermann–Wetzel were used for the

detection of trematodes, cestodes and nematodes in faecal samples.

Detections and measurements were performed using binocular light

microscopes and photographs of detected parasites were taken by

a digital microscope (Nikon Eclipse E600). Parasite detection was

done by visual inspection and is based on reference books of Foreyt

(2013), Taylor et al. (2015) and Zajac et al. (2021). The flotation tech-

nique is the best technique for the identification of nematode and

cestode eggs and protozoan cysts from faecal samples, while the

sedimentation technique works to select the trematode eggs, and
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F IGURE 2 Faeces ofGazella gazella. Left: fresh faeces from a new defecation spot, Right: fresh and dry faeces together in a previously used
spot.

Baermann–Wetzel is used to detect L1-stage lungworm larvae (Baer-

mann, 1917; Figueiredo et al., 2020; Forrester & Lankester, 1997;

Turner & Getz, 2010). Identification of eggs and larvae was conducted

according to their morphological characteristics, as outlined in Foreyt

(2013), Taylor et al. (2015) and Zajac et al. (2021) reference books. For

example, the distinction betweenMuellerius spp. andNeostrongylus spp.

from theMetastrongylidae familywas based on their tail structures. The

number of eggs per gram (EPG) was determined by egg counting tech-

nique McMaster, in faecal samples that were detected to be infected

(Ezenwa, 2003; Nápravníková et al., 2019). For our study, all length

measurements are given inmicrometres (µm).

For the Fulleborn flotation procedure, approximately 2 g of faecal

samples were placed into an examination container filled with a satu-

rated saline solution. The mixture was homogenised by using a slide.

Subsequently, the mixture was filtered through a strainer with a mesh

sizeof>300µm intoa secondcontainer. The strainedmixturewas filled

with saturated saline solution, and three coverslips were placed on it.

The mixture was allowed to stand for about 30 min. Afterwards, using

forceps, the coverslips were taken out and positioned onto a slide. The

slides were examined under a light microscope (Bowman, 2014; Taylor

et al., 2015; Zajac et al., 2021).

For theBenedek sedimentationprocedure, 3 g of faecal samplewas

mixed with tap water in the examination container. The mixture was

homogenised with the slide and filtered into a 250 mL beaker with

a strainer with a mesh size of >300 µm. Tap water was added into

the beaker. After 15-min waiting period, the supernatant was carefully

poured off without moving the sediment at the bottom. Tap water was

added again, and the same process was repeated three or four times

until the supernatant became completely clear. Finally, withoutmoving

the sediment at the bottom, the supernatant was poured off, and the

sediment at the bottom was transferred to a Petri dish by gently shak-

ing. A few drops of methylene blue are added to it and examined under

a microscope (Acharya & Mishra, 2019; Adhikari et al., 2022; Becker

et al., 2016; Taylor et al., 2015).

For the Baermann–Wetzel procedure, 5 g of faecal sample was

taken into the gauze pad and wrapped. The faecal pouch was placed

into the water completely. Migration of larvae was waited for 24 h. At

the end of the 24-h period, after expelling the faecal pouch, the rub-

ber by held in the middle of the hose, the liquid in the upper part was

poured and the tube was removed. Third-fourth of the liquid at the

top of the tube was drained and a drop of the residue was taken and

a preparation was prepared for themicroscope examination (Bowman,

2014).

For the McMaster procedure, 2 g of faecal sample was mixed well

with 28 mL of flotation solution and strained through a strainer with a

mesh size of >300 µm. Each chamber of McMaster slides is filled with

the mixture by using a pipette immediately. When all the chambers of

the slidewere filled, it waited for 5min. Then, the slidewas transferred

to themicroscope for egg counts (Barda et al., 2014; Zajac et al., 2021).

In terms of egg counts, the parasite eggs were counted in each cham-

ber, and the total number of eggs was multiplied by 50 (Barda et al.,

2014). We applied the McMaster procedure to only four faecal sam-

ples in which eggs were observed andwhere a sufficient amount of the

sample remained after three different detectionmethods.

A total of 105 samples from captive and free-ranging mountain

gazelle populations were analysed by conventional methods. Among

105 samples, 40 samples were collected from the captive mountain

gazelle population and 65 samples were collected from the free-range

mountain gazelle population. Each sample groupwas evaluated to rep-

resent the specific location from which it was collected. However, due
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TABLE 1 Presence of helminth taxa in captive and free-ranging individuals of the studiedGazella gazella population.

Taxa

Captive Free-ranging

Flotation Sedimentation

Baerman–

Wetzel Flotation Sedimentation

Baerman–

Wetzel

Gastrointestinal

nematodes

Nematodirus spp.* + + − − + −

Skrjabinema spp.*** − − − − + +

Marshallagia spp.* − + − + + −

Hookworm egg** − − − + − −

Trichuris spp.* − + − − + −

Toxocara spp.** − − − − − +

Strongylidae spp.* + + + + + −

Lungworms Protostrongylus spp.* − − + − + +

Neostrongylus spp.** − − − − + +

Cystocaulus spp.* − + + − + +

Muellerius spp.*** − − − − + −

Trematoda Dicrocoelium spp.*** − − − − + −

Note: Data was obtained using both individually examined and pooled samples. (+) and (−) signs refer to the presence and absence of corresponding taxon in

captive or free-ranging individuals in our samples (* found in both pooled and individual samples; ** pooled samples only; *** individual samples only).

to insufficient quantities in some faecal samples, 16 poolswere created

for specific locations using the collected faeces from that location. A

total of 45 individual samples and 60 faecal samples, constituting these

16pools, were analysed. Finally, we conducted chi-square tests to com-

pare the differences in occurrences between captive and free-ranging

populations for each taxon and for all parasites using the MASS pack-

age (Venables & Ripley, 2002) implemented in the R environment (R

Core Team, 2021).

3 RESULTS

In total, we detected 12 helminth taxa in our examination of fae-

cal samples of G. gazella using by few techniques (Tables 1 and 2;

Figures 2–5). The identification keys for these taxa were provided in

Table S1. Among all faecal samples we examined, more than 60% con-

tained helminth eggs (specifically for gastrointestinal nematodes and

trematodes) or larvae (for lungworms). Out of 45 individually exam-

ined samples, we detected helminths in 26, including 11 out of 20 from

the captive population and 15 out of 25 from the free-ranging popula-

tion. The occurrence frequency of parasites in these samples was not

significantly different between captive and free-ranging populations

(χ2 = 0.001, p> 0.05). Additionally, most of the pooled samples (14 out

of 16) also contained helminths. Helminth taxa richness was notably

higher in the free-ranging population compared to the captive one (12

vs. 6; Table 1). Specifically, eggs of Dicrocoelium spp., Skrjabinema spp.

and Toxocara spp., alongwith larvae ofMuellerius spp. andNeostrongylus

spp., were only observed in the free-ranging population but not in the

captive one (Table 1). Among the individually examined faecal samples,

the most frequent taxa were the lungworm Cystocaulus spp. (17.7%;

Table 2; Figure 4), and the gastrointestinal nematodesNematodirus spp.

and Trichuris spp., both of which were found in 15.5% of the samples

(Table 2; Figure 3).Nematodirus spp. was the most frequently observed

parasite in samples from the captive population with none detected in

the free-ranging populations; this differencewas significant (p=0.005;

Table 2). Although some taxa showed higher frequency of occurrence

in the free-ranging population compared to the captive one, and vice

versa, none of these differences were statistically significant (p> 0.05,

Table 2). For the record,we also found a coccidian protozoan in one fae-

cal sample. Furthermore, among the four faecal samples analysed using

the McMaster method, we detected just two eggs in one sample and

the EPG estimated as 100.

4 DISCUSSION

Our study revealed that the northernmost population of the mountain

gazelle, G. gazella, possess several helminth taxa, including gastroin-

testinal nematodes, lungworms and trematodes. Our results also

suggest that helminths in free-ranging individuals of the mountain

gazelle aremore diverse compared to captive individuals.

Various research has been conducted to identify the helminth

fauna of different Gazella species, primarily focused on captive popu-

lations with a lesser emphasis on free-ranging populations. In studies

of captive Gazella subgutturosa (TSN: 625101), numerous helminths

have been revealed, including Marshallagia marshalli, Camelostrongy-

lus mentulatus, Ostertagia spp., Trichostrongylus spp. and Nematodirus

spp. (Baghi et al., 2016; Elsami et al., 1981; Eslami et al., 1980; Mod-

abbernia et al., 2021). Similarly, studies on captive populations of

other Gazella species like G. dama mhorr (TSN: 898925), G. cuvieri

(TSN: 625090), G. dorcas neglecta (TSN: 898645) and Gazella lepto-

ceros (TSN: 625095) have identified helminths, such as Nematodirus

spathiger,Trichostrongylus vitrinus andOstertagia ostertagi (Abaigar et al.,

1995; Goossens et al., 2005; Ortiz et al., 2001). In captive populations
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TABLE 2 Occurrence frequency of helminth taxa in captive and free-ranging individuals of the studiedGazella gazella population.

Taxa

Occurrence frequency (% of samples) Statistics

Captive Free-ranging Total χ2 p

Gastrointestinal nematodes

Nematodirus spp. 35.0 0.0 15.5 7.87 0.005

Skrjabinema spp. 0.0 16.0 8.8 1.81 >0.05

Marshallagia spp. 5.0 12.0 8.8 0.09 >0.05

Trichuris spp. 15.0 16.0 15.5 ∼0 >0.05

Strongylidae spp. 10.0 0.0 4.4 0.79 >0.05

Lungworms

Protostrongylus spp. 10.0 8.0 8.8 ∼0 >0.05

Cystocaulus spp. 10.0 24.0 17.7 0.69 >0.05

Muellerius spp. 0.0 8.0 4.4 0.32 >0.05

Trematoda

Dicrocoelium spp. 0.0 4.0 2.2 ∼0 >0.05

Note: Data is obtained only using individually examined samples. The statistics section presents the results of a chi-square test conducted to compare the

differences in occurrences between captive and free-ranging populations for each taxon.

F IGURE 3 Helminth eggs obtained from faecal samples inGazella gazella: (a)Marshallagia spp.; (b)Nematodirus spp.; (c) Skrjabinema spp.; (d)
Trichuris spp. All photos are taken at 40×magnification (Scale bar: 100 µm). Identifications are based on Taylor et al. (2015) and Zajac et al. (2021).

of G. subgutturosa marica (TSN: 898657) and G. gazella in Saudi Ara-

bia, the following helminths were identified: Haemonchus contortus, C.

mentulatus, Trichostrongylus probolurus, N. spathiger and Trichuris spp.

(Mohammed et al., 2007). Additional gastrointestinal nematodes such

asTeladorsagia spp. (Yilmaz, 2021),Nematodirus spp., Ostertagia spp. and

Trichostrongylus spp. (Altas & Iriadam, 2004) were also detected in G.

subgutturosa.

Contrarily, in free-ranging populations of G. subgutturosa, helminths

likeDicrocoelium dendriticum,M.marshalli, Skrjabinema ovis and Trichuris

spp. have been found (Akramova et al., 2020; Asadov, 1957). Trichuris

spp. and strongyle-type found in captive populations of G. leptoceros in

Belgium (Goossens et al., 2005). Moreover, in Farasan Islands (Saudi

Arabia), strongyle-type eggs were identified in free-ranging G. gazella

farasani (TSN: 898651) (Apio et al., 2013).
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F IGURE 4 Helminth L1 larvae stages obtained from faecal samples inGazella gazella: (a) Cystocaulus spp.; (b)Muellerius spp.; (c) Protostrongylus
spp. All photos are taken at 40×magnification (Scale bar: 100 µm). Identifications are based on Taylor et al. (2015) and Zajac et al. (2021).

F IGURE 5 Helminth L1 larvae stage and egg obtained from faecal samples: (a)Neostrongylus spp.; (b) Toxocara spp. All photos are taken at 40×
magnification (Scale bar: 100 µm). Identifications are based on Taylor et al. (2015) and Zajac et al. (2021).

After the rediscovery of the mountain gazelle population in Hatay,

Türkiye in 2008 (Kankılıç et al., 2012), a few studies have been con-

ducted on this population of the species, including a species action

plan for the conservation of species (Akman et al., 2017) and phylo-

geographic and genetic studies (İlaslan, 2019; Saatoğlu et al., 2019).

However, parasites ofG. gazella have drawn little attention. Only Zerek

et al. (2022) recently investigated the parasites in captive mountain

gazelles in Hatay, Türkiye, using faecal examination. They detected

four gastrointestinal helminths (Nematodirus spp., Marshallagia spp.,

Trichostrongylus spp. and Dictyocaulus filaria). In our study, we also

detected two of these taxa (Nematodirus and Marshallagia) in our

examination, but we also detected five other parasites in the captive

population. Our results based on the faecal examination of faeces of

captive and native individuals suggest that the Hatay population of G.

gazella harbours a greater diversity of parasites, particularly helminths.

But according to Zerek et al. (2022) as well as our own research, the

rate of parasitic infection in the population of mountain gazelles in

Hatay, Türkiye, is still quite low. The reliability of our results is further

strong by the use of the McMaster method, a well-established tech-

nique for quantifying parasitic infection rates (Zajac et al., 2021), which

revealed only a small number of parasitic eggs in the examined faecal

samples.

Parasites we identified in faecal samples of G. gazella are partly in

accordance with previous studies on other Gazella species. Parasite

studies in Gazella species have mostly been conducted in captive pop-

ulations due to time constraints or the extreme difficulty or ease of

collecting faecal samples. Therefore, our comparison on the results

obtained from free-ranging individuals was rather limited. However,

our data of captive populations is comparable with previous stud-

ies as we identified Protostrongylus spp., Nematodirus spp., Trichuris

spp., Strongylidae spp., Marshallagia spp. and Cystocaulus spp., among

frequently detected parasites in captive populations ofGazella species.
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In the family Trichostrongyloidea, most species typically exhibit

first-stage larvae (L1) hatching from eggs. This process is expedited

under warm and humid conditions, which potentially explains the

hatching of larvae from strongylid-type eggs in our study, particularly

given the hot climatic conditions prevalent during the July sampling

period (Ortiz et al., 2006). However, it is noteworthy that certain

genera like Marshallagia and Nematodirus deviate from this norm. In

Marshallagia, second-stage larvae (L2) hatch, whereas in Nematodirus,

it is the third-stage larvae (L3) that emerge from eggs. Consequently,

these genera exhibit slower larval development and hatching rates

compared to other Trichostrongyloidea species. This variation in lar-

val development could elucidate why our study frequently identified

Nematodirus spp. and Marshallagia spp., whereas strongylid-type eggs

were comparatively rare.

Our detection of Toxocara spp. in the faecal samples was an unex-

pected finding that raises several questions.Notably,Toxocara vitulorum

is the only species within this genus known to infect cattle, zebu cat-

tle and buffaloes (Akyol, 1993; Çelik et al., 2022), yet there exists no

prior record of any Toxocara species in Gazella populations. Given the

limitations of species-level identification in our study, two hypotheses

emerge. The first is that the Toxocara spp. could indeed be T. vitulo-

rum, although this would be a novel finding for the Gazella species.

The secondpossibility is that our samplewas contaminated, potentially

by sympatric wild carnivores or shepherd dogs that cohabit the study

area with free-ranging mountain gazelles. Due to these uncertainties,

the specific identity of the Toxocara spp. detected in G. gazella faeces

remains inconclusive.

In our study, the free-ranging population exhibited a twofold

increase in parasite taxa richness compared to the captive popula-

tion. Although this difference could be attributed to the larger size of

the free-ranging population (>1000 individuals) vs. the captive pop-

ulation (50 individuals), as well as the extensive habitat available to

the former (>10,000 ha), another plausible explanation is the shared

habitat with other wild and domestic animals. For example, during the

dry months of summer, the gathering of gazelles and other animals in

areas where water is available increases the frequency of transmis-

sion of some parasites. Such coexistence could facilitate the transfer of

parasites between different species. Notably, the diversity of parasite

taxa found in our captive population is relatively higher than what has

been reported in previous studies based on faecal examination for cap-

tive populations of other Gazella species globally (Abaigar et al., 1995;

Anah et al., 2019; Baghi et al., 2016; Goossens et al., 2005). Even when

taking into account the more extensive study period and finer taxo-

nomic resolution of Ortiz et al. (2006), our findings still reveal greater

diversity at the genus level. This finding is especially intriguing because,

aside from local rodent populations and the occasional intrusion of red

foxes (as reported by the study team), the captive population is largely

isolated fromcontactwithotherwildlife or domestic animals. Addition-

ally, because human visitors frequently access the area set aside for the

captive population, there is a chance that these visits could uninten-

tionally introduce parasitic eggs into the captive environment. These

eggs can be carried on visitors’ shoes contaminated by walking on soil

or faeces that are already contaminated. Moreover, during occasional

direct interactions between visitors and the captive population, trans-

mission could also occur through contact with contaminated clothing

or hands.

The parasites we detected have impact on well-being and welfare

of the species. The gastrointestinal tract of animals contains a variety

of helminth parasites responsible for subclinical and clinical parasitism.

Gastrointestinal system parasites can cause visible results such as

decreased appetite and subsequent weight loss in wild and domestic

ruminants. In cases where the parasite load is heavier, clinical symp-

toms such as diarrhoea, anaemia, submandibular oedema and weight

lossmay occur. The lungworms especially cause symptoms in lungs and

bronchioles (Jenkins et al., 2007; Zanet et al., 2021). There are studies

about the severe clinical symptoms and the importance of the nema-

todes on animal health and models (Liatis et al., 2017, Lloyd, 2003,

Otranto &Deplazes, 2019). As parasitic infections have a direct impact

on thewell-being and overall fitness of wildlife species, comprehensive

analyses of such parasites, particularly in wild animals like mountain

gazelles, are critically important for effective conservation and man-

agement. These studies also contribute to the ‘OneHealth’ perspective,

encompassing not only environmental health factors like soil quality,

water sources and vegetation, all of which can influence the life cycle

of parasites but also includes considerations regarding the health of

wildlife and potential for zoonotic transmission to humans and domes-

tic animals. This is an especially concerning issue, as many parasites

prevalent in wildlife can cross species barriers to infect humans and

domestic animals (Liatis et al., 2017). For example, although the main

host of a parasite taxon we found in G. gazella faecal samples, specif-

ically Dicrocoelium spp., is ruminants, they can also infect humans and

carnivores through contamination, but intermediate hosts are needed.

Moreover, if the identified Toxocara spp. eggs belong to carnivores (T.

canis, T. cati and T. malaysiensis), they can lead to visceral larva migrans,

ocular larva migrans, neurotoxocariasis and covert and cutaneous tox-

ocariasis in humans. An intermediate host is not required for these

infections; direct transmission can occur through faecal contamination

(García-Rubio et al., 2023). However, when the eggs are fromG. gazella,

the role of T. vitulorum in human toxocariasis remains an unresolved

question. Additionally, inhaling airborne Toxocara spp. eggs can lead to

allergic and respiratory issues (Sultan et al., 2015). Our study serves

as a complementary step in uncovering zoonotic helminth species in

the endangered mountain gazelle. However, further research, ideally

encompassing different populations and incorporating long-termmon-

itoring, will be essential for constructing a complete profile of parasitic

infections in this species.

In this study, we analysed a total of 105 samples. Due to the

scarcity of samples during certain study periods, we resorted to pool-

ing based on geographic origins to mitigate this limitation. Through

our analysis, we identified a total of 12 taxa from both pooled and

individually examined specimens. It is conceivable that with a more

robust sample size, permitting individual analysis of each specimen,

we could have uncovered a broader spectrum of taxa. Despite these

constraints, our research marks a significant milestone in the study

of gastrointestinal helminths in endangered mountain gazelles, rep-

resenting the most exhaustive study on this subject to date. It is
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important to note that the methodological approach adopted, which

leveraged nearly the entirety of our sample collection for helminth

detection techniques, resulted in a limited number of samples being

assessed using theMcMastermethod. This study underscores the crit-

ical balance betweenmethodological rigor and the challenges posed by

limited sample availability, highlighting areas for future improvement

and research in the conservation of this vulnerable species.
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support. We also thank two anonymous reviewers for constructive

comments on the manuscript. This study is funded by the Scientific

and Technological Research Council of Türkiye (TÜBİTAK) [Project
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Akman, B., Biler, L., Bilgin, C. C., Çoğal, M., Kılıç, N., & Muratlı, S. (2017).

Species Action Plan for the Mountain gazelle (Gazella gazella). Nature
Conservation and National Parks Provincial Directorate, VII. Region

Hatay Branch Directorate, Hatay, Türkiye, 60 pp.

Akramova, F. J., Toremuratov, M. S., Shakarbaev, U. A., Rakhmonova, L. A.,

Azimov, D. A., & Erkinova, L. U. (2020). Ecological analysis of helminth

fauna of wild artiodactyls (Mammalia: Artiodactyla) in Karakalpakstan.

Rossiiskii Parazitologicheskii Zhurnal, 4, 11–23.
Akyol, C. V. (1993). Epidemiology of Toxocara vitulorum in cattle around

Bursa, Turkey. Journal of Helminthology, 67(1), 73–77.
Albon, S. D., Stien, A., Irvine, R. J., Langvatn, R., Ropstad, E., & Halvorsen,

O. (2002). The role of parasites in the dynamics of a reindeer popula-

tion. Proceedings of the Royal Society of London. Series B: Biological Sciences,
269(1500), 1625–1632.

Altas, M. G., & Iriadam, M. (2004). The effects of parasite infections on the

haematological profile in Turkish gazelle. Indian Veterinary Journal, 81,
868–871.

Anah, S. A. (2019). Investigation about intestinal parasites in fecal of some

captive animals in the Agricultural Center and Alsaeaduh Zoo of Al-

DiwaniyahProvince, Iraq. Journal of Pharmaceutical Sciences andResearch,
11(3), 828–831.

Apio, A., Mohammed, O. B., Omer, S. A., & Wronski, T. (2013). Cross infec-

tion with gastro-intestinal tract parasites between domestic goat and

endemic Farasan gazelle (Gazella gazella farasani) in Farasan Islands,

Saudi Arabia. Journal of King Saud University-Science, 25(4), 325–329.
Asadov, S. M. (1957). Helminth fauna of Gazella subgutturosa. Izvestiya

Akademii Nauk Azerbaidzhanskoi SSR, 8, 83–88.
Baermann,G. (1917). Eine EinfacheMethodeZurAuffindung vonAnkylosto-

mum (Nematoden) Larven in Erdproben. Geneeskunding Tijdschrift Voor
Nederlandsch-Indië, 57, 131–137.

Baghi, M. M., Chamani, A., & Khajeh, F. (2016). Investigation of gastroin-

testinal parasites ofGazella (Gazella subgutturosa) inGhamishlooNational

Park and Wildlife Refuge. Journal of Earth, Environment and Health
Sciences, 2(3), 85.

Barda, B., Cajal, P., Villagran, E., Cimino, R., Juarez, M., Krolewiecki, A.,

Rinaldi, L., Cringoli, G., Burioni, R., & Albonico, M. (2014). Mini-FLOTAC,

Kato-Katz and McMaster: Three methods, one goal; highlights from

north Argentina. Parasites & Vectors, 7, 271.
Becker, A. C., Kraemer, A., Epe, C., & Strube, C. (2016). Sensitivity and

efficiency of selected coproscopicalmethods—sedimentation, combined

zinc sulfate sedimentation-flotation, andMcMastermethod.Parasitology
Research, 115, 2581–2587.

Bhat, R. A., Tak, H., Bhat, B. A., Dar, J. A., & Ahmad, R. (2022). Gastrointesti-

nal helminth parasites of wild ungulates in Hirpora Wildlife Sanctuary,

Kashmir, India. Journal of Parasitic Diseases, 46(3), 804–810.
Bowman, D. (2014). Georgis’ parasitology for veterinarians. Elsevier Health

Sciences.

Carrau, T., Martínez-Carrasco, C., Garijo, M. M., Alonso, F., de Ybáñez, R.

R., & Tizzani, P. (2021). Evaluation of the Baermann–Wetzel method

 20531095, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/vm

s3.1429 by H
acettepe U

niversitesi, W
iley O

nline L
ibrary on [01/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-5765-4860
https://orcid.org/0000-0002-5765-4860
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/vms3.1429
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/vms3.1429
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/vms3.1429


10 of 11 KARAER ET AL.

for detecting lungworm larvae in wild ruminants from faecal samples.

Journal of Helminthology, 95, e13.
Cassinello, J., Gomendio, M., & Roldan, E. R. (2001). Relationship between

coefficient of inbreeding and parasite burden in endangered gazelles.

Conservation Biology, 15(4), 1171–1174.
Çelik, B. A., Çelik, Ö. Y., Ayan, A., Kilinç, Ö. O., Ayan, Ö. O., & Görmez,

G. (2022). A survey of Toxocara vitulorum in Anatolian water buffaloes

(Bubalis bubalis) in Diyarbakir, Turkey. Assiut Veterinary Medical Journal,
68(175), 90–96.

Chertkova, A. N. (1971) Helminth fauna of Gazella subguttrosa. In: Sbornik
Rabot po Gel’mintologii posvyashchen 90-letiyu so dnya rozhdeniya

Akademika K.I. Skrjabina. (pp. 436–440)Moscow, USSR.
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