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To understand the possible effects of changes in ambient temperature on spatial RESEARCH ARTICLE
distribution and ecology of ostracods, samples were randomly collected from 70

aquatic sites with 12 different habitat types from Hatay (Turkey) province during Received  :06.07.2020
the summer season of 2012. 14 of 19 ostracod species were newly reported for Revised -21.09.2020
the province. The first two axes of CCA explained 79.7% of the cumulative )

variance of the relationship between the 12 most common species and five Accepted  :22.03.2020
environmental variables. Accordingly, water temperature and electrical Published  :29.04.2021
conductivity were the most effective factors on species occurrences (p<0.05).
Estimating ecological optimum and tolerance values of species revealed that
Herpetocypris chevreuxi and Cypridopsis vidua displayed the lowest and highest "
tolerance values for water temperature, respectively. TWINSPAN results CORRESPONDING AUTHOR
illustrated that ostracod species can be used to determine characteristics of habitat
conditions. Indeed, the co-occurrence of H. chevreuxi with one or more
cosmopolitan species is the indication of an increase in salinity and temperature
values. Results suggested that temperature changes can cause critical alteration in
shallow water bodies where species with lower ecological tolerances will
eventually be negatively affected. Therefore, such species, which may be called
“potential candidate species for local extinction” will either be eliminated from
the habitats in short term or become extinct in long term.
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Sicaklik Degisimlerinin Ostrakod (Crustacea) Tiirlerinin Mekansal Dagilim ve Ekolojisi Uzerine Etkisi

Oz: Ortam sicakligindaki degisimlerin ostrakodlarin mekansal dagilimi ve ekolojisi iizerindeki olas: etkilerini anlamak igin, 2012
yazinda Hatay (Tiirkiye) ilinden 12 farkli habitat tiiriine sahip 70 su sahasindan rastgele drnekler toplanmustir. Elde edilen 19 tiirden
14 tanesi Hatay i¢in yeni kayittir. CCA’nin ilk iki ekseni en yaygin 12 tiir ile bes ¢evresel degisken arasindaki iligkinin toplam
varyansinin %79,7'sini agiklamigtir. Buna gore, su sicakligi ve elektriksel iletkenlik tiirlerin olusu tizerinde en etkili faktorlerdir
(p<0,05). Tiirlerin ekolojik optimum ve tolerans degerlerine gore, Herpetocypris chevreuxi ve Cypridopsis vidua su sicakligi i¢in
sirasiyla en diisiik ve en yiiksek tolerans degerlerini gostermigtir. TWINSPAN sonuglari, ostrakod tiirlerinin habitat kogullarinin
ozelliklerini belirlemek icin kullanilabilecegini gostermistir. Ozellikle H. chevreuxi'nin bir veya daha fazla kozmopolit tiirle birlikte
bulunmasi, tuzluluk ve sicaklik degerlerinde bir artisin gostergesidir. Sonuglar, 6zellikle s1g su kiitlelerinde kritik degisiklige neden
olabilen sicaklik degisiklikleri nedeniyle diisiik ekolojik toleransl tiirlerin olumsuz etkilenecegini diigiindiirmektedir. Bu nedenle,
“yerel yok olma i¢in potansiyel aday tiirler” olarak adlandirilabilecek bu tiirler ya kisa donemde habitatlardan elenecek ya da uzun
donemde nesli tilkenme tehlikesiyle kars1 karsiya kalacaktr.

Anahtar kelimeler: Ekoloji, Ostracoda, gosterge tiir, yerel yok olma, Tiirkiye
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Introduction etal. 2019) due to climatic and anthropogenic factors.

Extinction is not one inevitable result that The loss of biodiversity is especially noticeable in
organisms must face. However, it is a fact that most ~ freshwater ecosystems. Because, cumulative effects
(if not all) species are under the threat of global of climate change and human-induced factors (e.g.,
and/or local extinction (Black et al. 2001; Eisenhauer ~ land-use change, destruction, overexploitation) cause
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changing in flow regime and chemical composition
of freshwaters (Dudgeon et al. 2006; Ertiirk 2012;
Leigh 2013). Consequently, this situation leads to
critical alteration in species composition in a habitat
and/or geographic distribution of species (An et al.
2013; Finlayson et al. 2013). Because, when species
are faced with changes, most (if not all) of them will
not be able to develop fast responses enough to the
new environmental conditions. While the species
may have a chance to survive as they fit the new
conditions by different adaptation abilities, the
others, which have restricted ecological ranges, may
either become more vulnerable or die out.

Invertebrate animals, playing an important role in
the continuous function of ecosystems, are examples
of facing threats of extinction or rapid decline in their
numbers (Benateau et al. 2019). Indeed, examples of
human effect coped with local climatic factors have
been illustrated in aquatic habitats along with rapid
loss of invertebrates. For example, levels of response
to climate change conditions were found various
among different benthic invertebrates and four
ecoregions in 26 European streams and rivers
(Jourdan et al. 2018). Of which, an abundance of
sensitive Plecoptera was declined during warmer
years while the abundance of Ephemeroptera was
increased in northern regions. Besides, Jourdan et al.
(2018) found a significant increase in the abundance
of invasive species with an increasing number of
harsh days induced by climatic changes.

Of invertebrates, Ostracods (Ostracoda:
Crustacea) are one of the diverse and abundant
taxonomic groups with about 65000 fossil and living
species (Kempf 1980, 1997). There are about 2300
subjective non-marine species distributed worldwide
(Meisch et al. 2019). They are also an
important element in the food chain in shallow
aquatic bodies (Mesquita-Joanes et al. 2012) and
work as key species on production and community
metabolism of micro- or mesocosm freshwater beds
(Ruiz et al. 2013). Having with wide global
distribution in a variety of aquatic habitats, ostracods
are considered to provide supportive evidence for
environmental changes because of their species-
specific habitat preferences and different levels of
ecological tolerance and optimum ranges.

Combining  developing  technology  with
historical and palaeoclimatological data can help to
produce future climate change scenarios.

Accordingly, different future climate estimation
models showed that the climate of the world with an
increase in temperature and a shift in precipitation
patterns has already changed (IPCC 2007). In
Turkey, mean air temperature is foreseen to increase
between 1°C-2°C in 2016-2040 and 1.5°C-4°C in
2041-2070, while rainfall trends are less predictable

with possible increases and decreases in average
precipitation rates (Demircan et al. 2017). Ragab and
Prudhomme (2002) projected that amount of
precipitation will decrease, and temperature will
increase by about 1.75-2.5°C by the year 2050 for the
Mediterranean region. In potent climate fluctuations
especially the precipitation changes, in some areas
such as the Mediterranean region of Anatolia where
our study area Hatay province is located, is one of the
susceptible areas in Turkey (Karabulut 2009).

Aside from these, Hatay province was chosen as
a study area since there has been no spatially
extensive and comprehensive study asking the
relationship between temperature changes and their
effect on ostracod assemblages. Hence, this study
aimed to (i) investigate correlation between the
effects of ecological changes (e.g., temperature) and
distribution of individual ostracod species, and (ii)
estimate species ecological tolerance and optimum
values along with determining their indicator values.

Materials and Methods

Hatay province with a surface area of 5403 km?
is bordered by Syria and the Mediterranean Sea on
the south-eastern and western sites, respectively
(Figure 1). Having with Iskenderun and Antakya
ports, it is one of the heavily industrialized districts
on the Mediterranean coast. Besides, organized
industrial zones located around the sea, freshwater,
and terrestrial ecosystems have negative effects on
natural sources in its environment. Because of its
location in the southern part of Turkey, the city is
under the influence of the Mediterranean climate
characterized by very hot, long, and dry summers
with cool rainy winters. Samples were randomly
collected from 12 different inland water bodies (lake,
dam, pond, pool, trough, ditch, irrigation canal,
creek, stream, river, waterfall, and spring) in 70 sites
located at about sea level (11 m) to 740 m a.s.| of
elevations. Since July and August are the hottest
months of the region, we thought that sampling
between 31 July and 7 August 2012 might be better
to show the utmost effect of the air temperature on
water bodies. Thus, materials were collected with a
plankton hand net (200 pm in mesh size) from each
site and stored in 250 ml of a plastic container with
70% ethanol. Then, the material was filtered over
four standard sieves (1.5, 1.0, 0.5, and 0.25 mm) and
ostracods separated from sediment with fine needles
under the Meiji-Techno stereo microscope in the
laboratory. Species description was done based on
soft body parts and carapace, which are dissected and
preserved in Lactophenol — Orange G solution, under
the Olympus CX-41 light microscope by using
different taxonomic works (Broodbakker and
Danielopol  1982; Karanovic 2006, 2012;
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Meisch 1984, 1985, 2000). All forms of the species
are preserved at the Limnology Laboratory of Bolu
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Figure 1. Total of 70 different sampling sites located in the Hatay province (Turkey)

During the sampling, we used a GPS 45 XL for
recording the coordinate and elevation of each
sampling site. While air temperature (Ta, °C) and
moisture (Moi, %) were measured by Testo
410-2 model of anemometer, water temperature (Tw,
°C), pH, dissolved oxygen (DO, mg L), saturation
(S, %), salinity (Sal, ppt), electrical conductivity
(EC, uS cm™) and total dissolved solids (TDS, mg L)
were measured by YSI Professional Plus Series
in situ. The physicochemical and geographical
data of stations along with distributions of
the obtaining species were shown in the
Appendix.

Shannon-Wiener (H*) was calculated via Species
Diversity and Richness, version 4 program (Seaby
and Henderson 2006) to examine the species
diversity within different habitat types. Canonical
Correspondence Analysis (CCA) along with Monte
Carlo permutation test (499 permutations) was used
to determine the most effective environmental
variable(s) on species (ter Braak 1986; ter Braak and

Verdonschot 1995). Suitability of CCA was tested
with a priori analysis of DCA (Detrended
Correspondence Analyses). Length of DCA (>3)
suggests possible linear correlation and suitability of
the data for CCA. To reduce the influence of
multicollinearity and arc-effect, rare species were
automatically down-weighted, and the data was
log-transformed by the program of Canoco 4. C2
program was used to calculate ecological tolerance
and optimum values of individual ostracod species
(Juggins 2003). In all statistical analyses, live adults
occurred in at least three different samples were used
while juveniles, damaged individuals, and sub-fossils
were excluded from the analyses. We used Two Way
Indicator Species Analysis (TWINSPAN) to estimate
the indicator values of individual ostracod species
among the habitats in the Community Analysis
Package program (CAP 4.1.3) (Seaby and Henderson
2006). This method provides a clustering relationship
among the habitats distinguished by species with
positive or negative indicator values.
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Results P. olivaceus, P. fontinalis, P. fallax, P. variegata,

Total of 19 ostracod species [Darwinula Z. costata, L. cf. stationis) are new records for this
stevensoni (Brady & Robertson 1870), Neglecandona ~ area. Among the species, finding a bisexual
neglecta (Sars, 1887), Pseudocandona albicans population of I. inermis (Sari et al. 2012) is important
(Brady, 1864), Cypridopsis vidua (Miiller, 1776),  to extend the known geographical distribution of the
Prionocypris zenkeri (Chyzer & Toth, 1858), species toward the southern parts of Turkey.
Ilyocypris inermis Kaufmann, 1900, I. monstrifica The distribution of habitat types along with a
(Norman, 1862), I. bradyi Sars, 1890, Heterocypris  total number of species and numbers of individuals
salina (Brady, 1868), H. incongruens (Ramdohr, among the sampling sites at different elevational
1808), Herpetocypris intermedia Kaufmann, 1900, ranges were shown in Table 1. According to this, both
H. chevreuxi (Sars, 1896), Psychrodromus olivaceus ~ abundance values and numbers of species were
(Brady & Norman, 1889), P. fontinalis (Wolf, 1920),  found to show a gradual decrease with increasing
Potamocypris fallax Fox, 1967, P. variegata (Brady  elevation. Besides, the majority of the stations
& Norman, 1889), Zonocypris costata (Vavra, 1897), (21 stations) with the highest habitat diversity
Limnocythere cf. stationis Vavra, 1891 and Cyprideis (9 types) were found in the range of 101-200 m a.s.l.
torosa (Jones, 1850)] were found 58 of 70 sites from  The highest species numbers (13 species) were
the study area (Appendix). Additionally, carapaces of ~ observed at 0-100 m and 201-300 m, even though the
two marine ostracods (Pokornyella sp. and  numbers of stations were significantly different with
Tenedocythere sp.) were obtained from spring water 18 and 11 sites, respectively. On the other hand, the
(St. No. 14). Of the species, 14 species highest number of individuals (abundance) was
(D. stevensoni, N. neglecta, P. albicans, C. vidua, calculated for 301-400 m with seven sites and 1616
P. zenkeri, 1. inermis, 1. monstrifica, H. intermedia,  individuals.

Table 1. Distribution of habitat types, the total number of species and individuals according to their grouped elevations
with Shannon-Wiener index results for 12 different habitat types

0-100  101- 201- 301- 401- 501- 601- 701- No. No. ot Var. Exp.
m 200m 300m 400m 500m 600m 700m 800m Sta.  Spe. 5 i 5 i

Spring 5 1 2 1 1 10 7 1.758 0.029 5.802
Ditch 1 1 0 0 0 1
Creek 4 4 7 1 1 2 1 20 15 2473 0.014 11.86
Stream 3 2 1 1 1 8 11 2282 0.031 9.8
River 2 2 1 0 0 1
Lake 1 1 2 1 0 0 1
Dam 1 1 2 1 0 0 1
Pond 1 2 1 2 1 7 4 1.386 0.093 5
Pool 1 1 5 1.609 0.08 4
Waterfall 1 1 2 0.693 0.125 2
Canal 6 4 1 11 6 1.643 0.053 5.173
Trough 1 1 1 1 5 4 1.255 0.051 351
No. Sta. 18 21 11 6 5 4 1 70
No. Hab. 7 9 5 5 3 4 1
No. Spe. 13 10 13 7 6 6 2
No. Ind. 415 328 535 1616 380 174 404 24
All Sample Index 2.546
Jackknife Std Error 0.116

Abbreviations: No. Sta., number of stations; No. Hab., number of habitats; No. Spe.1, number of species; No. Ind., number of individual
(abundance) for each of elevational ranges and habitat types; H’, Shannon-Wiener Index value; Var. H’, variance H’; Exp. H’,
expected H’

Among the habitat types, creeks displayed the The first two axes of CCA diagram
highest species diversity (H’= 2.473) (Table 1). explained about 79.7% of the relationship between
Following creeks, species diversity was found  cumulative percentage variance of species and
high in streams (H’= 2.282) and spring (H’= 1.758)  environmental variables. Eventually, the most
waters. influential factors on species were water temperature
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(P= 0.002, F= 4.327) and electrical conductivity

(P=0.014, F= 2.562) (Figure 2 a, b).
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Figure 2. (a) The most effected environmental variable(s) on species according to CCA, (b) distribution of 12 species,
occurred three or more times, with sampling sites
Abbreviations of environmental variables and species are shown in the Appendix.

According to the tolerance and optimum estimate
values (Table 2) of the species, two species
(H. incongruens and H. salina) displayed the highest
tolerance values for dissolved oxygen and salinity

and P. albicans showed the highest values for water
temperature and pH, respectively. H. chevreuxi
known as a pure freshwater species showed the
lowest tolerance for water temperature (t= 1.29) and

(referring to electrical conductivity) while C. vidua  conductivity (tk = 75.85).

Table 2. Ecological tolerance (tx) and optimum (ux) values of 12 species which were occurred three or more times
(pH, Tw, DO, EC, Sal.) with maximum, minimum, and average levels for five environmental variables.

pH Tw DO EC Sal.
Code Count N2 Uk 1k Uk 1k Uk 1« Uk T« Uk t«
HC 3 1.3 742 039 2254 129 3.04 269 804.96 75.85 041 0.09
PA 3 1.32 767 0.54 2193 569 354 153 83338 17986 043 0.14
Hint 3 1.85 8.28 0.3 2378 459 6.08 368 84862 386.37 041 0.24
PO 17 3.35 795 041 1695 3.3 751 248 45204 237.05 025 0.13
PF 4 2.64 786 0.25 18.83 3.48 6.76 14 620.28 173.19 0.34 0.11
CN 6 1.74 7.74 049 2039 274 481 3.06 719.29 16561 0.38 0.13
HI 12 291 799 0.38 27137 4.7 6.25 5.83 1512 534.34 0.72 0.29
HS 18 1.8 833 043 3139 769 127 571 16248 560.26 0.7 0.29
Ccv 4 2.15 822 0.13 2356 8.97 9.3 199 63266 29296 03 0.15
IB 11 2.77 7.66 0.35 1834 318 649 126 50697 17202 0.26 0.08
1 11 3.97 798 0.35 223 658 872 175 61477 24031 03 011
IM 6 2.13 771 031 25,75 195 648 225 11611 13623 057 0.84
Mean 7.9 0.36 22.76 451 6.81 2.8 860.9 365.01 042 0.22
Max 833 054 3139 897 127 583 16248 13623 0.72 0.84
Min 742  0.13 16.95 129 3.04 1.26 452.04 75.85 0.25 0.08
Std Error 0.28  0.11 4063 234 261 156 379.54 3478 016 0.21

Count and N2 imply numbers of species occurrence and Hill’s coefficient (a measure of the effective number of
occurrences), respectively. Abbreviations for species and environmental variables were given in the Appendix.

TWINSPAN

results

outlined

that

species

(e.g., H. chevreuxi) with certain indicator values

can be used to discriminate characteristics of habitats

(Figure 3).
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Figure 3. Twinspan dendrogram. Species are clustered into three groups (I-111) while habitats are shown in each node of
division. Positive (+) and negative (-) values in parentheses represent the right and left sides of the branch. For

abbreviations see Appendix.

Discussion

Hartmann (1964) was the first to report five
ostracod  species [Heterocypris incongruens,
Heterocypris. salina, Ilyocypris bradyi,
Herpetocypris  chevreuxi and  Potamocypris
zschokkei (Kaufmann, 1900)] from the province.
Then after, Giilen (1985, 1988) found five more
species in addition to H. salina [Candonopsis
kingsleii (Brady & Robertson, 1870), Eucypris virens
(Jurine, 1820), Cypris pubera Miiller, 1776,
Tonnacypris lutaria (Koch, 1838), Cytherissa
lacustris (Sars, 1863)]. Most recently, Ozulug and
Kilig (2002) listed one more species Costa edwardsii
(Roemer, 1838), which is especially known with its
preference of marine waters but can also be found in
brackish waters (Meisch 2000). Four of these species
(H. incongruens, H. salina, |. bradyi and
H. chevreuxi) were also found during the present
study. Combining the species with our 19 ostracods,
total numbers of freshwater ostracods of Hatay
province increased to 26.

Finding 15 of 19 species from the creeks
corresponds to highest species richness (H’= 2.473)
in these habitats. According to Connor and McCoy
(1979) more species can be encountered with
increasing sampling sites in wider areas. This
suggests that there can be a positive correlation
between the numbers of species and sampling sites.
Thus, the fact that more species were encountered in
creeks may be related to the high numbers of
sampling efforts (20 out of 70 sites). On the other
hand, numbers of samples alone cannot explain
relatively high species diversity in different habitat
types. For example, streams also had high diversity
with 11 species, collected from only 8 different sites

(Table 1). In such a case, we assume that habitat
suitability may also play an important role in species
diversity and distribution.

In general, the highest number of species was
found at low elevations when the least number of
species was found at high elevations. According to
Rapoport’s Rule (see e.g., Stevens 1992), numbers of
species decrease with increasing elevation. The
results of this study do not correspond to the
assumption of the rule due to differences in the
numbers of stations and habitat types that the greater
part of the stations with more different sampling sites
were already situated at low elevations. On the other
hand, the situation can be explained with the “habitat
diversity hypothesis” (Williams 1943) and then with
ecological features that individual species showed.
Some species (e.g., H. incongruens) with wide
tolerance levels to different environmental variables
exhibited a wide geographical distribution in a
variety of habitats. These species so-called
“cosmoecious species” (Kiilkoyliioglu 2013) usually
display elevation free distribution. For example,
during the present study, H. salina was reported from
almost all elevations. In contrast, stenoecious species
(e.g., H. chevreuxi) with a narrow tolerance levels to
some of those environmental variables are of limited
distributional ranges. This may imply that such these
species do have advantages over other species.
However, cosmoecious species concept does not
include biological factors on species distribution that
is probably effective with the arrival of species into a
new area. As stated above, water temperature plays
an important role for water quality and life in aquatic
ecosystems (Morril et al. 2005). Besides, herein as
illustrated in CCA diagram showed that water
temperature was the most effective factor on species
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distribution (p< 0.05). In reality, changes in water
temperature are relatively slower and narrower
interval ranges than the air temperature due to
physicochemical properties of water bodies (Odum
and Barrett 2005). This is generally (and especially)
true for deep waters. However, in the present study,
ostracods were collected from shallow aquatic
habitats which are more prone to the influence of
changes in air temperature. This supports the idea of
Preud’homme and Stefan (1992) that predictions can
be better for shallow water bodies than a deeper one.
In this way trends of water and air temperatures in
each site were changed almost parallel to each other.
Following such changes, most of the ostracod species
must deal with the new conditions, to which that the
species with high tolerances will have better adapted.
For instance, when a freshwater habitat is altered to
hypersaline waters due to increasing temperature
gradients,  Cyprideis torosa can  survive
approximately 30 days in dormant form (Meisch
2000), but stenoecious species can suffer from this
change.

In this study, estimating ecological optimum and
tolerance values of species revealed that H. chevreuxi
displayed low tolerance values for water temperature
(t= 1.29) and conductivity (tx= 75.85) (Table 2). This
species usually prefers stagnant waters in Turkey but
there is not much ecological data about it. In a recent
study, H. chevreuxi was found among those with low
tolerance value for temperature and dissolved oxygen
in the shallow waters of Bolu (Turkey)
(Kiilkoyliioglu and Sar1 2012). If the current climatic
scenarios are correct, one may consider that
H. chevreuxi will possibly the first species put under
the risk of local extinction in this region due to its low
tolerance level for water temperature (t= 1.29).
According to Meisch (2000), the species can be
considered as pure freshwater species and its co-
occurrence with one or more halophilic ostracods
(e.g., Heterocypris salina) indicates an increase in
salinity levels of that water body. Our results support
this view that H. chevreuxi was found from five
different sampling sites where the species was
commonly found with one or more of those
cosmopolitan ~ species  (e.g., H.  salina,
H. incongruens, 1. bradyi, C. vidua) which are known
to tolerate different levels of environmental
variables, including high levels of salinity changes.

The first two clustering groups in TWINSPAN
are separated from group 111 (Figure 3) with five sites
where all sites (numbered as 18, 19, 37, 68, 70) were
creeks. The species, H. chevreuxi, was only found in
site 18 where the electrical conductivity value was
over the freshwater range (EC 789 puS/cm). This may
partially reinforce the idea that site 18 can be under
the effect of increasing salinity. Six species (except

H. incongruens) in group | have rare occurrences in
creeks while species in group Il have a wide
distribution in several different habitat types
characterized in freshwater ranges. Supporting
evidence can be provided to generalize this result.
Considering the dissolved oxygen level, a similar
situation is applied to some of the species such as
I. bradyi and P. fontinalis with low tolerance levels
to dissolved oxygen as t= 1.26 and t= 1.4,
respectively. One might reasonably think that since
the two species have similar tolerance levels, they are
in some sense ecologically equivalent. The same idea
may be applied to other species with similar
occurrences. Also, C. vidua showed a relatively low
tolerance (tk= 1.99) level for oxygen tolerance. Kiss
(2007) explained that a low density of C. vidua was
related to its low tolerance value for poorly
oxygenated waters despite its high ecological
tolerance levels. Unlike these species, the optimum
and tolerance levels of cosmopolitan species such as
N. neglecta, H. incongruens, and H. salina were
generally higher than the mean values for 12 species
(Table 2). Therefore, such species can be considered
to tolerate fluctuations in temperature changes and
other ecological factors as well.

In conclusion, inland waters, especially the
shallow water bodies, are critical for species
conservation,  biogeochemical  cycling, and
hydrological management even though they occupy
an only a small portion of the Earth (An et al. 2013;
Zhang et al. 2020). However, because of current
temperature changes elevated by human activities,
ecological features of many aquatic habitats have
been changed, causing a critical alteration in species
composition and their geographic distribution (An et
al. 2013; Finlayson et al. 2013). Additionally, it is,
however, expected that some ostracod species with
low tolerance levels to ecological changes can be
affected by such temperature changes earlier than
those with high tolerance levels. To make an
assumption about which ostracod species can be
disappearing in the future (or which will have more
chance to survive) is important in terms of the
determining of inland waters dynamics due to
changes in the structure of biological communities
which affect freshwater ecosystem processes
negatively (Dudgeon et al. 2006). Nevertheless, long-
term studies are required to use ostracods as an early
warning sign of changes in shallow-water habitats.
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Appendix.

Some of the physicochemical and geographical data of stations and distribution of species. Abbreviations: St. No., station number; El., elevation (m); Tw, water temperature (°C); DO,
dissolved oxygen (mg LY); S, saturation (%); EC, electrical conductivity (uS cm™); Sal., salinity (ppt); TDS, total dissolved solids (mg L™); Moi., moisture (%) NA, not available.
Species codes: DS, Darwinula stevensoni; NN, Neglecandona neglecta; PA, Pseudocandona albicans; HI, Heterocypris incongruens; HS, Heterocypris salina; CV, Cypridopsis
vidua; PZ, Prionocypris zenkeri; IB, Ilyocypris bradyi; I, Ilyocypris inermis; IM, Ilyocypris monstrifica; HC, Herpetocypris chevreuxi; Hint, Herpetocypris intermedia; PO,
Psychrodromus olivaceus; PF, Psychrodromus fontinalis; Pfa, Potamocypris fallax; PV, Potamocypris variegata; ZC, Zonocypris costata; LS, Limnocythere cf. stationis; CT,

Cyprideis torosa; Pok.sp., Pokornyella sp.; Ten.sp., Tenedocythere sp. Note that species with italic represent sub-fossil (carapace or valves) forms.

St. No St. Name Latitude N Longitude E El Tw Ph DO S EC Sal. TDS Ta Moi. Species codes
1 Karamanli Pond 36° 10.109' 036° 01.888' NA 295 849 6.01 767 5920 026 0351 308 565 IB
2 Bati Ayaz Creek 36° 09.606' 036° 00.799' NA 284 869 732 983 4969 022 0300 347 633 NN, IB, II, PO
3 Hidir Bey Creek 36° 07.767' 035° 58.311" 162 15.7 7.61 8.07 833 2971 020 0.234 324 63.7 HS, IB, PO
4 Irrigation Canal 36° 06.910' 035° 58.496' 159 193 7.77 615 66.7 3262 018 0238 308 703
5 Small Ditch Water 36° 06.598' 035° 58.610' 117 16.6 7.70 9.42 97.3 2958 0.17 0.228 31.8 74.5 HS, IM, CT
6 Asi River 36° 04.710'  036° 00.742' 11 303 860 136 1906 1076 0.48 0.637 369 57.2 HS, IB, PO, CT
7 Leylekli Creek 35° 57.818' 036° 02.863' 522 171 7.44 6.1 63.7 635 0.31 0409 28.0 65.6 PO
8 Through 35° 57.237 036° 03.562' 551 16.7 7.33 7.81 775 4153 024 0320 315 65.6 LS
9 Leylekli Dam Lake 35° 56.730' 036° 03.536' 490 294 8.55 5.24 689 439.7 019 0.262 344 57.8 IB, I, PV
10 Devrent Creek 35° 54.547 036° 01.833' 426 20.0 7.28 2.71 32.1 630 0.34 0448 304 61.4 HI
11 Kureysi Creek 35° 54.268' 036° 03.108' 389 29.1 7.92 1.67 22.0 697 0.31 0402 30.0 66.7 NN, CV, IB, II,PO
12 Yayla Kastali Through ~ 35° 56.730' 036° 03.536' 490 14.9 8.19 8.96 89.0 2919 0.17 0235 293 65.1 PO, PFa
13 Harbiye Waterfall 36° 07.755' 036° 08.613' 252 17.3 8.31 9.20 95.3 413 0.23 0314 299 69.4 I
14 Spring Water 36° 06.901' 036° 07.466' 282 16.6 7.59 9.13 93.3 396 0.23 0306 29.9 70.8  IM, Pok.sp., Ten.sp.
15 Narlica Creek 36° 14.756' 036° 14.581" 149 253 7.60 7.10 86.4 684 0.33 0442 315 65.3 DS
16 Irrigation Canal 36° 15.250' 036° 18.965' 115 30.8 7.67 177 2316 1217 054 0.708 33.0 58.2 HI, HS, IM
17 Through 36° 13.981 036° 21.320' 91 254 7.74 4.67 58.0 1747 0.88 1131 318 61.2 NN, PA, HS, PO
18 Oglakdren Creek 36° 16.970' 036° 08.086' 242 20.8 7.57 3.66 41.5 789 042 0559 333 60.5 HS, IB, HC, PO
19 Kiigiik Creek 36° 16.748' 036° 07.188' 267 24.0 7.94 6.52 79.1 606 0.29 0396 323 61.1 PA, PZ, HC
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(Appendix continued)
St. No St. Name Latitude N LongitudeE El. Tw Ph DO S EC Sal. TDS Ta Moi. Species codes
20 Karlisu Central Irrigation Pond 36° 17.026' 036° 06.366' 358 30.0 8.70 5.67 75.3 580 0.26 0.344 32.0 49.2 I
21 Kisecik Creek 36° 17.152' 036° 02.940" 658 234 843 6.20 73.5 574 029 0.383 355 497
22 Asi River 36° 10.117' 036° 07.827' 59 289 814 7.33 93.4 1221 056 0.741 333 53 HS
23 Gorentag Through 35° 55.036 036° 08.859" 605 23.6 7.95 6.85 83.0 679 034 0455 334 381 IM
24 Gorentag Pond 35° 54.807 036° 09.743" 524 28.3 855 8.25 994 4018 0.18 0.245 373 333 CV,IB
25 Giivegei Pond 35° 53.508' 036° 09.337" 529 30.7 8.76 8.73 117.7 555 0.24 0.325 353 50.0 HI, 1B
26 Yalaz Pond 35° 56.135' 036° 06.287° 740 28.3 8.38 6.23 80.1 3611 0.16 0.221 37.0 264 HI, HS
27 Kozkalesi Through 36° 06.221' 036° 11.700° 374 345 8.49 15.03 217 1941 0.81 1.066 351 265 HS, HC
28 Kuseyri Creek 36° 06.607 036° 13.785" 252 223 7.35 253 29.5 831 043 0572 336 419 HS, HC
29 Tokacli Creek 36° 06.507 036° 14.913" 231 248 7.69 5.23 67.0 818 040 0.533 34.0 51.9 CT
30 Yarseli Dam Lake 36° 08.554" 036° 19.148" 177 29.6 8.08 6.86 91.2 855 0.38 0.513 35.0 495
31 Irrigation Canal 36° 16.271 036° 23.918' 93 284 7.78 3.72 48.1 1209 0.66 0.741 343 50 HI, IM
32 Afrin Irrigation Canal 36° 18.764" 036° 24.655" 109 272 819 341 445 963 045 0.598 346 46.9 I
33 Akpmar Creek 36° 25.939' 036° 31.810" 92 222 7.68 6.71 72.2 682 035 0468 31.8 525 1B
34 Spring Water 36° 22.664" 036° 35.671" 114 295 756 4.29 56.4 804 036 0481 NA 516 I, PO
35 Spring Water 36° 22.574' 036° 35.675" 114 244 7.22 2.89 34.6 727 036 0474 373 516 HI
36 Spring Water 36° 22.433' 036° 35.753' 111 348 6.84 144 21.9 2743 140 1.781 40.3 492 HI, CV, IB, II, LS
37 Afrin Stream 36° 18.259' 036° 32.796' 85 284 822 9.96 128 815 0.37 0494 413 336
38 Yenigehir Lake 36° 14.173' 036° 34.165' 177 29.8 8.11 6.92 94.4 622 0.27 0370 352 398 IM, PZ
39 Murat Pasa Irrigation Canal 36° 23.497 036° 24.828' 98 331 801 740 1078 9205 436 5187 375 405 HS
40 Comba Irrigation Canal 36° 25.794' 036° 23.026' 76 321 816 4.39 59.7 1418 0.64 0.851 353 37.7 CT,HS, IB
41 Deli Stream 36° 52.846' 036° 13.957' 98 19.6 841 877 97.2 520 0.28 0.377 322 594
42 Spring Water 36° 53.218' 036° 14.947° 132 NA NA NA NA NA NA NA 313 596 HS, PF
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(Appendix continued)

St. No St. Name Latitude N LongitudeE EIL Tw Ph DO S EC Sal. TDS Ta Moi. Species codes
43 Spring Water 36° 53.218' 036° 14.947' NA 199 791 7738 7.22 797 044 0572 NA NA PO
44 Sulu Creek 36° 52.654' 036° 14.841' 207 225 848 7171 89 561 0.29 NA 32.2 56.9 HS, HI, IB
45 Irrigation Canal 36° 57.232' 036° 14.669' 295 23.3 847 9.07 108.6 1133 058 0.767 371 46.3 NN, HS, 11, PO
46 Acisu Spring Water 36° 57.564' 036° 15.878' 391 194 7.85 104.7 9.36 1115 0.62 0.812 320 61.2 HI, PZ, 11
47 Issos Creek 36° 58.325' 036° 07.425' 62 322 844 511 71.3 674 025 0.383 379 61.2 I
48 Virgin Mary Spring Water ~ 36° 43.852" 036° 16.043' 601 16.0 8.14 9.42 95.8 501 0.30 0.39%6 304 71.2
49 Creek 36° 26.668'" 036° 17.119' 298 26.3 8.46 7.98 99.3 4196 NA 0266 359 50.1
50 Karasu Stream 36° 30.265' 036° 24.717° 181 252 8.11 6.16 73.6 796 0.39 0513 344 45.1 PO
51 Irrigation Canal 36° 30.361'" 036° 26.209° 131 27.6 8.04 4.06 55.3 670 0.31 0416 36.5 40.4
52 Irrigation Canal 36° 28.350° 036° 28.881' 91 294 7.74 2.28 30.9 769 0.34 0461 38.1 48.4 CT
53 Irrigation Canal 36° 32.698'" 036° 27.946" 88 258 8.16 5.68 70.7 617 0.29 0.39% 41.2 444
54 Giilbas1 Lake 36° 30.193' 036° 29.667° 89 30.0 7.85 1233 9.19 787 0.35 0.469 40.2 27.8
55 Irrigation Canal 36° 30.713'" 036° 25.767° 92 304 8.24 6.53 88.9 635 0.28 0377 40.1 50.1 I
56 Creek 36° 33.420° 036° 27.629° 87 269 8.07 5.93 4.7 614 0.29 0.383 388 44.1 PO, PF
57 Camsar1 Pond 36° 34.236" 036° 26.957" 94 265 8.22 6.86 73.5 649 0.30 0.409 423 38.8 HI
58 Giizelce Through 36° 35.023' 036° 24.879' 107 249 814 151 12.42 594 0.29 0.390 419 38.8 HI
59 Irrigation Canal 36° 37.586" 036° 27.233' 142 19.8 7.90 8.98 98.9 598 0.32 0435 376 38.4
60 Karapinar Creek 36° 41.147 036° 29.728' 216 26.8 8.13 109.1 8.79 450.6 0.21 0.292 38.9 36.9 PF
61 Stream 36° 40.173'" 036° 31.623' 202 199 8.29 8.04 89.6 3453 0.18 0.248 47.9 24.8 DS
62 Hopiiren Stream 36° 46.743' 036° 33.292' 336 26.0 8.21 8.28 104.6 663 0.31 0422 393 24.8 PO, PF, 1l
63 Incesu Spring Water 36° 47.598' 036° 30.837' 427 16.3 7.67 55.2 5.15 4846 0.28 0378 36.2 335
64 Cakalli-Topbogaz1 Pond 36° 27.003' 036° 16.203 180 26.8 8.47 7.66 96.3 417.7 019 0.262 305 61.5 HI
65 Serinyol Creek 36° 22.080" 036° 11.426' 177 247 7.86 5.36 67 765 0.37 0500 32.0 49.1 i1, PO
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(Appendix continued)

St. No St. Name Latitude N Longitude E El. Tw Ph DO S EC Sal. TDS Ta Moi. Species codes
66 Bakras Spring Water 36° 25.598' 036° 13.259' 361 222 866 806 921 844 044 0578 350 412 NN, HS, IB, Hint, PO
67 Fengin Stream 36° 25.769' 036° 08.786' 679 217 840 7.57 87 608 030 0403 319 479 NN, HS, PO, ZC
68 Benli Creek 36° 26.805' 036° 10.358' 501 227 844 829 971 755 039 0513 315 398 HS, Hint
69 Sariseki Stream 36° 39.912' 036° 12.960' 40 283 7.68 6.27 823 1555 0.73 0949 335 475 PA, HI, CV, Hint
70 Biiyiikdere Creek 36° 31.837 036° 02.383' 23 285 813 156 19.2 1335 0.62 0.812 393 444
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index species, diversity of the P. scalaenum was found to be the highest among
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Tiirkiye'nin Kuzey Trakya Bolgesi'ndeki Tath Chironomidae Larvalarinin

Karsilastirmah Mide icerik Analizi

Sularda Yasayan Baz

Oz: Gerek lotik gerekse lentik ekosistemlerin besin zincirinde larval chironomidlerin rolii oldukga biiyiiktiir. Ayrica, algler,
diyatomlar, ¢lirliyen organik madde, bitki ve hayvan kalintilari ile beslenen chironomid larvalari, bu sistemlerde diger karnivor ve
omnivor organizmalar i¢in bir besin kaynagi olarak da 6nemli bir rol oynamaktadir. Bu ¢aligmada, Trakya Bolgesi’nin kuzey
bolgelerinde bulunan tatli su ekosistemlerinden toplanan Cryptochironomus defectus (Kieffer, 1913), Cladotanytarsus mancus
(Walker, 1856), Polypedilum scalaenum (Schrank, 1803), Tanypus kraatzi (Kieffer, 1912) tiirlerinin mide igerikleri, bu tiirlerin
beslenme aliskanliklarini karsilagtirmak igin analiz edildi. Analiz sonucunda C. defectus’un mide igeriginde (%44,3) bitki
pargalarimin baskin oldugu, C. mancus (%44,7), P. scalaenum (%63,5), T kraatzi (%65) i¢in alglerin baskin oldugu belirlendi.
Shannon-Wiener (H ') indeksi sonuglarina gore, P. scalaenum 'un mide igeriginin gesitliliginin larvalar arasinda en yiiksek oldugu
bulundu (H' = 1,345). Ayrica, Bray-Curtis benzerlik endeksine gore, mide igerigi en benzer P. scalaenum ve C. defectus oldugu
saptand1 (%38). Bu diisiik oran, tiirlerin farkli besin tercihlerine sahip oldugunu gésterdi.

Anahtar kelimeler: Chironomidae, mide igerigi, besin zinciri, Tiirkiye Trakya’s1
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food chain by being the food of fish, other aquatic
invertebrates and by feeding on algae, detritus,

Introduction
Gut content analysis of chironomid larvae

provides significant data on their ecological and
biological structure, importance in the food chain,
habitat use, and modes of feed (Armitage et al. 1995;
Manko 2016). In an aquatic ecosystem, chironomid
larvae have an important place since they are the most
abundant organisms and have an important role in the

associated microorganisms, fungi, woody debris,
macrophytes, other aquatic invertebrates (Armitage
et al. 1995; Epler 2001; Butakka et al. 2016).
Therefore, it can be said that chironomid larvae are
an important connection point of the food web in an
aquatic ecosystem by being a bridge between


http://doi.org/10.17216/LimnoFish.741780
http://doi.org/10.17216/LimnoFish.741780
https://orcid.org/0000-0002-9131-240X
https://orcid.org/0000-0002-9064-1666
https://orcid.org/0000-0002-0954-8967
https://orcid.org/0000-0001-6206-0912

Aydin et al. 2021- LimnoFish 7(1): 14-23

15

producers and consumers (Silva et al. 2008). The gut
content studies of chironomid larvae provide
important insights into the modes of feeding and
according to based on larval feeding modes
chironomids can be grouped into collector-gatherers,
collector-filterers, scrapers, shredders, engulfers, and
piercers (Armitage et al. 1995). But it is important to
know that most chironomid larvae are not limited to
a single mode of feeding and it is based on larval size,
food size and quality, sediment composition
(Armitage et al. 1995; Kornijo'w et al. 2019).
The other factor on the chironomids feeding is
swallowing food non-selectively and selectively in
accordance with food availability, type, and size
(Armatige et al. 1995). Studies of chironomid
feeding show that the diet of chironomids constitutes
of detritus and associated microorganisms,
macrophytes, invertebrates, and especially algae
(Baker and Mclachlan 1979; Armitage et al. 1995;
Sanseverino and Nessimian 2008; Butakka et al.
2016; Oterler et al. 2018; Kornijo'w et al. 2019).

In this study, it was aimed to analyze the gut

contents of the four species (Cryptochironomus
defectus, Cladotanytarsus mancus, Polypedilum
scalaenum, and Tanypus kraatzi) collected from
freshwater resources at the Northern Thrace Region
of Turkey and make comparisons about the feeding
modes and feeding similarities of the species.

Materials and Methods

Sampling

The Thrace Region is the European Part of
Turkey and was surrounded by Bulgaria, Greece, and
the Black Sea (Figure 1). The material of the study
was collected at ten different freshwater resources
located in the northern parts of the Thrace region
between June 2012 and August 2012. The locality
names, habitat features, and coordinates were given
in Table 1. The sediment samples were taken by a
hand mud scoop net and the obtained material was
washed through mesh nets then preserved in 250 cc
plastic bottles containing 70% ethanol. In the
laboratory, chironomid larvae were selected from the
sediment using a binocular stereomicroscope.

BULGARIA
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Figure 1. Locations of sampling sites of the chironomid larvae.

Analyses

For the larval identification, Saether (1980),
Fittkau and Roback (1983), Pinder and Reiss (1983),
Epler (2001), and Vallenduuk and Morozova (2005)
were followed. The fourth instar stage of the samples
was selected among the material for the gut content
analysis. Ten specimens for each species were used
to analyze the gut contents. Each chosen specimen
was placed into petri dishes containing 1 ml of 70%
ethanol and dissected to reveal the gut contents by
using a needle under a binocular stereo-microscope.
The diffused material in the petri dish was infused

into a Sedgewick-Rafter count chamber with a
1 ml volume. All of the organic and inorganic
materials in the gut contents were counted. Algal bio-
volume was estimated from the abundancedata and
measurements of specific cell volumes by
approximating geometric shapes of the cells
(Hillebrand et al. 1999; Sun and Liu 2003).
Identifications  were  performed at  1000x
magnification under immersion oil, and identification
of the taxa was based on the literature
(Huber-Pestalozzi 1982; John et al. 2002; Krammer
and Lange-Bertalot 1986-2004; Round et al. 1990;
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Komarek and Anagnostidis 2005; Hindak 2008;
Kristiansen and Preisig 2011). All of the determined
species were confirmed using AlgaeBase, an

electronic database of algae information hosted by
the National University of Ireland (Guiry and
Guiry 2020).

Table 1. The features of the locations where the larvae were collected.

Locations Locality Name Habitat Coordinates
Loc.1 Kazandere Brook Stream 41°37'57"N, 28°05'12"E
Loc.2 Ko6miirkoy Brook Stream 41°40'18"N, 26°33'40"E
Loc.3 Kazandere Dam Lake Lake 41°37'49"N, 28°05'14"E
Loc.4 Pabugdere/K1yikdy Stream 41°39'55"N, 27°57'30"E
Loc.5 Pabucdere/Hamidiye Stream 41°39'55"N, 27°57'30"E
Loc.6 Saka Brook Stream 41°48'42"N, 27°57'02"E
Loc.7 Saka Lake Lake 41°48'00"N, 27°59'40"E
Loc.8 Pedina Lake Lake 41°50'01"N, 27°56'05"E
Loc.9 Derekdy Brook Stream 41°55'48"N, 27°22'14"E
Loc.10 Armagan Village Pond 41°52'31"N, 27°25'43"E

Data Analysis

Shannon-Wiener index was used for the
evaluation of the species diversity of the larval gut
contents. The Bray-Curtis and Correspondence index
analyses were used to determine the similarities of
the gut contents of the species. Analyses were carried
out with the XLSTAT-ADA statistical package
program (Addinsoft 2015) and Graphpad PRISM
software, trial version (Intuitive Software for
Science, San Diego, CA).

Results

Four species were determined in the studied area
(Cryptochironomus  defectus,  Cladotanytarsus
mancus, Polypedilum scalaenum, Tanypus kraatzi).

While a total of 81 algal species were determined in
the gut contents of the larvae, it was observed that the
other food fragments belonged to plants, animals, and
fungi. The analyses showed that the gut contents of
the larvae consisted of algae (52.7%) followed by
plant fragments (27.8%), animal fragments (10.2%),
and fungi spores (9.3%) (Figure 2). These
proportional data belonged to only approximately
50-70% of the alimentary tract of larvae. Because the
data in our study included gut content data other than
detritus. It is known that detrital components (non-
living organic and inorganic matter, microorganisms,
bacteria), constitute about 50% of the gut contents
and some larvae could complete the larval stage on
the detrital components (Rodina 1971).

00000000
©00000000
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m Algae 52.7%

= Plant Fragments 27.8%0
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Figure 2. The composition of food items observed in gut contents of the chironomid larvae.

The results of the analyses showed that plant
fragments were the dominant diet of the gut content
of C. defectus (44.3%) followed by algae (37.3%),
fungi spores (12.7%), and animal fragments (5.7%).
Algae were the dominant diet of the gut content of

P. scalaenum (63.5%) followed by fungi spores
(19%), plant fragments (16.5%), and animal
fragments (1%). In the gut content of C. mancus,
algae were dominant (44.7%) and were followed by
plant fragments (32%), animal fragments (18.7%),
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and fungi spores (4.6%). The gut content of T. kraatzi
consisted of algae (65%), plant fragments (18.5%),
animal fragments (15.5%), and fungi spores (1%)
(Figure 3).

50 - Plant fragments

100 -
mm Algae
Fungi spores
mm Animal fragments
B

C. C. P T.
mancus defectus  sealaenum  kraato

Figure 3. The gut contents of the determined chironomid
larvae.

A total of 81 taxa belonging to 5 algal divisions
were found in the gut contents of the four
chironomid larvae (Table 2). They were

Bacillariophyta (with 57 taxa), Euglenophyta (with 1
taxon), Chlorophyta (with 9 taxa), Cyanophyta (with
7 taxa), and Charophyta (with 7 taxa). Based on the
data of the algal composition of the larvae, diatoms
were dominant for all species (Figure 4). However,
euglenoids were found only on the gut content of
T. kraatzi (Figure 4). Several gut content studies
reporting benthic algae as the basic food source for
chironomids showed that diatoms especially
constitute most of the diet (Tarkowska-Kukuryk
2013; Butakka et al. 2016; Kornijo'w et al. 2019).
Members of the subfamily Chironominae, known as
non-predatory fed primarily on algae especially
diatoms, and in this study the algal diet of C. defectus,
C. mancus and P. scalaenum (members of subfamily
Chironominae) consisted of mostly diatoms (Figure
4). However, the diatom preference is not restricted
to taxa considered to be non-predators. Although
subfamily Tanypodinae is known as a predator,
as determined in our study members of
Tanypus genus can preference diatoms as a
major food source (Armitage et al. 1995; Galizzi et
al. 2012).

Table 2. The composition of gut contents of chironomid larvae.

C. mancus

C. defectus P. scalaenum T. kraatzi

Kingdom: Chromista
Phylum: Bacillariophyta

Class: Coscinodiscophyceae

Melosira varians C.Agardh 1827

Class: Mediophyceae

Cyclotella meneghiniana Kiitzing 1844

Stephanodiscus hantzschii Grunow 1880

Class: Bacillariophyceae

Lemnicola exigua Grunow 1880

Planothidium lanceolatum (Brébisson ex
Kiitzing) Lange-Bertalot 1999

Achnanthes armillaris (O.F.Miiller) Guiry 2019

Achnanthidium minutissimum (Kiitzing)
Czarnecki 1994

Achnanthidium sp.

Amphora ovalis (Kiitzing) Kiitzing 1844

Caloneis sp.

Caloneis amphisbaena (Bory) Cleve 1894

Cocconeis sp.

Cocconeis placentula Ehrenberg 1838

Craticula sp.

Craticula cuspidata
(Kutzing) D.G.Mann 1990

Cymbella sp.

Cymbella affinis Kiitzing; 1844

Cymbella cistula (Ehrenberg) O.Kirchner 1878
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Table 2. Continued.

C. mancus C. defectus  P. scalaenum T. kraatzi

Cymbella excisa Kiitzing 1844 +

Brebissonia lanceolata (C.Agardh) Mahoney & +
Reimer, 1986
Cymbopleura naviculiformis (Auerswald ex + +
Heiberg) Krammer 2003
Denticula sp. +

Denticula elegans Kiitzing 1844 +
Diatoma vulgaris Bory 1824 +

Encyonema minutum Cholnoky) D.B.Czarnecki +
1994
Encyonema silesiacum (Bleisch) D.G.Mann in +
Round, R.M.Crawford & D.G.Mann 1990
Epithemia sp. +

Epithemia sorex Kiitzing 1844 +
Epithemia turgida Kiitzing 1844 + +
Epithemia adnata (Kiitzing) Brébisson 1838

Fragilaria capucina (Kiitzing) Lange-Bertalot +
1980
Ulnaria ulna (Nitzsch) Compére; 2001 + + + +

Gomphonema sp. +
Gomphonema acuminatum Ehrenberg 1832 +
Gomphonema gracile Ehrenberg 1838

Gomphonema parvulum (Kiitzing) Kiitzing + + + +
1849
Gomphonema truncatum Ehrenberg 1832 +

Hannaea sp. n

Hannaea arcus +
(Ehrenberg) R.M.Patrick 1966
Meridion circulare (Greville) C.Agardh 1831 + + +

Navicula sp. + + + +

Hippodonta capitata (Ehrenberg) Lange- + + + +
Bertalot, Metzeltin & Witkowski 1996
Navicula cryptocephala Kiitzing 1844 + +

Navicula lanceolata Ehrenberg 1838 +

Navicula tripunctata (O.F.Miiller) Bory 1822 + +
Navicula viridula (Kiitzing) Ehrenberg 1836 + +

Neidium affine (Ehrenberg) Pfitzer 1871 + +
Nitzschia sp. + + + +

+

Nitzschia denticula Grunow 1880
Nitzschia palea (Kiitzing) W.Smith 1856 + +
Nitzschia recta Hantzsch ex Rabenhorst 1862 +

Nitzschia sigmoidea (Nitzsch) W.Smith 1853
Pinnularia sp. +
Pinnularia viridis (Nitzsch) Ehrenberg 1843
Rhoicosphenia curvata (Kiitzing) Grunow 1860 +

+| +| +| +

Surirella brebissonii Krammer and Lange-Bert. +
1987
Tabellaria flocculosa (Roth) Kiitzing 1844 +
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Table 2. Continued.

C. mancus

C. defectus

P. scalaenum

T. kraatzi

Kingdom: Plantae

Phylum: Chlorophyta

Class: Chlorophyceae

Tetraédron minimum (A.Braun) Hansgirg 1889

Desmodesmus opoliensis (P.G.Richter)
E.Hegewald 2000

Tetradesmus dimorphus (Turpin) M.J.Wynne
2016

Tetradesmus lagerheimii
M.J.Wynne & Guiry 2016

Desmodesmus intermedius (Chodat)
E.Hegewald 2000

Scenedesmus quadricauda (Turpin) Brébisson
in Brébisson & Godey 1835

Kirchneriella lunaris (Kirchner) Mobius 1894

Chlamydomonas sp.

Class: Trebouxiophyceae

Oocystis sp.

Phylum: Charophyta

Class: Zygnematophyceae

Closterium littorale F.Gay 1884

Closterium lunula Ehrenberg & Hemprich ex
Ralfs 1848

Closterium sp.

Cosmarium sp.

Spirogyra sp.

Class: Ulvophyceae

Cladophora glomerata (Linnaeus) Kiitzing 1843

Cladophora sp.

Kingdom: Protozoa

Phylum: Euglenozoa

Class: Euglenophyceae

Trachelomonas volvocina (Ehrenberg)
Ehrenberg 1834

Kingdom: Eubacteria

Phylum: Cyanobacteria

Class: Cyanophyceae

Anabaena sp.

Chroococcus sp.

Chroococcus minimus (Keissler) Lemmermann
1904

Kamptonema formosum (Bory de Saint-Vincent
ex Gomont, 1892) Strunecky et al., 2014

Leptolyngbya boryana (Gomont) Anagnostidis
& Komarek 1988

Lyngbya majuscula Harvey ex Gomont 1892

Oscillatoria princeps Vaucher ex Gomont 1892

Plant Fragments
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Table 2. Continued.

C. mancus C. defectus  P. scalaenum T. kraatzi

Animal Fragments + + +
Fungi Spores + + T
Fungi Hyphal + +

Pollen + + T
Protozoan T

According to the Shannon-Wiener index results,
P. scalaenum has the richest diversity (H'= 1.345)
followed by C. defectus (H'= 1.303), C. mancus
(H'= 1.063), and T. kraatzi (H'= 0.834) (Figure 5).
According to the Bray-Curtis similarity index, while

the most similar types of gut contents were
P. scalaenum and C. defectus (38%), T. kraatzi had
different gut content from the other species
(Figure 6). These results were supported by
Correspondence analysis (Figure 7).
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Figure 4. The algal composition of the gut contents of the determined chironomid larvae.
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Figure 5. Species diversity (values of the Shannon-Wiener Diversity Index) of gut contents of the chironomid larvae.
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Figure 6. The gut contents similarity (based on the Bray-Curtis Similarity Index) of the chironomid larvae.
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Figure 7. Correspondence analysis of the gut contents of the chironomid larvae.

Discussion

In this study, it was compared to the gut content
of C. defectus, C. mancus, P. scalaenum, and
T. kraatzi collected from the freshwater ecosystems
in the Northern Thrace Region of Turkey. The main
food component of the alimentary tract of
Chironomidae larvae is detritus (Berg 1995;
Dukowska et al. 1999; Kornijo'w et al. 2019). But in
our study, the data included gut content data other
than detritus. As a result of our gut content study,
Algae was the dominant component as in other
studies (Tarkowska-Kukuryk 2013; Butakka et al.
2016; Kornijo'w et al. 2019). According to
Kornijo'w et al. (2019) food of animal origin is a less
involved component than plant fragment as in our
study. According to the algal composition of the gut
contents of the determined chironomid species,
diatoms were dominant as in the many other studies
(Cattaneo 1983; Tokeshi 1986; Tarkowska-Kukuryk
2013). Although Tanypus genus is known as a

predator, members of Tanypus genus can preference
diatoms as a major food source (Armitage et al. 1995;
Galizzi et al. 2012) and is probably the result of larval
size, food size, and quality, sediment composition
(Armitage et al. 1995). Also, diatoms are rich in
protein and essential fatty acids and this situation
makes them preferred and high-quality food for
growing larvae (Tarkowska-Kukuryk 2013).

According to the Bray-Curtis similarity index
results, the most similar types of gut contents were
P. scalaenum and C. defectus. It could say that
T. kraatzi had different gut content among the other
three species. The members of the subfamily
Tanypodinae (including T. kraatzi) generally feed on
other organisms as predators and so the results made
thought us that the food spectrum of C. defectus,
C. mancus, and P. scalaenum (subfamily
Chironominae) was broader than T. kraatzi.

Gut content studies result in attention to the
importance of chironomid larvae and their energy
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flow role in aquatic ecosystems. Gut content studies
provide important insights into the trophic level and
food sources of aquatic ecosystems. It is known that
many chironomids are grazer on epiphytes and
macrophytes and because of the high abundance of
chironomids the plant food sources of an aquatic
ecosystem could reduce. Thanks to the gut content
studies it will be possible to know where it must
suppress chironomid populations. We think that the
studies examining the gut content of chironomid
larvae could provide a good data set to speculate on
the structure of an aquatic ecosystem.
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Mullins and Doyle (2019) remarked that limnology
will benefit from a renewed focus on these water

Introduction
The smaller water bodies (wetlands and ponds <

10 ha in surface area) form over 90% of the standing
waters of our biosphere and ~ 30% of the global
lentic biotopes by surface area (Downing et al. 2006).
Seekell et al. (2013) and Verpoorter et al. (2014)
suggested even higher conservative estimates as
high-resolution satellite imagery inventories omit
water bodies smaller than 0.2 ha in size, although
even the very smallest of these have important roles
in ecosystem processes (Holgerson and Raymond
2016). The small urban biotopes are recognized as
keystone systems for the conservation of biodiversity
(Céréghino et al. 2008, 2014; Vad et al. 2017; Oertli
2018) despite vulnerability to severe threats of
extinction and habitat degradation (Moss et al. 2011).

bodies as they provide valuable ecological services
and are likely important hot spots of carbon
transformations and carbon sequestration (Downing
et al. 2008; Céréghino et al. 2014). The small
wetlands are important for maintaining regional
biodiversity in urban landscapes that have been
highly modified but may not follow the general
pattern of reduced taxonomic richness expected in
highly modified urban terrestrial or aquatic
environments (Hill et al. 2017).

The small wetlands and ponds form an integral
part of the rural and urban landscape of India. These
environs have attracted relatively more attention
since the inception of the Indian limnology and have
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resulted in the proliferation of ‘ad-hoc’ and ‘routine’
reports on zooplankton assemblages due to
incomplete species lists, unidentified species, limited
sampling, and inadequate data analysis (Sharma and
Sharma 2019a, 2019b). The selected Indian studies
with variable and limited extant of useful information
are from small wetlands of Bihar (Kumar et al. 2011,
Pandey et al. 2013), Jammu & Kashmir (Jyoti et al.
2009), Haryana (Tyor et al. 2014; Chopra and Jakhar
2016), Karnataka (Majagi 2014), Telangana
(Karuthapandi et al. 2016), Uttarakhand (Kumar et al.
2012) and West Bengal (Datta 2011; Halder Mallick
and Chakraborty 2015; Patra et al. 2015; Adhikari et
al. 2017; Saha et al. 2017; Midya et al. 2018).
Amongst other wetlands, some useful studies are
from the floodplains of Bihar (Sanjer and Sharma
1995), Kashmir (Khan 1987; Ahangar et al. 2012;
Slathia and Dutta 2013) and West Bengal (Khan
2002, 2003; Ganesan and Khan 2008), while the
notable zooplankton diversity works are restricted to
the floodplain wetlands of Assam (Sharma and
Hussain 2001; Sharma and Sharma 2008, 2012;
Sharma 2011a; Sharma and Hatimuria 2017; Sharma
and Noroh 2020) and Manipur (Sharma 2011b;
Sharma and Sharma 2011) states of NEI. On the other
hand, some notable studies from small wetlands of
NEI are yet limited to surveys from Meghalaya
(Sharma and Wanswet 2006), Arunachal Pradesh
(Saikia et al. 2017), and Assam (Deka and Goswami
2015). Also, Sharma et al. (2016), Sharma and
Kensibo (2017), and Sharma and Sharma (2019a,
2019b, 2019c¢) highlighted small wetlands of NEI to
be one of the Rotifera biodiversity hot-spots of the
Indian sub-region. The literature from India thus
reflects the overall paucity of extensive
investigations till date on various aspects of
zooplankton diversity of small wetlands of India and
NEI in general and urban wetlands in particular.

The present study, a follow-up of our survey of
the rotifer assemblage (Sharma et al. 2016),
endeavors to undertake detailed analyses of
zooplankton diversity of a small urban wetland of
Meghalaya state of NEI; it assumes biodiversity and
limnology interest in light of the stated lacunae. Our
study deals with the spatio-temporal variations of
richness,  species  composition,  community
similarities, abundance, species diversity,
equitability and dominance, and individual and
cumulative influence of abiotic factors on
zooplankton assemblages. The results are discussed
vis-a-vis zooplankton diversity of India and of small
freshwater environs in particular.

Materials and Methods
We undertook a limnological survey of a small
urban perennial wetland (~ 1.5 ha area; maximum

depth: 4 meters) located at the campus of North-
Eastern Hill University (NEHU wetland), Shillong -
the capital of Meghalaya state of NEI (Figure 1,
A-B). Water and qualitative and quantitative
plankton and semi-plankton samples were collected
monthly  from the littoral (25°35'33.6"N;
91°53'46.6"E) and the semi-limnetic (25°36'30.3"N;
91°54'01.2"E) stations during August 2014-July 2015
from this wetland which lacked limnetic features.
The littoral station showed growth of Myriophyllum
verticillatum, Nelumbo nucifera, and Hydrilla
verticillata and the semi-limnetic station indicated
Hydrilla verticillata, Ipomoea aquatica, Nymphoides
indica, and Spirogyra sp.

Water samples collected from the two stations
were examined for 13 abiotic parameters each. Water
temperature was recorded using a centigrade
thermometer; pH and specific conductivity were
recorded with the field probes; dissolved oxygen was
estimated by the modified Winkler’s method, and
other abiotic factors namely total alkalinity, total
hardness, calcium, magnesium, chloride, dissolved
organic matter, total dissolved solids, phosphate, and
nitrate were analyzed following APHA (1992). The
qualitative plankton and semi-plankton samples,
collected from each sampling station by towing
nylobolt plankton net (mesh size: 40 pum), were
preserved in 5% formalin. All samples were screened
with a Wild stereoscopic binocular microscope,
zooplankton taxa were isolated and mounted in
polyvinyl alcohol-lactophenol mixture, and were
observed with Leica (DM 1000) stereoscopic
microscope. Zooplankton species were identified
following Michael and Sharma (1988), Sharma
(1998, 2016), Sharma and Sharma (1999a, 1999b,
2000, 2008), and Sharma et al. (2016). The
community similarities were calculated vide
Serensen’s index and the hierarchical cluster analysis
was done using SPSS (version 20). Monthly
guantitative samples were obtained from the two
stations by filtering 25 L of water each through
nylobolt plankton net and were preserved in 5%
formalin. Quantitative enumeration of zooplankton
and constituent taxa was done by using a Sedgewick-
Rafter counting cell. The abundance of various taxa
was expressed as 1/l as well as ranges and mean =+
S.D. Species diversity (Shannon Weiner’s index),
dominance (Berger-Parker’s index) and evenness
(Ex index) were calculated vide Ludwig and
Reynolds (1988) and Magurran (1988). Two-way
analysis of variance (ANOVA) was used to ascertain
significance of spatio-temporal variations of abiotic
and biotic parameters between the sampled stations
and months. Pearson’s correlation coefficients for the
two stations (r; and r», respectively) were calculated
between abiotic and biotic factors; p values were
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calculated vide  http://vassarstats.net/tabs.html
and their significance was ascertained after
applying Bonferroni corrections. The canonical
correspondence analysis was done using XLSTAT
(version 2015) to record the cumulative
influence of 10 abiotic factors (for logistic limitations

of the study period): water temperature, pH,
specific conductivity, dissolved oxygen,
total  alkalinity, total hardness, chloride,
dissolved  organic  matter, total dissolved
solids and phosphate on zooplankton
assemblages.

B

Figure 1. A, map of India showing the state of Meghalaya (red color); B, campus map of North-Eastern Hill University,
Shillong showing NEHU urban wetland (blue color).

Results
Water temperature ranged between 12.0-22.5°C,
pH between 6.02-6.99, specific conductivity between

2.7-19.5 mg/l, chloride between 23.9-37.9 mg/l,
dissolved organic matter between 0.038-0.180 mg/I
and total dissolved solids between 0.068-0.160 mg/I

31.0-51.0 uS/cm, dissolved oxygen between during the  study  period  (Table 1)
5.6-7.6 mg/l, total alkalinity between 18.0-30.0 mg/l,  In addition, phosphate and nitrate varied between
total  hardness  between  20.0-32.0 mg/l; 0.209-1.055 mg/l and  0.356-1.214  mg/l,
calcium between 8.4-27.3 mg/l, magnesium between  respectively (Table 1).
Table 1. Variations of abiotic parameters.
Parameters, Sampling stations— Littoral station Semi-limnetic station
RANGE MEAN=SD RANGE MEAN+SD
Water temperature (° C) 12.0-22.5 17.44£3.2 12.0-22.5 17.44£3.2
pH 6.02-6.97 6.43+0.29 6.40-6.99 6.59+0.19
Specific Conductivity.(uS/cm) 31.0-50.0 34.8+5.4 32.0-51.0 37.4+5.4
Dissolved oxygen (mg/l) 5.6-7.6 6.7£0.5 5.6-7.2 6.3+0.5
Total Alkalinity (mg/l) 18.0-28.0 22.7+3.3 20.0-30.0 24.0+3.5
Total Hardness (mg/l) 20.0-32.0 24.8+3.6 22.0-32.0 26.3+3.4
Calcium (mg/l) 8.4-23.1 14.3+4.6 8.4-27.3 14.3£6.1
Magnesium (mg/l) 7.0-17.5 10.5-3.1 2.7-19.5 11.9+4.6
Chloride (mg/l) 24.9-36.9 32.243.6 23.9-37.9 32.544.1
Dissolved organic matter (mg/l) 0.038-0.169 0.103+0.038 0.038-0.180 0.105+0.042
Total dissolved solids (mg/l) 0.068-0.128 0.106+0.015 0.072-0.160 0.107+0.028
Phosphate (mg/I) 0.251-1.055 0.717+0.250 0.209-1.035 0.748+0.247
Nitrate (mg/I) 0.356-1.214 0.780+0.319 0.503-1.128 0.832+0.253
Table 2. Composition of zooplankton.
Groups| Taxa — Species Genera Families
Rotifera 90 29 15
Cladocera 36 28 6
Rhizopoda 10 6 5
Copepoda 7 4 2
Ostracoda 5 5 2
Zooplankton 148 72 30
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Figure 2. Monthly variations of zooplankton richness.

We observed 148 zooplankton species belonging
to 72 genera and 30 families (Table 2-3) with 148 and
122 species from the two sampling stations,
respectively. Rotifera, Cladocera, Rhizopoda,
Copepoda, and Ostracoda indicate 90, 36, 10, 7, and
5 species, respectively. The monthly zooplankton
richness varied between 49-75(61+7) and 53-
83(68+9) species (Figure 2), registered 47.2-74.5 %

and 55.7-84.0 % similarities (Table 3) and record
notable differences in monthly groupings vide the
hierarchical cluster analysis (Figures 3-4). Rotifera
and Cladocera (Table 3) record richness between 16-
35 and 24-46 species; and 19-25 and 18-28 species
and community similarities ranging between 19.0-
60.9 and 37.3-79.5 %, and 58.5-94.7 and 71.4-89.5%
at the littoral and semi-limnetic stations, respectively.
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Figure 3. Hierarchical cluster analysis of zooplankton assemblages (Littoral station).
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The monthly variations in zooplankton
abundance and diversity indices are indicated in
Table 3. The abundance ranged between 208 -308 n/I
and 197-245 n/l (Figure 5), species diversity (Figure
6), evenness and dominance of zooplankton ranged
between 3.469-4.195 and 3.934-4.452, 0.858-0.974
and 0.877-0.995, and 0.030-0.093 and 0.027-0.046 at
the littoral and semi-limnetic stations, respectively

(Table 3). Rotifera (64-142 n/l; 71-129 n/l) and
Cladocera (82-107n/l; 70-84 n/l) comprised between
42.9411.3, 44.244.6%, and 40.0+5.2, 38.4+4.3% of
zooplankton abundance (Figures 7-8); Rhizopoda
and Copepoda abundance varied between 20+4 n/l,
19+4 n/l; 2143, 134+2 n/l (Table 3); and Ostracoda
(8+1, 4£2 n/l) recorded poor abundance at the two

stations, respectively.

Table 3. Zooplankton richness, abundance, and diversity indices.

Groups| Stations— Littoral Station Semi-limnetic Station
Richness
Zooplankton (total richness) 148 species 122 species
Zooplankton (monthly) 49-75 species  61+£7 species 53-83 species 68+ 9 species
Community similarity 47.2-74.5 % 55.7-84.0 %
Rotifera (monthly) 16-35 species  25+7 species 24-46 species  35+7 species
Community similarity 19.0-60.9 % 37.3-79.5%
Cladocera (monthly) 19-25 species  22+2 species 18-28 species  22+3 species
Community similarity 58.5-94.7% 71.4-89.5% %
Abundance and diversity
Zooplankton (n/l) 208-308 247426 197-245 213423
Species diversity 3.469-4.195 3.8424+0.192 3.934-4.452 4.135+0.142
Evenness 0.858-0.974 0.943+0.046 0.877-0.995 0.974+0.030
Dominance 0.030-0.093 0.058+0.010 0.027-0.046 0.057+0.017
Different Groups
Rotifera (n/l) 64-142 98+7 71-129 81 +7
% composition 29.9-73.9 42.9+11.3 38.6-52.9 44.2+4.6
Cladocera (n/l) 82-107 58+18 70-84 66+17
% composition 14.6-37.9 40.0£5.2 19.0-52.2 38.4+4.3
Rhizopoda (n/1) 15-28 20+4 15-28 19+4
% composition 5.1-9.6 8.1£1.1 6.3-11.8 9.0£1.3
Copepoda (n/l) 12-25 21+3 9-18 1342
% composition 5.0-11.3 8.0£1.9 4.6-8.2 6.3£1.0
Ostracoda (n/l) 6-11 8+1 1-7 442
Different Families (n/l)
Chydoridae 49-68 59+6 34-64 52+7
Lecanidae 20-51 3949 22-53 3749
Lepadellidae 7-27 16+7 12-28 2145
Daphniidae 11-18 14+2 7-15 1242
Testudinellidae 9-24 165 0-12 6+3
Trichocercidae 0-17 10+5 3-14 8+3
Macrothricidae 8-14 1142 4-8 6+1
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Figure 5. Monthly variations of zooplankton abundance.



Sharma & Sharma 2021 - LimnoFish 7(1): 24-39 29

The significance of various abiotic and  semi-limnetic stations and months are indicated
biotic factors (vide ANOVA) between the littoral and  in Table 4.

Table 4. ANOVA indicating the significance of abiotic and biotic factors

Parameters | Stations | Months
Abiotic factors

Water temperature - Fi123=7.981, P = 8.32E-05
pH F123 =5.789, P = 0.034 F1123=3.572, P = 0.022

Specific conductivity F1.23 = 14.978, P = 0.003 F1123=19.526, P = 1.12E-05
Dissolved oxygen F123 =3.667, P=0.081 -
Total Alkalinity Fi12s =5.49, P =0.039 F1123=11.125, P = 0.0002
Total Hardness F1.23 = 11.879, P= 0.005 F11.23=20.307, P= 9.9E-06
Calcium - F1123 =20.047, P = 1.06E-05
Magnesium - Fi12s =6.920, P =0.002
Chloride - F11,23 = 35.850, P = 5.26E-07
Dissolved organic matter - F1123=63.170, P = 2.6E-08
Total dissolved solids - Fi123=3.622, P =0.021
Phosphate - F11,23=21.024, P = 8.3E-06
Nitrate - F1123 = 35.140, P = 5.84E-07
Richness
Zooplankton F1.23 = 11.724, P= 0.005 F1123=4.611, P=0.008
Rotifera F1,23 = 68.075, P = 4.87E-06 F11.23=11.095, P=0.0002
Cladocera - -

Abundance and diversity indices
Zooplankton F1,23 = 31.866, P= 0.0001 F11.23=5.010, P=0.006

Rotifera - F11.23= 4.642, P= 0.008
Copepoda Fi123 =40.753, P=5.2E-05 -
Cladocera Fi123 =40.745, P=5.2E-05 -
Zooplankton species diversity F123 = 15.380, P=0.002 -

Zooplankton evenness - -
Zooplankton dominance - -
Important families

Chydoridae F1.3 =9.580, P=0.010 -
Lecanidae - Fi1123=3.664, P=0.020
Lepadellidae - F1123= 3.664, P=0.020
Daphniidae F123 = 13.569, P= 0.004 Fi1123=3.978, P=0.015
Testudinellidae F123 =44.929, P= 3.36E-05
Trichocercidae - F1123=5.045, P=0.006
Macrothricidae F123 =59..055, P= 9.55E-06 -
() indicates insignificant variations.
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Figure 6. Monthly variations of zooplankton species diversity.
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Figure 8. Monthly variations of the abundance of Cladocera.

Chydoridae (5946 and 52+7 n/l), Lecanidae
(3949 and 37£9 n/l), Lepadellidae (16+7 and
2145 n/l) and Daphniidae (14£2 and 12+£2 n/l)
deserved attention at the two stations, respectively.
Testudinellidae ~ (16£5  n/l),  Trichocercidae
(10£5 1w/1), and Macrothricidae (11£2 n/l)
recorded importance at Station 1, while Sidiidae
and Brachionidae deserved limited importance.

Zooplankton (r;=0.729, p = 0.0168) and Rotifera
(r.=0.874, p = 0.0009) richness, and abundance of
zooplankton (r, = 0.789, p = 0.0067), Rotifera (r1 =
0.813, p=0.0042), Lecanidae (r1=0.622, p = 0.0548)
and Trichocercidae (r. = 0.762, p = 0.0104) are
positively correlated with water temperature at the
littoral station. In addition, zooplankton (r, = -0.856,
p = 0.0016) and Rotifera (r. = -0.757, p = 0.0112)
richness, and abundance of zooplankton (r. =- 0.786,
p = 0.007), Rotifera (r, = - 0.668, p = 0.0348) and

Lecanidae (r; = -0.808, p = 0.0047) are inversely
correlated with total dissolved solids; zooplankton
(r. = -0.860, p = 0.0014) and Rotifera (r; = -0.719,
p =0.0191) richness, and abundance of zooplankton
(r1=-0.849, p = 0.0019) and Rotifera (r, = - 0.664,
p = 0.0363) are inversely influenced by dissolved
organic matter, while Lecanidae abundance
(r1=-0.668, p = 0.034) is inversely correlated with
specific conductivity at the littoral station.
Zooplankton (r, = 0.838, p = 0.0025) and Rotifera
(r = 0.755, p = 0.026) richness, and abundance of
zooplankton (r. = 0.837, p = 0.0032), Rotifera
(r. = 0.771, p = 0.009), Rhizopoda (r. = 0.701,
p = 0.024) and Lecanidae (r.= 0.694, p = 0.026) is
positively correlated with water temperature, and
Rotifer density (r.=-0.743, p = 0.0138) is inversely
correlated with dissolved organic matter at the semi-
limnetic station.
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Figure 9. CCA coordination biplot of zooplankton and abiotic factors (Littoral station).

Abbreviations: Abiotic factors: Cl (Chloride), Cond (specific conductivity), DOM (dissolved organic matter), DO
(dissolved oxygen), Po4 (phosphate), TA (total alkalinity), TDS (total dissolved solids), TH (total hardness), pH
(hydrogen-ion concentration), Wt (water temperature). Biotic factors: Chy (Chydoridae abundance), Cld (Cladocera
abundance), CIR (Cladocera richness abundance), Cop (Copepoda abundance), Lec (Lecanidae abundance), Lep
(Lepadellidae abundance), Rot (Rotifera abundance), RR (Rotifera richness), Rz (Rhizopoda abundance), Zoo
(Zooplankton abundance), ZR (Zooplankton richness).
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Figure 10. CCA coordination biplot of zooplankton and abiotic factors (Semi-limnetic station)

Abbreviations: Abiotic factors: Cl (Chloride), Cond (specific conductivity), DOM (dissolved organic matter), DO
(dissolved oxygen), Po4 (phosphate), TA (total alkalinity), TDS (total dissolved solids), TH (total hardness), pH
(hydrogen-ion concentration), Wt (water temperature). Biotic factors: Chy (Chydoridae abundance), Cld (Cladocera
abundance), CIR (Cladocera richness), Cop (Copepoda abundance), Lec (Lecanidae abundance), Lep (Lepadellidae
abundance), Rot (Rotifera abundance), RR (Rotifera richness), Rz (Rhizopoda abundance), Zoo (Zooplankton
abundance), ZR (Zooplankton richness).
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The canonical correspondence analysis (CCA)
with 10 abiotic factors registered cumulative
influence of 87.37% and 75.81% on zooplankton
assemblages at the littoral and semi-limnetic stations,
respectively (Figs. 9-10).

Discussion

The sub-tropical NEHU wetland is characterized
by soft, slightly acidic-circum neutral, calcium poor
waters with low nutrients, chloride indicating a
certain influence of human impact, and total
alkalinity attributed to bicarbonate ions. The low
specific conductivity is attributed to the leached
nature of the soil and weathered condition of rocks
due to heavy rainfall in NEI (Sharma 1995; Sharma
and Sharma 2020) and lowered buffering capacity of
de-mineralized waters (Steinitz-Kannan et al. 1983).
ANOVA depicts significant variations of pH,
specific conductivity, dissolved oxygen, total
alkalinity, and total hardness between stations and
months; water temperature and dissolved oxygen
indicated significant variations between stations; and
calcium, magnesium, chloride, dissolved organic
matter, total dissolved solids, phosphate, and nitrate
recorded significant monthly variations between the
sampling stations. The spatial variations of abiotic
factors are hypothesized to the habitat heterogeneity
of the two stations.

Our report of 148 species, belonging to 72 genera
and 30 families, reveals one of the biodiverse
zooplankton assemblages known from any individual
lentic environ of the Indian sub-region. This salient
feature is hypothesized to the overall environmental
heterogeneity of NEHU urban wetland. The
biodiversity significance is in contrast to the general
pattern of reduced taxonomic richness hypothesized
to be expected in highly modified urban aquatic
environs (Hill et al. 2017). We thus categorize this
urban wetland as ‘keystone’ system of Meghalaya
state of NEI for the conservation of aquatic
biodiversity in light of the remarks of Céréghino et
al. (2014), Vad et al. (2017), and Oertli (2018). The
rich and diverse nature of zooplankton is in contrast
to the reports from the floodplain wetlands of Assam
(Sharma and Sharma 2008; Sharma and Hatimuria
2017), Bihar (Sanjer and Sharma 1995), Manipur
(Sharma 2011a), and West Bengal (Khan 2002, 2003;
Ganesan and Khan 2008; Datta 2011; Patra et al.
2011). The richness is distinctly higher than the
reports from small water bodies of Arunachal
Pradesh (Saikia et al. 2017), Bihar (Kumar et al.
2011, 2015; Singh et al. 2012; Pandey et al. 2013),
Chhattisgarh (Mishra et al. 2014), Meghalaya
(Sharma and Wanswett 2006), and West Bengal
(Halder Mallick and Chakraborty 2015; Patra et al.
2015; Saha et al. 2017; Middya 2017; Midya et al.

2018) from India; and elsewhere from Bangladesh
(Islam and Chowdhury 2013), Bhutan (Sharma and
Bhattarai 2005) and Myanmar (Twin and Aung
2019). Zooplankton richness is notably higher than
the reports from the lakes and reservoirs of Himachal
(Jindal and Prajapat 2005; Thakur et al. 2013; Jindal
and Thakur 2014), Karnataka (Hulyal and Kaliwal
2008; Kudari and Kanamadi 2008; Majagi and
Vijaykumar 2009; Majagi 2014; Anita et al. 2019),
Jammu & Kashmir (Khan 1987; Ahangar et al. 2012;
Slathia and Dutta 2013; Sharma and Sharma 2019),
Meghalaya (Sharma 1995; Sharma and Lyngdoh
2004; Sharma and Sharma 2020), Mizoram (Sharma
and Pachuau 2013), Telangana (Karuthapandi et al.
2016) and Uttarakhand (Sharma and Pant 1985;
Mishra et al. 2010; Malik and Panwar, 2016; Sharma
and Kumari 2018; Singh and Sharma 2020) states of
India. The reports of 148 and 122 species with 90.4%
community similarity affirm high zooplankton
homogeneity amongst the stations.

The diverse Rotifera (90 species belonging to 29
genera and 15 families) merit biodiversity interest as
~56.0, ~38.0, and ~23.0% of the species of this taxon
known till date from Meghalaya and NEI (Sharma
and Sharma 2019c) and India (Sharma and Sharma
2017a), respectively. The salient features of poor
Brachionidae richness and lack of Brachionus spp.
noted in our collections are attributed to slightly
acidic - circum neutral waters concurrent with the
reports of Sharma and Pachuau (2013), Sharma et al.
(2016), and Sharma and Sharma (2020), while
Brachionidae paucity concurs with the report from
Arunachal Pradesh (Saikia et al. 2017). Lecanidae >
Lepadellidae collectively comprise ~57.0% of the
rotifer richness and affirm the littoral-periphytic
character of the taxon vides Sharma and Sharma
(2017a, 2019c). Additional details of Rotifera
diversity vis-a-vis new reports (Sharma 2016),
species composition, and elements of biogeographic
interest are dealt with separately by Sharma et al.
(2016). Cladocera, the second speciose group,
indicated 36 species belonging to 28 genera and
6 families; it depicts diverse nature in comparison
with our conservative estimate of the occurrence of
60-65 species from the tropical and subtropical
waters of the Indian subcontinent (Sharma and
Michael 1987; Sharma and Sharma 2017b). High
richness (~ 69%) of the Chydoridae affirms the
littoral periphytic nature of cladoceran assemblages
(Sharma and Sharma 2017b).

Higher monthly zooplankton richness at the
semi-limnetic > the littoral station is hypothesized to
greater habitat diversity of the former region, while
ANOVA indicates significant richness variations
between stations and months. The zooplankton
richness follows oscillating monthly variations at the
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two stations, while peak consortium/sample of 83
species in monsoon (July 2015) and high assemblage
of 81 (August 2014) species, noted at the semi-
limnetic station, are attributed to the possibility of co-
existence of many species due to high amount of
niche overlap as hypothesized by MacArthur (1965).
We categorize these assemblages as ‘Zooplankton
paradox’ vs. small urban wetland; such consortia are
hypothesized to the intriguing possibility of the co-
existence of a number of species in a relatively
unstructured environment of small wetlands (Sharma
and Sharma 2019a). Peak monsoon richness at the
two stations is affirmed by a positive correlation with
water temperature; the latter concurs with the results
of Thakur et al. (2013). Further, monsoon peaks
concur with the reports from Holmari beel of Assam
(Sharma and Hatimuria 2017), Karnataka (Majagi
2014), Meghalaya (Sharma and Wanswett 2006),
North Bengal (Datta 2011), and Telangana
(Karuthapandi et al. 2016) but deviate from the
reports of the post-monsoon peak by Ganesan and
Khan (2008) and winter peak by Sharma and Sharma
(2020). Zooplankton register 47.2-745 % and
55.7-84.0 % community similarities at the littoral and
semi-limnetic stations, respectively; ~ 92% instances
record 51-70% similarities at the former station,
while similarity matrix record 61-80% similarities in
~84% instances at semi-limnetic station. The
hierarchical cluster analysis indicates closer affinities
between September-October, March-April, and
January-February  assemblages while  August
collection indicates peak species divergence at the
littoral station. High affinity is noted only between
July-August and maximum divergence is noted
during November > February > December
collections at the semi-limnetic station. The
heterogeneity in monthly richness, affirmed both by
community similarities and the differential cluster
groupings, is hypothesized to habitat heterogeneity of
the two stations. The rotifers contribute to
zooplankton richness (r1=0.908, p=0.0003; r,=0.915,
p =0.0002) at the two stations, respectively, and
register significant variations between stations and
months (vide ANOVA). The report of 46 species in
September 2014 (semi-limnetic station) vs. this urban
wetland is categorized as ‘Rotifera paradox’
analogous to the reports of Sharma and Sharma
(2019a, 2019b). The community similarities reflect
greater rotifer heterogeneity at the former station.
Cladocera contributed to zooplankton richness
(r.=0.915, p =0.0002) at the semi-limnetic station and
higher similarities affirm lower heterogeneity of
Cladocera at the two stations.

Our results highlight low zooplankton abundance
with the littoral > semi-limnetic station except in June
2015; ANOVA registers significant variations of

abundance between stations and months. The low
densities are attributed to soft and de-mineralized
waters of NEHU wetland in particular; these remarks
correspond with the reports from identical aquatic
environs of NEI (Sharma 1995, 2011a; Sharma and
Wanswett 2006; Sharma and Sharma 2012, 2020;
Sharma and Pachuau 2013; Sharma and Noroh 2020)
as well as from Bhutan (Sharma and Bhattarai 2005).
The zooplankton follow oscillating monthly
variations with higher abundance during warmer
months and peak densities during monsoon (August
2014) at both the stations, these are affirmed by
positive correlation with water temperature
(r.=0.789, p = 0.0067; r. = 0.837, p = 0.0025). The
latter concurs with the results of Patra et al (2011),
Thakur et al. (2013), and Singh and Sharma (2020)
but differ from the inverse correlation indicated by
Pandey et al. (2013) and Slathia and Dutta (2013).
Further, monsoon peaks concur with the reports from
Arunachal Pradesh (Saikia et al. 2017), Assam (Deka
and Goswami 2015), Uttarakhand (Thakur et al.
2013), and Myanmar (Twin and Aung 2019) but
differ summer peaks listed from wetlands of Bihar
(Pandey et al. 2013), Kashmir (Slathia and Dutta
2013), Karnataka (Majagi 2014; Anita et al. 2019)
and from winter peaks known from Himachal
Pradesh (Sharma and Kumari 2018), Meghalaya
(Sharma and Wanswett 2006), Uttarakhand (Malik
and Panwar 2016; Singh and Sharma 2020) and West
Bengal (Halder Mallick and Chakraborty 2015; Patra
et al. 2015). Low and equitable abundance
categorizes ‘generalist’ nature of zooplankton
species concurrent with the reports from Himachal
Pradesh (Jindal and Prajapat 2005; Jindal and Thakur
2014), NEI (Sharma 1995; Sharma and Lyngskor
2003; Sharma 2011a, 2011b, Sharma and Sharma
2011, 2020; Sharma and Noroh 2020) and
Uttarakhand (Malik and Panwar 2016; Singh and
Sharma 2020). Rotifera (42.9+11.3, 44.2+4.6%) >
Cladocera (40.0+5.2, 38.4+4.3%) contribute to
zooplankton abundance at the two stations,
respectively but with different spatio-temporal
patterns.

Rotifera, an important group, contributes to
zooplankton density variations at the littoral
(r1=0.915, p =0.0002) and semi-limnetic (r,=0.825,
p=0.003) stations. The importance of Rotifera
concurs with the reports of Khan (1987, 2003), Sanjer
and Sharma (1995), Jindal and Prajapat (2005), Jyoti
et al (2009), Patra et al. (2011), Sharma (2011a,
2011b), Sharma and Sharma (2011, 2012, 2019c)
Pandey et al. (2013), Deka and Goswami (2015),
Halder Mallick and Chakraborty (2015), Malik and
Panwar (2016), Sharma and Kumari (2018) and
Sharma and Noroh (2020). Higher rotifer abundance
during warmer months is affirmed by a positive
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correlation with water temperature; the latter concurs
with the results of Thakur et al. (2013), Malik and
Panwar (2016), and Sharma and Sharma (2020). Peak
Rotifera densities during monsoon at the two stations
concur with the report from Maghuri beel of Assam
(Sharma and Noroh 2020) and the reports of Jyoti et
al. (2009), Karuthapandi et al. (2016), Saikia et al.
(2017) but differ from summer (Sanjer and Sharma
1995; Patra et al. 2011; Pandey et al. 2013; Sharma
and Kumari 2018), winter peaks (Sharma and
Hussain 2001; Sharma 2011a; Sharma and Sharma
2011, 2012) from different states of India. Lecanidae
(r.=0.813, p=0.004; r;=0.805, p=0.005) and
Lepadellidae  (r1=0.827, p=0.003; r.1=0.884,
p=0.0007), respectively contribute to zooplankton
and Rotifera abundance at the littoral station;
Lecanidae contributes to zooplankton (r,=0.705,
p=0.023) and Rotifera (r.=0.814, p=0.004) the semi-
limnetic station; and Trichocercidae (r;=0.811,
p=0.004) and Brachionidae (r1=0.744, p=0.0136)
contribute to Rotifera at the littoral station.
Lecanidae comprise between 40.0£6.8 and
39.3+6.3% of Rotifera, while the five Eurotatoria
families collectively form notable fractions of
zooplankton (35.5+£7.1, 37.6+4.1%) and Rotifera
(87.2£6.7, 84.9£3.3%) at the two stations,
respectively. ANOVA registers significant monthly
variations of Rotifera, Lecanidae, Lepadellidae, and
Trichocercidae abundance between the stations.
Lecanidae and Lepadellidae importance concur with
the reports from NEI (Sharma 2011a; Sharma and
Sharma 2001, 2008).

Cladocera, another important group, indicates
significant density variations between stations (vide
ANOVA) and records higher abundance that the
reports from Assam (Sharma and Hussain 2001;
Deka and Goswami 2015; Sharma and Hatimuria
2017), Kashmir (Khan 1987), Meghalaya (Sharma
and Lyngdoh 2004) and Mizoram (Sharma and
Pachuau 2013), while it broadly concurs with the
report of Sharma and Noroh (2020). The cladocerans
follow oscillating monthly variations with peaks
during pre-monsoon (June 2015) at both the stations;
the latter concur with the reports of Sharma (2011a),
Deka and Goswami (2015), Sharma and Noroh
(2020), Malik and Panwar (2016), Saikia et al. (2017)
and Singh and Sharma (2020). Cladocera is notable
for the importance of the Chydoridae (60.3+4.5,
52.748.8%) at the two stations, respectively
concurrent with the reports of Sharma (2011a, 2011b)
and Sharma and Sharma (2008, 2011, 2012);
ANOVA indicates significant variations of
Chydoridae between the stations. Daphniidae
deserved attention at the two stations; Macrothricidae
is important at the limnetic station, while Sidiidae
deserved limited importance. The four families

comprise a significant fraction of Cladocera
(95.1£1.9, 78.848.7%) and zooplankton (38.0+4.6,
31.344.4%) abundance at the two stations,
respectively.

Copepoda and Rhizopoda, two sub-dominant
groups, indicate low abundance and limited spatial
variations at the two stations. Copepoda > Rhizopoda
abundance pattern is noted during September 2014-
January 2015 and again in July 2015 at the littoral
station, while Rhizopoda > Copepoda abundance is
recorded throughout the study at the limnetic station,
except January 2015. Copepoda indicates low
abundance at the two stations with significant
variations between stations (vide ANOVA). The sub-
dominance of copepods concur with the reports from
Assam (Sharma and Sharma 2012; Deka and
Goswami 2015; Sharma and Noroh 2020), Himachal
Pradesh (Jindal and Prajapat 2005), Jammu &
Kashmir (Jyoti et al. 2009; Sharma and Sharma
2020), Manipur (Sharma 2011a) and Uttarakhand
(Malik and Panwar 2016; Singh and Sharma 2020).
Monsoon maxima of this group at the two stations
concur with the findings of Jindal and Thakur (2014)
but deviate from pre-monsoon peaks vides the reports
of Ganesan and Khan (2008) and Sharma and Sharma
(2020). Copepoda abundance, largely influenced by
Cyclopidae, is attributed to the prevalence of stable
environmental conditions for these ‘k-strategists’ as
suggested by Allen (1976). Rhizopoda abundance
broadly concurs with the report of Sharma and Noroh
(2020), it is higher than the results of Sharma and
Pachuau (2013) and Sharma and Hatimuria (2017)
but differs from the poor abundance reported by
Sharma and Sharma (2020). The rhizopods record
maxima during monsoon at the two stations.
Ostracoda forms an insignificant fraction of
zooplankton.

Zooplankton are characterized by high species
diversity at the semi-limnetic station > the littoral
station; the former station recorded higher diversity
throughout the study, except in November 2014;
ANOVA depicts significant diversity variations
between stations. The limnetic station recorded H’
values > 4.0 during 9 months, while the semi-limnetic
station indicated H" values > 4.0 during 7 months.
High zooplankton species diversity of this urban
wetland, coupled with low densities of individual
species, is hypothesized to fine niche portioning in
combination with micro-and macro- habitat
heterogeneity as hypothesized by (Segers 2008). The
diversity is directly influenced by richness of
zooplankton (r, = 0.964, p < 0.0001), Rotifera
(r = 0.875, p = 0.0009) and Cladocera (r,=0.700,
p=0.024), and abundance of zooplankton (r.= 0.962,
p < 0.0001), Rotifera (r. = 0.827, p = 0.003) and
Lecanidae (r,=0.722, p = 0.018) at the semi-limnetic
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station, while so such relationship is noted at the
littoral station. Shannon Weiner diversity index is a
suitable option for assessing the health of aquatic
biotopes (Wilhm and Dorris 1968). Mean annual
diversity values indicate a relatively more clean
water nature of the semi-limnetic region while in
general NEHU wetland is characterized by a very
clean — clean water nature. Low dominance noted at
the two sampling stations, shared by a large number
of ‘generalist’ species (Osborne et al. 1976), is
hypothesized to the fact that the habitat of this urban
wetland has resources for utilization by all species
providing a low amount of niche overlap as
hypothesized by MacArthur (1965). Low densities
and equitable abundance of zooplankton species
affirm higher evenness and reiterate that zooplankton
are ‘generalist’ vis-a-vis the general environment of
this wetland.

This study depicts the differential spatial
influence of individual abiotic parameters on the
richness and abundance of zooplankton. Our results
affirm the importance of water temperature with a
positive influence on zooplankton and Rotifera
richness and abundance of zooplankton, Rotifera, and
Lecanidae at the two stations, respectively; positive
influence on the abundance of Trichocercidae density
at the littoral station and Rhizopoda at the semi-
limnetic station. Besides, dissolved organic matter
indicates importance with inverse correlations on
zooplankton and Rotifera richness, and abundance of
zooplankton, Rotifera and Lecanidae, and
zooplankton richness and abundance is inversely
correlated with total dissolved solids; Lecanidae
abundance is positively correlated with specific
conductivity at the former station. Rotifera density is
inversely correlated with dissolved organic matter at
the semi-limnetic station. The limited and differential
influence of individual abiotic factors affirms the
reports of Sharma and Hussain (2001), Sharma
(2011a), Sharma and Sharma (2011, 2012), Sharma
and Noroh (2020), and Sharma and Sharma (2020).

The canonical correspondence analysis depicts
high but the differential cumulative influence of 10
abiotic factors on zooplankton assemblages at the
littoral (87.37%) and semi-limnetic (75.81%)
stations, respectively; it broadly concurs with the
report of Sharma and Sharma (2020). Also, the
former broadly concurs with 84.8% cumulative
variance reported from a subtropical reservoir of
Mizoram (Sharma and Pachuau 2013), while our
results record higher cumulative influence in contrast
to the reports from the floodplain wetlands of NEI
(Sharma 2011a; Sharma and Sharma 2012; Sharma
and Hatimuria,2017; Sharma and Noroh 2020). CCA
coordination biplot at the littoral station indicates ~

75% and ~12% influence of abiotic factors along axis
1 and 2, respectively with the influence of water
temperature on Rotifera abundance; dissolved
oxygen on richness and abundance of Cladocera, and
abundance of Chydoridae; dissolved oxygen and
chloride on zooplankton richness; conductivity on
zooplankton abundance; dissolved organic matter
and total dissolved solids on Rhizopoda density; and
total hardness on Copeopoda abundance. The semi-
limnetic station indicates ~ 54% and ~21% influence
of abiotic factors along axis 1 and 2, respectively with
the influence of water temperature on Rotifera
richness and abundance; DOM and TDS on
Cladocera and Rhizopoda abundance; dissolved
oxygen on zooplankton and Cladocera richness; total
alkalinity on zooplankton abundance. Our results
thus highlight the importance of cumulative influence
over the individual influence of abiotic factors, while
the impact of biotic factors vs. zooplankton-
macrophytic associations in this urban wetland needs
to be assessed.

To sum up, the biodiversity significance of
zooplankton of NEHU wetland and its importance as
‘keystone’ system of NEI vs. lentic environs of the
Indian sub-region is hypothesized to overall
environmental heterogeneity of this urban wetland.
Peak consortia indicating ‘zooplankton’ and
‘Rotifera paradox’ hypothesized to the possibility of
co-existence of several species due to high amount of
niche overlap in the relatively unstructured
environment of the small wetland; low zooplankton
abundance attributed to ‘soft’ and de-mineralized
waters; and the differential spatial patterns of
richness, abundance and diversity indices
hypothesized to habitat heterogeneity of the sampled
stations are noteworthy. High species diversity, and
low dominance, and high equitability attributed to
‘generalist’ species are notable features; the former
depicts the ‘very clean — clean water nature’ of this
wetland. The importance of high cumulative
influence vis-a-vis limited spatial influence of
individual abiotic factors is noteworthy. This study is
an important contribution to zooplankton diversity of
small water bodies of the Indian sub-region, and
highlights need for the future-focused studies on
zooplankton diversity to avoid the proliferation of
‘ad-hoc’ and ‘routine’ reports.
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This study aims to analyze the cost-benefit of catfish marketing in Obio- Akpor
Local Government Area of Rivers State. A random sampling technique was
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adopted in sampling 60 catfish marketers in 5 catfish markets for the study. Data Received  :13.07.2020
were collected with a structured questionnaire and were analyzed using Revised - 26.09.2020
descriptive statistics and regression models. Results showed that all respondents Accepted  : 08.10.2020
were female within the active working-age of 31-50 years. Married catfish ccepte I

marketers were 33.3%, and 80% had formal education. The profitability of catfish Published  :29.04.2021

marketing indicated a total mean total variable cost (TVC), 368,119.17, the total
mean total fixed cost (TFC), N¥2,131.75, the total mean total cost of production
(TCP), ¥70,250.92, mean total revenue (TR) recorded ¥:181,000.00, and mean
net income (NI), ¥137,572.08. mean gross margin value (GM) recorded
N139,635.83, while the profitability index (PI) 1.31. The variables which
influenced the profitability of catfish marketing were age, educational level,
number of the sales point, and capital. The high cost of transportation, unstable
price, and poor access road were the major constraints to catfish marketing. The
source of startup capital was personal savings It is recommended that catfish
marketers form a cooperative society to enhance their access to finance and
regulate pricing with relevant variables that significantly influenced net income
and should be considered in policy issues.

DOI:10.17216/LimnoFish.768909

* CORRESPONDING AUTHOR

henry.dienye@uniport.edu.ng
Phone :+234 803 680 94 39

Keywords: Profitability, catfish marketers, constraint, Obio-Akpor

How to Cite
Dienye HE, Olopade OA, Obi CO. 2021. Socio-Economic and Cost Benefits of Catfish (Clarias gariepinus) Marketing in Obio-Akpor Local
Government Area, Rivers State, Nigeria. LimnoFish. 7(1): 40-48. doi: 10.17216/LimnoFish.768909

Introduction

Fish farming is a branch of aquaculture that deals
with the culture of fish, which can be pond (concretes
or earthen), wood, fiberglass, and plastic enclosure in
a managed environment Nwokoye et al. (2007). For
many developing countries, catfish is one of Africa’s
most commercially important freshwater fish. Its
trade gives local producers significant employment
and contributes to curbing food insecurity in the
population (FAO 2006). Ebewore (2013) opined that
most Nigerians are unable to meet the protein
requirement because of their poverty level. The
protein needed for growth, particularly in children,
was inadequate because the animal protein was
expensive. Protein from fish sources within reach is
the only cheaper source of protein to bridge the gap
of protein deficiency. Despite Nigeria's popularity,
fish farming can be better represented as a child in

comparison with the huge market potential for
production and marketing (Nwiro 2012). Fish supply
is from four major sources viz., artisanal fisheries,
industrial trawlers, aquaculture, and imported frozen
fish (Akinrotimi et al. 2011).

According to Adegeye and Dittoh (1985),
marketing is a process that involves identifying the
desires and needs of consumers and providing
acceptable food and services which meet the needs
and wishes of consumers and business managers to
the benefit. The transport of goods to the customer
requires the production of various types of services,
including manufacturing, storage, preservation,
distribution, wholesales, and retailing, using
economic activities. The process of handling and
marketing catfish is very delicate if quality and
nutritional value are to be maintained due to its short
shelf life. Fish culture has been noted by Eyo et al.
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(2003) as the surest way of bridging the widening gap
between the demand and supply of food fish in this
country. This has fostered increased interest in the
production of fish, especially catfish. Consequently,
live-catfish marketing experienced fast growth to
match the increasing supplies from the production
sector. Such growth has created many opportunities
for jobs at different marketing levels, thereby
improving participants' income and well-being.
(Ugwumba and Chukwuji 2010). The increasing
demand gap can also be attributed to an inefficient
marketing network, due to marketing issues such as
lack of knowledge in the sector, weak
business structures, high freight costs and lack of

resources, inefficient warehousing facilities,
restricted markets, and several intermediaries
(Ugwumba 2010).

Marketing is a method of bringing the forces of
demand and supply together regardless of the
location of the market (Adekanye 1988). An effective

marketing mechanism means that the supply of
products across the vyear, regardless of the
seasonality, no variance in prices, due to high
marketing costs including storage. It is against this
background that the study was carried out to
determine the socio-economic and cost-benefit of
catfish marketing in five major markets in Obio-
Akpor LGA of Rivers State.

Materials and Methods

Study Area

The study was carried out in Obio- Akpor Local
Government Area, in the metropolis of Port Harcourt,
one of the major centers of economic activities in
Rivers State, Nigeria. It is located between latitude
04°49'06.50"N  and longitude 04°60'08.00"E
(Figure 1). The local government covers 260 km and
at the 2006 census held a population of 464,789.00
The original indigenous occupants of the area are the
Ikwerre people.
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Figure 1. Map of five major fish markets in Obio-Akpor LGA.

Data Collection

The five major catfish markets in the Obio-Akpor
Local Government Area were studied. Twelve
catfish sellers were randomly selected from each
market to make a total of sixty respondents.
Data were collected from catfish marketers using a
structured  questionnaire.  The  questionnaire
administered elicited information on the socio-
economic characteristics of respondents, sources of
finance, constraints affecting sales, catfish price
marketing characteristics of the fresh fish marketers,
costs and returns and problems encountered by fresh
fish marketers, etc. the response of these farmers

formed the primary data used.

Data Analyses

Descriptive statistics analysis such as percentage,
frequencies were used to describe the socio-
economic characteristics of the respondents,
marketing channel, and constraints to fresh fish
marketing in the study area using Statistical Package
for Social Science (SPSS) 16.0 windows SPSS
software package.

Cost and Returns Analysis
This analysis was used to determine the
profitability of catfish marketing. The profitability
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analyses employed were fixed cost (FC), variable
cost (VC), total cost (TC), total revenue (TR), gross
margin (GM), and profit (Adebayo and Daramola
2013).

Total Cost =Total Variable Cost + Total Fixed
Cost.

Total Revenue=P X Q (P = Price and Q = Total
output (kg))

GM=TR -TVC where:

GM = Gross margin

TR = Total revenue

TVC=total variable cost

Profit= GM —TFC where:

GM = Gross margin

TFC = Total fixed cost

Regression Analysis

The regression analysis was carried out to
examine the factors affecting the market profit of
fresh fish sellers. The dependent variable is profit
obtained by sellers in the market, while the
exogenous variables are the factors affecting the level
of profit, such as marketing experience, level of

education, the quantity of fish purchased, and
operational cost (Adesina and Djato 1996; Squires et
al. 1998). Four functional forms were fitted, these
were linear, semi-log, double log, and exponential.
The model with the best fit was then chosen as the
lead equation following Gujarati (1995), and
Olayemi (1998).

Results

Table 1 showed the socio-economic
characteristics of fish sellers, all were females. Half
of the respondents were within the age range of 41-
50 years, 38.3% within 31-40years while 1.7% were
within the 20-30 years old age group. Catfish sellers
(33.3%) were married, 31.7% separated, 11.7%
single, 18.3% widows while only 5.0% of the
respondents were divorced. All the fish sellers
(100%) were Christian. The study also revealed that
30% had secondary education, 16.7% had primary
education while only 3.3% had non-formal
education. Furthermore, the table showed that 90% of
the respondents were full-time fish sellers and only
10% combined other economic activities with the
selling of fresh catfish. Employment was the only
motivation factor reported by the respondents.

Table 1. Socio-economic characteristics of fish sellers.

Item Frequency Percentage
Sex:

Males 0 0
Female 60 100.0
Total 60 100.0
Age (Years)

20-30 1 1.7
31-40 23 38.3
41-50 30 50.0
51-60 6 10.0
Marital status

Single 7 11.7
Married 20 33.3
Separated 19 31.7
Divorced 3 5.0
Widow 11 18.3
Total 60 100.0
Religion

Christian 60 100.0
Total 60 100.0
Educational Level

Non-formal education 2 3.3
Primary school education 10 16.7
Secondary school education 18 30.0
Post-secondary school education 30 50.0
Total 60 100.0
Main Occupation

Full-Time Fish Seller 54 90.0
Part-Time Fish Seller 6 10.0
Total 60 100.0
Motivating Factor for Employment 60 100.0
Total 60 100.0

Source: Field Survey 2019.
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The transportation systems and challenges of
catfish as shown in table 2 below, revealed that all the
respondents use public transportation as a means of
transporting the fish (100%) and most of them
experienced mortality (91.7%). The mortality rate as

a result of transportation challenges ranged from, 5-
10pieces (51.7%), 1-5pieces (35.0%) 11-20 pieces
(13.3%) respectively. Daily mortality recorded were
as follows 1 piece (15.0%), 2 pieces (45.0%) while 4-
5 pieces (18.3%) recorded the highest mortality.

Table 2. Challenges of transporting Fresh Catfish by fish sellers.

Item Frequency Percentage
Transportation System

Public transportation 60 100.0
Total 60 100.0
Transport Mortality

Yes 55 91.7
No 5 8.3
Total 60 100.0
Mortality Rate

1-5 21 35.0
5-10 31 51.7
11-20 8 13.3
Total 60 100.0
Daily Mortality

1 9 15.0
2 27 45.0
3 13 21.7
4-5 11 18.3
Total 60 100.0

Source: Field survey 2019

Table 3 below showed the various methods
employed by catfish sellers in keeping fish alive.
Forty-five percent employed constant changing of
water as a means of preservation while 20% made use
of sack to cover their catfish. Other unconventional
methods were the use of slaughtered fish fat to feed

the fish (11.7%), pouring of oil on the water
(3.3%), use of leftover bread to feed (8.3%),
adding lady’s finger (Okra) to water (8.3%)
and feeding with indomie waste noodles (3.3%).
None of catfish sellers made use of anti-stress on
their fish.

Table 3. Conventional and unconventional methods used to keep the Fresh fish alive.

Item Frequency Percentage
Covering with sacks 12 20.0
Feed with fats of slaughtered fish 7 11.7
Use of palm oil 2 3.3
Use of bread to feed 5 8.3
Adding ladies’ fingers to water (Okra) 5 8.3
Feeding with noodles 2 3.3
Changing of water 27 45.0
Total 60 100.0
Anti-stress
None 60 100.0
Total 60 100.0
Source: Field survey 2019
The costs and returns associated with marketing Figure 2 below showed the factors

catfish in the study area were presented in Table 4.
The total mean variable cost (TVC) was :68,119.17,
the total mean fixed cost (TFC) was N2,131.75, the
total mean cost of production (TCP) was ¥¥70,250.92,
mean total revenue (TR) recorded was ¥181,000.00,
and mean net income (NI) was N¥137,572.08, mean
gross margin value (GM) recorded was ¥139,635.83,
while the profitability index (PI) was 1.31.

militating against fresh catfish marketing by
respondents.  The  survey  revealed that
transportation cost (41.7%), unstable price of fish
(21.7%), lack of capital (6.7%), hike in the price of
fish (5%), inadequate holding/storage facilities
(3.3%) and bad roads to access farms (21.7%) were
identified by the respondents as limitations and
challenges.
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Table 4. Monthly Costs and Returns Analysis of Fresh catfish marketing in Obio-Akpor LGA.

Variable N Minimum () Maximum () Mean (¥)  Std. Deviation (¥¥)
Labor cost 60 1000.00 1550.00 1009.17 71.00
Transportation cost 60 500.00 1550.00 1165.00 510.26
Levy and due 60 100.00 150.00 111.67 21.33
Purchase of catfish 60 50000.00 975000.00 65833.33 119405.89
Total Variable Cost 60 51600.00 977650.00 68119.17 119454.32
Knife 60 100.00 200.00 119.17 29.24
Bowl 60 200.00 450.00 294.17 83.91
Basket 60 100.00 120.00 115.17 8.53
Sack 60 70.00 90.00 72.416 3.50
Scale 60 1200.00 2500.00 1530.83 566.07
Total Fixed Cost 60 1740.00 3150.00 2131.75 563.99
Total Cost (TVC+ TFC) 60 53345.00 979690.00 70250.92 119440.67
Total Revenue 60 150000.00 220000.00 181000.00 32230.63
Gross Margin (TR-VC) 60 72850.00 802650.00 139635.83 93091.13
Net Income 60 71090.00 804490.00 137572.08 93544.17
Profitability Index 60 1.47 1.69 1.31 1.07689
Source: Field survey 2019
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Figure 2. Major Constraints to Catfish Marketing System in the Study Area
Figure 3 below revealed the source of startup  respondents got finance from daily

capital for respondent’s personal savings recorded  contribution/private lenders and only (3.3%)

the highest with (78.3%), while (18.3%) of the

obtained loan from the bank.
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Figure 3. Source of startup capital
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The result of the ordinary least square (OLS)
regression analysis carried out to examine the
determinants of profitability of catfish marketing in
the study area as shown in Table 5, revealed that age,
educational level, number of the sales point, and
capital for catfish marketing showed a positive
coefficient with the level of profit from catfish

marketing and significant (P>0.01). The coefficients
are in line with the prior expectation. The R?
value of 0.815 showed that 81.5 percent of
the variation in the level of profit from fresh
fish marketing was jointly explained by the
independent variables specified in the regression
model.

Table 5. Determinants of profitability of fresh Catfish marketing in Obio-Akpor LGA.

Variables Coefficients t-value
(Constant) -0.214 -1.567
Age 0.020** 0.061
Educational level 0.044%*** 5.127
Sales point 0.336*** 2.587
Labor -0.007** -2.033
Catfish sale per day 0.065 0.167
Capital 0.413%** 2.557
f-value 711
R Square 0.835

Adjusted R Square

0.815

***Significant((P>0.01).; **Significant(((P>0.05)
Source: Field survey (2019).

Discussion

Women are generally involved in marketing fresh
catfish in Nigeria, as women are well known to boost
the efficiency and competitiveness of any venture in
which they are involved, due to their accommodating
and diligent approach to activities (Raney et al. 2011,
Doss 2018). The result of this study showed that all
fresh catfish sellers were female which is in contrast
with the findings of Ayanboye et al. (2015) who
reported 85% female and 15% male in Ibarapa zone
of Oyo, State and Njoku and Offor (2016) who stated
that 65% of catfish sellers were males and 35%
female in Aba South LGA of Abia State.

Youth appear to be enthusiastic, adapt, and
embrace emerging technology more easily and
therefore more efficient than those who are perhaps
older. Age is a key factor in the productivity and
profitability performance of catfish sellers (Ngeywo
et al. 2015). The result of this study indicates that
most of the marketers were in their middle age class,
which is an important factor in catfish marketing
activities. This is in agreement with the findings of
Ebewore (2013), who reported that people involved
in economic activities (Catfish marketers) are in their
economic active age and were able to actively
participate in the business.

Studies have shown that healthy marriages
increase business profitability by about twenty
percent (Ahituv and Lerman 2005) and this suggests
that marriage will improve employment, efficiency,
and profitability. Marriages tend to have more
household responsibilities than individuals and thus
they meet family life demands. Also, the ability of the
household to supply the needed labor in the catfish

business depends to a large extent on the marital
status (Agbugba et al. 2014). The findings of
Ayanboye et al. (2015) corroborate the result of this
study that married people dominate the cat-fish
marketing business and are also an indication of the
productive potential of the catfish business to support
household livelihood. Stability provides a favorable
atmosphere, essential for efficient management of
resources, good citizen training, and personal
integrity growth. Nwaru (2004) which is indicated in
the findings of this study.

The literacy rate which can be measured through
formal education is considered a crucial element for
improving human capital, the less expensive training
of the literate can be done and the socio-economic
status is generally higher. Lareau (2003) noted that
higher levels of education were associated with better
economic and psychological outcomes. The findings
of this study revealed that the majority of the catfish
farmers were fairly educated with 50% post-
secondary education. An additional year of education
has been shown to increase the probability of
productivity of an individual by 4.8%. This agrees
with the findings of Nkamleu and Adesina (2000) and
Adeogun et al. (2008) who found that level of
education had a positive and significant influence on
catfish marketers economically.

According to FAO (2017b), startup capital can be
difficult for aquaculture marketing business. The
establishment of this value chain business can take
account of private capital from partners, whether
active or silent. The ability to acquire sufficient
capital is a key factor in which startup capital is a key
part of the study for catfish marketers, primarily from
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personal savings. The catfish sellers used
conventional and unconventional methods to keep
the fish alive. The final consistency of the product
would be influenced by product handling during
transport and marketing.

The variables that were significantly included,
age, educational level, the number of the sales point,
and capital. Salespoint, capital, and educational level
were significant (P>0.01) respectively, and were
positively related to the profit from fresh catfish
marketing. The higher the capital the catfish marketer
was able to invest into the business, the higher the
profit accrue to them, which is in line with findings
of Sikiru et al. (2009) who identified inadequate
finance as a serious problem in catfish production and
marketing.

The R? value of 0.835 was obtained in this study,
which implies that 83.5% of the total variation in the
dependent variable was accounted for by variation in
the independent variables. This indicates the
goodness of fit for the model and the relevance of the
variables fitted into the model. The educational level
was significant (P>0.01) with a positive coefficient to
profit from fresh catfish marketing. This implies that,
with an increase in the years of schooling by fresh
fish marketers, more profit will be accrued to them.
This is also in line with the educational level because
as one’s educational level increases, it enables one to
access and conceptualize improved marketing
techniques and other related issues capable of
enhancing one’s performance (Apata et al. 2010).
The proportion of labor involved in catfish marketing
was negatively significant (P>0.05) This implies that
as labor increases, net income reduces due to the
influenced level of profit that accrues to fresh catfish
marketers in the study area. This might be as a result
of labor collecting wages from the fresh fish
marketers which ought to have been added to the total
revenue thereby leading to more profit. The sales
point was significant (P>0.01) and positively related
to the net income of the marketers. This denotes that
the number of sales points or the number of catfish
sold significantly affects the level of net income of
the marketers. An increase in the quantity of fish (kg)
sold in turn leads to an increase in net income of the
catfish marketers. This implies that as the number of
sales point increase, net income also increases. This
result agrees with the findings of Offor and Nse-
Nelson (2015) who opined that marketing
experience/number of sales points has a significant
influence on net income and marketing efficiency.

Major constraints recorded in this study agreed
with the findings of (Davis and Schreck 1997). This
result also corroborates the findings of Akankali and
Jamabo (2011), who reported that unavailability of
adequate transport and capital were hindrances to

effective distribution of goods from one point to
another. Handling and transport are inherently
stressful and excessive crowding of fish before sales
can also be stressful, with potential decreases in
oxygen levels and water quality increased chances of
abrasion, and rapid changes in light intensity (HSA
2005). The net income was positive at 3:¥137,572.08,
this indicates that the business is profitable and this
corroborates the finding of Olasunkanmi and Yusuf
(2014). The gross margin in this study was
N139,635.83, which is in line with the findings of
Ugwumba and Chukwuji (2010) and Emokaroet al.
(2010).

The study examined the socio-economic and cost
benefits of marketing fresh catfish in Obio-Akpor
Local Government Area of Rivers State. The most
significant variables that influenced the profitability
of catfish marketing were age, educational level, the
number of sales points, and capital, while the major
limitations against catfish marketing were the high
cost of transportation, unstable price, and poor access
road. The startup capital was mostly personal savings
among others. Catfish marketers should form fish
marketing co-operative, as this would help regulate
unstable fluctuation in prices, increase their access to
credit from the financial institution, and hence help
ease the problem of inadequate capital. There should
be the availability of infrastructure such as good
feeder roads that link the rural areas to major cities,
this would reduce the cost of transportation thereby
reducing the total cost of production and increasing
net income.
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Pseudophoxinus antalyae Bogutskaya, 1992 (Cicek Baligi )’nin Helmint Faunasi
ve Mevsimsel Degisimlerinin Belirlenmesi
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Aragtirma Mart 2016-Subat 2017 aylar1 arasinda mevsimsel olarak Antalya ili
Désemealt Ilgesi sinirlarinda dogan Kirkgdz Kaynaklari’nda yasayan ve endemik )
bir tiir olan Pseudophoxinus antalyae Bogutskaya, 1992 (Cigek Baligi)’deki Gelis
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Helmint parazitlerinin teshis edilmesi amaci ile yapilmigtir. P. antalyae Diizeltme  :12.09.2020
Bogutskaya, 1992, anilan su kaynagmin akis giizergdhi iizerinde bulunan {i¢

. N ~~ .. Kabul :16.09.2020
istasyondan sepet aglar kullanilarak yakalanmigtir. Orneklenen baliklarm once

boy, agirlik, yas ve cinsiyetleri 6l¢iilmiis ve tespit edilmistir. Kirkg6z kaynaginda Yayim :29.04.2021 E

120, Kepez I HES Yiikleme Goleti ve kanallarinda 136 ve Cirnik Kopriisii’'nden
ise 95 adet olmak iizere toplam 351 adet birey incelenmistir. incelenen balik
orneklerinden 95 adet konagin ¢esitli parazitlerle enfekte oldugu saptanmustir.
Calisma sonucunda Paradiplozoon homoion, Dactylogyrus sp., Rhabdochona
denudata, Contracaecum sp. ve Ligula sp. parazitleri tespit edilmistir.
Aragtirmada P. antalyae Bogutskaya, 1992°deki parazitlerin mevsimsel degisimi,
cinsiyet, boy ve yas gruplarma gore; yaygimnlik (%), ortalama yogunluk ve
bolluklar1 saptanmustir.
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Determination of Helminth Fauna and Seasonal Variations of Pseudophoxinus antalyae Bogutskaya, 1992

Abstract: This study was carried out between March 2016 and February 2017 to determine the helminth parasites on
Pseudophoxinus antalyae Bogutskaya, 1992 (Flower Fish), an endemic fish born in the border of Dosemealt1 Province (Antalya),
living in Kirkgoz Resources. P. antalyae, were caught using pots from three stations located on the flow route of the mentioned
water source. Firstly, the length, weight, age, and sex of the sampled fish were measured and determined. Then, external, and internal
examination was performed. A total of 351 individuals which including 120 in Kirkgoz Spring, 136 in Kepez | HES’s forebay dam
and canals and 95 from Cirnik Bridge, were examined. Paradiplozoon homoion, Dactylogyrus sp., Rhabdochona denudata,
Contracaecum sp. and Ligula sp. parasites were identified in the result of this study. In the research, prevalence (%), mean density
and abundance parameters were evaluated according to seasonal variation, sex, length, and age groups of parasites of P. antalyae
Bogutskaya, 1992.
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Bundan dolayi artacak olan Diinya niifusunun iimit
kaynaklarindan biridir. Bugin FAO’nun 2016
istatistiklerine gore diinya su iiriinleri iiretimi toplam
170,9 milyon ton’dur. Bunun 90,9 milyon tonu

Giris

Balik¢ilik  ve balik yetistiriciligi  diinyada
milyonlarca niifusun gelir, beslenme ve gecim
kaynagini teskil etmektedir. 2014 yilindaki verilere

gore kisi basina diisen su iirlinleri miktar1 20 kg’a
ulagmistir. Bilindigi lizere Diinya niifusunun 2050
yilinda 9,7 milyara ulasacagi tahmin edilmektedir
(Anonim 2016).

Balik igerdigi besleyici maddelerle giiniimiizde
ve gelecekte basat olan/olacak bir besin kaynagidir.

balik¢iliktan, 80,0 milyon tonu ise yetistiricilikten
gelmektedir (FAO 2018). Gegmis yillardaki
istatistikler géz oniine alindiginda balik¢iliktaki pay
sabit kalmakta, ancak yetistiricilik dnemli bir ivme
ile balik¢ilik oranina yetismektedir. Ay egilim
tilkemizde de goriilmektedir. Buna gore: toplam
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628,631 ton’un 314,094 ton’u balik¢ilik, 314,537
ton’u yetistiricilikten gelmektedir (Tarim ve Orman
Bakanligi Balikcilk ve Su Uriinleri  Genel
Midirliigic 2020). Geemis yillara baktigimizda
balikgilik  tiretimi  belli bir esikte kalirken,
yetigtiricilik siirekli bir devinim igindedir. Bu
stratejik gida tiriiniiniin daha kontrollii, siirdiiriilebilir
ve nitelikli olmas1 i¢in 6nemli gayretler gostermek
gerekmektedir.

Besin piramidindeki statiilerini gz Oniine
alirsak; baliklar parazitlenme konusunda yiiksek risk
faktorlerine sahiptirler. Gerek dogadan avlanan ve
gerekse yetistiricilikten elde edilen baliklarda
bulunan parazitler, oncelikle goriiniim itibariyle
market kaybina ugrayabilir. Zira yasam siiresince
olusabilecek diger baz1 epidemik hastaliklarin
olugsmasina zemin saglayabilir. Bunun dogada
kontrolii olduk¢a zordur. Ancak yetistiricilik
ortaminda baz1 ilag ve soliisyonlart kullanarak
Onlemler miimkiindiir. Dogada ise yerinde ve
zamaninda alinacak Onleyici tedbirlerle kismen
basar1 saglamak ve konaklardaki parazit yaygimligin
onlemek olasidir (Olson 1986; Scholz 1999).

Pseudophoxinus antalyae Bogutskaya, 1992 tiirii
Kirkg6z Kaynaklari’nda yasayan endemik bir tiirdiir.
Bu balikla ilgili birgok arastirma yapilmistir. Bu
cercevede smirli alanda parazitlerine yonelik
caligsmalar da yapilmistir (Soylu ve Emre 2007; Soylu

2007). Ancak aradan gecen siire bu kaynak iizerinde
artan kirlilik etkisi; aym kaynak {izerinde daha
kapsamli bir ¢calismanin yapilmasini gerekli kilmustir.
Ornegin Antalya Organize Sanayi’nin aritma suyu
Kepez I HES’in ikincil yiikleme goletine
verilmektedir. Kepez HES’in tahliye kanallarindan
sonra ve Dosemealti'ndaki yerlesimin olumsuz
katkilar1  suyun kalitesine olumsuz etkilerde
bulunmaktadir. Bu nedenle; tiim olumsuz faktorlerin
anilan  tiirlin @~ yagama  ortamumi  etkilemesi
kacinilmazdir. Bu kapsamda; c¢alisma siirecinde
anilan tiirlin  helmint balik parazitlerine yonelik
“degisen ekolojik kosullar cergevesinde” yeniden
caligmalar yapilmistir.

Materyal ve Metot

Antalya Korfezi’ ne dokiilen 6nemli bir su
kaynagi olan Kirkgéz Kaynagi P. antalyae’ nin
(Sekil 1) yasadigi ortamdir. Kaynak kanalla yerlesim
yerlerinden gecerek korfeze bosalmaktadir (DSI
1985; Denizman 1989). Calismamiz bu giizergah
iizerinde U istasyonda gergeklestirilmistir (Sekil 2).
Bunlar Kirkgéz Su Kaynagi menbaindaki géllenme
alani, Kepez I HES yiikleme goleti ve kanallari,
Cirnik Kopriisii civart geklinde olmustur. Anilan
istasyonlardan mevsimsel drneklemeler yapilmistir.
Her mevsimsel 6rnekleme periyodunda 25-40 birey
alimusgtir,

Sekil 1. P. antalyae Bogutskaya, 1992 (Orijinal) o
Figure 1. P. antalyae Bogutskaya 1992 (Orlglnal)

(35 T P, -
Sekll 2. Cahsma Istasyonlari ( 1. Kirkgdz, 2. Kepez I HES ve 3 Clrmk Koprusu) (Kaynak Google Earth)
Figure 2. Workstations (1. Kirkgoz, 2. Kepez I HEPP and 3. Cirnik Bridge) (Source: Google Earth)

Mart 2016-Subat 2017 tarihleri arasinda avlanan
baliklarin 6ncelikle boy ve agirliklar belirlenmistir.

Ornekler istasyonlardan; igine yem konulmus
sepetler araciligiyla avlanilmistir. Diseksiyonlar 24
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saat icerisinde gerceklestirilmistir. Diseksiyon
isleminden oOnce gerekli Olglimler yapilmustir.
Solungag ve bagirsak bakilarindan sonra tespit edilen
parazitlerin tiir, yerlesim ve sayilar1 kaydedilmistir.
Parazitlerden bir kismi hemen ve canli olarak
incelemeye tabii tutulmugtur. Digerleri ise daha
sonraki caligmalar i¢in %70° lik etil alkolde
saklanmigtir. Parazitlerin teshisinde degisik bilim
adamlarinin (Bychovskaya-Pavlovskaya vd. 1962;
Gussev 1985; Gussev vd. 1987; Markevic 1951)
diizenledigi anahtarlardan yararlanilmis, parazitlerin
boyama ve tespit islemlerinde ise Fernando vd.
(1972)’nin gelistirdigi yontemden istifade edilmistir.

Ayrica, her bireyden yas tayininde kullanilmak
iizere otolit ¢ikarilmistir (Murray 1994; Campana vd.
2003; Walsh ve Maloy 2008). Bu yontemde, otolitin

Sekll 3 Dactloygyrus sp. Kancalan
Figure 3. Hooks of Dactloygyrus sp.

yillik halkalar1 merkezden u¢ kisma kadar eksen
boyunca dizilen opak ve hiyalin halkalarin sayilmasi
ile yas tayinleri belirlenmistir.

Parazitlerin enfeksiyon degerlerini ifade eden
terimlerin  (Yayginlik (%), OrtalamaYogunluk,
Ortalama Bolluk) hesaplanmasinda Bush vd. (1997),
Roézsa vd. (2000) ile Reiczigel vd. (2005)’nin
gelistirdigi yontemlerden yararlanilmustir.

Bulgular

Aragtirma sonunda; Monogenea’da

Paradiplozoon homoion ve Dactylogyrus sp.;
Digenea’dan Asymphylodora sp.; Nematoda’dan
Rhabdochona denudatave Contracaecum sp. ile
Cestoda’dan ise Ligula sp. parazitleri belirlenmistir
(Sekil 3, 4, 5, 6).

’

Sekil 4. P. homoion genel goriiniimii
Figure 4. General view of P. homoion

Sekil 5. R. denudata disi anteriorii
Figure 5. Female anterior of R. denudata

Kirkgéz Kaynagi'nda ve akis giizergahindaki
istasyonlarda yapilan Omnekleme c¢alismalarinda
toplam 351 adet farkli boy (2,8-16,8 cm) ve yaglarda
(0O-VI)  P. antalyae bireyleri yakalanmustir.
Kirkgoz istasyonunda 120 bireyden 16 bireyde;
Kepez Goleti istasyonunda 136 bireyden 57 bireyde
ve Cirmik Kopriisii istasyonunda ise 95 bireyden 14
adet bireyde parazite rastlanilmugtir. {lk istasyonda,
en vyiksek yayginlik oramt (% 30,00) Yaz
drneklemesinde goriilmiistiir. Ote yandan, en yiiksek
ortalama yogunluk (8,50) ve bolluk ise 1,96

Sekil 6. Contracaecum sp. larva, posterior

Figure 6. Larva and pasterior of Contracaecum sp.

degerle sonbahar Orneklerinde belirlenmistir.
Diger yandan, Kepez Istasyonu’” nda ise en
yiksek yaygmhk oran1 (% 57,69), ortalama
yogunluk (6,93) ve bolluk (4,00) ise Ilkbahar
mevsimindeki baliklarda saptanmistir. Diger istasyon
olan Cirnik’da ise, en yiiksek yayginlik orani
(%46,67) ve ortalama yogunluk (3,14) ile yaz
orneklemesinde goriilmiistiir. Her ¢ istasyon
icinde ise, en yiiksek yayginlik orani (%57,69) ile
[lkbahar mevsiminde Kepez Istasyonu’ nda tespit
edilmistir (Tablo 1).
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Tablo 1. Kirkgdz/Kepez ve Cirnik Istasyonlar1’ nda rneklenen P. antalyae’ de mevsimlere gore kaydedilen toplam drnek
say1s1, enfekte balik sayisi, yayginlik orani, ortalama yogunluk, ortalama bolluk ve tespit edilen toplam parazit sayilari.

Table 1. Total number of samples, number of infected fish, prevalence rate, average density, average abundance and total
parasite numbers detected in P. antalyae sampled at Kirkg6z / Kepez and Cirnik Stations according to seasons.

istasyonlar/ incelenen Bahk Enfekte Bahk  Yaygmhk Ortalama  Ortalama Toplam Parazit
Mevsimler Sayisi Sayisi (%) Yogunluk Bolluk Sayisi
Kirkgoz

iIkbahar 34 0 0 0 0 0
Yaz 30 9 30,00 3,78 1,13 34
Sonbahar 26 6 23,08 8,50 1,96 51
Kis 30 1 3,33 1,00 0,03 1
?g;f&:m 120 16 13,33 5,38 0,72 86
Kepez

ilkbahar 26 15 57,69 6,93 4,00 104
Yaz 22 0 0 0 0 0
Sonbahar 58 32 55,17 4,75 2,62 152
Kis 30 10 33,33 2,00 0,67 20
$§Sfe:m 136 57 41,91 4,84 2,03 276
Cirmk

iIkbahar 16 0 0 0 0 0
Yaz 15 7 46,67 3,14 1,47 22
Sonbahar 34 6 17,65 4,67 0,82 28
Kis 30 1 3,33 2,00 0,07 2
$§;me 95 14 14,74 3,71 0,55 52

Ote yandan, drneklerde bulunan parazit tiirlerinin
Incelenen

mevsimlere  gore: ormek  sayisi,
enfekte balik sayisi, yayginlik orani,
ortalama yogunluk, ortalama bolluk ve tespit
edilen toplam parazit sayilari Tablo
2’de  verilmistir. Buna gore; en yiiksek
yayginlik orani (% 23,73) olarak P. homoion paraziti
sonbahar mevsiminde goriilmiistiir. Onu
Dactylogyrus sp. (%11,94) yaz mevsiminde
izlemistir. En yiiksek ortalama yogunluk ise,

Contracaecum sp. (11,00) sonbahar’da saptanmustir.
Buna Kkarsin, en yiiksek bolluk ise, P. homoion
paraziti  (1,23) ile sonbahar  mevsiminde
belirlenmigtir.

Her g istasyondan alinan toplam 351 Ornek,
cinsiyetlerine gore degerlendirildiginde; bunlarin
175 adedi disi baliklardan olugmustur. Bu baliklar en

fazla P. homoion (37 adedi) ile enfekte olmustur.
Ligula sp. ve Asymphylodora sp.’ye hig
rastlanmamuistir. En yiiksek ortalama yayginlik 21,14,
ortalama yogunluk (4,62) ve ortalama bolluk (0,98)
oranla P. homoion parazitine aittir. Buna karsin en
diisiik ortalama yayginlik 1,14, ortalama yogunluk
(2,00) ve ortalama bolluk (0,02) oranla
Contracaecum sp. parazit tiriinde olmustur. Disi
baliklarda en fazla toplam 171 adet P.homoion ve en
az da 4 adet Contracaecum sp. bulunmustur. Her li¢
istasyondan alinan toplam 351 6rnegin 156 adedi
erkek baliklardan olusmustur. Bu baliklar en fazla
P. homoion (22 adedi) ile enfekte olmustur.
Asymphylodora sp. hi¢ bulunmamustir. En yiiksek
ortalama yayginlik % 14,10, ortalama yogunluk
(4,18) ve ortalama bolluk (0,59) seklindeki veriler
P. homoion parazitine aittir.
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Tablo 2. Orneklerde bulunan parazit tiirlerinin mevsimlere gore incelenen drnek sayisi, enfekte balik sayisi, yayginlik
orani, ortalama yogunluk, ortalama bolluk ve tespit edilen toplam parazit sayilar

Table 2. The number of parasite species in the samples examined according to the seasons, the number of infected fish,
the prevalence rate, average density, average abundance and total number of parasites detected.

Incelenen  Enfekte Toplam
Mevsimler Tiirler Balik Bank  YAygmbk  Ortalama —Ortalama oo 0
(%) Yogunluk Bolluk
Sayisi Sayisi Sayisi
Paradiplozoon 76 13 17,11 6,54 1,12 85
homoion
Dactylogyrus sp. 76 4 5,26 4,75 0,25 19
Asymphylodora sp. 76 0 0 0 0 0
fikbahar :
Bothrlocephglus 76 0 0 0 0 0
acheilognathi
Rhabdochona 76 0 0 0 0 0
denudata
Contracaecum sp. 76 0 0 0 0 0
Paradiplozoon 67 7 10,45 2,29 0,24 16
homoion
Dactylogyrus sp. 67 8 11,94 3,63 0,43 29
Asymphylodora sp. 67 0 0 0 0 0
Yaz i
Bothriocephalus 67 1 1,49 1,00 0,01 1
acheilognathi
Rhabdochona 67 1 1,49 6,00 0,09 6
denudata
Contracaecum sp. 67 2 2,99 2,00 0,06 4
Paradiplozoon 118 28 2373 5,18 1,23 145
homoion
Dactylogyrus sp. 118 8 6,78 4,25 0,29 34
Asymphylodora sp. 118 0 0 0 0 0
Sonbahar i
Both.rlocepha}lus 118 0 0 0 0 0
acheilognathi
Rhabdochona 118 4 3,39 7,50 0,25 30
denudata
Contracaecum sp. 118 2 1,69 11,00 0,19 22
Paradiplozoon 90 9 10,00 1,89 0,19 17
homoion
Dactylogyrus sp. 90 4 4,44 1,25 0,06 5
Asymphylodora sp. 90 1 1,11 7,00 0,08 7
K ;
$ Bothriocephalus 90 0 0 0 0 0
acheilognathi
Rhabdochona 90 0 0 0 0 0
denudata
Contracaecum sp. 90 0 0 0 0 0

Buna karsin en diisiik ortalama yayginlik % 0,64,
ortalama yogunluk (1,00) ve ortalama bolluk (0,01)
ise Ligula sp. ve R. denudata parazit tiirlerinde
olmustur. Erkek baliklarda en fazla toplam 92 adet
P. homoion ve en az da 1’er adet Ligula sp. ve

R. denudata bulunmustur Ote yandan her iig
istasyondan alinan toplam 351 Ornegin 20 adedi
juvenil baliklardan olugmustur. Sadece bir 6rnekte
Asymphylodora  sp. parazitine  rastlanmistir.
Bu parazit tiirliniin ortalama yayginligi % 5,00,
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ortalama yogunlugu 7,00 ve ortalama bollugu ise
0,35 seklinde bulunmustur. Juvenil 6rneklerde en

fazla toplam 7 adet Asymphylodora sp. bulunmustur
(Tablo 3).

Tablo 3. Disi, erkek ve juvenil P. antalyae bireylerinde kaydedilen toplam 6rnek sayisi, enfekte balik sayisi, yayginlik
orani, ortalama yogunluk, ortalama bolluk ve tespit edilen toplam parazit sayilar.

Table 3. Total number of samples recorded, number of infected fish, prevalence rate, average density, mean abundance
and total number of parasites detected in female, male and juvenile individuals of P. antalyae.

Cinsivet Tiirl Incelenen Balik Enfekte Yaygmmhk  Ortalama Ortalama  Toplam Parazit
y urier Sayisi Balik Sayis1 (%) Yogunluk Bolluk Sayisi
Paradiplozoon 175 37 21,14 4,62 0,98 171
homoion
Dactylogyrus sp. 175 19 10,86 3,53 0,38 67
Asymphylodora sp. 175 0 0 0 0 0
% Bothriocephalus
A  acheilognathi 175 0 0 0 0 0
Rhabdochona 175 8 4,57 4,38 0,20 35
denudata
Contracaecum sp. 175 2 1,14 2,00 0,02 4
paradiplozoon 156 22 14,10 4,18 0,59 92
omoion
Dactylogyrus sp. 156 5 3,21 3,80 0,12 19
f Asymphylodora sp. 156 0 0 0 0 0
y  Bothriocephalus 156 1 0,64 1,00 0,01 1
14 acheilognathi
- Rhabdochona
denudata 156 1 0,64 1,00 0,01 1
Contracaecum sp. 156 2 1,28 11,00 0,14 22
Earad_lplozoon 20 0 0 0 0 0
omoion
Dactylogyrus sp. 20 0 0 0 0 0
E Asymphylodora sp. 20 1 5,00 7,00 0,35 7
E Both_rlocepha_lus 20 0 0 0 0 0
2 acheilognathi
= Rhabdochona 20 0 0 0 0 0
denudata
Contracaecum sp. 20 0 0 0 0 0

Her {i¢ istasyondan toplanan orneklerin yapilan
yas tayininde O ile 8 yas gruplarinda olduklari
goriilmistiir. Bu yas gruplarinda bulunan parazitlerin
enfekte ettigi balik sayisi, yaygmlik, yogunluk ve
bollugu ile tespit edilen toplam parazit
sayilar1 Tablo 4’de verilmistir. Juvenil (0 yas) grupta
sadece bir Digenea tiirii (Asymphylodora sp.)
bulunmustur. Toplam tespit edilen parazit sayis1 7
adettir. Yine 1 yasindaki grupta toplam 82
adet oOrnekte en fazla P. homoion paraziti
belirlenmistir. Bu yas grubunda P. homoion’unun
yaygmhgt %9,76, ortalama yogunlugu 4,38 ve
bollugu ise 0,43 olmustur. Bu yas grubunda ayrica iki
tiir nematod (R. denudata ve Contracaecum sp.) ve
bir tiir diger monogean (Dactylogyrus sp.)
bulunmustur.

2, 3 ve 4 yas gruplarinda 84, 82 ve 42 adet 6rnek
incelenmistir. 2 yas grubunda 47 adet P. homoion
tespit edilmistir. Yayginlik 16,67, ortalama yogunluk

3,36 ve bolluk ise 0,19 seklinde bulunmustur.
3 yas grubunda ise, yine en fazla P. homoion
tiirline rastlanmistir (77 adet). Bu yas grubunda en

fazla bulunan parazitin = yayginhgr %17,07,
ortalama yogunluk 5,50 ve bolluk ise 0,94
olarak  hesaplanmistir. ~ Yine bu  gruptaki

Contracaecum sp. ile enfekte olan 2 balikta
22 adet olarak kayit edilmistir. Bu parazitin
yaygmhgt % 244, ortalama  yogunlugu
11,00 ve bollugu ise 0,27 seklinde bulunmustur.
Bunlara karsin, 4 yasindaki oOrneklerde ise,
P. homoion (37 adet) ve Contracaecum sp.
(24 adet) baskin parazitler olmustur. Bunlarin
yaygimliklar siras1 ile %21,43 ve % 4,76 seklinde
tespit edilmistir.

Yine 5, 6, 7 ve 8 yaslarindaki gruplarda ise 30, 8,
2 ve 1 adet P. antalyae ornekleri incelenmistir. 5 yas
grubunda da P. homoion en fazla bulunan parazit
olmustur (38 adet).
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Ancak diger bir monogean olan Dactylogyrus sp.
ise 34 adet olarak bulunmustur. Bu yas
Tablo 4. 0-8 yas gruplarindaki 6rneklerde kaydedilen toplam 6rnek sayisi, enfekte balik sayisi, yayginlik orani, ortalama
yogunluk, ortalama bolluk ve tespit edilen toplam parazit sayilari.

Table 4. Total number of samples recorded, number of infected fish, prevalence rate, average density, average abundance

grubunda, ayrica bir Cestod olan Ligula sp.’de tespit
edilmistir.

and total number of parasites detected in samples of 0-8 age groups.

YAS 0 [ 1 i v \% VI VIl VIl
incelenen Bahk Sayisi 20 82 84 82 42 30 8 2 1
Enfekte Balik Sayis1 0 8 14 14 9 9 2 2 1
Paradiplozoon homoion

Yayginhk (%) 0,00 9,76 16,67 17,07 21,43 30,00 25,00 100,00 100,00
Ortalama Yogunluk 0,00 4,38 3,36 550 411 4,22 7,00 5,00 5,00
Ortalama Bolluk 0,00 0,43 0,56 094 0,88 1,27 1,75 5,00 5,00
Toplam Parazit Sayis1 0 35 47 77 37 38 14 10 5
Incelenen Balik Sayist 20 82 84 82 42 30 8 2 1
Enfekte Balik Sayis1 0 9 6 5 4 6 0 1 0
Dactylogyrus sp.

Yayginhk (%) 0,00 10,98 7,14 6,10 9,52 20,00 0,00 50,00 0,00
Ortalama Yogunluk 0,00 0,22 2,67 3,60 2,50 5,67 0,00 7,00 0,00
Ortalama Bolluk 0,00 0,02 0,19 0,22 0,24 1,13 0,00 3,50 0,00
Toplam Parazit Sayisi 0 2 16 18 10 34 0 7 0
incelenen Balik Sayist 20 82 84 82 42 30 8 2 1
Enfekte Balik Sayis1 1 0 0 0 0 0 0 0 0
Asymphylodora sp.

Yayginhk (%) 5,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Ortalama Yogunluk 7,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Ortalama Bolluk 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Toplam Parazit Sayis1 7 0 0 0 0 0 0 0 0
incelenen Balik Sayist 20 82 84 82 42 30 8 2 1
Enfekte Balik Sayis1 0 0 0 0 0 1 0 0 0
Bothriocephalus acheilognathi

Yayginhk (%) 0,00 0,00 0,00 0,00 0,00 3,33 0,00 0,00 0,00
Ortalama Yogunluk 0,00 0,00 0,00 0,00 0,00 1,00 0,00 0,00 0,00
Ortalama Bolluk 0,00 0,00 0,00 0,00 0,00 0,03 0,00 0,00 0,00
Toplam Parazit Sayisi 0 0 0 0 0 1 0 0 0
incelenen Balik Sayist 20 82 84 82 42 30 8 2 1
Enfekte Balik Sayis1 0 2 0 1 1 2 0 1 1
Rhapdochona denudata

Yayginhk (%) 0,00 2,44 0,00 122 2,38 6,67 0,00 50,00 100,00
Ortalama Yogunluk 0,00 1,00 0,00 1,00 1,00 1,00 0,00 6,00 1,00
Ortalama Bolluk 0,00 0,02 0,00 0,01 0,02 0,07 0,00 3,00 1,00
Toplam Parazit Sayisi 0 2 0 1 1 2 0 6 1
incelenen Balik Sayis 20 82 84 82 42 30 8 2 1
Enfekte Balik Sayisi 0 1 0 2 2 0 0 0 0
Contracaecum sp.

Yayginhik (%) 0,00 1,22 0,00 244 476 0,00 0,00 0,00 0,00
Ortalama Yogunluk 0,00 3,00 0,00 11,00 12,00 0,00 0,00 0,00 0,00
Ortalama Bolluk 0,00 0,04 0,00 0,27 0,57 0,00 0,00 0,00 0,00
Toplam Parazit Sayisi 0 3 0 22 24 0 0 0 0

Nematod grubunda ise R. denudata tiirii
saptanmistir. 6 yas grubunda diger parazitlere
rastlanilmamigken, sadece P. homoion paraziti tespit
edilmistir. Yayginlik % 25,00, ortalama yogunluk ve
bolluk ise 7,00 ve 1,75 seklinde hesaplanmustir.
Bu grupta 2 enfekte olan balikta toplam 14 adet P.
homoion bulunmustur. 7 yas grubunda iki monogen;
P. homoion ve Dactylogyrus sp. belirlenmistir.

Ayrica bir nematod olan R. denudata tespit
edilmistir. 8 yas grubunda ise sadece P. homoion ve
R. denudata bulunmustur. P. homoion’unun
yayginligir % 100,00, ortalama yogunluk ve bollugu
5,00, 5,00 seklinde saptanmustir. Toplam parazit
sayist ise 5 olmustur. R. denudata’nin yaygimligi
% 100,00, ortalama yogunlugu 1,00, bollugu 1,00 ve
toplam parazit sayisi ise 1 seklinde belirlenmistir.
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Alinan 6rnekler 2,8-4,8 cm (1), 4,9-7,8 cm. (I1),
7,9- 12,8 cm. (Il) ve 12,9-16,8 cm (IV) seklinde
dort boy gruplarina kategorize edilmistir (Tablo 5).
L. boy grubunda 78 6rnek degerlendirilmistir. Bu boy
grubunda belirlenen parazitler iginde Ligula sp. harig
diger parazit tiirlerinin hepsi yer almistir. En fazla
P. homoion tiirii bulunmustur. Bu tiiriin yayginligi
% 6,41, ortalama yogunlugu 4,00 ve bollugu ise 0,26
seklinde hesaplanmistir. Toplam 78 baliktan enfekte
olan 5 balikta 20 adet P. homoion bulunmustur
(Tablo 5). Buna karsin II. grupta (4,9-7,8 cm) 123
baliktan 27 adetinin enfekte oldugu goriilmiistiir. Bu
boy grubunda sadece iki parazit tiirii belirlenmistir.
Yine en fazla P. homoion bulunmustur (89 adet).
Dactylogyrus sp. taksonundan 16 adet tespit
edilmistir. P. homoion’unun yaygmhgt % 17,07,
ortalama yogunlugu 4,24 ve bollugu ise 0,72 seklinde
olmustur. Dactylogyrus sp.’nin yayginligi % 4,88,
ortalama yogunlugu 2,67 ve bollugu ise 0,13 olarak
hesaplanmustir.

I11. Boy grubunda (7,9-12,8 cm) 123 adet 6rnek
incelenmistir. Bu grupta da en fazla parazit
yine P. homoion olmustur. 21 enfekte balikta
88 adet parazit bulunmustur. Buna karsin 14
enfekte balikta ise, 60 adet Dactylogyrus sp. tespit
edilmistir. Iki nematod (R. denudata ve
Contracaecum sp.) liger enfekte balikta 25 ve 23 adet
bulunmustur. Bir 6rnekte ise, Ligula sp. taksonu
saptanmistir. Bu grupta P. homoion unun yayginligi
% 17,07, ortalama yogunluk ve bollugu ise 4,19 ve
0,72 seklinde  bulunmustur. Buna  karsin
Dactylogyrus sp.’nin yayginhigr % 11,38, ortalama
yogunluk ve bollugu ise, 4,29 ve 0,49 olarak
hesaplanmustir.

IV. Boy (12,0-16,8 cm) grubunda diger gruplarda
oldugu gibi P. homoion baskin parazit tiirdiir. Bu boy
grubunda ayrica Dactylogyrus sp. ve R. denudata
tiirleri de bulunmustur. P. homoion ’unun yaygimnligi
% 44,44, ortalama yogunluk ve bollugu 5,50 ve 2,44
seklindedir. Buna karsin 27 baliktan enfekte olan 5
balikta R. denudata tiiriiniin yayginligi % 14,81 ve
ortalama bollugu 0,33 seklinde hesaplanmustir.

Tartisma ve Sonug¢

Antalya i¢in endemik bir tiir olan P. antalyae
Bogutskaya, 1992’ deki parazit faunasi daha 6nce bu
calismada da secilen bir istasyonda calisilmistir
(Soylu ve Emre 2007). Ayrica sadece bizim de tespit
ettigimiz P. homoion konusunda miistakil bir galisma
yapilmistir (Soylu 2007). 60’11 yillarda Kirkgoz
kaynaklar1 iizerinde kurulan Kepez 1 HES yaklasik
30 km.’lik bir yatakta ilerleyerek Lara’da selale
seklinde Antalya Korfezi’ne dokiilmektedir. Anilan
bu giizergdhin biliyilk bir kismi antropolojik
miidahalelere agiktir. Bu nedenle kaynagin

karakteristik tliri olan P. antalyae Bogutskaya,
1992°deki parazit faunasinin saglik agisindan takip
edilmesi ihtiyacit dogmustur.

Yaptigimiz caligmada 6 tiir parazit saptanmistir.
Bu parazitlerin bazilar1 P. antalyae Bogutskaya,1992
icin yeni kayitlardir. Daha 06nceki calismalarda
(Soylu ve Emre 2007; Soylu 2007) baligin
solungaglarinda saptanan P. homoion taksonu 72
bireyden 53’tinde bulunmustur. Yayginlik orani
%73,6 olarak belirlenmistir. Ote yandan Soylu
(2007), bu konakta P. homoion’a yonelik yaptigi
calismada ise 240 adet bireyden 131 (%54,6) konagin
P. homoion ile enfekte oldugunu belirlemistir. En
yiksek yaygmligm Ocak (%79,3), en diisiik
yaygimhigm ise Mayis ayinda (%43,2) oldugunu
bildirmistir. Ote yandan Oztiirk (2011) Manyas
Goli’nde Rutilus rutilus tirinde P. homoion’unun
yayginlik oranmin %35,4; Akmirza ve Yardimci
(2014) ise, Sakarya Nehri’nde yakalanan Abramis
brama tiirinde % 39,58, Blicca bjorkna’ da da
% 55,26 seklinde oldugunu rapor etmislerdir. Ayrica
Oztiirk ve Ozer (2014) Asag1 Kizilirmak Deltasi’nda
yaptiklar1  ¢aligmada ~ Vimba  vimba  ve
Scardinus erythrophthalmus’daki P. homoion unun
yayginligmi %10,0 ve 28,6 seklinde bulmuslardir.
Yine Emre (2016) Beysehir Golii kollarindan Sari16z
Deresi’nden avlanan Capoeta mauricii’de bulunan
Paradiplozoon sp. 'nin en yiiksek yayginlik degerini
ilkbahar mevsiminde %32,4 olarak hesaplamistir.
Buna karsin disi bireylerdeki yayginlig: ise ilkbahar
mevsimindeki Orneklemede % 46,2 olmustur.
Yapilan bu ¢alismada ise en yiiksek yayginlik Kepez
Istasyonu’nda (%38,2), ortalama yogunluk 4,7 ve
ortalama bolluk ise 8,16 seklinde saptanmustir.

Asymphylodora sp. taksonuna ait Digenean
P. antalyae Bogutskaya, 1992 i¢in ilk kayittir. Kir ve
Tekin-Ozan (2005) Kovada Golii’'nden avlanan
Tinca tinca tiirinde Asymphylodora tincae tespit
etmiglerdir. En yiliksek yayginligi Aralik aymdaki
orneklemede 9%42,8 olarak saptamuslardir. Diger
yandan Aydogdu vd. (2014) Tuz Golii Havzasi’nda
bulunan Incesu/Konya kaynagindaki endemik
Pseudopoxinus crassus’da Asymphylodora imitans
saptamuslardir. Yayginligr %28,2 ve yogunlugu ise
10,4 seklinde hesaplanmistir. Bu c¢alismada ise
sadece Kirkgdz Kaynagindaki bir ornekte tespit
edilmistir. Yayginlig1 %0,8, ortalama yogunlugu 7 ve
ortalama bollugu ise 0,058 seklinde belirlenmistir.

Konak baligimizda iki tiir nematod saptanmuistir.
Bunlar R. denudata ve Contracaecum sp.’dir. Her iki
tir de P. antalyae Bogutskaya, 1992 igin ilk kayattir.
Aydogdu vd. (2002) Doganca Baraj Goli’nde
Barbus plebejus escherichi konak baliginda
Contracaecum sp.’nin yayginlikk oranint %27,2
seklinde bulmuslardir. Koyun ve Altunel (2007)
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Tablo 5. I-IV Boy gruplarindaki 6rneklerde kaydedilen toplam 6rnek sayisi, enfekte balik sayisi, yayginlik orani, ortalama
yogunluk, ortalama bolluk ve tespit edilen toplam parazit sayilari

Table 5. Total number of samples recorded, number of infected fish, prevalence rate, average density, average abundance
and total number of parasites detected in samples in I-1V size groups

| 1 i v
Boy grubu (cm)
2,8-4,8 4,9-7,8 7,9-12,8 12,9-16,8

Incelenen Bahk Sayist 78 123 123 27
Enfekte Balik Sayisi 5 21 21 12
Paradiplozoon homoion
Yaygmlik (%) 6,41 17,07 17,07 44,44
Ortalama Yogunluk 4,00 4,24 4,19 5,50
Ortalama Bolluk 0,26 0,72 0,72 2,44
Toplam Parazit Sayis1 20 89 88 66
incelenen Balik Sayist 78 123 123 27
Enfekte Balik Sayisi 2 6 14 2
Dactylogyrus sp.
Yaygmlik (%) 2,56 4,88 11,38 7,41
Ortalama Yogunluk 1,00 2,67 4,29 4,50
Ortalama Bolluk 0,03 0,13 0,49 0,33
Toplam Parazit Sayisi 2 16 60 9

| ] 1l v
Boy grubu (cm)

2,8-4,8 49-7,8 7,9-12,8 12,9-16,8

Enfekte Balik Sayis1 1 0 0 0
Asymphylodora sp.
Yayginhk (%) 1,28 0,00 0,00 0,00
Ortalama Yogunluk 7,00 0,00 0,00 0,00
Ortalama Bolluk 0,09 0,00 0,00 0,00
Toplam Parazit Sayis1 7 0 0 0
incelenen Bahk Sayist 78 123 123 27
Enfekte Balik Sayis1 0 0 1 0
Bothriocephalus acheilognathi
Yaygmlik (%) 0,00 0,00 0,81 0,00
Ortalama Yogunluk 0,00 1,00 2,00 3,00
Ortalama Bolluk 0,00 0,00 0,01 0,00
Toplam Parazit Sayis1 0,00 0 1 0
incelenen Bahk Sayist 78 123 123 27
Enfekte Balik Sayisi 2 0 3 4
Rhapdochona denudata
Yaygmlik (%) 2,56 0,00 2,44 14,81
Ortalama Yogunluk 1,00 0,00 8,33 2,25
Ortalama Bolluk 0,03 0,00 0,20 0,33
Toplam Parazit Sayisi 2 0 25 9
Incelenen Bahk Sayis1 78 123 123 27
Enfekte Balik Sayisi 1 0 3 0
Contracaecum sp.
Yaygmlik (%) 1,28 0,00 2,44 0,00
Ortalama Yogunluk 3,00 0,00 7,67 0,00
Ortalama Bolluk 0,04 0,00 0,19 0,00

Toplam Parazit Sayisi 3 0 23 0
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Enne Baraj Golii’ ndeki ¢alismalarinda konak balikta
Contracaecum sp. enfeksiyonu ile su sicakligi
arasinda negatif bir iliskinin oldugunu ifade
etmislerdir. Zubaidy (2009) Hilla Nehri, Al-Furat
Balik Ciftligi ve Al-Mahaweel Drenajindan
orneklenen Liza abu’daki Contracaecum sp.’nin
enfeksiyon durumunu irdelemistir. Yayginlik ve
yogunluk kis icin %11,9 ve 1,1 larva/balik; yaz
mevsimi i¢in ise % 47,6 ve 3,5 larva/balik seklinde
belirlenmistir. Yine her iki sezonda da disilerde daha
yiiksek degerler bulunmustur. Aydogdu vd. (2011)
Capoeta antalyensis, Pseudopoxinus battalgil ve
Aphanius mento  tiirlerindeki =~ nematodlari
aragtirmiglardir.  Bu  tiirlerden R. denudata
C. antalyensis’deki yayginlik oranimi %88,6;
P. battalgil 'deki Contracaecum sp. oranini ise %47,6
seklinde bulmuslardir. Pazooki vd. (2012) iran’da
yaptiklart  ¢alismada  Capoeta  damascine’de
R. denudata’nin yayginlhik oranimm %73,39, ortalama
yogunlugunu ise 9,45, Cyprinion watsoni igin ise
% 88,60 ve 15,82; bunlara karsin Schistura
sargadensis’de % 2,94 ve 1; Channa gachua igin ise,
% 13,63 ve 3 seklinde bulmustur. C. damascina’da
Contracaecum  micropapillatum’™un  yaygmligl
% 4,58 ve ortalama yogunlugu ise 1,6 seklinde
saptanmistir. Koyun vd. (2015) Murat Nehri’ndeki
Barbus lacerta konaginda R. denudata igin
yayginligi %15 ve Contracaecum sp.’da ise %0,2
olarak bildirmislerdir. Yine Emre (2016) Capoeta
pestai’ de en fazla yayginlik oranmini %60 kis
mevsiminde; C. mauricii’de en yiiksek yayginlik
oranint ise %065 ile yaz mevsiminde bildirmistir.
Bunlara karsin  bizim calismamiz ~ sonunda
Contracaecum sp. icin en yiiksek yayginlik orani
Kirkgdéz Istasyonu’ndan avlanan  orneklerden
yaygmlik oran1 % 2,5, ortalama yogunluk 8,3 ve
ortalama bolluk ise 0,208 seklinde saptanmistir. Yine
diger nematod olan R. denudata igin ise Kepez I-
Istasyonu’nda %3,7, Kirkgdz kaynaginda ortalama
yogunluk 7,75 ve ortalama bolluk ise 0,228 seklinde
hesaplanmustir.

Konak balikta tespit edilen diger yeni kayit ise bir
Sestod’dur. Cinsi ise Ligula sp.’dir. Keskin ve
Erk'akan (1987) I¢ Anadolu’daki su kaynaklarindan
orneklenen, Chondrostoma regium, V. vimba, Silurus
glanis, Capoeta capoeta, Alburnus orontis, Leuciscus
cephalus ve Garra rufa balik tiirlerinde Ligula
intestinalis parazitini saptamiglardir. Cengizler vd.
(1991), Almus Baraj Go6li’ nden o6rneklenen
Cyprinus carpio L, 1758, L. cephalus, C. capoeta,
Capoetatinca Heckel, 1843, C. regium Heckel, 1843,
Barbus plebejus, A. orontis Sauvage, 1882,
Carassius carassius L, 1758 Ligulosis varligr ile
alakali olarak degerlendirilmistir. Degerlendirme
sonucunda A. orontis’de %43 ve L. cephalus’da %7,4
enfeksiyonu oranlarini rapor etmislerdir. Kir ve

Tekin-Ozan (2005) Kovada Golii’ndeki Kadife baligi
(T. tinca) helmint parazitlerine yonelik yapmus
olduklar1 c¢aligmada 6 tlir parazit belirlemislerdir.
Bunlardan biri olan L. intestinalis in Ekim ayindaki
yayginhig (%20) olarak bulunmustur. Innal vd.
(2007)  Alburnus  escherichii,  Alburnoides
bipunctatus Bloch, 1782, C. carpio, T. tinca, Vimba
vimba tenella ve B. plebejus tiirlerinde bulunan
L. intestinalis parazitinin ilave yeni kayitlar oldugunu
belirtmislerdir. Tiim bunlara karsin  bizim
calismamizin sonucunda Kirkgdz istasyonundan
orneklenen bir tek bireyde tespit edilmistir. Bunun da
yaygmlik orant %0,8, ortalama yogunlugu 1 ve
ortalama bollugu ise 0,008 seklinde belirlenmistir.

Bu c¢alismada dort mevsim boyunca iig
istasyondan avlanan toplam 351 P. antalyae
Bogutskaya, 1992 bireyi incelenmistir.
Asymphylodora sp., R. denudata, Contracaecum sp.
ve Ligula sp. tiirleri P. antalyae Bogutskaya, 1992
konagi i¢in yeni kayit parazitlerdir.

P. homoion yayginlik, yogunluk ve bolluk
yoniinden en fazla Kepez Istasyonu’nda tespit
edilmistir. Yine bu parazitte konak boyu arttikca
yayginlik ve bollukta artislar anlamli farkliliklar
gostermistir (P <0,05). Yine yas arttik¢a parazitin
yayginligi da artmustir. Soylu (2007)’nun yaptigi
calismada anilan parazitin enfeksiyon yayginlik
oraninin kii¢iik boylarda diisiik, orta boylarda yiiksek
ve biiyiik boylarda ise yine diisiik oranlarda
goriildiigii belirtilmistir. Ote yandan, boyca ve yas¢a
biiylik baliklardaki yayginlik oraninin diismesinin
bagislik sisteminin gelismesi ile ilgili oldugu
belirtilmistir (Chapman vd. 2000; Rakauskas ve
Blazevic¢ius 2009).

Dactloygyrus sp. Kirkgdz istasyonu’nda en fazla
yayginlik gostermistir. En fazla yaz mevsiminde
yayginlik diizeyine erigmistir. En fazla yayginlik ve
yogunluga disi bireylerde rastlanilmigtir. Yas arttik¢a
yayginlik, yogunluk ve bollukta artig goriilmiistiir.

R. denudata, i¢in en yiiksek yaygmlik orani
sonbahar mevsiminde kayit edilmistir. Konak boyu

arttkca bu  parazitin = yayginhiginin  arttig
gozlenmistir. Yine yaygmmhk yas ile artig
gostermistir.

Contracaecum sp. paraziti icin yayginlik,
yogunluk ve bolluk yoniinden en yiiksek degere
Kirkgéz  istasyonunda  ulagsmistir.  Yaygmlik
yoniinden ise Sonbahar mevsiminde en yiiksek
degere erigmistir.

Soylu ve Emre (2007)‘nin yaptiklar1 ¢aligmadaki
s0z konusu konagin helmint parazitlerine bir digean
(Asymphylodora sp.), iki nematod (R. denudata
ve Contracaecum sp.) ve bir Cestod (Ligula sp.)
olmak {izere toplam dort yeni parazit taksonu
ilave edilmistir. Buna gore; Asymphylodora sp.,
R. denudata, Contracaecum sp. ve Ligula sp. parazit
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taksonlar1 P. antalyae Bogutskaya, 1992 i¢in yeni
kayitlardir.

Tesekkiir

Bu makale Akdeniz Universitesi, Fen Bilimleri
Enstitiisiinde yapilan “Pseudophoxinus antalyae
Bogutskaya, 1992 (Cicek Baligi)’min Helmint
Faunas1 ve Mevsimsel Degisimlerinin Belirlenmesi”
baslikli tezden tretilmistir.
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Bir Bor Madeni Atik Depolama Barajinin Fitoplankton Kommunitesi

Oz: Bu calismanin amaci, bir Bor (B) madeni atik toplama baraji, (Camkoy Baraji, Balikesir) fitoplanktonun kompozisyonu,
mevsimselligi ve bollugunu tespit etmektir. Bu amagla, Nisan 2015 ile Ocak 2016 tarihleri arasinda fitoplankton ve bazi
fizikokimyasal parametreler i¢in drnekleme yapilmistir. B derisimi 554 mg Lt ile 689 mg L arasinda degismistir. Calisma siiresince
toplamda 39 takson tespit edilmistir. Fitoplankton kompozisyonu, %67 Bacillariophyta, %10 Chlorophyta, %8 Cyanobacteria, %8
Euglenophyta , %5 Mioza ve %2 Charophyta ‘dan olusmustur. 2015 yaz doneminde hig fitoplankton tiirii tespit edilmemis olup
bunun sebebinin yiiksek B seviyelerinin (600 mg L iizeri) olabilecegi tahmin edilmistir. Tespit edilen en yaygin taksonlar, Navicula
digitoradiata (Bacillariophyta), Surirella ovata (Bacillariophyta)_ve Nitzschia amphibia (Bacillariophyta) olmustur. Yiiksek Bor
iceriginden dolayi, dogal géllere nazaran golette daha diisiik fitoplankton takson sayisi ve yogunlugu tespit edilmistir. Goletin
fitoplankton kommunitesi alkali sular1 tercih eden taksonlardan olugsmustur.

Anahtar kelimeler: Bor, Camkdy Baraji, fitoplankton, atik

How to Cite
Celik K, Oz F. 2021. Phytoplankton Community of a Boron Mine Waste Storage Reservoir LimnoFish. 7(1): 61-68. doi: 10.17216/LimnoFish.
770638

Introduction

The industrialization has dramatically increased
the demand for the mining of minerals worldwide
(Stiirmer 2013). However, mining has severely
affected the sustainability of ecosystems, including
surface waters (Lesley et al. 2008). Turkey is
one of the leading countries for Boron (B)
mining in the world (Tire and Bell 2004).
The majority of B reserves in Turkey are
in the western part of the country, including
Balikesir (Tiirker et al. 2016).

The metalloid B is naturally present in freshwater
bodies at less than 0.1 mg L™ concentrations, but
mining activities have elevated B levels significantly
in some water bodies (Nable et al. 1997). The
widespread use of B with its high solubility in the
water has raised concerns about its excessive levels
in some surface waters (Rees et al. 2011).

Although B has been recognized as an essential
element for higher plants, studies on B requirements
in algae have produced controversial results
(Dembitsky et al. 2002; Villavicencio et al. 2007). It
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has been shown that some aquatic plants can
accumulate high levels of B (Damiri 2007).
Fernandez et al. (1984) found that after seven days of
exposure to B, the bioconcentration factor increased
significantly in the green alga Chlorella pyrenoidosa
H. Chick. Marin and Oron (2007) found that pH
significantly affected the bioaccumulation of B in the
duckweed (Lemna gibba L.).

Phytoplankton populations and their interactions
with environmental factors are difficult to generalize.
It is more even challenging to examine the
interactions between phytoplankton dynamics and
water quality parameters in effluent recipient aquatic
ecosystems because of their highly dynamic nature
(Thomas et al. 2018).

Man-made reservoirs are the main recipients of
effluents from mines. Planktonic organisms are
directly affected by the effluent inputs. However, our
knowledge about phytoplankton in the effluent
recipient water bodies is limited. Most of the studies
performed so far concentrated on the taxonomy and
ecology of phytoplankton in natural waters (Pomati
et al. 2017). The resistant phytoplankton species may
have adapted to water bodies receiving mine waste.

The link between macronutrient enrichment and
increased productivity in lakes is well-established
(Schindler 2012). However, the effects of excessive
metal concentrations have not been studied
comprehensively (Hassler et al. 2012). This study
aimed to determine the effects of B mine effluent on
the  phytoplankton  community  composition,
seasonality, and abundance in CamkOy Reservoir,
Balikesir, Turkey as a B mine effluent storage
reservoir.

Materials and Methods

Research Area

Camkoy Reservoir is located at 39°27' 43" N and
28° 10' 09" E, 30 km southeast of Balikesir, Turkey
(Figure 1). The construction of the reservoir started
in 1987 and was completed in 1991 by the State
Water Works for effluent deposition from B mine
sites. The reservoir has a maximum depth of 33 m
and a surface area of 1 km? During the mining, a
large number of ore is excavated, producing a vast
amount of B-rich effluent. The effluent is pumped by
pipes from mine sites to the reservoir and it is settled
in the bottom (State Water Works 2018).

Field Work and Sampling

Sampling was carried out seasonally between
April 2015 and January 2016. Due to legal
restrictions on boat access to the reservoir, samples
were taken only at one station. The station was set at
the opposite side of the waste entrance point at the
edge of the reservoir. Samples were taken below the
surface (about 0.5 m) using a Kemmerer water

sampler. In the field, phytoplankton samples were
placed in 250 ml bottles and fixed with Lugol’s
solution until processed in the laboratory.

TURKEY

Camkoy Reservoir
Figure 1. The map showing the location of Camkoy
Reservoir and the sampling station in it.

In the laboratory, phytoplankton samples were
poured into 50 ml graduated cylinders and were
allowed to settle for 24 h. After that, 45 ml of water
was aspirated from each graduated cylinder and the
remaining 5 ml was poured into a small glass vial for
microscopic analysis (APHA 1995). The samples
were examined by an Olympus compound
microscope. Phytoplankton species were identified
according to Bourrelly (1966), Huber-Pestalozzi
(1983), Round et al. (1990), Krammer and Lange-
Bertalot (1991), Hartley (1996), John et al. (2002),
and Komarek and Anagnostidis (2005). Taxonomic
names were updated and based on www.algabase.org
(Guiry and Guiry 2020).

In situ parameters including, water temperature,
pH, oxidation-reduction potential (ORP), specific
conductance  (SC), and dissolved oxygen
concentration (DO), were measured using a YSI
multiprobe. Total suspended solids (TSS) were
determined by filtering 1-liter water through
Whatman 934-AH filters that were pre-rinsed, dried
(105 °C), ashed (550 °C), and tared (APHA 1995).
The concentrations of nitrate-nitrogen (NOs-N),
soluble reactive, and phosphorus (SRP) were
determined spectrophotometrically in the laboratory
according to standard methods (APHA 1995).

Water samples for B analysis were placed in 1-
liter dark plastic bottles and transported to the
laboratory in a cooler. Borosilicate glassware was
used during the analysis to prevent the contamination
of samples. Water samples were adjusted to pH 2
with HNOz being added to each. B levels were
determined by a high-resolution continuum source
atomic absorption spectrometer by triplicate
measurements in the regional laboratory of the State
Water Works in Balikesir.

The nonparametric Spearman rank correlation
test was used to measure the degree of association
between physicochemical variables, the total number
of phytoplankton taxa, and abundance using SPSS
(ver. 11.0) software.
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Results

Water temperature ranged from 24.8 °C in
August 2015, to 8.7 °C in January 2016 (Figure 2a).
pH ranged from 9.24 in August 2015, to 8.59 in
January 2016 (Figure 2b). SC ranged from 2237 pS
cmtin August 2015, to 736 uS cm™ in January 2016
(Figure 2c).

DO concentrations ranged from 7.4 mg L in
August 2015, to 10.84 mg L in January 2016 (Figure
2d). ORP ranged from 21.4 MV in August 2015, to
4.7 MV in January 2016 (Figure 2e). TSS ranged
from 2.1 mg Lt in November 2015, t0 28.9 mg L in
August 2015 (Figure 2f).

B concentrations ranged from 554 mg Lt in April
2015, to 689 mg Ltin August 2015 (Figure 2g). NOs-
N concentrations ranged from 0.43 mg L7? in
November 2015, to 0.8 mg L in January 2016
(Figure 2h). SRP concentrations ranged from 0.078
mg L in November 2015, to 0.09 mg L in August
2015 (Figure 2i).

In Camkdy Reservoir, a total of 39 taxa were
identified (Table 1). Bacillariophta made 67% (26
taxa), Chlorophyta made 10% (4 taxa),
Cyanobacteria made 8% (3 taxa), Euglenophyta
made 8% (3 taxa), Mioza made 5% (2 taxa) and
Charophyta made 2% (1 taxon) of the total number of
taxa (Figure 3a). The highest number of
phytoplankton taxa (23) was obtained in January
2016 and the lowest (0) in August 2015 (Figure 3b).
The highest phytoplankton abundance (55531 cell
ML™) was obtained in April 2015 and the lowest
(0 cell ML) in August 2015 (Figure 3c).

Discussion

The total number of phytoplankton taxa (39) was
lower in Camkdy Reservoir compared with the other
reservoirs in the same vicinity. Sevindik et al. (2011)
reported 192 phytoplankton taxa from Caygoéren
Reservoir and 174 taxa from Ikizcetepler Reservoir.
The reason for this was probably the excessive
B levels in Camkoy Reservoir (Davis et al. 2002;
Gunes et al. 2006; Marin and Oron 2007; Sasmaz and
Obek 2009). High levels of B in the reservoir must
have prevented the development of sensitive
phytoplankton species, resulting in low species
numbers due to their low tolerance limits to B toxicity
(Reid 2007).

Navicula digitoradiata (avg. 20152 cell L%),
Surirella ovata Kiitzing (avg. 11151 cell L?), and
Nitzschia amphibia Kiitzing (avg. 10151 cell L%)
were the most abundant diatoms collected during the
study. Diatoms of Camkdy Reservoir were stress-
resistant species. N. digitoradiata is one of the rarest
diatoms that are found in unique waters with
moderate salinity (Zeimann et al. 2001). High ionic
content (measured as SC) of this waste storage

reservoir may have favored
N. digitoradiata.

Fore and Grafe (2002) listed S. ovata as pollution
tolerant species in the diatom assemblages of 23
Idaho rivers subjected to human disturbance. They
stated that diatoms were robust indicators of metal
contamination of natural waters. N. amphibia is
commonly collected at sites with heavy metal
pollution. Szabo et al. (2005) studied Tisza River in
Hungary after the bursting of a mine-storing reservoir
to the river and collected high numbers of
N. amphibia showing that this species is tolerant to
metal toxicity.

Chlorophyta was represented by four taxa and
they were collected only in spring and fall seasons.
Pandorina morum (O.F. Miiller) Bory in
J.V.Lamouroux, Bory, and Deslongschamps (avg.
2151 cell L) was the most common green algae
during the study. Anuja and Chandra (2012)
conducted a study on a polluted tank and reported that
P. morum was a pollution indicator species.

The low species number and abundance of green
algae could have been due to high levels of B in the
reservoir. Garcia-Gonzalez et al. (1990) provided
sound evidence that B was required by marine and
freshwater diatoms, whereas green algae did not
require it for growth, and they were intolerant to the
high B levels.

Cyanobacteria were represented by three taxa
(Oscillatoria tenuis C.Agardh ex Gomont (avg. 452
cell L), Chroococcus minutus (Kiitzing) Nigeli
(avg. 332 cell L) and Leptolyngbya sp. Anagnostidis
and Komarek (avg. 225 cell L) at low densities. The
low species number and abundance of Cyanobacteria
in Camkoy Reservoir is probably due to excessive
levels of B in the reservoir (Reid 2007). Low levels
of B are required for the nitrogen fixation by
Cyanobacteria, but excessive levels are toxic for
members of this group (Gerloff 1968).

Euglenophyta was represented by three taxa,
Trachelomonas granulosa Playfair (avg. 3120 cell
L), Trachelomonas intermedia P.A.Dangeard (avg.
1011 cell L*) and Trachelomonas volvocina
(Ehrenberg) Ehrenberg (avg. 853 cell L1). Except for
summer, euglenoids were present at each sampling
period. Euglenoids are abundant in moderately
polluted water bodies all over the world (Li et al.
2014; Naselli-Flores 2000). Trachelomonas species
are known to quickly respond to environmental
changes in polluted lakes (Wotowski 2002).

Miozoa was represented by two taxa, Tripos
furca (Ehrenberg) F.Gomez (avg. 712 cell L) and
Glenodinium sp. Ehrenberg (avg. 312 cell L7%).
T. furca is a cosmopolitan species mostly collected
from salt and brackish waters worldwide (Morton et
al. 2011).

the growth of
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Figure 2. Seasonal variations in a) the water temperature (T; °C), b) pH, c) specific conductance (SC; puS cm?), d)
dissolved oxygen (DO; mg L), e) oxidation-reduction potential (ORP; MV), f) total suspended solids (TSS; mg L), g)
Boron (B; mg L), h) nitrate-nitrogen (NOs-N; mg L1, i) soluble reactive phosphorus (SRP; mg L) of Camkoy
Reservoir
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Table 1. The list of phytoplankton taxa collected from Camkdy Reservoir

Taxa Spring Summer Fall Winter

Bacillariophyta

Amphora eximia J.R.Carter 1974 - - R +

Amphora ovalis Kiitzing 1844 + - - -

Achnanthidium affine (Grunow) Czarnecki 1994 + - - -

Anomoeoneis sphaerophora Pfitzer 1871 - - + -

Aulacoseira italica (Ehrenberg) Simonsen 1979 - - - +

Cymbella caespitosa (Kiitzing) Brun 1880 - - + -

Fragilaria capucina Desmaziéres 1830 + - - -

Gomphonema truncatum Ehrenberg 1832 - - - +

Melosira varians C.Agardh 1827 - - - +

Navicula digitoradiata (Gregory) Ralfs 1861 - - + +

Navicula libonensis Schoeman 1970 + - - N

Navicula subtilissima Cleve 1891 - - - +

Nitzschia sp. Hassall 1845 + -

Nitzschia pacifica Cupp 1943 + -

Nitzschia amphibia Grunow 1862 - -

Nitzschia sigmoidea (Nitzsch) W.Smith 1853 - -

Pinnularia gibba Ehrenberg 1843 - -

+| +| +| +| +
+

Navicula cincta (Ehrenb.) Ralfs 1861 - -

Pinnularia hemiptera (Kiitzing) Rabenhorst 1853 + -

Pinnularia microstauron Cleve 1891 - - - +

Pinnularia subrostrata (A.Cleve) Cleve-Euler 1955 - - + +

Stauroneis phoenicenteron (Nitzsch) Ehrenberg 1843 - - - +

Surirella angusta Kiitzing 1844 - - + +

Surirella minuta Brébisson ex Kiitzing 1849 - - + -

Surirella ovata Kiitzing 1844 + - - -

Surirella robusta Ehrenberg 1841 + - - -

Chlorophyta

Pandorina morum (O.F.Miiller) Bory 1824 + - - -

Pediastrum duplex Meyen 1829 - - - n

Pediastrum duplex var. rugulosum Raciborski 1890 - - - +

Pseudopediastrum boryanum (Turpin) E.Hegewald 2005 - - + -

Euglenophyta

Trachelomonas granulosa Playfair 1915 + - - -

Trachelomonas intermedia P.A.Dangeard 1902 - - + -

Trachelomonas volvocina (Ehrenberg) Ehrenberg 1834 - - - +

Cyanobacteria -

Chroococcus minutus (Kiitzing) Nageli 1849 - - - +

Leptolyngbya sp. Anagnostidis & Komarek 1988 - - + -

Oscillatoria tenuis C.Agardh ex Gomont 1892 + - - -

Charophyta -

Mougeotia C. Agardh 1824 - R - +

Mioza

Glenodinium sp.Ehrenberg 1836 - - - +

Tripos furca (Ehrenberg) F.Gomez 2013 - - + +
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Figure 3. a) The percent composition of the phytoplankton groups, b) the total number of phytoplankton taxa, c) the total
abundance of the phytoplankton (cell ML) of Camkdy Reservoir

Miozoa members, although not absent, are
seldom collected in freshwater samples. Glenodinium
sp. has been previously reported by Sevindik et al.
(2011) in Caygoren Reservoir which is close to
Camkoy Reservoir.

In  August 2015, no phytoplankters were
observed in the samples. The excessive B
concentrations (above 600 mg L™) in the reservoir
seem to be the reason for the lack of phytoplankton
in the summer samples. Reid et al. (2004) found that
Chara cells were not affected by the B levels up to
400 mg L%, but when the concentrations were raised
to 600 mg L?, the cells died in the experimental
chamber. It is possible that no phytoplankton species
could tolerate B levels greater than 600 mg L in
Camkdy Reservoir.

In summary, the nutrient concentrations in
Camkdy Reservoir are not at the limiting level for
phytoplankton, but the number of taxa and the
abundance are low compared with natural lakes. This
situation leads to the recognition that the low number

of phytoplankton taxa and abundance was a result of
the excessive B levels in the reservoir.

References

Anuja J, Chandra S. 2012. Studies on freshwater
algae in relation to chemical constituents of
Thiruneermalai temple tank near Chennai, India-
I. International Journal of Current Science. 4.
21-29.

APHA. 1995. American Public Health Association.
Standard methods for the examination of water
and wastewater, 19th ed. Washington DC:
American Public Health Association. 1100 p.

Bourrelly P. 1966. Les algues d’eau douce - Tome |
- les algues vertes. Paris: Nérée Boubée & Cie
511 p.

Damiri B. 2007. Risk Characterization for Boron and
Aquatic Plants and Animals [Master’s Thesis].
Clemson University. 92 p.

Davis SM, Drake KD, Maier KJ. 2002. Toxicity of
boron to the duckweed, Spirodella polyrrhiza.



Celik & Oz 2021- LimnoFish 7(1): 61-68

67

Chemosphere 48 (6)
doi: 10.1016/S0045-6535(02)00024-3

Dembitsky VM, Smoum R, Al-Quntar AA, Ali HA,
Pergament I, Srebnik M. 2002. Natural
occurrence of boron-containing compounds in
plants, algae, and microorganisms. Plant Sci.
163(5):931-942.
doi: 10.1016/S0168-9452(02)00174-7

Fernandez E, Sanchez E, Bonilla I, Mateo P, Ortega
P. 1984. Effect of boron on the growth and cell
composition of Chlorella pyrenoidosa. Phyton.
44(2):125-131.

Fore LS, Grafe C. 2002. Using Diatoms to Assess the
Biological Condition of Large Rivers in Idaho
(USA). Freshwater Biol. 47(10):2015-2037.
doi: 10.1046/j.1365-2427.2002.00948.x

Garcia-Gonzalez M, Mateo P, Bonilla I. 1990. Effect
of Boron Deficiency on Photosynthesis and
Reductant Sources and Their Relationship with
Nitrogenase Activity in Anabaena PCC 7119.
Plant Physiol. 93(2) :560-565.
doi.org/10.1104/pp.93.2.560

Gerloff GC. 1968. The Comparative Boron Nutrition
of Several Green and Blue- Green Algae.
Physiol Plant 21: 369-377.
doi: 10.1104/pp.93.2.560

Guiry MD, Guiry GM. 2020. Algaebase. [cited 2020
Apr 28]. Available from
https://www.algaebase.org/

Gunes A, Soylemezoglu G, Inal A, Bagci EG, Coban
S, Sahin O. 2006. Antioxidant and stomatal
responses of grapevine (Vitis vinifera L.) to
boron  toxicity. Sci  Hortic-Amsterdam.
110(3):279-284.
doi: 10.1016/j.scienta.2006.07.014

Hartley B. 1996. An Atlas of British Diatoms.
Bristol, UK: Biopress Limited 601 p. Hassler CS,
Sinoir M, Clementson LA, Butler ECV. 2012.
Exploring the Link between

Micronutrients and Phytoplankton in the Southern
Ocean during the 2007 Austral Summer.
Front Microbiol. 3:1-26.
doi: 10.3389/fmich.2012.00202

Huber-Pestalozzi G. 1983. Das phytoplankton des
susswassers - Systematik und biologie, Teil 7, 1.
Halfte - Chlorophyceae (Grunalgen) Ordnung:
Chlorococcales. Stuttgart. Germany:
E.Schweizerbart’sche Verlagsbuchhandlung
1001 p. [in German]

John DM, Whitton BA, Brook AJ. 2002. The
Freshwater Algal Flora of the British

Isles: An Identification Guide to Freshwater and
Terrestrial Algae. Cambridge, UK: Cambridge
University Press 714 p.

Komarek J, Anagnostidis K. 2005. Cyanoprokaryota,
Part 2: Oscillatoriales. In: Biidel B, Girtner G,

:615-620.

Krienitz L, Schagerl M, editors. SiiBwasserflora
von Mitteleuropa [Freshwater Flora of Central
Europe], Bd. 19(2). Germany: Springer
Spektrum. p. 1-759.

Krammer K, Lange-Bertalot H. 1991.
Bacillariophyceae  4.Teil Achnanthaceae,
Kritische Erginzungen zu Achnanthes s.l.,
Navicula s. str., Gomphonema. In: Ettl H, Gértner
G, Heynig H, Mollenhauer D, editors.
StiBwasserflora von Mitteleuropa [Freshwater
Flora of Central Europe], Bd 2/4. Germany:
Springer Spektrum . p. 1-468.

Lesley B, Daniel H, Paul Y. 2008. Iron and
manganese removal in wetland treatment
systems: rates, processes and implications for
management. Sci Total Environ. 394(1):1-8.
doi: 10.1016/j.scitotenv.2008.01.002

Li M, Gao X, Wu B, Qian X, Giesy JP, Cui Y. 2014.
Microalga Euglena as a bioindicator for
testing genotoxic potentials of organic pollutants
in Taihu Lake, China. Ecotoxicology. 23:
633-640.
doi: 10.1007/s10646-014-1214-x

Marin CMDC, Oron G. 2007. Boron removal by
the duckweed Lemna gibba: a potential method
for the remediation of boron-polluted
waters.  Water  Res.  41(20):4579-4584.
doi: 10.1016/j.watres.2007.06.051

Morton SL, Shuler A, Paternoster J, Fanolua S,
Vargo D. 2011. Coastal eutrophication, land use
changes and Ceratium furca (Dinophyceae)
blooms in Pago Pago Harbor, American Samoa
2007-2009. Chin J Oceanol Limn. 29(4):
790-794.
doi: 10.1007/s00343-011-0507-7

Nable RO, Bafuelos GS, Paull JG. 1997. Boron
toxicity. Plant Soil. 193:181-198.
doi: 10.1023/A:1004272227886

Naselli-Flores L. 2000. Phytoplankton assemblages
in twenty-one Sicilian reservoirs: relationships
between species composition and environmental
factors. Hydrobiologia 424:1-11.
doi: 10.1007/978-94-017-3488-2_1

Pomati F, Matthews B, Seehausen O, Ibelings BW.
2017. Eutrophication and climate warming alter
spatial (depth) co-occurrence patterns of lake
phytoplankton  assemblages.  Hydrobiologia
787:375-385.
doi: 10.1007/s10750-016-2981-6

Rees R, Robinson BH, Menon M, Lehmann E,

Gunthardt-Goerg MS, Schulin  R. 2011
Boron accumulation and toxicity
in  hybrid poplar (Populus nigra x
euramericana). Environ Sci Technol.

45(24):10538-10543.
doi: 10.1021/es201100b



68

Celik & Oz 2021- LimnoFish 7(1): 61-68

Reid RJ, Hayes JE, Post A, Stangoulis JCR, Graham
RD. 2004. A critical analysis of the causes of
boron toxicity in plants. Plant Cell Environ.
25(11):1405-1414.
doi: 10.1111/j.1365-3040.2004.01243.x

Reid R. 2007. Update on boron toxicity and tolerance
in plants. In: Xu F, Goldbach HE, Brown PH,
Bell RW, Fujiwara T, Hunt CD, Goldberg S, Shi
L, editors. Advances in Plant and Animal Boron
Nutrition. Dordrecht, The Netherlands: Springer.
p. 83-90.

Round FE, Crawford RM, Mann DG. 1990. Diatoms:
Biology and Morphology of the Genera.
Cambridge, UK: Cambridge University Press
747 p.

Schindler DW. 2012. The dilemma of controlling
cultural eutrophication of lakes. P Roy
Soc B-Biol Sci. 279(1746): 4322-4333.
doi: 10.1098/rspb.2012.1032

Sevindik TO, Celik K, Goniilol A. 2011. Twenty new
records for Turkish freshwater algal flora from
Caygoren and  Ikizcetepeler  Reservoirs
(Balikesir, Turkey). Turk J Fish Aquat Sc.
11:399-406. doi: 10.4194/1303-2712-v11_3 09

State Water Works 2018. Baraj ve Goletler; [cited
2018 Jul 15]. Available from
http://bolge25.dsi.gov.tr

Stiirmer M. 2013. What drives mineral commodity
markets in the long run? [PhD Thesis].
Rheinische Friedrich-Wilhelms-Universitat
Bonn. 241 p.

Szabo K, Kiss KT, Taba G, Acs E. 2005. Epiphytic
diatoms of the Tisza River, Kiskore

Reservoir and some oxbows of the Tisza River after
the cyanide and heavy metal pollution in 2000.
Acta Bot Croat. 64(1):1-46.

Sasmaz A, Obek E. 2009. The accumulation of
arsenic, uranium, and boron in Lemna gibba L.

exposed to secondary effluents. Ecol
35(10):1564-1567.
doi: 10.1016/j.ecoleng.2009.06.007

Thomas MK, Fontana S, Reyes M, Kehoe M,
Pomati F. 2018. The predictability of
a lake phytoplankton community, over time-
scales of hours to years. Ecol Lett. 21(5):
619-628.
doi: 10.1111/ele.12927

Tire C, Bell RW. 2004. Plant distribution and its
relationship to extractable boron in naturally
occurring high  boron soils in  Turkey.
Isr J Plant Sci. 52(2):125-132.
doi: 10.1560/LDYY-T420-W5LT-IJN9Y

Tiirker OC, Tiire C, Bocik H, Yakar A, Chen Y.
2016. Evaluation of an innovative approach based
on prototype engineered wetland to control and
manage boron (B) mine effluent pollution.
Environ Sci Pollut R. 23(19):19302-19316.
doi: 10.1007/s11356-016-7122-2

Villavicencio MS, Silva CA, Arce GM. 2007. Boron
toxicity in Lemna gibba. Hidrobiologica
17(suppl. 1):1-6.

Wotowski K. 2002. Phylum Euglenophyta. In:
John DM, Whitton BA, Brook AJ,
editors. The freshwater algal flora of the
British  Isles:  An Identification  Guide
to Freshwater and Terrestrial Algae.
Cambridge, UK: Cambridge University Press.
p. 144-179.

Zeimann H, Kies L, Schulz CJ. 2001. Desalinization
of Running Waters Ill. Changes in the

Eng.

Structure of Diatom Assemblages
Caused by a Decreasing Salt Load
and Changing lon Spectra in the River
Wipper (Thuringia, Germany). Limnologica.

31(4):257-280.
doi: 10.1016/S0075-9511(01)80029-3



LIMNOFISH-Journal of Limnology and Freshwater Fisheries Research 7(1): 69-76 (2021)

Journal of Limnology and Freshwater Fisheries Research

http:/ /www.limnofish.org 5

o%/ /

Determination of Some Biochemical Parameters Changes in Gammarus pulex
Exposed to Cadmium at Different Temperature and Different Concentration

Osman SERDARY ®, Rahmi AYDIN! “/, Metin CALTA?

1 Munzur University, Fisheries Faculty, TR62000 Tunceli, Turkey
2 Firat University, Fisheries Faculty, TR23000 Elaz1g, Turkey

ABSTRACT ARTICLE INFO

In this study, the oxidative stress effects of cadmium (Cd) toxicity depending on
water temperature were investigated on Gammarus pulex. The test organism

RESEARCH ARTICLE

individuals were exposed to sublethal concentrations for 96 hours at certain rates Received  :04.06.2020

(C1; 1/10, C2; 1/20 and C3; 1/40) of LC50 values of Cd for each temperature Revised +30.10.2020

(10, 14, 18 °C). Malondialdehyde (MDA) level, glutathione peroxidase (GPx), .

and catalase (CAT) enzyme activities were investigated at the temperatures Accepted  :30.10.2020 .
determined in G. pulex exposed to Cd. With the increasing temperature, the MDA Published  :29.04.2021 E. i

level and CAT enzyme activity increased while GPx enzyme activities decreased.
The results of this study revealed that the biochemical response caused by Cd on
G. pulex had statistically significant differences (p<0.05) with temperature. In this
study, the use of MDA levels with CAT and GPx-related enzymes, Cd exposure,
toxicity, and temperature change as biomarkers for risk assessment may be useful.

DOI:10.17216/LimnoFish.748137

* CORRESPONDING AUTHOR

oserdar@munzur.edu.tr

Phone : +90 505 695 93 34

Keywords: Gammarus cadmium, malondialdehyde, glutathione

peroxidase, catalase

pulex,

Farkh Sicakhik ve Farkh Konsantrasyonlarda Kadmiyuma Maruz Birakilan Gammarus pulex'te Bazi
Biyokimyasal Parametrelerin Degisikliklerinin Belirlenmesi

Oz: Bu ¢alismada Gammarus pulex iizerinde kadmiyum (Cd) toksisitesinin su sicakligina bagli olarak oksidatif stres etkileri
aragtirilmistir. Test organizmasi bireyleri, her sicaklik (10, 14, 18 °C) i¢in belirli oranlarda (C1; 1/10, C2; 1/20 ve C3; 1/40) LC50
degerlerinin 96 saat boyunca subletal konsantrasyonlara maruz birakildi. Cd'ye maruz kalan G. pulex'te belirlenen sicakliklarda
malondialdehid (MDA) seviyesi, glutatyon peroksidaz (GPx) ve katalaz (CAT) enzim aktiviteleri arastirildi. Sicaklik arttikca MDA
seviyesi ve CAT enzim aktivitesi artarken GPx enzim aktiviteleri azaldi. Bu ¢alismanin sonuglarina gore, G. pulex iizerinde Cd'nin
neden oldugu biyokimyasal yanitin sicaklik ile istatistiksel olarak anlamli farkliliklara (p<0,05) sahip oldugu belirlenmistir. Bu
caligmada, risk degerlendirmesi i¢in biyobelirte¢ olarak MDA seviyelerinin CAT ve GPx ile iliskili enzimler, Cd maruziyeti,
toksisite ve sicaklik degisimi ile kullanilmasi yararli olabilir.

Anahtar kelimeler: Gammarus pulex, kadmiyum, malondialdehit, glutatyon peroksidaz, katalaz
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Introduction

Aguatic environments are widely accepted today
as a simple and inexpensive disposal option that is
considered an ideal discharge area for most waste.
This has led to increased ecological poisoning due to
the bioaccumulation of toxic chemicals and some
long-standing  pollutants, including developed
countries (Taylan and Ozkog 2007). Increasing
industrial, urban, and agricultural developments
increase the environmental problems of today and
these environmental problems have a negative

synergy effect with living things along with global
warming. Heavy metals, which make up the majority
of industrial pollutants, can enter into the structures
of aquatic organisms through wastewater (Bat et al.
2000). One of the most important sources of
ecosystem health is heavy metal pollution and it
poses stress, threat, and a great risk to organisms in
aquatic ecosystems (Del Valls et al. 1998). When a
metal enters the biological system of any organism, it
can damage the vital functions of that organism (Hu
2000; Kayhan 2006). Increasing concentrations of


http://doi.org/10.17216/LimnoFish.748137
mailto:oserdar@munzur.edu.tr
http://doi.org/10.17216/LimnoFish.748137
https://orcid.org/0000-0003-1744-8883
https://orcid.org/0000-0002-3002-0892
https://orcid.org/0000-0002-1652-8972

70

Serdar et al. 2021- LimnoFish 7(1): 69-76

heavy metals in aquatic environments are taken up by
aquatic organisms and transported to upper trophic
levels via food chains. Examination of heavy metal
accumulation in living organisms living in the water
environment is important in determining the species
susceptible to heavy metals as well as in determining
the structural and functional disorders that occur in
the organism (Kayhan 2006).

Cadmium (Cd), one of the heavy metals with
toxic effects in environmental pollutants, is very
harmful to aquatic organisms even at low
concentrations (Katalay and Parlak 2002; Asri et al.
2007). Cd is the heaviest metal element with the
highest water solubility. For this reason, the
broadcast speed is high. It is also not one of the
necessary elements of human life. Because of its
solubility property, it is released into biological
systems by plant and aquatic organisms in the form
of Cd*2 and has accumulation properties (Duffus
1980).

An indirect mechanism for the free radical
production caused by Cd is suggested. Cd increases
the amount of non-bound forms of these metals by
taking the place of zinc (Zn), calcium (Ca), copper
(Cu), and iron (Fe) in metalloenzymes. It binds to
thiol groups of free radical scavengers such as
glutathione (GSH) and inhibits antioxidant enzymes
such as catalase (CAT), superoxide dismutase
(SOD), and glutathione peroxidase (GPx). Although
it is Fenton metal, it is thought that it causes the
production of superoxide and nitric oxide, and many
other free radicals and thus leads to peroxidation,
DNA damage, and protein oxidation of cell
membrane structures (Brzoska and Moniuszko-
Jakoniuk 2001; Waisberg et al. 2003; Bertin and
Averbeck 2006).

One of the methods of determining pollution in
the aquatic environment is to determine the levels of
the organisms living in the environment that are
affected by this pollution. The evaluation of
biological markers as an early warning of adverse
changes and damage has been shown as a suitable
tool for Gammarus pulex (Dat et al. 2000; Achary et
al. 2008; Yildirim et al. 2018; Serdar 2019). Reactive
oxygen species (ROS) suppress the antioxidant
system, inducing oxidative stress, lipid peroxidation,
and oxidation of proteins during metabolism
(Almroth et al. 2008; Tatar et al. 2018; Cimen et al.
2020). There is an important balance between the
production of ROS and the removal of antioxidant
defense systems by organisms. ROS is cleared by
antioxidant enzymes and non-enzymatic antioxidants
(Hermes-Lima 2004; Halliwell and Gutteridge 2007;
Serdar et al. 2018). Lipid peroxidation is chain
reaction in which oxidants break down membrane
phospholipids with polyunsaturated fatty acids. Lipid

peroxidation causes damage to bio-membranes,
which can lead to significant consequences for living
organisms (Hermes-Lima 2004; Jemec et al. 2012;
Serdar et al. 2018).

This study was designed to determine the effect
of pollution in the water environment on the
organism in the water together with the global
temperature with the development of the industrial
sector. Therefore, it is aimed to experimentally
determine the effect of sublethal Cd concentrations
on G. pulex, a water organism, at different
temperature levels.

Materials and Methods

Test Organisms

The test organism G. pulex used in the study was
collected from the source part of the tributaries of the
Munzur River of Tunceli province, with hand nets
from the areas that are virgin in terms of domestic and
industrial pollution. Before the experimental study,
organisms were adapted at 10, 14, and 18 + 0.5 °C,
respectively, at the test temperature. Ambient
lighting 12:12 bright: dark it is set to be climate
controlled in its cycle. In this process, the test
organisms were fed with rotten willow leaves.
Organisms were checked daily.

Acute Toxicity (LCso)

Serdar et al. (2019a) determined their Cd LC50
values in G. pulex at 10, 14, and 18 °C. LC50 values
for 10, 14, and 18 °C temperatures are 51.79 + 1.2 pug
L' Cd, 47.67+0.6 ugL* Cd, and 33.93 £ 0.6 pg L*
Cd, respectively. LC50 values used in this study
Serdar et al. (2019a)'s taken from the work they have
done.

Experimental Design

It was recorded that the water temperature in the
natural environment where the test organism was
collected varied between 12 and 14 °C throughout the
year. In the study, experimental temperatures were
chosen as 10, 14, and 18 °C to prevent the test
organism from adapting to laboratory conditions.

In this study, the test organisms were adapted for
at least 25 days for each determined temperature. To
minimize systematic errors, healthy, similar-sized
(w:0.0474 £ 0.0053 gand L: 10.35 + 0.055 mm) and
male organisms were selected.

Exposure of G. pulex to Sublethal Cd
Concentrations

Sublethal concentrations in this study were
chosen from Cd concentrations of 1/40, 1/20, and
1/10 ratios of LC50 values for each temperature. For
this purpose, four different experimental groups, one
of which is the control group, were created. These
experimental groups created as follows are applied
for each temperature experiment;
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1. Group CO, control group, Cd-free

2. Group C1, 1/40 LC50 values of Cd
3. Group C2, 1/20 LC50 values of Cd
4. Group C3, 1/10 LC50 values of Cd

In the experimental design, glass aquariums
and containing 0.5 L Cd concentrations were used. 15
test organisms were added to the aquariums for
each group. Test organisms were exposed to three
different Cd concentrations for 96
hours for each temperature group. All experimental
procedures were performed in three replicates.
Test organisms were not fed in all
experimental procedures, including Cd toxicity tests.

Preparation of Homogenates

The G. pulex specimens for the preparation
of homogenates were passed through pure water.
A pool was created from 15 individuals to be
able to form homogenates from the samples.
After the water was removed with the drying
paper, organisms were weighed and homogenized
by diluting 1/10 in 1.15% potassium chloride
(KCI). The obtained homogenates  were
centrifuged at +4 °C for 15 minutes at 3200 rpm in a
glass tube, after which the supernatants were
separated.

Biochemical Analyses

Changes in the MDA levels were
measured  spectrophotometrically according to
Placer et al. (1966) the modified method.
The CAT activity was determined according to
Aebi (1984). The determination of the GPx
activity was made according to the method described
by Beutler (1975). Protein guantities
were determined according to Lowry et al. (1951)
to calculate specific enzyme activities and MDA
levels.

Biochemical analyzes have shown changes in

Results

The MDA Level

The changes in MDA level of control and
experimental groups in G. pulex which exposed to
sublethal Cd concentrations were given in Table 1.

When the MDA level at 10 °C was examined, C3
group was higher than the control and the difference
between them was statistically significant (p<0.05).
The MDA levels at 14 °C were found to be higher in
C1, C2, and C3 groups compared to the control, but
the difference between them was statistically
insignificant (p>0.05). The MDA levels at 18 °C were
found to be higher in C1, C2, and C3 groups
compared to the control and the difference between
them was statistically (p<0.05).

Belong to temperature the changes in MDA
levels of control and experimental groups in G. pulex
which exposed to sublethal Cd concentrations were
given in Table 1.

When the MDA levels at 10, 14, and 18 °C
temperatures of control group samples were
examined, the MDA level of the group 14 °C was
higher than at 10 and 18 °C and the difference
between them was statistically significant (p<0.05).

When the MDA levels at 10, 14, and 18 °C
temperatures of the C1 group samples were
examined, the MDA level of group 10 °C was lower
than the other groups and between differences were
found to be significant (p <0.05).

When the MDA levels at 10, 14, and 18 °C
temperatures of C2 group samples were examined,
MDA level at 18 °C was found to be statistically
higher than 10 °C temperature (p <0.05). The MDA
level at 14 °C was found to be similar to the
temperature values of 10 and 18 °C (p>0.05).

When the MDA levels of C3 group samples were
examined at 10, 14, and 18 °C temperature, the MDA
level determined at all temperatures was not been

oxidant/antioxidant parameters were evaluated by  shown any statistically ~significant difference
Two Way-ANOVA variance analysis. (p>0.05).
Table 1. Changes in MDA levels at different Cd concentrations depending on temperature
Control Sublethal Cd Concentration Groups
Temperature (°C)
co C1 C2 C3
10 1.03 + 0.40¢Y 0.75+0.3°Y 1.41 + 0.4%Y 1.85+ 0.7
14 1.93 £ 0.6& 1.86 + 1.0 1.81+1.78XY 2.13 £ 1.7
18 0.90 £ 0.3%Y 2.02 £1.0%X 2.71 +£0.28% 3.15+ 1.0%

a, b, c: The difference between the values of different letters in the same row was statistically significant (p<0.05).
X, Y: The difference between the values carrying different letters in the same column was statistically significant

(p<0.05).

The GPx Activity

The changes in the GPx activity of
the control and experimental groups in

G. pulex which exposed to sublethal
Cd concentrations were given in
Table 2.
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The GPx activity at 10 °C was higher in the C1,
C2, and C3 groups than Control, and the difference
between them was statistically significant (p<0.05).
The GPx activity at 14 °C was higher in the Control
and C2 groups than C3 and C1 groups and the
difference between them were statistically significant
(p<0.05). The GPx activity at 18 °C was higher in the
C1, C2, and C3 groups than in the control group, and
the difference between them was statistically
significant (p<0.05).

Belong to temperature the changes in GPx
activity in the C0, C1, C2, and C3 groups of G. pulex
which were exposed to sublethal Cd concentrations
were given in Table 2.

When the GPx activity of the control group was
examined at 10, 14, and 18 °C temperatures, the GPx

activity was the highest at 10 °C and the lowest at 18
°C, and the difference between groups was
statistically significant (p<0.05).

When the GPx activity of the C1 group was
examined at 10, 14, and 18 °C. The GPx activity was
the highest in the C1 group. Between them, the
difference was statistically significant (p <0.05).

When the GPx activity of the C2 group, at
temperatures of 10, 14, and 18 °C was examined in
the GPx activity was the highest at 10 °C and the
lowest at 18 °C and the difference between groups
was statistically significant (p<0.05).

When the GPx activity of the C3 group at
temperatures of 10, 14, and 18 °C was examined GPx
activity was lowest at 18 °C. Between them, the
difference was statistically significant (p <0.05).

Table 2. The GPx activity changes in Cd concentrations depending on temperature

Temperature Control Sublethal Cd Concentration Groups

(°C) Co Cs Co Cs
10 24.54 + 0.4 X 729+029 19.67+£0.7 X 20.88 £ 1.6 ™%
14 17.03 £0.2°Y 20.33+ 0.9 17.48 £0.9 Y 19.67 £ 0.7 X
18 3.54+0.8 7.15+£0.8°Y 11.64+2.8% 13.18 £ 0.3 &

a, b, ¢, d: The difference between the values of different letters in the same row was statistically significant (p<0.05).
X, Y, Z: The difference between the values carrying different letters in the same column was statistically significant

(p<0.05).

The CAT Enzyme Activity

The changes in the CAT activity of the control
and experimental groups in the G. pulex organisms
exposed to sublethal Cd concentrations were given in
Table 3.

When the CAT activity at 10 °C
was examined, C2, and C3 groups it was found
to be statistically higher than the control group
(p<0.05). When the CAT activity at
14 °C was examined, the C1 group
was found statistically higher than the other
groups (p <0.05). When the CAT activity at
18 °C was examined, C2 and C3 groups were
higher than the control group and the difference
between them was found statistically significant

(p<0.05).
Belong to temperature the changes in
CAT activity of control and experimental

groups in G. pulex which exposed to sublethal
Cd concentrations were given in Table 3.

When the CAT activities of the control group
were examined at 10, 14, and 18°C temperatures, the
CAT activity was higher at 14 °C and the lowest at
18 °C temperature, and the difference between groups
was statistically significant (p<0.05).

When the CAT activities of the C1 groupwere
examined at 10, 14, and 18 °C temperatures, the CAT
activity was higher at 14 °C and the lowest at 18 °C
temperature, and the difference between groups was
statistically significant (p<0.05).

When the CAT activities of the C2 group were
examined at 10, 14, and 18 °C temperatures, the CAT
activity was the highest at 10 °C and the lowest at
18 °C, and the difference between groups was
statistically significant (p<0.05).

When the CAT activities of the C3 group were
examined at 10, 14, and 18 °C temperatures, the CAT
activity was the highest at 10 °C and the lowest at
18 °C, and the difference between groups was
statistically significant (p<0.05).

Table 3. The CAT activity changes in Cd concentrations depending on temperature

Temperature (°C) Control Sublethal Cd Concentration Groups

Co Ci (073 Cs
10 64.40 + 40.4 Y 76.91 + 60.7 oY 159.66 + 66.6 2% 179.94 + 78.8 &
14 82.16 + 33.7 bX 157.02 £13.1 ¥ 103.42 £39.0 Y 108.32 £ 32.7 PX
18 4.86+ 1.8 9.20+2.5°% 28.29 +3.6 P2 4532+ 17.6 %Y

a, b, c: The difference between the values of different letters in the same row was statistically significant (p<0.05).
X, Y, Z: The difference between the values carrying different letters in the same column was statistically significant

(p<0.05).
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Discussion

Toxicology examines the damage and destructive
effects of physical or chemical agents on living
organisms. In this context, aquatic toxicology tests
aim to determine at what concentration any substance
harms organisms on aquatic organisms (Karatas
2005).

Bat et al. (2000) determined the LC50 values of
zinc (Zn), copper (Cu), and lead (Pb) toxicity in
freshwater amphipods at G. pulex at three different
temperatures (15, 20, and 25 °C). They reported that
LC50 values were decreased with temperature.
Zauke (1982) investigated the relationship between
Cd's acute toxicity to seasonal variation and
environmental variables in Gammarus tigrinus
natural populations and reported that there is a
relationship between Cd concentration and water
temperature. Piazza et al. (2016), conducted a study
to evaluate the nature of the toxicity test in the study,
in particular, the temperature and salinity changes in
the presence of a toxic substance, and the
environmental impact of information on the role of
these parameters. Changes in temperature and
salinity were observed separately, regardless of
whether reference toxic substances were present, to
obtain initial information on the final test results. As
a result, they reported that temperature and salinity
were effective in organisms. Qiu and Qian (1999),
were indicated that Amphitrite amphitrite at the larval
stage is significantly affected by temperature, as well
as markedly by both survival and development.
Nasrolahi et al. (2013), showed that model
organisms' low temperature and low salinity stress
affect larval growth after 7 and 40 days and that these
environmental changes can directly affect.

In the aquatic environment, pollution can cause
toxic effects such as lipid peroxidation by increasing
ROS production resulting from the imbalance
between ROS concentration and antioxidant defense
system (Regoli et al. 2004). Key antioxidant enzymes
and non-enzymatic antioxidants are influenced by
various single pollutants known to increase ROS
levels (Valko et al. 2006; Ryter et al. 2007).
Oxidative stress, detoxification, and neurotoxicity
biomarkers were used in Gammarids (Yildirim et al.
2019).

Lipid peroxidation, considered as a valuable
indicator of oxidative damage of cellular components
known as the first step in cellular membrane damage,
is caused by pesticides, metals, and other xenobiotics
(Gamble et al. 1995; Regoli et al. 1998). Duman and
Kar (2015) reported that the MDA content of Cd
accumulation in organisms increased depending on
the exposure concentration and duration. Similarly,
in this study, the MDA levels were also increased in
sublethal Cd concentration groups when compared to

the control group (p<0.05). Chandran et al. (2005)
investigated how to change the MDA levels of Cd
and Zn in Achatina fulica. They reported that the
MDA levels increased with increasing Cd
concentration compared to the study data. In this
study, the MDA levels increased with the
concentration of Cd, and the data of the study showed
parallelism.

Vellinger et al. (2013) found that the MDA levels
in G. pulex, where Cd and arsenic (As) were single
and co-administered, were higher than the control
group. They also reported a significant increase
(67.2%) in the MDA levels with increasing Cd
concentration in the individuals. In this study, it was
found that the MDA levels increased due to both
temperature and concentration increase. Sroda and
Cossu-Leguille (2011) investigated the effect of
seasonal changes on antioxidant markers in
Gammarus roeselli. In parallel with the increase in
temperature, the model reported the increase of MDA
level in living organisms. In this study, MDA levels
increased with temperature.

The GPx is a component of a complex
antioxidant defense system and its response is
possibly accompanied by responses of other
antioxidant enzymes and scavenger molecules;
however, its induction may provide an indication of
defense against oxidative stress (Tsangaris et al.
2007). Inhibition of the GPx activity may reflect the
failure of the antioxidant system in contact with
polluting (Ballesteros et al. 2009) or may be related
to the direct effect of superoxide radicals or pollutes
on enzyme synthesis (Bainy et al. 1993). In this
study, GPx activity in G. pulex exposed to Cd
decreased at 10 °C compared to the control group. As
well as GPx activity decreased with the temperature
of exposure to Cd in the G. pulex organism (p <0.05).
In this study, GPx activity decreased with increasing
temperature of exposure to Cd in G. pulex organism
(p <0.05). Depending on the temperature, the
reduction of observed GPx activities may be
associated with decreased glutathione levels. This
decrease in GPx activity in the study is in line with
the studies performed (Serdar et al. 2019b; Kutlu and
Susuz 2004). However, in another study, CAT
activity increased with Cd exposure and this increase
suppressed the increase in GPx (Zhang et al. 2011).
The reason for the increase in GPx activity at 14 and
18 °C temperatures in this study can be explained by
the decrease in CAT activity.

The CAT is a very common enzyme found in
virtually all living organisms that use oxygen. It acts
in water and oxygen formation by catalyzing the
decomposition of hydrogen peroxide (Chelikani et al.
2004). The elevation of these antioxidant enzymes
would be critical in minimizing cellular injury
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(Rajeshkumar et al. 2013). On the other hand, CAT
activity may increase or decrease in contaminated
environments depending on the substance (Sobjak et
al. 2017). In previous studies, it had been expressed
that ROS species can inhibit CAT activity (Kono and
Fridovich 1982; Escobar et al. 1996; Duman and Kar
2015). In this study, while CAT activity decreased
due to increasing temperature but increased due
to increased concentration (Table 3) (p<0.05).
Antioxidative stress activity can change depending
on sexuality, physiological phase, and species (Felten
etal. 2008; Zhang et al. 2011). However, it was found
that Cd exposure concentration and exposure
duration can also alter antioxidative stress activity
(Duman and Kar 2015). They further revealed that
short-term exposure to organic chemical pollutants
leads to the induction of antioxidant enzymes in
aquatic organisms. However, CAT activity was
negatively affected by redox-cycling-inducing
chemicals (Pandey et al 2008; Rajeshkumar et al.
2013). In this study, the CAT enzyme activity is
inhibited by the organisms under stress with
temperature and Cd exposure. Similar to the present
study, decrease in CAT activity have been reported
in aquatic organisms exposed to various pollutants
(Thomas and Murthy 1976; Hasspieler et al. 1994;
Sayeed et al. 2003; Zhang et al. 2004; Crestani et al.
2007; Yildirim et al. 2018). According to the results
found in the literature related to the activity of this
enzyme, potential antioxidant changes by species,
habitat, etc. can be explained (Glusczak et al. 2007).

Many factors that cause chemical pollution
arising from various industrial activities, which
accumulated in living organisms, can be transported
in ecosystems from the lowest of the food chain to in
the top ring chain of the food chain.

Physiological factors, such as temperature and
salinity, can be an important factor in
ecotoxicological analyses when exposed to the
stressors of organisms (Piazza et al. 2016).

In this study, it was determined the oxidative
response of exposure to at different temperature
sublethal Cd concentrations of G. pulex, which is
used as a clean water indicator in ecotoxicological
evaluations. In this study, it can be concluded that
stress conditions provided by Cd exposure at
sublethal concentrations and different temperatures
evoked specific responses in G. pulex. Therefore, the
above results indicate that Cd and temperature an
environmental pollutants as oxidative stress.
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This study was carried out to determine the population parameters of Garra rufa
in Merzimen Stream, Euphrates River Basin between May and November 2013.
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Merzimen Cay1 (Firat Havzasi) Garra rufa (Heckel, 1843) Popiilasyonuna Ait Yas ve Biiyiime Parametreleri

Oz: Bu ¢alisma Merzimen Cay1 Garra rufa popiilasyonuna ait populasyon dinamigi parametrelerini belirlenmesi amactyla Mays-
Kasim 2013 tarihleri arasinda yiirtitiilmistir. Elektrosok kullanilarak toplam 365 6rnek yakalanmigtir. Yakalanan bireylerin yaglari
0 ile V. yas gruplar arasindadir. Incelenen bireylerin boy degerlerinin 2,9-16,8 cm ve agirlik degerlerinin ise 0,21-69,27 g arasinda
degisim gosterdigi belirlenmis olup ortalama total boy ve agirlik degerleri sirasiyla 9,6743,52 cm ve 15,69+14,75 g olarak
hesaplanmistir. Boy-agirhik iliskisi W=0,01241.29888 olarak belirlenmis olup izometrik biiyiime 6zelligi sergiledigi goriilmiistiir.
Diger populasyon degiskenleri ise Lx: 19,98 cm, k: 0,275 ve to: -1,157 olarak hesaplanmistir. Fulton’un kondisyon faktorii ve
biiyiime performans endeksi K: 1,24 ve @'": 2,04 olarak tahmin edilmistir. Toplam (Z), dogal (M) ve balik¢ilik (F) nedeniyle olan
6lim oranlar1 ve stoktan yararlanma diizeyi (E) sirasiyla 0,452, 0,295, 0,156 ve 0,347 olarak hesaplanmigtir.

Anahtar kelimeler: Oliim orani, sémiiriilme orani1, Gaziantep, populasyon parametreleri
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muddy streams, small ponds, and lakes but it appears
most often in lotic environments and hiding under

Introduction
Garra rufa is a benthopelagic, non-migratory

freshwater fish live in a variety of habitats including
rivers, small muddy streams, small ponds, and lakes
(Krupp and Schneider 1989). Its native distribution
includes the Jordan, Orontes (=Asi), Quwayq, and
Tigris-Euphrates river basins and coastal drainages of
the eastern Mediterranean as well as much of
southern Iran (Coad 2015). This species is relatively
small (typically less than 15 cm) and short-lived with
the cooperation of other cyprinid species (Jarvis
2011). Garra rufa is a bottom dweller resident to a
variety of freshwater habitats such as rivers, small

and among stones and vegetation (Krupp and
Schneider 1989). Briefly, G. rufa has been recorded
in a wide range of water temperatures (5.8-35.0°C)
and appears capable of tolerating degraded systems
(Jarvis 2011).

The species is known to adhere by suction to
rocks with its ventral crescent-shaped mouth to feed
on benthic algae (Ozer et al. 1987; Yal¢in-Ozdilek
and Ekmeke¢i 2006). It is a generalist feeder but
periphyton tends to make up most of its diet as a
benthic grazer. Garra rufa is not considering an
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economic value as a food source however it is an
appropriate  prey  for  piscivorous  fishes.
Eutrophication resulting from the input of various
contaminants may result in favorable algae growth,
important as a food source for G. rufa (Yal¢in-
Ozdilek and Ekmek¢i 2006). Additionally, in the
aquariums, juveniles’ specimens acting as cleaner
fish on ectoparasites of other aquarium species
(Baensch and Riehl 2004). This species also occurs
in Kangal hot springs in Central Anatolia, where it
feeds on the skin scales of bathers, reducing illnesses
such as neurodermatitis (Ozcelik et al. 2000;
Grassberger and Hoch 2006). This feeding behavior
has piqued the interest of the spa industry in North
America, where the fish is being imported to be
utilized in a novel form of pedicure and manicure
service (Jarvis 2011).

To estimate weight corresponding to a given
length, growth rates, length and age structures, and
other components of fish population dynamics,
length, and weight data are needed (Froese 2006).
Also, the length-weight data of a species in different
habitats will be useful to compare the life history and
morphological aspects of populations inhabiting
different habitats (Segherloo et al. 2015). Therefore,
investigations on the biological characteristics of fish
are very important for fisheries management and the
protection of wildlife of species.

Compared with other economically important
species, little attention has been paid to the biology
of small size species that have no commercial value
(Abdoli et al. 2002). While there are some studies
carried out on distribution, hematology, genetic, and
morphology (Ergene and Cavas 2004; Kara and Alp
2005; Karahan 2007; Kuru et al. 2010; Duman 2010;
Durna et al. 2010; Yedier et al. 2016) up to now only
one study found on the population features of G. rufa
(Kirankaya et al. 2008) Valuable studies also
conducted on the species to provide some
information on the morphology, reproductive
characteristics, life history aspects, length-weight
relationships (Esmaeili et al. 2005; Yazdanpanahi
2005; Esmaeili and Ebrahimi 2006; Patimar et al.
2010; Teimori et al. 2011; Hamidan and Britton
2013) in Iran. There are very limited data available
on age structure, growth, mortality rates of this
species in Turkey or any country until now. Because
of a few studies conducted on the population features
of the species, little is known about the population
parameters of the species. The aim of this study
provides some information on age, growth, mortality,
and exploitation rates of the G. rufa living in
Merzimen Stream.

Materials and Methods

This sampling was carried out from May to
November 2013 by monthly intervals in Merzimen
Stream (Gaziantep), Euphrates River Basin. A total
of 365 specimens were caught using a backpack
electrofisher (SAMUS 725MP). The collected
specimens were fixed in 10% formalin, and then
transferred to the laboratory, and stored in 70%
ethanol for further processing. In the laboratory, to
determine the population parameters, the total length
and weight of each sample were determined to be the
nearest 1 mm and 0.01 g, respectively. Remove the
scale samples from the left side of the abdomen to the
dorsal fin to determine the age. Immerse the fish
scales in water and check them twice independently,
without reference to previous readings, or to the
length or weight of the fish under a stereo binocular
microscope. The assessment of age is based on the
determination of the number of rings on each scale.

Length-frequency data is plotted at 1 cm length
intervals. The length-weight relationship (LWR) is
determined according to the allometric equation
W = a*L® (Sparre and Venema 1998). In this
equation, W is the total weight, L is the total length,
and a and b are regression constants. The increase in
length and weight is represented by von Bertalanffy
equation L= L,[1-e*¢9] and Wy = W,, [1-e*]°,
The growth parameters L., k and t, and are estimated
using the least square method recommended by
Sparere and Venema (1998).

The least-squares method used to estimate the
LLR with the total length between different body
lengths to fit a simple linear regression model, where
Y = a+bX, where Y: various body lengths, X: body
length, a: ratio constant, b: regression coefficient.
The percentage of length growth rate is calculated by
the formula GR = ((Lt+1-L¢)/(Lt))*100. Where Ly: fish
length at age t, Lw1: fish length at age t+1.

The following formula used to calculate the
growth performance index (®): ®" = logk +2logL..
(Pauly and Munro, 1984). The Fulton condition
factor (K) is calculated by the following formula:
K =100 W/ L ~ 3 where; W: total weight, L: total
length (Sparre and Venema 1998).

The correspondence between the empirical
data and the expected distribution was tested by Khi2
test. The b value was tested by t test to verify that
it is significantly different from isometric growth
(b: 3).

Results
A total of 365 specimens were caught during the
sampling period. Age of G. rufa varied from 0 to V
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age groups and the most frequent age groups were 0
(29.6%), 1l (29.3%), and | (21.4%), respectively
(Table 1). The total length ranged from 2.9 to
16.8 cm with a mean of 9.67+£3.52 c¢cm and total

weight varied from 0.21 to 69.27 g with a mean of
15.69+£14.75 g. It was evident that G. rufa grew
rapidly in its first year after which the growth rate
decreased with increasing age.

Table 1. Age, length, and weight-frequency distribution of Garra rufa from Merzimen Stream.

Total Length (cm) Total Weight (g)

Age n %n Range Mean+SD | Growth Rate (%) Range Mean+SD
0 108 29.6 2.9-74 5.31£1.06 0.21-7.58 2.08+1.28
| 78 21.4 6.7-12.1 8.86+1.33 66.85 3.5-24.80 9.15+4.57
| 107 29.3 9.3-13.7 11.57£1.12 30.58 8.51-40.43 20.00+7.45
Il 54 14.8 11.1-155 13.45+1.23 16.24 16.40-53.60 30.58+11.05
v 10 2.7 13.6-15.9 15.04+0.84 11.82 19.12-55.92 38.61£12.16
V 8 2.2 15.3-16.8 16.29+0.48 8.31 24.55-69.27 62.34+6.32
p) 365 2.9-16.8 9.67+£3.52 0.21-69.27 15.69+14.75
The LLRs with total length among different body  Discussion

lengths were obtained as FL=(0.9374*TL)-1.9924,
SL=(0.866*TL)-3.1849 and  SL=(0.9252*FL)-
0.2015. Relationship equations among different body
length parameters were found highly significant
(p<0.01). The LWRs for G. rufa is presented in
Figure 1. The relationship was determined as
W=0.0124*1%%88 (95% CI of b: 2.9386-3.0409). The
b value was not significantly different from 3.0
(p<0.001), which indicates isometric growth of
G. rufa in the Merzimen Stream.
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Figure 1. Length-weight relationship of Garra rufa
from Merzimen Stream.

The von Bertalanffy growth parameters were
estimated as follows L.: 19.98 cm, W, : 96.07 g,
k: 0.275 year® and to: -1.157 years. The von
Bertalanffy growth parameters calculated using the
mean total length and total weight at ages were; Lt =
19_98[1_e»0.275(t+1.157)], W = 96_07[1_e—0.275(t+1.157)]2.9888.
The growth performance index (®') and Fulton’s
Condition Factor (K) were estimated as 2.04 and
1.24+0.25 (0.47-2.52), respectively.

Instantaneous total (Z), natural (M), and fishing
(F) mortalities were estimated 0.452, 0.295, and
0.156 year™, respectively. The exploitation rate (E)
was calculated as 0.347.

The oldest fish in this study was V years old and
the age was not determined older IV age in the
previous studies (Kirankaya et al. 2008; Abedi et al.
2011; Pazira et al. 2013). The instantaneous growth
rate also increased up to age | and then decreased
with increasing age.

The maximum length was given as 14.1 cm in
total length by Froese and Pauly (2019). However, a
specimen is 16.8 cm in length was caught in this
study. Therefore, it suggested that the maximum
length of the species may reach moreover the
observed length. Theoretical maximal length and
weight were estimated at 19.98 c¢cm and 96.07 g,
respectively in this study. The value of L. was
16.82 cm in the Dalaki and Shapour rivers population
in Iran (Pazira et al. 2013). The value estimated in
this study seems to be realistic.

The LLRs are useful for standardization of length
type. The LLRs with total length among different
body lengths were obtained as FL = (0.9374*TL)-
1.9924, SL = (0.866*TL)-3.1849 and SL =
(0.9252*FL)-0.2015. Relationship equations among
different body length parameters were found highly
significant (p<0.01). Gerami et al. (2013) reported
the LLRs as SL = 0.728TL-1.030 in Cholvar River,
Iran. The LLRs has highly correlated with Gerami et
al. (2013). For the variations of LLRs in the same
species from different locations, the ecological
conditions of the habits or variation in the physiology
of animals, or both, are responsible (Le Cren 1951).

The calculated coefficient b varied among the
species from a minimum of 2.74 to a maximum of
3.196 with the median value of 3.02 in the previous
studies (Table 2). According to these values, the
growth characteristic of the species is generally
isometric; however, it was also reported as negative
allometric growth in some habitats (Table 2).
According to the b value estimated in this study the
growth type of G. rufa is isometric (b=2.9888, ClI of
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b: 2.9386-3.0409) and show similarity with the
median value of the previous studies given in
Table 2.

Changes in the b exponents of the same species
may be due to differences in sampling, sample size,
or length range. Also, differences in age, maturity,
growth in food and environmental conditions (such
as temperature and seasonality) also affect the b value

of the same species (Weatherley and Gill 1987).
In addition, it is known that there are
differences in biological characteristics between
populations of the same species living in different
regions (Pazira et al. 2013). Growth is affected by
many factors, including gender, life history strategy,
food type and availability, and temperature (Sarthan
et al. 2007).

Table 2. Length-weight relationship and von Bertalanffy growth parameters for Garra rufa

a b Lo k to K Habitat References
cm) | (year?) | (vear)
0.0119 3.139 Iran Esmaeili and Ebrahimi
2006
0.0063 3.112 2.03 Armand Stream, Iran Abedi et al. 2011
(0.87-3.14)
0.0075 3.149 Euphrates River, Turkey | Birecikligil and Cigek
2011
0.0223 291 16.82 0.198 -1.14 Dalaki and Shapour Pazira et al. 2013
rivers, Iran

0.000005 3.196 1.218+0.18 Cholvar River, Iran Gerami et al. 2013
0.00005 2.74 Tange River, Iran

0.00002 2.86 Beshar River, Iran

0.00001 2.99 Mazoo River, Iran

0.05 2.95 Palangan River, Iran
0.01 3.00 Sirvan River, Iran Segherloo et al, 2015

0.00002 2.96 Kheirabad, Iran

0.00001 3.19 Gamasiab River, Iran

0.00001 3.16 Ghalate River, Iran

0.00001 3.08 Cheshme gerdab River,

Iran

0.00001 3.14 Maroon , Iran River

0.00001 3.02 Dashte chenir River, Iran

0.00001 2.82 Kheirak-shekarak, Iran

0.00001 2.86 Tange faryab River, Iran

0.0044 3.06 Jarrahi River, Iran Keivany and Zamani-

Faradonbe 2017
0.0124 2.9888 | 19.98 0.275 -1.157 1.24+0.25 Merzi_lrper;( Stream, This study
urkey

Estimated Fulton’s Condition Factor is highly
correlated with Cholvar River population (Gerami et
al. 2013), however, the value was found lower than
that of the Armand Stream population (Abedi et al.
2011).

The growth performance index (®') was
estimated as 2.04 in this study. This value has been
estimated 1.71 and 1.79 for females and males,
respectively by Pazira et al. (2013).

According to Froese (2006) and Clark (1928) had
pointed out that condition factors can only be
compared directly if either b is not significantly
different from 3 or the specimens to be compared are
of similar length. The growth type is isometric

because of b value is not different from 3.
The estimated K value is highly correlated
with Cholvar River (Gerami et al. 2013)
however smaller than Armand Stream populations
Abedi et al. (2011). The condition factor of
a fish reflects physical and biological circumstances
and fluctuations by interaction among feeding
conditions, parasitic infections, and physiological
factors (Le Cren 1951) ecosystems. According to
Khristenko and Kotovska  (2017) and
Pravdin (1966) condition factors of the population
may depend on not only its age and gender
composition but also environmental elements and
season as well.
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Mortality estimates are important for fisheries
management. Knowing these ratios can help
managers set the harvest limit to maximum
sustainable yield (MSY) or optimal sustainable yield
(OSY) so that resource stakeholders get the most
benefit (Sparre et al. 1999). However, there was not
found any study on the mortality rates of G. rufa. The
mortality rates were estimated for the first time for
this species in this study. According to mortality and
exploitation rates, there was no overfishing pressure
on the population.
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Entropy Modelling (MaxEnt) under climate change scenarios: implications for
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(IUCN) was explored. Bioclimatic variables (Bio 1-19) were applied to determine
the habitat suitability of S. lendlii under a current and a future (CCSM4, RCP’s * CORRESPONDING AUTHOR
2.6, 4.5, and 8.5 2070) scenario using MaxEnt software. The most influential
variables were respectively bio_15, bio_14, bio_8, bio_4, bio_3, and the
environmental variable that decreases the gain the most when it is omitted was
the precipitation seasonality (Coefficient of Variation) (bio_15). S. lendlii is a
sensitive species, with a not endurance to environmental stress. As a result of the
modeling, it has been observed that there will be a significant decrease in the
suitable habitats until 2070.
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Maksimum Entropi Modellemesi (MaxEnt) kullanarak endemik bir tath su balhk tiiriiniin olan
Seminemacheilus lendlii (Hanko, 1925)’in giincel ve gelecek potansiyel habitat uygunlugunun tahmini: koruma
icin cikarimlar

Oz: iklim degisikligi, yiizyilin 6nemli olaylarindan biridir. Son yillarda tiir dagilim modelleri tiir koruma planlamalari igin popiiler
hale gelmistir. Bir tiir i¢in yonetim ve koruma planlari yaparken, mevcut ve gelecekteki potansiyel dagilim alanlarinin bilinmesi
esastir. Beklenen sicaklik ve yagis degisiklikleri, tiirlerin dagilim alanlarini 6nemli 6l¢giide etkileyecektir. Bu degisiklikler, bazi tiirler
icin habitat kayiplarina ve baz tiirleri i¢in ise habitat genislemesine neden olabilir. Bu ¢alismada Tirkiye'de ¢ok dar bir alanda
dagilim gosteren ve Uluslararast Doga Koruma Birligi (IUCN) tarafindan koruma statiisii "Vulnerable' olarak kategorize edilen
Seminemacheilus lendlii'nin giincel ve gelecekteki potansiyel uygun habitatlarin arastirilmasi yapilmistir. S. Lendlii’nin giincel ve
gelecekteki uygun habitatlarinin belirlenmesi i¢in 19 bioklimatik degisken (Bio 1-19) ve gelecek uygun habitat tahmini i¢gin CCSM4’
iin {i¢ emisyon senaryosu (RCP 2.6, 4.5 ve 8.5 2070) kullanilmustir. Tiirlin dagiliminda en fazla katkiyr saglayan iklim degiskenleri
sirastyla bio_15, bio_14, bio_8, bio_4, bio_ 3’ tiir. Modele kazanimi en fazla etkileyen degisken mevsimsel yagis (Bio 15) olmustur.
S. lendlii, gevresel strese dayanikli olmayan hassas bir tiirdiir. Yapilan modelleme sonucunda 2070 yilina kadar tiiriin uygun
habitatlarinda 6nemli bir azalma olacagi goriillmiistiir.
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Introduction

Species distribution models (SDMs) are used in
ecology, biogeography, and species conservation
(Qin et al. 2017). SDMs are beneficial devices and
make an essential contribution in determining the
current and future distribution habitats of a species.
The usage and frequency have been increasing in
recent years.

Biotic, abiotic factors, movement factors, and
climate change determine the species’ geographical
distribution limits (Yousefi et al.2020). Climate
change is responsible for the expansion and
contraction of distribution areas of terrestrial and
freshwater species (Walls 2009). Anthropogenic
effects have an essential role in the distribution of
species. Studies have shown that climate changes the
phenology and distribution of freshwater species
(Yousefi et al. 2020). Species have three responses to
climate change; adapting to the new climate,
migrating to suitable habitats, or extinction
(Olusanya and van Zyll de Jong 2018). Many species
are likely to be negatively affected by climate change,
but all of them. It is crucial to determine the
expansion or contraction of the distribution area of
the species as a result of climate change. Once the
responses to climate change are determined, it will be
possible to make species protection action plans
(Kafash et al. 2018).

Geological structure, topography, different
features of aquatic ecosystems, and different eco-
zones are the main factors affecting the species
diversity of Turkey (Cicek et al. 2018a). The fish
species diversity of Anatolia is plentiful, and 47.4%
of the fish fauna endemic. However, a significant part
of the endemic species is endangered or have
population decreasing (18 species 9.3% Critically
Endangered (CR) and 38 species 19.6% Endangered
(EN), 17 species 8.8% Vulnerable (VU) (Cigek et al.
2018b).

In Turkey, species distribution model studies
have usually been carried out for plants, mammals,
and reptilian (Afsar et al. 2016; Tok et al. 2016;
Diilgeroglu and Aksoy 2018; Kog et al. 2018; Giil et
al. 2018; Siiel et al. 2018; Svenning and Avci 2018;
Rodriguez-Rey et al. 2019) however there are no
species distribution modeling studies for freshwater
fish. This study will make an essential contribution to
filling this gap.

There are six species of the genus
Seminemacheilus distributing in Turkey. General
distribution areas of the genus are the Eastern
Mediterranean basin, Sakarya Basin, Goksu river,
Konya province, Sultan Marshes (Sungur et al. 2018;
Cigek 2020). S. lendlii, distributed the Lakes Aksehir
and Eber basins besides from the upper Porsuk
stream basin (Ci¢ek 2020). The IUCN protection

status of the S. lendlii is VU (Freyhof 2014). Eber
Lake and Aksehir Lake surface volume is gradually
decreasing (Sener et al. 2010). Also, Porsuk stream
and its tributaries, which are accepted as the type
locality of the species (Yogurtguoglu et al. 2020), are
under the pressure of agriculture, settlement areas,
and increasing industry (Kdse et al. 2018). As a result
of climate change, a decrease in precipitation, and an
increase in temperatures (Oztiirk 2002) may cause
the loss of the habitats of the species. For this reason,
determining the current and future suitable habitats of
the species is important for the protection of the
species.

The main goal of the study is to determine the
current and future potential distribution habitats of S.
lendlii using SDM.

Materials and Methods

There are many species distribution models
(SDM); however, MaxEnt has demonstrated
corrected prediction potential in simulations and
assessment with presence-only data (Hijmans and
Graham 2006; Phillips and Dudik 2008). One of the
most broadly used SDMs in the last years is the
software Maxent (Kramer-Schadt et al. 2013).

Seminemacheilus genus is represented by six
species, Seminemcaheilus ahmeti, Seminemacheilus
attalicus, Seminemacheilus dursunavsari,
Seminemacheilus  ekmekciae,  Seminemacheilus
ispartaensis, and Seminemacheilus lendlii in Turkey
(Cigek et al. 2018b; Sungur et al. 2018; Cigek 2020;
Fricke et al. 2020; Yagurtguoglu at al.2020). The
occurrence records of the S. lendlii were obtained
from the literature (Cicek 2020; Mangit et al. 2017,
Sungur et al. 2018) and GBIF (Global Biodiversity
Information Facility) database (GBIF.org 2020)
(Figure 1).

High resolution (30 arc second, ~ 1 km?) climate
data were used in the current and future estimation
(Table 1) (Hijmans et al. 2005). General Circulation
Model (GCM) Representative Climate Community
Climate System Model version 4 (CCSM4) is a
climate model with ingredient representing the
atmosphere, ocean, sea ice, and land surface
connected by a flux coupler (Colins et al. 2006; Gent
et al. 2011), was used to predict the influence of the
future climate on S. lendlii. CCSM4 model is an
effective climate projection to give notice the impact
of future climatic changes on the distribution of
animal species (Liang et al. 2018; Mohammedi et al.
2019)

To determine habitat suitability range in the
2070s (2061-2080), RCP2.6 (the optimistic scenario
for greenhouse gas emissions), RCP4.5 (the
stabilized scenario for greenhouse gas emissions),
and RCP8.5 (the pessimistic scenario for greenhouse
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gas emissions) were used the wversion 1.4
(www.worldclim.org) (Hijmans et al. 2005).

Using the Pearson correlation test (ENM Tools,
1.4.4) (Warren et al. 2010), similar variables were
removed from the model. In models, r> <0.90
threshold value was taken, and variables with a
coefficient higher than 0.90 were excluded from the
model (Table 2). MaxEnt Modeling was used in the
study (MaxEnt version 3.4.1) (Phillips et al. 2017).
MaxEnt operated with maximum iterations of 5000,
convergence threshold of 0.0001, and six background
points. 80% of occurrence records were randomly
selected and used for training data, the rest were used
test data (20%), and twelve times replicated. To
evaluate the performance of the model, the area under
the curve (AUC), the receiver operating
characteristic (ROC) were used. AUC model

30°0'0"E

performance is a measure, ranges between 0 and 1,
and excellent discrimination demonstrates a value of
1 (Gebrewahid et al. 2020).

We gathered six reliable sites of the current
presence of S. lendlii, distributed across the Porsuk
stream, Eber lake, and Aksehir lake (Figure 1), which
corresponded to previously described areas (Cigek
2020; Freyhof et al. 2011; Mangit et al. 2017). The
complete model was trained with the twelve variables
already selected. After working this model with
MaxEnt, an adjustment of variables that significantly
subscribed to explain the geographic distribution of
the species, by % contribution, or permutation
significances were chosen for an ultimate predictive
model. All environmental and climate layers are
prepared in ArcMap 10.8 version (ESRI Inc.;
WWW.esri.com).
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Figure 1. Distribution map with the occurrence localities of the S. lendlii

Table 1. Environmental variables used for modeling the potential distribution of S. lendlii.

Variable Description Source
Biol Annual Mean Temperature http://www.worldclim.org
Bio 2 Mean Diurnal Range (Mean of monthly (max temp/min temp) http://www.worldclim.org
Bio 3 Isothermality (B102/BIO7) * 100) http://www.worldclim.org
Bio 4 Temperature Seasonality (standard deviation *100) http://www.worldclim.org
Bio 5 Max Temperature of Warmest Month http://www.worldclim.org
Bio 6 Min Temperature of Coldest Month http://www.worldclim.org
Bio 7 Temperature Annual Range (BI105-B106) http://www.worldclim.org
Bio 8 Mean Temperature of Wettest Quarter http://www.worldclim.org
Bio 9 Mean Temperature of Driest Quarter http://www.worldclim.org
Bio 10 Mean Temperature of Warmest Quarter http://www.worldclim.org
Bio 11 Mean Temperature of Coldest Quarter http://www.worldclim.org
Bio 12 Annual Precipitation http://www.worldclim.org
Bio 13 Precipitation of Wettest Month http://www.worldclim.org
Bio 14 Precipitation of Driest Month http://www.worldclim.org
Bio 15 Precipitation Seasonality (Coefficient of Variation) http://www.worldclim.org
Bio 16 Precipitation of Wettest Quarter http://www.worldclim.org
Bio 17 Precipitation of Driest Quarter http://www.worldclim.org
Bio 18 Precipitation of Warmest Quarter http://www.worldclim.org
Bio 19 Precipitation of Coldest Quarter http://www.worldclim.org
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Table 2. Correlation Test of nineteen bioclimatic variables (r2> 90 are bold).
bio 1 bio 2 bio 3 bio 4 bio 5 bio 6 bio 7 bio 8 bio 9 bio 10 bio 11 bio 12 bio 13 bio 14 bio_15 bio 16 bio 17 bio 18 bio 19

bio_1 0,28 049 017 o081 079 015 025 082 0,92 0,88 0,38 0,49 -0,21 0,64 0,51 -0,18 -0,25 0,64
bio_2 0 0 080 o075 072 -0,28 087 020 037 0,53 -0,09 0,11 0,12 -0,17 0,48 0,12 -0,15 -0,08 0,09
bio_3 0 0 0 040 066 011 052 0,28 044 0,56 0,27 0,36 0,34 0,12 0,40 0,33 0,16 0,20 0,34
bio_4 0 0 0 0 069 -045 097 006 037 0,53 -0,31 0,24 0,15 -0,15 0,47 0,18 -0,16 -0,13 0,08
bio_5 0 0 0 0 0 030 069 022 080 0,96 0,45 0,37 0,42 -0,27 0,75 0,44 -0,25  -0,27 0,49
bio_6 0 0 0 0 0 0 -048 014 054 0,51 0,98 0,21 0,36 -0,12 0,30 0,37 -0,09 -0,18 0,55
bio_7 0 0 0 0 0 0 0 0,10 0,33 0,50 -0,32 0,18 0,11 -0,16 0,46 0,13 -0,16 -0,11 0,04
bio_8 0 0 0 0 0 0 0 0 0,10 0,23 0,20 -0,05 -0,04 0,14 -0,06 -0,05 0,18 0,22 -0,13
bio_9 0 0 0 0 0 0 0 0 0 0,85 0,62 0,29 0,37 -0,38 0,66 0,40 -0,35 -045 0,53
bio_ 10 0 0 0 0 0 0 0 0 0 0 0,64 0,42 0,49 025 0,74 0,51 -0,23 -0,28 0,59
bio_ 11 0 0 0 0 0 0 0 0 0 0 0 0,27 0,43 -0,13 041 0,43 -0,10 -0,19 0,60
bio_12 0 0 0 0 0 0 0 0 0 0 0 0 0,88 0,39 0,41 0,90 0,41 0,30 0,81
bio_13 0 0 0 0 0 0 0 0 0 0 0 0 0 0,07 0,67 0,99 0,09 -0,01 0,94
bio_14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0,57 0,06 0,99 0,94 -0,08
bio_15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0,68 -0,56 -0,58 0,73
bio_16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0,08 -0,02 0,95
bio_17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0,95 -0,06
bio_18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0,16
bio_ 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Results

The calibration of the model for S. lendlii was
excellent (AUCmean=0.957 and standard deviation
0.079, Figure 2). The results indicated that S. lendlii's
current distribution, characterized by the selected
variables, is excellent. Maxent models with adequate
predictive power were applied to present and future
climate data to assess the potential distribution of S.
lendlii in these periods. The test of the jackknife
analysis indicates the distribution of S. lendlii was
mainly influenced by the mean temperature of the
wettest quarter (Bio 8), temperature seasonality
(standard deviation *100) (Bio 4), and isothermality
(B102/B107) * 100) (Bio 3) (Figure 3). The average
temperatures of the rainiest season (1980-2010)
natural distribution areas of the species are between
0.7-15.3 °C, and the annual average temperatures are
in the range of 0 - 22.5 °C (MGM 2020). The region
where S. lendlii is distributed in the Porsuk River
(Eymir), water temperature 4.80, 19.7 °C, pH 7.31-

8.02, Dissolved Oxygen 7.74-12.13 mg / L, Salinity
(0.27-0.33) and EC (326-1767 us/cm) (Kose et al.
2016).

The AUC values and standard deviations
were 0.957 and 0.079 respectively, indicating that
the expected findings were correct. The
species habitat model was by twelve environmental
variables (Figure 3 and Table 3). In this study, five
climatic parameters (Bio_8, Bio 15, Bio 14,
Bio_3, Bio_4) for contributed more than 10%
(Table 3). Predictions of the relative contributions of
bioclimatic variables to the target species
are indicated in Table 3. Mean Temperature of
Wettest Quarter (Bio_8) was the climatic variable
with the highest percentage contribution for S.
lendlii.

According to the result of future modeling, the
distribution range of the species will dramatically
change in 2070, suggesting that S. lendlii would lose
a significant part of its suitable habitats (Figure 4).

Average Sensitivity vs. 1 - Specificity for S_lendlii
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Figure 2. ROC curve and AUC values for Maxent model

Table 3. Prediction of relative contributions and permutation significance of the predictor environmental variables to the

MaxEnt model.

Bio | Bio Bio Bio
Variable 8 15 14 3

Bio Bio | Bio | Bio | Bio | Bio | Bio Bio
4 6 1 2 9 5 13 12

Percent contribution 25.6 25 22.6 12

9.5 38 109 03|01 ] 01 0 0

Permutation importance | 12.2 | 20.6 | 369 | 1.2

103 | 69 | 88 | 2.2 0 0.9 0 0




Aksu 2021 - LimnoFish 7(1): 83-91

88
Jackknife of regularized training gain for S_lendlii
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Figure 4. Habitat suitability maps of S.lendlii under current conditions and future CCSM4 emission scenario for the year

2070.
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Discussion

This study provided important data on the future
projection of S. lendlii. According to the most
pessimistic climate scenario of the species, it has
been observed that it is likely to lose a significant part
of its suitable habitats.

It is predicted that climate change would affect
the distribution of species. Some species expand their
distribution areas as a result of climate change, while
others may decrease (Yousefi et al. 2020). Aquatic
organisms are likely to be directly affected by climate
change. Especially the settlement of invasive species,
anthropogenic pressures, and changes in water
structures will create significant changes in
freshwater fish habitats, which collectively might
impact native and endemic fish species, in particular,
with restricted distribution range and low abundance
populations.

Global climate change causes significant changes
in temperature and precipitation patterns. Expected
changes are predicted that the temperature will
increase by 4.5 degrees, and the precipitation will
decrease according to the pessimistic scenarios
(RCP8.5) (Demircan et al. 2014). This may result in
some water sources drying out. This negative change
in water systems may result in the extinction of
species that are distributed in limited areas.

The IUCN protection status of the S. lendlii
species is vulnerable. Its population exists in limited
areas (Freyhof 2014). Although the existence of the
species is known in the Sakarya Basin, the records
about it are recent. It was recorded from only one
point of Sakarya basin (Ci¢ek 2020), Lake Eber
(Mangit et al. 2017), and Aksehir lake (Freyhof et al.
2011). Eber and Aksehir lakes have reached the point
of losing a significant part of their water (Sener et al.
2010) and Sakarya basin is under pollution pressure
(Kose et al. 2018). Further, increasing industrial and
agricultural pollution will significantly affect fish
habitats. These adverse conditions would end up with
the loss of valuable habitat areas of the species.

In the areas where S. lendlii species are currently
distributed, there is a decrease in water resources in
summer. There are intense irrigation activities in the
current habitat regions of the species. The Porsuk
stream sampling localities have water almost to dry
up due to irrigation in summer, and there is only
water in rainy seasons. Dissolved oxygen levels can
decrease as much as (1.96-7.74 mg/l) due to pollution
pressure in the Eber lake basin where the species is
distributed (Kose et al. 2016). Eber Lake and Aksehir
Lake lose a significant part of the water body in the
summer months due to the unconscious use of water
and the decrease in precipitation. As a result of
climate change (RCP 8.5, 2070-2100), an
approximate temperature increase of 4-6 °C and a

decrease in precipitation are expected in Sakarya and
Akargay basins (Akcakaya et al. 2015). This may
result in the reduction of spring waters and loss of
suitable habitats.

The variables that most affect the current and
future distribution of the species are Mean
Temperature of  Wettest Quarter  (bio_8),
Temperature Seasonality (standard deviation x 100)
(bio_4), Bio 3 Isothermality (B102/B107) * 100),
Precipitation of Driest Month (Bio-14), and
Precipitation Seasonality (Coefficient of Variation)
(Bio_15). It was seen that the decrease in
precipitation and the increase in temperature would
change the future habitats of S. lendli (Figure 4).
Population decline over the past ten years for S.
lendlii is inferred to be at least 30% (Freyhof 2014).
These losses will increase rapidly with the effect of
climate change.

SDM is a reliable tool to determine the future
distribution of invasive and native fish species. It is
essential to determine the distribution range for the
protection and implementing proper conservation of
endemic species distributed in a limited area. Fishes
can be used as indicators of organism at individual,
population, environmental, and community levels
(Yousefi et al. 2020); therefore, fish can be
continuously monitored to determine how freshwater
ecosystems respond to climate change. This study
recommends that all freshwater ecosystems in
Turkey have to be monitored regularly for the
successful conservation of freshwater fishes under
climate change.
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Alabalik Isletmelerinin Yapisal Ozellikleri ve Su Uriinleri Desteklemelerine
Iliskin Goriislerinin Degerlendirilmesi: Kahramanmaras, Gaziantep ve
Sanhurfa Illeri Ornegi

Serhan CANDEMIR*

Dogu Akdeniz Gegit Kusagi Tarimsal Arastirma Enstitiisii Miidiirliigii, Kahramanmarag

6z MAKALE BiLGIiSi

Bu calismada Kahramanmaras, Gaziantep ve Sanliurfa illerinde alabalik {iretimi ARASTIRMA MAKALESI
yapan balikgilik isletmelerinin su iiriinleri desteklemelerine iliskin yargilari analiz

edilmistir. Illerde toplam 77 adet isletme bulunmakta olup, toplam 21 isletme ile Gelis :12.07.2020 E E
anket ¢aligsmasi yliriitiilmiistiir. Yetistiricilerin su {iriinleri desteklemeleri ile ilgili Diizeltme  :10.09.2020 . .
yargilarinin analizinde ¢ok boyutlu 6lgekleme ydnteminden yararlanilmistir. Kabul . 16.09.2020

Yetistiricilerin kiiltlir balik¢ciligt deneyimi 14,62 yil olarak bulunmusgtur. T

Yetistiricilerin sahip olduklar igletmelerin yillik kapasitesi ortalama 271,29 ton, Yayim :29.04.2021 E

ortalama yillik iiretim miktar1 ise 152,57 ton olarak belirlenmistir. Isletmelerin
kapasite kullanim orant %78 olarak hesaplanmigtir. Desteklemelerin
kaldirilmasinin daha olumlu olacagi, desteklemelerin piyasa dengesini bozdugu
ve ihracatta olumsuz etki gosterdigi yoniindeki yargilara yetistiricilerin genel
olarak katildiklar1 ve yetistiriciler tarafindan benzer sekilde algilandiklart
belirlenmistir. Desteklemeler sayesinde sektoriin biiyiidiigii ve isletme alt
yapisinin gelistigi yoniindeki yargilara yetistiricilerin ¢ogunlukla katilmadiklar
tespit edilmistir. Desteklemeler sayesinde nitelikli personel c¢alistirma, {iretim
miktarinin ve balik kalitesinin arttig1 yoniindeki yargilarin da iireticiler tarafindan
genelde kabul gormedigi sonucuna ulagilmistir.

DOI:10.17216/LimnoFish.768420

* SORUMLU YAZAR

serhan.candemir@tarimorman.gov.tr
Phone : +90 344 237 6020

Anahtar kelimeler: Alabalik, su iiriinleri, destekleme, cok boyutlu 6lgekleme

Structural Characteristics of Trout Enterprises and the Assessment of Their Views on Aquaculture Supports:
Cases of Kahramanmaras, Gaziantep and Sanhurfa Provinces

Abstract: In this study, the views of the aquaculture enterprises conducting trout production related with aquaculture supports in
Kahramanmarag, Gaziantep and Sanliurfa provinces were analyzed. Total of 77 enterprises made production in the provinces and
surveys were conducted with total of 21 enterprises. It was utilized from multi-dimensional scaling method on the analysis of the
conclusions of the producers related with fisheries supports. Average culture fishing experiences of the breeders were found as 14.62
years. Average annual capacity and production amount of the enterprises were determined as 271.29 and 152.57 tons, respectively.
Capacity usage ratio was calculated as 78%. It was determined that the producers generally agreed with the conclusions that the
remove of the supports would be favorable, and the supports affected the market equilibrium and export negatively and these
conclusions were perceived by the producers similarly. It has been determined that the breeders mostly do not agree with the
judgments that the sector has grown and the business infrastructure has improved thanks to the supports. Besides, it was determined
that the conclusions that qualified personnel staff and the increase of production amount and fish quality by means of the supports
were not generally accepted by the producers.

Keywords: Salmon trout, aquaculture, support, multi-dimensional scaling
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Giris ilgi ve ihtiyag siirekli olarak artmaktadir (Boran
Giiniimiizde artan niifus, saglikli beslenmeye  2017).
olan ilginin her gecen giin artmasi ve deniz Su iiriinleri sektorii ucuz ve kaliteli hayvansal

mahsullerinin sagladig1 faydalarla birlikte gerek  protein saglamasi nedeniyle insan beslenmesinde
diinyada gerekse iilkemizde su iiriinlerine olan  giderek ¢ok 6nemli bir konuma gelmistir. Bu itibarla
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1984’den beri ortalama yillik %11’in iizerindeki
biiylimeyle, gida iiriinleri arasinda en hizli biiyiiyen
ve gelisen sektor unvanini almistir (Cavdar 2009).

Tiirkiye’de su firlinleri sektorii, artan niifusun
beslenme ihtiyacini karsilamasi, istihdam saglamasi,
iilkemizin hayvansal gida olarak tek ihracat kalemini
olusturmasi gibi nedenlerle ekonomi {izerindeki
stratejik Onemini arttirarak siirdiirmektedir (Arslan
2019).

Tirkiye, diinyadaki konumu ve {ii¢ tarafinin
denizlerle ¢evrili bir yarimada olmasi nedeniyle
farkli ekolojik 6zellikteki 8333 km’lik bir deniz kiy1
seridine, dogal goletlerle birlikte, sayilart her giin
artan baraj ve gollere sahiptir. Tiirkiye’de su iirlinleri
dretimi  avcihlk  ve  yetistiricilik  yoluyla
gerceklestirilmektedir.

Su irinleri, tlkemiz ekonomisine belirli bir
yatirim, bilimsel ve teknik ¢aba karsiliginda siirekli
girdi saglayan, onemli dogal canli kaynaklardandir.
Tiirkiye bir¢ok denize sahil vermesi ve birgok gol ve
goletleri ile su iriinleri bakimindan biiyiik bir
potansiyele sahiptir. Deniz ve igsu kaynaklarinin
toplam yiizey alani 25 milyon hektar olup, bu deger
Tiirkiye’deki toplam tarim alanlarina yakindir. Bu
nedenle balik¢ilik kaynaklarinin etkin kullanimi
biiylik 6nem tagimaktadir (Sahin 2011).

Tiirkiye’de su iirlinleri yetistiriciligi sektoriinde
2018 yil1 verilerine gore denizde faaliyet gosteren
tesis sayis1 426 adet, i¢ sularda faaliyet gosteren tesis
sayist 1860 adet, toplamda faaliyet gdsteren
isletmelerin sayis1 ise 2286 adet bu isletmelerin
toplam proje kapasiteleri ise 486.786 ton/yil olarak
bildirilmistir (Anonim 2020).

Hem gelismis hem de gelismekte olan iilkelerde,
sosyo-ekonomik agidan 6nemli olan balikg¢ilik, tilke
kalkinmasina katkisinin artirilmasi amaciyla gesitli
politika araglartyla desteklenmektedir. Bu kapsamda
alabalik, levrek, ¢ipura ve diger su iriinlerini lireten
isletmelere, yillara gore farklilk gostermekle
birlikte, iiretilen balik miktarina goredestekleme
O0demesi yapilmaktadir. Bu desteklerin de katkisi ile
Tiirkiye, kiiltiir balik¢iligr iiretiminde, diinyada 6nde
gelen {llkeler arasinda yerini almigtir. Tarim ve
Orman Bakanligi, 2016 yilinda i¢ su ve denizde
alabalik yetistiriciligine 0,75 TL/kg ve ¢ipura-levrek
yetistiriciligi i¢in 0,85 TL/kg destekleme Odemesi
yaparken, 2017 yilinda ¢ipura levrek yetistiriciligi
icin yapilan desteklemeler kaldirilmistir (Anonim
2020).

Tiirkiye’de alabalik isletmeleri {izerine bir ¢ok
calisma yapilmis (Soylu 1989; Cetin ve Bilgiiven
1991; Zengin ve Tabak 1997; Ustiindag vd. 2000;
Kocaman vd. 2002; Bozoglu vd. 2006; Dagtekin
2008; Aydim ve Sayili1 2009; Emre vd. 2011; Oztiirk
2011; Birici vd. 2016) ve yayinlanmistir. Tarimsal
destekler lizerinde birgok caligma yapilmis olup

(Ozgelik ve Ozer 2006; Erdal vd. 2013; Cobanoglu
vd. 2017; Aksu ve Dellal 2016; Daldal 2016; Aydin
ve Ozkan 2017; Semerci ve Celik 2017; Kizilaslan ve
Somak 2019) su iiriinleri isletmelerinde uygulanan
tarimsal destekleme politikalarina iligkin ¢aligmalara
rastlanilmamustir.

Bu calismada Kahramanmaras, Gaziantep ve
Sanlurfa illerinde alabalik iiretimi yapan balikgilik
isletmelerinin su iriinleri desteklemelerine iliskin
yargilar1 analiz edilmistir. S6z konusu desteklerin
tarim igletmelerinin devamlilifn ve su {riinleri
dretiminin ~ slirdiiriilebilirligi  iiretici  yaklagimi
temelinde ele alinmistir.

Materyal ve Metot

Calismanin ana materyalini Kahramanmarasg,
Gaziantep ve Sanlurfa illerinde alabalik igletmeleri
ile yapilan anket ¢aligmalar1 olugturmaktadir. Ayrica,
konu ile ilgili yapilan yerli ve yabanci literatiirlerden
ve istatistiklerden de yararlanilmistir.

Kahramanmarag ilinde 2017 yilinda 40 adet
balik¢ilik isletmesinde 2932 ton, Gaziantep ilinde 14
isletmede 2452 ton, Sanlwurfa ilinde 23 isletmede
2450 ton {lretim yapilmistir. S6z konusu illerde
toplam 77 adet isletme bulunmakta olup, isletmelerin
yaklasik 9%30’u ile anket calismasi yiiriitilmiistiir.
Toplam 21 isletme ile anket ¢alismas1 yapilmistir.

Elde edilen wverilerin analizinde Oncelikle
ortalama, ylizde gibi basit hesaplama yontemlerinden
ve capraz tablolardan yararlanilmistir. Yetistiricilerin
su iiriinleri destekleri iizerine yargilar1 Likert Olgegi
ile belirlenmis olup, elde edilen veriler bakimindan
iiretici yargilarin1 arasindaki iligkilercok boyutlu
Olgekleme analizi ile incelenmistir.

Cok boyutlu 6lgekleme analizinde n nesne ya da
birime ait p degiskenle, nesneler arasindaki
belirlenen uzakliklara gore nesnelerin k (k<n)
boyutlu bir uzayda gosterimi saglanarak nesneler
arasindaki iligkiler belirlenmektedir.  Bdylece
nesneler arasindaki iliskiler bilinmese bile
aralarindaki  uzakliklar hesaplanabiliyorsa, bu
uzakliklardan yararlanilarak nesneler arasindaki
iligki ortaya ¢ikarilabilmektedir. Nesneler p boyutlu
bir uzayda tanimlandig i¢in bu orijinal konumlaria
yakin fakat daha az boyutlu kavramsal bir uzayda
gosterilerek aralarindaki iligski belirlenebilmektedir
(Alpar 2013).

Cok boyutlu 6l¢ekleme analizi, verinin tipine
gore metrik ve metrik olmayan olmak iizere iki gruba
ayrilmaktadir. Metrik metot veri oranli veya esit
aralikli Olgek ile elde edilmis oldugunda, metrik
olmayan metot veriler siniflayici veya sirali 6lcek ile
elde edilmis oldugunda kullanilmaktadir. Birimler
arast uzakliklarin siralamasinin kullanildigi metrik
olmayan ¢ok boyutlu 6lgeklemede, uzaklik degerleri
ile tahmini wuzakliklar arasindaki uygunlugun
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belirlenmesinde, uzaklik degerleri sira numaralari
temel  alinarak  Kruskal  stress  istatistigi
hesaplanmaktadir. Metrik olmayan olgekleme igin
stress degeri asagidaki gibidir (Johnson ve Wichern
1992):

A N\2
Stress = (Zi<j(dij _zdij) )12

Yi<j dij
Stress degerlerine ait uyum diizeyleri Tablo 1°de
verilmistir (Ozdamar 2013).

Diger cok degiskenli tekniklerde oldugu gibi
R2 uyum indeksi ile verinin kurulan model ile ne
oranda uyum sagladigina bakilmaktadir. 0,60 ve
tizeri degerler uygun goriilmektedir. Fakat daha
yiiksek R?ile daha iyi uyumsaglanacaktir (Hair vd.
2014).

Yetistiricilerin su {iriinleri  desteklemelerine
yonelik yargilarini igeren verilere ALSCAL c¢ok
boyutlu ydéntemi ve veri tipine gore de Oklit modeli
uygulanmustir.

Tablo 1. Stress degerlerine ait uyumluluk diizeyleri
Table 1. Compatibility levels of stress values

Stress degeri Uyumluluk
>0,20 Uyumsuz goésterim
0,10-0,20 Diigiik uyum
0,05-0,10 Iyi uyum
0,025-0,05 Miikemmel uyum
<0,025 Tam uyum
Bulgular kapasitesi ortalama 271,29 ton, ortalama yillik tiretim
Isletme Sahibi ile ilgili Bilgiler ve isletmelerin ~ miktar1 ise 152,57 ton olarak belirlenmistir.
Yapisi Isletmelerin kapasite kullanim oranm1 %78 olarak
Yetistiricilerin ~ ortalama  kiiltiir  balikgihigi  hesaplanmugtir. Bu durum, isletmelerin
deneyimi 14,62 yil  olarak  bulunmustur.  kapasitelerinin =~ %22’sinin  degerlendirilmedigi

Yetistiricilerin sahip olduklar1 isletmelerin yillik

sekilde yorumlanabilir (Tablo 2).

Tablo 2. isletme sahibi ve isletme ile ilgili bazi istatistikler
Table 2. Some statistics about owner of enterprices and facilities

Tanimlayic istatistikler Minimum Maksimum Ortalama Standart sapma

Kiiltiir balik¢iligi deneyimi (y1l) 2 30 14,62 7,63

Isletme kapasitesi (ton/y1l) 20 950 271,29 314,31

Ortalama yillik {iretim miktar1 (ton/y1l) 10 600 152,57 144,53

Kapasite kullanim orani (%) 0,28 1,72 0,78 0,36
Yetistiricilerin ~ isletmelerdeki gorevleri de  Tablo 4’te verilmistir. Isletmeler, desteklerin

caligma kapsaminda belirlenmis olup, %66,67’sinin
isletmenin sahibi, %14,29’unun ise isletme yoOneticisi
oldugu belirlenmistir. Yetistiricilerin %42,86’smin
universite mezunu, %?23,81’inin ise lise mezunu
oldugu tespit edilmistir. Yetistiricilerin %66,67’sinin
balik¢ilik disinda herhangi bir gelirlerinin ve balik
yetistiriciligi  disinda  yatirnmlarinin = olmadigi
sonucuna ulasilmigtir.

Isletmelerin biiyiik ¢ogunlugunun (%71,43) sahis
isletmesi oldugu, %23,81’inin ise Limited sirket
oldugu belirlenmistir. Yetistiricilerin %61,90’1 balik
yetistiriciliginde su kaynagi olarak baraj golii
kullandiklarin1 ve biiyiik ¢ogunlugu (%85,71) elle
yemleme yaptiklarini ifade etmislerdir (Tablo 3).

Aragtirma kapsaminda, destekten yararlanan
isletmelerin desteklere iliskin goriisleri incelenerek

isletmelerin biiytimesi (%61,90), sektoriin gelismesi
(%66,67) ve alt yap1 gelistirme tiizerinde etkisi
olmadiginm1 (%61,90) ifade etmektedirler. Benzer
sekilde isletmeler desteklerin nitelikli personel
calistirma (%385,71), balik tiretim miktar1 (%80,95)
ve balik kalitesi (%85,71) lizerinde etkili olmadigini
belirtmektedirler. Ayrica, isletmeler desteklerin
piyasa dengesini bozdugunu (%66,67) ve desteklerin
kaldirilmasiin sektorii olumsuz etkilemeyecegini
(%76,19) ifade etmektedirler. Bununla birlikte
isletmelerin %42,86’s1 desteklerin ihracati olumsuz
etkiledigini belirtirken, %42,86’s1 ise bu konuda
kararsiz olduklarini ifade etmislerdir. Sonug olarak,
isletmelerin biiyiik c¢ogunlugunun destege bagh
iretim yapmadiklar1 ve desteklerin kaldirilmasi
(%66,67) kanaatinde olduklar1 saptanmigtir.
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Tablo 3. isletme sahibi ve isletme ile ilgili genel bilgiler
Table 3. General information of enterprices’ owner and the business

Genel bilgiler Adet %

Isletmedeki gorevi

Isletme sahibi 14 66,67

Sorumlu 2 9,52

Sorumlu mithendis 2 9,52

Y Onetici 3 14,29

Egitim durumu

Ilkokul 6 28,57

Ortaokul 1 4,76

Lise 5 23,81

Universite 9 42,86

Balik¢ilik diginda gelir

Yok 14 66,67

Var 7 33,33

Balik yetistiriciligi diginda yatirim

Yok 14 66,67

Var 7 33,33

Isletmenin hukuki statiisii

Anonim sirket 1 4,76

Limited sirket 5 23,81

Sahis igletmesi 15 71,43

Yetistiricilikte kullanilan su kaynagi

Akarsu 6 28,57

Baraj golii 13 61,90

Dogal kaynak 2 9,52

Yemleme sistemi

Elle 18 85,71

Karma 2 9,52

Otomatik 1 4,76

Tablo 4. Isletmelerin alabalik iiretim destegi hakkindaki diisiinceleri
Table 4. Thoughts of enterprises about trout production support
K Katil

Yetistirici yargilar Katilmiyor (%) (02 ;arSIZ (02 ;l ot
Desteklemeler olmasa bu kadar biiyliyemezdik 61,90 0,00 38,10
Desteklemeler sayesinde alt yapimizi gelistirdik 61,90 9,52 28,57
Desteklemeler sayesinde nitelikli personel galistirtyoruz 85,71 0,00 14,29
Desteklemeler olmasaydi sektor bu kadar gelismezdi 66,67 4,76 28,57
Desteklemeler kaldirilirsa sektdr olumsuz etkilenir 76,19 4,76 19,05
Destekleme miktar artarsa tiretim miktar1 da artar 80,95 4,76 14,29
Destekleme sayesinde iiretilen balik kalitesi artti 85,71 4,76 9,52
Desteklemeler kaldirilirsa daha iyi olur 28,57 4,76 66,67
Desteklemeler piyasa dengesini bozuyor 19,05 14,29 66,67
Desteklemeler ihracatta olumsuz etki gosteriyor 14,29 42,86 42,86

Cok Boyutlu Olgekleme Analizi Sonuglar

Isletmelerin su iiriinleri desteklemelerine yonelik
diisiincelerine  verdikleri yanitlarin  ortalamalar1
belirlenmistir.  Desteklemeler sayesinde balik
kalitesinin arttigi, tiretim miktarinin arttigi, nitelikli

personel calistirildig ve desteklemelerin kaldirilmasi
durumunda sektoriin olumsuz yonde etkilenecegi
yoniindeki yargilara katilmamaktadir. Desteklemeler
ile igletmenin biyldigi ve alt yapmnin gelistigi,
desteklemeler ile sektoriin gelistigi ve ihracatta
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olumsuz etki gosterdigi yoniindeki yargilara verilen
cevaplar ortalama olarak 3’e yakin olup,
yetistiricilerin bu konularda kararsiz olduklari
gbze  carpmaktadir.  Desteklemelerin  piyasa
dengesini bozdugu ve kaldirilmasinin daha olumlu

olacagi yoniindeki yargilara verilen cevaplarin
ortalamasinin 4’e yakin oldugu ve yetistiricilerin

genel olarak  desteklemelerle ilgili  olumlu
goriis  bildirmedikleri ~ sonucuna  ulasilmigtir
(Tablo 5).

Tablo 5. Su iiriinleri desteklemeleri tizerine yetistiricilerin yargilari
Table 5. Judgments of enterprises owners on aquaculture

Uretici yargilar Kodu Ortalama Standart Hata
Desteklemeler olmasa bu kadar bilyiiyemezdik V1 2,76 0,25
Desteklemeler sayesinde alt yapimizi gelistirdik V2 2,62 0,24
Desteklemeler sayesinde nitelikli personel galistirtyoruz V3 2,19 0,18
Desteklemeler olmasaydi sektor bu kadar gelismezdi V4 2,67 0,25
Desteklemeler kaldirilirsa sektor olumsuz etkilenir V5 2,19 0,25
Destekleme miktari artarsa iiretim miktar1 da artar V6 2,09 0,24
Destekleme sayesinde iiretilen balik kalitesi artti V7 1,95 0,19
Desteklemeler kaldirilirsa daha iyi olur V8 3,62 0,30
Desteklemeler piyasa dengesini bozuyor V9 3,62 0,27
Desteklemeler ihracatta olumsuz etki gdsteriyor V10 3,29 0,23

1. Kesinlikle katilmiyorum 2. Katilmiyorum 3. Kararsizim 4. Katiliyorum 5. Kesinlikle katilryorum

Degiskenlere gore uzaklik matrisinin
hesaplandig1 analizde 6 iterasyon gerceklesmistir.
Stress istatistigi degeri 0,05622 ve uyumluluk diizeyi
iyl uyum olarak belirlenmistir. R? degeri ise kabul
edilebilecek en diisikk deger olan 0,60 degerinden
biiyiik olup, 0,98805 olarak bulunmustur. Yani stress
istatistigi verileri %98,805 oraninda agiklamaktadir
(Tablo 6).

Degiskenlerin iki boyutlu koordinat degerleri
Tablo 7’de verilmistir. “Destek miktar1 artarsa tiretim
miktar1 da artar” ve “Destekleme sayesinde liretilen
balik kalitesi de artt1” degiskenleri birinci boyutta
pozitif ve 1’in lizerinde degere sahiptir. Bu yargilar,
desteklerin balik tiretimi iizerine etkisini igermekte
olup, yetistiriciler tarafindan diger yargilardan farkli
olarak algilanmaktadir. “Desteklemeler kaldirilirsa

daha iyi olur’, “Desteklemeler piyasa dengesini
bozuyor” ve “Desteklemeler ihracatta olumsuz etki
gosteriyor” degiskenleri birinci boyutta negatif ve
I’in tizerinde degere sahiptir. Yetistiricilerin sadece
bu yargilara verdikleri cevaplarin ortalamasinin 3’{in
iizerinde oldugu ve bundan dolayi, bu yargilarin
yetigtiriciler agisindan benzer G&zelliklere sahip
oldugu sonucuna ulasilmistir.

“Desteklemeler olmasa bu kadar biiyiiyemezdik™
degiskeni ikinci boyutta negatif ve 1’in iizerinde
degere sahiptir. Yetistiricilerin  %61,90’min bu
yarglya katilmadigi, %38,10’unun ise bu yargiya
katildig1 belirlenmis olup, bu yargi ile ilgili kararsiz
goriis bildiren {ireticiye rastlanmamustir. Bundan
dolayi, bu yargi yetistiriciler tarafindan diger
yargilardan farkli sekilde algilanmustir.

Tablo 6. iterasyon gegmisi
Table 6. Iteration history

Iterasyon S-stress degeri Gelisme
1 0,04808 -

2 0,03453 0,1354
3 0,03158 0,0296
4 0,02997 0,00161
5 0,02889 0,00108
6 0,02809 0,00080
Stress Istatistigi 0,05622

RSQ 0,98805
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Tablo 7. Yetistiricilerin yargilari igin hesaplanan koordinatlar
Table 7. Coordinates calculated for judgments of owner of enterprises

Uretici yargilari Kodu Boyut 1 Boyut 2
Desteklemeler olmasa bu kadar biiyiiyemezdik V1 0,4561 -1,0006
Desteklemeler sayesinde alt yapimizi gelistirdik V2 0,4938 -0,8936
Desteklemeler sayesinde nitelikli personel galistiriyoruz V3 0,8680 0,1682
Desteklemeler olmasayd: sektdr bu kadar gelismezdi V4 0,7940 -0,3664
Desteklemeler kaldirilirsa sektor olumsuz etkilenir V5 0,9646 0,9608
Destekleme miktar1 artarsa tiretim miktari da artar V6 1,1999 0,2413
Destekleme sayesinde iiretilen balik kalitesi artti V7 1,0103 0,4079
Desteklemeler kaldirilirsa daha iyi olur V8 -2,3331 0,2128
Desteklemeler piyasa dengesini bozuyor V9 -1,9937 0,0074
Desteklemeler ihracatta olumsuz etki gdsteriyor V10 -1,4598 0,2622

Farkliliklar matrisi dikkate alindiginda, 0’a yakin ~ daha olumlu olacagi, desteklemelerin piyasa

degerlere sahip olan yargilar birbirine benzer olarak  dengesini  bozdugu ve  ihracatta  olumsuz

algilanirken, 1’in {izerinde deger alan yargilar ise
birbirinden farkl olarak algilanmaktadir.
“Desteklemeler  sayesinde  nitelikli ~ personel
calistinyoruz” ve “Destekleme sayesinde iiretilen
balik kalitesi artti” yargilarimin ve “Desteklemeler
kaldirilirsa daha iyi olur” ve “Desteklemeler piyasa
dengesini bozuyor” yargilarinin iretici  algist
acisindan sirayla birbirine en ¢cok benzeyen yargilar
oldugu goriilmektedir (Tablo 8).

Yargilarin yetistiriciler agisindan benzerlik ve
farkliliklarina iligskin ¢ok boyutlu 6l¢ekleme ile elde
edilen iki boyutlu uzayda elde edilen koordinatlara
iligkin grafiksel gosterim Sekil 1’de verilmistir. Sekil
1 incelendiginde, desteklemelerin kaldirilmasinin

etki gosterdigi yoniindeki yargilarin konumlarinin

birbirine  yakin  olduklari1 ve yetistiriciler
tarafindan benzer sekilde algilandiklar
goriilmektedir.

Desteklemeler sayesinde sektoriin biiyiidiigii ve
isletme alt yapisinin gelistigi yoniindeki yargilarin
konumlarinin  birbirine ¢ok yakin oldugu ve
yetistiriciler tarafindan benzer sekilde algilandiklari
belirlenmistir.

Desteklemeler sayesinde nitelikli  personel
calistirma, Uretim miktarinin ve balik kalitesinin
arttig1 yoniindeki yargilarin da her iki boyutta pozitif
degerler aldig1 ve konumlarinin birbirine ¢ok yakin
oldugu goriilmektedir.

Tablo 8. Uretici yargilart igin farkliliklar matrisi
Table 8. Matrix of differences for producer judgments

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
V1 0,000
V2 0,624 0,000
V3 1,354 0,816 0,000
V4 0,816 0,816 0,673 0,000
V5 1,971 1,971 0,673 1,354 0,000
V6 1,354 1,354 0,420 0,816 0,673 0,000
V7 1,514 1,354 0,279 0,816 0,673 0,420 0,000
V8 3,036 3,036 3,195 3,195 3,381 3,533 3,349 0,000
V9 2,654 2,646 2,866 2,813 3,108 3,195 3,036 0,397 0,000
V10 2,302 2,302 2,330 2,302 2,523 2,654 2,474 0,624 0,420 0,000
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Sekil 1. Degiskenlerin iki boyutlu uzayda gosterimi
Figure 1. Representation of variables in two-dimensional space
Ureticilere desteklemelerin kaldirilmasi  durumunda iiretim miktarin1 azaltmayacaklarini ve

veya destekleme almama durumundaki diigiinceleri
de  sorulmustur. Tablo 9 incelendiginde,
yetistiricilerin %61,90’1 desteklemelerin kaldirilmasi

%80,95’1 ise destekleme alamama durumunda
iretime ayni sekilde devam edeceklerini ifade
etmislerdir.

Tablo 9. Yetistiricilerin desteklemelerin kaldirilmasi veya destekleme almama durumundaki diistinceleri
Table 9. Breeders ' thoughts on removing supports or not receiving support

Desteklemenin kaldirilmasi durumunda diisiinceleri Adet %
Uretim miktarini azaltirim 2 9,52
Aynt iiretim miktarinda devam ederim 13 61,90
Uretim miktarmi arttiririm 6 28,57
Destekleme alamama durumunda iiretime devam karar1 Adet %
Daha kiiciik 6lgekte iiretim yaparim 3 14,29
Uretimden/yatirrmdan vazgegerim 1 4,76
Uretimi ayn1 sekilde devam ederim 17 80,95

Tartisma ve Sonug¢

Balik, insanlarin saglikli beslenmesi agisindan
¢ok 6nemli bir protein kaynagidir. Ulke niifusunun
stirekli olarak artmasi, avcilik yolu ile elde edilen
balik miktarinin siirekli olarak azalmasi ve su
iiriinleri ihracatinin iilke ekonomisine yaptig1 katki,
su Uriinleri yetistiriciligini her gecen yil daha da
onemli bir sektdr haline getirmektedir.

Bu caligmada, alabalik isletmelerinin su tiriinleri
desteklemelerine yonelik diisiinceleri irdelenmistir.
Yetistiricilerin biiyiik ¢cogunlugu desteklerin piyasa
dengesini bozdugu ve ihracatta olumsuz etki
gosterdigini belirtmiglerdir. Ayrica, desteklemelerin
bu haliyle iiretim miktarinda ve iiriin kalitesinde
olumlu etki gdstermedigi yoniinde goriis bildirirken,
balikgilik sektoriiniin gelismesine katkisi olmadigini
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belirtmisglerdir. Uygulanan destekleme politikalari ile
sektor  siirdiiriilebilir  bir forma  doniismiis,
uluslararast1  pazarlarda Tiirkiye ©onde gelen
iilkelerden biri haline gelmistir. Bu sebeple levrek ve
cipura yetistiriciliginde uygulanan kg basina yapilan
destekleme odemeleri 2017 yilinda kaldirilmistir.
Caligma sonuglart levrek ve ¢ipura yetistiriciliginde
oldugu gibi alabalik yetistiriciliginde de s6z konusu
desteklerin kaldirilmasinin iiretim miktarinda biiyiik
bir azalmaya sebep olmayacagini gostermektedir.

Destekleme alamama durumunda yetistiricilerin
iretim  kararlarinda  ortaya ¢ikan  sonuglar
incelendiginde, desteklerin calismaya katilan
isletmelerin  %14,29’unda Olcek etkisi yarattigi,
iretimden vazge¢cmeksizin kapasite azaltmaya
yonelik bir davranis sergileyecegi tespit edilmistir.
Bu sonuca ek olarak destekleme 6demelerine baglh
olarak iiretim yapan isletme oramni ise yalnmzca %4,76
olarak saptanmistir. Bu sonuclar 1s18inda alabalik
isletmelerine uygulanan desteklemelerin yaklasik
%95 inin yetistiriciler lizerinde tiretimi artic1 ve/veya
yonlendirici  bir etki yaratmadifi sonucuna
ulagilmistir. Ekonomik olarak siirdiirtilebilir bir
sektor haline gelen alabalik yetistiriciliginde nakdi
destekler yerine verimliligi artiric1 teknolojiler veya
kapasite artirict finansman desteklerinin (diisiik faizli
kredi, teknoloji transferi vb.) verilmesi kamu
kaynaklarinin daha etkin bir sekilde dagitilmasini
saglayacaktir. Calisma kapsaminda desteklemelerin
ne sekilde verilmesi gerektigi de irdelenmis olup,
yetistiricilerin biiyiik ¢cogunlugunun desteklemelerin
kaldirilarak KDV’nin %1’e diisiiriilmesi yoniinde
goriis bildirdikleri tespit edilmistir. Bunun yaninda,
nakit destek yerine girdi destegi verilmesinin de
yetistiriciler tarafindan daha olumlu olacagi
belirlenmistir. Alabalik yetistiricileri nakit destegin
iretime faydali olmadigini, yem, ag, ilag wvb.
ihtiyaglarinin kargilanmasinin iiretime daha olumlu
katkis1 olacagini belirtmislerdir.

Tesekkiir
Bu calisma Tarimsal Arastirmalar ve
Politikalar Genel Midiirliigii tarafindan

TAGEM/TEPD/17/G/A08/P01/07 proje numarasi ile
desteklenmistir.
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