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ABSTRACT

Crno jezero (1675 m a.s.l.) is an alpine lake on Treskavica 
Mt. in Bosnia and Herzegovina (BiH). We investigated the 
distribution and abundance of aquatic macrophytes in the lake 
after the standard BAS EN 15460:2009 and orthophotos that 
were taken by a drone at different heights (124, 80, 50, 20 m). 
Aquatic macrophytes were sampled on both the longitudinal and 
vertical profile of the lake, whereby the depth and temperature 
of water were measured by the Mares Quad dive computer. For 
the assessment of its ecological status, we used Macrophyte 
Nutrient Index for Ponds (M-NIP) and QGIS ver. 3.22.13. 
The most abundant macrophytes were: Equisetum fluviatile, 
Potamogeton alpinus, P. perfoliatus and Carex rostrata. By 
comparison of our results with the previous ones originating 
from 1954, we made a predictive model for the succession 
dynamics of macrophytic vegetation around the lake. In spite of 
that, calculated M-NIP classified the ecological status of Crno 
jezero as good. This research represents an original approach 
in the investigation of alpine lakes in BiH with the potential 
to be applied on a national scale as a contribution to global 
monitoring programs.
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INTRODUCTION

Mountain ecosystems are proven sentinels of 
climate changes (Pepin et al. 2015; Zamora et 
al. 2016; Kang et al., 2019; Peñas et al., 2023), 
whereby the most apparent responses to changes 
in environmental parameters, such as acidification 
or nitrogen dynamics, are detectable in alpine 
lakes (Catalan et al., 1994; Camarero et al., 1995; 
Mosello et al., 2002; Beniston and Stoffel, 2013; 
Pulido et al., 2015; Peñas et al., 2023). However, 
the greatest ecological challenge for these delicate 
ecosystems is global warming (Schindler et al., 
1996; Sommaruga-Wograth et al., 1997; Catalan 
et al., 2006; Trevisan et al., 2010; Pulido et al., 
2015; Schmeller et al., 2018; Moser et al., 2019; 
Pastorino and Prearo, 2020; Gnjato et al., 2022; 
Lind et al., 2022). Since the rate of air warming 
rises with altitude (Pepin et al., 2015; Preston et al., 
2016; Obertegger and Flaim, 2021), alpine lakes 
manifest steeper surface warming in comparison to 
the low-land lakes (Sadro et al., 2019; Moser et al., 
2019; Obertegger and Flaim, 2021). This affects 
aquatic biota mainly through accentuated water 
stratification and periodicity of ice cover (Adrian 
et al., 2009; Moser et al., 2019; Obertegger and 
Flaim, 2021). 

Due to their low accessibility, alpine lakes are less 
impacted by direct human activities (Kollmair et 
al., 2005; Peñas et al., 2023), which makes them 
a good reference point for monitoring of the 
ecological status of lentic ecosystems in general. 
Indirect human impact, however, relates mainly to 
the changes in biogeochemical cycles (Galloway 
et al., 2008; Kang et al., 2019) which alter their 
chemistry, nutrient supplies, and consequently, 
a bioproduction level (Saros et al., 2005; 
Vinnå et al., 2021; Oberteggerand Flaim, 2021; 
Gnjato et al., 2022). On the other hand, remote 
locations of alpine lakes led to poor knowledge 
of their biodiversity and ecological processes 
(Sommaruga, 2001; Tolotti et al., 2006). In Bosnia 
and Herzegovina (BiH) alpine lakes are many, but 
almost completely unexplored in terms of their 
macrophyte-based ecological status. By now, 
the objective of the research was the diversity of 

macrophytic communities or genera of special 
conservation interest (Milanović, 1954; Mišić, 
1984; Redžić et al., 2013; Milanović et al., 2014). 
Our study aims to develop and test methods for 
monitoring of alpine lakes in BiH by selecting 
Lake Crno jezero as a case study.

MATERIALS AND METHODS

Lake Crno jezero is situated in a depression 
between the peaks Ljeljen (1974 m) and Ilijaš (1879 
m) on Treskavica Mt. at an altitude of 1675 m a.s.l. 
(Fig. 1). The geological foundation here is mainly 
limestone, except for the lake’s southern section 
where clastic formations - quartz sandstones occur 
(Hrvatović, 2006). The ratio between the mean and 
maximum depth for Crno jezero is 0.32, which 
is the threshold value between the funnel and 
convex-shaped basin of the lake. Indeed, the lake 
is funnel-shaped along its W-S-N axis and convex 
in the E, which has its consequences in terms of 
siltation dynamics, substrate type, water depth, 
and vegetation. Around the lake occurs rendzine, 
calcomelanosol, and ilimerized types of soil 
(Ćirić, 1980). According to some authors (Cvijić, 
1900; Milojević, 1934; Bušatlija, 1977), this lake 
is glacial by its origin. However, Spahić (1984) 
stated the hypothesis that the origin of the lake 
was polygenetic. The lake is fed by precipitation 
and springs which are under the peaks Ljeljen and 
Ilijaš.

Figure 1 Physico-geographical position of 
Crno jezero in Bosnia and Herzegovina.
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The climate at the lake is alpine with precipitation 
maximum in November and December (Fig. 2). 
Due to large quantities of snow in winter and low 
temperatures in general, the snow cover lasts until 
May, and the water level of the lake oscillates about 
30 cm (Spahić, 1984). According to historical 

records, the depth of the lake has dropped from 
5.3 m (Protić, 1926) to 3.7 m (Spahić, 1984). The 
succession of open water into the wetland, running 
from the East to the West, was noted already 
decades ago (Spahić, 1984).

The fieldwork was carried out in 2022 (October) 
and 2023 (June and August). Sampling, analysis, 
and processing of macrophytes was conducted 
according to the standards BAS EN 15460: 2009. 
The sampling of macrophytes was based on the 
obtained orthophotos of the lake that showed 
distinct vegetation belts. The abundance of 
submersed macrophytes was calculated based on 
orthophotos that were taken at 124, 80, 50, and 20 
m by angle of -90 ْMP 1 /2.0 FOV 84 F 2 8. The 
high-altitude diving was performed to delineate the 
thermal gradient of the lake using the Mares Quad 
dive computer. All methods were modified and 
adjusted to UAVs (Moreno, 2022). The ecological 
status of the lake was assessed according to The 
Macrophyte Nutrient Index for Ponds (Sager and 

Lachavanne, 2009). For spatial analysis, we used 
QGIS ver. 3. 2213 within the coordinate reference 
system ED50 / UTM zone 34N. The bathymetric 
map (Spahić, 2011) was overlaid with obtained 
orthophotos and processed in QGIS, with depths 
that were measured during diving and integrated 
into a digitized map. We used the available data 
from the literature and descriptive statistics to 
calculate standard deviation (σ) and Confidence 
Interval (CI) using the formulas: σ= ∑√(X-X̄)/N; 
CI = X̄ ± Z×(σ/√N), Z value fit CL 95% = 1.960. 
For the prediction of sedimentation dynamics, we 
used the linear function Y = mX + b where the 
annual sedimentation rate was m-coefficient to the 
independent variable, and gross sedimentation was 
the dependent variable Y.

Figure 2 Climate 
diagram for 
Treskavica Mt.
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RESULTS

The temperature of the upper layers of water on 
a sunny summer day was +19°C. The reaction 
of the water in the lake was alkaline (pH = 8.7), 
electro-conductivity amounted 129.3 μS, and 
transparency of the lake was fully up to 3.7 m. 
However, macrophytes occurrence coincide with 
the thermocline at 3.2 m depth (+14°C). Here is 
noteworthy Lake Trnovačko in Montenegro (1517 
m a.s.l.), which at 4 m depth had a temperature of 
+17.5°C (Blaženčić & Blaženčić, 2005), and the 
bottom was covered with Chara carpets. The fact 
that temperature is a limiting factor for macrophytes 
growth in shallow and fully transparent lakes was 
noticed earlier (Dale, 1986; Søndergaard et al., 
2013). 

According to the results, the most abundant 
macrophytes in Lake Crno jezero were Equisetum 
fluviatile L., Potamogeton alpinus Hegetschw., P. 
perfoliatus L. and Carexrostrata, which coincides 
with a list of the most common species in Dinaric 
lakes (Blaženčić & Blaženčić, 2005). In the riparian 
zone of Crno jezero occur: C. goodenowü Gay, C. 
paniculata L., C. muricata L., C. flava L., C. oederi 
Retz, C. vesicaria L., Juncus articulatus L., J. 
alpinoarticulatus Chaix, Alchemilla xanthochlora 
Rothm., Geumrivale L., Filipendula ulmaria (L.) 
Maxim., Dactylorhiza cordigera subsp. bosniaca 
Beck Soó and Mentha longifolia (L.) L.  (Fig. 3).

Figure 3 
Distribution of 
macrophytes in 
Crno jezero

.
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DISCUSSION AND CONCLUSIONS

This kind of low species richness was found to 
be common for oligotrophic alpine lakes in the 
Dinarides with rather specialized species and 
aquatic plant communities (Radulović et al., 
2010). Vegetation belts in and around the lake are 
clearly distinguished from each other and follow 
the ecological gradient of the water level and lake 
temperature (Fig. 4).

In 1954, Milanović reported that the Equisetum 
belt was 7 to 8 m wide, whereas today, according 
to our results, it has expanded to 19 m. The 
succession runs from the most shallow and convex 
section of the lake, in the East and continues to 
the West (Figure 5). In the SW, this process has 
led to formation of small peat bog fragments. The 
observed changes in the surface of the lake affect 
the ratio between volume and surface (Hutchinson, 
1957; Obertegger and Flaim, 2021) which plays a 
crucial role in the dynamics of the warming (Poff, 
2002; Lacoul and Freedman, 2006a; Lind et al., 
2022).

Studies have shown that the distribution of 
macrophytes is directly affected by lake bathymetry, 
due to the availability of light and the extent of 
littoral which is more prone to colonization of 
emergent plants (Horppila and Nurminen, 2003; 
Boon et al., 2019). Since emergent macrophytes 
increase the siltation rate and temperature in the 
shallows, the positive feedback loop establishes, 
and expansion of the emergent vegetation 
accelerates.

The sedimentation rate in alpine lakes is affected 
by parental rocks, climate, size and ecological 
status of the lake, bioproduction, catchment size 
and anthropogenic impacts. It varies between 100 
μm and 23 mm per year (Anderson et al., 2011; 
Arnaud et al., 2016; Miller, 2023). In alpine lakes 
at Triglav Mt. (Slovenia), which is most similar 
to Crno jezero and for which we have available 
results, sedimentation rate was 0.45 ± 0.11 cm/year 
(Šmuc et al., 2013). This kind of sedimentation 
rate in Crno jezero would take 42.26 ± 14.80 
(±35.0%) (p=0.05, confidence level 95 %) years 
for equalization/leveling of current isobaths 1 and 
2.8 to 1 m. For isobaths 2.8 - 3.2 m, we expect this 
process to take 51.65 ± 18.09 (±35.0%) (p=0.05) 
years, and for isobaths 3.2 - 3.7 it would take 63.39 
± 22.20 (±35.0%) (p=0.05) years. Increasing the 
zone of the lake that is 1 meter deep or less, is 

Figure 4 Lake Crno jezero in autumn (2022)

Figure 5 Widening of Equisetum belt through 
time
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Small mountain lakes without a direct 
anthropogenic impact offer the possibility of the 
more reliable conclusions and understanding of 
changes in the ecosystem (EC, 2000; EEB, 2014), 
but the ongoing climate changes on a global 
scale might jeopardize their natural structure and 
processes in many ways. For example, increased 
temperature of water can “open the door” for 
the introduction of alien species (Holzapfel 
and Vinebrooke, 2005; Obertegger and Flaim, 
2021). Such was the case with the previously 

non-vegetated and remote Himalayan lakes that 
were lately invaded by Ranunculus trichophyllus 
(Lacoul and Freedman, 2006b; Lind et al., 2022). 
Radulović et al. (2010) have shown that the natural 
climate stressors in alpine lakes can either select or 
deselect particular species. Hellmann et al. (2008) 
believe that a climate change will challenge the 
definition of invasive species itself, because some 
previously non-invasive species might become 
invasive (Lind et al., 2022). These findings were 
confirmed by our study, for we have, for the first 

a prerequisite for the spread of Equisetum zone. 
Current Equisetum zone (from 0-1 m depth) would 
probably convert to peat bog in the next 30.52 
±10.68 (CI 35 %) (p=0.05).  

Moreover, we have analyzed changes of maximum 
depth of Crno jezero that can be traced back to 
1926 when it was measured 5.3 m (Protić), while 
in 1984 it was measured 3.7 m (Spahić). In 2023, 
however, we measured a maximum depth to be 
3.7 m. Since in the period between the last two 
measurements bathymetry of the lake has not been 
changed, we state the hypothesis that geological 
events in the past might have led to lake’s 
perimeter reduction and expansion of an emergent 
macrophyte belt. According to Spahić (1984), the 
basin of Crno jezero is encircled by two faults. 
First one runs from the peak Veliki Lopoč (1776 
m) to the SE shoreline of Crno jezero, while the 
second one runs from the peak Oblik (1877 m) to 
its SW shoreline.

It is noted that the earthquakes, landslides or 
avalanches can cause strong and sudden sediment 

input in small lake basins (Wilhelm et al., 2016; 
Brisset et al., 2017; Fouinat et al., 2018; Rapuc 
et al., 2018; Rapuc et al., 2022), or change 
its hydrological discharge without additional 
sedimentation. In the local language, Treskavica 
Mt. stands for the “shaking mountain” due to a 
high seismic activity in the area. As a matter of 
fact, this area represents one of nine seismogenic 
zones identified in Bosnia and Herzegovina (Ćatić, 
2023). In 1962, an earthquake struck this area with 
a magnitude Mw= 5.9 and a focal depth at 15 km 
(Isik et al., 2022). We strongly believe that this kind 
of event might have created cracks in the parental 
rocks or fault sliding and lowered the water table 
of Crno jezero. We hypothesize, therefore, that 
the bathymetric changes noted in the period 1926-
1984 were rather the result of a tectonic activity 
than of the sedimentation process.

However, according to the macrophytes 
assemblage, current ecological status of Crno 
jezero is assessed to be GOOD (Table 1).

Table 1 Assessment of ecological status for Crno jezero

Species Indicator value Weighting factor Q - plant quantity 
index 

IV*W*Q

Carex rostrata 1.79 1 8 14.32
Equisetum fluviatile 1.96 1 64 125.44
Potamogeton perfoliatus 0.67 8 1 5.36
Potamogeton alpinus 2.25 1 64 144

M-NIP Index Class EQR
2.01 II - Mesotrophic 0.34 (GOOD)
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time, recorded Potamogeton perfoliatus in Crno 
jezero (NW section) and associated its occurrence 
with a couple of ducks which have most probably 
introduced it from the 0.76 km distant Veliko 
jezero (Great Lake). Here, it co-dominates with P. 
alpinus in the middle of the lake. 

Currently, overgrowth of the littoral zone in 
Crno jezero by Equisetum belt has reached 
1-meter isobath, which represents 11 m widening 
compared to 1954. However, there is no data on its 
depth in 1954, making it impossible to predict the 
succession trend for the entire lake, but indicating 
that continuous monitoring in future is required.

Furthermore, our study represents the initial step 
toward incorporation of the small alpine lakes into 
the national legislation of Bosnia and Herzegovina 
in terms of the assessment of ecological status. 

This is a critical moment, considering the fact how 
fast the climate changes take their toll and how 
little we know about the biodiversity supported by 
the alpine lakes in the Dinarides.
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KAKVA JE BUDUĆNOST CRNOG JEZERA NA PLANINI TRESKAVICI U BOSNI I 
HERCEGOVINI?

SAŽETAK

Crno jezero (1675 m) je alpsko jezero na planini Treskavici u Bosni i Hercegovini (BiH). U radu 
je analizirana distribucija i abundanca akvatičnih makrofita u Crnom jezeru prema standardu BAS 
EN 15460:2009 te na osnovu orto-fotografija snimljenih pomoću drona pri različitim visinama 
(124, 80, 50, 20 m). Uzorkovanje akvatičnih makrofita u jezeru je realizirano na longitudinalnom i 
vertikalnom transektu, prilikom čega je, pomoću ronilačkog uređaja Mares Quad, izmjerena dubina 
i temperatura vode. Ekološki status Crnog jezera je procjenjen na osnovu indeksa - Macrophyte 
Nutrient Index for Ponds (M-NIP) i primjenom QGIS ver. 3.22.13. Najzastupljenije vrste akvatičnih 
makrofita u jezeru su: Equisetum fluviatile, Potamogeton alpinus, P. perfoliatus and Carex rostrata. 
Usporedbom naših sa rezultatima ranijih istraživanja iz 1954. godine, izradili smo prediktivni 
model sukcesijske dinamike za makrofitsku vegetaciju oko Crnog jezera. Uprkos tome, izračunata 
vrijednosti M-NIP indeksa klasificira Crno jezero kao jezero dobrog ekološkog statusa. Prikazano 
istraživanje predstavlja originalni multidisciplinarni pristup istraživanjima alpskih jezera BiH sa 
potencijalnom mogućnošću primjene na nacionalnom nivou, a kao doprinos programima globalnog 
monitoringa.

Ključne riječi: Monitoring, globalne promjene, vodeni makrofiti, alpska jezera, Bosna i 
Hercegovina 


