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Abstract: The influence of selected factors on the diversity and composition of tychoplanktonic
diatom community in limnocrene spring Zelenci was investigated. The spring that was studied
is located in a glacial valley in the south-eastern calcareous Alps. Samples of tychoplankton were
collected with a plankton net between October 2012 and August 2015 and for each sample, selected
abiotic factors were measured. Over 100 different diatom species were identified, the most abundant
being Achnanthidium minutissimum and Denticula tenuis. The most species-rich genera were Navicula,
Fragilaria, Nitzschia, Cymbella and Gomphonema. The most significant impact on species composition
of tychoplanktonic diatom community was from the conductivity of the water and the consecutive
number of the month. Diversity was correlated negatively with concentration of orthophosphate and
positively with pH and water level. Benthic species from the low profile ecological group dominated
the tychoplankton community, with a share of 30–72%. High profile and motile species characteristic
for benthos reached higher shares on average than euplanktonic species. This indicates the essential
role of underwater springs in the maintenance of a species-rich tychoplanktonic community.

Keywords: tychoplankton; pool spring; south-eastern calcareous Alps; river Sava; ecological
groups; algae

1. Introduction

Freshwater ecosystems cover only 0.8% of the Earth’s surface, but host more than 10% of all
animal species [1]. In general, their contribution to biodiversity is exceptional, but its decline currently
exceeds that of other ecosystems [2]. Unlike many freshwater ecosystems, especially rivers, springs are
still relatively diverse and natural habitats. Moreover, springs have unique characteristics [3] and are
very important for the conservation of aquatic biodiversity [4]. They include many mesohabitats with
diverse substrates which enable high biodiversity [3]. Despite this high diversity, spring habitats have
not been studied well. Unfortunately, intact springs are becoming increasingly rare, since they are
influenced by factors such as nutrient enrichment, exploitation for drinking water and pollution [5].

Springs are highly dependent upon groundwater properties [6,7]. The main physical and chemical
properties of the springs, including more or less stable temperature, and conductivity and oxygen
content are determined by the relevant aquifers, in which influences of the catchment area are
reflected [3]. Since they are the source of streams, downstream events are often associated with
the status of springs.

Diatoms are not the major contributors to biomass in springs [5], but they are abundant and play
a key role in the functioning of such ecosystems [3] and several endangered and rare species, as well
as taxa new to science live in springs [8]. The analysis of diatom communities is also a very useful
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tool with which to assess ecological status. As stated by Cantonati et al. [4] it would be worthwhile to
define the reference diatom communities of springs.

The distribution of diatoms is strongly influenced by the type of bedrock and the latitude, which
have indirect impacts on the properties of the water. The importance of environmental, spatial and
historical factors on diatom communities depends upon the extent of the study area [9]. At the local
level (e.g., spring), the heterogeneity is defined by the variability of environmental factors such as light
intensity, grazing, succession stage and substrate [9]. Typical spring communities develop in springs
with slower water current while in springs with fast flowing water widespread rheophilous species
occur [3]. In pool springs, where current velocity does not have a significant impact on the composition
of the communities, factors such as pH, conductivity, inorganic nitrogen content, substrate texture,
light and temperature are important [10]. Spring diatoms have been studied in several parts of the
Alpine region [3,11–15], as well as in other mountainous regions in Europe [16–18].

Limnocrene springs are extremely species-rich [11,13]. Slow flowing water in such springs enables
the accumulation of finer sediments and colonization of several mesohabitats, so the diversity is higher
and communities are more specific [16]. Underwater springs in the pool create specific conditions
for diatoms as well as various organisms, because vertical currents occur where the water emerges
through the sediments, and these cause the raising of the fine-grained sediments and transfer of benthic
organisms into the water column. Vertical currents enable the establishment of tychoplanktonic diatom
communities, which are a characteristic of pool springs. Tychoplankton is a poorly defined group of
mostly immobile non-attached diatoms living between the sediment particles. A majority of diatoms
which form tychoplanktonic communities are primarily benthic but may enter the water column via
currents and live temporarily as plankton [19].

The aim of the present study was to find out whether the underwater springs support the diatom
community in the water column and whether the structure and diversity of tychoplanktonic diatom
community in pool spring Zelenci changes during the seasons. We hypothesized that (a) tychoplankton
contains a high number of diatom species due to vertical currents and low temperatures throughout
the year; (b) the species composition and diversity of diatom community is affected by environmental
factors and by the time of year; and (c) benthic species are much more abundant than euplanktonic
species in the water column, due to strong upwelling.

2. Materials and Methods

2.1. Study Site

Zelenci is a 0.54 km2 large wetland in the Alpine valley in NW end of Slovenia at an altitude
of 834 m a.s.l., which was declared a special protection area of Natura 2000. We studied the biggest
pool spring within the wetland complex, which is regarded as the source of the Sava River, itself a
tributary of the Danube. Mountain ranges around the valley are a part of the south-eastern calcareous
Alps. In the last glacial period, some 10,000 years ago, a glacier covered this area and after it melted,
a lake formed at its end moraine. The ancient lake covered the entire wetland area and thick layers of
chalk-silt deposits were accumulated. The majority of the water feeding these springs comes from the
Planica Valley to the SW, which is surrounded by the Julian Alps. Streams running into the valley sink
into the stony deposits and flow under the surface to the lowest area in front of the moraine when they
form a well with several springs. Some portion of the water finds its way to the surface in a 1400 m2

pool spring, where it streams out from the silty bottom in numerous small underwater springs that
resemble small “volcanoes” [20].

The sampling site at 46◦29′33.1′ ′ N, 13◦44′45.1′ ′ E is in the deeper hollow in front of a pier.
The depth of the water there is 2–3 m and the stable bottom around the sampled hollow is overgrown
with water buttercup (Ranunculus trichophyllus). The number and intensity of active small underwater
“microsprings” varies according to hydrological conditions. In August and October 2014, there were
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around 15 microsprings each measuring ~20 cm in diameter. In April and June 2015, just two active
underwater microsprings were observed in this hollow.

2.2. Sampling and Laboratory Analyses

Sampling was carried out from October 2012 to October 2013 and from August 2014 to August
2015, in approximately two-month intervals, and 13 samples were collected. Semi-quantitative
planktonic samples were obtained by diagonal towing of a plankton net [21]. The net was thrown into
the water 4 meters from the end of the pier. When it sunk at least half-way to the bottom it was pulled
in a transverse direction. This procedure was performed three times and the fourth time an upper
layer pull was performed.

At each sampling, the pH, water level, water temperature, conductivity, oxygen concentration
and saturation were measured with a multimeter (EUTECH, PCD 650). Water samples were collected
and analysed in the laboratory. The cuvette tests HACH Lange were performed for the content of
ammonium ions (LCK 304), nitrate (LCK 339) and orthophosphate (LCK 349). Concentrations were
measured with a spectrophotometer HACH Lange LT 200.

Samples of tychoplankton were homogenized with a magnetic stirrer and a 5 mL subsample was
boiled with 65% nitric acid to remove organic matter. Permanent slides were prepared by mounting
cleaned frustules with Naphrax®.

Diatoms were identified at 1000× magnification (oil immersion) using an Olympus
CX41 microscope. Due to scarcity of diatoms in some samples, 200 frustules were determined and
counted in each sample. Diatom species were identified with keys published by Hofmann et al. [22],
Krammer and Lange-Bertalot [23]. Nomenclature of diatom taxa follows Hofmann et al. [22], with
the exception of species from the genera Cyclotella, Stephanodiscus and Aulacoseira where we followed
Krammer and Lange-Bertalot [23].

2.3. Ecological Groups of Diatoms

Diatom species were classified into ecological groups or “guilds” according to Passy [24]
and Rimet and Bouchez [25]. Grouping species to ecological guilds can strengthen relations with
certain environmental stressors or factors, when compared to species data [25]. We agree with
Stenger-Kovács et al. [26] who stated that the meaning of ecological groups of diatoms is strong
enough to be an appropriate indicator of changing environmental conditions on temporal gradient.
In analogous analyses in vascular plants, several researchers reported that ecological functions of
the communities are better described by functional groups than by species composition [27,28].
Considering this analogy we also use the term ecological groups instead of guilds, as suggested
by Tapolczai et al. [29]. Rimet and Bouchez [25] divided diatom species into four groups according to
their ecological strategies, life forms, cell sizes and/or efficiency of movement: planktonic, low profile,
high profile and motile groups. Planktonic species are adapted to a lentic environment in a way which
slows down their sedimentation and they have usually thinner frustules than benthic species.

The low profile group includes slowly moving species and species which are linked to the
substrate with a valve face or attached only at the pole and are mounted diagonally or vertically.
Species classified in this group are more resistant than others to physical disturbance, for example
turbulent water, but they do not prefer high levels of nutrients [24]. This ecological group is dominant
at sites with low nutrients and scarce resources [24,30].

The high profile group includes species with larger cells, stalked species or species that form
various types of colonies. Members of this group are sensitive to physical disturbance, but are favoured
by high nutrient concentrations [24,25].

The group of motile, or fast moving species includes species capable of effective movement, which
mostly glide in upper layers of the periphyton. They are adapted to turbulent environments [24],
including disturbances due to turbulence and fast water flow and to high nutrient levels. Their ability
to adapt to active movement enables their selection of the most appropriate microhabitat [31].



Water 2018, 10, 361 4 of 12

2.4. Data Analyses

As a measure of diversity, species richness, or the number of species per sample was used and
Shannon–Wiener diversity index (SWI) was calculated.

The influence of selected environmental factors on the composition of the diatom community was
checked by direct gradient analysis. Before the analyses, we grouped diatom species data by ecological
groups and a simplified matrix was used to represent the tychoplankton community structure. First,
we conducted a detrended correspondence analysis (DCA), which showed a linear distribution and
slow turnover of data along potential gradients (gradient length = 1.7 Standard Deviations), see ter
Braak and Verdonschot [32], and we used redundancy analysis (RDA). Analyses were performed with
the software package CANOCO 4.5 [33]. We checked with RDA the relationships between community
composition and selected factors, and the share of the variability they account for. This was conducted
with a series of RDAs. The impact of environmental factors on community composition was examined
by forward selection of variables with 999 permutations, which was used to provide the ranking of
the relative importance of specific explanatory variables [33] and to avoid co-linearity as suggested
by Hudon et al. [34]. The shares of ecological types of diatoms in the samples were log transformed.
Only those variables which had statistically significant effect (p < 0.05) were accounted for. Twelve
samples were used in these analyses. The ordination diagram, shown in Figure 1 was created on the basis
of the results of RDA with environmental variables that significantly affected community composition.

Correlations between variables were tested with a Kendall tau (τ) rank correlation coefficient.
This analysis was conducted using PAST [35].

Figure 1. Ordination diagram as a result of redundancy analysis (RDA) with factors that significantly
influenced the structure of tychoplanktonic community. The cumulative percentage variance of
ecological groups for the first axis was 52% and 54.6% for the second axis. Circles represent
specific samples.
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3. Results

3.1. Abiotic Factors

The highest water level was found in the sample from December 2014, and the lowest was in
April 2015. The difference between the lowest and highest measured temperature was 4.7 ◦C (Table 1).
Measured pH values (7.2–7.8) showed a slightly alkaline environment. The average conductivity of
water was 257 µS/cm (±10%).

Table 1. Minimal, maximal and average values of environmental parameters and ecological groups of
tychoplanktonic diatom community. LP—low profile species, HP—high profile species, M—motile
species, PL—planktonic species, *—concentration below detection.

Min Max Average

pH 7.2 7.8 7.6
T [◦C] 5.3 9.6 7.4

conductivity [µS/cm] 234 290 257
O2 saturation [%] 80 103 88

O2 [mg/L] 9.1 11.7 10
PO4

3− [mg/L] * 0.12 0.027
NH4

+ [mg/L] 0.016 0.817 0.334
NO3

− [mg/L] 1.5 2.8 2.0
water level [cm] 65 118 89

LP % 30 72 51
HP % 12 39 19
M % 15 33 23
PL % 0 20 7

The concentration of PO4
3− varied considerably over the seasons. The concentrations of all

measured nutrients maximized in August 2014 and October 2014 (Table 1).

3.2. Diatom Species Richness

In total, 103 different diatom species were identified. The individual samples of tychoplankton
species contained were between 24 on February 2014 and 47 on October 2014. Values of SWI were
relatively high, but they varied considerably over time, from 3.17 to 4.58. The most species-rich genera
were: Navicula (13 spp.), Fragilaria (9 spp.), Nitzschia (8 spp.), Cymbella (8 spp.) and Gomphonema (6 spp.).

3.3. Environmental Factors and Species Composition

The RDA revealed that the composition of tychoplanktonic community was influenced statistically
significantly by conductivity of the water and month of the year (Figure 1). Together, these factors
explain 55% of the variability of species composition. Around 37% of the total variance was explained
by conductivity and 18% with the month of the sampling.

A minor share of tychoplanktonic community (0–20%) consisted of euplanktonic species. They
were far less common than benthic species (Table 1, Figure 2). Among benthic species, the most
abundant ecological type was the low profile group (30–72%). Motile species and high profile species
had considerably lower shares (23% and 25% on average), and except in three samples the planktonic
species were less common than any of the three ecological types of benthic species (Figure 2).

The analysis of correlations (Table 2) revealed that proportions of high profile species and
planktonic species were statistically significantly positively correlated with conductivity, while
the response of low profile species was the opposite. These relations can be seen also on the
ordination diagram (Figure 1). The share of low profile species was positively correlated with oxygen
saturation, which indicates their preference to environment with a low content of electrolytes and
good oxygenation.
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Figure 2. The shares or relative contributions of ecological groups of diatoms in the tychoplankton
community in different months. LP—low profile species, HP—high profile species, M—motile species,
P—planktonic species.

Table 2. Kendall’s rank correlation coefficients (τ) between environmental parameters and ecological
groups as well as diversity of the tychoplanktonic diatom community. LP—low profile species,
HP—high profile species, M—motile species, PL—planktonic species. SWI—Shannon–Wiener diversity
index; coefficients in bold are significant (p < 0.05).

LP [%] HP [%] M [%] PL [%] Nr. spp. SWI

pH 0.099 −0.017 −0.253 0.261 0.458 0.230
T [◦C] 0.168 −0.031 0.000 0.000 −0.142 −0.351

conductivity [µS/cm] −0.545 0.504 −0.171 0.465 0.250 0.242
O2 saturation [%] 0.504 −0.400 0.125 −0.291 −0.110 −0.107

O2 [mg/L] 0.326 −0.313 0.000 0.082 0.192 0.295
PO4

3− [mg/L] −0.031 0.016 −0.016 −0.281 −0.645 −0.500
NH4

+ [mg/L] −0.064 −0.016 −0.146 0.504 0.377 0.191
NO3

− [mg/L] 0.333 −0.443 0.450 −0.112 −0.250 −0.030
potential irradiance 0.080 0.065 −0.197 0.153 0.017 −0.208
month in the year −0.286 0.176 0.049 0.403 0.164 0.413

month of sampling 0.333 −0.351 0.171 −0.208 −0.375 −0.273
water level −0.394 0.321 −0.326 0.497 0.406 0.515

4. Discussion

4.1. Abiotic Factors

The difference between the highest and the lowest measured temperature of the water over the
year was 4.3 ◦C, which is quite large for springs [11,12]. Seasonal fluctuation of temperature is a
consequence of water retention in the pool, which is exposed to the sun and can become warmer in the
summer [12,36], but is also cooled down by cold air during the winter.

Oxygen saturation was 62–88%, slightly higher than in mountain limnocrene springs in the Italian
part of the southern calcareous Alps [11], while Menegalija and Kosi [12] reported significantly higher
values (e.g., 125%) from the Julian Alps in Slovenia, but the substrate there is overgrown with epilithon,
which contributes to higher oxygen saturation. Lower values measured in August are associated with
increased levels of ammonium ions, which is probably the result of organic pollution.

The water was slightly alkaline. According to classification by van Dam et al. [37], 66% of
recorded species were alkalophilic, 27% were circumneutral and 5% acidophilous. Small variations in
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pH reflected high buffering capacity, which is typical for water on carbonate bedrock [38]. Similar pH
values were also measured in limnocrene springs by Menegalija and Kosi [12].

A high electric conductivity (234–290 µS/cm), characteristic for carbonate bedrock [10–12,16,39]
was measured throughout the year.

Spring water usually has a very low content of orthophosphate [3]. In mountain limnocrene
springs, orthophosphate concentrations range from 0.003 to 0.006 mg/L [10,12,40]. With a few
exceptions, values measured in the present study were in this interval. Higher concentrations, up to
0.27 mg/L were measured in August 2014 and October 2014, indicating human influence.

Levels of nitrates in mountain springs usually range up to 3 mg/L [3,11,12]. Significant fluctuation
in the concentrations of NO3

− indicates human impact, including agriculture and seasonal tourism [3,12].
Our results were always <3 mg/L, indicating that the spring was not burdened with NO3

−.
Concentrations of NH4

+ ions in the uncontaminated water are <0.063 mg/L [3]. If the concentration
exceeds 0.038 mg/L organic pollution is indicated [3]. Most of the measured concentrations of
ammonium ions were <0.05 mg/L, which is similar to the values measured in springs in the Italian
Alps [11,40]. The exceptions were samples taken on August 2014 and October 2014 when values
increased to 0.65 mg/L, indicating recent organic pollution.

4.2. Diversity of the Tychoplanktonic Community

A total of 103 diatom species were identified which was higher than numbers reported in the
literature. Aboal et al. [17] report 11–51 species per spring studied in eastern Spain, whereas Cantonati
and Ortler [41] report 9–54 diatom species per spring in the southern Italian Alps. Considering these
data, the Zelenci spring was very species-rich, and 24–47 diatom species were found per single sample,
indicating a good conservation status [42].

One of the reasons for high diversity might be the exposure to full sun and relative stability of the
hydrological conditions. Sun-exposed springs and springs with relatively constant conditions, which
can be also found in the Zelenci spring, are characterized by a greater species diversity [12].

The present results are somewhat contradictory in the case of temporal distribution of species
richness. The highest species number was recorded in May 2013, but on the contrary, the sample
June 2015 contained almost the lowest number of species. We considered the species-poorest sample
June 2015 to be an outlier, since Cantonati [11] reports the highest number of species for late spring or
early summer.

The values of SWI ranged between 3.17 and 4.58 and were much higher than previously reported.
Cantonati [11] reports lower values of this index (~2) for benthic diatom communities in springs in
Southern Alps and Menegalija and Kosi [12] report values from 1.6 to 2.04 for springs in Julian Alps.
Higher values of SWI for the spring diatom communities of eastern Spain (2.1–3.8) have been reported
by Aboal et al. [17]. However, the spring under study is permanent, includes different habitats and
is exposed to direct sunlight which is a favourable condition according to energy theory. The flow
of water in the spring was slow and disturbance frequency and/or intensity was not high, but still
enough to prevent competitive exclusions.

Active underwater springs on the bottom of the hollow contribute to the high diversity, since
vertical currents generate constant disturbances and create dynamic and unstable conditions on the
sediments as well as in the water column, where the tychoplanktonic diatom community thrives.
Moderate disturbances prevent competitive exclusion in the benthic phase and enable the coexistence
of numerous species from different ecological groups which form species-rich communities. That is in
accordance with the intermediate disturbance hypothesis [43], which suggests that species diversity is
maximal when disturbances are at moderate frequency/intensity enabling the coexistence of species
with different life strategies. Lengyel et al. [31] also connected the highest diversity of benthic diatoms
with disturbance high enough to enable the coexistence of various strategists.

The lowest diversity was found in a sample taken on February 2015, a sample which was also the
poorest in species (24). Menegalija and Kosi [12] suggested the lack of nutrients as the main reason for
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low number of species in alpine springs. However, the number of diatom species in springs that have
been studied was negatively correlated with the concentration of orthophosphate. Species richness has
been often found in correlation with factors representing a trophic state [44].

The value of the SWI was also negatively correlated with the orthophosphate content, but in
positively correlated with the water level (Table 2). Higher water level indicates recent increase of
vertical flow as well as the increase of the sediments and benthic diatoms subjected to upwelling
currents which support the tychoplankton community.

4.3. Environmental Factors and Species Composition

Significant impact on species composition was calculated for conductivity and the month of the
year, which represents a temporal dimension. The importance of conductivity is in accordance with
findings of Cantonati [11] who reports that species composition of diatom communities in springs
is mostly influenced by pH and conductivity. Conductivity is the factor most frequently reported to
shape the structure of periphytic diatom communities [26,45]. Diatoms in springs are also strongly
influenced by nutrients and the intensity of solar irradiation [12,41]. Cantonati and Pipp [46] report
that seasonality of diatoms in springs coincides with changes of discharge and nutrient concentrations.

Species composition did not change much between the seasons. Samples had at least 50% of
the same taxa, while the most similar samples consisted of up to 70% of the same taxa. Absence of
significant changes in diatom species composition in springs during the year, especially on carbonates
has been reported by Cantonati and Pipp [46].

The most abundant taxon was Achnanthidium minutissimum (8–37%) which was the most
characteristic species for springs [10,17], as well as the most abundant [3]. The second most abundant
species was Denticula tenuis, the most common in springs in the Pyrenees [16]. The second most
common diatom in Alpine springs is Diatoma mesodon [11], but in our case it was dominant only in the
sample August 2015, which stands out because of low concentrations of NH4

+ and NO3
−.

4.4. Correlations between Factors and Ecological Groups

The proportions of high profile species and planktonic species were significantly positively
correlated with conductivity, while the share of low profile species was negatively correlated with
conductivity (Figure 1, Table 2).

The share of planktonic species was low (Table 1), as a result of the short residence time of water.
Planktonic species were positively correlated with the water level (τ = 0.497; Table 2), since a larger
volume of water in the pool favours them. B-Béres et al. [47] report that planktonic groups were
positively correlated with temperature and nutrients.

Constant disturbances favour low profile species, which were the largest component (51% on
average; Table 1) of tychoplankton. This group includes also pioneer species [25], which are common
in the springs. Two pioneer species from the genus Amphora (A. inariensis and A. pediculus) were found
in tychoplankton, while Achnanthidium minutissimum was the most abundant species. The reason for
high abundance of benthic pioneer species in tychoplankton is their ability to be the fastest colonizers
of bare substrate [47] adjacent to the microsprings which most frequently drift upwards into the water
column before the late-successional high profile and motile species could out-compete them.

A positive correlation of low profile group and oxygen saturation was calculated, and the
correlation with conductivity was negative (Table 2) indicating their affinity for high oxygenation of
water and low content of electrolytes. Porter et al. [48] report that abundance of taxa with continuously
high dissolved oxygen requirements decreases significantly with increase in nutrients.

In contrast, high profile species are sensitive to disturbances [26] and on average are the lowest
shares of benthic ecological groups (Table 2). The occurrence of higher shares of low and high
profile species in contrasting conditions (Figure 1) has been reported by Lange et al. [30] and
Stenger-Kovács et al. [26].
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The shares of high profile and motile species, characteristic for the epipelon diatom
community [49], were significantly lower (Table 1; 20–23%). These species are much more sensitive to
physical disturbances and slowly colonize unstable sediments around the springs-holes. They drift into
the water column less, since many of them are considered as late-successional species [31]. Smucker
and Vis [50] report that motile species increase with higher sewage levels, while high profile species
decrease. Such a situation in the case of nitrate concentration was calculated in our case (Table 2).

The proportion of motile species also indicates loading of fine sediment [51], which was much
lower than in an epipelic diatom community sampled in the same pool [52]. Stenger-Kovács et al. [26]
report that the motile group is positively correlated with lower temperatures and is tolerant to nitrates.

The different or sometimes contradictory findings discussed above could be explained by the lack
of thick biofilm where some of findings from the literature were confirmed and by specific conditions
in the studied pool spring as well as in the tychoplanktonic diatom community.

4.5. Biodiversity Conservation and Water Resource Management

Intensification of land use and touristic/recreational use, eutrophication or worsening of trophic
status, habitat alteration, changes in run-off patterns or water flow will lead to further decline of
freshwater biodiversity [1,44,53].

These findings should be considered when evaluating the impacts of proposed projects.
For example, the construction of international gas-pipeline South Stream, section M10, planned to go
through this valley would completely change the hydrology and trophic status of the spring Zelenci.
The excavation and reinforcement of a 2.5-m deep channel would separate the spring from its major
water sources and destroy a 40-m wide corridor [54]. This would divert a great portion of the water
and cause a decline in activity of subsurface springs. The concentrations of nutrients in the pool would
probably increase due to lower discharge and negatively influence the diversity of tychoplanktonic
diatom community, which was also confirmed in our study (Table 2) where the concentration of PO4

3−

negatively correlated with both biodiversity indices, while water level positively correlated with SWI.
So, the high diversity of diatom tychoplankton community is very vulnerable and protection of the
area as a Natura 2000 site is not enough for its conservation, since the potential impacts beyond its
boundaries would affect the biodiversity.

5. Conclusions

Over 100 diatom species were determined in the tychoplanktonic community, confirming the
essential role of underwater springs. The composition of the tychoplanktonic diatom community
was significantly influenced by the conductivity of the water and month in the year. Accordingly,
environmental conditions as well as the time of year shape the structure of this community.
Species-richness and diversity were negatively correlated with phosphorous concentrations.

The proportion of benthic species in the water column was very high (80–100%), due to active
underwater springs and relatively strong vertical currents. Typical planktonic diatom species were
present in tychoplankton, but the low profile benthic species predominated.

Eutrophication, habitat destructions and water-flow alterations are major stressors to freshwater,
threatening the quality and availability of water, as well as biodiversity.
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collected and analysed the samples. Igor Zelnik performed data analysis. Tadeja Balanč and Igor Zelnik wrote the
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