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9

Springs and Headwater Streams in Serbia: The Hidden
Diversity and Ecology of Aquatic Invertebrates . . . . . . . . . . . . . . . . . . 189
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Chapter 17

The Importance of Small Water Bodies’
Conservation for Maintaining Local
Amphibian Diversity in the Western
Balkans
Jelka Crnobrnja-Isailović, Avdul Adrović, Ferdinand Bego,
Natalija Čadenović,
Elvira Hadžiahmetović Jurida, Daniel Jablonski,
Bogoljub Sterijovski, and Olga Jovanović Glavaš
Abstract In these times of aggressive and enormous anthropogenic alterations of
freshwater aquatic habitats throughout the Western Balkans, including drying out,
pollution or the introduction of invasive species, the value of small water bodies
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Bratislava, Slovakia
e-mail: daniel.jablonski@uniba.sk
B. Sterijovski
Faculty of Natural Sciences, Macedonian Ecological Society, University of Skopje, Bvld Kuzman,
Josifovski-Pitu, 28/3-7, 1000 Skopje, North Macedonia
e-mail: sterijovski@mes.org.mk
O. J. Glavaš
Department of Biology, Josip Juraj Strossmayer University of Osijek, Cara Hadrijana 8/A, 31000
Osijek, Croatia
e-mail: ojovanovic@biologija.unios.hr
© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
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(SWB) as refugia for local amphibians is clearly increasing. A network of SWB could
be crucial for the conservation of local amphibian richness, if this network is properly
maintained and monitored. Together, countries of the Western Balkan harbor 29
amphibian species and only one of these species does not use SWB. Almost all those
countries share the same challenges—drainage, technical flood protection measures,
channelization, planned small dam construction, agriculture, deforestation, pollution,
road construction and decrease of aquifers. The conservation of SWB in the region
is related to the socio-economic status of the people i.e. to the stimulation of local
stakeholders to continue with the traditional practices of agriculture and animal
husbandry, including maintenance of SWB, and to their continuous education on
importance of SWB for preservation of high values of local biodiversity.
Keywords Albania · Anurans · Bosnia and Herzegovina · Croatia · Montenegro ·
North Macedonia · Serbia · Small freshwater habitats · Urodeles

17.1 Introduction
Amphibians are currently the most vulnerable group of vertebrates, with 31% of
species assessed for IUCN Red List status being threatened to a certain extent [1].
Their decline is happening in all continents, caused by habitat destruction, agrochemicals and chemical pollution, increased UV-B irradiation, diseases, introduced species,
exploitation, climate change and complex causes [2]. Warning reviews on this issue
appeared as far back as the end of 1990s [3], but this decline probably started decades
before [2]. The loss of natural habitats is the major cause of amphibian declines in
the entire Palearctic [4] and has been connected with the development of intensive
agriculture in the mid-twentieth century [5, 6].
In 2005, 26 Palearctic amphibian genera were recognized as being dependent
on aquatic habitats in at least one phase of their life history [7]. Indeed, most of
European amphibians require aquatic habitats, at least for reproduction [8–10]. This
dependence on a freshwater environment for the completion of a life cycle increases
the risk of local population declines in habitats subjected to intense anthropogenic
alteration [11, 12] which include not only the drying out of wetlands of all kinds, but
also, for species which require running waters (lotic aquatic habitats), the construction of different kinds of hydroenergy power plants for the production of electric
energy and/or water storage (see an example in [13]). Additionally, importing fish
stock into originally fishless freshwater environments decreases the growth rate of
local amphibian populations or causes their extinction [14].
Amphibians utilize a number of different freshwater habitats: lentic, such as lakes,
oxbows, bogs, marshes, ponds, pools or disconnected river channels, and/or lotic,
such as rivers, streams, springs and ditches. SWB include both small lentic and lotic
freshwater ecosystems; lotic ones include headwaters (streams) up to 2.5 km from
the source, while lentic ones are small water bodies whose size ranges from 1 m2 to
5 ha; all categories of SWB can be man-made or natural, permanent or seasonal [15].
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Ponds are considered as the most important SWB for amphibians [16], although their
suitability depends on many factors [17].
Amphibian assemblages detected in European SWB are highly variable; for
example, in one survey conducted in Great Britain the most represented amphibian
was the common frog (Rana temporaria), followed by the common toad (Bufo bufo),
smooth newt (Lissotriton vulgaris) and palmate newt (L. helveticus), while the great
crested newt (Triturus cristatus) was not so common [18]. In the network of ponds
in Western France, the common toad was the most frequent amphibian species in
the assemblage of SWB, followed by the common frog, alpine newt (Ichthyosaura
alpestris) and palmate newt, while the edible frog (Pelophylax kl. esculentus), parsley
frog (Pelodytes punctatus) and moor frog (R. arvalis) were the rarest [12].
Amphibian species which inhabit Balkan peninsula present 37% of overall European amphibian species richness (30% in the Western Balkan countries) [19]. In
comparison with the already infrastructurally developed and mostly devastated parts
of Western Europe, Western Balkan countries are facing both challenges and opportunities in balancing anthropogenic alteration and protection of the environment,
including freshwater habitats, which, coupled with the climate change, could significantly diminish amphibian species richness. Heatwole and Wilkinson [19] compiled
country reports on the status of conservation and the decline of amphibians in
Southern Europe and Turkey, where habitat change (fragmentation, degradation, and
destruction) was mentioned as an important threatening factor in all Western Balkan
countries. In this chapter the focus will be shifted from amphibian species to the
national status of the SWB important for the survival of their local amphibian populations in the Western Balkans, also on the occurring and ongoing threats to SWB, and
on possible ways of their mitigation. Regarding the list of amphibian species occurring in the countries of Western Balkans, we accepted those taxonomic suggestions of
Dufresnes [20] and Taxonomic Committee of Societas Europaea Herpetologica [21]
which were in line with taxonomy approved by Frost [22]—a taxonomic authority
for IUCN Amphibian Specialist Group.

17.2 The Metapopulation Approach in Conservation
of Small Water Bodies for Amphibians
Spatial population organization of most amphibian species depends on the spatial
distribution of suitable aquatic habitats. For better understanding of amphibian
declines it is important to check how these aquatic habitats are distributed in space
and how strongly they are functionally connected, particularly in terms of metapopulation structures. In the areas where a number of ponds or water bodies of similar
or different size are occurring relatively close to each other, there is always the
possibility that they are a metapopulation [2].
The metapopulation approach to the spatial organization of pond-dependent
amphibian species sounds logical because, at landscape level, a group of ponds
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or other SWB do indeed represent patches of habitats suitable for breeding, larval
development, and, regarding some species, all daily activities within certain parts
of the year. A metapopulation is a very dynamic spatial system, strongly dependent on the asynchrony of extinction/recolonization of its elements (local populations) and thus also on the ability and intensity of migration among suitable habitat
patches; co-occurrence of metapopulations of several species, connected by ecological interactions, make a metacommunity [23]. It is particularly important to check
for metapopulation organization and the possible presence of metacommunities in
an area assigned to anthropogenic change—if minimum viable number of suitable
habitat patches for specific metapopulation no longer exists, the entire metapopulation is doomed [23]. Therefore, short-term monitoring of just one pond in a complex
landscape which harbors a number of water bodies of various sizes would not provide
complete information about spatial organization of occurring amphibian species.
Instead, the simultaneous presence/absence recording of several species within the
entire network of aquatic habitats, established as a long-term project, helps to reveal
the existence of an amphibian metacommunity [24]. This further enables proper
adjustment of management and/or spatial action plans towards limiting or rejecting
inadequate anthropogenic changes of the landscape.
One of the three determinants of metapopulation organization—extinction—does
not necessarily occur within every network of local amphibian populations [25].
Continuous monitoring can record presence after the absence (or vice versa) of
certain amphibian species in the same SWB but it would not necessarily imply
extinction followed by recolonization. Members of one local population can simply
colonize some other SWB after the winter pause driven by biotic or/and abiotic cues,
which has been described elsewhere (see in [25]). Therefore, amphibian aggregations
which can be seen in the individual breeding ponds are not always individual local
populations, since normally they would move among the ponds through consecutive
reproductive seasons. In that way, even without the occurrence of real extinction
events, and due to frequent movements between the ponds, a network of ponds is
more recommended as a management unit than an individual pond.
Another important modification of the classical metapopulation approach is that,
apart from ponds, the surrounding suitable terrestrial habitat is also important to
the conservation of amphibian local populations: preserving only ponds or wetlands
without their surrounding terrestrial habitats will probably fail to maintain viable
amphibian populations [25]. Looking at metapopulation or metacommunity levels,
conservation of SWB network in an area or, in other words, of a minimum viable
number of aquatic habitat patches will not contribute much to the survival of local
amphibian assemblage if surrounding suitable terrestrial habitats are degraded or
destroyed.
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17.3 Small Water Bodies and Amphibians in Croatia
17.3.1 General Hydrographic Features of Croatia
Croatia covers an area of 56 594 km2 , but due to its position at the crossroads of
several biogeographical regions (Continental, Alpine, Mediterranean, and a narrow
stretch of the Pannonian region; [26]), its geology and subsequently biology, is very
diverse. Hydro-geologically, Croatia is divided into two very different regions [27]:
the Dinaric region predominated by karst, and the Pannonian region lying on sedimentary rocks. The border between them runs along a narrow stretch dividing Croatia
into two equal parts. These regions roughly correspond to the two main basins;
the Danube River basin covers 62% of its territory, and the Adriatic Sea drainage
comprises 38% of the territory [28]. The main alluvial aquifers in the Pannonian
region are the Sava and Drava rivers, while in between there are fine Neogene sediments without productive aquifers, some of which may act as aquifers of secondary
porosity with only local significance [29].
In total, almost 44% of Croatian territory is covered by karst relief [30], but it is
dominant in the Dinaric region. Its hydrology has most distinctive elements, including
large underground cave systems and surface karst features. Highly permeable
carbonate rocks prevail over confined impermeable, mostly flysch sediments.
Islands with a total land area of 3300 km2 mostly lack freshwater sources. Previously, collecting rainwater in man-made ponds was of great importance for drinking
and agricultural use [31]. However, many of those ponds have been abandoned in
the last decades, and now there is an effort to restore some of them [32].

17.3.2 The Origin and Status of Small Water Bodies
The SWB in Croatia are largely dependent on the river ecosystems, and around 80%
of the total length of rivers in Croatia are made of SWB [33]. The Sava, Drava and
Danube floodplains cover the largest area in the Pannonian region in Croatia, and are
relatively well ecologically preserved systems in their European context [34].
The national habitat classification of Croatia recognizes Inland surface water and
wetland habitats as one of eleven major categories (OG 88/2014), and the majority of
SWB are included [35]. Freshwater, tree-dominated wetlands, Seasonal/intermittent
freshwater lakes (including flooded karst fields) and Seasonal/intermittent freshwater marshes—flooded meadows include the largest area, however, many of
these are not SWB, but cover greater surfaces [35]. Other freshwater habitat
types include Permanent freshwater marshes/pools—reedbeds, Shrub-dominated
wetlands, Permanent freshwater marshes/pools—ponds, Seasonal/intermittent freshwater marshes—ponds, Man-made ponds and Freshwater springs, but data on their
surface coverage are not detailed [35].
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Islands have very few freshwater resources, yet there are in total 2739 wetlands
recorded on 71 islands, of which 402 are artificial [32]. Although their surface is
not large, they are of great importance for maintaining biodiversity, and the first
restoration project is already in progress on Dugi otok island (pond Sakarun).

17.3.3 Amphibian Species Occurring in Small Water Bodies
Despite its small surface area, Croatia has around 25% of all European amphibian
species [36]. Of 20 amphibian species recorded in Croatia, only one species never
uses SWB during its lifetime (alpine salamander, Salamandra atra; [36]). All other
species (six Caudata and 13 Anura species) (Table 17.1) can be found in SWB during
their breeding season (Fig. 17.1). Nonetheless, some of those species also use larger
water bodies and do not depend only on SWB [36]; i.e. the Danube crested newt (T.
dobrogicus) is commonly found in flooded areas, the olm (Proteus anguinus) mostly
uses large underground lakes, common and green toads (B. bufo and Bufotes viridis)
can be found breeding in large lakes, as well as green frogs (Pelophylax sp.) and
brown frogs (Rana sp.). Other newt and salamander species (alpine newt, smooth
newt, Italian crested newt (T. carnifex) and fire salamander S. salamandra), fireand yellow-bellied toads (Bombina bombina and B. variegata), common spadefoot
(Pelobates fuscus), and common tree frog (Hyla arborea) (Fig. 17.2) are generally
found in SWB [9, 36]. While some of these species prefer forest habitats (e.g. alpine
newt, fire salamander, agile and Italian agile frog (R. latastei), yellow bellied toad),
others are more opportunistic and do not show specific preferences (e.g. smooth and
crested newt; [9, 36]).

17.3.4 The Main Threats for Small Water Bodies
Since most amphibian species found in Croatia use SWB, preserving these habitats
is of crucial importance for their survival. However, destruction of small ecosystems
is still present, which affects SWB more than other larger habitats. The anthropogenic impact varies between different types of SWB, presenting a distinct level of
threats. All are susceptible to the impact of climate change, mainly through changes
in the amount of rainfall and evapotranspiration [37]. Streams and flooded areas face
increased pressure from drainage, technical flood protection measures, canalizing,
and in a few cases, planned small dam construction [38]. Ponds are especially sensitive to eutrophication, which can result from agriculture (as a diffuse source) or a
decrease of aquifers, as well as deforestation. In addition, water quality analysis of
surface waters in Croatia show the significance of the catchment area, since pollution
sources are sometimes difficult to recognize [39]. Underground habitats are mainly
threatened by direct alteration of the habitat, and changes of quality and quantity of
water [40].
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IUCN—International Union for Conservation of Nature (VU—Vulnerable; NT—Near Threatened; LC—Least Concerned; NA—Not Assessed); BERN—Bern Convention on conservation of European
wild flora, fauna, and natural habitats (Appendix II—strictly protected animal species, Appendix III—protected animal species); HABITATS—Habitats Directive or European Directive on Conservation
of Natural Habitats and of Wild Flora and Fauna (Annex II—vulnerable/sensitive species which could become endangered in the near future if the factors of threat continue to act, Annex IV—species that
require strict protection, Annex V—species which breeding in the wild and exploitation could be a matter of management); NCS—National Conservation Status (SP—Strictly Protected; P—Protected):
Croatia—OG (144/13) and OG (73/16); Bosnia and Herzegovina—Decree on strictly protected and protected wild species (Official Gazzete of Republic of Srpska entity No 65, 7.7.2020)/ Rule Book
on protection measures of strictly protected species and subspecies and protected species and subspecies (Official Gazzete of Bosnian Federation No. 66/13, 13.3.2020); Montenegro—Official Gazette
of the Republic of Montenegro, No. 76/2006); Albania -Official Gazette of the Republic of Albania (07/1998) and (194/2014); Serbia—Official Gazette of Republic of Serbia, No. 5/2010; North
Macedonia—Official gazette of the Republic of Macedonia. No. 139. 2011.
New species or revised taxonomy: 1 considered international status and NCS as of L. vulgaris; 2 considered international status and NCS as of T. karelinii; 3 considered international status and NCS as of
T. carnifex; 4 considered international status and NCS as of P. syriacus. See in [21].
Grey cell—species doesn’t occur in the country.
*Species is not included in the official amphibian species list of Croatia; however, recent data suggest their presence (non-native species) [40–43].

LC

LC

Rana graeca

IUCN

Rana dalmatina

Species

Table 17.1 (continued)
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Fig. 17.1 Forest pond in Baranja, Croatia. The aquatic habitat of L. vulgaris, B. bombina, B. bufo,
H. arborea, P. fuscus, Pelophylax sp. and R. dalmatina. Photo: O. Jovanović Glavaš

17.4 Small Water Bodies and Amphibians in Bosnia
and Herzegovina
17.4.1 General Hydrographic Features of Bosnia
and Herzegovina
Bosnia and Herzegovina cover an area of 51 129 km2 and have significant water
resources which represent one elementary economic potential [44]. Elementary basin
areas in Bosnia and Herzegovina are the Black Sea basin, encompassing ca. 38 719
km2 (75.70%) of the total territory of Bosnia and Herzegovina and the Adriatic Sea
basin, encompassing ca. 12 410 km2 (24.30%).
The territory of Bosnia and Herzegovina comprises moderate wetlands, with a
mean annual precipitation value of ca. 1 250 mm, which, given the total area of the
country (51,209 km2 ), amounts to 64 × 109 m3 of water, or 2 030 m3 s−1 . Of the total
precipitation amount, ca 1 155 m3 /s (57%) flows into watercourses of the country’s
territory. Bosnia and Herzegovina are also characterized by numerous subterranean
waters found in three geographically distinct areas each with specific its own features.
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Fig. 17.2 Common tree
frog—Hyla arborea. Photo:
O. Jovanović Glavaš

17.4.2 The Origin and Status of Small Water Bodies
The territory of Bosnia and Herzegovina abounds in river flows, as well as in a
relatively large number of lakes of various sizes and features. A number of them
belong to the SWB category. According to data available [45], natural lakes cover
only 0.11% of the total territory of the country which is 10 times less than the global
average. Natural mountain lakes are spread in highland and mountain areas, usually
found at the borders between forests and grasslands. They have emerged around pits
and upstream, owing to various erosion processes.
SWB can be found close to the larger wetlands, such as the unique swamp systems
of fishponds: Bardača, Hutovo Blato, and Livanjsko polje, internationally important
for their specific and rich biodiversity. Besides, a certain percentage of the total
precipitation goes into watercourses, ponds and brooks [46]. Ponds can be found
anywhere (Fig. 17.3), but primarily in the waterless karst, thus being the only source
of water in wide areas.
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Fig. 17.3 Small water body near Kordići, Bosnia and Herzegovina. The aquatic habitat of B.
variegata, B. bufo and R. temporaria. Photo: D. Jablonski

17.4.3 Amphibian Species Occurring in Small Water Bodies
Almost all of the amphibian species of Bosnia and Herzegovina [47–49] are directly
linked to SWB by their life history (Table 17.1). In the peri-Pannonian lowlands of the
northern part of the country, T. dobrogicus can be found in irrigation channels [49],
P. kl. esculentus is present in ponds, springs and fishponds [50], while B. bombina
is found mostly in ponds [51] and irrigation channels [52] in the lowlands along
the Sava River. Here are also the only records of P. fuscus in the country, found
in permanent mesotrophic or eutrophic canals, ponds, abandoned pits, and smaller
lakes, rich in vegetation and with high oxygen concentrations [50, 53]. Pelophylax
lessonae is underexplored, but it is assumed to be widely present along the Una River
in the central part of northern Bosnia and Herzegovina [54].
In the mountainous region, the endemic P. anguinus has been found in smaller and
larger springs, subterranean waters of pits and caves, wells, closed wells, estavelles,
temporary springs and karst founts in the west and south-west of the country [55].
Salamandra salamandra lays its larvae in the moderately cold mountain lotic waters.
Lissotriton vulgaris reproduces in standing and very shallow bodies of water. The
Greek smooth newt (L. graecus) is linked to the ponds and creeks of the Popovo polje
and Fatničko polje [49]. Ichthyosaura alpestris is widely found in ponds, swamps,
lakes, springs and wells at altitudes between 100 m and 2 500 m [47], while T. carnifex
is present in standing bodies of water in the highlands of western, southwestern and
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Fig. 17.4 Common frog—Rana temporaria. Photo: D. Jablonski

central Bosnia and Herzegovina, with the westernmost locality lying in the ponds
around the stadium in the city of Bihać [56].
Bombina variegata is found in still waters and ponds next to watercourses that dry
up during summer, often in ephemeral ponds in forest landscapes (in the forest road
tracks, owing to precipitation). Bufo bufo spawns in various standing bodies of water
at altitudes of up to 2 000 m. Bufotes viridis spawns in the lowlands, but also in the
highlands at altitudes of over 2 000 m. Hyla arborea is found in various SWB, mainly
rich in vegetation, during the reproductive season, while R. dalmatina is linked to
water exclusively during the breeding season, preferring shallow standing bodies of
water in forests or in the vicinity of forests, while R. graeca is present in southeastern,
central and northwestern parts, at altitudes of up to 2 000 m, often close to mountain creeks with rocky bottom. Rana temporaria (Fig. 17.4) is a terrestrial species
found in the wet meadows, swamps, canyons and mountain creeks across central and
northern Bosnia. Pelophylax ridibundus is a widely spread aquatic species, present
in fishponds, ponds, lakes, channels and slow lowland rivers.

17.4.4 The Main Threats for Small Water Bodies
The wetlands in Bosnia and Herzegovina are generally perishing because of the
negligence of relevant authorities and non-compliance with domestic laws, regardless

364

J. Crnobrnja-Isailović et al.

of the fact that they play an important role in the mitigation of climate changes. This
will eventually lead to sudden decline in the number of amphibian species.
Due to changes in the hydrological regime, swamps are quite endangered and also
threatened by water pollution and erosion [57]. Ponds disappear or are overrun owing
to the development of the water supply system industry [58]. In contrast, SWB as
natural springs and creeks usually change very little. However, under the influence
of certain causes (erosion, landslides, earthquakes), they can significantly change
their form, position, shape and size. Seasonal (intermittent) springs and creeks can
change their beds and even the direction of the flow, almost every year. Most of
these changes are caused by human activity [58, 59]. In the karst regions, surface
watercourses (rivers and creeks) are very vulnerable to human alterations. SWB exist
only in places where sections of the terrain are built of impermeable layers (such as
clay, marl, compact limestone and dolomite), or, if the river bed is eroded to the karst
base [59].
“Run-of-river” small hydropower plants in the region are rapidly expanding and
there are currently 81 active hydroelectric power plants, plus another 186 planned
in Bosnia and Herzegovina [60]. They are eroding small mountain rivers—breeding
sites for some amphibian species [13].
Pollution of the aquatic systems, including the fragmentation of habitats, building
roads and artificial canals, and uncontrolled fishing as the key risk factor also jeopardizing SWB. The size of facilities used in fish exploitation in Bosnia and Herzegovina
for trout fishponds amounts to 91 026 m2 and another 2 278 ha for carp fishponds
[61]. In addition, during the construction of roads, water supply systems, spring
captivation and many other construction facilities, many SWB are being destroyed.
Environmental licenses do not require concessionaires to conduct the monitoring of
local amphibian populations nor to take proper care of SWB as their reproduction
sites.

17.5 Small water bodies and amphibians in Montenegro
17.5.1 General Hydrographic Features of Montenegro
Montenegro covers an area of 13 812 km2 . It is a Mediterranean country with high
mountains along the coastal line, which spread inland in the form of calcareous
plateau and the high mountains of the central part of the country, intersected
by numerous, larger or smaller river valleys [62]. Hydrographic and hydrological
features have resulted in the appearance of numerous rivers, springs, and underground
water accumulations [63]. About 47.5% of the Montenegrin territory belongs to the
Adriatic basin, and 52.5% to the Black Sea basin. Although the Adriatic basin has
a smaller surface area in comparison to the Black Sea basin, it provides about 50%
more onflow.
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The relatively small Montenegrin territory contains almost all of the known
forms of surface and underground waters, as well as numerous karstic hydrologic
phenomena, since 75–80% of its territory is karst [64]. Montenegro has 30 natural
lakes which accumulate over 4 billion m3 of water (4 118 928 874 m3 ) during high
water-level. Artificial lakes, with a total volume of over 1 billion of m3 of water, have
been created mostly for the hydro-energy exploitation, while a small amount of this
water is used for irrigation and fish farming.
Montenegro is among the world’s richest countries with regard to water and the
average specific outflow is more than six times higher than the world‘s average (found
in only 3% of the Earth’s territory). All the continental waters of Montenegro, both
surface and underground ones, except for part of the river Cijevna, are formed within
the country, which is an extremely valuable ecological factor.

17.5.2 The Origin and Status of Small Water Bodies
In comparison with all other Mediterranean countries, Montenegro has the largest
percent of its territory under wetlands. There are 7.7% of wetland ecosystems
[65], which include marshes, peatlands, natural and artificial waters (permanent or
running, standing or flowing), as well as the coastal zone adjacent to wetlands. In
wetlands we also include those made by human activities, such as fishponds, salinas,
reservoirs, and channels [66]. Classification of habitats in Montenegro, important
for the European Union, according to the cataloguing in [67], recognizes several
types of surface continental water habitats: natural eutrophic waters with vegetation Magnopotamion i Hydrocharition (3150); shores of oligotrophic to mesotrophic
stagnant waters with amphibious vegetation (3130) occur in all parts of Montenegro;
hard oligo-mesotrophic waters with bottoms covered with Charas (3140) are relatively common habitats in all parts of the country; occasional karst lakes (turlozi);
Mediterranean occasional ponds (3170); watercourses with common water crowfoot vegetation (3260) are relatively common habitats in Montenegro; transitional
bogs—communities of transition mires and quaking bogs (7140); occasional flows of
Mediterranean rivers (3290) present in the sub-Mediterranean-Mediterranean part of
Montenegro; alkaline peat-wetland habitats are moistened by groundwater or surface
waters that are very rich in bases.
On the plateau of deep karst, there are many small water reservoirs (stone cisterns,
wells, pools, and snow pits) as the source of drinking water for cattle. Examples
include a large number of stone ponds, wells, pools, and baths in the area of Banjani,
or large numbers of isolated stone pools and wells in the area of Riječka nahija;
on the karstic massif of Sinjajevina, numerous surface and subterranean forms of
relief support SWB: karrens, karst sinkholes, depressions, rounded peaks and fields,
formed by the activity of glaciers in the geological past [68].
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17.5.3 Amphibian Species Occurring in Small Water Bodies
Fourteen different species comprising five species of Caudata and nine species of
Anura registered in Montenegro [69] have been recorded in SWB (Table 17.1), particularly during the reproductive season [70, 71]. Natural and anthropogenic ponds are
very important biotopes for batrachofauna. They mostly represent rounded depressions in the land that may have already existed or been excavated afterwards. For
example, in the area of Sinjajevina, these ponds usually have no walls (a small number
of ponds have walls) and are in the form of simple puddles filled by rainwater used
for cattle watering (Fig. 17.5). Within this research area, 33 water objects of natural
or human origins have been registered.
Only the Alpine salamander (S. atra) has not been detected in SWB. Some species,
like P. shqipericus and P. ridibundus/kurtmuelleri are often found in flooded areas,
as well as in oxbows and overgrown parts of slow-flowing rivers and canals [10,
72]. Green frogs predominantly inhabit freshwater basins, but their presence is also
confirmed in shallow brackish habitats [72, 73]. Toads and newt species: B. bufo, B.
viridis, I. alpestris (Fig. 17.6) and B. variegata are also frequently found in SWB,
as well as in the large lakes [74–76]. The fire salamander (S. salamandra) usually
prefers the vicinity of small streams with rocky bottom.

Fig. 17.5 Pond on Mountain Sinjajevina, Montenegro. The aquatic habitat of B. varigata, I.
alpestris, and B. bufo. Photo: N. Čadenović
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Fig. 17.6 Alpine newt—Ichthyosaura alpestris—frequently inhabits alpine lakes and ponds of
Montenegro. Photo: N. Čadenović

The importance of SWB in maintaining rich amphibian diversity can be perceived
in several examples: in the area of Banjani in western Montenegro, some species have
an emphasized metapopulational organization, where the populations are spatially
organized in larger number of discrete demes (reproduction centers) connected by
a limited gene flow through migrants; hence, the genetic exchange is much larger
within such reproductive units than between them [77]. This plateau of deep karst is
the scarcest regarding surface waters, but has diverse SWB made for cattle in a single
area, which has resulted in a great diversity of amphibians (H. arborea, B. bufo, B.
viridis, I. alpestris, L. graecus, B. variegata, and P. ridibundus/kurtmuelleri) in these
objects during the reproductive period. In the area of Riječka nahija, T. macedonicus,
B. variegata, L. vulgaris, B. bufo, I. alpestris and P. ridibundus/kurtmuelleri inhabit
SWB [70, 78]. At the karstic massif of Sinjajevina, seven species of amphibians (five
species of Anura and two species of Caudata) were detected in and around SWB [79].

17.5.4 The Main Threats to Small Water Bodies
Since most of the registered amphibian species in Montenegro dwell in SWB, conservation and protection of these waters, as well as the protection of water and waterdependent ecosystems, should be of concern and an obligation for the state, local
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authorities and all economical stakeholders. Alteration, fragmentation, and habitat
loss are among the greatest threats for amphibian populations [80].
Within some coastal parts of Montenegro, there has been a continued longstanding
alteration of the water regime and the reduction of wetlands for the purpose of
agriculture, settlements, and tourism. Filling and pollution of habitats with solid waste
is very frequent. Pollution of habitats with wastewater has a negative impact on the
process of amphibian metamorphosis and causes malformation of the reproductive
system [81]. Particularly SWB in the lowland wetlands of southeast Montenegro,
inhabited by the endangered Skadar frog (Pelophylax shqipericus), a stenoendemic
species of the Balkan peninsula and recognized as vulnerable species (VU) by IUCN,
should be carefully monitored and protected. It is important to emphasize that the
vulnerability of green frogs is also augmented by multiple decades of catching for
commercial purposes [82].
Small rivers are recently becoming increasingly threatened by the construction of
small hydropower plants and the consequent devastation of the riverbeds [13].
Drainage systems for inundated lowlands and forest exploitation negatively affects
the water quality and flow uniformity of streams and consequently the aquatic wildlife
[63]. Solid waste depots are permanent air polluters; they are, unfortunately, often
situated near the water streams [63]. Natural lakes are particularly threatened by
erosive processes and intensive eutrophication, and uncontrolled fish re-stocking has
led to the questionable survival of several subspecies of alpine newt.

17.6 Small Water Bodies and Amphibians in Albania
17.6.1 General Hydrographic Features of Albania
Albania (28 748 km2 ) has a specific position in the Balkan peninsula. It is situated
in the western part of the peninsula and its territory touches the surface of all three
big lakes of the Balkans: Lake of Shköder in the northern part of the country, sharing
its waters with Montenegro, and the Ohrid and Prespa lakes in the southeastern part,
sharing waters with North Macedonia and Greece. Moreover, the country lies between
two main topographical units, the Dinarides in the north and the Hellenides/Albanides
in the rest of the country. These two units have a clear biogeographic border formed
by the Drin River flowing approximately from the Kosovo Polje to the Adriatic Sea.
It is simultaneously the longest river in the country, with a length of 285 km. Albania
has more than 152 rivers or streams, the most important of which are the Buna, Drin,
Mat, Ishëm, Erzen, Shkumbin, Seman, and Vjosë.
Albania is a very water—rich country, with 40 billion meters per year running to
the sea [83]. This is clearly due to its topography and the variety of high elevation
mountains with a mean elevation of approximately 700 m. The only lowland area is
the Western Lowlands, consisting of the sea, rivers, numerous lagoons, marshes, and
ponds, which form diverse habitats and ecosystems supporting a rich biodiversity.
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The river Vjosë has a specific position; it belongs to very rarely seen rivers in Europe
today, sometimes called the last wild river [84, 85].
In addition to the three largest lakes in the Balkans (and one of the oldest in the
world), Albania is known to have around 250 other lakes of karstic or glacial origin.
Its small, mountain lakes are well-known e.g. the Lura lakes situated in the Lura
Mountains in northern Albania, or the Valamarë lakes in the southeast. In the Lura
Mountains, twelve lakes are situated at a high elevation of between 1 500 and 1 800 m
and are unique for their distinctive colors. Albania is also known for its thermal or
karst waters, representing an important resource [86, 87].
The hydrographic basin of Albania has a total area of 43 305 km2 , i.e. 50% more
than the territory of the country [88]. Thus, it is not surprising that one of its most
important natural resources is groundwaters, including SWB. Apart from wetlands
of natural origin, Albania is rich in artificial water reservoirs (623 water reservoirs)
built for irrigation and hydropower production, of which more than half are SWB
[89].

17.6.2 The Origin and Status of Small Water Bodies
In Albania, the majority of SWB are connected with river systems or anthropogenic
activities. Around 250 lakes that have glacial or karst origin and a size smaller than
1 ha can be found throughout Albania (Fig. 17.7). More than 130 glacial lakes
of Albania are formed by magmatic and terrene formations;
On the other hand, coastal lagoons and marshes are formed of Quaternary deposits
with an alluvial origin [90]. Other SWB are parts of river systems or they have an
artificial origin, such as water reservoirs (more than 350), excavations (3 sites),
or aquaculture ponds (3 sites) [89]. The first attempt to create a national habitat
classification of water bodies in Albania was made in early 2000, with the first
Wetland Inventory Project, in which the Ramsar and MedWet wetland classification
was applied [89]. However, water bodies and wetlands smaller than 0.36 ha were
excluded from this inventory. SWB located inside the network of protected areas are
protected, but all other SWB falling outside this network are facing many threats and
pressures of anthropogenic origin.

17.6.3 Amphibian Species Occurring in Small Water Bodies
The rich fauna of Albania, including amphibians, has still not been completely
explored [91]. Despite relatively good knowledge of the diversity and distribution of
amphibians in the country [92–94], data on ecology, habitat preferences, and threats.
are generally scarce.
Of the 16 species of amphibians recorded in Albania, only S. atra and P. balcanicus
are not known for using SWB during its life. The distribution range of these species
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Fig. 17.7 The artificial SWB in the Shëndelli mountain of southern Albania, the aquatic habitat of
L. graecus, T. macedonicus, and B. variegata. Photo: D. Jablonski

in the country includes only the extreme north (S. atra) and southeast (P. balcanicus)
parts, where they are uncommon [92, 94]. Other amphibian species regularly use
SWB (Table 17.1), especially during the reproductive period, depending on the
geographic location and the type of terrestrial habitat. Regarding the Salamandridae
family, I. alpestris and L. graecus are typical inhabitants of SWB, especially in the
mountain or forest areas. On the other hand, T. macedonicus inhabits mainly larger
water bodies from lowlands to high mountains (e.g. Korab, Jablonski 2013, pers.
obs.). For most of the year, especially in the Mediterranean parts of the country,
SWB are used by B. variegata, Pelophylax spp., B. bufo, B. viridis, H. arborea,
R. dalmatina and R. graeca. Several species, B. variegata, B. bufo, R. graeca, and
the dubious taxon P. (ridibundus) kurtmuelleri, were recorded as inhabiting thermal
water habitats ([95, 96] and Jablonski, pers. obs.).

17.6.4 The Main Threats for Small Water Bodies
Freshwater bodies in Albania are under pressure from different sources [91]. Albania
was for most of the twentieth century a pristine country, free of major landscape
changes connected with anthropogenic activities. For example, due to the number
of wetlands, malaria was common for a long time in the last century. However, in
the early 1950’s and 1960’s, Albanian wetlands were profoundly altered through the
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investigation of a marshland reclamation scheme and the expansion of agricultural
land by alteration of riparian woodlands. More than 50% of the coastal wetlands
and most of the inland marshy areas were lost due to the development of drainage
projects, which negatively impacted amphibian species, although newly established
irrigation reservoirs in hilly and mountain areas were used by some amphibians [97].
More recently, since 1992, when the administrative structures collapsed, following
the collapse of the Communist regime, a second degradation has occurred leading to
uncontrolled urban and tourism development [90].
Waters in Albania are currently threatened by phosphorus pollution, pesticides,
littering, or development, especially around big cities. Lake Ohrid is a good example
of how formerly clear water may change [98]. This is also the major problem for
the unique local biodiversity connected with SWB. In the context of amphibians
and SWB, Albania represents the main distribution area for the endemic species of
water frog—Pelophylax shqipericus (Fig. 17.8). This species is distributed in a small
area with a size of ~ 5000 km2 . Most of the species range is limited to coastal areas
where massive development has occurred in the past years and the species might be
threatened mainly by fragmentation and degradation of habitats. Moreover, the area
is also the main agricultural region of Albania, and drainage or chemical pollution
may be an important factor that will decrease populations of P. shqipericus as well
as other amphibian species [99]. A similar threat might occur for another endemic,
P. epeiroticus, reaching the Albanian territory in the extreme south.

Fig. 17.8 Albanian Pool Frog—Pelophylax shqipericus—the endemic frog species for the Western
Balkans, photographed at Torovica locality in Albania. Photo: D. Jablonski
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Other amphibians in Albania are also using SWB during their life. Therefore, it
is absolutely necessary to preserve SWB (especially in the Mediterranean regions
with limited precipitation) as an important source of water for local amphibians. On
the other hand, it seems that small alpine or karst lakes are not under high pressure,
but might be seasonally threatened by tourism or by cattle breeding as mountain
lakes represent a source of waterholes for cattle. Furthermore, some of these glacial
lakes, such as those in Lura, Balgjaj and Valamarë are under serious pressure from
small scale hydropower projects that are planned or under construction in those areas
(Bego, pers. comments).

17.7 Small water bodies and amphibians in Serbia
17.7.1 General Hydrographic Features of Serbia
Serbia covers an area of 88 361 km2 , and, regarding macro-relief, has three distinct
areas: The Pannonian lowland in the north of the country; the Perripanonian flatlands along the Sava and Danube rivers, as well as along the lower parts of the
Drina, Kolubara, Morava, Mlava and Pek rivers; the mountainous area, which is the
largest of the three and includes parts of Dinaride, Karpato-Balkan and Rhodopi
mountain belts, intersected by a few large river valleys and numerous small rivers
and streams [100]. The most of the territory of Serbia belongs to the Danube (Black
Sea) drainage basin (92%), additional 5% to the Adriatic drainage basin, and 3% to
the Aegean basin.
Serbia is a hydrologically not very rich country: only 1.09% of the total surface
of the country belongs to inland waters, both running and standing ones [101]. The
wetlands/floodplains comprise the largest part of these inland waters, associated
with the lowland rivers of the Pannonian area. Although the wetlands were heavily
degraded through the process of conversion to the either arable or urban land, some
remain in their original state, thanks to the international recognition of value which
the wetland ecosystem services provide; these are proclaimed nationally protected
areas and nature reserves [100].
Rainfall on the territory of Serbia depends on relief and climate, providing mean
annual precipitation of 730 mm [102]. Serbia is, also, the poorest Balkan country in
autochthonous surface waters [103]. The mostly continental pattern of precipitation
is reflected in the highest amount of rain falling in May and June, while the least
precipitation is in February and October; the southernmost part of the country has
somewhat different precipitation regime, as there the most rain falls from October to
January and least in August [104].

17 The Importance of Small Water Bodies’ …

373

17.7.2 The Origin and Status of Small Water Bodies
A large number of SWB in Serbia are of anthropogenic origin: in the lowlands
of Voivodina in the Pannonian part of Serbia, intensive habitat alteration started at
the beginning of eighteenth century. During colonization of the area, people were
predominantly using soil for building houses, and by digging the soil they made
numerous small and middle-sized pits, which, in time, were filled with atmospheric
water and became suitable for local amphibian species [105]. Villages in the hillymountain area of Serbia consisted of scattered households with relatively small plots
of arable land. Every household maintained a water-collecting place for the livestock, often in the form of pit dug in the ground and filled with atmospheric water
(Crnobrnja-Isailović, field notes). Over the years, those pits became breeding sites
for local amphibians (Fig. 17.9). Apart from watering holes for cattle, some SWB
suitable for amphibians originated from abandoned quarries, or clay and gravel pits
[106].
Small water bodies in Serbia which provide aquatic habitat for Strictly Protected
Wild Species are formally protected from any degradation, alteration and destruction
by national legislation (see in: [107]). Out of 21 autochthonous amphibian species
in the country, 20 utilize SWB, and 17 of them are Strictly Protected (Table 17.1).

Fig. 17.9 Pond on Miroč mountain, Eastern Serbia, aquatic habitat of T. cristatus, L. vulgaris, B.
bufo, B. variegata, Pelophylax sp. and R. dalmatina. Photo: J. Crnobrnja-Isailović
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Actually, all amphibian species in Serbia, except for water frogs, belong to this
category, and this suggests that the most of SWB in Serbia are indirectly protected by
the national law. However, it does not mean that SWB are not subjected to degradation
and destruction, because there are discrepancies between theory and practice, or
between the rules defined by the law and the efficiency of their implementation in
real life.

17.7.3 Amphibian Species Occurring in Small Water Bodies
Only one of 21 amphibian species recorded in Serbia (Table 17.1) is not found in
SWB: the alpine salamander (S. atra), which is an entirely terrestrial species. The
Greek frog (R. graeca) spawns in running waters [108], which also includes small
rivers and streams categorized under SWB.
Most amphibian species in Serbia spawn in SWB (Table 17.1), often of anthropogenic origin. Relatively soon after the construction of a water hole or a pit, a
pioneer amphibian species colonizes it; in the mountain areas it is often B. variegata, followed by I. alpestris (Pešter Plateau, Crnobrnja-Isailović 1996, 1997, field
notes). The structure of these man-made aquatic habitats and the general occurrence
of aquatic habitats in the area shape the diversity of local amphibian assemblages.
One example from Western Serbia (Peripannonian region) is the roughly circular
water collecting pit, dug in the ground on a private estate, situated near the stable,
in the shady part of a courtyard, 4m2 large, 1.5 m deep, and turbid. For decades,
this pond was the breeding place for local T. macedonicus, R. dalmatina and B.
variegata (Crnobrnja-Isailović, 2001, field note). The size of the SWB would not be
a factor which predominantly determines the number of species in a local amphibian
assemblage; rather it could be a combination of several parameters such as overall
number of amphibian species in the area, density and composition of submersed
vegetation, the presence of aquatic predators, and the degree of pollution.
In mostly forested areas or complex habitat systems in hilly-mountain area south
from the Sava and Danube rivers, consisting of open deciduous forests and meadows
at elevations ranging from 40 to 800 m above sea level, the predominant amphibian
species in SWB are those which typically inhabit deciduous forest habitats. For
example, on the territory of “Djerdap” National Park and in the buffer zone, an inventory done in 2012 revealed that 79% of potentially occurring amphibian species used
an SWB as a breeding site [109]. R. dalmatina and Pelophylax species were recorded
in 52 and 36% of recorded SWB, respectively, followed by B. bufo (Fig. 17.10), S.
salamandra and B. variegata (found in 32% of known SWB). The remaining five
amphibian species were detected in only 4% of recorded SWB. For comparison, 18
surveyed SWB at Pešter plateau in southwestern Serbia, where elevation varies from
800 to 1300 m above sea level, harboured 33.3% of detected amphibian species [110].
B. variegata and Pelophylax sp. were recorded in 67% of surveyed SWB, followed
by I. alpestris and L. vulgaris (found in 50 and 44% of surveyed SWB, respectively),
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Fig. 17.10 Common toad—Bufo bufo—common amphibian species in SWB of Serbia. Photo: J.
Crnobrnja-Isailović

while B. bufo and Ranae fuscae (brown frogs) were found in only 6% of surveyed
SWB.

17.7.4 The Main Threats for Small Water Bodies
In the past, the Pannonian and Peripannonian parts of Serbia had been subjected to
the most drastic habitat changes: In the Pannonian part, fragmentation and drainage
of wetlands started as far back as in the XVIIIth century, with later intensification,
especially after the end of World War II; this resulted in the same or even higher levels
of destruction of freshwater habitats in the Peripannonian part of Serbia—along the
Morava river [105].
The Balkan part of Serbia was characterized by mass-migration of people to
the urban areas, starting at the end of World War II. In time, numerous households became abandoned or without cattle. Consequently, many watering holes e.g.
anthropogenically originated SWB, became abandoned. Succession and/or (recently)
climate change has led to their overgrowth and desiccation [100]. Certain ponds
became dumping places for all kind of waste [106, 111] or were simply drained
by landowners to make orchards (for example: a pond in Gledeće village in the
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vicinity of Ljubovija town in Western Serbia; Crnobrnja-Isailović 1998, field note),
or potato fields (for example: area of Mlekominci at the outskirts of Bosilegrad town
in Southeastern Serbia [106]). A survey done in year 2003 on 53 great crested newt (T.
cristatus species complex) breeding sites, previously recorded a few decades before,
revealed that 40% of them no longer exist, as, over time, they were transformed into
the agricultural land or they simply dried out; an additional 9% were transformed
into private fish farms [106]). In short, a number of SWB in Serbia which lost their
function of water storages or fishponds were degraded or destroyed.

17.8 Small water bodies and amphibians in North
Macedonia
17.8.1 General Hydrographic Features of North Macedonia
North Macedonia covers an area of 25 713 km2 . There are different types of water
bodies, such as groundwater, springs, flowing waters, streams and rivers, as well
as natural lakes and reservoirs. The total water wealth of the country is estimated at
about 26 billion m3 . Accordingly, North Macedonia could be categorized as a medium
sized, water-rich country. Water resources are unevenly distributed on its territory,
as a result of different geological compositions, relief structures, and climatic characteristics. Even 84% of the water springs originate from North Macedonia, while
only 16% come from beyond the borders [112].
The rivers in North Macedonia belong to three river basins: the Aegean, Adriatic,
and Black Sea. The Aegean river basin is the largest in North Macedonia and covers
an area of 22 319 km2 or 87% of the total territory of the country. It consists of
the Vardar river basin (with river tributaries this includes 80% of the territory of the
country).
Within the borders of North Macedonia there are 160 lakes with a total area
of about 500 km2 , i.e., about 2% of the total area. Of these, 50 are natural and
the remaining 111 are artificial—reservoirs. There are three tectonic lakes in North
Macedonia: Ohrid Lake, Prespa Lake, and Dojran Lake [112]. Besides these tectonic
lakes, there is Moklishko Lake, a coastal-spring (Island near the monastery of St.
Naum), six swamp lakes, several cave lakes, and 43 glacial lakes (mostly on Shar
Planina—21, and the rest are on Korab, Deshat, Jablanica, Stogovo, Pelister, and
Jakupica).
Regarding the artificial lakes there are 110 reservoirs in North Macedonia. Of
these, 22 have a total volume of more than 1 million m3 , and the rest have a smaller
volume. Larger artificial lakes comprise Tikveš Lake on Crna Reka, Kozjak on
Treska River, Mavrovo Lake on Mavrovska Reka, Spilje on Crn Drim, Kalimanci on
Bregalnica River, and Strezevo on Semnica River [112].
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17.8.2 The Origin and Status of Small Water Bodies
From a socio-economic point of view, North Macedonia is a country with a rich
tradition of agriculture, and a special emphasis on animal husbandry. The distribution
of SWB mainly refers to rural areas/villages where the peoples’ primary means of
subsistence is agriculture/livestock. In general, many of these SWB are man-made
watering holes, as well as temporary reservoirs for irrigating small garden areas, both
in lowland and mountainous areas. Also, some SWBs are formed along rivers and
streams under conditions of the spring rise of water level as a result of snow melting.
The snow forms small alluvials which are important habitats for aquatic animals and
breeding sites for amphibians (Fig. 17.11).
Agriculture and animal husbandry are more pronounced in the southern, southeastern, southwestern, and western parts of North Macedonia [113], where.
SWB are mainly distributed. It is interesting that a high concentration of SWB
can mainly be observed in the eastern and south-eastern parts of the country (Kočani
and Strumica fields) [114].
All of the above also refers to the lowland and mountainous areas where agriculture/livestock is present [114] Additionally, some SWB result from the extraction of
sand and sediment, and the digging of irrigation channels. These artificial SWB are
generally present in the vicinity of river flows in the lowland parts of the country
as well as in the parts that have intensive agriculture (Pelagonia plain, Polog plain,
Kočani field). The highest frequency of SWB is observed in Kočansko Pole where

Fig. 17.11 Small alluvial water body near near Graeska reka in North Macedonia, aquatic habitat
of B. variegata, P. ridibundus, L. vulgaris/graecus and T. macedonicus. Additionaly, H. arborea
was found in close proximity. Photo: B. Sterijovski
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the cultivation of rice is traditionally the main agricultural branch, as well as in Strumica valley where agriculture is the primary economic strata for the majority of local
inhabitants.
In certain parts of North Macedonia, SWB are the basic reproductive centers for
amphibian species, as in the central part of the country, where, according to the
climatic-vegetation conditions, the area is characterized as steppe [115]. The Slan
Dol (lower course of the river Bregalnica) is characterized by dry, hot summers [116]
so all water bodies (except the river Bregalnica) dry up during the summer [116]. The
SWB that appear during the spring months are extremely important for the survival
of the local amphibian species as their key and unique reproductive centers.

17.8.3 Amphibian Species Occurring in Small Water Bodies
Eight of the 14 species of amphibians present in North Macedonia [118], have the
status of nationally protected [118]: T. ivanbureschi, T. macedonicus, B. variegata
(Fig. 17.12), B. viridis, H. arborea, P. balcanicus, R. dalmatina and R. graeca (Table
17.1). According to the database made for the compilation of the national Red List
[120], 12 species (80% of all amphibian species in North Macedonia) use SWB
among the other aquatic habitats (Table 17.1). As much as 27% of the records on
amphibian species in North Macedonia were done in SWB. Three amphibian species

Fig. 17.12 Yellow-bellied toad—Bombina variegata—in SWB of “Galičica” National Park in
North Macedonia. Photo: D. Jablonski
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(H. arborea, R. dalmatina, R. graeca) are considered as Near Threatened (NT), two
species (T. macedonicus, P. balcanicus) are categorized as Vulnerable (VU), while
four species (I. alpestris, L. vulgaris, T. ivanbureschi, R. temporaria) are considered
as Endangered (EN) by the National Red List [120].
The fact that almost one third of the nationally recorded amphibians were observed
in SWB and that 33.3% of all amphibian species observed in North Macedonia have
an endangered status on the National Red List highlights the exceptional importance
of protecting and conserving these water bodies. Also, local amphibian diversity
hotspots overlap with the geographic position of SWB nationwide. This shows that
SWB play an exceptional role in maintaining the national amphibian diversity. Additionally, in the arid region of the central part of North Macedonia, the existence of
SWB is a basic prerequisite for the distribution and dispersion of amphibian species.
Sterijovski and Arsovski [120] found that the high diversity areas for amphibians in
North Macedonia are overlapping with the areas where agricultural/animal husbandry
is present, thus connecting it with SWB.
Of course, this also overlaps with the presence of the large water bodies (such as
large lakes—natural and artificial, big rivers, and streams), but 27% of all records
for amphibians are in the SWB. This indicates that SWB are the key factor for wider
dispersion of the amphibians in North Macedonia.

17.8.4 The Main Threats for Small Water Bodies
Modification and fragmentation of amphibian habitats is recognized as the greatest
threat [121] that puts direct pressure on SWB. This process has been even more
intense in the past three decades and it is still going on [122]. Historically overviewed,
in North Macedonia this process started after the Second World War when most of
the swamps and marshes were drained due to occupy the land for agriculture and to
fight against malaria [123]. The SWB were not excluded, either. This was especially
prevalent in the southern and southeastern parts of the country [123]. More recently,
field research has shown the drying out of SWB. Climate change is leading to changes
in climatic seasons that directly affect biodiversity at all levels, since species and
ecosystems have adapted to living in a particular climate and often cannot adapt
to higher temperatures, more frequent droughts and more extreme weather events
[112].
In addition, the deteriorating socio-economic situation is forcing people to
abandon traditional farming and cattle breeding practices. This directly affects the
condition of SWB as they slowly but surely disappear [112]. Abandonment of pastoral
systems and lack of grazing are recognized as the highest threat to biodiversity
[112]. More recently, the practice of installing small hydropower plants in mountainous regions has indirectly affected SWB. Namely, insufficient control in situ by
the competent institutions means that they have overlooked cases where an ecological minimum for water flow is not provided. This creates completely dry riverbeds
and the SWB that are formed by the rivers as small alluvial enclaves are lost [112].
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Threats to small waterfowl have been recognized in the latest strategy, with an action
plan for the biodiversity of North Macedonia. Recommendations for the conservation
of SWB are primarily related to the socio-economic situation of the people.

17.9 Conclusions
This study revealed that 97% of 29 amphibian species listed for the Western Balkans
use SWB as suitable habitats during at least one phase of their life cycle. It confirmed
statements from the literature [12, 15, 16, 124] that SWB (ponds, small lakes, ditches,
springs and small streams) are important for conservation of local and regional
amphibian diversity, especially in regions under the high impact of economic transition, which the Western Balkans certainly is. As it was pointed out in [124], SWB
are often the last intact freshwater habitats in the area which provide a refuge for
species have already disappeared from larger, more damaged water bodies. On the
territory of the Western Balkans, freshwaters, together with forests, are treated as free
capital which can be easily converted into economic benefit, which implies intensive exploitation organized by specific parties with a common interest. As a result,
SWB are under continuous threat of pollution (Fig. 17.13), degradation, alien species
(mostly fish) introduction, and are disappearing, either due to anthropogenic impact
(drying out or abandoning, which refers to a SWB of anthropogenic origin formerly
actively maintained for keeping water, mostly because of cattle raising), or due to

Fig. 17.13 A wasted SWB, aquatic habitat of endemic amphibian species. Photo: D. Jablonski
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natural causes (succession and/or change of climate). Intensive habitat alterations,
such are the construction of new motorways and highways, the opening of new mines
for exploitation of rare or essential minerals, deforestation, establishment of small
hydropower plants, and many others, additionally jeopardize already fragmented
amphibian populations.
Based on the fact that amphibians are globally the most threatened vertebrate
group [1], the loss of their essential habitats is not just a national issue. The conservation of SWB is in many cases related to the socio-economic status of the people
i.e. to the stimulation of local stakeholders to continue with traditional practices
of agriculture and animal husbandry, including maintenance of SWB, and to their
continuous education on the importance of SWB for the preservation of high values
of local biodiversity. Additionally, SWB that occur naturally should be regularly
monitored for threats and any detected disturbance, referring either to an unusual
change of water level or to the decline of populations and/or species, which should
be properly mitigated.
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47. Ðurović E, Vuković T, Pocrnjić Z (1979) Vodozemci Bosne i Hercegovine. Zemaljski Muzej
Bosne i Hercegovine, Sarajevo
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S, Tomović LJ (2014) New records of the Common
Spadefoot Toad, Pelobates fuscus (Anura: Pelobatidae), in Bosnia and Herzegovina. Ecol
Monten 1:92–95
54. Jelić D, Karaica D (2012) First data on the fauna of amphibians and reptiles of the lower Una
River and its coastal area. HYLA 2011:22–41
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N (2014) The Herpetofauna of the Great Ulcinj Beach area including
Ada Island (Montenegro). Turkish J Zool 38:104–107
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biodiversity of the Biogradska Gora national park. University of Montenegro & Centre for
Biodiversity of Montenegro, Monographies I, Department of Biology, pp 140–148
77. Sjogren-Gulve (1994) Distribution and extinction patterns within a northern metapopulation
of the pool frog, Rana lessonae. Ecology 75:1357–1367
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106. Crnobrnja-Isailović J, Aleksić I, Arntzen JW (2005) The status of great crested newt breeding
sites in Serbia. Froglog 67:2–3
107. Anonymous (2010) Book of rules on declaring and protection of strictly protected wild species
of plants, animals and fungi. Official Gazette RS No 5/2010
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