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Abstract. Within the framework of »Water Management Plan for the Danube River Basin and the Adriatic
Sea 2015-2021 (NUV II)«, a study on the groundwater status of karst aquifers which are habitats of groundwater
dependent ecosystems (GDEs) was carried out. Among them are the habitats of olms (Proteus anguinus), the
endemic species of Dinaric karst. These habitats have been included in the Slovenian part of the Natura 2000
network, which aims at protecting and preserving rare, endangered and endemic animal and plant species and
habitat types. However, the conservation status of some olm habitats is unfavourable given that the number of
specimens is declining. For this purpose we prepared hydrogeological conceptual models, where recharge areas
were delineated and quantitative as well as qualitative status of surface and ground-waters were studied.
Knowing the basic characteristics of olms, their habitats and critical parameters that adversely affect their
conservation status, we identified locations where critical parameters could exceed the threshold values in
groundwater. We also identified the areas where and what are the trends of the observed parameters that
exceed the natural background (As, Zn) or are undoubtedly of anthropogenic origin (PCB).
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Izvlecek. Ekosistemi, odvisni od podzemne vode — indikatorji stanja podzemne vode — V okviru
priprave »Nacrta upravljanja voda za vodni obmodji Donave in Jadranskega morja 2015-2021 (NUV II)« smo
preucevali tudi kemijsko in koli¢insko stanje podzemnih voda kraskih vodonosnikov, ki so habitat ekosistemov,
odvisnih od podzemne vode (EOPV). Med temi habitati je tudi habitat Cloveske ribice (Proteus anguinus), ki velja
za endemit dinarskega krasa. Habitati ¢loveskih ribic so uvrsceni v slovenski del omrezja Nature 2000, katerega
cilj je varovati in ohraniti redke, ogroZene ali endemicne vrste Zivali in rastlin ter habitatnih tipov. Kljub temu je
stanje ohranjenosti nekaterih habitatov Cloveskih ribic neugodno, saj stevilo osebkov upada. V ta namen smo na
podlagi razpolozljivih podatkov izdelali hidrogeoloske konceptualne modele, kjer smo doloCili prispevna obmodja
virov podzemne vode, od katerih so odvisni ekosistemi, in preucili kemijsko in koli¢insko stanje podzemne ter
povrsinske vode na podlagi rezultatov razli¢nih monitoringov. S poznavanjem osnovnih znacilnosti ¢loveskih ribic
in njihovega habitata ter z naborom poznanih kriticnih parametrov, ki neugodno vplivajo na njihovo stanje
ohranjenosti, smo ugotavljali, na katerih mestih so mejne vrednosti kriticnih parametrov v podzemni vodi
presezene ter kje in kaksni so trendi koncentracij onesnaZeval v podzemni vodi, ki presegajo naravna ozadja (As,
Zn), ali pa so zagotovo antropogenega izvora (PCB).

Kljune besede: podzemna voda, ekosistemi, odvisni od podzemne vode, ¢loveska ribica, Vodna direktiva
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Introduction

Groundwater presents the main source of drinking water in Slovenia since it supplies more
than 97% of its population (Krajnc et al. 2008). It is also very important for agricultural and
industrial use. Actually, more attention is given to the groundwater dependent ecosystems
(GDEs) which also play an important role in characterization of the groundwater body status
(ARSO 2009). These GDEs require permanent or intermittent access to groundwater to meet
all or some of their water requirements, so as to maintain their communities of plants and
animals, ecological processes and ecosystem services (Richardson et al. 2011). GDEs include
groundwater ecosystems (GWE), groundwater dependent terrestrial ecosystems (GWDTE) and
groundwater associated aquatic ecosystems (GWAAE).

Habitats of olms, GDEs studied in this paper, are part of the Natura 2000 protected areas
(the EU's ecological network). The aim of Natura 2000 Management Programme for Slovenia
for the 2015-2020 period is to ensure the favourable conservation status of species and
habitat types (Vlada RS 2015). It includes various GDEs, such as forests, wetlands, caves,
aquatic animals, petrifying springs with tufa formation (Cratoneurion), etc. Subject of our
research were endemic species of olms (Proteus anguinus), karst GDEs that have
unfavourable conservation status and require restoration and/or preservation. Amphibians are
found in groundwater of karst channels and caves in the SW, S and SE parts of Slovenia.
Chemical status of groundwater in vulnerable karst aquifers in Slovenia is good on the regional
scale but experts claim that olm population, which undoubtedly depends on groundwater
status, is declining in some areas (Sket 1997, Bulog 2012). For this reason we studied, within
the framework of »Water Management Plan for the Danube River Basin and the Adriatic Sea
2015-2021 (NUV II)«, the relationship between the groundwater quality and quantity and
ecosystem'’s conservation status.

Materials and methods

Olms are also known as proteus, human fish or salamander ( Proteus anguinus). This cave-
dweller is considered an endemic species of Dinaric karst (ZRSVN 2008). It lives only in
groundwater along the Adriatic Sea (Sket 1997). Olms can be found in more than 70 caves in
Slovenia (ZRSVN 2008). Beside the white olm (Proteus anguinus anguinus), there is also a
black pigmented subspecies of olm (Proteus anguinus parkelj), which is located around
Crnomelj and is known as endemic species of Bela krajina in SE Slovenia (Sket et al. 2003).
OIms live in the karst groundwater cave systems and prefer calm and well oxygenated water
with stable temperature (Honegger 1981, Sket 1997). They live in phreatic zones that are
occasionally flooded into epiphreatic zones during peak discharges, so they depend exclusively
on fresh groundwater and do not survive on the dry land (Aljancic et al. 2014). Ecosystems of
olms (Tab. 1, Fig. 1) are found in the karst areas where surface water mostly or completely
sinks into the ground. Conservation status of olms is classified into 3 priority classes (ZRSVN
2014). 9 GDEs have unfavourable conservation status (the 1% and the 2" priority), whereas
16 ecosystems achieve favourable conservation status. In our study we focused on olms in
unfavourable conservation status, where their population is believed to be declining. Experts
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estimate that the critical oxygen concentration in groundwater for olms is 2.9 mg O,/L (at
10° C), but they can also survive in groundwater with less than 1% O,/L (Bulog 2007).
Experts also estimate that groundwater nitrate concentrations (NO5") above 10 mg/L can harm
the adult olms as well as the larval stages (Hudoklin 2011).

For the identification and understanding the dependence of GWE on groundwater it was
necessary to collect available information on hydrogeological and hydrodynamic characteristics
of aquifers in the areas of GDEs. Based on results of past tracer tests and studies for water
protection areas, groundwater recharge areas of groundwater resources on which GWEs
depend on were delineated and conceptual models were elaborated. Conceptual models
describe in the first place the aquifer type, groundwater flow directions and groundwater -
surface water interaction. Groundwater chemical and quantity status was studied based on
on-site or nearest monitoring sites to GWEs and, moreover, also using surface water
monitoring sites where aquifer is recharged by surface water. Monitoring programme is
implemented and performed by the Slovenian Environment Agency (ARSO) for ecological,
chemical and quantity status, and by the Biotechnical Faculty (University of Ljubljana) for
water quality. Additionally, we also examined whether the GDEs are located in the water
protected areas, where the abstractions could have a certain impact. Further, we reviewed the
published literature and available data from other groundwater monitorings (sources cited in
Mezga et al. 2015), land use and possible sources of pollution in the GDEs’ recharge areas
such as settlements, agricultural land use, industrial facilities, landfills and emissions from
facilities. Based on the known environmental supporting conditions as well as critical
parameters and threshold values for the olm population, we identified locations with exceeded
threshold values for the critical parameters and prepared a list of possible sources for
ecosystem deterioration (Tab. 1).

Table 1. List of habitats of olms in the Natura 2000 area in unfavourable conservation status (ZRSVN 2014), possible
sources of ecosystem deterioration and measured concentrations of some pollutants in surface- and groundwater.
Tabela 1. Seznam habitatov Cloveskih ribic na obmocju Nature 2000 v neugodnem stanju ohranjenosti (ZRSVN 2014),
mozni viri obremenitev ekosistemov in merjene koncentracije nekaterih onesnazeval v povrsinski in podzemni vodi.

Measured concentrations

GB Ecosystem Possible sources for ecosystem

ID*  (Natura 2000) Priority jeterioration* :lf‘rf::):j eandp(g’lrI::::EZat::
fertilizing Planinsko polje  with  Pivka River at Planinsko polje
chicken manure, intensive farming, (Bulog 2007, 2012):
uncontrolled discharges of municipal <5.0 pug Zn/L,
Notranjski wastewater treatment plant, direct <0.5-3.6 pg Cu/L,
1010 trikotnik 2 runoff from the sewage system, 3.17 pg Hg/L,

landfills, illegal dumpsites;  0.25-0.76 pg As/L
occurrence of metals in water, poor

ecological status of rivers Pivka,

Cerkniscica, Reka

intensive agriculture, illegal Vir (2003-2006; Seibert

discharges from the sewer system 2008):

into the underground, settlement 6.2-25.5 mg NOs7/L,
1011 Vir pri Sticni 1 with unregulated sewage system, 0.06-2.38 mg PO.*/L

illegal dumpsites, caves and abysses

filed with garbage, cultivation of

birds and rabbits close to spring
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GB Ecosystem

Possible sources for ecosystem

Measured concentrations

ID*  (Natura2000) """  geterioration* S oroundwater
old sources of pollution (landfills, Krupa (ARSO 2015):
installations, industrial sites, emission  presence of PCB

Gradac 2 . -
sites, etc.), settlement, agriculture,
caves filled with garbage
old unremediated pollution sources, JelSevnik (2001-2015; Bulog
uncontrolled discharges of wurban 2007, 2012; ARSO 2015):
waste, illegal dumping of waste, 0.9-16 mg NOs7/L;
Dobli¢ica 2 renovation of the road above the 0.01-2.5 mg PO.%/L;
(JelSevnik) spring, manure and slurry spills; <5.0-14.6 pg Zn/L;
occurrence of metals in water <0.5-9.8 pg Cu/L;
0.29-5.05 ng Hg/L;
<0.01-1.20 pg As/L
Kotarjeva agricultural and urban areas, illegal n.d.*
prepadna 2 dumping of waste, caves filled with
garbage
manure and slurry spills, caves filled Packi potok (2000-2009;
with garbage, illegal dumping of Bulog 2012): 2.7 mg PO.*/L;
waste, agriculture and irrational use Packi breg (2014; ARSO

1011 Stphe - Bre 5 of fertiizers and  pesticides, 2015): 4.5-16.5 mg NOs/L,

9 uncontrolled discharges of municipal 0.04-0.52 mg PO*/L;
wastewater treatment plant, old Otovski breg (2014; ARSO
impacts (insecticide) 2015): 6.5-20.5 mg NOs7/L,

0.02-0.32 mg PO.*/L
agricultural and urban areas, illegal n.d.*
Petanjska jama 2 dumping of waste, caves filled with
garbage
manure from pig farm, cattle Listed locations  (2015;
farming, unremediated old deposits Prelovsek 2015): Vodna jama
in pits, effluent of waste water intoa (pri Klinji vasi) 12.64-16.97
pit, discharges from municipal waste mg NO;/L; Vodna jama pri
water treatment plant, municipal CviSlerjih 11.66-22.33 mg
landfill, industrial facilities, cave NO;/L; Velika Stankova jama
Jama pod Starim Bregom used for 12.30-15.56 mg NOs/L;
Kot industrial landfill for chipboard, resin Remihov mlin 172.36 mg
ocevsko 2 - . 2 . :
and melamine  panels; poor SO47/L; Vodna jama (pri
ecological status of Rinza River Klinji vasi) 111.15-242.18
mg SO4%/L; Zelinske jame
12.66-216.61 mg SO%/L;
Jama v Sahnu 0.13-2.14 mg
PO,*/L; Vodna jama pri
Cvislerjih  0.10-2.94 mg
PO,>/L
landfills, direct discharges of waste Jama 1 v Kanjaducah (2004;
water from industrial and municipal Mihevc & Rijavec 2006):
waste water treatment plants in the 207 mg NOs7/L,
5019 Kras 2 cave, use of fertilizers and pesticides 63 mg SO.*/L,

(golf  course, horse breeding),
winegrowing, unregulated dung and
manure storage pits

5 mg PO.*/L,
204 mg CI'/L

* All sources are listed in Mezga et al. (2015); GB — Groundwater Body; n.d. — no data
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Figure 1. Habitats of olms in the Natura 2000 (ZRSVN 2014) and their recharge areas (Mezga et al. 2015).
Slika 1. Habitati ¢loveskih ribic na obmo¢ju Nature 2000 (ZRSVN 2014) in njihova prispevna obmocdja (Mezga et al.
2015).

Results and discussion

The main pressures on olms in unfavourable conservation status could be linked to poor
groundwater quality arising from unremediated old impacts of pollution, illegal dumping of
waste, intensive agriculture, unregulated disposal of manure, slurry and pesticides, waste
water treatment plants malfunctions, unregulated drainage of industrial and municipal waste
disposal sites (especially into caves), which make these GWEs highly vulnerable.

Detailed analysis of the results of national monitoring show that groundwater status at three
monitoring sites (Krupa, Otovski breg and Packi breg) can have unfavourable impact on the
conservation status of ecosystems due to the presence of polychlorinated biphenyls (PCB) and
increased nitrate concentrations (NO3’) in groundwater (ARSO 2015). Additionally, the results
of other monitorings (Mihevc & Rijavec 2006, Bulog 2007, Seibert 2008, Bulog 2012,
Prelovsek 2015) showed that groundwater chemical status is locally deteriorated by increased
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concentrations of nitrate (NO;3), phosphates (PO,*), chlorides (CI), sulphates (S0,%)
(Jama 1 v Kanjaducah, Vodna jama (pri Klinji vasi), Vodna jama pri Cvidlerjih, Zeljnske jame,
Jama v Sahnu, etc.) and metals (As and Zn) (Jelevnik). In the areas of the ecosystems,
where no monitoring of groundwater has been carried out, we can assess the status of
groundwater based on analysis of the pressures and impacts.

In order to achieve the environmental objectives according to the Water Framework Directive
(EU WFD 2000, Article 4) and Decree on groundwater status (Ur. I. RS 2009, 2012), as part of
the Water Management Plan for the Danube River Basin and the Adriatic Sea, supplementary
measures need to be introduced to prevent any groundwater deterioration that has
unfavourable impacts on GDEs. Thus, continuous upgrade of knowledge on GDEs is needed in
the following years, including hydrogeological and ecological conceptual models of ecosystems
as well as determination of critical parameters and their threshold values. In order to prepare
quality basis for the preparation of the necessary supplementary measures, a close
collaboration between experts of both mentioned interdisciplinary fields is required.

Groundwater monitorings in the recharge areas of groundwater resources, on which GWEs
depend on, have pointed out an important role of GWEs in identifying local groundwater
status. Specifically, the conservation status of ecosystems (favourable or unfavourable) can
provide additional information on the groundwater status at the local level and can serve as
an indicator of local groundwater status. Additional definition of critical parameters and their
threshold values for olms would allow narrowing the list of sources of pollution which are
affecting groundwater status and consequently ecosystems. The fact that olms are extremely
sensitive and vulnerable to changes in the environment (Aljanci¢ et al. 2014) and that their
threshold critical values are much lower in comparison with the quality standards or threshold
values according to the Decree on groundwater status (Ur. I. RS 2009, 2012), can help us to
identify reliable local groundwater status.

In order to restore and preserve damaged GDEs, including endemic species, a favourable
conservations status needs to be achieved. This could only be reached when there is sufficient
quantity of groundwater of good quality, which also requires knowledge on critical threshold
values of critical parameters for individual species and habitats conservation in groundwater.
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