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ABSTRACT

In this study, temporal variations in rotifer abundance, biomass, and size structure were determined
and compared across samples collected between 2014 and 2016 from two shallow lagoons in dif-
ferent climate zones. Paradeniz Lagoon is a high-salinity ecosystem (around 31%e.), located in the
Mediterranean Sea Region, on the south coast of Turkey, and formed within the delta of the Goksu
River. Uzungdl Lagoon is a low-salinity ecosystem (< 1%o) located in the Kizilirmak Delta, in the
north of Turkey. Key environmental parameters, particularly temperature, salinity, conductivity,
dissolved oxygen, and chlorophyll a, were determined in interactions with rotifer assemblages.
Rotifera were the dominant group in the zooplankton of slightly saline Uzungdl Lagoon; mainly,
Keratella cochlearis, K. quadrata, Polyarthra vulgaris, Filinia longiseta, Notholca acuminata,
and Brachionus calyciflorus accounted for more than 70% of the rotifer community. In the saline
Paradeniz Lagoon, rotifers Synchaeta pectinata and Hexarthra fennica were constant species.
However, their population density was very low, whilst copepods made up more than 90% of the
total zooplankton. Moreover, an increase in nauplius lengths correlated with maximum salinity in
both lagoons. Results of this research indicated that climate-dependent salinisation of shallow la-
goons is an important factor in ecological explanations of zooplankton biodiversity, density, and
biomass.
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Introduction

Rotifers are among the most important groups of zooplankton
and play an important role in nutrient cycling and energy flow
in aquatic systems (Herzig, 1987; Wallace, 2002; Emir,
1994). Seasonal zooplankton dynamics and population struc-
ture are highly susceptible to changes in environmental vari-
ables, especially in shallow lakes. Several previous studies
have indicated that nutrients, primary production, tempera-
ture, abundance of predators, competitors, and potential food
resources are important factors influencing the structure of
the zooplankton abundance as well as the population dynam-
ics and the productivity patterns (Galkovska, 1987; Herzig,
1987; Devetter, 1998; Caglierani et al., 2009; Donisete et al.,
2022). Among the zooplankton, the studies on the population
dynamics of rotifers, dissolved oxygen concentration, water
conductivity and salinity were the most important factors
driving differences in species diversity and abundance (Eg-
borge, 1994; Khalegsefat & Malekzadeh-Viayeh, 2013; Yuan
et al., 2020); dissolved oxygen and temperature concentration
(Armengol et al., 1993; Mikschi, 1989); pH (Grajner, 2001)
and turbidity (Duggan et al., 2002); trophic level (Duggan et
al., 2001; Yoshida et al., 2003). In addition, predation pres-
sure decreased the maximum population density and maxi-
mum population growth rate of rotifers (Sarma et al., 2011)

The differences observed in the saline and freshwater envi-
ronments, abundance and biomass of zooplankton in the la-
goons were caused not only by salinity and temperature con-
ditions, but also by dissolved oxygen concentrations, the
trophic state of the studied water body and the existing bio-
cenotic relationships (Paturej & Kruk, 2011; Paturej et al.,
2017)

As transition zones between marine and terrestrial environ-
ments, lagoons are important areas where biodiversity is high
and biogeochemical cycling occurs. (Kjerfve, 1994). The
high productivity of coastal lagoons makes them habitats for
many fish and invertebrates, and most lagoons support im-
portant fisheries or aquaculture (Ruzafa et al., 2024).

Although various parameters affect zooplankton species di-
versity and density in lagoons, high salinity is among the
most important limiting factors, as in temperate lakes. The
significant suppressive effect of salinity on zooplankton dis-
tribution, especially in small-bodied zooplankton groups, has
been studied by various researchers. Danni et al. (2020) ob-
served that zooplankton species number, richness, evenness,
Shannon index, and Simpson’s index values decreased with
increasing salinity. The abundances of total zooplankton, ro-
tifers, and cladocerans were negatively correlated with salin-

ity, while there was little correlation between copepod abun-
dance and salinity (Akbulut & Tavsanoglu, 2015). Saline
wetlands were colonised by more salt-tolerant species such as
Brachionus plicatilis, Trichocerca sp., and calanoid cope-
pods. The results indicate that increasing salinity may reduce
freshwater zooplankton richness, shifting the community to-
ward more salt-tolerant species (Toruan, 2012). Even rela-
tively small increases in salinity levels can drive such systems
to a state of depleted biodiversity and abundance, altering
ecosystem functioning (Schallenberg et al., 2003). Grajner
and Cudak (2014) observed that increased salinity decreased
rotifer species richness and diversity. Min-Chul et al. (2022),
based on their laboratory work, found that among the abiotic
factors, salinity and temperature induced adverse effects on
reproduction in the tropical rotifer species.

There are some studies on zooplanktonic organisms in lakes,
streams and rivers in the Kizilirmak Basin, like on the Cla-
docera and Copepoda taxonomy in Bafra Balik Lake (Giin-
diiz, 1991a, 1991b); on the Rotifera taxonomy and ecology
(Emir, 1989,1990; Akbulut et al., 2008), Zooplankton fauna
in Cernek Lake (Bekleyen, 2008), Rotifers from Kizilirmak
River and its branches were observed (Giinsel &Akbulut,
2012). Also, recent studies are available on the zooplankton
community and physicochemical properties of Uzungdl La-
goon (Ozdemir et al., 2021), on zooplankton population dy-
namics and biomass distribution in Gic1 Lake (Giil, 2021),
and on zooplankton population dynamics in Tatli Lake in the
Kizilirmak Delta (Tugaytimur, 2023). Although rotifers pre-
dominate in most aquatic environments, such as lagoons, few
studies have examined zooplankton, including rotifers, in sa-
line waters to compare them with those in temperate lakes
(Akbulut & Tavsanoglu, 2015, 2018). The purpose of our
study was to determine the effects of saline intrusions and
temperature on zooplankton biomass and community struc-
ture in two lakes located in different climate zones.

Materials and Methods

Study Sites

Uzung6l Lagoon is an eutrophic lake with typical brackish
water characteristics, located in the Kizilirmak Delta, Black
Sea Region of Turkey (41°34’N 36°05’E, Figure 1). Alt-
hough the closest point to the sea is 1 km away, a channel
opens to the sea in line with anthropogenic interventions. This
lake, located in the eastern part of the basin, lies parallel to
the sea and covers 219 ha. Its depth varies between 1 meter
and 1.5 meters. Although it is common in the southern part of
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the lake, emergent macrophytes, especially Phragmites aus-
tralis, were observed (Akbulut & Bayramialemdari, 2015).

Uzungdl, Samsun, Turkey
(41°34’N 36°05 E)

Paradeniz, Mersin, Turkey
(36° 24°N, 33° 45'E)
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Figure 1. Satellite images of study sites with geographical lo-
cation and coordinates

Paradeniz Lagoon is a saline lake located on the southern
coast of Turkey and is one of the four lakes in the Goksu Delta
that pour into the Mediterranean Sea (36° 24°N, 33° 45°E,
Fig. 1). Paradeniz is the second-largest lake in the basin, with
a surface area of 492 ha. There is a sand bar between the sea,
and it has a saltier water chemistry than other lakes in the ba-
sin due to its direct connection to the sea. It has a depth of 1
meter to 0,5 meters. It is possible to say that anthropogenic
interference is high, though it is linked to neighbouring Akgél
due to fishing activities.

Sampling

Samples were collected at Uzungo6l Lagoon, located in the
Kizilirmak Delta (Samsun, Turkey), and Paradeniz Lagoon,
located in the Goksu Delta (Mersin, Turkey), at four stations
in each lake between August 2014 and May 2016. Zooplank-
ton samples were collected horizontally using a standard
plankton net (44 pm mesh size), and Secchi depth was meas-
ured with a 20 cm disc. Samples were preserved in 4% Lugol
solution and examined using a Leica DM5000B trinocular mi-
croscope. Physicochemical parameters, including salinity,
pH, dissolved oxygen, and temperature, were measured using

a Consort C933 Multi-Parameter Analyser. Physical and
chemical data were obtained from project report no. 014 D04
818 001-598, which supported the study.

Species were identified using the keys of Koste (1978a,
1978b), Kutikova (1970), Nogrady (1980), Segers (1995,
2007, 2008), De Semet (1996, 1998), Dumont (2006), De
Smet and Pourriot (1997), and species were checked accord-
ing to Ustaoglu et al. (2012) and Ustaoglu (2015).

Data Analysis

The organisms observed in the samples taken from Uzungol
and Paradeniz Lagoons were counted in 5 replicates on a 1
mL capacity Seewick-Rafter counting slide, after homogeni-
zation by shaking the sample tube. It was prepared following
the methods described by Downing and Rigler (1984), Ed-
mondson (1971), and Telesh (1986). Considering the density
of the samples, plankton counts were recorded by examining
a minimum of 0.25 ml and a maximum of 1 ml of water sam-
ples, and the dilution rate was determined for each diluted
sample.

Biomass measurements of zooplankton samples were made
using a trinocular light microscope with a Leica-branded dif-
ferential interference contrast (DIC) attachment, and a com-
puter program called LAS 4.1 to measure Rotifera species.
Moreover, nauplii, the larvae of Copepoda, were also meas-
ured. The weights of organisms whose biometric measure-
ments were made were calculated using equations from the
literature; biovolume was calculated from biometric data of
Rotifera members, and biomass was determined using geo-
metric equations (Kolisko, 1977).

Statistical evaluations of zooplankton communities; for pop-
ulation evaluation, relative abundance, and frequency (Tisch-
ler, 1949), species richness (S), Shannon-Weiner diversity
(H") and Pielou evenness (J) indices were used. Moreover, to
test seasonal differences in zooplankton community parame-
ters, One-Way Analysis of Variance (ANOVA) was used;
statistical analyses were performed using Past 4.03 Statistical
Software.

Results and Discussion
Physicochemical Data

The physicochemical data for the sample collection dates
from Lake Uzungol and Lake Paradeniz are given in Table 1.
The highest water temperature was measured in August 2014,
with 27.6 C° recorded in Uzungol and 32.4 C° in Paradeniz.
However, the lowest water temperatures were measured in
November 2015: 10 °C in Uzungdl and 13,5 °C in Paradeniz.
In the physicochemical examinations conducted in Uzungdl,
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the pH ranged from 8.89 to 9.57, indicating an alkaline water
state. Salinity ranged from 0.55%o to 1.21%o; the lowest was
recorded in March 2015, and the highest in May 2016. Dis-
solved Oxygen (DO) was measured in the range of 6.3 mg/L
to 10.9 mg/L and recorded above the eutrophication limit ac-
cording to the Water Pollution Control Regulation, except for
August 2014 (T.C Orman ve Su isleri Bakanligi 2012, 2014).
Electrical Conductivity (EC) was observed in November
2015, with a maximum of 2240.5 uS cm-1, while a minimum
of 1078.5 pS cm™ was recorded in March 2015. Chemical
data show that anions and cations reached maximum levels in
November 2015 at 27.12 mg/L and 28.58 mg/L; moreover,
they are at minimum levels in March 2015 at 12.68 mg/L and
13.37 mg/L.

In the physicochemical examinations conducted in Paradeniz,
pH levels ranged from 6.03 to 9.515, indicating an alkaline
water state, except in August 2014. Salinity varied between
11.67%0 and 31.4%o; the lowest was recorded in March 2015,
and the highest in August 2014. Dissolved Oxygen (DO) was
measured at 1.15-9.15 mg/L; these values are much lower
than those in Uzung6l. Electrical Conductivity (EC) ranged
from 20834.5 to 48484 uS cm-1, with the highest value rec-
orded in August 2014 and the lowest in March 2015. Secchi
disk measurements showed that turbidity did not differ sig-
nificantly between the dates, with a standard deviation of
13.36 and a mean of 81.56 cm. Chemical data show that the
anion and cation values ranged from 27.12 to 28.58 in No-
vember 2015, with the minimum values recorded in March
2015 at 12.68 and 13.37 in Uzungol.

In terms of the highest Chl-a values, the two lakes differ,
while the lowest values coincide with the same date. While
Chl-a values were at their maximum (26.91 pg/L) in Uzungol
in August 2014, they were at their maximum (5.01 pg/L) in
Paradeniz in March 2015. On the other hand, the lowest val-
ues were measured as 3.963 pg/L for Uzungol and 0.125 pg/L
for Paradeniz in May 2016.

Biotic Data

In this study, 43 species and 1 genus of Rotifera were identi-
fied. While 41 of the identified species were recorded in Uz-
ungdl and 8 in Paradeniz, 5 species were found in both lakes:
Brachionus calyciflorus, Keratella cochlearis, Keratella
tropica, Lecane bulla, and Synchaeta pectinata. However,
unlike Uzung6l, Hexarthra fennica, Synchaeta grandis and
Synchaeta sp. species were identified in Paradeniz (Table 2).

A comparative abundance and frequency table of Rotifera
species in lakes is shown in Table 3. Based on the frequency
classification presented by Tischler, 15 incidental species,
nine accessory species, and 17 fixed species were recorded in
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Uzungdl (Tischler, 1949). Three recorded species Bra-
chionus angularis, Brachionus calyciflorus, and Trichocerca
marina were evaluated in the definitely fixed species cate-
gory. Among the species detected in Paradeniz, Brachionus
bidentata, Hexarthra fennica, Keratella tropica, Lecane
bulla, Synchaeta grandis and Synchaeta pectinata are consid-
ered as incidental species. At the same time, Keratella coch-
learis is an accessory species, and Synchaeta sp. has been
identified as a definite fixed species. However, it was deter-
mined that 2 species, Brachionus bidentata and Lecane bulla,
were incidental species for both lakes.

Density values of zooplankton in samples taken from Uzun-
g0l and Paradeniz lagoons are given in Table 4. The popula-
tion density difference between the two lakes is remarkable.
While the highest individual count in Uzungol was 43353.84
ind.m™ for Hexarthra mira in August 2014, the lowest was
23.87 ind.m? for Mytilina ventralis, Trichocerca rattus, and
Trichothria pocillum in March 2016. In terms of the total
number of individuals, the highest value recorded in Uzungdl
was 120416.73 ind.m™ in August 2014, while the lowest
value was 62189.846 ind. m™ in March 2015. The highest
number of individuals measured in Paradeniz was recorded
in May 2016 as Synchaeta sp. with 6923.24 ind.m™, while the
lowest number of individuals recorded was in November
2015 as Brachionus calyciflorus and Lecane bulla and in May
2016 as Hexarthra fennica with 15.915 ind.m™

Also, the highest total number of individuals was recorded at
8307.90 ind.m™ in May 2016, while the lowest was 15.91
ind.m” in March 2015.

The Shannon-Wiener diversity index and Pielou Evenness in-
dex were calculated from the density values for the two lakes
per cubic meter, as given in Table 5. Calculated values are
shown in Table 5. In line with Uzung6l data, species diversity
decreased significantly in March 2015 and then increased; the
highest value was recorded in May 2016. Statistical analysis
shows that the Shannon-Wiener Diversity Index differs sig-
nificantly among lakes (One-Way ANOVA; F=19.69, p <
0.05) and sampling dates (One-Way ANOVA; F=3.857, p <
0.05). Based on Pielou's Evenness Index calculations, the
date with the lowest species homogeneity was March 2015.
Statistical analysis shows that there is no significant differ-
ence in Pielou Evenness index across sampling dates (One-
Way ANOVA; F=0.2779, p>0.05); however, statistically sig-
nificant differences were observed between Pielou Evenness
index and lakes (One-Way ANOVA; F=59.58, p<0.01) (Ta-
ble 5, Figure 2).

Table 6 presents the species identified in the study areas and
their corresponding biomass values. Among the species com-
mon in Uzungdl and Paradeniz, only Keratella cochlearis
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seems to provide comparable data (Figure 3). It was deter-
mined that Keratella cochlearis individuals whose biomass

was measured showed no statistical difference across meas-
urement dates and lakes (F=0.8655, p>0.05).

Table 1. Average values of physicochemical parameters in Lake Uzungol and Paradeniz between August 2014 and May

Uzungol

2016

Paradeniz

19.08.2014 ‘ 3.03.2015 19.11.2015 13.05.2016 31.08.2014 15.03.2015 24.11.2015 7.05.2016
DO (mg L) 6.3 (£0) 10.99 (£0.447) 9.8825(+2.299) 8.13 (£0.955) 1.15 (+0.08) 9.1475 (£0.38) 7.89 (£0.11) 5.2575 (£0.26)
DO % 80.7 (£0) 97.775 (£4.147) 94.475 (£12.092) 92.625 (£10.946) 18.8 (£1.1) 95.375 (5.19) 84.575 (£0.82) 69.6 (£3.79)
EC (pS cm™) 2055 (£0)  1078.5 (£283.98)  2240.5 (21132.21)  2187.5 (£534.461) | 48484 (£887.6)  20834.5 (£5999.03)  27200.75 (£2931.9)  39760.75 (2:2005.92)
Salinity %.) 1 (£0) 0.55 (£0.15) 1.175 (£0.63) 1.2125 (£0.314) 31.4 (£0.54) 11.675 (£2.9) 17.9 (+1.16) 27.6 (+1.15)
Temperature (C°) | 27.6 (£0) 10.1 (+0.255) 10.075 (£0.415) 21.45 (£0.173) 32.4 (£0.47) 14.225 (+0.606) 13.55 (£0.29) 21.235 (£0.83)
pH 9.25 (+0) 8.89 (£0.308) 9.57 (£0.17) 9.0075 (+0.342) 6.03 (20.25) 8.7425 (+0.024) 9.515 (£0.69) 8.3375 (£0.016)
Secchi Disk (cm) 48 (0) 45 (&5) 76.25(23.81) 85 (+26.926) 97.5 (£18.9) 68.75 (£29.66) 72.5 (£17.85) 87.5 (£25.86)
Depth (cm) 48 (£0) 95 (£22.941) 92.5 (+34.187) 130 (+25.495) 120 (£25.5) 107.5 (£17.85) 91.25 (+32.09) 97.5 (+34.91)
Chl-a (ug/L) 26.91 (£0) 22.07 (£6.5) 3.978 (+1.469) 3.963 (+3.011) 2.17 (+0.518) 5.01 (+3.14) 1.155 (£0.411) 0.125 (+0.069)
CI (mg/L) 473.91 (£0) 242.57 (£100.38)  690.451 (£427.594)  610.07 (£198.754) | 19053.17 (£515.58) 7657.2 (x1916.495)  14724.47 (+1395.193) 18294.575 (+954.034)
NO2 (mg/L) 0 0.0314 (£0.033) 0.1008 (+0.175) 0.366 (+0.157) 0 0 0 1.58 (0.996)
NO3 (mg/L) 1.988 (20)  1.279 (£0.692) 0.2955 (£0.261) 0.832 (£0.827) 0 1.5 (£1.552) 0 0
PO4 (mg/L) 0 0 0 0 0 0 0 0
S04 (mg/L) 280.543 (£0) 88.899 (426.03)  167.196 (£52.416)  135.68 (£28.531) | 2228.1 (+61.62)  892.62 (#219.276)  1722.601 (£165.147) 2115.9675 (+112.302)
CO3 (mg/L) 0 16.5 (+2.598) 24519 (£11.079) 19.853 (£14.91) 33.66 (+2.53) 30 (0 28.85 (+0 29.4117 (+4.16)
HCO3 (mg/L) 148.78 (0)  207.4 (£11.206)  200.89 (¥25.014)  239.215 (£39.894) | 139.85 (£5.15) 198.25 (+16.425) 156.9 (£7.62) 167.451 (+14.65)
Na (mg/L) 306.68 (£0) 157.665 (£53.994)  422.428 (+241.635) 371.231 (£111.60) [ 9196.1 (+267.15)  4040.55 (£1020.87)  8102.63 (717.466)  10119.996 (+489.611)
NH4 (mg/L) 128 0)  0.197 (£0.197) 1.239(+1.488) 0 37.15 (£14.47) 0 18.834 (+20.404) 0
K (mg/L) 12.864 (0)  8.438 (£1.934) 16.736 (+8.131) 13.24 (£3.321) 391.49 (£16.33) 157.77 (£38.812) 280.02 (£28.98) 337.25275 (£15.482)
Mg (mg/L) 71.881 (£0)  36.998 (49.533)  79.879 (434.594)  76.42 (+16.398) | 1816.43 (£95.94) 72521 (£180.746)  1133.636 (£75.296)  1595.25225 (+71.561)
Ca (mg/L) 53224 (£0)  64.963 (+2.196) 62.703 (£19.788) 70.55 (£11.382) | 1261.11 (+328.43)  439.3 (x106.001) 663.979 (£33.49) 675.62395 (£15.752)
Anion (mg/L) 21.70 (£0) 12.684 (£3.558) 27.12 (£13.45) 24.667 (£6.75) 587.94 (£15.83) 239.18 (+58.463) 455.353 (+42.75) 564.52485 (+29.158)
Cation (mg/L) 2231 (0)  13.372 (+3.210) 28.58 (£14.497) 26.298 (£6.803) 624.58 (£5.49) 261.43 (£65.21) 487.171 (+40.38) 613.9234 (+28.13)
Shannon Wiener Index Pielou Evennes Index
2 1785 1,873
18 1,684 08 0,7336
16 07 0,6547
1,4 ' 0,5943
§ 06
12 Loe1 05 0,4617 0,4663 0,4565
. .
0.4
0,8 :
. 0,598 4
0,6 ’ 0,564 03
0,4 0,2 0,1315
0,2 0,912 5 01 . ;
0 — 0
August 2014 March 2015 November 2015 March 2016 August 2014 March 2015 November 2015 March 2016
® Uzungol ® Paradeniz m Uzungol = Paradeniz

Figure 2. Bar graph of Shannon Wiener Index and Pielou Evenness Index data of Uzungdl and Paradeniz from August 2014
to May 2016.
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Table 2. Seasonal Distribution of the Rotifers in Uzungdl and Paradeniz Lagoons

Uzungol Paradeniz

Aug. Mar. Nov. May Aug. Mar. Nov. May
2014 2015 2015 2016 2014 2015 2015 2016

Anuraeopsis fissa *

Asplanchna priodonta
Brachionus angularis
Brachionus bidentata
Brachionus calyciflorus
Brachionus diversicornis
Brachionus plicatilis *
Brachionus quadridentatus * ®
Brachionus urceolaris *
Cephalodella catellina
Cephalodella delicata
Cephalodella gibba
Colurella colurus
Filinia longiseta ®
Filinia terminalis *
Hexarthra fennica *
Hexarthra intermediata *
Keratella cochlearis
Keratella quadrata *
Keratella tropica
Lecane bulla
Lecane closterocerca
Lecane hamata
Lecane luna
Lecane imbricata *
Lecane lunaris
Lecane ohioensis
Lepadella ovalis
Mytilina mucronata
Mytilina ventralis

B K| %] k| *

B k| k| k| ®
B k| k| k| k| %] %

E I I

B K| %] k| *
*
*

Notholca acuminata *

Monommata sp. *

Polyarthra dolichoptera

Polyarthra vulgaris * *

Synchaeta grandis *

Synchaeta oblonga
Synchaeta pectinata
Synchaeta sp. * * * *
Testudinella patina
Trichocerca gibba * * *
Trichocerca marina
Trichocerca rattus
Trichothria pocillum
Trichothria tetractis * *
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Table 3. Abundance and frequency of rotifers by sampling areas and sampling dates (%)

Frequency (%)

August 2014 March 2015 November 2015 May 2016

Uzungol ‘ Paradeniz Uzungol Paradeniz Uzungol Paradeniz Uzungol | Paradeniz | Uzungol Paradeniz

Anuraeopsis fissa 0 0 0 0 0 0 1.543 0 25 0
Asplanchna priodonta 2.85 0 0 0 1.271 0 0.364 0 75 0
Brachionus angularis 2.69 0 0.2687 0 1.617 0 23.520 0 100 0
Brachionus bidentata 0.24 0 0 0 0 0 0 0 25 25
Brachionus calyciflorus 4.92 0 0.729 0 0.404 1.785 0.728 0 100 0
Brachionus diversicornis 0.079 0 0 0 0.1443 0 0 0 50 0
Brachionus plicatilis 0 0 0.0383 0 0 0 0 0 25 0
Brachionus quadridentatus 0.238 0 0 0 0.1444 0 0.2572 0 75 0
Brachionus urceolaris 0 0 0.0767 0 0 0 0.0428 0 50 0
Cephalodella catellina 0 0 0 0 10.568 0 3.473 0 50 0
Cephalodella delicata 0 0 0 0 0.3753 0 0.557 0 50 0
Cephalodella gibba 0 0 1.343 0 1.443 0 2.294 0 75 0
Colurella colurus 0 0 0.3454 0 1.530 0 1.843 0 75 0
Filinia longiseta 35.29 0 0 0 5.948 0 13.765 0 75 0
Filinia terminalis 0 0 23.0710 0 0 0 0 0 25 0
Hexarthra fennica 0 0 0 0 0 0 0 0.1915 0 25
Hexarthra mira 36.00 0 0 0 0 0 1.672 0 50 0
Keratella cochlearis 0.079 0 0 0 3.176 50 8.490 2.681 75 50
Keratella quadrata 0 0 22.226 0 8.431 0 1.372 0 75 0
Keratella tropica 0.952 0 0 0 20.589 7.142 0.321 0 75 25
Lecane bulla 7.61 0 0 0 0 1.785 0 0 25 25
Lecane closterocerca 2.854 0 0 0 3.522 0 0.750 0 75 0
Lecane hamata 0.158 0 0 0 0 0 0 0 25 0
Lecane imbricata 0 0 0 0 0 0 0.042 0 25 0
Lecane luna 0.555 0 0 0 2.3678 0 0.107 0 75 0
Lecane lunaris 0 0 0 0 0.144 0 0 0 25 0
Lecane ohioensis 0.396 0 0 0 0.721 0 0 0 50 0
Lepadella ovalis 0.158 0 0 0 1.270 0 0 0 50 0
Monommata sp. 0 0 0 0 0 0 0.064 0 25 0
Mytilina mucronata 0 0 0 0 0 0 0.364 0 25 0
Mytilina ventralis 0 0 0 0 0 0 0.0214 0 25 0
Notholca acuminata 0 0 8.867 0 0 0 0 0 25 0
Polyarthra dolichoptera 0 0 0 0 0 0 0.064 0 25 0
Polyarthra vulgaris 0 0 38.925 0 6.901 0 17.645 0 75 0
Synchaeta grandis 0 96.417 0 0 0 0 0 13.409 0 25
Synchaeta oblonga 0 0 0.422 0 3.696 0 8.983 0 75 0
Synchaeta pectinata 0 0 0.2687 0 23.390 0 10.463 0.383 75 25
Synchaeta sp. 0 3.582 0 100 0 39.285 0 83.333 0 100
Testudinella patina 0 0 0.076 0 0 0 0.0857 0 50 0
Trichocerca marina 4.916 0 1.190 0 1.126 0 0.364 0 100 0
Trichocerca rattus 0 0 0.383 0 0.490 0 0.0214 0 75 0
Trichocerca stylata 0 0 0 0 0 0 0.686 0 25 0
Trichothria pocillum 0 0 1.765 0 0.173 0 0.021 0 75 0
Trichothria tetractis 0 0 0 0 0.548 0 0.064 0 50 0
SUM 100 100 100 100 100 100 100 100
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Table 4. Amount of individuals in cubic meters (ind.m™) by sampling areas and sampling dates

Uzungol Paradeniz

Dates  August March  Novem- May August March November

Species (ind.m) 2015 ber 2015 2016 2014 2015 2015
Anuraeopsis fissa 0 0 0 1718.87 0 0 0 0
Asplanchna priodonta 3437.74 0 1050.42  405.85 0 0 0 0
Brachionus angularis 3246.76  167.11 1336.90 26188.96 0 0 0 0
Brachionus bidentata 286.47 0 0 0 0 0 0 0
Brachionus calyciflorus 5920.56  453.59  334.225 811.69 0 0 15.92 0
Brachionus diversicornis 95.49 0 119.36 0 0 0 0 0
Brachionus plicatilis 0 23.87 0 0 0 0 0 0
Brachionus quadridentatus 286.47 0 119.36 286.47 0 0 0 0
Brachionus urceolaris 0 47.75 0 47.746 0 0 0 0
Cephalodella catellina 0 0 8737.61  3867.47 0 0 0 0
Cephalodella delicata 0 0 310.35 620.70 0 0 0 0
Cephalodella gibba 0 835.56  1193.66 2554.44 0 0 0 0
Colurella colurus 0 214.86 126528  2053.11 0 0 0 0
Filinia longiseta 42494.40 0 4917.89 15326.63 0 0 0 0
Filinia terminalis 0 14347.83 0 0 0 0 0 0
Hexarthra fennica 0 0 0 0 0 0 0 15.92
Hexarthra mira 43353.84 0 0 1862.11 0 0 0 0
Keratella cochlearis 95.49 0 2626.05 9453.81 0 0 445.64 222.82
Keratella quadrata 0 13822.62 6970.99 1527.88 0 0 0 0
Keratella tropica 1145.92 0 17021.64  358.09 0 0 63.66 0
Lecane bulla 9167.33 0 0 0 0 0 15.915 0
Lecane closterocerca 3437.75 0 2912.54 835.56 0 0 0 0
Lecane hamata 190.98 0 0 0 0 0 0 0
Lecane imbricata 0 0 0 47.746 0 0 0 0
Lecane luna 668.45 0 1957.61 119.36 0 0 0 0
Lecane lunaris 0 0 119.36 0 0 0 0 0
Lecane ohioensis 477.46 0 596.83 0 0 0 0 0
Lepadella ovalis 190.99 0 1050.42 0 0 0 0 0
Monommata sp. 0 0 0 71.61 0 0 0 0
Mytilina mucronata 0 0 0 405.85 0 0 0 0
Mytilina ventralis 0 0 0 23.87 0 0 0 0
Notholca acuminata 0 5514.73 0 0 0 0 0 0
Polyarthra dolichoptera 0 0 0 71.62 0 0 0 0
Polyarthra vulgaris 0 24207.48 5705.71 19647.69 0 0 0 0
Synchaeta grandis 0 0 0 0 4631.41 0 0 1114.08
Synchaeta oblonga 0 262.61 3055.77 10002.89 0 0 0 0
Synchaeta pectinata 0 167.11 19337.34 11650.15 0 0 0 31.83
Synchaeta sp. 0 0 0 0 190.98 1591 350.14 6923.25
Testudinella patina 0 47.74 0 95.49 0 0 0 0
Trichocerca marina 5920.57  740.07  931.057 405.84 0 0 0 0
Trichocerca rattus 0 238.73 405.85 23.87 0 0 0 0
Trichocerca stylata 0 0 0 763.94 0 0 0 0
Trichothria pocillum 0 1098.17 143.24 23.87 0 0 0 0
Trichothria tetractis 0 0 453.59 71.62 0 0 0 0
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Table 6. Biomass values of rotifers in Uzung6l and Paradeniz between August 2014 and May 2016

280

Uzungol Paradeniz
August 14 ‘ March 15 November 15 ‘ May 16 |August 14 March 15 November 15 May 16
ipgiSD‘ipgiSD % pg+SD ‘ip,g:l:SD Ipg+SD Xpg+SD Xpg+SD X pug=SD
Asplanchna priodonta 0 0 i0(1712)51 0 0 0 0 0
Brachionus angularis i001333 1 0 i%%g; 23%1356 0 0 0 0
Brachionus calyciflorus il 0131 27 il 032521 5 i105895 9 i00915(()) 1 0 0 0 0
Brachionus diversicornis 0 0 0 23%6822 0 0 0 0
Brachionus plicatilis 0 0 0 28‘:)10%1 0 0 0 0
izachlonus quadridenta- 0 0 0 0i304;136 0 0 0 0
Filinia longiseta 0i250011 ?21 0 2 02 8?2 230(?428 0 0 0 0
Filinia terminalis 0 2'3?18% 0 0 0 0 0 0
Hexarthra mira Oi%zgglgg 0 0 Oiggg 0 0 0 0
Keratella cochlearis 0 0 0. (1001 84 io(())z()7()15 0 0 1%45566 1%6333
Keratella quadrata 0 33413162 i0317‘;28 2331786 0 0 0 0
Keratella tropica 0'1201 .48332855 0 io('fg 16 7 io('fg 3 3 0 0 0 0
Notholca acuminata 0 3390%86 0 0 0 0 0 0
Polyarthra vulgaris Ofgz)%lf iO(.flS 11 3 io()zgg 15 6 33%7718 0 0 0 0
Synchaeta grandis 0 0 0 0 33619178 0 0 2361%‘53
Synchaeta oblonga 0 0 P B 0 0 0 0
Synchaeta pectinata 0 0 33?355 0 0 0 0 0
Synchaeta sp. 0 0 0 0 0 0 0 3502%16
Trichocerca gibba 0;__‘800?6924 0 (i(())Oé?? ? 28%%75 0 0 0 0
Xpum=SD |Xpm+SD| Xpm=SD |[Xpm=SDEXpm=SDXpm=+SD| Xpm=+SD |Xpm=+SD
Nauplii 177.319 153.616 175.086 173.303 |120.481+| 98.876 97.054 107.971
+41.198 | +£25.706 +31.340 +27.936 | 21.503 + 6.384 + 5.894 + 11.065
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Table 5. Shannon Wiener and Pielou Evenness Index of Uzungdl and Paradeniz between August 2014 and May 2016

Uzungol

Paradeniz

Shannon Wiener
Diversity Index

Pielou Evenness Index

Shannon Wiener
Diversity Index

Pielou Evenness Index

August 1.6837 0.5942 0.0911 0.1315
March 1.0611 0.4617 0 0
November 1.7854 0.7336 0.5975 0.4663
May 1.8726 0.6547 0.5642 0.4564
(Min-Max) (0.2509-2.4019) (0.1289-0.831) (0- -1.0735) (0- -0.7253)
Mean 1.5816 1.5777 -0.3132 -0.2635
(+SD) 0.5181 0.1613 0.3466 0.2605

Biomass (ug) of Keratella cochlearis

in Uzungol and Paradeniz

I |
129794
May.16 ﬁmsazg 949
e —o,dmeom
November 15 0/018392073

[
March 15 |ID

o
August 14 iO

0 0,01 0,02

0,027133555

0,04 0,05 0,06 0,07

M Paradeniz W Uzungdl

Figure 3. Biomass values of Keratella cochlearis in Uzungol and Paradeniz
between August 2014 to May 2016

The possible effects of physical and chemical parameters on
zooplankton species diversity, density, and distribution have
been studied by many researchers (Berzins & Pejler, 1987;
Shaw & Kelson, 1992; Williams et al., 1990). It is known that
many environmental factors, such as salinity (Williams,
1998), temperature, and EC, are effective. Zooplanktonic or-
ganisms have a wide distribution and are found in almost all
aquatic systems (Galkovskaja, 1987). The most diverse roti-
fer assemblages occur in soft, slightly acidic, oligo- to meso-
trophic waters. These are particularly vulnerable to eutrophi-
cation and salinisation (Segers, 2008).

In areas where eutrophication and salinity increase, species
diversity and population density also decrease. During our
study, salinity was changed to 0.55 in March and 1.21 in May
in Uzungdl, and to 11.67 in March and 31.04 in August in the
Paradeniz Lagoon. Species diversity and distribution also
varied significantly with salinity. In the Paradeniz lagoon,

where salinity and EC were high, species diversity and popu-
lation density were low, and these species are highly salt-tol-
erant, such as the genera Synchaeta and Hexarthra.

Egborge (1994) observed that species richness would de-
crease with increasing conductivity from 2800 to 50000 pS
cm. When the EC values determined in both areas were ana-
lysed, it was observed that they varied between 1078.5-
2240.5 pS ecm™ in Uzungdl and 20834.5-48484 uS cm™ in
Paradeniz Lagoon, and that the number and density of species
showed significant differences in both areas.

During the study, 41 species were recorded in Uzung6l and 8
in Paradeniz. Among the sampling dates, species diversity
and density were higher in November and May in Uzungo6l
than on other dates. Although there was no significant differ-
ence in physicochemical parameters between the sampling
dates, except salinity and EC, significant differences were ob-
served in chlorophyll a. Generally, rotifer population growth
increases with increasing temperature and food concentration
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(Kauler & Enesco, 2011). In November and May, when zoo-
plankton density was high, chlorophyll a was 3.97 - 3.96 ug/L
due to feeding pressure; accordingly, in March and August,
when zooplankton density was lower, chlorophyll a was
much higher at 26.9 - 22 pg/L.

In conclusion, the major environmental factor affecting roti-
fer communities is salinity. An increase in salinity resulted in
a decrease in species richness and diversity (Bielanska &
Cudak, 2014). The highest densities were recorded in fresh-
water and hyposaline Uzung6l, whereas the lowest were in
high saline Paradeniz lagoon, and species richness also dif-
fered significantly between the two sampling areas. Statisti-
cal analysis also showed that the Shannon-Wiener Diversity
Index and Pielou Evenness index differ significantly among
the lakes (One-Way ANOVA; F F=59.58; p <0.01).

Conclusion

In both areas, biomass calculations were made by utilising the
length-weight relationship. For each species for which bio-
mass was measured, the lengths of about 20 individuals were
measured, average values were taken, and the weights of each
species in micrograms were calculated. Analysis of biomass
from the lagoons reveals that nauplii have a significant mass
in both areas. No significant difference in rotifer species bio-
mass was found in Uzung6l compared with previous studies
conducted in eutrophic lakes (Kolisko, 1977; Downing &
Rigler, 1984; Akbulut, E., 1998). Depending on the plankton
density, zooplankton biomass is also high in November and
May. However, nauplii biomass was high in all seasons sam-
pled.
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