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In the context of climate change, the drying up of water bodies is becoming increasingly common. Under-
standing how aquatic communities respond to changes in the hydrological regime is essential for compre-
hending the processes influenced by climate change. This study describes the colonisation and development
of rotifers in drying-up water bodies, with dynamically changing habitats and unstable hydrological regimes.
Rotifers are typical inhabitants of such water bodies. The research includes seasonal karst lakes such as Lilov
Vir, the almost permanent karst Aldomirovsko Marsh, the artificial lake Ariana in Sofia and a permanent
basin — the non-drying drainage channel of the karst Dragomansko Marsh — for comparison. The unstable
hydrological regimes resulted in increased variability of physical and chemical parameters with two peaks
in nutrient concentrations with the highest levels of total phosphate phosphorus being recorded during the
second peak. The distribution of rotifers aligned with the second peak which occurred after the midpoint of
the hydroperiod. Longer hydroperiods resulted in more stable nutrient levels and supported greater abun-
dance and diversity of taxa. Factors such as the higher water temperatures and avoidance of competition with
copepods were also essential for the late appearance of rotifers: 4-6 weeks after the filling of the lakes.
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al level (Oertli et al. 2002, Williams et al. 2004, Davies

Introduction

Rotifers are a diverse group of mainly freshwater mi-
croscopic organisms. They are mostly cosmopolitan
and inhabit a wide variety of environments (Barnes
1982, Gomez et al. 2002, Onandia et al. 2021). The
phylum Rotifera includes more than 2,000 described
species, most of which live in freshwater ecosystems,
including temporary and drying-up habitats (Thorp
& Corich 2001, Wallace & Snell 2001, Downing et
al. 2006, Phan et al. 2021, Sao et al. 2024). In recent
decades, several studies have shown the importance of
these habitats for maintaining biodiversity at a region-

et al. 2008). Rotifers are important organisms in these
ecosystems and play an integral role in aquatic food
chains due to their high reproductive rate and abun-
dance, as well as the fact that they connect bacteria,
flagellates and phytoplankton to secondary consum-
ers (Conde-Porcuna et al. 2004, Sahuquillo & Miracle
2019). The rapid response of small zooplankton to en-
vironmental changes makes them valuable ecological
indicators (Jeppesen et al. 2011, Sao et al. 2024).

The formation of rotifer assemblages and
their seasonal occurrence is influenced by com-
plex interactions among various physical, chemi-
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cal, geographical, biological and ecological param-
eters (Hulyal & Kaliwal 2008, Tavernini 2008).
Understanding the role of environmental and spa-
tial factors in determining the structure of aquatic
communities remains a major challenge in com-
munity ecology (Cottenie et al. 2003, Cardoso et al.
2017, Thompson et al. 2020). Resource competition
and predation (Shurin & Allen 2001) and abiotic
factors such as hydroperiod or salinity gradients
(Frisch et al. 2006, Waterkeyn et al. 2008), as well as
spatial factors related to mechanisms and processes
at the regional scale, e.g. dispersal (Hubbell 2001,
Serra et al. 2018), are important drivers of metacom-
munity structure. Many rotifer species (e.g., Bra-
chionus, Pallas, 1766, Epiphanes, Ehrenberg, 1832,
Euchlanis, Ehrenberg, 1830, Testudinella, Bory de
Saint-Vincent, 1822) produce diploid resting eggs
under adverse conditions (Marcus et al. 1994, Kotani
etal. 2001, Thorp & Corich 2001, Serra et al. 2018).
Other genera have a widespread distribution (Kera-
tella, Bory de Saint-Vincent, 1822, Lecane, Nitzsch,
1827, Mytilina, Bory de Saint-Vincent, 1826, Tes-
tudinella), making their species common inhabit-
ants of drying-up ponds (Gilbert 2020). Moreover,
their capacity to enter anhydrobiosis supports their
survival in desiccating environments (Hespeels et
al. 2014, Shmakova et al. 2021).

According to Kozuharov (2007), 265 taxa have
been identified in Bulgaria. Aside from some pub-
lications by Naydenov & Sais (1983) on rotifers in
small ponds in the central Rhodopes and by Kozu-
harov (2011) regarding the Eastern Rhodopes and
subterranean karst water bodies in the Godech Dis-
trict (Kozuharov & Bogacheva 2016), there is no
information on rotifers in swamps and temporary
ponds (Kozuharov 2011). These studies primarily
focus on rotifer taxonomy rather than on how the
unstable hydrological regime affects them.

This study aims to present data on rotifers in
temporary, drying-up water bodies. It also examines
the importance of specific factors that influence the
occurrence and development of rotifers in water
bodies with varying hydroperiods, sizes and origins.
The different duration of the hydroperiod, the dy-
namics of water volume, temperature, transparency
and the concentrations of dissolved nutrients are the
main parameters on which the study focuses. The
study was conducted in two karst basins in West-
ern Bulgaria - a typical seasonal lake and a nearly
permanent marsh. In addition, we also included an
artificial seasonal lake in Sofia with a controlled,
constant water level. For comparison, a drainage
channel in the never-drying, karst Dragomansko
Marsh was used.
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Materials and Methods

Four water bodies with different durations of water
retention, i.e. hydroperiod, were studied. They were
also of different origins and sizes. Two of them are
karst, while one is artificial. A drainage channel from
a permanent karst marsh was used for comparison.

Lake Lilov Vir (LIV) is a seasonal karst pond
with a small surface area and a depth that varies
substantially with temperature and rainfall. It is lo-
cated in the Karlukovo Karst Area, near the Iskar
River gorge in Western Bulgaria (43°10"37.6854"N,
24°4'40.3572"E). It covers an area of approximately
1.2 ha with a maximum depth of 2.2 m, at an altitude
of 228 m a.s.l. It is primarily fed by spring snow-
melt and by rainwater collected from the surround-
ing hills, usually occurs in April or early May and
lasts 5-15 weeks.

Aldomirovsko Marsh (ALD) is situated in the
westernmost part of the Sofia Basin (42°53°29”N,
23°00°10”E), in the southern section of the Tri Ushi
Mountain ridge, at an altitude of 651 m a.s.l. The
maximum depth is 2.2 m. Its area is nearly 130 ha
but the open water area is more than 10 times small-
er than the total area of the swamp. It has a karstic
character, which means it allows easy seepage and
drainage of water, resulting in an unstable hydro-
logical regime: in some years it dries up, while in
others it does not.

Lake Ariana (ARI) is located in the lower part
of Borisova Gradina (42°41°22”N, 23°20°12”E) in
Sofia City, at an elevation of 550 m a.s.l. It is an arti-
ficial flow-through lake with a surface area of 1.3 ha
and a concrete base and walls and a depth of 0.80 m.
Lake Ariana is filled annually by a borehole at the end
of May or the beginning of June and drained in Sep-
tember into the nearby Perlovska River. Each spring,
before refilling, it is cleaned of deposits and dirt.

Dragomansko Marsh (DRA) is situated in a
broad valley at the foot of Chepan Karst Mountain,
in the western part of Sofia Region (42°56°16.2”N,
22°57°6.7’E), within the Nishava River basin at an
elevation of 704 m a.s.l. It is a large, drainless karst
marsh and covers roughly 400 ha. The deepest point
reaches 2.4 m. It is mainly overgrown with Phragmites
australis ((Cav.) Trin. ex Steud), Typha sp., Carex sp.
and Juncus sp. Most of the water in the Dragomansko
Marsh originates from karst springs. It also receives
surface runoff, which flows into a channel that dis-
charges at the marsh’s eastern end. For this study, this
drainage channel, which retains water year-round, was
chosen as a control permanent water basin.

The hydroperiods of the studied water bodies
in different years are shown in Table 1.
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Table 1. Duration of the hydroperiod (HP) and water vol-
ume (WVOL) for the studied water bodies.

. HP WVOL
Site Year (days) (m?)

2013 45 106.4

Lake Lilov vir 2014 100 2195.5

2015 110 1569.2

Aldomirovsko Marsh 2014 260 4420.6
2015 365 | 419586.3

Lake Ariana 2013-15| 130 5833.7
Dragomansko Marsh 2016 365 2159114

Water temperature (°C) (TWAT), dissolved
oxygen content (mg.dm~) (O2) and oxygen satura-
tion (%) (OXYD); active reaction (pH) and electri-
cal conductivity (uS.cm™) (COND), were measured
in situ using a WTW Multi 19751 multi-parameter
system. Transparency was assessed using a Secchi
disk (m) (TRAN). Based on the average depth and
area, the water volume (m?*) (WVOL) was calculat-
ed. The recorded nutrients included nitrate-nitrogen
(NO,), nitrite-nitrogen (NO,), ammonia (AMON),
phosphates (PPHO), total nitrogen (TN) and total
phosphorus (TP). Their concentrations were meas-
ured photometrically using a WTW PhotoFlex
portable photometer.

The plankton samples were collected by filter-
ing a volume of 100 dm?® of water through Apstein
plankton net with a 55um mesh size. A total of 45
samples were collected. The 15 samples from LIV
(two in 2013, five in 2014 and eight in 2015) were
collected every two weeks, with the number de-
pending on the duration of the hydroperiod. Twelve
samples were collected from ALD: five in 2014 and
seven in 2015. Eleven samples were collected from
ARI: two in 2013, three in 2014 and six in 2015.
Seven samples were collected from DRA in 2016, at
two-week intervals.

The samples were brought to a working vol-
ume of 0.1 dm® and processed in the laboratory.
Quantitative processing involved counting the or-
ganisms in 0.01 dm* within a Bogorov chamber at
16x magnification under a stereomicroscope. The
entire volume of the samples was checked for taxa
with lower densities. An Olympus BX5 compound
microscope was used to identify the genus and spe-
cies. The abundance was expressed in ind.m3. The
taxonomic identification was performed according
to Kutikova & Starobogatov (1977).

A standardised ordination analysis using prin-
cipal components analysis (PCA) (Chatfield &
Collins 1980, Ter Braak & Verdonschot 1995, Mc-

Garigal et al. 2013) was used to evaluate distances
between individual study sites and their relation-
ships with environmental variables. A multivariate
Canonical Correspondence Analysis (CCA) was
used to assess the relationship between species com-
position and abiotic factors (Ter Braak 1986). Prior
to the analyses, the species data were grouped by site
code and year, with missing values imputed with ze-
ros. Abiotic variables were standardised (Z-score).
Data for Lake Lilov Vir and Lake Ariana from 2013
were excluded from the CCA analysis, as the small
number of samples in these years returned an er-
ror in the software. Thus, the gradients were more
distinct and the grouping of samples was narrower,
which reduced variations associated with extreme or
atypical conditions. Data on abiotic factors and spe-
cies abundance were averaged on an annual basis to
avoid differences in the number of samples in differ-
ent years at different sites. Macrophytes (MACR)
were used as a categorical parameter, based on
their percentage cover. To evaluate the relative im-
portance of the factors with respect to the two ca-
nonical axes, Pearson correlation coefficients were
computed between the standardised factors and the
sample coordinates for each axis. Only statistically
significant factors (p < 0.05) were included in the fi-
nal graphs. Analyses and visualisations (PCA biplot
and CCA triplot) were performed in Python v3.10.

Results

The values of the physical and chemical parameters
were highly variable in the small Lake Lilov Vir (Fig.
la). There was a decrease in water depth (and the
associated volume of LIV) from spring to summer:
from 2.20 m in May 2015 to 0.30 m in August 2015.
Transparency decreased from 1.00 m in April 2015
to 0.00 m in August 2015. As the hydroperiod pro-
gressed, temperature in LIV rose to 33.10°C (August
2014), oxygen saturation declined to 21.30% (August
2014) and organic load increased. The pH values
were relatively high, ranging from 7.73 in May 2015
to 9.82 in June 2015 (Fig. 1a). There were two peaks
in dissolved nutrients in Lake Lilov Vir. The first fol-
lowed lake filling, while the second one was regis-
tered towards the end of the hydroperiod (Fig. 1b).
In larger basins, such as the Aldomirovsko and
Dragomansko Marshes, fluctuations in the measured
physical and chemical parameters were less pro-
nounced: transparency remained high and it did not
fall below 0.70-0.80 m, the hydroperiod was exten-
sive (260 and 365 days) and macrophyte vegetation
made up a significant share of the marsh (70-90%).
Along with the larger water volume (Table 1), the
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Physical and Chemical Parameters - Lake Lilov Vir, 2013-2015
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Fig. 1a. Physical and chemical water parameters in Lake

Lilov Vir and abundance of Rotifera: DEPT - lake depth

[m]; TRAN - transparency [m]; TWAT- water temperature [°C]; OXYD - oxygen saturation [%]; COND - electrical
conductivity [uS.cm™]; pH - active reaction; abundance of Rotifera [ind.m?].

Nutrients - Lake Lilov Vir, 2013-
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Fig. 1b. Concentrations of dissolved nutrients in Lake Lilov Vir and abundance of Rotifera: PPHO - phosphate phos-
phorus [mg.dm?]; NITRI - nitrite nitrogen [mg.dm>]; AMON - ammonium [mg.dm]; TP - total phosphorus [mg.

dm]; NITRA - nitrate nitrogen [mg.dm]; WVOL - water

higher altitude affected the water temperature, which
was lower and ranged from 13.4°C (April 2015) to
23.5°C (August 2015) in the Aldomirovsko Marsh
and from 11.4°C (April 2016) to 24.6°C (June 2016)
in the Dragomansko Marsh. Oxygen saturation in
both marshes was lower due to significant over-
growth of macrophytes, especially in Dragomansko
Marsh (ranging from 17% in April 2016 to 45.3% in
August 2016).

In Lake Ariana, the physical and chemical param-
eters remained relatively stable despite its small size.
The depth remained constant throughout the hydro-
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volume [m?]; abundance of Rotifera [ind.m™].

period (0.75-0.80 m), as did the transparency, which
extended throughout the water column. The tempera-
ture varied relatively little, from 20.3°C (May 2015)
to 27.0°C (July 2015). Oxygen saturation remained
high (over 100% throughout 2015) and the organic
load was low. The dynamics of dissolved nutrient
concentrations were also influenced by the stability of
the hydrological regime of the water basin (Table 2).
Two peaks in dissolved nutrient concentrations were
observed, most clearly visible in Lake Lilov Vir.

A total of 14 rotifer taxa were identified across
the four studied water bodies, in all examined years.
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Table 2. Concentration of nutrients in the studied water

bodies. Legend: total nitrogen (TN), total phosphorus (TP),
phosphates (PPHO), nitrite nitrogen (NO,), nitrate nitrogen

(NO,), ammonia (AMON), LIV — Lake Lilov Vir, ALD —

Aldomirovsko Marsh, ARI — Lake Ariana, DRA — Drago-
mansko Marsh. The numbers after the name denote the date
of measurement or collection.

Site / Nu-
trients [mg. | TN | TP |PPHO| NO, | NO, AMON
dm??]
LIV210413 | 6.25 | 1.19 | 0.54 | 0.14 | 1.6 | 0.26
LIV210513 18 | 221 0.37 |0.17 | 2.7 | 1.16
LIVI110514 | 7 | 273 | 0.68 | 0.06 | 6 | 0.03
LIV260514 | 25 | 0.13 | 0.45 |0.085| 9 | 0.03
LIVI10614 | 7 | 0.83| 0.2 |0.083] 13 | 0.57
LIV090714 | 11.2 | 0.9 | 0.49 [0.082| 10 | 0.36
LIVI20814 | 154 | 1.8 | 0.78 |0.082| 7 | 0.15
LIV280415 | 5.5 | 0.06 | 0.6 |0.182| 24 | 0.03
LIVI20515 | 11 | 0.59 | 0.88 | 0.26 | 29 | 0.19
LIV260515 | 11.8 | 0.73 | 0.67 |0.415| 22 | 0.059
LIV100615 | 10.2 | 0.32 | 0.76 |0.191| 19 | 0.05
LIV240615 | 9.7 | 0.79 | 0.82 |0.289| 15 | 0.074
LIV080715 | 88 | 091 | 1.62 |0.214| 8 | 0.112
LIVI90715 |11.65| 2.21 | 2.06 |0.564|14.5| 0.127
LIV050815 | 14.5 | 3.5 | 2.5 |0914| 21 | 1.141
ALDI20514| 7 | 0.57 | 0.57 |0.018] 0 | 0.03
ALD270514 | 25 | 0.66 | 039 | 0.02| 0 | 0.03
ALDI100614 | 7 | 1.35| 1.21 [0.025| 6 | 0.24
ALD090714 | 5.5 | 0.73 | 0.88 |0.017| 6 | 0.014
ALDI20814 | 1.8 | 1.9 | 0.54 |0.007| 6 | 0.03
ALD290415 | 7 0.06 | 0.57 10.022] 1 0.03
ALDI130515| 5 | 0.62 | 0.67 |0.018| 10 | 0.03
ALD270515| 7.1 | 1.06 | 1.02 | 0.02 | 4 | 0.013
ALD090615 | 9.4 | 1.02 | 1.43 |0.025| 4 | 0.013
ALD230615| 6.9 | 2.16 | 0.78 [0.025| 5 0.018
ALDO070715 | 7.7 | 0.74 | 0.84 |0.021| 4 | 0.013
ALDO040815 | 42 | 1.99 | 1.28 [0.034| 6 | 0.034
ARI300513 | 7 0 | 0.19 0.009] 0 | 0.09
ARI040713 7 0 0.97 10.016| 3 0.013
ARII00614 | 7 |0.18 | 0.75 |0.021| 5 0.03
ARI090714 | 42 | 0.58 | 094 |0.017| 5 0.03
ARI110814 | 1.4 | 0.63 | 1.13 |0.007| 6 | 0.03
ARI270515 | 6.3 | 0.92 | 1.51 |0.011| 5 0.013
ARI090615 | 5.8 | 0.74 | 1.41 |0.021| 5 | 0.013
ARI230615 | 6.4 | 1.48 | 1.09 |0.011| 4 | 0.013
ARIO70715 | 6.6 | 1.14 | 1.97 |0.017, 3 | 0.013
ARI210715 5 1.17 | 1.48 |0.018| 5 0.013
ARI040815 | 34 | 1.19 | 099 | 0.02 | 6 | 0.013
DRA270416 | 7.6 | 0.2 | 0.77 | 0.02 | 1 0.03
DRA120516 | 9.1 | 0.22 | 0.84 |0.031 7 | 0.013
DRA260516 | 2 0.5 03 | 028 8 0.03
DRA090616 | 11.8 | 0.43 | 0.77 |0.025| 9 | 0.03
DRA230616 | 12.1 | 0.41 | 0.57 | 0.02 | 7 0.04
DRAO070716 | 12.3 | 0.52 | 0.85 |0.026| 8 | 0.07
DRA040816 | 11.5 | 0.06 1 ]0.023) 8 | 0.03

None of the identified rotifer taxa was found in all
studied water bodies (Table 3). Euchlanis sp. was
found in three of the four studied water bodies, while
seven taxa were found in only two of the water bod-
ies: Synchaeta sp., Colurella sp., Epiphanes sp. and
Cephalodella sp. were found only in Lake Lilov Vir,
Mytilina sp. was found only in Aldomirovsko Marsh
and Trichotria sp. - only in Lake Ariana.

The highest number of taxa was observed dur-
ing the longest hydroperiod of Lake Lilov Vir (eight
taxa; 110 days in 2015) and in Dragoman Marsh (six
taxa; 365 days; Fig. 2). In Lake Lilov Vir only one
taxon was identified in each 2013 and in 2014. In
the Aldomirovsko Marsh one taxon was identified
in 2014 and two additional taxa were identified in
2015. In Lake Ariana, two taxa were identified in
both 2013 and 2014: Euchlanis sp. and Trichotria
sp., in 2015 - only Platyias quadricornis (Ehren-
berg, 1830) was identified.

The highest rotifer densities were observed in
Lake Lilov Vir in July 2015 (76,000 ind.m?) and
Lake Ariana in June 2014 (12,000 ind.m?; Fig. 3).
The density of rotifers of genera Euchlanis, Lecane,
Polyarthra, Colurella, Epiphanes and Cephalodella
in Lake Lilov Vir matched the density of the cla-
doceran Moina rectirostris (Leydig, 1860), which
reached 86,000 ind.m>.

Principal component analysis (PCA) explored
the differences in the dynamics of physical and
chemical parameters in water bodies with small
water volumes and unstable hydrological regimes,
compared to those with large water volumes (Fig.
4). The first axis (PC1) explained 41.7% of the to-
tal variance, while the second axis (PC2) explained
22.0% of the total variance. Together, the first two
axes explained 63.7% of the variation in the aver-
aged environmental factors. The first axis related to
water transparency, the duration of HP, macrophyte
cover and water volume, on the one hand, and to the
concentration of nitrogen species, active reaction,
and oxygen saturation on the other. This axis distin-
guishes water bodies with high transparency, large
water volume, long HP and significant macrophyte
fouling. Aldomirovsko and Dragomansko Marshes
grouped on the right side of the ordination diagram.
On the left side are the three study periods of Lake
Lilov Vir, characterised by low water volume, short
HP, low transparency, high nitrate concentrations
and lack of macrophyte fouling. Lake Ariana had a
short hydroperiod and a small but steady water vol-
ume, characterised by high transparency and elevat-
ed dissolved oxygen levels, due to its flow-through
nature. It was positioned between seasonal and near-
ly permanent water bodies regarding abiotic factors.
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Table 3. Distribution and abundance (ind.m?) of rotifer taxa identified in the studied water bodies across different years.

Water bodies Lake Lilov Vir Aldomirovsko Lake Ariana Dragomansko
Marsh Marsh

Taxon [ind.m] Code | 2013 | 2014 | 2015 | 2014 | 2015 | 2013 | 2014 | 2015 2016
Asplanchna sp. Asp 1800 1800
Brachionus sp. Bra 200 800
Cephalodella sp. Cep 2000
Colurella sp. Col 12000
Epiphanes sp. Epi 32000
Euchlanis sp. Euc 40 | 4000 | 1500 | 5900 9600
Keratella quadrata
(Bory de Saint-Vincent, Ker 400 1000
1822)
Lecane sp. Lec 16000 700
Mpytilina sp. Myt 200
Platyias quadricornis
(Ehrenberg, 1830) Pla 300 2500
Polyarthra sp. Pol 4000 60
Synchaeta sp. Syn 300
Testudinella sp. Tes 100 2300
Trichotria sp. Tri 2400

DRA-2016 HP 365 days

ARI-2015 HP 130 days
ARI-2014 HP 130 days
ARI-2013 HP 130 days

ALD-2015 HP 365 days
ALD-2014 HP 260 days

LIV-2015 HP 110 days
LIV-2014 HP 100 days
LIV-2013 HP 45 days

Fig. 2. Number of identified taxa in the studied water
bodies across different years with varying lengths of hy-
droperiods [days]. Legend: LIV — Lake Lilov Vir, ALD —
Aldomirovsko Marsh, ARI — Lake Ariana, DRA — Drago-
mansko Marsh.

Canonical correlation analysis (CCA) was
used to explore the relationships among rotifer
density (ind.m), environmental factors and sites
(Fig. 5). The first canonical axis (CCA1) explained
94.07% of the constrained variance, while the sec-
ond axis (CCA2) accounted for only 5.43%. The
strong dominance of the first axis suggested that the
association between taxon composition and abiotic
factors was owing mostly to one dominant ecologi-
cal gradient, water temperature (TWAT) (corr. -1.0).

178

Rotifer density in the studied water bodies (ind m-)

|
0

=

|

Fig. 3. Rotifer density (ind.m?) in the studied water bod-
ies in different years.

However, TWAT was also strongly related to hy-
droperiod (HP) (corr. 0.96), water volume (WVOL)
(corr. 0.72), pH (corr. 0.87) and transparency (corr.
0.68). The first axis clearly separated samples from
warmer, shallower and shorter-hydroperiod water
bodies (Lilov Vir and Ariana Lakes). The second
axis represented a secondary gradient, primarily re-
lated to oxygen saturation (OXYD) and electrical
conductivity (COND) and, to a lesser extent, other
factors.
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Discussion

In the small Lake Lilov Vir, the increased evapora-
tion caused by more sunlight in spring and summer
lowered water volume and depth fluctuated from
2.20 m in May to 0.30 m in August 2015, while
transparency decreased from spring to autumn 2015.
As the hydroperiod progressed, the water tempera-
ture and organic load increased, while the oxygen
saturation and transparency declined. In Lake Ari-
ana, the physical and chemical parameters remained
relatively stable despite its small size. That stability
was a result of the hydrological regime of the lake: it
is filled and drained continuously. This helped main-
tain a constant water volume and depth throughout
the hydroperiod. The transparency extended until
the bottom, the water temperature varied relative-
ly little and the oxygen saturation remained high,
while the organic load was low, likely owing to the
fact that the lake is fed by a borehole and has no sur-
face inflow. In the larger basins, the Aldomirovsko
and Dragomansko Marshes the hydroperiod was
extensive (260 and 365 days), fluctuations in phys-
icochemical parameters were less pronounced due
to the greater buffering capacity of the larger water
volume. In both marshes, transparency remained
high and macrophyte vegetation made up more than
70%, affecting oxygen saturation. Along with the
larger water volume, the higher altitude affected the
water temperature, which was lower.

In most of the studied drying water bodies,
rotifers appeared toward the middle or end of the
hydroperiod. A probable reason for the later appear-
ance of rotifers could be the water temperature as
demonstrated also in earlier studies (Awaiss & Kes-
temont 1992, Wearvagen & Andersen 2018, Li et al.
2019, Tran-Nguyen et al. 2025). Large temperature
fluctuations affect the growth of bacteria and algae,
which are the primary food sources for rotifers (Qian
etal. 2021). As temperatures rise, diapause duration,
reproductive periods and lifespan of rotifers shorten,
whereas the net reproduction coefficient and popula-
tion growth rate increase (Li et al. 2019, Tran-Nguy-
en et al. 2025). The highest numbers of rotifers were
observed at the highest water temperatures. Accord-
ing to Gonzalez-Gutiérrez et al. (2023), the pres-
ence of species of genera such as Keratella and My-
tilina are related to higher temperatures. Moreover,
Marshall et al. (2024) recorded the average density
peaks in overall rotifer abundance in August, when
surface water temperatures were highest. In three of
the studied water bodies with unstable hydrological
regimes, the highest rotifer density coincided with
the highest water temperatures. In contrast, in Drag-

180

omansko Marsh, which does not dry out, rotifers
were present continuously throughout the studied
period. Marshall et al. (2024) also state that the
highest proportion of rotifers in the total zooplank-
ton biomass occurs in early summer. Casanova et al.
(2009) have found that during drier periods in flood-
plains, stable physicochemical conditions are asso-
ciated with higher rotifer density and biomass. More
stable habitats tend to have greater species richness
of rotifers (Wallace et al. 2005, Kuczynska-Kippen
& Basinska 2014, Sahuquillo & Miracle 2010, Smo-
lak & Walsh 2022).

Dissolved nutrients are another crucial factor
influencing rotifer development (Li et al. 2019, Yun
et al. 2019). We recorded two peaks in concentra-
tions of nutrients. The first peak occurred during the
filling of the lakes, when the terrestrial coenosis was
being decomposed. The second appeared towards
the end of the hydroperiod when water volume de-
creased significantly and nutrients became concen-
trated. These peaks were more prominent in typical
seasonal water bodies, such as Lake Lilov Vir. In
Lake Ariana, the absence of significant changes in
water volume and a stable hydrological regime with-
in its flow-through system result in more consistent
nutrient levels than in Lake Lilov Vir, despite their
similar sizes and water volumes. In longer hydrop-
eriods, the presence of a second peak in dissolved
nutrients allows rotifers to develop further. The
highest rotifer densities coincided with the second
peak. This might be associated with increased tran-
spiration, higher water temperatures and the corre-
sponding reduction in water volume, which together
increase nutrient levels and specifically phosphate
forms (May et al. 2014).

Water temperature and active reaction are
key factors for rotifer communities as shown by
our canonical analysis and Vanjare & Pai (2013),
who demonstrated their influence (along with dis-
solved nutrients, particularly nitrate-nitrogen) on
the development of Lecane, Polyarthra, Colurella,
Epiphanes, Cephalodella and Synchaeta. High roti-
fer densities also coincide with elevated concentra-
tions of total phosphorus and phosphates (Liang et
al. 2019), which, along with nitrogen forms, are vital
for rotifer development (Wen et al. 2017, Spoljar et
al. 2018, Qian et al. 2021). The configuration of axes
in the CCA analysis showed that much of the eco-
logical variation in rotifer communities was due to a
single major complex of factors. Hydroperiod, wa-
ter volume and transparency are significant factors
for rotifers of the genera Brachionus, Testudinella,
Keratella and Platyias. Mytilina and Trichotria
were identified in only one sample each, making it
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difficult to draw definitive conclusions about them.
Euchlanis is the only taxon present in three of the
four water bodies and appears to be more eurybiont
with respect to environmental factors (Ehrenberg
1830). This also applies to Asplanchna, which, as
a predator (Gilbert & Trout-Haney 2025), probably
shows a stronger correlation with prey presence than
with environmental conditions.

Another possible reason for the late colonisa-
tion of rotifers in seasonal water bodies is the rapid
development of cladocerans and copepods soon af-
ter the basin is filled (Diovisalvi et al. 2014). Crusta-
ceans exploit the initial peak in dissolved substances
(Lietal. 2019, Ivanov & Pehlivanov 2024), thereby
competing with rotifers. The late appearance of ro-
tifers allows them to avoid direct competition with
copepods. Predation pressure exerted by species of
suborder Cyclopoida is well documented (PlaBmann
et al. 1997, Williamson 1983, 1984, Matsumura-
Tundisi et al. 1997, Dieguez & Gilbert 2002). The
density of rotifers of Euchlanis, Lecane, Polyarthra,
Colurella, Epiphanes and Cephalodella in Lake
Lilov Vir matched the density of the cladoceran Moi-
na rectirostris (Leydig, 1860), as demonstrated also
by Negreiros et al. (2010). This is probably due to
the similar survival strategies of Moina and rotifers,
characterised by high growth rates and short life cy-
cles (Nandini & Sarma, 2000). Predation pressure
can also come from species of genus Asplanchna,
whose primary diet includes other rotifers, cladocer-
ans, copepods, ciliates and smaller morphotypes
of Asplanchna (Williamson & Gilbert 1980, Stem-
berger & Evans 1984, Gilbert & Trout-Haney 2025).
They are effective swimmers and are found in large
freshwater lakes (Sarma et al. 2004). We observed
them only in Dragoman Marsh, which does not dry
out and in Lake Lilov Vir in 2015, during its peak
water volume and extended hydroperiod. Both ba-
sins support well-established populations of copep-
ods, cladocerans and other rotifers, providing ample
food resources.

Conclusion

Physicochemical parameters in drying-up ponds are
more stable during longer hydroperiods. This pro-
motes greater species diversity, including more taxa
and the development of predatory rotifers.

Water temperature and active reaction are key
factors for some rotifer genera, while for others the
concentration of dissolved nutrients - mainly phos-
phate and nitrogen forms - is of greater importance.

In the studied dry ponds, rotifers appeared
mainly after the middle of the hydroperiod, approxi-

mately 4-6 weeks after the lake was filled. Rotifer
abundance increased significantly as a result of
increased evaporation, water temperature and dis-
solved nutrient concentrations.
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