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Abstract

Yankov, Y., Georgiev, D., Iliev, P., Tonev, A., Arangelov, S., Valchev, K., Panayotov, D. & Peeva, S. (2022). Infesta-
tion with protostrongylids of the Balkan chamois (Rupicapra rupicapra balcanica, Bolkey, 1925) in Rila National 
Park, Bulgaria: preliminary data. Bulg. J. Agric. Sci., 28 (3), 521–525

A total of 109 fecal samples were collected from May to September, 2020 in the area of Rila National Park, Bulgaria. The 
samples were processed by flotation technique using saturated sodium chloride (sp. gr. 1.20), routine sedimentation method, 
Baermann’s method and larval cultivation. In a total of 59 samples (54.12%) representatives of the family Protostrongylidae 
were found. The larvae found belong to four genera. The predominant infestations were with Muellerius spp. presented in 
35.78% of the studied samples followed by Cystocaulus spp.– in 34.86%, respectively. The genus Protostrongylus was present 
in 7.34% of the samples, and Neostrongylus – 3.67%. Research on protostrongylid infestation of the Balkan chamois in the 
area of Rila National Park was carried out for the first time in Bulgaria.
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Introduction

The Rila National Park was established in 1992 and now-
adays, with its area of 81 046 ha, it is the largest among the 
three Bulgarian national parks. It is one of the most signif-
icant and safe places for preservation of mountain fauna in 
Europe. There are more than 100 mountain peaks with over 
2000 m a.s.l. The highest parts of the mountain represent 
some of the best habitats for the Balkan chamois (Rupicapra 
rupicapra balcanica, Bolkey, 1925), sheltering one of the 
subpopulations of the species.

The Balkan chamois is a mountain antelope, perfectly 
adapted to high-mountain environment. Like other small 

ruminants, the species is susceptible to protostrongylid in-
fections.

Parasitic diseases and in particular lung nematodes, were 
reported to contribute considerably the morbidity rate of 
chamois (Kotrly, 1958; Erhardova-Kotrla & Rysavy, 1967; 
Dollinger, 1974; Balbo et al., 1975; Homing, 1975; Hugonnet 
& Euzeby, 1980; Genchi et al., 1984; Svarc, 1984; Bidovec et 
al., 1985; Cancrini et al., 1985; Nocture, 1986; Sattlerova-Ste-
fancikova, 1987; Diez et al., 1987, 1990; Stefancıkova, 1994; 
Ciberaj et al., 1997; Panayotova-Pencheva, 2009). 

In this paper are presented preliminary data on protos-
trongylid infestation in chamois inhabiting the Rila National 
Park, Bulgaria. 
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Material and Methods

A total of 109 chamois excrements were sampled from 
May to September 2020 in the area of Rila National Park, 
Bulgaria, at a minimum required quantity of 30 g per sam-
ple. Owing to the conservation status of the study area and 
its altitude, possible errors of sampling goats’ (Capra hircus) 
excrements were excluded. All samples were examined under 
a microscope to determine the presence of first stage larvae 
(L1) of protostrongylids, through a flotation technique using 
saturated sodium chloride; routine sedimentation method; 
Baermann’s method, and larval cultivation (Zajac  & Conboy, 
2012; Koinarski et al., 2014).

The infection descriptors correspond to the definitions 
given by Bush et al. (1997).

In order to find whether there are differences in the oc-
currence of the two most frequently found parasites genera 
(Muellerius and Cystocaulus) in the fecal samples across the 

months, a Two-Sample T-test for independent variables was 
applied. To define the strength of the influence of each month 
on the chamois infestation with protostrongylids, Pearson’s 
Chi-square test was calculated, as well as the Cramer’s coef-
ficient using IPM SPSS Statistics ver. 26.

Table 1. Nematode infection parameters: number of the samples (N); number of infected samples (Ninf); prevalence of 
L1 (P%); intensity of infestation(I); mean intensity of infestation (Iav) and mean abundance (MA) of protostrongylid 
larvae in the chamois’ fecal samples, in the area of Rila National Park, Bulgaria, monthly

Nematode infection parameters
Genera N Ninf P % I Iav MA
Month May
Muellerius 11 9 81.81 19-1410 406.88 332.91
Cystocaulus 11 3 27.27 6-59 88.33 24.09
Neostrongylus 11 1 9.09 6 6 0.55
Protostrongylus 11 0 0 0 0 0
June
Muellerius 13 10 76.92 16-3798 725.2 557.85
Cystocaulus 13 9 69.23 30-211 86.5 66.54
Neostrongylus 13 1 7.69 15 15 1.15
Protostrongylus 13 3 23.08 52-252 171.67 39.62

July
Muellerius 40 9 22.50 3-62 25.56 5.75
Cystocaulus 40 17 42.50 1-100 16.53 7.03
Neostrongylus 40 0 0 0 0 0
Protostrongylus 40 2 5.00 2 7.00 0.35

August
Muellerius 11 4 36.36 10-21 16.75 6.09
Cystocaulus 11 3 27.27 4-5 4.33 1.18
Neostrongylus 11 2 18.18 4-5 4.50 0.82
Protostrongylus 11 1     9.09 2 2 0.18

September
Muellerius 34 7 20.59 5-217 80.57 16.58
Cystocaulus 34 6 17.65 3-29 60.00 1.76
Neostrongylus 34 0 0 0 0 0
Protostrongylus 34 2 5.88 3-11 7 0.41

Fig. 1. Monthly distribution of the LPG values of proto-
strongylids found in chamois’ fecal samples in the Rila 

National Park, Bulgaria in 2020
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Results

The results from the fecal samples analyses revealed a 
high level of infestation in chamois with protostrongylids in 
the area of Rila National Park (Figure 1). 

The microscopic analyses revealed the L1 found in the 
chamois’ fecal samples belonged to four genera from the 
family Protostrongylidae. The predominant infestations 
were with Muellerius spp. present in 35.78% of the samples, 
and Cystocaulus spp. – 34.86%, respectively. Protostron-
gylus spp. were established in 7.34% of the samples, while 
Neostrongylus spp. in 3.67% (Table 1, Figure 2).

Significant differences of LPG values in favor of Muelle-
rius in May and August were observed (Table 2). A weak but 
insignificant predominance of Cystocaulus was registered 
only in July.

The Pearson’s Chi square coefficient value of 26.210a 
showed the month most reliably influenced the presence 

of Muellerius spp. in wild goat samples (Table 3)  taking 
into account the moderate influence of the factor (Cramer’s 
V = 0.490). Significant but slight influence of the month is 
reported on the presence of Cystocaulus spp. and Neostron-
gylus spp. The month did not affect the presence of Protos-
trongylus spp. in chamois’ fecal samples in the Rila National 
Park.

Discussion

According to our observations, chamois migrates to low-
er altitudes during the severe winter seasons. As a result, 
chamois frequently graze on pastures also used by domes-
ticated sheep and goats. It’s possible these pastures to serve 
as a reservoir for the parasites common for chamois and do-
mesticated goats and to be potential places for infestation of 
intermediate hosts, thus resulting in infestation of the cham-
ois. In our opinion, the most likely reason for the protostron-
gylids infection observed peak in the beginning of summer 
was due to the intermediate hosts starting activity. Another 
reason for the summer peak found in protostrongylids infec-
tion in chamois in Rila National Park could be the mobility 
of L1 of Muellerius spp.

The climate conditions could influence directly the sur-
vival of L1 in the nature (Cabaret, 1984; Samson & Holmes, 
1985). At 23-25°C L1 can survive up to 8 weeks, and at 
3-6°C up to 36 weeks, respectively (Rose, 1957). According 
to Egorov (1960) and Trushin (1973) L1 of Muellerius capil-
laris are considerably mobile during the humid seasons and 
could migrate out of the feces in environment, thus easily 
infecting intermediate hosts.

In the studied area, the Muellerius spp. larvae form half 
or more than half of the number of the protostrongylids lar-

Fig. 2. Prevalence of protostrongylids L1 in the chamois’ 
fecal samples in the area of Rila National Park, Bulgaria 

in 2020

Table 2. „Two Sample T-test“ results for the monthly differences in LPG values of the protostrongylids Muellerius and 
Cystocaulus in the studied chamois‘ fecal samples in Rila National Park, Bulgaria
Month N Mean Muellerius Mean Cystocaulus Sig. (2-tailed)
May 10 366.2000 26.5000 0.048
June 11 659.2727 78.6364 0.107
July 22 10.4545 12.7727 0.735
August 5 13.4000 2.6000 0.045
September 11 51.2727 5.4545 0.095

Table 3. Pearson Chi-Square and Cramer‘s coefficient values characterizing influence of the month on protostron-
gylids‘ presence in the chamois excrements in National Park Rila, Bulgaria

Pearson Chi- Square Cramer’s V Sig.
Month * Muellerius 26.210a 0.490 0.000
Month * Cystocaulus 12.785a 0.342 0.012
Month * Neostrongylus 10.882a 0.316 0.028
Month * Protostrongylus 6.083a 0.236 0.193
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vae found. This result corresponds to the data by Cabaret 
(1984), who reported М. capillaris with a higher reproduc-
tive capacity than the other protostrongylids in sheep and 
goats. Additionally, this statement is in accordance with the 
data from previous studies on nematodes affecting the lungs 
of sheep and goats in Bulgaria, which reveal М. capillaris 
as a species with the most wide distribution and higher pa-
rameters of infestation, compared to other protostrongylids 
(Zurliyski, 1994). 

The decrease in the protostrongylids density during the 
summer period could be explained with the low survival rate 
of L1 under direct sunlight (Rose, 1957). It’s notable the LPG 
values for the Muellerius spp. and Cystocaulus spp. remain 
higher than these of the other nematode species. Some stud-
ies outline the high survival rate of M. capillaris L1 even af-
ter drying when remain infectious (i.e. Solomon et al., 1998 
г.). The survival rate of M. capillaris larvae is higher than 
that of N. linearis (Cabaret et al., 1991, Morrondo-Pelayo 
et al., 1992), C. nigrescens (Cabaret et al., 1991) and C. oc-
reatus (Reguera-Feo et al., 1986). Reguera-Feo et al. (1986) 
reported the highest survival capacity of first stage larvae 
of M. capillaris, followed by C. ocreatus and N. linearis. 
Species of the latter genus show an overall low distribution 
and average intensity and can be considered rare in the study 
area, while species of the genera Muellerius and Cystocau-
lus follow that reported by Reguera-Feo et al. (1986) a trend 
with a proven influence of the month on their occurrence.

The second summer peak found in August was formed of 
the larvae of two nematode species - Muellerius and Cysto-
caulus, as described by their reproduction scale (M. capillar-
is > N. linearis > C. ocreatus > Protostrongylus rufescens, 
i.e. Cabaret 1984). The total differences in the four nematode 
species distribution in the fecal samples studied were signif-
icant. The order based on their frequency was (Muellerius 
spp.> Cystocaulus spp. > Protostrongylus spp. > Neostron-
gylus spp.). This possibly reflects the various types of sur-
vival and infection at the time of the transfer. Similar tenden-
cy was described by Georgiev et al. (2003) in domesticated 
sheep and goats in Bulgaria. 

The lack or poorly defined autumn peak is possibly due 
to the warm and dry autumn of 2020. Thus additional studies 
are needed, as the data available covered the beginning of the 
autumn. About half of the park’s territory has not been stud-
ied and there is a lack of malacological information about 
the Skakavishki and Arizmanishki ridges (Hubenov, 2007). 
At the time when the samples in the studied areas were tak-
en, no land snails were found. If the minimal density of the 
population of the intermediate hosts explains the summer 
minimum in the distribution of the protostrongylids popula-
tions, then remains the question of what is the reason for the 

increase in frequency of both nematode species, while the 
tendency in the rest remains the same. 

Conclusions

According to the preliminary data, protostrongylides in-
festations occur in chamois in the area of Rila National Park, 
Bulgaria. 

Larvae of Muellerius spp. were the most frequent among 
protostrongylids found. 

The highest risk of infection is in winter and early spring, 
when chamois winter habitats are partially overlapped with 
the grazing pastures of domestic animals. 
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