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Abstract: In Serbia, almost all charophyte species belong to one of the IUCN categories. This study
aimed to gather more knowledge about their floristic richness, distribution and ecology. During
the survey, 262 localities were investigated in the Vojvodina province, northern Serbia. Seventeen
charophyte species were found, out of which 16 were included in the analyses. The environmental
matrix included 38 localities, each characterized by habitat type and 35 environmental parameters.
The canonical correspondence analysis (CCA) showed six parameters as being statistically significant:
substrate, altitude, depth, water temperature, temperature annual range and precipitation of the
driest month. Together, these explain the 32.34% variability in the species composition and abundance
data. Altitude and substrate contributed the most to this. Two main types of habitats were outlined
by the analysis. Small and shallow temporary habitats in the river floodplains, at lower altitudes,
with muddy and clayish substrate, belong to one type. These areas are inhabited by either very
tolerant species, such as Chara vulgaris and C. globularis, or the so-called “spring” species of the genera
Tolypella and Nitella. Habitats which are located at higher altitudes, when deeper and more permanent
with a sandy substrate, such as sandpits and river habitats, belong to the second one. These areas are
inhabited by species like Chara papillosa, C. hispida, and Nitellopsis obtusa.

Keywords: charophytes; diversity; ecology; CCA; substrate; altitude

1. Introduction

Charophyte algae (Charophyceae, Charales) are macroscopic multicellular algae that
can thrive in a wide variety of standing and slow-running aquatic habitats. These are
mostly freshwater but can sometimes be slightly saline and brackish as well [1–3]. Often,
they are related to “hard oligo-mesotrophic waters with benthic vegetation of Chara spp.”
(EU Habitat Directive, Annex I, habitat type No. 3140). However, small, shallow, and
even ephemeral ponds and puddles can be very important habitats for charophytes [4–6].
Considering their ability to colonize newly created habitats, they can very often be found as
a pioneer species, either in new or in restored habitats [3,5,7,8]. Charophyte species differ
in their relation to habitat eutrophication and pollution, ranging from being very tolerant
and widespread to very sensitive and rare [8–11]. They can play key roles in the ecosystems
they inhabit and influence many aspects of ecosystem functioning, acting as shelter and
food for other organism groups, being a “sink for nutrients” and improving water clarity,
etc. [10,12,13].

Order Charales comprises one recent family Characeae with six genera. In Serbia,
charophytes are represented by four genera and 27 species (personal data), almost all
classified in one of the IUCN categories [14]. In Vojvodina, charophyte flora includes
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22 species [15]. During our investigations, 17 species were found, while three species, Chara
canescens, C. virgata and Nitella brachyteles, historically found on the territory of Vojvodina,
were not confirmed. Floristic analysis related to all species of charophytes found during
our survey was summarized in [16]. However, during later investigations, C. canescens
was rediscovered [17–19], and two new species were discovered for the first time for the
territory of Vojvodina, C. baueri [20] and C. connivens [21,22].

The history of the charophyte study and findings on the territory of Vojvodina was
given in detail by [16] and recently by [15]. In recent years, charophyte research in Serbia
and especially in Vojvodina intensified and new studies have emerged [17–26]. Even
though they seemed to be numerous, by reviewing them more carefully one could infer
that there were no comprehensive ecological studies among them. Such studies are rare,
even in Serbia [27] and the Balkans [28]. Studies summarizing knowledge on charophytes
are known from different regions of the world. They are most often related to their
diversity and distribution, compiling checklists [29–34], or taxonomic overviews [35–37],
with some details on ecology. However, comprehensive and systematic ecological studies
on charophytes are rather rare [2,13,38,39]. Hence, this study makes a valuable contribution
to enriching the knowledge of charophyte ecology.

This study was the first systematic survey on charophytes in Serbia and was performed
with the aim of gathering more knowledge on their floristic richness, distribution, and
ecology. A more detailed description of the history of charophyte research, their floristic
richness, habitat preferences, and distribution on the territory of Vojvodina is given by [16].
Conversely, in this paper the main aim was to address charophyte algae ecology in the
Vojvodina region, i.e., we focus on the ecological preferences of charophyte species in
relation to physico-chemical and bioclimatic habitat properties.

2. Materials and Methods
2.1. The Study Area

Vojvodina is a region located in northern Serbia, occupying one-third of its territory.
Considering it is situated in the southern part of the Pannonian plain, most of Vojvodina’s
territory is lowland, with an elevation between 70 and 130 m [40]. The climate is temperate
continental, with a mean annual precipitation of around 600 mm [41]. Having numerous
streams and rivers, a great number of standing water bodies and an almost 15 thousand
kilometer-long network of artificial channels, Vojvodina is hydrologically the richest area in
Serbia. The rivers and streams of Vojvodina are naturally characterized by low inclination
and slow flow. During their evolution, they have formed wide floodplains and many curves
and oxbows. However, these lowland rivers have been an object of intensive regulation
works for the last two hundred years. Most streams and rivers are now regulated and
controlled, having their branches separated from the main flow [42]. Moreover, as a result
of gravel, sand, or other kinds of excavation activities, this region has seen more than one
thousand small ponds form in abandoned excavation pits [43]. Many oxbows, as well as
excavation pits, are nowadays converted into fishponds. Lakes, natural and artificial, are
rare in Vojvodina and usually rather shallow (usually less than 5 m deep).

2.2. Data Collection

The pilot survey was carried out at the territory of the SNR “Zasavica”. The results
obtained [44] have laid the ground for the intensive field investigations conducted in the
period between 2012 and 2014 on the territory of the entire Vojvodina [16]. Altogether,
262 localities have been investigated, 19 in the territory of SNR “Zasavica” and 243 more in
the remaining territory of Vojvodina. The investigated waterbodies were diverse in regard
to their origin, the quality of water, utilization manner, the status of protection, durability
(temporary versus permanent), type (lentic versus lotic), etc. The intent was not to cover
only localities with historical charophyte findings but instead to accomplish balanced
geographical and ecological coverage of the study area. The habitats were selected in
accordance with the habitat diversity of Vojvodina [45] and classified into eleven types: rut,
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puddle, ephemeral pond, permanent pond, oxbow, fishpond, excavation pit, sandpit, lake,
canal, and river. In most cases, the localities were visited only once, or on rare occasions
twice, in the period between May and October. Only sampling in SNR “Zasavica” was
conducted in all seasons and most of the localities were revisited several times.

The samples were collected from the shore or by boat using a spiny rake. In the case
of larger waterbodies, the methodology of transects or profiles, perpendicular to the shore,
was used. The distance between transects was about 100 m or transects were done in
accordance with habitat transition. All depth zones were covered up until the vegetation
limit. If charophyte algae were present, releves were taken using the Braun-Blanquet
method [46]. In the case of smaller waterbodies, usually, one releve was used for the
entire waterbody.

Data regarding GPS coordinates, altitude, habitat type, and 14 ecological parameters
(substrate type, depth and Secchi depth, water and air temperature, pH, oxygen concen-
tration and saturation, conductivity, concentration of ammonium, nitrites, nitrates, total
phosphorus, and orthophosphates) were gathered. The findings were mapped with the
aid of a GPS positioning method using the eTrex Vista C GPS receiver (Garmin, Olathe,
Kansas, USA). The distribution maps of the individual species were given in [16]. Habitat
type and substrate type were noted as qualitative parameters. Depth was measured using
a graduated rope connected to the sampling rake. The values given represent the depth
in the center (or average depth) of the releve taken. Water transparency was measured
using a Secchi disk. Water temperature, as well as oxygen concentration and saturation,
were measured in the water using a Eutech Cyberscan DO 300 device (Eutech Instruments,
Singapore), pH value was measured using a HANNA HI98127 device (Hanna Instruments,
Woonsocket, Rhode Island. USA) and conductivity using a HANNA HI8733 device (Hanna
Instruments, Woonsocket, Rhode Island. USA). The parameters of the water were measured
20–30 cm below the water surface or less if the waterbody was less than 20 cm deep.

Water samples were collected in the field in 0.5 l plastic bottles (filled to the top) at
20–30 cm below the water surface. Samples were stored at 4 ◦C and taken to a laboratory
to be analyzed. The analysis of water was conducted within the first 24 h. Five chem-
ical parameters were determined: ammonium, nitrites, nitrates, total phosphorus, and
orthophosphates. The analyses were conducted in the laboratory of the Institute of Public
Health of Belgrade using the following methods [47–50]. All methods used are accredited
in accordance with SRPS ISO/IEC 17025:2006 standard.

Charophyte species were identified using the keys proposed by [3,51–53], while vas-
cular plants were determined using the keys by [54–58]. The nomenclature used is in
accordance with [59,60]. The algae samples were preserved in an alcohol solution (50%
ethanol: glycerin, 1:1), while vascular plants were preserved in a dry herbarium. All
samples were deposited in the collection of the Herbarium of the Institute of Botany and
Botanical Garden “Jevremovac” (BEOU) at the University of Belgrade.

2.3. Data Analysis

Aiming to give an ecological characterization of habitats inhabited by charophyte algae
in the territory of Vojvodina, we gathered all available ecological data, including ecological
parameters measured on the site, as well as bioclimatic predictors additionally used to
characterize each site. Each location was characterized with a set of 19 bioclimatic parame-
ters, extracted from the WorldClim v.2.1 set of global climate layers [61], as well as with
PET (Potential Evapo-Transpiration) extracted from the Global Aridity Index and Potential
Evapotranspiration Climate Database v2 [62]. The extraction was performed with QGIS
v. 3.24.1 [63]. Finally, each locality was characterized by habitat type, 15 physicochemical
parameters, and 20 bioclimatic parameters. Altogether, 36 environmental parameters were
used in the analyses. The analyzed data set contains ecological data gathered for the entire
territory of Vojvodina. Altogether, there were 38 waterbodies containing charophyte that
were used in the analysis. Seven of them belonged to the territory of SNR “Zasavica” and
the rest to the remaining territory of Vojvodina. For the rest, there were no ecological data
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or they were otherwise incomplete. A total of 93 macrophyte taxa were found during our
survey. However, rare species were downweighted and 58 remained in the analysis, out of
which 17 were determined to belong to charophyte algae. For the purpose of data analysis,
Braun-Blanquet values [46] were transformed to the van der Maarel scale [64]. See Table S1.

First, the method of detrended correspondence analysis (DCA) was used to determine
species response to the environmental parameters, i.e., the length of the gradients for the
first two axes. Given that the relationship between species in relation to environmental
variables was unimodal, as the gradient lengths were higher than 4.0 standard devia-
tions [65], the data were analyzed by canonical correspondence analysis (CCA). CCA was
conducted in Canoco 5.12 to reveal whether variance in the plant abundance data could
be explained by environmental parameters. Prior to CCA, parameters variance inflation
factors were calculated, and ones with VIF >10 were omitted from the further analysis.
For CCA, the identification of significant environmental parameters was performed using
forward selection procedures, with Monte Carlo tests of significance (499 runs). The relative
contribution of physico-chemical in relation to bioclimatic parameters to the variability of
the presence and abundance of analyzed charophyte species was estimated by variation
partitioning [66].

3. Results

During our investigations, representatives of 17 species of charophytes were found.
These included seven species of the genus Chara, C. braunii, C. contraria, C. globularis, C.
hispida, C. papillosa, C. tenuispina, C. vulgaris, one species of genus Nitellopsis, N. obtusa, six
species of genus Nitella, N. capillaris, N. confervacea, N. gracilis, N. mucronata, N. opaca, N.
syncarpa, and three species of genus Tolypella, T. glomerata, T. intricata and T. prolifera. On the
territory of SNR “Zasavica”, they were found at 19 localities and, in the remaining territory
of Vojvodina, at 35 out of 243 investigated localities (14.4%). In total, sixteen species were
included in the analysis. Chara globularis was the most common species, being found at
17 localities, followed by the discovery of N. mucronata at 10, T. prolifera at 8, and C. vulgaris
found at 7 localities. On the other side, the most rarely found species, found only in one
locality, were N. capillaris, N. confervacea, and N. opaca. T. glomerata was also found only
once but was not included in the analysis due to a lack of ecological data.

The canonical correspondence analysis (CCA) singled out six environmental parame-
ters as statistically significant: substrate, altitude, depth, water temperature, temperature
annual range (BIO7), and precipitation of the driest month (BIO14). Temperature annual
range (BIO7) is a parameter given as BIO5-BIO6, where BIO5 is the “Max Temperature of
Warmest Month” and BIO6 is the “Min Temperature of Coldest Month”. These parameters
altogether explained 32.34% variability in the species composition and abundance data
(Table 1, Figure 1). Altitude and substrate contributed the most. The set of physicochemical
parameters (depth, substrate, water temperature,) explained 21.4% of the variance, while
the bioclimatic parameters (altitude, temperature annual range (BIO7), and precipitation of
the driest month (BIO14)) explained 15.8% of the variance (Table 2). The independent effect
of physicochemical parameters, excluding covariance with bioclimatic parameters, explains
16.5% of the variance, while the covariance of this groups of parameters explains 4.8%
of the total variance. In total, 21.4% is explained variance by the set of physicochemical
parameters. The same calculation can be performed for the set of bioclimatic parame-
ters. The explained variance is 15.8%, out of which the independent effect is 11% and the
covariance 4.8%.
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Table 1. Results of canonical correspondence analysis of charophyte presence in relation to environ-
mental variables.

Variables Axes 1 Axes 2 Axes 3 Axes 4

Eigenvalues 0.65 0.45 0.42 0.28
Species–environment correlations 0.96 0.93 0.89 0.91
Cumulative percentage variance

of species data 8.83 14.89 20.63 24.41
of species–environment relation 27.29 46.05 63.80 75.48

Weighted correlation coefficients
Substrate: Clay −0.775 −0.199 −0.25 −0.182
Substrate: Sand 0.921 0.106 −0.094 −0.011
Substrate: Mud −0.126 0.198 0.654 0.375
Depth (m) 0.525 0.583 −0.186 −0.029
Water temperature (◦C) −0.003 −0.280 −0.447 0.230
Altitude (m) 0.797 −0.318 0.341 −0.149
BIO7 1 (◦C) −0.125 −0.029 0.449 0.208
BIO14 2 (mm) −0.707 0.228 0.019 −0.478

1 Temperature Annual Range, 2 Precipitation of Driest Month (BIO14).
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Figure 1. CCA ordination of charophytes and environmental variables in analyzed water bodies in
Vojvodina (Serbia). Abbreviations of significant variables (p < 0.05) besides Altitude, Depth, Substrate
and Water Temperature: BIO7—Temperature Annual Range, BIO14—Precipitation of Driest Month.
Abbreviations of Charophyte species: Cbr—Chara braunii, Cct—Chara contraria, Cgl—Chara globularis,
Chi—Chara hispida, Cpa—Chara papillosa, Cte—Chara tenuispina, Cvu—Chara vulgaris, Nca—Nitella
capillaris, Nco -Nitella confervacea, Ngr—Nitella gracilis, Nmu—Nitella mucronata, Nop—Nitella opaca,
Nsy—Nitella syncarpa, Nob—Nitellopsis obtusa, Tin—Tolypella intricata, Tpr—Tolypella prolifera.
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Table 2. Variation partitioning for environmental variables.

Fraction Variation % of Explained % of All

a—First group 1 1.22 51.10 16.50
b—Second Group 2 0.81 34.00 11.00
c—Shared Effect 0.36 15.00 4.80

Total Explained 2.39 100.00 32.30
All Variation 7.38 – 100.00

1 (a) Substrate, Depth, Water Temperature; 2 (b) Altitude, Temperature Annual Range (BIO7), Precipitation of
Driest Month (BIO14)

The substate (sand) and altitude show the strongest and an overall positive correlation
with the first axis, while parameters like the precipitation of the driest month (BIO14)
and substrate (mud) show a slightly weaker and generally negative correlation. Depth is
almost equally correlated with both first and the second axes, while parameters such as
temperature of the water (T), temperature annual range (BIO7), and substrate (clay) do
not show significant correlations with the first two axes (Table 1). Figure 1 also shows the
relations of charophyte species and significant parameters.

The isolated position of the species Nitellopsis obtusa is clearly visible. It showed a
preference for somewhat deeper water ecosystems with a sandy substrate. Chara papillosa,
C. hispida and C. tenuispina were associated with sand as a substrate and with slightly higher
altitudes. Chara hispida and C. papillosa also showed a preference for deeper waters, as well
as for smaller amounts of precipitation during the driest month (BIO14). Other species are
mostly related with altitude, having their habitats mostly located at slightly lower altitudes,
along with a greater amount of precipitation during the driest month (BIO14).

The majority of Nitella species are typically found in shallower waters, except for
the species Nitella syncarpa, which was found in somewhat deeper waters reflected by its
position on the graph. Additionally, the Nitella species, except for N. opaca, did not show
pronounced preferences for altitudes, nor for the precipitation of the driest month (BIO14).
Nitella gracilis is distinguished from other species of this genus only by a somewhat weaker
preference for lower altitudes and higher values of the BIO14 parameter. In contrast, they
are all associated with muddy substrates, that is, no Nitella species were found on sandy
substrates. Some species, such as Chara vulgaris, C. contraria, C. globularis and Tolypella
prolifera, showed a moderate association with deeper water, as well as with increased
precipitation of the driest month (BIO14). Chara braunii is associated with mud substrates,
lower altitudes and shallow waters. It is moderately related with precipitation of the driest
month (BIO14).

Although the chemical parameters have not been singled out by CCA as statistically
significant, it is worth drawing attention to the values of TP and nitrates in this study. In
this survey, waterbodies in which charophytes were found were mostly highly productive
and contained increased concentrations of phosphorus in the water. Nitellopsis obtusa was
the only species found only in waterbodies with low TP values. On the other side, nitrate
concentrations were rather low (Table S1), below 1.3 mg/l in all but one waterbody.

What is worth mentioning is that the protected areas of Vojvodina stand out as the
richest areas in terms of the number of charophyte findings and the number of charophyte
species. More than two-thirds of charophyte findings were located within the protected
areas of Vojvodina (see Table S1). SNR “Zasavica” and SNR “Gornje Podunavlje” particu-
larly distinguished during the investigation, with nine species of charophytes found on
their territories.

4. Discussion

The percentage of explained variance by significant factors of 32.34% can seem low.
However, if we take into consideration that our survey was not primarily focused on
the investigation of charophyte historical localities but instead on a variety of habitats
in geographic and ecological terms, it can be stated that factors selected by CCA explain
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charophyte variance rather well. Out of six significant parameters, altitude and substrate
contributed the most. Even though the altitude range in this data set is rather small,
spanning from 67 to 126 m (see Table S1), altitude was singled out as one of the most
significant factors. The present study confirmed that lower altitudes support charophyte
species diversity. Many studies have shown this tendency of species number reduction
with higher altitude [27,67–69] and that of altitude generally being a significant parameter
influencing charophyte diversity [70]. Charophytes in this study were most frequently
found in muddy substrates, followed by sand and clay as substrates, which is in accordance
with their general ecology [1,3,68]. Together with altitude, substrate was the most significant
variable explaining charophyte distribution in Vojvodina.

As shown in Figure 1, CCA analysis separated charophyte species along the first axis,
distinguishing two main types of charophyte habitats in Vojvodina. One type was separated
in relation to altitude and depth as being small and shallow, located at lower altitudes,
and having a muddy or clayish substrate. These habitats were associated with higher
values of the “Precipitation of the Driest Month”, meaning they were very dependent on
precipitation and susceptible to drying out. Such habitats were the most represented in our
study, exemplified by ephemeral ruts and puddles in the river floodplains. Two groups of
charophyte species were generally found in these habitats.

One group was made of very tolerant species, such as Chara globularis, C. vulgaris and
Nitella mucronata. They have wide ecological amplitude for most environmental parameters
and are highly tolerant to the increased trophy of the water [11], making them the most
common Serbian [14,27] and European charophyte species [1,3,9,29,53]. Chara vulgaris is
especially known as a pioneer species, being resistant to drought and frequently found in
shallow and often eutrophic ephemeral habitats [3,53,71]. In spite of its wide ecological
amplitude, C. contraria was found less frequently during our survey, probably owing to
its preference for somewhat deeper waterbodies with lower production, in comparison
to C. vulgaris [53,71]. Chara globularis, C. vulgaris and C. contraria survival success can
be explained by their high fertility, that is, their ability to produce a high number of
oospores [71], further influencing their distribution.

The second group of species, inhabiting shallow ephemeral habitats, is made of
so-called “spring” species, such as species of the genus Tolypella and Nitella capillaris.
Other Nitella species, such as Nitella opaca, N. sycarpa and N. gracilis, that are not typically
“spring” species [3,72–74] showed this ability in the environment of Vojvodina. In these
ephemeral habitats, they show the ability to develop very early during the spring and
finish their life cycle quickly before their habitat dries up during summer. Their oospores
are very abundant and resistant and can stay viable for a long period of time, survive
unfavorable periods, and germinate when suitable conditions are met. Periods of drought
or air exposure can even be favorable for their survival, triggering the germination of
oospores [74].

An environmental parameter important to mention here is temperature. The tempera-
ture of the water, as well as the bioclimatic parameter BIO7 (temperature annual range),
were both significant in this study. This can be explained by their role in oospores germi-
nation. Higher temperatures enable faster warming up of the water and hence provide
conditions for earlier oospore germination [72,75,76]. In such conditions, even species that
usually germinate later during the season start their life cycle sooner. The BIO7 parameter
is related to the ability of these species to tolerate higher temperature variation during the
year as well as lower temperatures, making them able to start their life cycle already in the
spring season. C. braunii should be mentioned in relation to these factors as this species
showed preferences towards higher water temperature and smaller annual temperature
range (BIO7), meaning that it prefers warm waters. In Vojvodina and generally, it typically
thrives in shallow and often temporary eutrophic waters [1,53].

One of the significant inferences and challenges in studying these ephemeral habitats
is finding the appropriate timing for their investigation. The appearance and subsequent
drying out of these habitats depend on differences in bioclimatic parameters from year
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to year and most often these waterbodies and the vegetation present last only a few
months. There remain gaps in the knowledge [8] to be filled in terms of studying the life
histories and ecology of individual species [4,74,76], we well as environmental factors’
interactive effect on charophytes [77,78]. Our investigations also confirm the predictions
of some authors [71,79], in accordance with the predicted climate scenario, that these
species successfully thriving in habitats susceptible to desiccation, usually at low altitudes,
will in the future have an adaptive advantage compared to the species adapted to more
stable environments.

These more stable aquatic habitats made the other habitat type, on the other side of
the gradient of the environmental parameters, associated with a higher altitude, depth and
sand substrate, less affected by the precipitation parameter and more permanent. Sandpits
and river habitats belong to this habitat type. The species inhabiting this type of habitat
were Nitellopsis obtusa, Chara tenuispina, C. papillosa and C. hispida. N. obtusa was found in a
sandpit and Danube River Bay, several meters deep, had low TP values, was associated
with sandy substrates and made meadows together with other macrophytes, all of which
is in accordance with its known ecology [1,3,73]. C. tenuispina, one of the rarest European
charophytes, was found during this survey twice, both in a sandpit and a slow-running
river with high EC and sand substrate, being deeper and at higher altitudes compared to
other habitats. During later investigations, this species has been found several times more
in Vojvodina at three new localities, all of them being slightly saline. These habitats are
not optimal for this species, but it is known to tolerate such conditions [26] and references
therein. C. hispida and C. papillosa were found only in sandpits. C. hispida is known to be
an ecologically tolerant species inhabiting a wide range of habitats, with a preference for
deeper waterbodies with sandy and sandy–muddy substrates [1,31,53]. C. papillosa has
similar ecology tolerating different ecological conditions but favors highly mineralized and
strongly alkaline habitats with sand or sandy–muddy substrates [1,2,73].

Although chemical parameters in this study were not selected by CCA as significant,
and samples for chemical analyses were taken only ones during the season, and also
taking into consideration the fact that physico-chemical factors in small waterbodies vary
greatly [80], there are a few remarks we consider important to give here. Even though
charophyte algae are very often mentioned in the literature as indicators of oligotrophic
and clear water [10], this study has shown that many species are tolerant to eutrophic or
even hypertrophic conditions of the water, judging by high TP values. Similar results are
given by [5,38,81,82]. Furthermore, during our investigations, we have found even five
species of charophytes thriving together in only a puddle or a rut, which is a remarkable
number even for a pond or a lake. It should be emphasized though that light was not a
limiting factor in charophyte habitats in Vojvodina, where most of them were transparent
to the bottom or very transparent if deeper. N. obtusa was the only charophyte species
in this study found only in waters with low TP values. According to the literature, this
species optimally inhabits meso-eutrophic waters, but it can tolerate eutrophic conditions
as well [11,53], unlike hypertrophic conditions [9]. Nitrates were low in the majority of
their habitats in Vojvodina, which is in accordance with the position of [38] that nitrates
are more likely to be a limiting factor for charophytes than phosphorus. In their study,
the limiting concentration for charophytes was 2.5 mg/l. All but one waterbody in our
study fits this criterion. Nitrates as detrimental factors for charophyte algae growth are also
confirmed by [83], although their influence is dependent on other environmental factors,
such as temperature, local adaptations, etc., and is still a subject of investigation [78].

The ability of charophyte algae to colonize newly created habitats, such as ruts, pud-
dles, and sandpits, and act as “pioneer species” [8] is directly related to a high number of
their findings in these habitats. On the contrary, in waterbodies already dominated by other
submerged macrophytes, filamentous algae, or phytoplankton communities, charophytes
are found noticeably less frequently. The main reason for this lies in the reduction of light in
such habitats and is due to charophytes being less competitive in such conditions [12,13,81].
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Finally, we would like to draw attention to the significance of protected areas of
Vojvodina that can be considered real shelters for charophyte species. Unfortunately,
the condition of the waters of Vojvodina is far from good, considering that more than
80% of its territory is used for agricultural purposes [84]. Waterbodies are under heavy
anthropogenic influence in various possible ways [85]. The newest investigations confirm
that protected areas, such as SNR “Zasavica” or SNR “Gornje Podunavlje”, are real hotspots
of charophyte diversity [20,23,24,44], while other areas should be protected before their
habitats and the biodiversity is lost [19,26]. It is also crucial to emphasize the importance of
small water waterbodies [86,87] as these habitats are real gems of charophyte and other
species’ biodiversity.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/d15030342/s1, Table S1: The species and environmental matrix used in the CCA analysis.
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