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SYSTEMATIC ANALYSIS OF ZOOPLANKTON IN ZUFRUN CREEK (ISKENDERUN/TURKIYE)

ABSTRACT

A total of 50 zooplankton species were identified in the study,
comprising 32 rotifers, 11 copepods, and 7 cladocerans. Of the 10
families within Rotifera, Lecanidae was identified as possessing the
greatest species diversity, with 7 species. According to the frequency
index, 12 species were classed as constant, 19 species as common, 14
species as occasional, and 5 species as uncommon. Among the intense
species observed at all sample dates, Lepadella patella and Trichocerca
taurocephala were determined to have the greatest frequency (100%). In
Cladocera, Chydorus sphaericus, Coronatella rectangula, Oxyurella
tenuicaudis, and Pleuroxus aduncus documented in 8 samplings had the
highest frequency (53%) seen in the same periods within Cladocera. On
the other side, Epactophanes richardi exhibited the largest dispersion
(93% frequency) among copepods (found in 14 samplings). Kostea wockei,
which has an Afrotropical, Neotropical, and Palearctic distribution and
has not been documented from our country before, is a new record for
Turkish inland waters.
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1. INTRODUCTION

Zooplankton, which comprises the second link of the food chain in
aquatic environments, is a key step in the transition of energy from
producers to consumers [1l]. As a vital element of the food web in water
bodies, zooplankton plays an important role in the construction and
functioning of aquatic ecosystems [2 and 3]. This assemblage of
planktonic organisms facilitates the self-purification of wvarious
aquatic habitats and constitutes a fundamental food source for numerous

fish species [4 and 5]. Zooplankton serve a vital function as effective
filter feeders on phytoplankton and as a food supply for other
invertebrates, fish larvae, and fish [6]. In natural ecosystems, they

meet the nutritional demands of invertebrates and fish and are indicator
organisms that determine the water character, pollution, and
eutrophication condition of the waters they are in [7 and 8]. Zooplankton
abundance and composition are intimately related to water quality and
display a growing and declining pattern depending on the trophic levels
of the waters. Various contaminants influence freshwater ecosystems by
causing habitat degradation and loss of biodiversity, and by severely
compromising the functioning and services of aquatic ecosystems [9].
Eutrophication similarly influences zooplankton composition by
transitioning from bigger species, such as Calanoid copepods, to smaller
species, especially rotifers [10]. Zooplankton play a critical role in
the pelagic food web by transmitting photosynthetic energy at higher
trophic levels, and the status of zooplankton, especially in the first
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feeding stage of fish larvae, and in later stages, can regulate the
yearly catch rate of commercial fish stocks.

Streams sustain zooplankton by providing them with a complex
habitat and so contribute to their high biodiversity [11 and 12]. Two
categories affect plankton abundance in streams: variables affecting the
transit of organisms into streams and factors affecting the growth and
reproduction of organisms in the stream [11]. Plankton often flows from
stagnant waters to streams by channels and seepage [13]. The destiny of
plankton in the stream channel depends largely on the ability of the
organisms to grow and reproduce. Plankton density can grow downstream
in some big streams, indicating that populations may be rising [14].
Conversely, increases may fluctuate periodically and according to the
flow, or may not transpire at all [11]. Consequently, research on
zooplankton is of paramount significance. Water flow, which modifies the
hydromorphology of the river, has a major effect on lotic ecosystems
[6]. Although the zooplankton of still waters has been thoroughly studied
in Tirkiye, studies on streams are comparatively scarce. This study was
done to evaluate the zooplankton fauna of Zufrun Creek, which is located
in Sucikadi area of Iskenderun district of Hatay province and has not
been examined before.

2. RESEARCH SIGNIFICANCE

This study was carried out to determine the zooplankton fauna of
Zufrun Creek located in Iskenderun district of Hatay province, which has
not been studied for zooplankton until now. The zooplankton and their
distribution in Zufrun Creek were not studied before. This study is the
first research on zooplankton in the Zufrun Creek. It is aimed that this
study will contribute to future studies on zooplankton.

Highlights:

e Tdentification of zooplankton species.

e Determination of the variation of zooplankton species.

e Determination of species richness and diversity of species
recorded in the Creek.

3. MATERIALS AND METHODS

Zufrun Creek originates from the Iskenderun Sucikagi Village,
links to the flood prevention canal passing through the city and flows
approximately 8 km before emptying into the sea (Iskenderun Bay). Since
the creek, which is fed by spring water, 1is used for garden irrigation,
its waters cannot reach the canal, especially during hot periods. On the
creek where fish are fed, there are two trout ponds and one fish
restaurant. Zooplankton sampling was carried out 15 times between October
2024 and April 2025 from two sites, namely the top section (36°33'47"N,
36°12'46"E) and the bottom part (36°33'51"N, 36°12'40"E) of the fish
ponds. Sampling was carried out with a plankton net with a 60 um mesh
size, 30 cm mouth diameter, and 1 m length. Sampling was carried out
from the flowing area of the water for around 25-30 minutes by keeping
the plankton net motionless. In addition, sampling was gathered from the
pond, among plants, and from litter leaves. Samples were placed in 500
ml plastic wvials and stored with 4% formaldehyde. Dissolved oxygen,
water temperature, and conductivity were determined on-site using
digital measuring devices (oxygen and temperature: YSI Model 52 oxygen
meter; conductivity: YSI Model 30 salinometer). Zooplankton samples were
examined using an inverted microscope and a binocular microscope (Olympus
CH40) . Approximately 20 cc of each sample was sub-sampled, and species
were identified in petri plates. This technique was done at least 3
times to identify all species present. Soyer's [1l5] frequency index (%F)
was used to express the frequency of zooplankton species identified from
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plankton samples in the research area. The results were divided into
groups of constant (F276%), common (76%>F251%), occasional (51%>F226%)
and rare (F<25%) (Table 2). Zooplankton were identified using the keys
Scourfield and Harding, Dussart, Damian-Georgescu, Smirnov, Ruttner-
Kolisko, Kiefer and Fryer, Koste, Negrea, Reddy, Borutsky, Nogrady and
Pourriot, Segers, De Smet, Smirnov, and Dussart and Defaye [16-30].

4. RESULTS AND DISCUSSION

Water temperature fluctuated between 13.50°C (April 11) and
16.70°C (October 29), with a mean value of 15.44%1.05°C (Table 1). The
dissolved oxygen concentration varied from 8.62 mg L-! (April 24) to 9.93
mg L' (November 12), with a mean value of 9.401+0.44 mg L' (Table 1).
The conductivity value was 423.3446.78 uS cm™! on average, with a range
of 412.6 pS cm! on April 11 to 438.5 uS cm! on December 25 (Table 1).

Table 1. Distribution of Temperature, Electrical Conductivity, and
Dissolved Oxygen levels

Sampling Time Temp (C°) Cond (pS/cm) Dis Oxy (mg/L)
16 16.0 430.0 9.63
October 22 16.1 429.9 9.59
29 16.7 426.4 9.78
05 16.6 425.6 8.75
November 12 16.5 422 .4 9.93
2024 27 14.0 421.3 9.59
04 14.8 416.6 9.78
December 11 15.9 417.0 8.75
17 14.6 418.5 9.71
25 14.7 438.5 9.33
January 07 15.3 421.2 8.91
14 16.2 416.3 9.30
2025 | March 27 14.3 128.3 9.36
April 11 13,5 412.6 9.92
24 16.4 425.3 8.62

Average 15.44+£1.05 423.34%+6.78 9.40£0.44

A total of 50 species were discovered, of which 32 species were
Rotifera (64%), 11 species were Copepoda (22%), and 7 species were
Cladocera (14%) (Table 2). With seven species, the Lecanidae family was
the most prevalent among the rotifers, out of the ten families that were
found. Notommatidae, Lepadellidae, and Dicranophoridae came next with
five different species each. The Brachionidae family comprised three
species, while the Trichotriidae and Trichocercidae families each
included two species. The families Euchlanidae, Philodinidae, and
Testudinellidae were each represented by one species. Three families of
Cladocera were documented, with the Chydoridae including five species,
whereas the two families, Daphnidae and Bosminidae, each included one
species (Table 2). Within the five families of Copepoda, the Cyclopidae
comprised five species, the Canthocamptidae included three species, and
the remaining families (Diaptomidae, Phyllognathopodidae,
Parastenocarididae) each contained one species (Table 2).
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Table 2. Zooplankton taxa of Zufrun Creek
ROTIFERA
Cephalodella gibba (Ehrenberg, C. ventripes (Dixon-Nuttall,
Notommatidae 1830) 1901)
C. forficula (Ehrenberg, 1830) C. misgurnus Wulfert, 1937
Notommata sp.
Colurella adriatica Ehrenberg, Lepadella patella (Miller,
) 1831 1773)
Lepadellidae C. obtusa (Gosse, 1886) 1. ovalis Muller, 1786
C. uncinata Mueller 1773
Euchlanidae Euchlanis dilatata Ehrenberg, 1832
Keratella cochlearis (Gosse, K. serrulata (Ehrenberg, 1838)
Brachionidae 1851)
K. tecta (Gosse, 1851)
Lecane closterocerca (Schmarda, L. lunaris (Ehrenberg, 1832)
1859)
Lecanidae L. hamata (Stokes, 1896) L. flexilis (Gosse, 1886)
L. inermis (Bryce, 1892) L. stenroosi (Meissner, 1908)
L. luna (Muller, 1776)
. . Trichocerca taurocephala T. porcellus (Gosse, 1851)
Trichocercidae
(Hauer, 1931)
Paradicranophorus hudsoni Dicranophorus secretus Donner,
(Glasscott, 1893) 1951
Dicranophoridae Kostea wockei (Koste, 1961) Encentrum uncinatum (Milne,
Proales similis de Beauchamp, 1886)
1907
Philodinidae Dissotrocha hertzogi Hauer, 1939
Testudinellidae Testudinella patina (Hermann, 1783)
Trichotriidae Trichotria pocillum (Miller, T. tetractis (Ehrenberg, 1830)
1776)
CLADOCERA
Daphnidae Ceriodaphnia reticulata (Jurine, 1820)
Bosminidae Bosmina longirostris (Muller, 1776)
Chydorus sphaericus (Miller, Oxyurella tenuicaudis (Sars,
1776) 1862)
Chydoridae Coronatella rectangula (Sars, Pleuroxus aduncus (Jurine,
1862) 1820)
Leydigia leydigi (Schédler, 1863)
COPEPODA
Acanthocyclops viridis (Sars, Paracyclops fimbriatus
1863) (Fischer, 1853)
Cyclopidae Diacyclops sp. Tropocyclops prasinus
(Fischer, 1860)
Microcyclops rubellus (Lilljeborg, 1901)
Diaptomidae Arctodiaptomus similis (Baird, 1859)
Epactophanes richardi Mréazek, Bryocamptus zschokkei
Canthocamptidae 1893 (Schmeil, 1893)
Bryocamptus minutus (Claus, 1863)
Phyllognathopodidae Phyllognathopus viguieri (Maupas, 1892)
Parastenocarididae Kinnecaris xanthi Bruno & Cottarelli, 2015

Lepadella patella and Trichocerca taurocephala were the most often

observed rotifers across all sampling periods,
(discovered at sampling number 14)
Chydorus

and Pleuroxus aduncus,
exhibited the most extensive habitat distribution,
Ceriadaphnia reticulata and Bosmina longirostris
Conversely, Epactophanes richardi exhibited the most extensive

Cladocera,
tenuicaudis,
samples,

samples) .

distribution among copepods, identified in
followed by Acanthocyclops viridis,

instances (Table 2). Some zooplankton specie

were only discovered
(Rotifera),

stenroosi
Phyllognathopus

zooplankton species,

viguieri

sphaericus,
which

in 3 sampling times:
Leydigia leydigi
(Copepoda)

totaling 40,

62

coming in second
Coronatella

(Cladocera),
(Table
were documented in November.
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(Table 2). Among the
rectanqgula, Oxyurella
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followed by April 24 with 39 species, November 5, with 35 species and
December 25 and April 11 with 33 species.

Table 3. Presence and absence of zooplankton according to sampling
times in Zufrun Creek (-: Absent, +: available)

Sampling Time
Years 2024 2025
Months Oct I Nov I Dec Janl Mar I Apr
Sampling days 16 [ 22 29 Jo5 [12 27 Jo4a J11 [17 [25 Jo7 142711 J24]F%
ROTIFERA
Notommatidae
Cephalodella forficula + + + + - - + + + - + + + + + 80
C. gibba + + + + + + + + + + + + - + + 93
C. misgurnus + + + + + + + + + + + + - + 87
C. ventripes + + + + + + + - = + + + + + + 87
Notommata sp. + + + + + + - + + + + - - - - 67
Lepadellidae
Colurella adriatica + + + + + + + + - + + - + + + 87
C. obtusa + + + + + + + - - + - + - - + 67
C. uncinata + + + - + + - + - - + 47
Lepadella patella + + + + + + + + + + + + + + + 100
L. ovalis - - - - - - - - + + _ _ - _ T 20
Euchlanidae
Euchlanis dilatata [+ -1 -1 -1 +[ +[ +1 +[ +[ +[ +[ +[ +[ +] +[ 80
Brachionidae
Keratella cochlearis - + - - + + - + - + + - + + + 60
K. tecta + + - + - + + - + + - + + + + 73
K. serrulata + + - + - - + - - + + - + + 53
Lecanidae
Lecane closterocerca + + + + + - + + - + - + + + 73
L. hamata + - + - - + - + + + + - + - + 60
L. inermis + + - + + - + + + + - + + + + 80
L. luna + + + + + + - - - + + - - + + 67
L. lunaris + + + + + + + + + + + + + 87
L. flexilis - + - - - - + - - + - + + + + 47
L. stenroosi - + - - - - - - - + - - - = + 20
Trichocercidae
Trichocerca 100
+ + + + + + + + + + + + + + +
taurocephala
T. porcellus - - - - + - - - - + - - + + + 33
Dicranophoridae
Dicranophorus secretus + - - + + - - + + + - - + + + 60
Encentrum uncinatum - + - - + + + - - + - - + - - 40
Paradlc.ranophorus _ + . . + B B R B B N ~ R N N 53
hudsoni
Kostea wockel - - - - + - - + - + — _ _ + + 33
Proales similis - - - + + - + + + - + - + - - 47
Philodinidae
Dissotrocha hertzogi [+ +1 +17 +1 +1 +1 T +1 -1 +1 +1 -T -1 -1 +1 73
Testudinellidae
Testudinella patina [ -T -1 -T +1 +[ -1 -1 -1 +[ +1 -T -T -1 -1 +[ 33
Trichotriidae
Trichotria pocillum [+ +[ +] +[ +[ -1 -1 +[ +[ +[ -1 +[ +[ +[ +[8o0
T. tetractis | 1 «[ «] -1 «1 -T -1 -1 «] «[ -] [ +[ -] -[s3
CLADOCERA
Bosminidae
Bosmina longirostris | - | + | - | + | + | - | - | - | - | _ | +| _| +| Z I +| 20
Daphnidae
T A I A S B Y
reticulata
Chydoridae
Chydorus sphaericus + + - + + - - - - - - + + + + 53
Coronatella rectangula + + - + + - - - + - - + - + 53
Leydigia leydigi - - - - + - - - - - - - T _ T 20
Oxyurella tenuicaudis + + - - + - - - - - + + + + + 53
Pleuroxus aduncus + + - + + - - - - - - + + + + 53
COPEPODA
Cyclopidae
Acanthocyclops viridis - - + - N N + + - + + + + + + 60
Diacyclops sp. - - + - - - + - - - + - - — — 20
Microcyclops rubellus - - + + + - - - + + + - - + + 53
Pgracyclops + - - + . - - - + + - - N . . 53
fimbriatus
Tropocyclops prasinus - - - + + - - - - - - + - + - 27
Diaptomidae
Arctodiaptomus similis | -] +] +] +] +] -] -1 -1 -1 +1 -1 +1 +[ -1 -1 a7
Canthocamptidae
Epactophanes richardi | +] +| +[ +] +[ +] +] +[ +[ +[ +[ +[ -1 +] +[ 93
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Bryocamptus minutus | - | - | + | + | - | - | - | - |
B. zschokkei [ -1 -1 -1 +«1 1 -1 -1 -1
Phyllognathopodidae
Phyllognathopus | - |— | - |—
viguieri
Parastenocarididae
Kinnecaris xanthi - - - + + - - - - - + - - + - 27
Total number of
species

28 | 30 22 | 35 |40 | 18 | 19 20 | 24 | 33 | 26 | 26| 30 |33 |39

The results were classed as constant (F276%), common (76%>F251%),
occasional (51%>F226%), and unusual (F<25%).

When examined according to the frequency index, 12 species (F276%)
were categorized as constant, 19 species (75%>F251%) were classed as
common, 14 species (50%>F226%) were classified as occasionally and 5
species (F<26%) were classified as rare. Lepadella patella and
Trichocerca taurocephala had the highest frequency (100%) across all
sampling intervals among these dense species. Cephalodella gibba and
Epactophanes richardi (93%), Cephalodella ventripes, C. misgurnus,
Colurella adriatica, Lecane lunaris (87%), Cephalodella forficula,
Euchlanis dilatata, Lecane inermis, Trichotria pocillum (80%), Keratella
tecta, Lecane closterocerca, and Dissotrocha hertzogi (73%) are
additional zooplanktonic organisms commonly observed (Table 2).

Figure 1. Kostea wockei. A: Habitus (Bar 50 pm), B: Trophi (10 um)
Genus Kostea De Smet, 1997

Kostea wockei (Koste, 1961)

Syn.: Paradicranophorus wockei Koste, 1961 [79]

Kostea wockei (Koste, 1961), a new record for Turkish inland
waters, was first designated Paradicranophorus wockei by Koste [31], but
was later included in the new genus Kostea by De Smet [32] due to major
changes in Dbody and trophic morphology. K. wockei, having an
Afrotropical, Neotropical, and Palearctic distribution [33], has been
recorded as a coastal rotifer, usually occupying sandy and muddy strata
of both stagnant and flowing waters [22 and 32].
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K. wockei, as depicted in Figure 1A Body fusiform; 3-4 pairs of
symmetrically arranged, hook-shaped lateral processes; numerous
pseudosegments; posterior end of body markedly wrinkled. Rostrum wide
and bluntly trilobed. Foot exceedingly short, aligned with the body
axis. Toes exhibit mild swelling at the base and are sharply tapered.
Movement transpires through serpentine or peristaltic contractions.
Hook-shaped processes function as a grasp during these actions. Length
ranges from 195 to 435 um, with the foot tip measuring 36 to 48 pm [32]
(Figure 1A).

Trophies depicted in Figure 1B are substantial in size. Rami are
robust, each featuring broad, incurved apical and preuncinal teeth.
Fulcrum short, roughly 1/3 as long as ramus, rod-shaped in ventral view,
broadly trapezoidal in lateral view. Manubrium elongated, nearly double
the length of the incus, robust, rod-like, with the posterior half
slightly bent and asymmetrically buttoned at the rear. Trophi dimensions:
38-44 pm; ramus: 10-12 um [32] (Figure 1B).

Temperature impacts aquatic species' reproduction, feeding, and
metabolism by increasing biological activity in the water and speeding
up biochemical activities. Temperature is a crucial environmental factor
influencing biodiversity and zooplankton density in aquatic ecosystems
[34 and 35], and it has been documented to exert a significant positive
impact on =zooplankton diversity and abundance [36 and 37]. While
analogous results are partially observed in this investigation, the
duration is inadequate to substantiate these findings.

The concentration of dissolved oxygen fluctuates based on the
trophic state and thermal conditions of the lakes [38]. Research
indicates that hypoxic circumstances might influence the growth,
reproduction, and dispersal of zooplankton, with findings suggesting
that dissolved oxygen concentrations below 5 mg Lt in freshwater may
restrict zooplankton growth, contingent upon species [39]. The study
region, characterized by a stream with waterfalls and elevated water
flow, had elevated oxygen levels. The dissolved oxygen levels measured
(8.62-9.93 mg L!) exceeded 5 mg L°!. The dissolved oxygen levels in the
stream appear conducive to zooplankton existence.

Conductivity, a critical water quality parameter, has been shown
to have a significant correlation with zooplankton diversity, abundance,
and distribution, while an 1inverse relationship exists Dbetween
conductivity and zooplankton species diversity [40 and 41]. Generally,
conductivity rises in areas with inadequate water supply due to
evaporation when water temperature escalates. Pollution, along with
industrial and anthropogenic waste, typically exhibits elevated
conductivity, hence augmenting the conductivity of lakes and rivers [42].
The conductivity ranges from 412.6 to 438.5 pS cm™', which is conducive
to zooplankton existence [40].

This research is the first zooplankton investigation in Zufrun
Creek, which is nourished by spring water. This study discovered 50
zooplankton species, with Rotifera constituting 64% of the total.
Numerous studies indicate that rotifers prevail in both abundance and
quality in the majority of stagnant aquatic environments, including
lakes, ponds, reservoirs, and wetlands [43 and 44]. Segers [45] noted
that rotifers inhabit nearly all varieties of freshwater environments,
including huge lakes, small ephemeral ponds, intermediate and capillary
waters, acidic mineral lakes, soda lakes, hyperoligotrophic mountain
lakes, and sewage ponds.

Species identified as effective indicators of eutrophic conditions
and pollution include L. lunaris, K. cochlearis, K. tecta, L. patella,
C. forficula, Trichocerca porcellus, Trichotria tetractis, B.
longirostris, C. sphaericus, and Paracyclops fimbriatus [17, 46-50].
Species identified as indications of oligotrophy include K. serrulata,
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E. uncinatum, and C. rectangula. The genera Brachionus, Lecane,
Trichocerca, and Keratella have been proposed as target taxa for enhanced
monitoring of water quality and conservation strategies 1in aquatic
ecosystems [51].

The abundance of ten eutrophication indicator species and three
oligotrophication indicator species in Zufrun Creek suggests that the
stream 1s at risk of eutrophication. The minimal presence of
eutrophication indicator species suggests that the stream is presently
at a considerable distance from this risk. The majority of detected
species are prevalent, cosmopolitan taxa previously documented in this
region [52, 53, 45 and 54]. Nearly all species in the study are documented
as being extensively spread and cosmopolitan.

Cephalodella ventripes, Keratella serrulata, K. cochlearis and C.
gibba are acidic in nature, while L. bulla and L. flexilis are alkaline
[28 and 55]. L. luna, C. adriatica, L. patella, T. patina, K. cochlearis,
Cephalodella gibba, C. misgurnus, P. similis, and Chydorus sphaericus
are euryhaline [28, 56, 57, 58 and 59]. C. gibba, C. adriatica, E.
dilatata, K. cochlearis, K. tecta, L. closterocerca, L. flexilis, L.
luna, L. patella, C. sphaericus, and Acanthocyclops viridis have Dbeen
documented to withstand a broad spectrum of conductances [60, 56, 61 and
62].

This investigation identified certain species (L. hamata, L.
flexilis, benthic L. inermis, L. patella, C. forfigula, D. hertzogi, C.
pelagica) exclusively inside plant environments. Numerous studies
indicated that the same species were predominantly located in coastal
flora and, to a lesser degree, in plankton [22, 63, 27, 64, and 65].

Certain species in the study (K. cochlearis, K. tecta) have been
documented as broadly distributed, predominantly inhabiting pelagic
environments, with lesser occurrences on vegetation and benthic
substrates [66, 20, 67, 68, 69, 70, and 54].

All species identified in the study, except Kostea wockei, are
cosmopolitan species exhibiting high ecological valence, observed in our
country and this region [71-78]. The number of zooplankton species was
not determined; however, it was noted that all species in the samples
were present in minimal quantities, with approximately 50-60 individuals
identified in each 20 cc sample. Consequently, no observations could be
performed regarding the zooplankton except for the species diversity
present in the creek.

5. CONCLUSION AND SUGGESTIONS

The zooplankton species in the dam lake comprise cosmopolitan,
extensively distributed species that endure a Dbroad spectrum of
conductivity, salinity, and alkalinity. Rotifera constituted the
predominant group, succeeded by Copepoda and Cladocera. The predominant
families were Lecanidae (Rotifera), Cyclopoidae (Copepoda) , and
Chydoridae (Cladocera). Despite the great quantity of eutrophication
indicator species (10 species), the individual count was found to be
exceedingly low. Conversely, Kostea wockei, exhibiting considerable
habitat adaptability, is a recently recorded rotifer in Turkish inland
waters.
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