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Abstract: In this paper, we present the sensitivity assessment of amphibians of Bosnia and Herzegovina according
to DELH (Distributional, Ecological, Life History) data based on 17 parameters. Most sensitive species of amphibians in
Bosnia and Hezegovina are: Proteus anguinus, Salamandra atra, and Triturus dobrogicus, due the specific ecology and
small habitat range. Nine amphibian taxa are considered to be moderately sensitive, while nine species probably be-
long to the low sensitivity group. Results indicate that Caudata are a much more threatened taxonomic group when
compared to Anurans.
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INTRODUCTION

Amphibians are undoubtedly the world’s most endangered
class of vertebrates. One-third of them (up to ca. 2000 spe-
cies) are under direct threat of global extinction (Stuart et
al., 2004), and the extinction rate is 25-45 times larger than
normal (Malcolm, 2007). Due to their skin sensitivity, am-
phibians cannot endure many anthropogenic factors (often
in combined functioning): habitat devastation, pollution,
infectious diseases, climate change, invasive species, and
excessive feeding exploitation or pet trade (e.g., Alford et al.,
2001; Halliday, 2001; Collins & Strofer, 2003; Malcolm, 2007;
Foden et al., 2013). Although these factors are identifiable in
Bosnia and Herzegovina, the situation is further hampered
by the lack of statutory protection of species, the inefficient
exercise of existing law regulations and difficult political di-
visions in the country, which finally result in a small number
of protected areas (0,67% Bosnia and Herzegovina territory:
BH-CHM, 2010). Bosnia and Herzegovina with its 23 amphib-
ian species (=65% of total batrachofauna in the Balkans) is
an important area in Southern Europe regarding amphibian
diversity (Lelo et al., 2015; Lelo & Zimi¢, 2020) and proper
evaluation of the sensitivity of those species at the national
level is required.

In addition to the IUCN concept, species sensitivity as-
sessment can be done based on ecological, biological, geo-
graphical, and anthropological parameters — so-called DELH
(en. Distribution, Ecology, Life History) variables (Filippi &
Luiselli, 2000). They elaborated DELH methodology and
applied it for the first time in the sensitivity assessment
of snakes in Italy. Soon afterwards, Andreone and Luiselli
(2000) applied the same concept to the sensitivity assess-
ment of Italian batrachofauna. So far, DELH assessments in
Balkans were carried out on vipers (Jeli¢ et al., 2013), and
soon afterwards on the assessment of the reptiles (Tomovic¢
et al,, 2015) and amphibians (Vukov et al., 2015) in Serbia.
It was also applied in Vujanovi¢ & Jeli¢ (2015), where the
overall fauna of Croatia and Bosnia and Herzegovina was
presented as a unique entity.

So far, some of the extinction risk assessments (accord-
ing to IUCN) for amphibian species in Bosnia and Herzegov-
ina were provided in Skrijelj et al. (2013) for the Federation
of B&H, and in Anonymous (2012) for the Republic of Srpska,
where a simple catalogue of species is listed without specific
details. Therefore, the goal of this study was to determine
the sensitivity index of all amphibian taxa within the territo-
ry of Bosnia and Herzegovina by using DELH methodology.
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MATERIAL AND METHODS

The sensitivity assessment methodology applied here used
a combination of parameters described in: Andreone & Lu-
iselli (2000), Vujanovi¢ et al. (2015), and Vukov et al. (2015),
with minimal modifications (Tab. 1). All variables were di-
vided into three to four categories: 0 (min. risk) to 2 or 3
(max. risk). If data was not found or was unknown, this data
was analysed by subjective assessment of the author. We
used decimals in specific cases: (a) if a taxon showed traits
of two parameters and/or (b) if data was unknown - the
average value of existing data was used. By using the de-
scribed approach, every taxon of interest showed its own
sensitivity index by considering the average value of indi-
ces of all tested parameters (n=17) (Tab. 1). Based on the
acquired sensitivity index, all taxa were divided into four
categories: very sensitive (1.5-2.0: VS), sensitive (1-1.5: SE),
near sensitive (0.9-1.00: NS), and low sensitivity (0-0.9: LS).
Geographic parameters were determined based on the lat-
est data on amphibian species distribution in Bosnia and
Herzegovina (Lelo et al., 2015; Lelo & Zimi¢, 2020) compared
to global distribution charts (Arntzen & Sparreboom, 1989;
Gasc et al., 1997; Wielstra et al., 2013; IUCN, 2015). Used
anthropogenic, ecological, and biological data parameters
were adopted from: Fachbach (1990), Arnold et al. (1992),
Greven (1998), Arnold & Ovenden (2002), Slavens (2003),
Cogalniceanu & Miaud (2004), Pisanets et al. (2005), Vukov
et al. (2006), Lelo (2007), Arntzen et al. (2009a, 2009b), Vitt &
Caldwell (2009), Jeli¢ et al. (2012), Zimic¢ (2013, 2014, 2015),
and Sunje et al. (2015).

Pelophylax kurtmuelleri and P. shqipericus were treated
as not applicable for this study due to a recent discovery
of species (Zimi¢ et al., 2020) and their unresolved origin
(Tab. 2).

RESULTS

Average values of sensitivity indices of amphibians in Bosnia
and Herzegovina varied from 1.82 (Proteus anguinus) to 0.53
(Bufo bufo and Rana dalmatina). Three species (14%) were
considered as very sensitive, six species (29%) as sensitive,
three (14%) as near sensitive, whereas nine (43%) were con-
sidered to be of low sensitivity (Tab. 2).
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Table 1. Sensitivity assessment indices for each set of examined parameters: geographical (), biological (") and ecological (%)

VARIABLES RISK ELABORATION

o

present in 50-100% area of Bosnia and Herzegovina
present in 10-50% area of Bosnia and Herzegovina

DB Distribution Breadth
present in 5-10% area of Bosnia and Herzegovina

present in <5% area of Bosnia and Herzegovina

present 0-2000 m asl
present above 1000 m asl (high altitudes)
present to 1000 m asl (hills)

ED Elevational Distribution

present to 200 m asl (restricted to plains)

0-10% of global distribution is in Bosnia and Herzegovina

10-50% of global distribution is in Bosnia and Herzegovina
E Endemicity
50-80% of global distribution is in Bosnia and Herzegovina

80-100% of global distribution is in Bosnia and Herzegovina

fragmentation 0-20%
fragmentation 20-50%
fragmentation 51-75%

HE Habitat Fragmentation

fragmentation >75%

peripheral populations non-existent

global distribution boundary in BiH
PP Peripheral Populations
two peripheral boundaries (parallel)*

w N B O|lW N P OlW N B OlW N P OjlW N =

completely isolated population(s)*
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Table 2. Sensitivity assessment index results according to DELH: B very sensitive (>1.5), M sensitive (1.2-1.5), I near sensitive (1.00-1.20),  low sensitivity
(<1.00), and not applicable (NA); data categories are elaborated in Table 1.

TAXON DB E ED HF PP BD RM EN MA LC FR
Proteus anguinus 2 2 3 3 1 3 1.5 2 0 2 1.5
Salamandra atra 3 0 1 0 3 1 3 3 1 0 3
Triturus dobrogicus 3 0 3 3 1 1 1 1 2 1 2
Lissotriton graecus 1 0 3 2 1 0 1 1 2 1 2
Bombina bombina 2 0 3 3 1 0 0 1 0 0 1
Rana graeca 0 1 0 2 2 1 0 0 3 0 2
Triturus macedonicus 0 1 2 3 1 1 1 1 1 1 2
Triturus carnifex 3 0 2 1.5 1 1 1 1 1 1 2
Pelobates fuscus 2 0 3 3 1 1 0 0 2 0 2
Pelophylax lessonae 2 0 2 0 1 1 0 0 2 0 2
Ichthyosaura alpestris 0 1 0 1 2 0 1 1 0 1 2
Lissotriton vulgaris 0 0 2 2 1 0 1 1 2 1 2
Pelophylax kl. esculentus 1 0 1.5 0 1 2 0 0 1 0 2
Salamandra salamandra 0 0 0 1 0 2 2 1 0 0 2
Bombina variegata 0 1 0 1 1 0 0 1 0 0 1
Rana temporaria 0 0 2 1 1 1 0 0 1 0 0
Hyla arborea 0 0 2 0 0 0 0 0 2 0 2
Bufotes viridis 0 0 0 0 0 3 0 0 0 0 2
Pelophylax ridibundus 0 0 0 0 0 2 0 0 1 0 2
Rana dalmatina 0 0 0 0 1 0 0 2 0 2
Bufo bufo 0 0 0 0 3 0 0 0 0 2
Pelophylax kurtmuelleri - - - - - - - -
Pelophylax shqipericus - - - - - - - - - - -

62 | GZM (PN) NS 39



SENSITIVITY ASSESSMENT AND EXTINCTION RISK OF AMPHIBIANS (CHORDATA: VERTEBRATA: AMPHIBIA) IN BOSNIA AND HERZEGOVINA

33,33%

88.7%

Figure 1. Sensitivity of Caudata (left) and Anura (right) in Bosnia and Herzegovina

DISCUSSION

Results have shown that Caudata in Bosnia and Herzegovina
are far more sensitive than Anura. Just one species within
Caudata was assigned as not threatened (S. salamandra)
while all other tailed amphibians were part of a group of
sensible taxa suggesting the need for specific conservation
attention. On the other hand, there were no Anuran species
categorized in the category of very sensitive ones (VS). Eight
species of Anura were considered as not threatened (LS),
while four taxa were marked as sensitive (SE) or near sen-
sitive (NS) and thus also in need of conservation actions: B.
bombina, R. graeca, P. fuscus, and P. lessonae (Fig. 1).

A comparison of sensitivity assessment performed for
the overall territory of Bosnia and Herzegovina and Croatia
(Vujanovic¢ & Jeli¢, 2015), to this one, performed only in Bos-
nia and Herzegovina territory, revealed minor differences
between the two areas and, generally, slightly higher con-
servation status of amphibians in Bosnia and Herzegovina.
For P.anguinus, the degree of sensitivity was nearly the same
in both areas. Minor differences (0.1 for the total territory of
BiH and Croatia versus 0.2 only for Bosnia and Herzegovina
territory) were mainly noted for the species that have mar-
ginal distribution in Bosnia and Herzegovina: T. dobrogicus,
T. carnifex, P. fuscus, B. bombina, P. lessonae, and L. vulgaris.
Slightly larger differences were noted for S. atra (1.36 vs.
1.62). The reason lies in the fact that ecologically, popula-
tions in Bosnia and Herzegovina are very different from pop-
ulations in Croatia (Sunje et al., 2015) and have very restrict-
ed horizontal-vertical distribution (Sunje et al., 2015). The
largest difference was noted for L. vulgaris (0.57 — 1.00), and
it can be explained through the use of a different approach:
the amphibian sensitivity assessment of Bosnia and Herze-
govina and Croatia (Vujanovic¢ et al., 2015) also included L.

graecus, which has somewhat different biology and ecol-
ogy (see Frost, 2015). Lissotriton greacus was not a part of
the sensitivity assessment of L. vulgaris in Bosnia and Herze-
govina (this study). The most sensitive amphibians in Serbia
according to DELH are S. atra and T. dobrogicus (Vukov et al.,
2015) — which coincides with the results of this research. The
only significant irregularity was also noted with L. vulgaris
probably due to its larger range in Serbia.

CONCLUSIONS

Amphibian sensitivity assessment according to DELH can
provide an accurate assessment of the vulnerability level of
taxa.

Three amphibian species in Bosnia and Herzegovina are
very sensitive (P. anguinus, S. atra and T. dobrogicus) (VS). Six
taxa (29%) were marked as sensitive (SE), three (14%) as near
sensitive (NS), while nine species (43%) showed low sensi-
tivity (LS).

Tailed amphibians were much more sensitive than anu-
rans. Only one species had low sensitivity index: Salamandra
salamandra. All other tailed amphibians were considered
sensitive taxa (very sensitive, sensitive, or near sensitive). In
anurans, there were no highly sensitive taxa; eight species
were assigned as having low sensitivity, while four taxa were
considered sensitive or near sensitive.

Regionally, DELH statuses of amphibian species in Bos-
nia and Herzegovina largely coincided with Croatia and Ser-
bia, with a difference in categorization of L. vulgaris.

All sensitive species with an index over 0.99 should be
subjected to protection measures and special conservation
actions as being assigned very sensitive (VS) according to
DELH criteria.
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Vodozemci su nedvojbeno najugrozenija klasa kicmenjaka na svijetu, a trecina vrsta je pod izravhom prijetnjom globalnog
izumiranja. Zbog osjetljivog koznog sistema, vodozemci ne podnose mnoge antropogene pritiske poput: konverzije stanista,
zagadenija, zaraznih bolesti, klimatskih promjena, invazivnih vrsta i dr. lako se ovi ¢cimbenici mogu identificirati u Bosni i Her-
cegovini, situacija je dodatno otezana nedostatkom zakonske zastite vrsta, neucinkovito provodenje postojecih zakonskih
propisa, teske politicke podjele u zemlji, koje u konacnici rezultiraju malim brojem zasti¢enih podrucja. Danas je poznato da
u Bosni i Hercegovini (BiH) trenutno Zivi 23 vrste (i 24 podvrste) vodozemaca, a procjene osjetljivosti/ugrozenosti su slabo
radene. U ovom radu data je procjena osjetljivosti i rizika izumiranja vodozemaca BiH na bazi ekoloskih, bioloskih, geografskih
i antropoloskih varijabli (DELH procjena) na temelju 17 razlicitih parametara. Rezultati ukazuju da su najranjivije i najugrozene
vrste Proteus anguinus (Covjecija ribica), Salamandra atra (alpski dazdevnjak) i Triturus dobrogicus (dunavski krestasti vodenjak),
zbog specificne ekologije i malog areala rasprostranjenosti. Devet taksona vodozemaca smatra se ranjivim, a 10 vrsta vjerojat-
no nije ugrozeno. Rezultati ujedno ukazuju na to, da su repati vodozemci znatno senzibilnija skupina u odnosu na bezrepate
vodozemce. Svi taksoni koji imaju indeks osjetljivosti preko 0.99 (60% bosanskohercegovackih vodozemaca) trebaju se sma-
trati veoma senzitivnima, te zahtjevaju adekvatnu zastitu i posebne konzervacijske programe.

Kljucne rijeci: ocuvanje, DELH, Caudata, Anura, Zivotna istorija, distribucija, ekologija
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