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Critical thermal maxima (CTMax) and minima (CTMin) were determined for
Turkish crayfish (Astacus leptodactylus) acclimated to 15, 20 and 25°C. CTMin
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and 0.13 for CTMax values between 15 and 25 °C acclimation tempera-tures. All

the crayfish crumpled at 0.5°C and showed overall spasm at 32.0 — 33.0°C. DOI:10.17216/LimnoFish.422903
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response ratio

Uc Farkli Sicakhiga Ahstirilan Tiirk Kereviti (Astacus leptodactylus)’nin Sicakhik Toleransi

0Oz: 15, 20 ve 25 °C’ye ahstirilan Tiirk kereviti igin kritik termal maksima (CTMax) ve minima (CTMin) degerleri belirlenmistir.
CTMin ve CTMax degerleri sirastyla 1,3, 1,1 ve 2,0 ile 37,4, 37,5 ve 38,7 °C’dir. Sicaklik tolerans testleri alistirma sicakliklarinin
(15,20 ve 25 °C) A. leptodactylus CTMin degerlerine 6nemli etkilerde bulunduklarini géstermistir (P<0,05). Sicaklik tolerans alani
CTMin ve CTMax smurlart ile degerlendirilerek 364°C? olarak hesaplanmustir. Genel olarak 15 ile 25 °C arasi alistirma
sicakliklarinda, aligtirma tepki orani (ARR) 0,07 ile 0,13 olarak hesaplananmigtir. Kerevitlerin tamami 0,5 °C’de kivrilma ve geneli
32,0- 33,0°C’de kasilma gostermigtir. Akdeniz bolgesinin giineydogu kesiminde A. leptodactylus yetistiriciligi sicaklik toleransi
acisindan uygun olabilir.

Anahtar kelimeler: A. leptodactylus, CTMin, CTMax, termal poligon, aligtirma tepki orani
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are adaptive in determining the geographical
distribution of a species (Simcic et al. 2014).

Introduction
Survival, reproduction, and growth of

poikilothermal aquatic organisms are intimately
influenced by temperature fluctuations in their
environments. Ectothermic animals use a combina-
tion of behavioral and physiological mechanisms to
maintain their body temperatures within a narrow
range, even under varied environmental conditions
(Salas et al. 2014). The thermal preference of a
species, therefore, corresponds closely with
temperatures that maximize growth and other
physiological processes (Huey and Stevenson 1979;
Diaz et al. 2011; Tepler et al. 2011). The thermal
limits tolerated by an organism are set genetically and

One of the approaches to quantify lower and
upper-temperature tolerance of aquatic animals in the
laboratory is known as the critical thermal
methodology (CTM) (Cowles and Bogert, 1944).

Thermal tolerance is quantified through the
determination of the critical thermal maxima
(CTMax) where the temperature is increased

gradually until a critical point (lost of equilibrium) is
reached (Kumlu et al. 2010a; Gonzalez et al. 2010).
The acclimation response ratio (ARR) is an index of
the magnitude of the thermal acclimation of an
organism (Claussen 1977; Herrera et al. 1998; Diaz
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et al. 2002; Pérez et al. 2003; Diaz et al. 2004; Re et
al. 2005). It is suggested that crustacean species that
inhabit cold and temperate regions have low values
of ARR, in contrast to those from subtropical and
tropical regions, which present high ARR values; this
indicates that the ARR values are dependent on the
geographic gradient where the organisms are
distributed. Attributes of thermal tolerance polygons
provide important insights into fish ecology and
distribution and have been used to identify
temperature-related survival tactics (Bennett and
Beitinger 1997). The usefulness of thermal tolerance
polygons lies inheritability to impart markedly more
information than tolerance endpoints alone. Overall
polygon area (reported as °C?) provides a convenient
and useful comparative index of eurythermicity
between species (Eme and Bennett 2009).

Turkish crayfish (A. leptodactylus) is accepted as
a cold-water species with high economic value
(Holdich 1993; Wickins and O’C Lee 2003;
Harlioglu 2004). The knowledge of the critical
thermal minima and maxima provides a relevant
ecological index since the Turkish crayfish in nature
can find such spatial temperatures temporarily, as
acute fluctuations outside of their limit of tolerance.
The CTM provides a relevant and ecological index
when it is applied to Turkish crayfish (A.
leptodactylus) in its habitat. Paladino et al. (1980)
mentioned that, in aquaculture, it is highly important
to know CTMax and CTM values as they are
indicators of the thermal resistance of organisms.
Firkins (1993) reported thermal tolerance values for
the A. leptodactylus originating from England;
however, basic CTM studies are necessary to
implement at different acclimation temperatures for
A. leptodactylus originating from Turkey. Therefore,
to detect geographic influences on thermal tolerance
values in crayfish, research is needed that allows for
direct comparison.

The aim of this study was to determine the critical
thermal maximum and minimum, acclimation
response ratio (ARR) and the zone of thermal
preference of Turkish crayfish acclimated to three
temperatures in order to evaluate the possibility of
culturing the species in the south eastern region of the
Mediterranean of Turkey.

Materials and Methods

Critical Thermal Tolerance

Sub-adult crayfish were caught in the Keban Dam
Lake and transported in styrofoam boxes with wet
towels to the laboratory of Cukurova University,
Faculty of Fisheries (Adana - Turkey). The
organisms were placed in a 1000-L tank, provided
with a biological filter at 20°C for 1-week for
adaptation to indoor culture conditions. Each group

was then acclimated to 15, 20 and 25°C in
thermostatically controlled tanks at a rate of 1°C
increase or decrease per day. The animals were
cultured at the respective temperatures for a period of
35 days prior to the onset of the experiment in round
fibreglass tanks (300-L) in order to stabilize their
physiology and allow metabolic compensation in
flow through rearing systems. Each tank was fitted
with 25 plastic pipes (5 cm in diameter and 10 cm
length), which serves as hiding places for the
animals. Crayfish (20-25 g) were fed twice a day
(09.00, 17.00) by 2% of their biomass with artificial
pelleted feed containing 35% protein. Water
temperature was regularly checked twice a day with
a thermometer. The food remainder, feces and moults
were extracted daily from the reservoirs by
siphoning. The oxygen content and pH of rearing
tank was measured by an oxygen meter (OxiGuard®,
Birkerod, Denmark) and a WTW pH-meter
(Germany). Each temperature group was then
divided into two groups to determine the CTMin and
CTMax in separate trials. CTMin and CTMax trials
were conducted in rectangular plastic containers (0.8
m x 0.35 m x 0.5 m) containing thermostatically
controlled water baths. Three containers were
allocated for each acclimation group and 5 crayfish
were randomly allocated to each container (n=15).
During the experiment, the crayfish were not fed.
Continuous aeration was provided for all containers
to maintain dissolved oxygen above 5 ppm using an
air blower. The photoperiod was maintained in 12 h
light/12 h dark. The trials were separately conducted
at cooling or heating rates of 0.3 °C min*t. CTMin or
CTMax was determined as the sub lethal thermal
point at which locomotory movements became
disorganized and crayfish lost the ability to escape
from conditions, which ultimately lead to death. The
CTMin and CTMax values were calculated as the
arithmetic mean of the collective endpoint of
individuals of a random sample of crayfish. The ARR
was calculated by dividing the tolerance change by
the total change in acclimation temperature according
to Claussen (1977).

Statistical Analysis

Following determination of the normality and
homoscedasticity of the data, a one-way ANOVA
was used to compare CTM tolerance of the species
(SPSS 20.1). Duncan’s multiple range test (DMRT)
was carried out for post hoc mean comparisons.
Regression analysis was also carried out to evaluate
the relationship between acclimation temperature and
CTMin and CTMax (p<0.05).

Results
Water quality parameters in the rearing tanks at
three acclimation temperatures were maintained at
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levels appropriate for the species (Table 1). Thermal
tolerance tests showed that acclimation temperatures
(15, 20 and 25°C) had significant effects on CTMin
values of A. leptodactylus (P<0.05). At the
heating/cooling rate of 0.3°C min™* the CTMin values
ranged between 1.1 and 2.0°C, while CTMax values
ranged between 37.4 and 38.7°C (Table 2). During
the CTMin trials, the crayfish, regardless of the
acclimation temperatures, started to lose their
balance and laid down laterally at temperatures of

3.0-5.0 °C, and all the crayfish crumpled at 0.5°C. In
the CTMax trials, the crayfish started to show overall
spasms at 32.0 — 33.0 °C secreting mucus like fluids
at between 33.0 and 37.0 °C. The thermal tolerance
polygon area was calculated as 364°C? between 15
and 25°C acclimation temperatures used in the
experiments (Figure 1). The overall ARR values were
calculated as 0.07 for CTMin and 0.13 for CTMax
values between 15 and 25 °C acclimation
temperatures (Table 3).

Table 1. Water quality parameters in the rearing tanks.

Water temperature (°C) Dissolved oxygen (ppm) pH NHs (mg/L)
15.0£1.0
20.0+1.0 5.0-6.0 6.60-7.40 0.0
24.9+1.0

Table 2. CTMin and CTMax values of Astacus leptodactylus acclimated to 15, 20 and 25° C. Each value is a mean +

standart deviation (n = 15).

Acclimation Temperature

15°C 20 °C 25 °C
CTMin 1.3+0.8% 1.1£0.7° 2.0+0.82
CTMax 37.4+1.4° 37.5+0.9° 38.7+1.6°

Table 3. The calculated acclimation response ratios (ARR) for Astacus leptodactylus acclimated to 15, 20 and 25° C.

Acclimation Temperature

15-20°C 20-25°C 15-25°C
ACTmin - 0.2 0.9 0.7
AT s 5 5 10
ARR 5 -0.04 0.18 0.07
ACTmax % 0.1 1.2 1.3
AT = 5 5 10
ARR 5 0.02 0.24 0.13

W 1

364.0 °C*

Thermal Tolerancer (°C)

10

*———— o ——®
12 14 16 18 20 22 24 26 28
Acclimation temperatures(°C)

Figure 1. Thermal tolerance polygon of freshwater
crayfish A. leptodacylus over three acclimation
temperatures (15, 20 and 25°C) using CTM values.

Discussion

The importance of acclimation temperature on
CTMin and CTMax values has been well documented
for various freshwater crustacean species (Layne et
al. 1987; Espina et al. 1993; Firkins 1993; Diaz et al.

2004; Manush et al. 2004). Similar to the above
studies, acclimation temperature was also found to
significantly influence the CTMin values of A.
leptodactylus in the present study.

At 0.3°C min? cooling/heating rate, the CTMin
ranged from 1.1 to 2.0 °C, and the CTMax ranged
from 37.4 to 38.7 °C for crayfish reared in three
acclimation temperatures from 15 to 30°C. The
CTMax values obtained for A. leptodactylus were
similar to those (ranged from 34.2 to 39.8 °C)
reported by Diaz et al. (2002) for Macrobrachium
acanthurus.

A species living in the heterothermic
environment must be tolerant to physiological
temperature changes. The CTMax values in
A. leptodactylus corresponded to total disorientation
response and hampered locomotive activity resulting
finally in death. Similar results were also reported by
Hernandez-Rodriguez et al.  (1996)  for
Macrobrachium tenellum, Kumlu et al. (2010a) and
Kumlu et al. (2010b) for Litopenaeus vannamei.
During the CTMin trials, the crayfish, regardless of
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the acclimation temperatures, started to lose their
balance and laid down laterally at temperatures of
5.0-3.0 °C. After the CTMin tests, almost 100%
of the animals recovered when transferred to pre-trial
temperatures (Beitinger et al. 2000; Manush et al.
2004). However, at CTMax tests, the crayfish started
to secrete mucus like fluids from their body at
temperatures of 33.0-37.0 °C.

Thermal tolerance values varied within species
with multiple estimates (Westhoff and Rosenberger
2016). For example, the thermal tolerance range for
A. leptodactylus which was reported at 4-32 °C
by Koksal (1998) and from 9 to 36 °C by Firkins and
Holdich (1993). Moreover, it is known that
thermal tolerance zone is dependent on acclimation
temperature, strain or population differences as well
as the size of the animals used. In the current study,
thermal tolerance polygon for A. leptodactylus
at three acclimation temperatures (15, 20 and 25 °C)
was calculated as 364°C? (Figure. 1), but Firkins
(1993) found the thermal tolerance area for A.
leptodactylus originating from England at four
acclimation temperatures (5, 10, 20 and 25 °C) as
927°C2. Thermal tolerance traits could be attributed
to geographic and climatic differences among
ancestral source populations in this species.
On the other hand, Manush et al. (2004) calculated
thermal tolerance polygon for Macrobrachium
rosenbergii at three acclimation temperatures (25, 30
and 35 °C), and found a value of 255 °C?, much lower
than that of Herrera et al. (1998), who calculated this
value as >800 °C? for the same species. Diaz et al.
(2002) reported the polygon area of 644°C? for M.
acanthurus at wider acclimation temperatures (20,
23,26, 29 and 32 °C).

Depending on the acclimation temperatures, the
ARR values ranged from -0.04 to 0.24 for
Turkish crayfish at the heating or cooling rate of
0.3 °C min™. The overall ARR values were calculated
as 0.13-0.24, which are similar to those reported for
some other crayfish species i.e. Astacus pallipes
(0.12-0.18) by Spoor (1955) and Bowler (1963),
Orconectes rusticus (0.23-0.25) by Claussen (1980)
and Layne et al. (1987), O. virilis (0.15) by Claussen
(1980). For a tropical crustacean, the giant
freshwater prawn (M. rosenbergii), Herrera et al.
(1998) reported the ARR values as 0.44-0.58,
while for a subtropical crayfish, the red claw (Cherax
guadricarinatus), Diaz et al. (2004) reported the ARR
as 0.33-0.66. Hence, when we compare our results
with those of the above, it is clear that
A. leptodactylus is more resistant to low
temperatures rather than the upper range and is a
cold-temperature species. Culturing of
A. leptodactylus in the southeastern region of
the Mediterranean may be practiced in geographic

zones where the environmental temperatures
are near the final preferendum and do not exceed
CTMax.
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ABSTRACT ARTICLE INFO

The ontogenetic diet shift of invasive Carassius gibelio (Bloch, 1782) was
investigated in Karamenderes River, Turkey. The fieldwork was performed
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Karamenderes Cayr’nda (Tiirkiye) Istilact Giimiisi Havuz Bahgmin (Carassius gibelio, Bloch 1782)
Beslenmesindeki Ontogenetik Degisim

Oz: Bu calismada Karamenderes Cay1’nda bulunan istilac1 Carassius gibelio (Bloch, 1782) tiiriiniin beslenmesindeki ontogenetik
degisimin belirlenmesi amaclanmustir. Arazi calismalari Yaz 2012, Sonbahar 2012 ve Ilkbahar 2013 mevsimlerinde
gerceklestirilmistir. Baliklarin yakalanmasinda elektrosoker ile gesitli aglar kullamilmistir. Beslenmedeki ontogenetik degisimi
belirlemek i¢in, baliklar ¢atal boylarina goére dokuz gruba ayrilmistir. Baliklarin sindirim kanali igerikleri besin bulunma sikligi,
sayisal bolluk ve hacimsel oran kullanilarak nisbi 6nem indeksi ile hesaplanmustir. C. gibelio bireylerinin mevsimlere gore bol olan
boy gruplari sirastyla Yaz 2012 (18-20 cm), Sonbahar 2012 (6-8 cm) ve ilkbahar 2013 (27-29 cm) seklindedir. Beslenme siddeti
Yaz 2012°de 15-17 cm, Sonbahar 2012°de 3-5 cm ve {lkbahar 2013’de 24-26 cm boy gruplarinda en az oldugu belirlenmistir. C.
gibelio bireylerinin ontogenetik beslenme aligkanliginda zamansal ve mekéansal olarak farkliliklar gézlenmistir. Biiyiik bireyler yaz
mevsiminde daha ¢ok hayvansal besin ve sonbahar mevsiminde alglerle beslendigi ve kiigiik bireylerle biiyiik bireylerin besinleri
arasinda yaz mevsimi haricinde 6nemli bir ¢akisma olmadig1 belirlendi. Kiigiik ve biiyiik bireylerin besinleri arasinda herhangi bir
cakigsmanin olmamasi, giimiisi havuz baligiin Karamenderes’de yerlesme basarisi i¢in bir avantaji olabilir.

Anahtar kelimeler: Sindirim kanali igerigi, beslenme siddeti, diyet ¢akigmasi, IRI
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Introduction

Carassius gibelio (Bloch, 1782) is one of the
major invasive species which was introduced to
Trace region first in the 1980s (Ozulug et al. 2004;
Ilhan et al. 2005) and spreaded over many freshwater
systems rapidly throughout Turkey (Aydin et al.

2011; Ekmekgi et al. 2013). In general, this species is
known as a generalist, it has opportunistic
omnivorous feeding strategy and feeds on different
foods in different environments (Sakai et al. 2001,
Gaygusuz et al. 2006; Ekmekei et al. 2013). It is
obvious that high variety in food resources of this
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invasive species will affect many other indigenous
species living in the same habitat (Goodell et al.
2000) and make it more advantageous among
competitors. In addition to having advantages of
this species in the interspecific relationship,
the high variety of food resources may change during
ontogeny and the intraspecific resource partitioning
may another advantage of this  species
in the introduced ecosystems. There are many studies
about ecological traits (Lockwood et al. 2013;
Ekmekgi et al. 2013; Tarkan 2013), gut contents
(Specziar et al. 1997; Rybczyk 2006; Yilmaz et al.
2008; Rogozin et al. 2011; Partal 2014; Partal and
Yalgin Ozdilek 2017) and feeding characteristics
(Specziar et al. 1997; Rybczyk 2006; Yilmaz et al.
2008; Rogozin et al. 2011; Partal 2014; Yal¢in
Ozdilek and Jones 2014; Partal and Yal¢in Ozdilek
2017) of this species. C. gibelio has been first
recorded in Karamenderes river which is
on the Northwestern part of Turkey in 2007 (Yal¢in
Ozdilek 2008). There are some records
on the feeding habits of C. gibelio from
Karamenderes river (Yal¢in Ozdilek and Jones 2014;
Partal and Yal¢in Ozdilek 2017), however, there is a
gap in the knowledge about ontogenetic diet shift of
this species. There is a limited study on the
ontogenetic diet shift of C. gibelio and the data on
this subject with the ontogenetic niche overlap
and trophic position will serve to understand the
establishment success of this species.

The morphological, physiological and behavioral
changes during the developmental stage may result in
ontogenetic diet shift (Wilbur 1980; Miller and
Rudolf 2011; De Roos and Persson 2013; Nakazawa
2015). In addition, changes in foraging
ability depending on the growth may cause the
ontogenetic diet shift in fish (Bergman and
Greenberg 1994; Jeppesen et al. 2003; Alcaraz and
Garcia-Berthou 2007; Nakazawa 2015). Shifting in
feeding pattern is common with a function of age
and length in many animal species (Wilbur 1980;
Miller and Rudolf 2011; De Roos and Persson 2013;
Nakazawa 2015). Data on the ontogenetic diet
shift is very important for evaluating the ecological
role of a species (Werner and Gilliam 1984,
Post 2003). Intraspecific competition reduces the
population growth particularly in the limited
resource condition (Bolnick et al. 2011). The data on
the ontogenetic diet shift of invasive C. gibelio
may serve to take some measures related to
mitigating  the  adverse effects of this
invasive species.  We aimed to reveal the
food diversity in different length groups and
the ontogenetic diet shift of C. gibelio
guantitatively in  this study. This study
will serve to understand if this species

has such advantage make it successive in establish
and spread.

Materials and Methods

Study area and sampling

Karamenderes River, about 109 km in length,
originates from the Kaz and Ag Mountains and
directs to West and North and flows into Canakkale
strait after watering Kumkale plate in Biga Peninsula,
Canakkale. There are two reservoirs along the river.
One is in the Bayramig province, which is about 86.5
cubic hectometer water capacity, and the other is in
Pinarbagi village, which is smaller than the other.
These reservoirs are used for irrigation purposes
(Figure 1).

C. gibelio is first recorded in Karamenderes at the
lower part of the Pinarbas1 village after fish stocking
studies on Bayrami¢ Dams by the activities of
Directorate of National Water Affairs (Yalgin
Ozdilek 2008). The samplings were conducted in
three seasons, during summer 2012 (July-August
2012), autumn 2012 (October-November 2012), and
spring 2013 (May 2013). Sampling could not be
performed in winter because of inconvenient weather
conditions for sampling. The fish sampling has
performed at 14 stations along the Karamenderes
River from the upper parts of the dams to the river
mouth. The names of the stations from up to down
are Karakoy 1, Karakdy 2, Evciler, Evciler trout
farm, Cirpilar, Mollahasanlar, Bayrami¢-Can road,
Ahmetceli, Sarmisakli, Pinarbasi, Kalafat, Kumkale
bridge (3), Kumkale closed end (2), Kumkale open
end (1) (Figure 1).

Different sampling device was used for fishing
according to habitat characteristics. Fish were
collected by scanning about 20 m lengths of the river
during 20 minutes in every station by electrofishing
(SAMUS) on the upper sites of Karamenderes. Gill
nets in different mesh size (18 mm, 22 mm, 25 mm,
and 32 mm knot to knot) and different lengths (160
m-2.5m, 100 m-2 m, 15 m-2 m, and 30 m-1 m) were
used for fishing (average of 24 hours) in the river
mouth stations. In addition, fyke net composed of 8-
37 sets each has 12 m long and a cast net, which has
10 mm mesh size and its radius 140cm were used for
fishing in some stations. All the fish samples were
transferred to the laboratory in an icebox and after
identification, they preserved in a deep freeze with
labeled.

Laboratory procedures

The gut contents of 215 specimens of totally 251
specimens could be examined. Before dissection, the
fork length and weight were measured by the
standard ruler (= 0.01 mm) and a balance (+ 0.1g).
After dissection, the total gut length from the
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esophagus to the anus was measured using the same
ruler. The sex of the specimens was determined under
a stereomicroscope. The gut contents were evacuated
in a graduated cylinder, which contains 70 % ethanol.
The total gut volumes were measured by the
replacement of ethanol level.

Diluted gut contents in a Sedgewick- Rafter lam
were examined under a stereomicroscope x10
magnitude. The number and sizes (Sun and Liu 2003)
of each food category were recorded after the
description of the taxon at the possible level.

The percentage of empty guts, vacuity index (VI
%), were used to assess the feeding intensity (Hureau
1966). The feeding intensity was assessed taking into
consideration the length groups, sex, season and
stations. Vacuity Index (V1) was used for calculating
the feeding intensity by using

VI = empty gut number x 100 / total gut number
equation (Hureau 1966; Costa and Cabral 1999).

The percentage of the relative index (IRl %) was
evaluated to assess gut contents data using the
frequency of occurrence (F %), numerical (N %) and
volumetric (V %) methods (Pinkas et al. 1971; Prince
1975; Hyslop 1980).

IRl = (N %+V %) X F %
Fi%=i prey items frequency of occurrence in the
gut x 100 / total number of full guts

Ni %= i prey items total number x 100/ prey items
total number

Vi%=i prey items total volume x 100/ prey items

total volume
H=- z pilnp;

pi = Ni/N
equation. The trophic level was calculated as

11

j=1

in the equation (Cortés 1999). The IRl % values of
each food category were used to calculate the
diversity and trophic position.

Fish were grouped into nine-length class
categories and the differences in IRl % value of each
food category in each length group were tested by
nonparametric Kruskal Wallis test.
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Figure 1. Sampling area (Partal and Yalgin Ozdilek 2017 (adapted)).

Results

A total of 215 specimens were all caught at the
lower stations of Bayrami¢ Reservoir. There were no
specimens encountered at the upper stations of this

dam. 62 %, 27 % and 12 % of the specimens were
collected during summer 2012, autumn 2012 and
spring 2013, respectively. The spatial and seasonal
relative abundance of specimens indicates that
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the most abundant specimens were recorded at
the Kumkale River mouth station in summer,
Ahmetgeli station in autumn and Kumkale bridge (3)
station in Spring with the percentages of 60.9, 14.9
and 16.1, respectively (Figure 2). The most abundant

length group was 6-8 cm FL with the percentage of
16.7 in total. The 18-20 cm, 6-8 cm, and 27-29 cm FL
groups were the most abundant length groups in
summer, autumn and spring seasons, respectively
(Figure 3).
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Figure 2. The distribution and relative abundance of C. gibelio specimens according to seasons and

the station.
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Figure 3. The distribution and relative abundance of the length groups according to the seasons.

Table 1. Shannon-Wiener Diversity Index (SWI) and Vacuity Index (V1) values according to the length groups.

Length Groups (cm)

Sampling
3-5 6-8 9-11 12-14 15-17 18-20 21-23 24-26 27-29
Season SWI vl SwlI VI SwWiI VI SWI VI SWI VI SwlI VI SwI VI SwWI VI SwWiI VI
Summer 2012 223 91 251 0 234 20 246 333 176 556 226 375 186 348 1.39 44
Autumn 2012 169 333 205 0 223 231 178 20 156 143 089 0 17 147 0 157 O
Spring 2013 139 0 141 0 219 167 164 0 204 0 199 25 163 O
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Gut Contents

The gut contents of C. gibelio consisted of
siliceous algae, green algae, vascular plants, pine
pollen, amphipods and chironomids (Table 2). Algae
took an important part in the gut contents by
frequency and abundance. As members of
Bacillariophyceae, Navicula sp., Fragilaria sp.
and partly Cocconeis sp. taxa were dominant
organisms in nearly all gut contents. Some animal
groups such as Oligochaeta members could not
include in the gut content analysis due to rapid

Oligochaeta setae in nearly every size group in every
season.

When the gut contents were grouped as four-diet
categories (detritus, periphyton, macrophyte, and
macroinvertebrate) periphyton dominate nearly all
length groups except 15-20 cm length groups in
autumn according to N% values (Figure 4).
Particularly, macroinvertebrates were low values
both abundance and volume in > 20 cm length
specimens in autumn. The V% values of
macroinvertebrates were low in <15cm and >20 cm

digestion. However, there were encountered specimens in spring and autumn, respectively.
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Fifure 4. The occurrence (F %), number (N % ), volume (V %) and Index of Relative Importance (IRl %) of prey items
in the gut contents, in terms of the length groups and seasons (a: Summer 2012; b: Autumn 2012; c: Spring 2013. Blue:
detritus; red: periphyton; green: macrophyte; purple: macroinvertebrate)
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Table 2. Seasonal (SUM: Summer 2012; A: Autumn 2012; SP: Spring 2013) IRI % values of length groups.
Seasonal IRl % Values of Length Groups
3-5 6-8 9-11 12-14
Prey Items SUM A SUM A SP SUM A SUM A SP
Cyanobacteria Oscillatoria sp. 1.82 14.14 2.33
Amphora sp. 1.19 0.33 1.29 0.23 2.34 2.70 0.40 0.80
Cocconeis sp. 0.34 3.90 1.34 2.0 7.30 10.25 2.50 10.45 2.8
Cyclotella sp. 0.19
Cymatopleura sp. 0.17 0.74 0.08 0.10 0.45
Cymbella sp. 0.22 5.26 0.19 0.7 1565 117 5.54 3.52
Diatoma sp. 0.04 0.09 0.06 0.01
Fragilaria sp. 0.01 0.91 0.07 8.64 0.08 0.07 0.16
g Fragilaria sp. (chain) 13.48 0.54 17.49 1.26 16.8 237 15.04 18.58 0.24 54.8
s Gomphonema sp. 0.35 1.95 0.12 3.96 2.18 0.13
‘% Gyrosigma sp. 0.34 0.40 0.25 0.07 0.7 12.07 1.20 418 0.66
< Licmophora sp. 1.44 6.70 1.10
% Melosira sp. 5.82 8.79 0.30 1249 093 5.95 2.44
T Navicula sp. 8.98 41.69 11.54 43.19 154  16.94 28.45 6.71 31.54 6.1
Neidium sp. 0.06
Nitzschia sp. 2.88 1.73 16.55 0.15
Pinnularia sp. 2.34 0.004 0.76 0.05 0.20 0.16
Rhoicosphaenia sp. 2.28 0.33 0.94 0.40 0.07 0.05 0.11
Stephanodiscus sp. 0.03 0.35 041 0.003 1.23 0.16
Ulnaria sp. 0.95 1.10 0.07 10.7 0.02 0.26 0.66
Vaucheria sp. 0.31
Ankistrodesmus sp. 0.6
Chlorella sp. 1.53
Chlorophyta 0.03
Cladophora sp. 1.10 2.06 0.56 2.70 0.46 6.80
Closterium sp. 0.19 0.06 0.15 0.8 0.70
Conjugatophyceae
g Cosmarium sp. 0.02 0.02 0.02
é_ Microspora sp.
S Oedogonium sp. 0.01 0.19 0.05 351 0.03 0.16 0.25
(&) Pandorina sp.
Pediastrum sp. 0.10 0.04 1.08
Scenedesmus sp. 0.01 0.02 0.06
Spirogyra sp. 5.78 1.002
Stigeoclonium sp. 0.39 0.73 0.06 0.99 0.33 0.61 0.38 0.7
Ulothrix sp. 0.01
Zygnema sp. 0.14
Amphipoda 23.94 7.99 5.79 1.49 1823 1950 9.73
Chironomidae 0.11 52.3 0.25
Copepoda 11.04 0.56
Crustacea 0.29
Insecta 391 2.46
- Keratella sp. 0.46
IS Nematoda
= Ostracoda 1.94 0.53 6.21 2.72 8.31
% Plant (seed) 0.01
S Pollen 0.20 0.27 0.04 0.004 0.02
g Plant 0.23 1015 759 0.13 212 0.13 11.98 14.8
'E Fish egg 0.04 0.10 0.04 0.03 3.6
Animal Detritus 15.78 19.07 0.80 155
Digested Detritus 041 0.02 0.32
Other organisms 16.58 25.71 441 2.39 0.7 244 437 8.97 0.13 1.2
Cystic material 0.001 0.02
Bryozoa 0.03 0.38 2.82 30.87
Cladocera 0.10
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Table 2. (Continous)

Seasonal IRl % Values of Length Groups

15-17 18-20 21-23 24-26 27-29
Prey Items SUM A SP SUM A SP SUM A SP_ SUM A SP A SP
Cyano- Ana?aena sp_. 0.003
bacteria Mer_lsmop_edla sp. 0.02
Oscillatoria sp. 0.001 1.28 0.002
Amphora sp. 394 365 0.02 3.29 1.82 2.35 0.07 0.01 0.17 0.1
Cocconeis sp. 149 1053 0.29 7.03 364 31 6.96 518 272 266 596 05 0.5
Cyclotella sp. 0.01
Cymatopleura sp. 0.09 0.03 0.32 0.03 02 015 042 0.01 0.23
Cymbella sp. 034 122 2.02 6.38 3.09 0.27 037 0.23 12.8 148 0.3
Diatoma sp. 0.01 0.36 0.003 0.01 0.001
Epithemia sp. 0.07
- Fragilaria sp. 0.09 0.33 0.14 0.001
> Fragilaria sp. (chain) 0.04 151 28 311 184 455 0.76 6.38 375 5.02 432 64 122 217
;3‘ Gomphonema sp. 001 o021 0.08 0.04 0.11 0.02
é Gyrosigma sp. 215 0.28 165 2.56 2.28 1.04 0.06 0.79 1.25
g Melosira sp. 049 0.84 8.73 2.85 1.63 16.39 5.36 0.93 349 49 278 373
% Meridion sp. 0.004 0.003
Navicula sp. 87 334 16.6 5.32 182 153 6.34 4446 086 1.12 382 64 261 32
Nitzschia sp. 1.32 0.03 0.76 131 0.29 0.02
Pinnularia sp. 001 011 0.02 0.003 0.002 0.03
Rhizosolenia sp. 0.0001
Rhoicosphaeniasp.  0.72 0.72 0.10 1.82 2.03 0.39 0.87 0.06
Stephanodiscus sp. 0.13 0.01 0.60 0.03 0.01 1.6 0.2
Surirella sp. 0.001
Ulnaria sp. 5.46 5.90 2.80 35 166 0.16 0.38 1.95 25 2.3
Ankistrodesmus sp. 0.003 0.001
Chaetomorpha sp. 0.02
Chlorophyta 0.03 0.01
Cladophora sp. 0.01 1.04 222 335 054
Closterium sp. 0.003 0.03 0.01 0.02
Conjugatophyceae 0.10 0.26 9.26 0.01 7.3 0.2
< Cosmarium sp. 0.01 0.09 0.003 0.01
;Z Microspora sp. 0.13 0.13 0.08 0.07
o Oedogonium sp. 0.01 0.51 0.05 1581 0.66 0.01 34 165
2 Pandorina sp. 0.002
o Pediastrum sp. 0.02 0.005 0.15
Scenedesmus sp. 0.03 0.001 0.001 0.0004
Spirogyra sp. 0.09 0.01 3.29 14
Stigeoclonium sp. 0.02 0.08 0.24 0.07 0.18 0.03 021
Ulothrix sp. 0.35 0.003
Ulvales 0.05
Zygnema sp. 0.01 0.15
Charophyta Mougetia sp. 0.01
Amphipoda 5162 3870 038 2145 761 09 5242 404 046 5997 2003 139 022 275
Chironomidae 091 0.0003 2.26 1.34 213 0.25 487 1.8
Copepoda 0.52 0.0003 0.27 2.02 0.02 0.27 0.10
Crustacea 012 0.11 0.18 0.80 3.83
Gastropoda 0.001 0.01 0.08
) Insecta 0.03 0.26 0.36 0.38 0.20 9.35 0.55 0.5
= Nematoda 0.003 0.0001
j—.‘f Ostracoda 16 36.47 3448 129 13.79 20.89 1.03
= Pollen 0.005 0.01 0.11 01 017 0.25 1.12
T‘: Plant 380 0.4 10.1 0.38 14 0.95 13.7 0.39 42.8 0.98
£ Fish egg 0.45 3.65 0.28 0.7 0.08 109 047 396 0.11 0.04
£ Animal Detritus 0.01 1.67 0.002 0.001 3.7
Digested Detritus 0.77 0.07 197 0.23 119 0.14 1.6
Other organisms 059 1.09 155 1.58 39 086 495 015 0.20 09 102 11
Plant (circle shaped) 0.06 0.03 0.001 0.06
Cystic material 0.23 0.01 0.02 0.12

Bryozoa 0.56 335
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Ontogenetic diet shifts

The ontogenetic diet shift indicated seasonal
variation taking into consideration IRl %
values. There was a significant difference among
IRI % of various length groups in all three seasons
(X=27.003, P<0.01, df=7; X=20.603, P<0.05,
df= 8; X=14.073, P<0.05, df= 6). Heterekontophyta
members were the most common food groups

in nearly all length groups. While the small
specimens  (3-4 cm) feed on  mostly
Heterokontophyta members, the larger

specimens consumed mostly animal foods such as
Amphipoda and Ostracoda in all the seasons.
Particularly, the IRI % value of Amphipoda members
was more than 50 % in the large specimens in
summer. Navicula sp. was the highest IRI % in the
3-11 cm FL group in autumn. According to three
season data, the critical length group shifting diet
from the herbivorous to carnivore dominated feeding
strategy is 12 cm FL. However, the IRl % of

Amphipoda members were 23.9 %, 18.2 %, and
Copepoda members 110 % in autumn,
Chironomidae members were high (52.3 %)
in spring in smaller than 12 cm FL group (Table 2).

Relative gut length and feeding strategy

The mean relative gut length of C. gibelio is
3.47 + 0.85 with the range of 1.22-5.66 (in summer)
2.60 £ 0.73 with the range of 1.03-3.84 (in autumn)
3.52 +0.56 with the range of 2.12-4.56 (in spring). C.
gibelio specimens have omnivore feeding strategy
according to their length groups. (Table 3). When
group’s specimens that were smaller than 12.0 cm
length collected in three seasons combined, the mean
RGI value of this combined group was 2.51 £+ 0.77
that means carnivorous dominant omnivorous
feeding strategy. The RGI values of 12.1-17.9 cm and
larger than 18.0 cm length groups combined in three
seasons were 3.38 = 0.67 and 3.66 £ 0.69
respectively.

Table 1. Taking into consideration RG/ types of feeding in different length groups (O: Omnivorous; H: Herbivorous; C:
Carnivorous; N: Number of specimens; GL: Gut length; FL: Fork length; SD: Standart Deviation).

Length groups (cm) N Summer (GL/FL+SD) N Autumn (GL/FL£SD) N  Spring (GL/FL£SD)
3-5 11 2.47+0.97 Oo-C 3 1.55+0.34 C-0 - -
6-8 10 2.69+0.43 o 25 2.47+0.81 C-0 1 3.16 0]
9-11 5 3.15+0.92 O 13 2.40+0.56 C-0 - - -
12-14 6 3.65+0.75 O 5 2.85+0.36 o 1 3.13 0]
15-17 20 3.52+0.73 o 7 3.24+0.26 O 6 3.21+0.79 O
18-20 23 3.69+0.74 O-H 1 3.33 o 2 3.67+0.95 H-O
21-23 22 3.70+0.78 O-H 3 3.01+0.38 O 4 3.58+0.71 O
24-26 25 3.73+0.76 O-H 1 3.04 O 4 3.81+0.36 H-O
27-29 - - - 1 3.62 o 7 3.64+0.19 0]
Trophic level the spring and summer seasons. The trophic level of

The trophic level of all C. gibelio specimens
ranged from 2.03 to 3.34. The trophic level was
low and more or less steady state in spring comparing
to summer and autumn. The trophic level is
increasing at larger than 12 cm FLL specimens both in

larger than 20 cm FL specimens decreased
dramatically in autumn. The minimum and maximum
TLs of all groups are 2.06-3.29, 2.03-3.34 and 2.07-
2.79 in summer, autumn, and spring, respectively
(Figure 5).
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Figure 4. Trophic level of the length groups.
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Discussion

C. gibelio were observed only the lower part of
the Bayrami¢ Dam along the River Karamenderes.
The spatial distribution of C. gibelio had seasonal
variation along the River Karamenderes. While the
specimens larger than 13.6 cm FL were abundant at
the river mouth station, the specimens smaller than
8.8 cm FL were rich at the upper sites just below the
Bayramig¢ dam in the summer and spring. The smaller
specimens might escape from the Bayrami¢ Dam,
which is regularly fished by aquaculture activities
and the most available habitat for C. gibelio might be
at the river mouth conditions.

A previous study based on a gravimetric method
indicates that small specimens mostly feed on
diatoms and large specimens consume animal
materials such as copepods, beetles and chironomids
in a Brackish Water Body in Southern Siberia
(Rogozin et al. 2011). Another study, which is based
on F % and N % indicates that small specimens
consume zooplanktonic organisms such as copepods
and cladocerans in Gelingiilli reservoir, Turkey
(Kirankaya 2007). In addition, the phytoplankton was
recorded as low frequency comparing to other food
organisms in all age groups in Gelingiillii reservoir
(Kirankaya 2007). There are no previous study
recording gut contents as IRl % values, however, the
results obtained from abundance and frequency in
Karamenderes River were apart from the results of
the previous records. Periphyton was important diet
as frequency and abundance, as well as IRl %, in
almost all length groups.

The amount of animal food might be enough only
large specimens who are more capable to collect the
animal materials comparing to smaller ones, so the
smaller ones have to change their feeding
characteristics into algae because of competition.
This finding was supported by our high diet diversity
in the gut contents of smaller specimens in
Karamenderes River. There is no diet diversity in C.
gibelio feeding patterns in the previous study, and our
results indicated a decrease in Shannon diversity in
food components of >12 cm C. gibelio. This
indicated that gibel carp has a wide plasticity in every
length group and this wide range on the capability of
resource use give them a high advantage for
surviving in even very limited resource conditions. In
the other views, the food selection of specimens
might be related to the abundance of resource users.
While the abundance of large Gibel carp specimens
were abundant in summer, the small ones were
abundant in autumn and spring. In addition, the high
amount of large specimens might exploit all
favorable animal materials in summer.

In Karamenderes River, feeding intensity of C.
gibelio had a seasonal variation with high feeding

intensity reported by Kirankaya (2007) and Bobori et
al. (2012). In general, the feeding intensity estimated
based on a number of empty gut indicates seasonal
variation, with low in hot summer season because of
increasing enzyme  activities and digestion
metabolism. The seasonal and size depend variation
in the feeding intensity might be related with the diet
types. For example, in summer the specimens smaller
than 8 cm TL feed mostly on plant materials and
likely in autumn the large specimens consumed plant
material. It is important that the digestion of plant
material is hard when comparing to animal material
and the retention duration of plant materials is longer
than that of animal materials in the gut (Nikolsky
1978). In addition, the smaller specimens might feed
on relatively small food and the retention duration of
small animal materials as a diet would be relatively
shorter time (Labropoulou et al. 1997) in gut content
comparing to large animal materials which are
presumably consumed by larger specimens. In other
words, the feeding intensity might be explained by
fish abundance. In small and large specimens was
low abundance in summer and autumn, respectively
(Figure 3). This indicates that when the population of
C. gibelio low density, they prefer the most available
and abundant plant materials as food. The small
specimens mostly feed on siliceous algae and
probably feed on the mats of periphyton, which are
more abundant in the shallow, pooled, high vegetated
stony and macrophytes dominant microhabitats along
the river. This kind of habitat might be more suitable
for small specimens serve them both food and shelter
for escaping their predators. Yalgin Ozdilek and
Jones (2014) stated that the filamentous algae were
important food components for about middle size
(13.5-21.1 cm in FL) C. gibelio living in
Karamenderes. However, IRl % results indicate that
12-21 cm length group members feed on animal prey
items in overall stations in Karamenderes river in this
study. This study supports that C. gibelio is an
opportunistic feeder and the plasticity in its feeding
strategy might be seasonal and ontogenetic.

C. gibelio has an omnivorous feeding strategy as
indicated many studies (Specziar et al. 1997; Balik et
al. 2003; Rybczyk 2006; Kirankaya 2007; Yilmaz et
al. 2008; Yalgin Ozdilek and Jones 2014; Partal and
Yalgin Ozdilek 2017). The trophic level based on IRI
% and RGI data support this finding. The ontogenetic
diet patterns taking into consideration, there was a
conflict between IRl % and RGI results. Taking into
consideration RGI carnivorous dominant feeding
strategy was observed in smaller than 12 cm FL
specimens’ particularly in summer and autumn and
herbivore dominant omnivore strategy was observed
in larger than 18 cm FL specimens particularly in
summer and spring. The IRI % values are indicative
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of instant feeding, so animal materials are digested
faster, especially in hot summer and autumn seasons
(Windell 1978).

The increase in the trophic level with increasing
of the fish length was found in many studies as a
natural process (Weber and Brown 2013). In this
study, the finding that large specimens have high
trophic level in spring and summer is an anticipated
result. However, a decrease in the trophic level of
larger than 20 cm in FL might be explained by food
availability. During this season because of
competition (Yalgin Ozdilek 2017) and limited
resources (Akbulut et al. 2009), the large specimens
may supply their requirements with foods that have
lower energy but that are more abundant in
surroundings.
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Turuncgil Kabuk Yaglarnmn Goikkusagi Alabahgi (Oncorhynchus mykiss)
Filetolarinin Raf Omrii Uzerine Etkileri

Pmar OGUZHAN YILDIZ

Ardahan Universitesi, Miihendislik Fakiiltesi, 75000 Ardahan-Tiirkiye

6z MAKALE BiLGIiSi

Bu calismada farkli konsantrasyonlardaki (%0,5 ve %1) turunggil kabuk ARASTIRMA M AKALESI

yaglarinin (limon, portakal ve bergamot) gokkusagi alabaligi (Oncorhynchus

mykiss) filetolariin raf omrii {izerine etkileri arastirilmuistir. Ornekler kontrol Gelis :14.05.2018 E E
grubu (A), %0,5 limon ugucu yagi ilave edilmis (B), %1 limon ugucu yag ilave Diizeltme  :17.10.2018 -
edilmis (C), %0,5 portakal ugucu yag ilave edilmis (D), %1 portakal ugucu yagi Kabul £21.10.2018

ilave edilmis (E), %0,5 bergamot ugucu yag ilave edilmis (F) ve %1 bergamot avu e
ugucu yagi ilave edilmis (G) olmak tizere yedi gruba ayrilmigtir. Balik Yayim :25.04.2019 E
orneklerinin mikrobiyolojik (toplam aerobik mezofilik bakteri, toplam
psikrotrofik bakteri, laktik asit bakterileri, Enterobacteriaceae) kimyasal (pH,
toplam ugucu bazik azotu, thiobarbitiirik asit reaktif maddeler) ve duyusal (renk,
koku, lezzet, genel kabul edilebilirlik) 6zellikleri incelenmistir. Depolama stiresi
boyunca mikrobiyolojik ve kimyasal Ozellikler agisindan kontrol grubu ile
uygulama gruplar1 arasinda dnemli degisiklikler tespit edilmistir (p<0,05). En
diisiik ve en yiiksek toplam aerobik mezofilik bakteri, toplam psikrotrofik bakteri,
laktik asit bakteri ve Enterobacteriaceae sayilari sirasiyla 2,54-7,92, 2,69-8,03,
2,00-5,03 ve 2,00-4,09 olarak bulunmustur. Calismadan elde edilen sonuglara
gore farkli konsantrasyonlarda turunggil ugucu yaglari ilavesinin bakteri sayisini
onemli dl¢iide azalttig1 ve drneklerin bozulmasini geciktirdigi belirlenmistir.
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Influences of Citrus Peel Oils on Shelf Life of Rainbow Trout (Oncorhynchus mykiss) Fillets

Abstract: In this study, the effects of different concentrations (0.5% and 1%) citrus peel oils (lemon, orange and bergamot) on shelf
life of rainbow trout (Oncorhynchus mykiss) fillets were researched. Samples were divided into seven groups: control (A), 0.5%
[v/v] lemon EO added (B), 1% [v/v] lemon EO added (C), 0.5% [v/v] orange EO added (D), 1% [v/v] orange EO added (E), 0.5%
[v/v] bergamot EO added (F) and 1% [v/v] bergamot EO added (G). Microbiological (total aerobic mesophilic bacteria, total
psychrotrophic bacteria, lactic acid bacteria, Enterobacteriaceae), chemical (pH, thiobarbituric acid reactive substances and total
volatile base nitrogen) and sensory (colour, odour, taste, general acceptance) properties of fish samples were investigated. During
the storage period, significant changes were observed between the control group and treatment groups in terms of microbiological
and chemical properties (p <0.05). The lowest and highest total aerobic mesophilic bacteria, total psychrotrophic bacteria, lactic
acid bacteria and Enterobacteriaceae counts were found 2.54-7.92, 2.69-8.03, 2.00-5.03 and 2.00-4.09, respectively. According to
the results obtained in this study, it was determined that the addition of citrus essential oils at different concentrations significantly
reduced the number of bacteria and delayed the deterioration of the samples.
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Giris Diinyada ve Tiirkiye’de yetistiriciligi en yogun
Beslenmede Onemli bir yer tutan hayvansal ve yaygm olarak yapilan alabalik tiirii gokkusag
kokenli proteinlerin  temininde su iriinleri  alabaligi (Oncorhynchus mykiss)’dir (Oguzhan 2004;
onemli  kaynaklardan birisidir. Su iriinleri  Sarieyiipoglu vd. 2017). Gokkusag alabalig1 yiiksek
icerisinde de ilk siray1 baliklar almaktadir (Aras vd.  adaptasyon ve yemden yararlanma yetenegi, suni
2000). yontemlerle yumurta aliminin kolayligi, kulucka
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stirelerinin kisaligi ve hastaliklara kars1 dayanikli
olmasindan dolay: tercih edilen bir tiirdiir (Canyurt
1978, 1983; Emre ve Kiirtiim 1998; Oguzhan 2004).

Gidalarda sentetik ve dogal katki maddeleri uzun
yillardan beri koruyucu olarak kullanilmaktadir.
Ancak sentetik kokenli maddelerin sagliga olan
zararl etkilerinden dolay1 kullanimlar1
smnirlandirilmis ve dogal katki maddelerine olan
yonelim her gecen giin artmistir (Duman vd. 2012;
Kus 2012; Mutlu ve Bilgin 2016).

Su tiriinlerinde dogal antioksidan kaynagi olarak
cok sayida bitki tiiri (biberiye, kekik, adagayi,
karanfil ve sarimsak) kullanilmistir (Pazos vd. 2005;
Serdaroglu ve Felekoglu 2005; Erkan 2012;
Cetinkaya 2013; Mutlu ve Bilgin 2016).

Narenciye yaglari da antimikrobiyal ve
antioksidan aktivitesi yiiksek yaglardandir. Limon
(Citrus limon), portakal (Citrus sinensis) ve
bergamot (Citrus bergamia) narenciye familyasindan
(Rutaceae) olup, esans yag ve flavonoidler
turunggillerin kabuk kisminda yogun bir sekilde
bulunmaktadir. Bu kisimlar limonen ve linalool gibi
ucucu yaglart oldukca yiiksek miktarlarda
icermektedirler. Narenciye yaglari; gida, kozmetik,
eczacilik, parfiimeri ve kimya endiistrisi gibi birgok
alanda yaygin bir kullanim alanina sahiptir. Ozellikle
de limon yag1 gida ve igecek endiistrisinde oldukca
onemlidir. Limon ve bergamot yagi, antimikrobiyal
ajan olarak basariyla kullanilan ugucu yaglar arasinda
yer almaktadir. Portakal kabuk yaginin o6nemli
bileseni olan limonenin antioksidan aktivitesinin
oldukca yiiksek oldugu yapilan calismalarla da
bildirilmistir (Turhan vd. 2006; Min-Hsiung 2008;
Roberto vd. 2010; Sanchez-Gonzalezvd. 2011; Erhan
ve Boliikbas1 Aktas 2017).

Bu calismada, farkli konsantrasyonlardaki (%0,5
ve %1) turunggil kabuk yaglarinin (limon, portakal
ve bergamot) gokkusagr alabaligi (O. mykiss)
filetolarmin raf Omrii {izerine etkileri 9 giinliik
depolama siiresi boyunca arastirilmistir.

Materyal ve Metot

Arastirmada kullanilan gokkusagi alabaliklar
Artvin 1li Savsat Ilgesindeki 6zel bir isletmeden,
turunggil kabuk yaglar1 ise (limon, portakal ve
bergamot) Kardelen firmasindan (Kardelen Tarim
Uriinleri Ltd., Ankara) temin edilmistir. Yaklasik
200-250 g agirhiginda toplam 56 adet balik satin
almmustir. Baliklar buz igerisinde strafor kutularda
soguk zincire uygun olarak laboratuvara getirilmistir.
Laboratuvar ortamima getirilen baliklarin baslar
kesilmis, i¢ organlart uzaklagtirilmis ve derili
filetolar1 ¢ikarilmistir. Elde edilen filetolar igleme
hazir hale getirilmis ve A, B, C, D, E, F ve G olmak
tizere 7 gruba ayrilmistir. A: kontrol grubu, B: %0,5
limon ugucu yag ilave edilmis, C: %1 limon ugucu

yagl1 ilave edilmis, D: %0,5 portakal ugucu yagi ilave
edilmis, E: %1 portakal ucucu yagi ilave edilmis, F:
%0,5 bergamot ugucu yagi ilave edilmis ve G: %1
bergamot ugucu yagi ilave edilmis Orneklerden
olusmustur.

Turunggil kabuk yaglar1 bir firca yardimiyla
filetolarin her iki yiizeyine siiriilmiistiir. Filetonun
once bir ylizeyine, biraz kuruduktan sonra (5 dakika)
ise diger yiizeyine siiriilmiistiir. Daha sonra filetolar
kopiik tabaklar i¢ine konularak stre¢ filmle
kaplanmig ve buzdolabi (4°C+1) kosullarinda
depolanmustir. Filetolar depolamanin 0., 3., 6. ve 9.
giinlerinde mikrobiyolojik, kimyasal ve duyusal
ozellikleri bakimdan incelenmistir. Arastirma iki
tekerriirlii olarak yiiriitilmiistir.

Mikrobiyolojik Analizler

Mikrobiyolojik analizler petri yiizeyine yayma
metodu kullanarak hesaplanmistir. Balik 6rneginden
25 g tartilmig, sterilstomacher torbaya alinmis ve
izerine 225 ml steril serum fizyolojik (%0,85 NaCl,
Riedel-de Haén 13423) ilave edilerek stomacher
cihazinda (Lab Stomacher Blender 400-BA 7021
Sewardmedical, England) 2 dakika homojenize
edilmistir. TAMB ve TPAB sayimlar1 i¢in Plate Count
Agar (PCA, Oxoid CM0325) kullanilmistir. TAMB
30°C’de 2 giin, TPAB ise 7°C’de 7 giin inkiibe
edilmistir. LAB sayimi i¢in Man Rogosa Sharpe Agar
(MRS, Ox0idCM0361) kullanilmis ve ekimi yapilan
petri plaklar1 30°C’de 2 giin inkiibe edilmistir.
Enterobacteriaceaesayimi i¢in VRBD (Violet Red
Glucose) Agar (Oxoid CMO0485) kullanilmis ve
30°C’de anaerobik sartlarda 2 giin inkiibe edilmistir
(Gokalp vd. 2001).

Kimyasal Analizler

TVB-N (Toplam ugucu baz azotu) Analizi

Toplam Ugucu Bazik Azot (TVB-N) miktar
Malle ve Tao (1987) tarafindan yapilan yonteme gore
belirlenmistir. Bu yontemde 40 g balik 6rnegine 80
ml %7,5’luk TCA c¢ozeltisi ilave edilmis ve Ultra-
Turrax (IKA Werke T 25, Germany) ile 1 dakika
homojenize edilmistir. Karigim 5 dakika santrifiij
(400xg) edildikten sonra Whatman 3 (Whatman®
Schleicher&Schuell CAT No:1001 125) filtre kagidi
kullanilarak siiziilmiistiir. Elde edilen 25 ml filtrata 5
ml %10’luk NaOH (Riedel-de Haén 06203) ilave
edildi. Daha sonra distilasyon cihazina (BEHR S1
Steam Distillation Unit Labor-Technik GmbH,
Dusseldorf/Germany) yerlestirilip erlen igerisine 10
ml %4’lik borik asit ¢ozeltisi (H3BOs Merck
1.00165.1000) ve 0,04 ml indikatoér (0,1 g metil
kirmizis1 Merck 1.06076.0025)+0,1 g brom kresol
yesili (Merck 1.08121.0005)+100 ml etanol eklenmis
ve 50 ml distilat toplanincaya kadar distilasyon
yapilmustir. Elde edilen distilat 0,1 N H.SO4 ¢6zeltisi
ile pembemsi renk olusuncaya kadar titre edilmis.
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TVB-N miktar titrasyonda harcanan H,SO4 ¢6zeltisi  Chicago, IL,USA) paket programi kullanarak
(n) dikkate alinarak asagidaki formiille gbére  varyans analizi yapilmis ve Onemli bulunan

hesaplanmustir.
TVB-N (mg/100g)= n x 16,8 mg azot

TBARS (Thiobarbitiirik asit reaktif maddeler)
Analizi

TBARS degerinin belirlenmesi Lemon (1975) ve
Kili¢ ve Richards (2003) tarafindan verilen yonteme
gore yapilmistir. Bu yontemde 2 g 6rnege 12 ml TCA
¢ozeltisi [%7,5 TCA (Trichloroacetic Acid, Riedel-de
Haén 27242) %0,1 EDTA (Ethylenediaminetetra-
acetic Acid, Riedel-de Haén 34549), %0,1 Propil
galat (Propyl Gallate, Fluka 48710-3 ml etanolde
¢oziilir)] ilave edilmis ve 15-20 sn ultra-turrax’da
homojenize  edildikten sonra  Whatman 1
(Whatman® Schleicher&Schuell CAT No:1001 125)
filtre kagidi kullanilarak siiziilmiistiir. Siiziintiiden 3
ml alinarak deney tiipline aktarilmis, iizerine 3 ml
0,02 M TBA (Thiobarbituric acid, Fluka 88481)
¢Ozeltisi eklenmis ve karistirilmistir. Daha sonra
deney tiipleri 100°C’de 40 dakika su banyosunda
bekletilereck, 5 dakika soguk su igerisinde
sogutulmustur. 2000 g’de 5 dakika santrifiij (Hermle
ZK 380, Germany) edildikten sonra
spektrofotometrede (Shimadzu Corporation, Japan)
530 nm dalga boyunda absorbans okunmustur.
Standardin hazirlanmasinda TEP (1,1,3,3-
tetraetoksipropan) kullanilmig ve k (standart) degeri
0,06 olarak hesaplanmistir. Sonug pmol malonaldehit
(MA)/kg olarak verilmistir.

TBARS= ((absorbans/ k (0,006) x 2/ 1000 x 6,8)
x 1000/6rnek agirligt

pH Analizi

10 g balik eti 6rnegine 100 ml saf su eklenmig ve
1 dakika ultra-turrax’da (IKA Werke T 25, Germany)
homojenize edilmistir. Daha sonra pH degerleri pH-
metre (Schott Labstar pH, Germany) ile Gokalp vd

(2001) tarafindan belirlenen yonteme gore
Olclilmiistiir.

Duyusal Analiz

Duyusal analiz Kurtcan ve Goniil (1987)

yontemine gore yapilmigtir. Duyusal analiz igin 5
kisilik panelist grubu olusturulmugtur. Balik
ornekleri yaklasik 5 dakika mikrodalga firinda
pisirildikten sonra panelistlere sunulmus ve
panelistler 6rnekleri renk, koku, lezzet ve genel kabul
edilebilirlik  agisndan 1 ile 5 arasinda
degerlendirmistir. Puanlamada; 5 ¢ok iyi, 4 iyi, 3
normal, 2 koti ve 1 c¢ok kot olarak
degerlendirilmistir.

Istatiksel Analiz
Aragtirmadan elde edilen verilerin istatistiksel
olarak degerlendirilmesinde SPSS 20.00 (SPSS, Inc.,

varyasyon kaynaklarina ait ortalamalar Duncan ¢oklu
karsilastirma testi ile test edilmistir.

Bulgular
Mikrobiyolojik Analiz Sonuclar:
Farkl1 konsantrasyonlarda turunggil kabuk

yaglar1 (limon, portakal ve bergamot) ilave edilen
gokkusag1 alabaligi filetolarina ait mikrobiyolojik
analiz bulgular1 Tablo 1’de verilmistir.

Balik orneklerine ait en diisiik TAMB sayist
(2,3340,12 log kob/g) C 6rneginde belirlenirken, en
yiiksek TAMB sayisi (7,92+0,19 log kob/g) A
orneginde saptanmigtir. Depolama siiresince gruplar
arasinda Onemli farkliliklar oldugu belirlenmistir
(p<0,05). TMAB sayilarinin turunggil kabuk yaglar
katkili orneklerde kontrol grubuna daha diisiik
oldugu goriilmiistiir.

Toplam psikrotrofik bakteri sayist depolama
giinlerine ve gruplara gore O©nemli farkliliklar
gostermistir (p<0,05). En yiiksek psikrotrofik bakteri
sayist depolamanin son giiniinde A (8,0340,02 log
kob/g) 6rneginde bulunurken, en diisiik bakteri sayisi
depolamanin 0. giiniinde C (2,69+0,11 log kob/g)
orneginde tespit edilmistir.

Depolama siiresince en yiiksek laktik asit bakteri
sayis1 kontrol grubu 6rneklerinde (9. giin 5,03+0,12
log kob/g), en diisiik bakteri sayisi ise turunggil
kabuk yaglar1 katkil1 gruplarda (0. giin 2,00+0,00 log
kob/g)tespit edilmistir (p<0,05). Depolama siiresi
boyunca tiim gruplarda LAB sayilar1 artmistir.

Enterobacteriaceae sayisi tiim gruplarda gilinlere
gore artig gosterirken, en yiiksek deger depolamanin
son gilintinde A (4,09+0,14 log kob/g) Orneginde
saptanmigtir. Muhafaza siiresince gruplar arasinda
onemli farkliliklar oldugu tespit edilmistir (p<0,05).

Kimyasal Analiz Sonuclar:

Farkli konsantrasyonlarda turuncgil kabuk
yaglar1 (limon, portakal ve bergamot) ilave edilen
gokkusag1 alabalig: filetolarina ait kimyasal analiz
bulgulart Sekil 1°de verilmistir.

TVB-N degerlerinde depolama siiresince onemli
artiglar saptanmistir (p<0,05). En fazla artis kontrol
grubunda goriilmiistiir. Kontrol grubu o6rneklerde
depolamanin 0. giiniinde TVB-N degeri 16,42 mg/100
g olarak bulunurken, depolama sonunda 26,24
mg/100 g’a ulagsmistir. TVB-N degerinin turuncgil
kabuk yaglar1 katkili 6rneklerde daha diisiik oldugu
belirlenmistir. En diisiik TVB-N degeri C grubunda
10,33 mg/100 g olarak tespit edilmistir.

En yiiksek TBARS degeri (5,53 umol MA/kg)
kontrol grubu (A) orneklerinde, en diisiik TBARS
degeri (1,21 umol MA/kg) ise %1 limon ugucu yagi
ilave edilmis C grubunda belirlenmistir. Muhafaza
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siiresince biitlin gruplarda zamana bagl olarak artis
goriilmiistiir. Muhafaza siiresi boyunca TBARS
degeri bakiminda gruplar arasinda 6nemli farkliliklar
(p<0,05) saptanmugtir.

En yiliksek pH degeri kontrol grubu 6rneklerde
depolamanin 0. giiniinde 6,30 olarak oOlc¢tilmiistiir.

Depolama sonunda (9. giin) kontrol grubu 6rneklerde
pH degerlerinde azalma goriilmiistiir. En diisitk pH
degeri C grubunda 5,92 olarak bulunmustur.
Muhafaza siiresi boyunca pH degeri bakiminda
gruplar arasinda onemli farkliliklar (p<0,05) tespit
edilmistir.

Cizelge 1. Farkli konsantrasyonlarda turuncgil kabuk yaglari (limon, portakal ve bergamot) ilave edilen gokkusag:
alabalig1 6rneklerinin mikrobiyolojik analiz sonuglar1 (log kob/g)

Ornek Muhafaza Toplam Aerobik Toplam Psikrotrofik Enterobacteriaceae
Giinleri ~ Mezofilik Bakteri Sayist BakteriSayis Laktik Bakter Sayisi Sayisi
A 0 4,07+0,032 4,36+0,06° 2,16+0,06° 2,000,002
3 5,51+0,05" 5.86%0,05" 2,92+0,09° 2,97+0,04°
6 6,91+0,08° 7,020,02° 3,31£0,14° 3,55+0,13¢
9 7,92+0,094 8,03+0,02¢ 5,03+0,12¢ 4,090,144
B 0 2,540,052 2,880,022 2,00+0,002 2,000,002
3 3,05+0,07° 3,27+0,04° 2,25+0,040 2,25+0,04P
6 3.77£0,04° 3,85+0,09¢ 2,21£0,10° 2,66+0,02¢
9 4.60+0,14¢ 4,99+0,07¢ 2,40+0,02¢ 2,810,061
c 0 2,330,022 2,690,112 2,000,002 2,000,002
3 2,96+0,05° 3,12+0,04° 2,11£0,042 2,100,082
6 2,35+0,07° 3,62+0,04° 2,07+0,092 2,52+0,07"
9 4,1240,04¢ 4,28+0,02¢ 2,66+0,14° 2,76+0,07¢
b 0 2,74+0,042 3,110,032 2,00+0,002 2,000,002
3 3,26+0,09° 3,70+0,05° 2.66+0,07° 2,48+0,09°
6 4,13+0,16° 4,03+0,06° 3,02+0,04¢ 2,82+0,07°
9 4.88+0,044 5,29+0,07¢ 3,30+0,03¢ 2,95+0,05¢
E 0 2,58+0,282 3,010,032 2,000,002 2,00+0,002
3 3,13+0,07° 3,37+0,06° 2.5340,07° 2,35+0,052
6 3,95+0,04¢ 3,90+0,02° 2,81+0,14¢ 2,76+0,02°
9 4.7340,08¢ 5,1040,02¢ 3,07+0,05¢ 2,85+0,05¢
e 0 3,020,042 3,510,062 2,000,002 2,000,002
3 3,63+0,07° 4,02+0,04° 3,07+0,04° 2,92+0,05°
6 4,39+0,06° 4,51£0,10° 3,37+0,05¢ 3,1140,04¢
9 5,150,061 5,68+0,03¢ 3,72+0,08¢ 3,36+0,04¢
G 0 2,910,042 3,310,042 2,000,002 2,00+0.00?
3 3,40+0,01° 3,92+0,06" 2,92+0,06° 2,66+0,07°
6 4,20+0,08° 4,33+0,07¢ 3,2140,08° 3,01+0,04°
9 4,98+0,054 5,60+0,06¢ 3,49+0,06¢ 3,1140,04¢

*Ayni siitundaki farkli harfler, Duncan c¢oklu karsilastirma testine gore ortalamalar arasindaki onemli diizeydeki
farkliliklar1 gostermektedir (p<0,05). Kisaltmalar; A: kontrol, B: %0,5 limon ugucu yag katkili 6rnek; C: %1 limon ugucu
yag katkili 6rnek, D: %0,5 portakal ugucu yag katkili 6rnek, E: %1 portakal ugucu yag katkili 6rnek, F: %0,5 bergamot
ucucu yag katkili 6rnek, G: %1 bergamot ugucu yag katkili drnek.
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Sekil 1. Farkli konsantrasyonlarda turunggil kabuk yaglari (limon, portakal ve bergamot) ilave edilen gokkusagi alabaligi
orneklerinin kimyasal analiz sonuglar1 A: kontrol, B: %0,5 limon ugucu yag katkili 6rnek; C: %1 limon ugucu yag katkili
ornek, D: %0,5 portakal ugucu yag katkili 6rnek, E: %1 portakal ugucu yag katkili 6rnek, F: %0,5 bergamot ugucu yag
katkil1 6rnek, G: %1 bergamot ugucu yag katkili 6rnek. Farkli harfler, Duncan ¢oklu karsilastirma testine gére ortalamalar
arasindaki 6nemli diizeydeki farkliliklar1 gostermektedir (p<0,05).
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Sekil 2. Farkli konsantrasyonlarda turunggil kabuk yaglar1 (limon, portakal ve bergamot) ilave edilen gokkusagi alabaligi
orneklerinin duyusal analiz sonuglar1 A: kontrol, B: %0,5 limon ugucu yag katkili 6rnek; C: %1 limon ugucu yag katkili
ornek, D: %0,5 portakal ugucu yag katkili 6rnek, E: %1 portakal ugucu yag katkili 6rnek, F: %0,5 bergamot ugucu yag
katkil1 6rnek, G: %1 bergamot ugucu yag katkili 6rnek.

Tartisma ve Sonug¢

Bu caligmayla farkli konsantrasyonlarda (%0,5
ve %]1) turunggil kabuk yaglar1 (limon, portakal ve
bergamot) ilave edilen gokkusagi alabaligi
filetolarinin buzdolabi (4°C=1) sartlarindaki raf dmrii
aragtirilmstir.

Mikrobiyolojik Degisimler

Gidalarin mikrobiyolojik yiikii, gidanin kalitesi
ile dogrudan iligkilidir. Su iiriinlerinde raf émriiniin
belirlenmesinde mikrobiyolojik analizler en sik
kullanilan yo6ntemlerden biridir (Mutlu ve Bilgin
2016). 9 giinliik depolama siiresi boyunca drneklere
TMAB, psikrotrofik, Enterobacteriaceae ve LAB
analizleri  yapilmistir.  Mikrobiyolojik  analiz
sonuglarina gore en diigiik bakteri sayist %1 limon
ucucu yagi ilave edilmis C grubu 6rneklerinde tespit
edilmistir. Depolama siiresi boyunca Orneklerin
bakteri sayilart artis gostererek, bu artigin istatiksel
olarak énemli oldugu (p<0,05) bulunmustur.

Taze baliklarda bulunmasimma miisaade edilen
toplam bakteri sayis1 degeri 7 log kob/g’dir (ICMSF
1986). Bu degere A grubu 6rnekler muhafazanin 9.
giiniinde ulasirken, diger gruplar depolama periyodu
sonunda bu degerin altinda bulunmustur (Tablo1).
Toplam aerobik bakteri sayisinin kontrol grubunda
depolamanin 9. giiniinde tiiketilemez degere (7,92

log kob/g) ulastigi saptanmigtir. Can vd. (2011),
aynali sazan (Cyprinus carpio carpio L., 1758)
baliklari1  Ojenol ile farkli siirelerde salamura
yaparak, 4°C’ de 9 giin siireyle depolamislar ve A
grubu (6 saat) o6rneklerinde depolamanin 9. giiniinde
TMAB sayisi1 6,19 log kob/g iken, B (12 saat) ve C (24
saat) grubu orneklerinde sirasiyla 3,03 ve 2,13 log
kob/g olarak bulmuglardir. Bu g¢alisma sonucu
mevcut calismayla farkliliklar gdstermektedir. Bu
durumun uygulanan esansiyel yag ve balik tiiriiniin
farkli olmasindan dolay1 kaynaklandigi
diisiiniilmektedir. Duman vd. (2012) biberiye ve
kekik ugucu yaglarmin kerevitlerin  (Astacus
leptodactylus Esch., 1823) raf Omrii {izerine
mikrobiyolojik etkisinin aragtirildigi ¢aligmalarinda,
kontrol grubuna oranla mikrobiyal yiikiin biberiye ve
kekik esansiyel yagi katkili orneklerde daha diisiik
oldugunu belirtmislerdir. Bu c¢alisma sonuglari
yapilan bu ¢alisma ile benzerlik géstermistir.
Psikrotrofik bakteri sayisi kontrol grubunda
baslangigta 4,36 log kob/g olarak saptanmustir. Bu
deger muhafazanin 6. giiniinde yiikselerek
tiiketilemez (7,02 log kob/g) degerine ulagmus, diger
gruplar depolama periyodu sonunda bu degerin
altinda belirlenmistir (Tablo 1). Ozyillmaz (2007),
farkli dozlarda (5, 20, and 35 pl) piiskiirtme teknigi
ile kekik esansiyel yagi uygulamasinin gokkusagi
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alabaligir (O. mykiss, Walbaum, 1972) filetolarmin  artis kontrol grubunda belirlenmistir. TVB-N
psikrofil bakteri faaliyetlerini Onemli oOlgiide  degerlerinin  turunggil kabuk yaglart katkili

yavaglattigini belirtmistir. Emir Coban vd. (2018)
dondurulmus gokkusagi alabaligi (O. mykiss)
filetolar1 iizerinde yaptiklari bir arastirmada
psikrofilik bakteri sayilarinin karanfil yagi (%0,5 ve
%1lv/w) katkili 6rneklerde, kontrol grubuna gore
daha diisiik oldugunu tespit etmiglerdir. Bu ¢aligma
sonuclar1 mevcut calisma ile benzerlik géstermistir.

Kontrol grubunda LAB depolamanin 0. giiniinde
2,16 log kob/g ve depolama sonunda ise 5,03 log
kob/g olarak saptanmigtir. Muhafaza siiresince
orneklerin laktik asit bakteri sayilar1 artig gostererek,
bu artisin istatiksel olarak 6nemli oldugu (p<0,05)
belirlenmigtir. LAB sayilarinin turunggil kabuk
yaglar1 katkili Orneklerde daha diisiik oldugu
goriilmistiir. Duman vd. (2012) laktik asit bakterileri
iizerinde biberiye ve kekik esansiyel yaglarinin etkili
oldugunu bildirmislerdir. Patir vd. (2015) farkh
oranlarda asetik asit ile (%2 ve %@4) hazirlanan
alabalik (O. mykiss) marinatlar1 tizerine %0,1 ve
%0,51ik eugenoliin etkisinin arastirildigi ¢alismada
laktik asit bakteri sayilarmin Eugenol katkili
orneklerde, kontrol grubuna kiyasla daha diisiik

oldugunu saptamiglardir. Mevcut bu calisma
sonuglart arastirmacilarin  bulgulariyla benzerlik
gostermistir.

Depolama stiresince en yiiksek

Enterobacteriaceae bakteri sayisi kontrol grubu (A)
orneklerinde, en diisiik bakteri sayis1 ise %1 limon
ucucu yagi ilave edilmis C grubunda bulunmustur.
Muhafaza  siiresi boyunca tim  gruplarda
Enterobacteriaceae sayilari artig gostermis, ancak en
fazla artis kontrol grubunda tespit edilmistir.
Enterobacteriaceae bakteri sayilarinin turunggil
kabuk yaglar1 katkil1 6rneklerde daha diisiik oldugu
belirlenmistir. Mutlu ve Bilgin (2016) sicak
dumanlanmig gokkusagi alabaligi (O. mykiss) ile
yapmis olduklar1 ¢aligmalarinda zeytin yapragi ve
yag giilii ekstraktlarinin Enterobacteriaceae sayisi
iizerine etkili oldugunu bildirmislerdir. Ayn sekilde
Tassou (1996), limon ve kekik esansiyel yaglarini
uygulanmig c¢ipura (Sparus aurata) filetolarinda
enterobakteri sayisinin kontrol grubuna kiyasla daha
diisiik oldugunu rapor etmislerdir.

Kimyasal Degisimler

Balik ve  balik iriinlerinin  tazeligin
belirlenmesinde ¢ok fazla kullanilan kimyasal
parametrelerden birisi de TVB-N degeridir (Kdse ve
Koral 2005; Oguzhan 2011; Mutlu ve Bilgin 2016).
Depolama periyodu boyunca en yiikksek TVB-N
degeri kontrol grubu 6rneklerinde, en diisiik ise %1
limon ugucu yagi ilave edilmis C grubu 6rneklerinde
saptanmistir (Sekil 1a). Depolama siiresi boyunca
tiim gruplarda TVB-N degeri artis gostermis, en fazla

orneklerde daha diisiik oldugu goriilmiistiir. Benzer
sonuglar Can vd. (2011) tarafindan da bulunmustur.
Ozpolat vd. (2017), farkli dozlardaki biberiye
esansiyel yaglarmin gokkusagi alabaligi {izerine
antimikrobiyel ve antioksidan etkilerini arastirdiklar
caligmalarinda, TVB-N degerindeki yiikselisin en
fazla kontrol grubunda, en az yikselisin ise %2
oraninda biberiye uygulanan grupta oldugunu ve tiim
gruplarda muhafaza siiresi ile birlikte TVB-N
degerinin  istatistiki acidan Onemli derecede
yiikseldigini belirlemislerdir (p<0,05). Giiran vd.
(2015) kekik, karanfil ve biberiye yaglar1 uygulanmig
palamut (Sarda sarda Bloch, 1793) baliklar1 ile
yaptiklari caligmalarinda TVB-N degerlerinin kontrol
grubunda, diger Orneklere kiyasla daha yiiksek
oldugunu rapor etmislerdir.

TBARS degeri, lipit oksidasyonunun derecesinin
belirlenmesinde yaygin olarak kullanilan énemli bir
kalite kriteridir (Giinli 2007; Oguzhan 2011).
Muhafaza siiresine bagli olarak kontrol grubu ve
esansiyel yag wuygulanan gruplarda TBARS
degerlerinde artiglar tespit edilmistir. Depolama
periyodu boyunca en yiiksek TBARS degeri kontrol
grubu 6rneklerinde belirlenirken, en diisiik %1 limon
ucucu yagi ilave edilmis C grubu oOrneklerinde
saptanmistir (Sekil 1b). Fernandez-Lopez vd. (2005),
TBA degerlerinin biberiye, limon ve portakal yaglar
katkili koftelerde kontrol grubuna kiyasla daha diisiik
oldugunu ve esansiyel yaglarin muhafaza siiresine de
onemli etkilerinin (p<0,05) oldugunu
vurgulamiglardir. Emir Coban ve Can (2013)
gokkusagi alabaliklari (O. mykiss) ile yiiriittikleri bir
calismalarinda farkli konsantrasyonlarda (%0,5 ve
%]1) biberiye esansiyel yagini kullanmislar ve TBA
degerlerinin kontrol grubunda, biberiye yag ilaveli
orneklere  kiyasla daha  yiiksek  oldugunu
vurgulamiglardir. Her iki ¢aligmadaki sonuglar, bu
calismadan elde edilen degerlerle benzerlik
gostermigtir. Duman vd. (2012) biberiye ve kekik
ucucu yaglart uygulanmus kerevitler (A. leptodactylus
Esch., 1823) ile yaptiklar1 ¢aligmalarinda, en yiiksek
TBA degerinin kontrol grubunda, en diistik ise kekik
esansiyel yagi uygulanmis Orneklerde oldugunu
vurgulamislardir.

Balik etinde pH degerinin 6,0 ile 6,5 arasinda
degiskenlik gosterdigi ve bu degerin muhafaza
siiresince bozulma 1ile birlikte yiikseldigi ve
tiiketilebilirlik sinir degeri olarak da 6,8-7,0 kabul
edildigi cesitli arastiricilar tarafindan bildirilmistir.
pH degeri her zaman kesin bir kriter olmayip
duyusal, kimyasal ve mikrobiyolojik testlerle de
desteklenmesi gerekmektedir (Baygar vd. 2004; Inal
2007; Ozpolat vd. 2017). Depolama siiresi boyunca
tim gruplarin pH degerlerinin dalgalanmalar
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gosterdigi ve istatistiksel olarak pH degerleri
arasindaki farkin 6nemli oldugu bulunmustur
(p<0,05). Yerlikaya vd. (2005) yapmis olduklar
caligmalarinda hamsi koftelerin pH degerlerinin
depolama siiresince arttigin1 rapor etmislerdir.
Duman vd. (2012) kontrol o6rnekleri ile biberiye
ekstraktt uygulanmis Ornekler arasinda pH degeri
bakimindan istatistiksel olarak onemli farkliliklar
olmadigini bildirmislerdir. Algigcek (2011) sivi
tiitsiilenmis gdkkusagi alabaligi lizerinde yiiriittiikleri
calismalarinda  kontrol grubu ile farkl
konsantrasyonlarda kekik yagi uygulanms gruplar
arasinda pH degeri bakimindan istatistiksel agidan
onemli farkliliklar oldugu saptanmustir (p<0,05).

Duyusal Degisimler

Panelistler tarafindan tiim kriterler (renk, koku,
lezzet ve genel kabul edilebilirlik) agisindan en fazla
kontrol (A) grubu ornekleri begenilirken, en az %1
bergamot ugucu yagi ilave edilmis G grubu
orneklerinin begenildigi belirlenmistir (Sekil 2).
Kullanilan ekstraktlarin balikta alisilmadik bir lezzet,
koku vermesi ve dolayisiyla genel kabul edilebilirlik
acgisindan tercih etmedikleri diigtinlilmektedir. Tiim
parametreler agisindan gruplar arasindaki farkin
istatistiksel olarak onemli oldugu tespit edilmistir
(p<0,05). Calismaya paralel olarak Duman vd.
(2012) duyusal analiz sonuglarina gore panelistlerin
en ¢ok kontrol grubu Orneklerini begenirken, en az
kekik ilaveli grubu begendiklerini bildirmislerdir.
Mutlu ve Bilgin (2016) tarafindan yapilan baska bir
caligmada ise giil ekstrakli grubun en begenilmeyen
grup oldugu vurgulanmigtir. Emir Coban vd. (2018)
dondurulmus gokkusagi alabahigi (O. mykiss)
filetolar1 ile yiiriitiilen bir aragtirmada karanfil yagi
uygulanmig Orneklerin duyusal parametreler (koku,
renk, tekstiir) agisindan kontrol grubuna kiyasla daha
fazla begenildigini rapor etmislerdir.  Sicak
tiitsiilenmis gokkusagi alabaligi (O. mykiss) ile
yiiriitiilen bir ¢aligmada baliklar karanfil, sarimsak ve
kekik ugucu yaglan ilave edilerek bugday proteini
gluteninden  filmleri ile kaplanmig, vakum
paketlenmis ve +2+2 °C’de depolanmistir. Ugucu
yaglar ilave edilerek kaplama uygulanmig 6rneklerin
kaplama uygulanmamsg orneklere kiyasla duyusal
(genel goriiniis, koku, tat ve doku) agidan daha ¢ok
begenildigini bildirmistir (Ak¢ay 2012). Emir Coban
ve Tuna Kelestemur (2017) tarafindan yapilan bir
calismada Zataria multiflora Boiss. ugucu yaginin
farkli konsantrasyonlarii (%0, %0,2 ve %0,4)
kullanarak irettikleri yaymn baligi (Silurus glanis,
Linnaeus, 1758) burgerlerinde duyusal kriterler
(koku, tat, tekstiir, genel kabuledilebilirlik)
bakimindan en yiiksek puani %0,4 ugucu yag ilave
edilerek iiretilen burgerlerin aldig1 rapor edilmistir.

Sonuc¢ olarak; turunggil kabuk yaglarmin
gokkusagr alabaligr filetolarinin  kimyasal ve
mikrobiyolojik 6zellikleri iizerine olumlu etki yaptigi
ve raf Omriiniin arttirnlmasinda pozitif sonuglar
verdigi tespit edilmistir.
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Although Batrachochytrium dendrobatidis, pathogen for amphibians, has been
reported in Anatolia, its geographical distribution, as well as its impact on the
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the 62 individuals collected from 10 amphibian species from Eastern Black Sea
Region of Turkey. The intensity of B. dendrobatidis infection ranged from
403.520 to 534.280 genomic equivalents (GE) was detected. The highest GE
between amphibian species were determined in P. caucasicus (534.280 GE) in
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Dogu Karadeniz Bolgesinde Amfibi Patojeni Batrachochytrium dendrobatidis’in Potansiyel Dagilimi

Oz: Amfibi patojeni Batrachochytrium dendrobatidis Anadolu’da rapor edilmesine ragmen, hem cografik dagilinm hem de Tiirkiye
amfibileri tizerindeki etkisi hala belirsizdir. Bu ¢alismada, Dogu Karadeniz Bolgesindeki bes sulak alandan on farkli amfibi tiirlerine
(Pelodytes caucasicus, Rana dalmatina, Rana macrocnemis, Bufo bufo, Bufo verrucosissimus, Bufotes variabilis, Hyla savignyi
Pelophylax ridibundus, Ommatotriton ophryticus, Mertensiella caucasicus) ait 62 ergin birey toplandi. Kantitatif Real-time PCR
teknigi ile tim bireylerde B. dendrobatidis enfeksiyonlarnin prevalanst ve yogunlugu ile arastirildi ve Dogu Karadeniz
Bolgesi’ndeki 10 amfibi tiiriinden toplanan 62 bireyin 13’ tinde B. dendrobatidis enfeksiyonu varligi ilk kez rapor edildi. Enfeksiyon
yogunlugu 403,520-534,340 genomik esdegerler arasinda degistigi belirlendi. Amfibi tiirler arasinda en yiiksek genomik esdeger
Uzungol” deki P. caucasicus (534,280) ve Karagél'de B. bufo (504,00) saptandi.
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Introduction

Infectious diseases are one of the factors
implicated in the declines and extinctions of
amphibians in  worldwide. Batrachochytrium
dendrobatidis (Bd) is a fungus that colonizes
amphibian skin and the associated disease,
chytridiomycosis, can disturb cutaneous respiration
and osmoregulation and result in the death of the host
(Carver et al. 2010). Differences in ecological factors

such as host population density, habitat, and age
structure may influence the rate at which chytrid
spreads through the environment (Daszak et al.
1999). According to Ron (2005), Bd was predicted to
spread in Anatolia, but the geographic distribution of
Bd and its effect on Turkish amphibians is poorly
understood (Farrer et al. 2011). Though 26 Turkish
amphibian species are listed in the International
Union for Conservation of Nature (IUCN) Red List,
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investigation of the decrease in frog population has
become mandatory (Bagkale et al. 2013). Only two
works were carried out on the distribution of Bd in
Turkey. Previously, Gé¢men et al. (2013) reported
that one of two P. bedriagae specimens from Goyniik
Canyon (Antalya) was found as positive for Bd.
Erismis et al. (2014) reported Bd infecting wild P.
ridibundus, H. orientalis, B. variabilis as well as
endemic Beysehir frogs P. caralitanus in West
Anatolian Region and the District Lakes of South
Western Turkey.

Thirty-six amphibian species were recorded in
Turkey. Due to Turkey’s geographical position,
different species spread in different regions and they
are exposed to a great number of threats (Sekercioglu
et al. 2011). This includes a number of restricted and
rare amphibian species such as Rana tavasensis
(Franzen et al. 2008), R. holtzi (Yildiz and G6¢gmen
2012), R. macrocnemis (Veith et al. 2003), P.
caralitanus (Biilbiil et al. 2011). If such species were
susceptible to the fungal infection, the local and
isolated populations might easily become extinct.

Hence, the location of pathogens and susceptible to
species are needed to be determined in Turkey.
Management strategies for the containment of Bd
spreading include the detection of wild and captive
populations infected with chytrid disease, the
identification of infected geographical areas, and the
control of infected animal’s movement from one
location to another.

Therefore, the main objective of the present study
was to determine Bd infected amphibian species
through quantitative polymerase chain reactions
(gPCR) (Kriger et al. 2006; Hyatt et al. 2007) in the
Eastern Black Sea Region of Turkey.

Materials and Methods

The study was carried out in 6 different
areas [Uzungol (Caykara-Trabzon, UZL), Karagol
(Savsat-Artvin, KRL), Sahara Natural Park (Savsat-
Artvin, SNP), Ardesen (Rize, ARD), Lake Savsat
(Savsat-Artvin, SVT)] at 39 t01876 m elevation (E)
in the eastern Black Sea region (EBS) of Turkey
(Figure 1).

Elevation
- 3705 m
0 115230 460 -
-_— e Km Oom

Figure 1. Map showing the collecting sites.

The specimens were collected during the summer
season of 2014 (June through August). Air
temperature, water pH, and humidity (H) were
recorded during the fieldwork (Table 1). For each
captured animal, surveyors recorded its GPS
coordinates. To prevent the transfer of infected
materials among sites, we rinsed all equipment with
5% bleach before entering each location. All of the
frogs were handled with latex gloves and gloves were
discarded after examination of each animal (Bai et al.
2010). The distribution of zoosporangia of Bd was

studied in collected 10 species [P. caucasicus (Pc),
R. dalmatina (Rd), R. macrocnemis (Rm), B. bufo
(Bb), B. verrucosissimus (Bv), B. variabilis (Bvs), H.
savignyi (Hs) P. ridibundus (Pr), O. ophryticus (O0),
M. caucasicus (Mc)].

To determine whether the animal was infected
with Bd or not by PCR analysis, tissue samples were
collected using swab method with a sterile cotton tip
swab to take the keratinized tissues where Bd
zoospores were highly concentrated (Marantelli et al.
2004). During Bd sampling process, each individual
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was swabbed 30 times. We followed the standardized
sampling protocol detailed by Hyatt et al. (2007).
Samples were stored in 95% ethanol and were kept
on ambient temperature (>10°C) in the field and
transported back to the laboratory and stored in a —80
°C freezer (Hyatt et al. 2007). The intensity of
infection in all samples was determined by using
gPCR (Boyle et al. 2004; Hyatt et al. 2007), with the
modifications of methods described by Boyle et al.
(2004). It was extracted nucleic acids using 50 pl
PrepMan Ultra (Applied Biosystems), and the tip of
the swab was used instead of a toe. To ensure the
integrity of our results, a negative control (dH.O) was
run in triplicate on every 96-well PCR plate (Kriger
et al. 2006). We constructed a standard curve to
determine the zoospore load. A standard curve was
constructed from the control reactions containing
100, 10, 1 and 0.1 Bd zoospores and the concentration
determined for the test samples expressed as the
number of zoospore equivalents. The intensity of
infection was measured as the number of genome
equivalents (GE) per swab, calculated by multiplying
the GE values generated during the qPCR by the
dilution factor of the template DNA. Swabs were

categorized as Bd positive at >1 GE and as Bd-
negative at <1 GE (Kriger et al. 2006; Hyatt et al.
2007; Anna et al. 2011; Erismis et al. 2014). All
analyses were performed in triplicate. The
percentages of infected individuals and GE were not

compared among within sites or the species due
to the low statistical power of small sample
sizes for each species at a site. In the localities with
positive Bd, we used the =zonal statistic
routine to extract from the digital maps the
environmental variables values from each point
(ArcView 3.2, Spatial Analyst). These values were
also used to run Principal Component
Analysis (PCA; implemented in XLSTAT v.3.0) to
visualize the degree of clustering in environmental
space among EBS region of Turkey where Bd was
found.

Results

We swabbed 62 individuals from the 8 genera,
including 10 species that occur in EBS region of
Turkey. The prevalence and the intensity of Bd
infections in all the individuals were investigated by
using quantitative real-time-PCR technique and the
presence of Bd infection was reported for the first
time in 13 of the 62 individuals collected from 10
amphibian species from EBS Region of Turkey
(Figure 2, Tablel).

Bd was not detected only in ARD region. We
determined the presence of Bd infection in 13 out of
62 (20.9%) samples comprising six species:
Pelobates caucasicus (Caucasian type-specific),
Bufo bufo, B. verrucosissimus, Bufotes variabilis,
Pelophylax. ridibundus, Ommatotriton ophryticus
(Table 1).
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Figure 2. Map of Bd prevalence on EBS of Turkey. EBS from all states sampled tested positive and negative for Bd,
Positive (black) and negative (white) proportions by the state were indicated by pie charts.
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Table 1. Prevalence (Prev) and Average Genomic Equivalents (GE) of Bd in Eastern Black Sea Region of Turkey

Species  Locality Coordinates A:ir H E N Prev. GEs
C % (as.l) (+ve) (%)
Pc UZL 40°37'23"N - 40°16'50"E 260 56.0 1164 12(2) 16.0 527+16
Rd uzL 40°36'24"N - 40°18'48"E 195 78.0 1271 1(0) - -
Rm. uzL 40°35'18"N - 40°21'19"E 185 820 1701 2(0) - -
Bb uzL 40°37'07"N - 40°18'45"E 195 78.0 1272 4(0) - -
KRL 40°56'20"N - 43°23'30"E 27.0 65.0 1600 4(1) 25.0 504.00
Bv uzL 40°37'11"N - 40°17'36"E 195 78.0 1278 10(2) 10.0 436.00
Mc UzL 40°35'27"N - 40°20'45"E 275 723 1702 3(0) - -
Bvs SNP 41°14'24"N - 41°13'12"E 230 770 1876 2(1) 0.50 463.00
Hs ARD 41°11'13"N - 40°59'19"E 28.0 68.0 39.0 2(0) - -
Pr SNP 41°14'24"N - 41°13'12"E 230 770 1876 15(5) 333 490.00
KRL 41°18'32"N - 42°28'57"E 26.0 650 1600 4(2) 25.0 480.00
Oo SVT 41°17'47"N - 42°28'37"E 305 66.0 1409 3(2) 66.6 405+9.0
Total 62(13)  20.9 473.66+18.44

Sampling localities and examined frog species abbreviations used; UZL: Uzung6l/Trabzon, KRL: Karagol/Artvin, SNP:
Sahara Natural Park/Artvin, ARD: Ardesen/Artvin, SVT: Savsat Lake/Artvin; Pc: Pelodytes caucasicus, Rd: Rana
dalmatina, Rm: Rana macrocnemis, Bb: B. bufo, Bv: Bufo verrucosissimus, Mc: Mertensiella caucasicus; Bv: B.
variabilis, Hs: Hyla savignyi, Pr: Pelophylax ridibundus, Oo: O. ophryticus respectively, and H: Humidity, E: Elevation.
GE genomic equivalent (including positive samples and negative samples, GE represents the burden of

infection with Bd).

Bd was detected at 4 of 5 sites in EBS Region of
Turkey were not being specifying Bd may be due to
the small number of samples (Figure 1). B. bufo were
sampled at two locations (UZL and KRL), only one of
these locations tested positive for Bd. Although P.
ridibundus were sampled at two regions (SNP and
KRL) but 6 tested positive for Bd. The population of
both P. ridibundus and B. bufo (at KRL) with a
prevalence of 25%. However, we detected Bd in only
one specimen of B. verrucosissimus (n=10).
Furthermore, we did not detect any Bd on R.
dalmatina, R. macrocnemis, B. bufo, and M.
caucasicus (at UZL), H. savignyi (at ARD). In
addition, Northern banded newts (O. ophryticus)
were notable for their highest Bd infection rate at SVT
with the prevalence of 66.6 % than other frog species
(Table 1). Therefore, the prevalence of Bd infection
on the populations of 10 frogs species among EBS
regions (UZL, KRL, SNP, SVT) did differ
significantly (y2 = 8.43, df = 3, Poos> 0.03).

We also detected the rate of Bd infection as the
mean number of GE per sample in 3 replicates. The
mean number of GE for individual positive samples
ranged from 405+9.0 (for O. ophryticus at SVT
region) to 527+16.0 (for P. caucasicus at UZL
region). The highest intensity of zoospores was found
at P. caucasicus (527+16.00) at UZL region followed
by B. bufo (504.00) at KRL region (Table 1).

However, the average GEs among the four regions
(UZL, KRL, SNP, SVT) individuals of frogs infected
by Bd were analyzed through multiple comparisons
based on a Tukey-HSD post-hoc test, which indicated
a not significant difference among them (F = 3.27, df
= 3;9, p = 0.08). Increasing suitability for both
prevalence and GE of Bd was widely distributed on
EBS regions of Turkey but was detected lowest in the
ARD region (Tablo 1).

Final map resulted with areas highly suitable for
the presence of Bd (Niche Overlap Index (NOI) >
0.70) dispersed irregularly overall EBS Region of
Turkey (Figure 3). There are localities with highly
suitable for the fungus in north regions of
phytogeographic provinces of Trabzon and Artvin
(Northeast of Turkey). NOI was varied among
regions and was represented by different percentages
of covered surface. Areas with 0.70 > Ol < 1 (highest
suitability for chytrid development) covered only
32.72 % of the total surface while areas with 0.50 >
Ol < 0.70 covered 56.86 %. Areas with 0.00 > Ol <
0.50 only 10.42 of the total surface of EBS region of
Turkey (Figure 3).

With eigenvalues >1, Principal Component | was
positively correlated with (1) Elevation, (2) mean
annual temperature, (2) precipitation of wettest
explaining 89.6% of the variance of the system.
Principal Component Il explained 29.0% and was
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highly positively correlated only with seasonal
temperature. The environmental variables in the
localities where Bd. was found show that suitable
locations for the fungus are possible across a wide
range of habitats (Table 1). In the localities with
known presence of the fungus, the annual mean

temperature ranged from 5T (UZL and SVT) to
23.5C (SNP and SVT), moreover in areas where the
Ol = 0.89. In addition, our analysis shows that the
presence of the fungus in EBS region of Turkey is
related to precipitations between 68 mm (UZL and
SVT) and 235 mm (UZL and SVT).

- Low: 0

Figure 3. Niche Overlap Index (NOI) map of the potential distribution of Bd in EBS region of Turkey

Discussion

Distribution models showed that Bd has likely
already spread to most climatically suitable regions
(Fisher et al. 2009). Turkey's diverse regions have
different climates because of irregular topography.
Black Sea region has an oceanic climate (Kdppen
climate classification: Cfh), wet and humid (summer
23°C, winter 7°C) (Sensoy et al. 2008). Our previous
study suggests that the Anatolian climate is indeed
favorable for the spread of chytridiomycosis (Erismis
et al. 2014). Intercalarily, Bd has been found in five
mainlands including North and South America,
Europe, Oceana, Africa, and Asia. However, there
have only been two published studies up to date
describing the presence of Bd in Anatolia at the
crossroads of three continents. Therefore, it is not
surprising that the Bd present in Anatolia.

In this study, a total of 62 specimens from 8
genera, including 10 species was sampled. We
detected the presence of Bd infection in 13 of 62
(20.09%) samples comprising four species: P.
caucasicus (Caucasian type-specific), B. bufo, B.
verrucosissimus, P. ridibundus, O. ophryticus (Table
1). Bd was detected at 4 of 5 sites. We detected Bd in
only one from ten swamp samples of B.
verrucosissimus. We did not detect any Bd on R.
dalmatina, R. macrocnemis, B. bufo (at UZL), B.

variabilis, H. savignyi and M. caucasicus. In
addition, Northern banded newts (O. ophryticus)
were notable for their higher Bd infection rate at SVT
prevalence of 75% than other frogs species. P.
ridibundus were sampled at two locations (SNP and
KRL) but 6 tested positive for Bd. We found a
moderate Bd rate (20.09 %, N = 62) and low zoospore
loads (473.66+18.44). The number of zoospores
increases during infection. Low numbers may
represent an earlier stage of infection, but the
shedding of the skin may also contribute to low
counts. We observed a widespread prevalence of Bd
zoospore in apparently healthy adult amphibians in
the study areas. Recent work suggests that Bd may
produce tiny, non-pathogenic resting spores that
attach to the amphibian skin surface but without
causing disease (Di Rosa et al. 2007). The competing
hypothesis contends that chytrid is endemic to many
regions and that climate or other factors have altered
the host-pathogen relationship, resulting in the recent
outbreaks of chytridiomycosis (Morehouse et al.
2003; Weldon et al. 2004). As is also known adults
may be protected by acquired immunity (Richmond
et al. 2009) and thus may clear or prevent infections
more efficiently than juveniles that are naive to Bd,
infects some amphibian species with little negative
effects on the host and do not die therefore may serve
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as reservoirs of the disease (Mazzoni et al. 2003).
Many amphibian species such as Xenopus spp, R.
catesbeiana, and B. marinus carry this disease, also
terrestrial species of anurans have been observed
with Bd, suggesting frog to frog transmission is
possible (Kriger et al. 2007).

Differences in morbidity and mortality in
experimentally infected amphibians indicate that Bd
virulence can vary between strains of the same and
different lineages. Increased Bd growth rate,
zoospore production, and sporangial size in pure
culture, have been linked with increased host
mortality and immunosuppressive activity (Fisher et
al. 2009). Our studies suggested that amphibians can
evolve resistance to Bd and may have the ability to
coexist with the disease. The Eastern Black Sea
region has unique reptile fauna. These regions are the
corridors of the species coming from the Caucasus
and the south. The high Anatolian diagonal
mountains are a barrier to colonization (Ansell et al.
2011). This study showed that Anatolian diagonal
mountains are not a barrier for the colonization of Bd
in Anatolia. If amphibians can evolve resistance to
Bd and may have the ability to coexist with the
disease, testing for the presence of Bd should be
mandatory other regions of Turkey.

In conclusion, the uncertain distribution and
potential impact of Bd presence in Turkey require
additional investigation before accurate evaluations
can be made. Standardized field surveillance
methods and laboratory diagnostic techniques are
needed to more carefully investigate. The presence,
distribution, virulence to native species and clade
membership of Bd in Turkey must be verified before
its potential impact on Anatolian amphibians can be
accurately predicted.
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Zebrafish (Danio rerio) with an initial weight of 88.61+£0.82 mg were fed eight
isoenergetic diets containing dietary protein levels ranging from 20 to 55 % by 5
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decreased with dietary protein levels whereas whole body protein was
quadratically affected. The second order polynomial and two break point linear
models (TBPLM) were used to estimate dietary protein requirements. The later
model generated lower residual sum of squares when SGRweeks and SGRFinal
values were used as a response. Minimum dietary protein requirements for
SGRweeks and SGRFinat Were estimated by the TBPLM as 27.69 and 28.93 %
respectively. Briefly, results of the study suggest a minimum dietary protein
requirement of zebrafish is about 29 % for maximum growth rate.
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Zebra Bahgimnin (Dania rerio) Diyetsel Protein Gereksinimi

Oz: Ortalama baslangi¢ agirlig: 88,61+0,82 mg olan zebra baliklar1 (Danio rerio) protein diizeyi % 20-55 arasinda degisen sekiz
adet izoenerjitik yemle beslenmistir. Her bir deneme yemi ti¢ tekrarli olarak 6 hafta boyunca baliklara verilmistir. Spesifik biiyiime
orani (SGR) 2. ve 4. haftalarda kuadratik olarak etkilenirken, bu egilim deneme sonunda kaybolmustur. Protein diizeyleri arttik¢a
yem tiiketimi, yemden yararlanma orani ve protein etkinlik oran1 dogrusal olarak diismiistiir. Tiim viicut kuru madde, kiil ve lipit
konsantrasyonlar1 diyetsel protein diizeyinin artig1 ile dogrusal olarak diismiis, viicut protein diizeyi ise kuadratik olarak
etkilenmistir. Diyetsel protein gereksinimlerini tahmin etmek igin, ikinci derece regresyon ve iki kirikli linear model (JKLM)
kullanilmugtir. 4. hafta ve deneme sonu SGR degerleri kullanildiginda /KLM daha diisiik kalint1 kareler toplami1 vermistir. 4. hafta
ve final SGR oranlarina gore, IKLM minimum protein gereksinimlerini sirasiyla, % 27,69 ve % 28,93 olarak tahmin etmistir. Kisaca,
calisma bulgular1 zebra baliklarmin maksimum biiyiime i¢in minimum protein gereksinimlerinin yaklagik % 29 oldugunu
gostermektedir.

Anahtar kelimeler: Zebra baligi, diyetsel protein, bilyiime, yemleme
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Introduction

Zebrafish is used in a wide range of scientific
disciplines as a model animal. Basic culture
requirements particularly  nutritional needs of
zebrafish however are still incomplete (Lawrence
2007; Ulloa et al. 2014). Existing literature about
zebrafish nutrition has dealt with some topics
including the evaluation several diet types and
protein sources (Artemia, paste liver, flake,
commercial trout and experimental diets) in terms of
reproductive and growth performance (Markovich et

al. 2007; Siccardi Il et al. 2009; Smith Jr et al. 2013),
biotin requirements (Yossa et al. 2014) and effects of
dietary carbohydrate levels on growth and nutrient
utilization performance and hepatic transcriptome by
sexes (Robison et al. 2008), although there are some
others.

Dietary protein level in fish is considered as one
of most important criterions since it is most the
expensive nutrient and affects a number of functions
from molecular level to growth related traits
(Lawrence 2007; NRC 2011; Ulloa et al. 2011; Ulloa
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et al. 2014). Despite its fundamental importance in
nutritional physiology, dietary protein requirement of
juvenile zebrafish has been studied recently by
Fernandes et al. (2016), who estimated the minimum
dietary requirements between 37.6 and 44.8% for
maximum weight gain and protein retention using a
four-parameter saturation kinetics model (SKM) and
broken line model (BLM). O'Brine et al. (2015) also
studied protein and lipid requirements of older
zebrafish (ca. 4 months) and reported using ANOVA
that diet with 32% dietary and 8% lipid can be
sufficient for growth. Growth rate of zebrafish can
vary greatly by laboratories, populations and batches
(Eaton and Farley 1974), plus the estimations dietary
requirements of fish are subjected to huge variations
due to the selected statistical model and response
variables (Hernandez-Llamas 2009; NRC 2011).
Therefore, a six-week feeding trial with juvenile
zebrafish from 42 to 84 days post hatching was
planned to estimate dietary protein requirements.

Materials and Methods

Fish and rearing system

The experiment was carried out at the Kepez Unit
of Mediterranean Fisheries Research Production and
Training Institute, Antalya, Turkey. A total of 720,
35day post hatching zebrafish (pink type) were
randomly allocated in groups of 30 across 24, 10L
tanks. Fish were acclimated for a week and fed a
commercial rainbow trout diet with 60 % protein and
10 % lipid and 150-300 pm particle diameter
(Bioaqua, Caml1 Yem, Izmir, Turkey). The average
individual weight per tank was 88.61 + 0.82 mg and
the age was 6 weeks.

The experimental tanks were connected to a
recirculation system. Daily water renewal rate of the
system was 30 %. Each tank was given 100 mL/min
of water and provided with aeration using one air
stone. Average water temperature, oxygen, pH, NH4-
N and NO2-N concentrations in the system over the
experiment were checked twice a week and were
24.87+0.49°C, 7.65+0.06 mg/L, 8.52+0.06, <0.02
mg/L and 0.013+£0.003 mg/L, respectively. A natural
photoperiod was applied as 13-14 h L: 11-10 h D.

Fish were biweekly weighed in bulk after an
anesthetization with ethylene glycol monophenyl
ether (0.3 mL/L). Feed was withheld on the weighing
days. Feed particle diameters were 300-500, 500-800
and 800-1000 um during 0-2, 2-4 and 4-6 weeks of
the experiment. Fish were fed ad libitum by hand
twice a day at 09:00 and 16:00 h. Each feed was tried
in triplicated tanks and was carefully administered
until the feeding activity ceased. At the start of the
experiment, a composite sample of five fish per tank
were taken for initial body composition whereas at
the end of the experiment, all fish per tank were

sacrificed by an overdose of ethylene glycol
monophenyl ether (1.2 mL/L) for final proximate
analysis.

Experimental diets

Diets were formulated based on dry matter basis
using the linear method in Winfeed 2.8 (Winfeed
Ltd., Cambridge, UK). Eight isoenergetic diets (18
MJ/kg gross energy (GE)) were formulated to
provide crude protein (CP) levels from 20 to 55 % by
5 % increments (Table 1). The dietary protein level
was increased by adjusting the fraction of the fish
meal in the diet. Fish meal was used were used as
primary protein source whereas a 1:1 mixture of
soybean meal and corn gluten meal was used as
secondary protein source. Wheat starch and
sunflower oil served as carbohydrate and lipid
sources, respectively.

All the dietary ingredients were ground with a
hammer mill (Kocamaz Machine, Model KT-20C,
Izmir, Turkey), weighed at predetermined levels,
thoroughly mixed and then extruded into 2 mm using
a pasta machine (model P3, La Monferrina, Italy).
The resulting material was air dried at a room.

Calculation and chemical analysis
Daily feed intake (DFI g/kg MBW/ day) = (dry matter
intake / MBW®8) / day

Metabolic body weight (MBW) = (Geometric mean
of initial weight (IW) and final weight (FW))®8

Specific growth rate (SGR) = 100 x [(In FW — In
IW)/day

Daily feed intake (mg/kg MBW°#/day*) = (dry feed
intake / MBW®38) / days

Feed conversion ratio (FCR) = dry matter intake /
weight gain

Protein efficiency ratio (PER) = weight gain / protein
fed

Daily nutrient intake (g/kg MBW®®/day?) = [(protein,
energy intake / MBW®®) / days.

Daily nutrient gain (g/kg MBW?8/day) = [(final body
weight xfinal body nutrient) — (initial body weight x
initial body nutrient)] / MBW°8 / days.

Nutrient retention (%) = 100 x (daily nutrient gain /
daily nutrient intake).

Fish samples were stored at -20 °C until analysis.
Prior to analysis, they were chopped into very tiny
pieces using knife. Proximate analysis, except crude
lipid, of experimental diets and fish were performed
according to the methods of AOAC (1990): dry
matter at 104 °C till constant weight, ash content by
incineration in a muffle furnace at 600 °C for 2 h; CP
(Nx6.25) by the Kjeldhal method after acid digestion.
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Lipid was determined with ether-extraction using an
automatic  extraction system (ANKOMXT15
Extractor, ANKOM Technology, Macedon, USA).

Statistical analysis

Polynomial contrasts were used to detect linear
and quadratic effects of dietary protein levels on the
observed response variables. Significant treatment
effects were considered at P<0.10. Statistical
analyses were conducted in JMP v.8.0 (SAS Institute
Inc. 2008). To estimate dietary protein requirements
for average SGRweeks and SGRFinal, two models were
tested using GRAPHPAD PRISM 5 for Windows
(GraphPad Software, San Diego, CA, USA): second
order polynomial regression and two-break points
non-linear model (TBPLM). The latter is a
combination of conventional broken line model
(Hernandez-Llamas 2009) with a negative linear
regression at the right side of the response curve. The
optimum dietary protein levels were defined based on

the model fitting best in terms of the residual sum of
squares (Hernandez-Llamas 2009).

The equations of second order polynomial
regression (1) and TBPLM (2, 3 and 4) are given
below.

y = il + blx + b2x2 (1)

where i;is intercept, bl and b2 is are the
regression coefficients (Shearer 2000).

y =iy +bx if x < xpp, 2
Y = Ymax + bpx  ifx = Xbp» (3)
y =i, + bsx if x > xp (@))

where i; and b; are parameters describing the
positive linear relation, ymax is the maximum response
and i; and bs are parameters of negative linear
relation. To assume a constant response, the slope at
the plateau (b2) was set at zero.

Table 1. Formulation and nutrient composition of experimental diets (% dry matter)

Ingredients 20P 25P 30P 35P 40P 45p 50P 55P
Fish meal 19.87 26.49 30.90 37.51 41.92 48.54 52.95 59.56
Soybean meal 2.14 3.06 3.67 4.59 5.20 6.12 6.73 7.65
Corn gluten meal 2.14 3.06 3.67 4.59 5.20 6.12 6.73 7.65
Wheat starch (Cooked) 64.15 54.83 48.61 39.28 33.07 23.74 17.53 8.20
Sunflower oil 8.21 7.53 7.08 6.40 5.94 5.26 481 4.13
MCPp?! 2.24 2.07 1.96 1.80 1.68 1.52 141 1.24
Mineral mixture? 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Vitamin mixture® 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Choline chloride 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
cMct 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Alpha cellulose® 0.00 1.72 2.87 4.59 5.73 7.45 8.60 10.32
Nutrient levels (% dry matter)
Dry matter 91.41 91.74 91.64 91.89 92.31 92.24 92.66 92.49
Crude ash 5.75 6.73 6.94 7.63 8.21 8.98 9.71 10.51
Crude lipid 10.26 10.02 10.32 10.94 10.62 9.97 10.28 10.34
Crude protein 20.38 26.22 28.93 34.94 39.56 44.20 49.72 56.88
Gross energy (MJ/kg) 19.82 19.69 19.70 19.81 19.74 19.47 19.58 19.62
Protein energy ratio (g/MJ) 10.28 13.32 14.69 17.64 20.04 22.70 25.39 28.99
Results (linear, P=0.666 and quadratic, P=0.213) (Table 2).
All experimental groups more than tripled Dietary protein levels had a strong linear effect on
their initial weights during the 6-week daily feed intake, FCR and PER (linear, P=<0.001).
experiment (Table 2). There was a weak The second order polynomial model generated

quadratic effect of dietary protein levels on 4" week
weight (quadratic, P=0.104) but it disappeared
at the final. SGR wvalues at week 2 and 4
were quadratically affected by the treatments
(quadratic, P=0.025 and P=0.060 respectively),
which also vanished at the end of the experiment

0.0148 and 0.0293 of residual sum of squares for
SGRweeksa and SGReina respectively, whereas the
TBPLM vyielded lower levels with 0.0128 and 0.0248.
Minimum dietary protein requirements for SGRweeks
and SGReina Were estimated by the TBPLM as 27.69
and 28.93% respectively (Figure 1).
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Table 2. Growth, and nutrient utilization performance of zebrafish fed varying dietary protein levels
_ W W at 2" Wv\jgefh W at final SGR at SGR at 4" SGRat Daily feed
Diets (m/ fish) week (mg/ (mg/fish) 2" week week final |ntake0‘gg/ kg FCR PER
(mg/fish) fish) (%/day) (%/day) (%/day) MBW?°?/day)
20P 86.81 117.70 195.29 293.86 2.34 2.90 2.90 4274 2.00 2.46
25pP 88.32 122.92 203.80 300.03 2.54 2.99 291 38.70 1.81 212
30P 86.36 123.64 203.25 310.87 2.76 3.06 3.05 37.66 1.66 2.08
35P 88.61 122.80 205.94 312.20 2.50 3.01 3.00 34.89 1.56 1.83
40P 90.25 126.40 208.53 320.32 2.60 3.00 3.02 3253 1.44 1.76
45p 88.64 120.27 197.80 291.18 2.35 2.87 2.83 28.44 1.37 1.66
50P 88.36 120.66 201.11 306.55 2.39 2.94 2.96 29.55 1.35 1.50
55pP 91.57 120.73 198.78 306.74 213 2.77 2.88 24.80 1.16 1.52
g‘é‘l’\'ﬂe‘j 2532 3512 5.647 10.08 0.152 0.094 0075 0.764 0053  0.059
Linear 0.768 0.844 0.471 0.109 0.170 0.666 <0.001 <0.001  <0.001
P values Quadratic 0.136 0.104 0.277 0.025 0.060 0.213 0.114 0.017  <0.001

IW; initial weight, W; weight, SGR; specific growth rate, MBW, metabolic body weight, FCR; feed conversion rate, PER;
protein efficiency ratio, Pooled SEM, standard error of the means.

3.2+

| 27.69%

| 28.93% |

-o- SGRyyeeks
& SGRgjpa

2.6 | 1 1
20 30 40

Dietary protein (%)

50 60

Figure 1. Effect of dietary protein levels on SGRweeks and SGRrinal Values in zebrafish. Values are represented as the mean

SEM of three replicates. SGR; specific growth rate.

The whole body dry matter, ash and lipid
concentrations linearly decreased with dietary
protein levels (P= <0.001) whereas whole body
protein was quadratically affected (P=0.050)
(Table 3).

Daily protein and energy intakes by zebrafish
quadratically decreased in response to dietary protein

(linear, P=<0.001; quadratic, P=<0.010) (Table 4).
On the other hand, no effect of dietary protein levels
was observed on daily protein gain. Dietary protein
levels linearly decreased daily energy gain and
energy retention of zebrafish (linear, P=<0.001),
whereas quadratically decreased protein retention
(linear and quadratic, P=<0.001).
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Table 3. Whole body compositions of zebrafish fed varying levels of dietary protein (%)

Diets Whole body dry matter ~ Whole body ash ~ Whole body lipid ~ Whole body protein
Initial 27.01 2.79 7.49 14.49
20P 30.95 3.09 9.82 16.14
25P 30.43 3.03 9.08 16.38
30P 29.96 3.09 8.55 16.14
35P 29.69 2.73 8.31 15.77
40P 30.09 2.92 8.24 16.37
45P 28.77 2.69 7.09 15.77
50P 28.55 2.62 7.07 16.17
55P 28.95 2.78 7.11 16.86
Pooled SEM 0.351 0.084 0.296 0.302

Linear <0.001 <0.001 <0.001 0.433
P values .

Quadratic 0.227 0.117 0.049 0.05

Pooled SEM; standard error of the means
Table 4. Nutrient utilization of zebrafish fed graded levels of dietary protein
prikvim gty Sl s

20P 8.71 926.89 3.60 176.29 41.42 19.06
25P 10.15 830.39 3.70 170.57 36.45 20.54
30P 10.89 809.35 3.81 170.57 34.96 21.09
35P 12.19 752.09 3.64 162.44 29.84 21.61
40P 12.87 695.66 3.87 167.92 30.10 24.17
45pP 12.57 600.37 3.40 137.56 27.04 22.92
50P 14.69 624.19 371 148.02 25.34 23.79
55P 14.11 526.05 3.82 149.34 27.11 28.41
Pooled SEM 0.272 16.379 0.156 7.044 1578 1.153
p Linear <0.001 <0.001 0.744 <0.001 <0.001 <0.001
values  oadratic 0.001 0.074 0.76 0.471 <0.001 0.317

Pooled SEM; standard error of the means, MBW; metabolic body weight

Discussion

The responses of zebrafish to dietary protein
levels in the present study displayed some differences
from those of the previous studies (Fernandes et al.
2016; O'Brine et al. 2015). This could be resulted
from several factors including growth depensation in
zebrafish, differences in strain and in number of sexes
in experimental tanks and maturational stages as
underlined previous authors (Biga and Goetz 2006;
Eaton and Farley 1974). Since we did not define
maturational situation and sexes of the individuals in
the present study, we were unable to conclude their
contributions to the differences in our results and
those of O'Brine et al. (2015) and Fernandes et al.
(2016).

SGRs of zebrafish reared on increasing levels of
dietary protein were affected as early as 2" week of

the study with a significant quadratic trend, but with
a lower rate during the later periods. This could be
resulted from that the fish were not able to totally
adapted to the experimental conditions even after a
week of acclimation period. The SGR responses were
abated but with still a significant quadratic trend at 4
week, and became insignificant at the final,
suggesting a decrease at the intensity of growth
response with ages to dietary protein level. Although
difficult to compare the results of this study with
those of O'Brine et al. (2015) who used a higher range
of dietary protein levels between 32 and 75%, no
significant treatment effect on growth rate of about 4-
month-old zebrafish was determined. The impacts of
developmental stages on zebrafish growth rate has
been previously underlined (Eaton and Farley 1974).
Yet, we used SGRwees and SGRrinar Values as
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response variables to estimate the dietary protein
requirements. The TBPLM estimated the
requirements for SGRweeks and SGREinal s 27.69 and
28.93% respectively without a considerable change
with fish size. Dietary protein requirement levels of
zebrafish estimated here are consistent with those of
omnivorous species such as common carp and
goldfish reported by NRC (2011) and Ulloa et al.
(2011). But, our findings are lower than those levels
of 37.6 and 44.8 % for zebrafish by Fernandes et al.
(2016), who used average estimated values of SKM
and BLM based on weight gain and protein retention.
The model with two breaks used in the present study
was previously employed by Kilatt et al. (2016) for
estimation of lower and upper critical dietary
concentrations of methionine+cysteine for juvenile
turbot (Psetta maxima). The second order polynomial
model is widely used in estimation of nutrient
requirements of aquaculture species (Shearer 2000),
but the TBPLM fitted better in the present study in
terms of residual sum of squares, suggesting that it
can be used in future studies as an alternative model
for determination of minimum nutrient requirements.
When it comes to right side of the curve, the present
model estimated an inhibition dietary protein level of
39.56%. However, since the right side of the curve
did not display a clear descending trend, a great
caution should be exercised before a definite
conclusion is reached in terms of inhibition level of
dietary protein. The descending trend at the right side
of SGRs curve is inconsistent with previous
observations in zebrafish (Fernandes et al. 2016;
O'Brine et al. 2015), who found a plateau at high
protein levels. We can conclude that our SGR data
appears to be suitable for estimation of only
minimum dietary protein using the TBPLM model
level but not for the inhibition level. Yet, care should
be exercised that dietary protein levels above about
45% may lead to a reduction in growth performance
of juvenile zebrafish, at least in the studied weight
ranges.

Feed consumption of fish linearly decreased with
the increase of dietary protein levels. This is
consistent with the results reported by Akpwnar et al.
(2012) and Fernandes et al. (2016), who observed an
inverse relation between feed intake and dietary
protein in juvenile shi drum (Umbrina cirrosa) and
zebrafish. This phenomenon could be attributed to
compensatory response to get more protein in fish fed
lower dietary protein levels, as argued by several
authors (Akpwar et al. 2012; El- Dakar et al. 2011,
Fernandes et al. 2016; O'Brine et al. 2015).
Therefore, at restricted feeding regimes at the
estimated requirement level in this study fish
may not meet their daily protein requirements
and significant attention should be paid to feeding

levels in zebrafish laboratories. Our results related
with FCR showed a quadratic decrease in response to
the increase in dietary protein, being consistent to a
certain degree with those of Fernandes et al. (2016),
who observed an improvement in feed efficiency up
to 35% protein level, then a plateau.

A quadratic decrease in PER with increasing
dietary protein level was the case in the present study.
This suggests that zebrafish did not use increasing
dietary protein particularly at above requirement
levels for protein synthesis as indicated several fish
species including Arctic charr, Salvelinus alpinus
(Gurure et al. 1995), Zacco barbata (Shyong et al.
1998), marbled spinefoot rabbitfish, Siganus
rivulatus (EI- Dakar et al. 2011) and tiger puffer,
Takifugu rubripes (Kim and Lee 2009).

The effect of dietary protein levels on whole body
compositions of zebrafish was a significant linear
decrease in dry matter, crude ash and lipid whereas
no change in crude protein in the present study. Our
dry matter results are consistent with those of
Fernandes et al. (2016), but this was not the case in
the whole body protein which displayed an increase
with dietary protein levels in their study. Although no
clear consensus about the effects of dietary protein
levels on the proximate compositions of fish in the
literature, Gurure et al. (1995) found a decrease in dry
matter and crude lipid concentrations in Arctic charr
with dietary protein levels, being fully in parallel
with our findings. Higher lipid concentrations in
zebrafish on lower dietary protein levels could be a
result of higher depositions of energy due to higher
feed consumption.

Expectedly, daily protein intake of zebrafish
increased with dietary protein level. Similar results
were also recorded by other authors in different fish
species including zebrafish (Akpwnar et al. 2012; El-
Dakar et al. 2011; Fernandes et al. 2016). However,
this trend was not reflected to daily protein gain,
which in turn resulted in a significant quadratic
decrease in protein retention in response to increasing
levels of protein as was the case in PER values.
Although the protein retention data are in harmony
with those by Fernandes et al. (2016) at a certain
degree, daily protein gains are inconsistent with the
findings of these authors. Our daily energy intake and
gain values displayed a linear decrease with dietary
protein levels but energy retention showed an inverse
trend, being partly in parallel with the results of
Fernandes et al. (2016).

In conclusion, the results of the present
experiment show that zebrafish growing from 85 and
300 mg require minimum 29% dietary protein
level in their diets including about 10% lipid or 19.5
MJ/kg gross energy when fed ad libitum. Further
studies are required to determine the effects of
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varying dietary protein to energy ratios at different
feeding levels.
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Observing the changes of zooplanktonic organisms over the years can give us
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consistent information about the limnological conditions of the present and future.

Our aim in this study was to determine current conditions of zooplankton fauna
of Abant Lake, which was studied seasonally, and could provide resources for
future studies. The samples of zooplankton were collected horizontally and
vertically from Abant Lake seasonally, between 2015 -2016 from seven stations.
At the end of the study, a total of forty-nine zooplankton species were identified.
Of these, 33 belonged to Rotifera, 14 to Cladocera and 2 to Copepoda. In addition,
twelve species of Rotifera, and six species of Cladocera were found as new

records for the Abant Lake.
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Abant Golii Zooplankton Faunasi: Ge¢mis ve Bugiin

Oz: Zooplanktonik organizmalarmn yillar igerisindeki degisimlerini izlemek, géliin bugiinkii ve gelecekteki limnolojik durumu
hakkinda tutarli bilgiler verebilir. Bu ¢aligmada ki amacimiz, Abant G6li’niin zooplankton faunasinin giincel durumunu belirlemek
ve gelecekteki ¢aligmalara katki saglamaktir. Zooplankton drnekleri, Abant Golii’nden 2015-2016 yillar1 arasinda mevsimsel olarak,
farkl habitatlarda ki yedi istasyondan yatay ve dikey olarak alinmustir. Calismanin sonunda 33 tiir ile Rotifera, 14 tiir ile Cladocera
ve 2 tiir ile Copepoda grubuna ait toplam kirk dokuz zooplankton tiirii tespit edilmistir. Bu ¢alisma ile birlikte, 12 Rotifera tiirii ile
6 Cladocera tiirii Abant Golii zooplankton faunasi igin yeni kayit olarak bulunmustur.

Anahtar kelimeler: Rotifera, Cladocera, Copepoda, Abant Golii
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Introduction

Lake studies provide a practical and
useful structure for community studies because
they can give important information to
the researchers about climate change and
ecosystem structure etc. (Olden et al. 2006).
Zooplanktonic organisms include both predator and
prey organisms. They are primary consumers in
aquatic ecosystems, especially in lakes and constitute
a major food source for their predator like
macroinvertebrates, fish and birds. Zooplankton
considered as indicators in lakes because of their
pivotal role in aquatic food webs (Jeppesen et al.
2011).

It is known that zooplankton distribution,
richness, and composition are affected by
biotic parameters like the presence of predators,
trophic structure, habitat differences etc. and
abiotic  parameters such as  temperature,
salinity, etc. (Kaya et al. 2010; Giirbiizer et al. 2017).
For example, one of the most reliable predictors
of eutrophic condition is total phosphorus
(Filstrup and Downing 2017). It is known to affect
species richness in zooplankton communities
where richness decreases with an increasing
total phosphate (Jeppesen et al. 2000). Since
rotifers are opportunistic species they become
dominant taxa when water quality deteriorates
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(Gannon and Stremberger 1978). It is also thought
that observing the changes of zooplanktonic
organisms over the years can give us consistent
information about the limnological conditions of the
present and future.

Abant Lake is located in the west coast of the
Black Sea Region and west of the city Bolu. It has
been declared as a National Park in 1988 by The
Ministry of Culture and Tourism. The area has warm
temperate, fully humid and warm summer according
to Koppen-Geiger Climate Classification (Kottek et
al. 2006). It is located at 1340 m above sea level, and
surface area of lake is 125 ha (Aksiray 1959, Ering et
al 1961) and the maximum depth is 18 m (Celekli and
Kiilkoyliioglu 2006). Abant Lake gets attention of
scientists because the lake and its surroundings have
the rich flora and fauna (Diigel et al. 2008, Karakaya
et al. 2011, Atic1 and Tokatli 2014).

There are available several zooplankton studies
about Abant Lake and the first one was conducted
in 1970 by Margaritora and Cottarelli which
was later followed by extensive studies of Altindag

Ozdemir Mis et al. 2017. Our aim in this study was
to determine current conditions of zooplankton fauna
of Abant Lake, which was studied seasonally, and
could provide resources for future studies.

Materials and Methods

The samples of zooplankton were collected
from Abant Lake seasonally, between 2015 -2016
from seven stations in different points (Figure 1)
and coordinates of the sampling stations were given
in Table 1. Samples were collected horizontally
and vertically using Hydro-Bios Plankton Net
(mesh size 55p and 25 cm in diameter) and
immediately  fixed  with 4%  formalin.
To identify  zooplankton  species, various
resources were used which included the studies of
Ward and Whipple (1945), Kolisko (1974), Koste
(1978), Harding and Smith (1974), Nogrady and
Pourriot (1995), Segers (1995), De Smet (1996), and
Smirnov (1996). In the present study, all the
identified taxa were checked from several checklists
from Ustaoglu 2004, Ustaoglu et al. 2012, and
Ustaoglu 2015.

(1999), Altindag and Yigit (2000) and
BLACK SEA
Bolu
Ankara
MEDITERRANEAN N

Figure 1. Study area and sampling stations

Table 1. Coordinates of the sampling stations
Station Number  Coordinates

STA1 40°36'31"N/31° 17' 21"E
STA?2 40° 36' 40"N / 31° 16' 55"E
STA3 40° 36' 34"N /31° 16' 39"E
STA 4 40°36' 6"N /31° 16' 22"E

STA5 40°35'59"N / 31° 16' 48"E
STA6 40°36' 15"N /31° 17' 00"E
STA7 40° 36'24"™N / 31° 16' 55"E

Results

In this study, a total of forty-nine zooplankton
species were identified. Of these, 33 belonged to
Rotifera, 14 to Cladocera and 2 to Copepoda. The
species list of Abant Lake was presented in Table 2.
12 species of Rotifera and 6 species of Cladocera are
new records for the Abant Lake.

Rotifers Kellicottia longispina and Keratella
cochlearis were found during all seasons, while
Asplanchna priodonta, Synchaeta pectinata were
found during three seasons and other taxa were
identified only during two seasons or less.
Cladocerans were seen during all seasons except
winter period, Alona guttata, Bosmina longirostris,
Chydorus sphaericus and Daphnia longispina were
found during three seasons. Copepods were
represented by two taxa Acanthodiaptomus
denticornis and Megacyclops viridis and A.
denticornis was found during all seasons except
winter period like cladocerans.

When seasonal zooplankton changes were
considered it was seen that, species richness was the
highest in autumn (twenty-five taxa), followed by
summer and spring (twenty-four and twenty-three
taxa, respectively). In the winter season, only six
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species were observed all of which belonged to the  analyzed, rotifers were found to have the highest taxa
phylum Rotifera. percentage with 67%, while copepods had the lowest
When zooplankton taxon frequencies were  one with 4%.

Table 2. Species list of Abant Lake, past and present studies

Species Present Study

ROTIFERA Winter Spring Summer Fall MC1970 A1999 AY2000 OM2017
Ascomorpha ecuadis (Petry, 1850) + +
Asplanchna girodi Guerne, 1888 + + + +
Asplanchna priodonta Gosse, 1850 + + + +

Cephalodella gibba (Ehrenberg, 1830)* +

Collotheca mutabilis (Hudson, 1885)* +

Collotheca ornata (Ehrenberg, 1830) + + + +

Collotheca pelagica (Rousselet, 1893) + + +

Collotheca sp. +
Colurella adriatica Ehrenberg, 1831 + +
Conochilus hippocrepis (Schrank, 1803) + + + + +
Conochilus unicornis (Rousselet, 1892) + + + +
Euchlanis dilatata (Ehrenberg, 1830) + + +

Filinia longiseta (Ehrenberg, 1834) + + +

Filinia terminalis (Plate, 1886) + +

Gastropus stylifer Imhof, 1891 + + + +
Kellicottia longispina (Kellicott, 1879) + + + + + + + +
Keratella cochlearis (Gosse, 1851) + + + + + + + +
Keratella quadrata (Miiller, 1786) + + + + + +
Keratella tropica (Apstein, 1907)* +

Lecane bulla (Gosse, 1851) + +
Lecane closteracerca (Schmarda, 1859)* + +

Lecane hamata (Stokes, 1896) + +

Lecane luna (Miiller, 1776) +
Lecane lunaris (Ehrenberg, 1832) + + + +
Lecane stenroosi (Meissner, 1908)* +

Lepadella acuminata (Ehrenberg, 1834)* +

Lepadella ovalis (Miiller, 1786)* +

Lepadella patella (Miiller, 1773)* +

Lophocharis salpina (Ehrenberg, 1834) + + +

Mytilina ventralis (Ehrenberg, 1830)* + +

Notholca squamula (Miiller, 1786) + +

Philodina megalotrocha Ehrenberg, 1832* +

Platyias quadricornis (Ehrenberg, 1832) +
Polyarthra dolicoptera Idelson, 1925 + + +

Polyarthra vulgaris Carlin, 1943 + + + +
Squatinella mutica (Ehrenberg, 1832)* +

Synchaeta litoralis Rousselet, 1902 + +

Synchaeta pectinata Ehrenberg, 1832 + + + + + +
Trichotria pocillum (Miiller, 1776) + + +

Trichotria tetractis (Ehrenberg, 1830)* +
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Table 2. Continued

Species

Present Study

CLADOCERA

Winter Spring Summer Fall MC1970 A1999 AY2000 OM2017

Acroperus harpae (Baird, 1843)

Alona affinis (Leydig, 1860)

Alona costata Sars, 1862

Alona guttata Sars, 1862*

Alonella excisa (Fischer, 1854)

Alonella exigua (Lilljeborg, 1853)
Alonella nana (Bairs, 1850)

Bosmina longirostris (Miiller, 1785)
Ceriodaphnia quadrangula (Miiller, 1785)
Ceriodaphnia reticulata (Jurine, 1820)*
Coronatella rectangula Sars, 1862*
Chydorus sphaericus (O.F. Miiller, 1776)
Daphnia hyalina Leydig 1860

Daphnia longispina (O.F. Miiller)
Diaphanosoma brachyurum (Lievin, 1848)
Macrothrix hirsuticornis Norman & Brady, 1867*
Macrothrix laticornis (Jurine, 1820)*
Pleuroxus truncatus (O.F. Miiller, 1785)
Polyphemus pediculus (Linnaeus, 1758)
Scapholeberis mucronata (O.F. Miiller, 1758)
Sida crystallina (O. F. Miiller, 1776)
Simocephalus serrulatus (Koch, 1841)*

+

+

+

+
+
+

+ + + +

COPEPODA

Acanthodiaptomus denticornis (Wierzejski, 1887)
Megacyclops viridis (Jurine, 1820)
Thermocyclops dybowskii (Lande, 1890)

+ + + + +

+ + +

+

(+: present, *: new records for region, MC1970: Margaritora and Cottarelli 1970; A1999: Altindag 1999; AY2000:

Altindag and Yigit 2000, OM2017: Ozdemir Mis et al. 2017)

Discussion

In  freshwater  ecosystems,  zooplankton
community have an important role in water quality
(Moss et al. 2003), and rotifers can also be used for
this purpose (Gutkowska et al. 2013; Apaydin Yagci
et al. 2017). Rotifers are thought to become the
dominant taxa in many lakes over time (Wen et al.
2011) and they can adapt to the degraded situation
better than other similar taxa. According to Saksena
(1987), rotifers are the dominant group in freshwater
ecosystems and as being compatible with this result,
in our study, rotifer percentages (67%) were found to
be much higher than cladocerans (29%) and
copepods (4%), a situation similar to other
Mediterranean freshwater lakes (Saler 2017). K.
longispina, K, cochlearis and K. quadrata known as
cosmopolitan (Segers 2007) and they were observed
by all researchers.

The first study on zooplankton community in
Abant Lake was carried out in 1970 (Margaritora and

Cottarelli) and six Rotifera, (Dumont and De Ridder
1987), six Cladocera and two Copoepoda taxa were
described. All rotifer species were also found in this
study (Table 2). The most important difference
between these two studies is the number of species
found. The low number of zooplankton species,
especially rotifers, maybe resulting from the
sampling procedures like using a broader mesh size,
taking one sample, etc. The cladoceran species,
Scapholeberis mucronata (O.F. Miiller, 1758),
Daphnia hyalina Leydig 1860, Alona costata Sars,
1862, Acroperus harpae (Baird, 1843) and Alona
affinis (Leydig, 1860) were not found except P.
truncatus.

Other detailed studies were carried out by
Altindag (1999) and Altindag and Yigit (2000). In
these studies, rotifera phylum and zooplankton
composition of Abant Lake were revealed. However,
in our study Lecane hamata (Stokes 1896), Colurella
adriatica Ehrenberg, 1831, Synchaeta littoralis
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Rousselet, 1902 and Ascomorpha ecuadis were not
observed despite being present in Altindag (1999)
and also Alonella excisa (Fischer, 1854) and Sida
crystallina (O. F. Miiller, 1776) were not observed
despite being present in Altindag and Yigit (2000).
Altindag (1999) also pointed out that Asplanchna
girodi is synonymous with A. brightwellii and we
also described this taxon as A. girodi.

The most recent work regarding Abant Lake is of
a field study of Ozdemir Mis et al., which were
conducted in between 2002-2003 yet published in
2017. In this study, twenty-one taxa were determined
and among them, 12 belonged to Rotifera, 6 to
Cladocera and 3 to Copepoda. Of these 21 taxa, 16
were mutual with our result (Table 2). A. denticornis
has been found since 1970 in Abant Lake.
Zooplankton differences between ours and this study
were Lecane luna and Platiyas quadricornis from
Rotifera, Alonella exigua from Cladocers and
Thermocyclops dybowskii from Copepoda fauna.

Diversity of observed planktonic organisms can
be affected by the sampling method (for example
plankton net size and shape, etc.) therefore
zooplankton density and composition differences can
be due to the differences in sampling procedures
(Gutkowska et al. 2012). Considering previous
studies, it is easy to conclude, species richness is
increased in the past decades especially for rotifers
and cladoceran taxa. However, it is not clear whether
there is an increase in species richness, because the
methods used were not compatible with each other.
In this study, we believe high numbers of identified
separate species compared to past stem from vertical
and horizontal sampling in different habitats. We
think that using standardized and commonly accepted
sampling methods will allow our predictions
regarding future community compositions to be more
accurate.
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Darwinula stevensoni, data gathered from 102 samples collected in Turkey
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its ecology and distribution.

DOI:10.17216/LimnoFish.455722

yavuzatmaca46@gmail.com
Phone :+90 537 769 46 28

Keywords: Ecologic preference and characterization, seasonality, stevensoni

Eski Aseksiiel Ostrakod Darwinula stevensoni’nin (Ostracoda, Crustacea) Tiirkiye’deki Ekolojisi, Fosil ve
Giincel Dagilim

Oz: Darwinula stevensoni’nin dagilimini, habitat ve ekolojik tercihlerini belirlemek igin 2000 ve 2017 yillar1 arasinda Tiirkiye’den
toplanan 102 drnekten elde edilen veriler degerlendirilmistir. Toplam 1786 D. stevensoni bireyi Tiirkiye’nin yedi cografi bolgesinin
altisinda bulunan 14 ildeki sekiz farkli sucul habitattan rapor edildi. i¢ Anadolu bélgesin de bol miktarda 6rnek olmasina ragmen,
tiirtin giincel formuna rastlanilmadi. Giincel formdan farkli olarak, tiirtin fosil formu ile Giineydogu Anadolu disindaki tiim cografi
bolgelerde karsilagilmistir. Tiirkiye’deki en eski fosil kayit Miosen doneminden (yaklasik 23 milyon sene Once) rapor edilmistir.
Tiirkiye’deki tiim mevsimlerde tiir bulunmustur. D. stevensoni farkli ekolojik degiskenlere yiiksek optimum ve tolerans seviyeleri
gostermektedir. Tiir pH ile pozitif (P<0,05) fakat yiikseklik ile negatif (P<0,01) anlamli korelasyon gostermektedir. Goriilmektedir
ki tiirtin ekolojik tercihleri daha 6nce bilinenden daha genistir. Sonuglar, D. stevensoni’nin giincel ve gegmis ¢evre kosullarini tahmin
etmek i¢in kullanilmasi halin de ekolojisine ve dagilimina dikkat edilmesi gerektigini gostermektedir.

Anahtar kelimeler: Ekolojik tercih ve karakterizasyon, mevsimsellik, stevensoni
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Introduction (Benson 1990; Kiilkdyliioglu 1999). Also, because of

Ostracods are small (0.3-5 mm long), the easily fossilization of calcium carbonated
bivalved (carapaces) aquatic creatures that are  carapaces, they are commonly used in
widely distributed in a variety of marine biostratigraphy, paleobiology, paleoclimatology,
and non-marine environments (Meisch 2000). paleolimnology and paleoecology studies (Ruiz et al.
They show species-specific responses to the changes ~ 2013). In this sense, the autecology of individual
in different ecological conditions; therefore, species has an important role since ecology of
they can be used as bioindicator species to  recent species help paleontologists to widen
estimate  possible environmental deterioration  their perceptions to understand types of
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paleoenvironmental conditions based on fossil
ostracods (Carbonel et al. 1988).

The genus Darwinula is the type genus of the
family Darwinulidae that includes only the type
species Darwinula stevensoni. Because of the
absence of males in fossils (since Mesozoic) and in
living populations, superfamily Darwinuloidea have
survived asexually over 200 million years (Martens
et al. 2003). Similar to bdelloid rotifers (Mark Welch
and Meselson 2000; Mark Welch et al. 2004) and
oribatid mites (Maraun et al. 2004), darwinuloid
ostracods (Schon and Martens 2003) have also been
suggested as one of the “putative ancient asexual”
groups in animal kingdom. However, although its
persisting asexuality is known, a few reports of rare
males of the species by Turner (1895) and Brady and
Robertson (1870) and one male of Vestalenula
cornelia (Smith et al. 2006) has also been questioned
within the family. Subsequently, Martens and Schon
(2008) indicated D. stevensoni as a strong candidate
in darwinuloids to being a true ancient asexual. In
support of this view, Schon et al. (2009) stated that
occasional males may be produced in many asexual
species because of mutations in the regulatory
cascade controlling sex and the males produced are
not functional. The presence of female fossils dating
back to 25 million years (Straub 1952) and the
absence of functional or atavistic males in recent and
fossil species (Schon et al. 2009) enforce the ancient
asexuality of D. stevensoni.

D. stevensoni is a small sized (0.6-0.8 mm in
length) (Meisch 2000) ostracods. Carapace of species
is characteristically cigar shaped with unequal valves
(Figure 1). Right valve extends left valve on all sides
except hinge. The posterior margin of carapace is
wider than anterior. The widening of posterior part is
due to the developing of a brood chamber since
species is viviparous parthenogenetic unlike most of
other ostracods (Cypridoidea and Cytheroidea)
(Rossetti and Martens 1996). Generally, species
obtain about ten eggs in this brood chamber, but this
number can be changed up to 13 (Kiilkoyliioglu pers.
obs.). Later, juveniles may have more than one
molting stage within brood space until hatched.
Muscle scars that control the opening and closing of
valves arranged in a characteristic circular rosette
shape, which includes 9 - 12 spots. Additionally,
species do not swim because of the absence of
natatory setae on the second antennae of species and
so it is a typical benthic form (for more taxonomic
remarks see Rossetti and Martens 1996; Meisch
2000).

D. stevensoni showed a cosmopolitan distribution
(Meisch 2000) except from Antarctic region, Pacific
region and Oceonic Islands (Martens et al. 2013).
Van Doninck et al. (2003a) presented the global

distribution of species (cf. Figure 2 in this paper).
Species has been collected in lotic, lentic and
interstitial  habitats and it is ecologically
characterized as thermoeuryplastic, oligorheophilic,
titanoeuryplastic and mesohalophilic (Meisch 2000).
Until now, the ecology of D. stevensoni has not been
widely evaluated except some papers partially
discussed its status in local and/or regional
perspectives (e.g., Ranta 1979; Rossetti and Martens
1996; Gandolfi et al. 2001a, 2001b; Van Doninck et
al. 2003a; Rossi et al. 2002, 2004; Higuti et al. 2009a;
Van den Broecke et al. 2013). Therefore, the aims of
the present study are to (i) determine geographic and
local distribution of both fossil and living populations
of the species among different aquatic habitats, (ii)
estimate ecological preferences of D. stevensoni in
Turkey, and (iii) evaluate species ecological
tolerance and optimum ranges for those of particular
environmental variables.

Figure 1. Darwinula stevensoni. Left valve external view
(Scale bar 100 um).

Materials and Methods
Study sites and Sampling

A total of 102 samples from 14 provinces (72
samples from Bolu, 1 in Gaziantep, 2 in Ordu, 3 in
Adiyaman, 3 in Burdur, 2 in Hatay, 3 in Mardin, 2 in
Mus, 4 in Kiitahya, 1 in Mersin, 2 in Sakarya, 2 in
Isparta, 3 in Antalya and 2 in Mugla) of Turkey were
collected between the years 2000 and 2017 (Figure 2,
Appendix). All the measurements were taken in situ
before ostracods were collected to prevent the mixing
of water and to obtain the actual values of variables.
Ostracod samples were collected with a standard
sized (200 um) d-frame hand net and fixed in 70%
ethanol.

Physico-chemical variables (pH, dissolved
oxygen (DO, mg/L), percent oxygen saturation
(%DO0O), water temperature (7w, °C), electrical
conductivity (EC, uS/cm), salinity (Sal. %o), total
dissolved solids (TDS, mg/L) and redox potential
(ORP, mV)) were measured by a YSI-85 model of
oxygen-temperature and HI-98150 pH-ORP meter
from sapling sites in Bolu and Ordu where
geographic data (coordinates and elevation) was
recorded with a Garmin GPS-12XL. In Gaziantep
and Hatay provinces, Tw, pH, EC and salinity values
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were obtained with a Delta OHM pH/conductivity
meter while air temperature was recorded with a
Testo 410-2 anemometer, and coordinates and
elevation with a Garmin GPS-45. The measurements

for the rest of the provinces were done by YSI
Professional Plus and Testo 410-2 anemometer and a
Garmin etrex Vista H GPS (for elevation and
coordinates).
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Figure 2. Distribution of living D. stevensoni in 27 provinces of Turkey. * indicates provinces (in bold) sampled during
the current study, + represents the species previously reported in the literature. *+ displays the species records in this
study and previously as well. Citations for the previous reports; istanbul (Kiilkdyliioglu pers. obs. unpublished data),
Kocaeli (Akdemir pers. obs. unpublished data), Bursa (Altinsagli and Griffiths 2001a); Balikesir (Altinsagli and Griffiths
2001b); Diizce (Giilen 1985); Afyon (Giilen 1985); Denizli (Altinsagh and Mezquita 2008); Izmir (Merig et al. 2010);
Isparta (Ozulug et al. 2001); Konya (Akdemir 2004); Aksaray (Altinsagh 2004); Sanlurfa (Ozulug and Dokiimceii 2014);

Diyarbakir (Giilen et al. 1996; Akdemir and Kiilkdyliioglu 2011); Erzincan (Akdemir and Kiilkdyliioglu 2014).

In the laboratory, samples were filtered
through four standardized sieves (0.5, 1.0, 1.5and 2.0
mm mesh size) under tap water and then specimens

were separated from sediment under
stereomicroscope and fixed in 70% ethanol
for further studies. Taxonomic identification

was done according to the carapace and soft body
parts dissected in lactophenol solution by using
taxonomic key of Meisch  (2000) under
a light microscope (Olympus BX-51). According to
Meisch (2000), D. stevensoni was ecologically
characterized for salinity limnetic (freshwater) range
(<0.5 %o), oligohaline (0.5-5 %o), mesohaline (5-18
%o), polyhaline (18-30 %o), euhaline (30-40 %o) and
hyperhaline (>40 %o) and water temperature (cold
stenothermal, oligothermophilic, mesothermophilic
(between  two  previous),  polythermophilic
and warmstenothermal). On the other hand,
because this ecological characterization does not
classify ~ water  temperature ranges  for
freshwater habitats, we followed the offering of Chu
et al. (2009) and Olivero-Sheldon et al. (2014). The
ranges as very cold (<12.8 °C), cold (<18 °C), cold
cool (>18 at <21 °C) and warm (>21 °C) were used.
All the specimens were Kkept in Limnology
Laboratory of Bolu Abant izzet Baysal University,
Turkey.

Statistical Analyses

The tolerance (ts) and optimum (u«) estimates of
the species for different ecological variables were
calculated by using C2 software after using a transfer
function of weighted averaging regression (Juggins
2003). A non-parametric Spearmen Rank Correlation
was applied to see the the levels of correlations
between species and different variables (IBM-SPSS
Statistics version 21).

Results

We  encountered 1786 individuals  of
D. stevensoni from eight different aquatic habitats
in 14 provinces (Figure 3). These provinces were
found in six geographical regions of Turkey
except Central Anatolia Region (Figure 2). The
highest (1117) and lowest (1) individual numbers
were reported in dams and pond, respectively.
Although the number of lakes and springs sampled
were approximately 9 and 6 times more than the
number of troughs, respectively, the number of
individuals found in troughs (277) are more than
the number of individuals in both habitats (234)
(Figure 3). In general, D. stevensoni was mostly
encountered in May, December, and January months
of the seasons (spring and winter) when it was
collected in all months of summer and autumn.
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Accordingly, we found the species from all the four
seasons in Turkey. The distribution of fossil forms
of species throughout Turkey were given in the
Figure 4. Accordingly, fossil records indicated
that the species has been known from Miocene (about
25 mya) in Turkey.

The optimum and estimated tolerance levels of D.
stevensoni for eight different variables are given in
Table 1. D. stevensoni showed positive and negative
significant correlations with pH (r = 0.218, N = 82,
P<0.05) and elevation (r =-0.280, N =101, P<0.01),
respectively.
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Figure 3. Sampling numbers (NuSmp) of eight different habitats and individual numbers of D. stevensoni (Nulnd) in

these habitats

Table 1. The optimum (uk) and estimated tolerance (tk) levels of D. stevensoni for pH, dissolved oxygen (DO), electrical
conductivity (EC), water temperature (Tw), oxidation and reduction potential (ORP), elevation (Elev), salinity (Sal) and
total dissolved solids (TDS). Abbreviations: Count, the number of sampling sites where species found; Max, the maximum
number of individuals of concerned species among sampling sites and N2, Hill’s coefficient value that indicates the

measure of effective number of occurrences.

pH DO EC Tw
k tk k tk k tk k tk

Count Max N “ “ # #

'g 101 214 17.38 6.82 3.37 9.17 3.68 351.62 168.67 19.44 6.22

2 ORP Elev Sal TDS

©

E Count Max N2 uk tk uk tk uk tk uk tk

S

8 101 214 17.38 11492 8256 708.62 23233 0.13 0.07 142.00 104.31
The minimum and maximum values of  Discussion

pH (6.90-10.60), DO (0.32-18.31 mg/L), Along with the results of the present study and

DO% (3.30-171.50 %), EC (21-844 uS/cm), Tw
(6.10-31 °C), Ta (13-40.20 °C), ORP (-107.27-
240.60 mV), Elev (39-2163 m a.s.l.), Sal. (0-0.42 %)
and TDS (0.06-503.17 mg/L) of sampling sites where
D. stevensoni collected. Accordingly, the species
lives in waters with fresh to slightly brackish water
ranges and it is characterized as a meso-
polythermophilic.

literature, recent living forms of the species has been
now recorded from 27 provinces located in all seven
geographic regions of Turkey (Figure 2). On the
other hand, the fossil forms of the species
D. stevensoni were only reported from 20 provinces
covering six geographic regions of Turkey except
Southeastern Anatolia. More than half of these
20 provinces were located in the western parts of
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Turkey (Figure 4). Of these provinces, in Sakarya,
dead specimens of D. stevensoni were taken from
superficial sediments at 18 and 6 m depth of Lake
Sapanca by Nazik et al. (2011) but they did not
specify the age of these sediments. Meisch (2000)
indicated that fossil record is known from Mid-
Oligocene (ca 28 mya) to present but oldest fossil
record in Turkey has been reported from the Miocene
period (ca 23 mya) (see Figure 4). These data actually
indicate the lack of paleontological studies dealing

with ostracods in other parts (north, south, and east)
of Turkey. As a result, D. stevensoni (in fossil and
recent forms) has been reported in 44.4% of 81
provinces, Turkey. Among these provinces,
eleven have fossil and recent forms and of the rest, 16
and nine provinces have only recent and fossil
forms, respectively (Figures 1 and 3). Accordingly,
with the current study, geographical distribution of
D. stevensoni has been now expanded throughout
Turkey.
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Figure 4. Fossil reports of D. stevensoni from Kirklareli (Witt 2011), Istanbul (Safak et al. 1999; Merig et al. 2000;
Sekeryapan 2011), Yalova (Riickert-Ulkiimen and Yigitbas 2007), Kocaeli (Matzke-Karasz and Witt 2005; Riickert-
Ulkiimen et al. 2006; Schneider et al. 2005), Sakarya (Nazik et al. 2011), Bursa (Freels 1980; Franz et al. 2006; Meri¢ et
al. 2009; Nazik et al. 2011), Canakkale (Atay and Tunoglu 2002), Afyon (Demirer et al. 2017), Manisa (Witt 2003),
Aydin (Tuncer and Tunoglu 2015), Denizli (Gokgen 1979a, 1979b; Freels 1980; Safak 2010), Mugla (Gokgen 1979a,
1979b), Burdur (Freels 1980), Adana (Nazik et al. 1992, 1999), Kahramanmaras (Freels 1980), Konya (Freels 1980),
Nigde (Nazik and Gokgen 1989), Erzincan (Freels 1980), Erzurum (Freels 1980) and Bolu (Tunoglu et al. 2012) provinces
in Turkey. Abbreviations: Early (E), Middle (M), Late (L), Lower (Lo), Upper (U), Miocene (Mi), Pannonian (Pan),

Pontian (Po), Pliocene (P), Pleistocene (Ple), and Holocene (H).

Darwiula stevensoni prefers ponds, lakes and
slow flowing streams (Meisch 2000). Szlauer-
Lukaszewska (2014) and Ruiz et al. (2013) suggested
D. stevensoni as a lake littoral species and benthos of
shallow aquatic bodies, respectively. Pérez et al.
(2011) and Marchegiano et al. (2017) indicated its
negative correlation with depth. Contrary to common
belief that species is generally found in shallow
aquatic bodies, it has been reported from 0 to a
maximum 20 m depth in literature (Meisch 2000;
Pérez et al. 2010; Lorenschat and Schwalb 2013;
Lorenschat et al. 2014) but species had a low
optimum (2.3 m) and tolerance (3.8 m) levels to depth
(Lorenschat and Schwalb 2013). The occurrence of
species in the water bodies with a maximum 1 m
depth herein supports the common occurrence of
species in shallow waters although it has been
encountered in a maximum of 20 m depth.

Additionally, species was commonly found in
dam, lake, and springs (Figure 3). These habitats are
generally permanent almost throughout the year. This
confirms the suggestions of Palacios-Fest (2002-
2003) as the occurrence of the species might be
associated with long term water permanence.
In addition, Escriva et al. (2014) emphasized that
D. stevensoni was one of the most common species
in reservoirs. Until now, it has been reported from
variety of habitats, such as ponds, slow flowing
streams, lakes, springs, rivers, cenotes, troughs,
coastal lagoons, wetlands (slough), artificial dam
lakes, marshes, interstitial ground water, hot springs,
reed beds, rice field, peat bogs, ditch and canal
(Giilen 1985; Mezquita et al. 1999a, 1999b;
Meisch 2000; Laprida et al. 2006; Higuti et al. 2009b;
Pieri et al. 2009; Pérez et al. 2011; Akdemir and
Kiilkoyliioglu 2014; Escriva et al. 2014; Mazzini et
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al. 2014; the current study). Based on the data
available, one may consider the fact that species
seems to have high levels of plasticity for habitats
as proposed by Ranta (1979). As seen in Figure 3,
our results also reinforced the plasticity of species
for habitats. This means that there are no specific
habitat preferences of species, which may present
certain conditions. However, highest numbers
of individuals per site were reported from an artificial
trough (92) that is followed by slough (63) and
dam (27) (Figure 3). These habitats are sensitive to
the outside effects of anthropogenic, seasonal and
climatic changes (Kiilkdyliioglu et al. 2013; Ucak et
al. 2014). Besides to habitat plasticity of the species,
it has been collected from the habitats with sapropel
(mud), sand, rocks, stones and gravel sediment types
(Altinsaghh  and  Griffiths  2001b;  Szlauer-
Lukaszewska and Kowaluk-Jagielska 2011,
Lorenschat and Schwalb 2013) that reinforce the
proposal of Ranta (1979). In addition, Kiilkdyliioglu
and Vinyard (2000) reported it from muddy and
sandy sediments with high dissolved oxygen
concentration.

The reproduction periods of the species show
slightly different patterns. For example, reproduction
of the species takes from May to October
(Meisch 2000) while it takes from March to
September in a temperate pond in Belgium
(Van Doninck et al. 2003b). These previous authors
were also reported species from January to
November in this temperate pond. Besides,
Kilkoylioglu  (1999) collected species from
February to November from springs of Nevada.
Martin-Rubio et al. (2005) reported species from
Lake Caicedo de Yuso-Arreo (Spain) in January,
February, March, April, June - August,
and November when Scharf and Viehberg (2014)
encountered species in February, April, June, July,
September and October in Germany. The occurrence
of the species in April from Lake Meyil (Konya,
Turkey) (Akdemir 2008) and from May to January
herein is now supported previously reported
reproduction period of species. The occurrence of
species in all climatic seasons and almost in all
months in Turkey supports the founding of species
throughout the year (Hiller 1972; Altinsagli and
Griffiths 2001a). Martens and Tudorance (1991)
also pinpointed that D. stevensoni is a perennial
species in a tropical Ethiopian lake. Therefore,
D. stevensoni is showed as a eurychronal species.
All the data provided in here enforces its life cycle
with about one or more years, during which two or
more generations are produced. In each generation,
females can carry maximum 11-12 embryos within
their brood pouch (Van Doninck et al. 2003b;
Gandolfi et al. 2001b). However, Horne et al. (1998)

observed the presences of 15 juveniles in brood
cavity. Accordingly, the species seems to have
characteristics of K-selected or r-K continuum
species (Van Doninck et al. 2003b). Furthermore,
when comparing Darwinulids with other ostracods,
they generally have low fecundity (Geiger 1998; Van
den Broecke et al. 2013) and produce less eggs (0.02-
0.07 layed eggs per day (Gandolfi et al. 2001b) and
maximum 20 eggs per generation (Ranta 1979) that
lower the number of cell division and thus the
mutation rate falls in D. stevensoni (Van Doninck et
al. 2003b).

Martens and Tudorance (1991) recorded the
escape of species from the places with high
temperature values in a tropical Ethiopian lake.
Indeed, this observation was actually supported by
the studies of Van Donnick et al. (2003a) that the
species survival was shown to decrease with
increasing temperature. Besides, Pérez et al. (2011)
reporting a negative  correlation  between
D. stevensoni and temperature confirmed the
previous observation. When we look at the optimum
and tolerance values of the species for water
temperature 16.4-1.2 °C (Mezquita et al. 2005),
20.6-5.3 °C (Lorenschat and Schwalb 2013) and
19.44-6.22 °C (this study) (Table 1) it appears that
species can tolerate a broad temperature range from
cold to warm waters. Along with these information,
wide temperature ranges of species from 4
(in subarctic) to 35 °C (Van Doninck et al. 2003b;
Kilkoylioglu 2013) support the suggestion of
Gandolfi et al. (2001b) and Anadon et al. (2012)
who characterized the species as eurythermal
(tolerating and adapting to wide range of
temperature) and thermoeuryplastic (a wide range of
temperature tolerance), respectively.

When we look at the literature for the species
occurrence patterns in different areas, it appears that
its occurrence was reported to be positively
related to biological oxygen demand (BOD),
ammonium content (Mezquita et al. 1999a), DO,
pH (Martens and Tudorance 1991), low (Rieradevall
and Roca 1995) or highest water temperatures
(Escriva et al. 2014), warm water, carbonated water
rich with sulfate and chloride (Mezquita et al. 1999b),
but the relationship with iron content was negative
(Iglikowska and Namiotko 2012). The result of the
previous studies supports the suggestion of
Kiilkoyliioglu and Vinyard (2000) as D. stevensoni
prefers less saline waters. Similarly, Van Doninck et
al. (2003a) suggested that survival of D. stevensoni is
declined with increasing in salinity. Besides, Pérez et
al. (2011) reported the species tolerating electrical
conductivity optima at <700 pS/cm when Mezquita
et al. (2005) and Lorenschat and Schwalb (2013)
announced the optimum and tolerance level of
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species for electrical conductivity as followings
3.09 £ 0.39 mS/cm and 239.1 + 35.3 puS/cm (for
salinity 0-0.04 %o), respectively. The low optimum
and tolerance levels of species for EC
(351.62 + 168.67) and salinity (0.13 + 0.07)
herein (Table 1) strengthened these previous
findings. On the other hand, Martens (1990) noted
the presence of species in the East African Lake Shala
with 16-21 g/L salinity. Recently, Mischke et al.
(2014) indicated the overcoming of species to large
specific conductivity fluctuation but suggesting low
optimum and tolerance of the species in 3.164 uS/cm
and 0.916 uS/cm of EC values. The minimum and
maximum value of electrical conductivity 21-9600
(after 15 days 100 % mortality observe) uS/cm (the
current study; Gandolfi et al. 2001a) and salinity
range 0-15 %o (the current study; Meisch 2000) for
the species in literature strengthen the tolerating
ability of species to salinity and EC fluctuations.
Consequently, all of them fortify the euryhaline
characteristics of species (Gandolfi et al. 2001b) and
the presence of species from distilled water to sea
water (Van Doninck et al. 2003a).

The positive correlation of D. stevensoni with pH
herein endorses the recommendation of Rossetti et al.
(2004). They found a close association between
species and pH in eutrophic freshwater wetlands of
northern Italy. In contrast, negative correlation was
recorded between the species and pH (Pérez et al.
2011; Marchegiano et al. 2017). However, the high
optimum and tolerance levels of species for pH as
following 7.74 + 0.40 (Mezquita et al. 2005) and
8.62 £ 0.26 (Lorenschat and Schwalb 2013) were
announced from several different aquatic bodies.
When we compile all data and compare optimum and
tolerance (6.82 + 3.37, Table 1) levels of the species
along with min/max values (5.5-10.60) (Ruiz et al.
2013; the current study) for pH, it can be clearly seen
that the D. stevensoni is of wide ranges of pH
tolerance.

Additionally, species was negatively correlated
with elevation in the current study. Possible effects of
elevation on the physico-chemical characteristics of
the aquatic bodies are widely discussed (Reeves et al.
2007; Rogora et al. 2008). Accordingly, it seems that
elevation can be effective on the abundance but its
effect may not be significant on the occurrence
and distribution of species at high elevations. This is
because it has been reported from sea level
(Kiilkoyliioglu pers. obs.) to 4000 m as.l.
(Laprida et al. 2006). Indeed, generally individual
numbers larger than 100 were found from
the sampling sites between 700-900 m a.s.l. and at
lowest elevation when the range is 39 (122
individuals) — 2163 (5 individuals) m a.s.l in the
present study.

Ranta (1979) delineated that D. stevensoni
prefers highly oxygenated waters to aerate its eggs in
brood chamber as stated by Kiilkoyliioglu and
Vinyard (2000) and Rossetti et al. (2004). The high
optimum and tolerance of species for dissolved
oxygen 8.4 + 2.1 mg/L in Mezquita et al. (2005), 7.9
+ 3.1 mg/L in Lorenschat and Schwalb (2013) and
herein (see Table 1) support the proposal of Ranta
(1979). On the other hand, Escriva et al. (2014)
proposed preferences of species for lowest dissolved
oxygen. Although species might die under oxygen
depletion (Rieradevall and Roca 1995), species can
live over one month (38 days) under hypoxic
conditions (ca. 0.12 ml/L oxygen) in laboratory
conditions (Rossi et al. 2002). The minimum and
maximum DO ranges of the species (0.32-18.31
mg/L) herein indicate that species may tolerate from
low to high oxygen concentrations. Moreover, there
is no any studies dealing the number or quality of
eggs of species in low and high DO concentration and
so the proposal of Ranta (1979) may be acceptable
until otherwise stated. In addition, minimum and
maximum values of ambient air temperature (12-
40.20 °C) (Horne 2007; the current study), calcium
(5.25-80.80 mg/L) (Higuti et al. 2009a; Pérez et al.
2015) and magnesium (2.30-100.80 mg/L) (Holmes
1997; Pérez et al. 2015) contents of water bodies
where species collected.

The above-mentioned information and wide
range of environmental variables for species confirm
the presence of all characteristics of the idea called
“general purpose genotype” (GPG) in D. stevensoni
(Rossi et al. 2002; Van Doninck et al. 2002). GPG
emphasizes the production of different phenotypes by
a genotype across a wide range of environmental
conditions that allow species survive with high
fitness in a wide range of habitats (Baker 1965;
Geiger et al. 1998). This character of D. stevensoni
reinforce the idea of Vandel (1928) as that
“parthenogenetic (i.e., ancient asexual D. stevensoni
herein) forms can be found in much wider areas” and
referring to its long living without sex. Accordingly,
Kilkoyliioglu  (2013) called the species as
“cosmoecious species” to distinguish it from other
species because of its wide geographical distribution
and with relatively wide ecological tolerance ranges
in variety of aquatic habitats. This view implies to
take attention of scientists who want to use
D. stevensoni as a potential bioindicator species to
estimate past conditions and to determine water
quality values of the present habitats. Additionally,
species is ecologically characterized as stated by
Meisch (2000), thermoeuryplastic and it encountered
from freshwater range to mesohaline range.

As mentioned above, fossils of the species are
known from Miocene and distribution of fossils
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forms are mostly known from western parts of
Turkey. Indeed, occurrences of both living and fossil
forms partially overlap in some regions, indicating
the long lasting surviving possibilities of the species
in these regions. On the other hand, considering the
fact that the species has not been found from
hundreds of recent and paleontological samples,
we may assume that D. stevensoni has not been able
to reach to these regions. We believe that absence of
the species from these samples may also be related to
several other a/biotic factors but it is also possible
that this is just a matter of time. Besides, as seen from
Figures 1 and 2, as much as contemporary studies on
living recent forms, paleontological studies are far
away from understanding of their distribution in
Turkey (if not the whole world). Thus, our study
strongly suggests the need for future studies not only
to understand for the distributional patterns of
D. stevensoni but also other ostracods found from
4000 m below sea level to ca. 6000 m a.s.l.
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Appendix

Sampling numbers (SpNu), name of the county, habitat type, date and number of individuals of
D. stevensoni (Abundance). na means not available. Habitat types: 1, Lake; 2, Creek; 3, Trough; 4, Dam; 5,
Stream; 6, Pond; 7, Spring and 8, Slough.

SpNu County | Habitat Date Abundance SpNu County | Habitat Date Abundance
name type name type
1 Bolu 4 30.06.2000 2 52 Bolu 1 26.10.2003 1
2 Bolu 4 28.07.2000 1 53 Bolu 1 26.10.2003 1
3 Bolu 4 28.07.2000 3 54 Bolu 1 31.10.2003 1
4 Bolu 4 31.08.2000 3 55 Bolu 1 31.10.2003 2
5 Bolu 4 29.09.2000 2 56 Bolu 1 31.10.2003 3
6 Bolu 4 29.09.2000 2 57 Bolu 7 15.11.2003 6
7 Bolu 4 29.09.2000 3 58 Bolu 1 30.11.2003 2
8 Bolu 4 29.09.2000 4 59 Bolu 7 13.12.2003 1
9 Bolu 4 29.09.2000 4 60 Bolu 7 17.01.2004 6
10 Bolu 4 29.09.2000 8 61 Bolu 1 29.05.2004 1
11 Bolu 4 29.09.2000 34 62 Bolu 1 29.05.2004 1
12 Bolu 4 29.10.2000 2 63 Bolu 1 28.07.2004 1
13 Bolu 4 29.10.2000 2 64 Bolu 1 28.07.2004 1
14 Bolu 4 29.10.2000 3 65 Bolu 7 27.08.2004 1
15 Bolu 4 29.10.2000 3 66 Bolu 7 27.08.2004 2
16 Bolu 4 29.10.2000 3 67 Bolu 1 30.08.2004 1
17 Bolu 4 29.10.2000 28 68 Bolu 7 18.09.2004 5
18 Bolu 4 29.10.2000 201 69 Bolu 1 25.09.2004 2
19 Bolu 4 26.11.2000 32 70 Bolu 7 17.10.2004 2
20 Bolu 4 31.12.2000 1 71 Bolu 7 13.11.2004 1
21 Bolu 7 31.05.2001 10 72 Ordu 3 15.06.2010 1
22 Bolu 4 30.06.2001 50 73 Ordu 1 15.06.2010 77
23 Bolu 4 26.07.2001 2 74 | Gaziantep 7 21.07.2010 9
24 Bolu 4 26.07.2001 6 75 | Adiyaman 7 17.07.2012 52
25 Bolu 4 26.07.2001 10 76 | Adiyaman 6 18.07.2012 1
26 Bolu 4 26.07.2001 14 77 | Adiyaman 4 19.07.2012 2
27 Bolu 4 26.07.2001 22 78 Hatay 2 01.08.2012 5
28 Bolu 4 26.07.2001 32 79 Hatay 2 06.08.2012 2
29 Bolu 4 26.07.2001 101 80 Burdur 7 31.08.2012 1
30 Bolu 7 28.08.2001 1 81 Mardin 2 14.08.2013 1
31 Bolu 4 28.08.2001 19 82 Mardin 3 14.08.2013 62
32 Bolu 4 28.08.2001 101 83 Mardin 5 15.08.2013 3
33 Bolu 4 30.09.2001 3 84 Mus 7 18.08.2013 1
34 Bolu 4 30.09.2001 101 85 Mus 1 19.08.2013 5
35 Bolu 4 30.09.2001 101 86 | Sakarya 7 10.05.2014 1
36 Bolu 1 6-7.10.2001 1 87 | Sakarya 8 10.05.2014 122
37 Bolu 1 13.10.2001 1 88 | Kiitahya 4 21.09.2014 3
38 Bolu 1 13.10.2001 3 89 | Kiitahya 8 21.09.2014 4
39 Bolu 1 14.10.2001 1 90 | Kiitahya 2 21.09.2014 9
40 Bolu 4 30.10.2001 1 91 | Kiitahya 3 21.09.2014 214
41 Bolu 4 30.10.2001 101 92 Mersin 7 06.10.2015 3
42 Bolu 4 30.10.2001 101 93 | Antalya 2 17.08.2017 6
43 Bolu 1 11.11.2001 1 94 Isparta 1 18.08.2017 2
44 Bolu 4 30.11.2001 1 95 | Antalya 2 19.08.2017 2
45 Bolu 4 30.11.2001 2 96 Burdur 1 21.08.2017 3
46 Bolu 4 30.11.2001 3 97 Mugla 1 22.08.2017 2
47 Bolu 1 31.05.2002 1 98 Mugla 2 25.08.2017 1
48 Bolu 1 31.05.2002 3 99 | Antalya 2 13.10.2017 1
49 Bolu 1 30.07.2002 1 100 Isparta 1 16.10.2017 2
50 Bolu 1 29.08.2003 8 101 | Burdur 1 19.10.2017 3
51 Bolu 1 31.08.2003 1 102 Bolu 7 na 1




LIMNOFISH-Journal of Limnology and Freshwater Fisheries Research 5(1): 60-69 (2019)

Journal of Limnology and Freshwater Fisheries Research

limnofish

http://www.limnofish.org B

journal of Limeology and

¢,
<
7.

Caykdy Deresi (Egirdir-Isparta)’ndeki Egirdir Siraz (Capoeta pestai
Pietschmann, 1933)’larinin Helmint Parazitleri Uzerine Bir Arastirma

Nesrin EMREY ", Aysegiil KUBILAY ?

tAkdeniz Universitesi, Egitim Fakiiltesi Fen Bilgisi Anabilim Dali, 07058, Antalya
2 Isparta Uygulamali Bilimler Universitesi Egirdir Su Uriinleri Fakiiltesi, Hastaliklar Anabilim Dali, 32260, Isparta

6z MAKALE BiLGiSi

Bu caligmada, Caykdy deresi (Egirdir-Isparta)’nden elektrosokerle avlanan
Capoeta pestai (Pietschmann, 1933)’nin  helmint parazitleri — arastirilmistir.

ARASTIRMA MAKALESI

Arastirma siiresince toplam 150 birey incelenmistir. Calisma sonucunda konak Gelis :12.09.2018 E ' E
balikta Platyhelminthes grubundan bir tiir digenean (Allocreadium isoporum Diizeltme  :12.10.2018

Loos, 1894) ve Nemathelminthes grubundan bir tiir nematod (Rhapdochona . it
denudata, Dujardin, 1845) bulunmustur. Her mevsimde 6rneklenen bireylerden Kabul $19.10.2018  Sm3,

toplam 188 A. isoporum ve 592 adet R. denudata olmak tizere toplam 780 adet Yayim : 25.04.2019 E 1

parazit tespit edilmistir. Her iki parazitin de mevsim, cinsiyet, boy ve yas
degiskenlerine gore; yayginlik, ortalama yogunluk, bolluk ve toplam parazit
sayilar1 belirlenmistir.

DOI:10.17216/LimnoFish.459292
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Anahtar kelimeler: Caykoy Deresi, Capoeta pestai, helmint parazitler
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A Research on Helminth Parasites of Capoeta pestai (Pietschmann, 1933) from Caykdy Stream (Egirdir-Isparta)

Abstract: In this study, the helminth parasites of Capoeta pestai (Pietschmann, 1933) that was caught by electro shocker in Caykdy
stream (Egirdir-Isparta) has been investigated. Throughout study, 150 individuals have been taken into consideration. As a result,
digenean belongs to Platyhelminthes group and nematod belongs to Nemathelminthes have been determined. 188 A. isoporum Loos,
1894 and 592 R. denudata, Dujardin,1845 have been obtained from individuals that was sampled in every season. Mean intensity,
total number, abundance and prevalence of both parasites has been set in regard to season, host size, age and sexes.

Keywords: Caykoy Stream, Capoeta pestai, helminth parasite

Alntilama
Emre N, Kubilay A, 2019. Caykdy Deresi (Egirdir-Isparta)’ndeki Egirdir Siraz (Capoeta pestai Pietschmann, 1933)’larinin Helmint Parazitleri
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Dogal yasam bi¢iminden koparilan bu tiirlerin gerek
beslenme ve gerekse saglik anlaminda problemleri

Giris
Su tirtinleri iginde balik gerek sayisal ve gerekse

ekonomik yonden Onemli bir yer tutmaktadir.
Ulkemizdeki tatli sularda yasayan balik tiir sayis1 da
son yillarda yapilan revizyonlarla 27 familyaya ait
92 cins ve 371 tire ulasmistir. Bu tiirlerin
yarisindan fazlasinin Cyprinidae familyas1 iiyesi

olduklari saptanmigtir. Bunlarin 19’unu
Capoeta cinsine ait tiirler olusturmaktadir (Kuru vd.
2014).

Gerek Tllkemizde ve gerekse diinya balik
iretiminde yetistiricilikle avcilik arasindaki istihsal
oranlar1 oldukga biribirine yaklagsmistir (Anonymous
2016). Siirekli yapilan bilimsel ¢alismalar sayesinde
gerek tiiketimlik ve gerekse hobi anlaminda bir¢ok
tiir yetistiricilik yelpazesinde yerini almaktadir.

olmakta ve bununla ilgili ¢ézlimler igin galigmalar
yapilmaktadir. Sucul ekosistemlerde besin zincirinin
son basamaklarinda yer alan ve insanlar i¢in dnemli
bir protein kaynagi olan baliklar, farkli parazit
tiirlerine konaklik ederler. Bu parazitler ise baliklarda
ciddi hastaliklara ve ekonomik kayiplara neden
olabilirler. Parazitler dogal balik populasyonlarinda
az diizeyde goriintli zararlarina neden oldugu gibi,
yetigtirilen ~ baliklarda ~ 6nemli  hastaliklarin
olusmasina  zemin  hazrlayabilir;  patolojik
degisimlere, sagliksiz ve pazar degeri kayiplarina yol
acabilirler (Arslan vd. 1995; Scholz 1999). Yine bazi
nematod ve cestodlarin insan sagligina zarar
verebildigi bilinmektedir (Olson 1986).
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Ozellikle Egirdir Gélii iilkemizin tath su faunasi
icin oldukca onemli bir goldir. Egirdir Golii’ne
yapilan plantasyonlardan dolay1 bugiin 7 tiir yerli, 6
tir de yabanci olmak iizere 13 tir balik
bulunmaktadir (Yerli vd. 2013). 1915-2007 yillan
arasinda Egirdir Goliin’deki ihtiyofaunal
degisimlerin degerlendirildigi bir ¢alismada Egirdir
biyiklist (Capoeta pestai)’nin  kritik  diizeyde
bulundugu ifade edilmistir (Kiigiik vd. 2009). Hem
korunmast ve hem de {iretilmesi konusunda
caligmalarin yapildigi gol ve golii besleyen akarsu
habitatlarina uyum saglayan Capoeta cinsine ait
C. pestai tiirtine yonelik bir¢ok ¢aligma yapilmistir
(Kiiciik vd. 2007; Ozen vd. 2008; Ayyildiz vd. 2015;
Emre vd. 2016; Demir 2017). Ancak bu tiiriin
parazitleri iizerine detayli herhangi bir ¢aligma
yapilmamistir.  Caligmamizin  amacit  Caykdy
Deresinde yasayan bu konaktaki metazoan parazit
faunasin1 mevsimsel olarak bazi degiskenlere gore
incelemektir.

Materyal ve Metot

Balik materyalinin avlandigt Caykdy Deresi,
Egirdir Goli su toplama havzasi (drenaj alani)
icindedir. Dere, Egirdir Golii’niin glineydogusundaki
Yilgincak Koyl yakinlarindan baslayip, Caykoy’e
kadar devam eden ve derin olmayan bir vadi
icerisinde bulunur (37° 49" 24'K-030° 56" 46"'D)
(Sekil 1). Caykody’den sonra Aksu HES ¢ikis suyu ile
birleserek yapay bir kanal ile Egirdir Golii’ne bosalir.
Kis ve bahar aylarinda 1,5-5 m® su tasiyabilir. Yaz
aylarinda sular1 1m?altindadur.

Calisma i¢in Caykdy deresinden ilk balik
ornekleri ilkbahar mevsiminde alinmustir. Baliklar
elektrogokerle avlanmigtir.  Arastirma  siiresince,
toplam 150 balik bireyi incelenmistir. Mart 2013-
Subat 2014 tarihleri arasinda avlanan baliklarin
oncelikle total boy ve agirliklart 6l¢iilmiistiir. Daha
sonra deri, yiizgecleri ve gozler incelenip ektoparazit
taramasi yapilmistir. Bu islem tamamlandiktan sonra,
ilk o6nce baligin solungaglar1 ile i¢ organlar
cikartilmig ve stereo mikroskop altinda parazitler
aranmistir. Bulunan parazitlerin tiir, yerlesim ve
sayilar1 kaydedilip, tiirlere gore petri kaplarina
konulmustur. Parazitlerden bir kismi hemen ve canli
olarak incelemeye tabii tutulmustur. Digerleri ise
daha sonraki calismalar i¢in % 70’lik etil alkolde
saklanmistir. Ote yandan Nematodlar gliserin alkolde
temizlenmis ve % 70’lik alkolde fikse edilmislerdir.
Parazitlerin teshisleri Bychovskaya-Pavlovskaya
1962, Gussev 1985, Gussev vd. 1987, Markevic
1951’e gore yapilmistir. Parazitlerin boyama ve
tespit iglemlerinde Fernando vd. (1972)’nin
gelistirdigi yontemden yararlanilmistir. Konak balik
orneklerinin  yag tayinleri ig¢in  otolitlerden
faydalanilmistir (Murray 1994; Campana vd. 2003;

Walsh ve Maloy 2008). Ayrica, Parazit
enfeksiyonlarinin mevsimlere ve cinsiyetine gore
degisimleri Quantitative Parasitology 3.0 (Ro6zsa vd.
2000; Reiczigel ve Rozsa 2005) programina gore
smanmustir. C. pestai’de bulunan bir tiir parazitin
SEM goriintiileri alinmistir. Goriintiileme iglemleri
Akdeniz  Universitesi Tip Fakultesi Elektron
Mikroskop Goriintii Analiz Unitesi (TEMGA)’nde
yapilmistir.
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Sekil 2. Capoeta pestai
Bulgular
Mart-2013/Subat-2014 tarihleri arasinda
mevsimsel olarak, Caykoy deresinden

(Egirdir-Isparta) elektrosokerle yakalanan C. pestai
tiirline ait 150 bireyden 93’1 erkek, 57’si ise
disi bireylerden olusmustur. Yapilan parazit
muayenelerinde Platyhelminthes grubundan bir tiir
digenean (Allocreadium isoporum, Loos, 1894)
ve Nemathelminthes grubundan bir tir nematod
(Rhapdochona  denudata,  Dujardin,  1845)
bulunmustur (Sekil 3, 4 ve 5). Dort mevsimdeki
muayenelerde  toplam 188 A.  isoporum,
592 adet R. denudata paraziti saptanmistir.
C. pestai tiiriinde karsilasilan her iki parazit tiirlerine
ait  mevsimsel  yaygmhk (%), ortalama
yogunluk, ortalama bolluk ve toplam parazit
sayilari Cizelge 1’de verilmistir. Buna gore
A. isoporum igin en yiiksek yaygmlik (%52,5),
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ortalama yogunluk (4,57) ve ortalama bolluk yayginlik (%60) kis, ortalama yogunluk (9,09) yaz ve
(2,4) degerleri ile kis mevsiminde bulunmustur. ortalama bolluk ise yine kis mevsimlerinde
Buna karsin; R. denudata igin ise, en yiiksek  bulunmustur.

Cizelge 1. C. pestai tiirindeki mevsimsel digean ve nematod gruplarina ait parazitik enfeksiyon degerleri.

. Enfekte Toplam
Mevsimler Tiirler Incelenen balik Yayginlik Or’EaI ama Ortalama Parazit
balik sayisi (%) Yogunluk Bolluk
sayisl Sayisi
. A.isoporum (n:42) 22 52,4 2,23 1,17 49
Ilkbahar
R.denudata (n:42) 24 57,1 6 3,43 144
v A.isoporum (n:33) 6 18,2 2,67 0,48 16
az
R.denudata (n:33) 11 33,3 9,09 3,03 100
A.isoporum (n:35) 8 22,9 3 0,69 27
Sonbahar
R.denudata (n:35) 18 51,4 8,11 4,17 146
K A.isoporum (n:40) 21 52,5 4,57 2,4 96
1
; R.denudata (n:40) 24 60 8,42 5,05 202

@

Sekil 3. C. pestai’de bulunan Allocreadium isoporum’un
genel goriiniisii (x40).

(@)

BATMEN T IDKK

(b)

BTl dmenge S0Kx

(b)

Sekil 5. C. pestai’de bulunan Nematoda (Rhapdochona
denudata)’nin SEM goriintiileri (a) Genel goriiniim, (b).
Anterior.

C. pestai tiirinde dort mevsim boyunca yapilan
calismalarda A. isoporum paraziti 57 disi balikta
degerlendirilmistir. En yliksek yayginlik (%) 78,9
Sekil 4. (a) R. denudata nin genel goriiniisi, (b) anterior Ortala.ma.l yogunluk 4,93 ve 3,89 ortalama l?o'llul'da kis
kismi. mevsiminde bulunmustur. R. denudata i¢in ise en
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yiksek yayginlik (%) 73,7 ile disilerde ki
mevsiminde, ortalama yogunluk 14,50 ve 7,25
ortalama bollukla yaz mevsiminde en yiiksek
degerler  bulunmustur. Buna  karsihik  tiim
mevsimlerde toplam 93 erkek balik 6rneginde de
degerlendirme yapilmistir. Buna gore; A. isoporum
icin en yiksek yayginlik (%) 48,40 erkeklerde
ilkbaharda, ortalama yogunluk 3,67 ile kis ve 1,13

ortalama bollukla ilkbahar mevsiminde yiiksek
degerler bulunmustur. Buna karsilik, R. denudata
icin ise en yiiksek yayginlik (%) 58,06 erkeklerde
ilkbaharda, ortalama yogunluk 11,4 ile ve 5,43
ortalama bollukla kis mevsiminde yiliksek degerler
bulunmustur. A. isoporum ve R. denudata’ya ait
mevsim ile konak cinsiyetlerine gore dagilimlarina
ait veriler Cizelge 2’de verilmistir.

Cizelge 2. C. pestai tiriiniin cinsiyetlere gore mevsimsel digenean ve nematod gruplarina ait parazitik enfeksiyon

degerleri.
Incelenen  Parazitli Toplam
Mevsimler  Cinsiyet  Tiirler balik balik %aygmhk Ort?lama Ortalama Parazit
(%) Yogunluk  Bolluk
sayist sayis1 Sayisi
A.isoporum (n:11) 7 63,6 2 1,27 14
Disi R.denudata 1l 6 54,5 2,83 1,55 17
Ilkbahar
A.isoporum (n:31) 15 48,4 2,33 1,13 35
Erkek R denudata (n31) 8 58,06 7,06 41 127
A.isoporum (n:8) 2 25 4 1 8
Disi R.denudata (ng8) 4 50 14,5 7,25 58
Yaz
A.isoporum (n:25) 4 16 2 0,32 8
Erkek g denudata (n:25) 7 28 6 1,68 42
A.isoporum (n:19) 4 21,1 2,75 0,58 11
Disi R.denudata (n:19) 9 47,4 8,78 4,16 79
Sonbahar
A.isoporum (n:16) 5 31,3 3,2 1 16
Erkek R denudata (n:16) 9 56,3 7,44 4,19 67
A.isoporum (n:19) 15 78,9 4,93 3,89 74
Disi R.denudata (n:19) 14 73,7 6,29 4,63 88
Kis
A.isoporum (n:21) 6 28,6 3,67 1,05 22
Erkek R denudata (n21) 10 47,6 11,4 5,43 114
A. isoporum’un mevsimlere gore konak C. pestai igin mevsimsel olarak yapilan
yas  gruplart  degerlendirildiginde,  ilkbahar  Orneklemelerde nematod grubundan R. denudata

doneminde III. Yas grubuna ait baliklarin A.
isoporum ile enfazla enfekte oldugu goriilmiisiitiir.
(Cizelge 3). Diger degerlendirme sonuglart ayni
Cizelge’de verilmistir. Yine boya gore degerlendirme
de Cizelge 4’de gosterilmistir. Buna gore
ilkbahardaki 14,1-18,0 cm boy grubunda daha fazla
ornegin A. isoporum ile enfekte oldugu goriilmiistiir.
Ayrica  mevsimsel olarak degerlendirilen
orneklemelerin boya gore degerlendirmeleri Cizelge
4’de verilmistir.

parazitine tim mevsimlerde rastlanmistir (Cizelge
1,2 ve 5,6). Cizelge 5’de yas grubuna gore yapilan
degerlendirmede en fazla enfekte balik sayisinin kig
mevsiminde III yasindaki bireylerde oldugu
goriilmiistiir. Yine Cizelge 6’da boya gore yapilan
degerlendirmede ise 14,1-18,0 grubundaki konak
ornekleinin daha fazla enfekte oldugu goriilmiistiir.
Cizelge 5 ve 6’da Capoeta pestai’de bulunan
R. denudata’nin konak boy ve yas gruplarina gore
dagilimlari ile ilgili diger sonuglar verilmistir.
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Cizelge 3. C. pestai’de bulunan Allocreadium isoporum’un konak yas gruplaria gore degerlendirilmesi.

Yas Gruplari O | 1 i v \Y VI VIl VI IX X
ilkbahar
Incelenen Balik Sayist 2 2 6 15 10 3 1 0 3
Enfekte Balik Sayis1 0 0 2 10 6 2 1 0 1
Yayginlik (%) 0 0 333 66,7 60 66,7 100 0 33,3
Ortalama Yogunluk 0 0 15 2 2 4.5 3 0 2
Ortalama Bolluk 0 0 0,5 1,33 1,2 3 3 0 0,67
Toplam Parazit Sayist 0 0 3 20 12 9 3 0 2
Yaz
Incelenen Balik Sayisi 8 12 3 4 3 2 1 0 0
Enfekte Balik Sayisi 1 3 0 0 1 1 0 0 0
Yayginlik (%) 12,5 25 0 0 33,3 50 0 0 0
Ortalama Yogunluk 2 3 0 0 1 4 0 0 0
Ortalama Bolluk 025 0,75 0 0 0,33 2 0 0 0
Toplam Parazit Sayist 2 9 0 0 1 4 0 0 0
Sonbahar
Incelenen Balik Sayist 2 4 4 3 4 6 3 0 8 0 1
Enfekte Balik Sayisi 1 0 1 0 1 1 2 0 3 0 0
Yayginlik (%) 50 0 25 0 25 16,7 66,7 0 37,5 0 0
Ortalama Yogunluk 3 0 1 0 3 3 2 0 4,33 0 0
Ortalama Bolluk 1,5 0 0,25 0 0,75 0,5 1,33 0 1,63 0 0
Toplam Parazit Sayist 3 0 1 0 3 3 4 0 13 0 0
Kis
Incelenen Balik Sayist 5 8 6 11 3 3 0 0 8 0 0
Enfekte Balik Sayis1 0 1 2 9 2 3 0 0 4 0 0
Yayginlik (%) 0 125 333 818 66,7 100 0 0 50 0 0
Ortalama Yogunluk 0 2 6,5 3,67 6 3 0 0 6,75 0 0
Ortalama Bolluk 0 025 217 3 4 3 0 0 3,38 0 0
Toplam Parazit Sayist 0 2 13 33 12 9 0 0 27 0 0




Emre ve Kubilay 2019 - LimnoFish 5(1): 60-69 65

Cizelge 4. C. pestai’de bulunan Allocreadium isoporum’un konak boy gruplarina gore degerlendirilmesi.

Boy Gruplar (cm) I I i v M
(6,0-10,0cm)  (10,1-14,0cm) (14,1-18,0cm) (18,1-22,0cm) (22,1-28,0 cm)
ilkbahar
Incelenen Balik Sayist 2 8 17 15 0
Enfekte Balik Sayis1 0 2 12 8 0
Yaygimlik (%) 0 25 70,6 53,3 0
Ortalama Yogunluk 0 15 2,08 2,63 0
Ortalama Bolluk 0 0,38 1,47 14 0
Toplam Parazit Sayist 0 3 25 21 0
Yaz
Incelenen Balik Sayisi 7 14 7 5 0
Enfekte Balik Sayisi 1 3 1 1 0
Yayginlik (%) 14,3 21,4 14,3 20 0
Ortalama Yogunluk 2 3 1 4 0
Ortalama Bolluk 0,29 0,64 0,14 0,8 0
Toplam Parazit Sayist 2 9 1 4 0
Sonbahar
Incelenen Balik Sayi1st 0 9 6 12 7
Enfekte Balik Sayisi 0 1 1 4 2
Yayginlik (%) 0 111 16,7 33,3 28,6
Ortalama Yogunluk 0 1 3 3,5 3
Ortalama Bolluk 0 0,11 0,5 1,17 0,86
Toplam Parazit Sayist 0 1 3 14 6
Kis
Incelenen Balik Sayist 6 10 15 5 4
Enfekte Balik Sayis1 0 1 11 5 4
Yayginlik (%) 0 10 73,3 100 100
Ortalama Yogunluk 0 2 4,18 4,6 6,25
Ortalama Bolluk 0 0,2 3,07 4,6 6,25
Toplam Parazit Sayist 0 2 46 23 25
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Cizelge 5. Capoeta pestai’de bulunan Rhapdochona denudata’nin yas gruplarina gore degerlendirilmesi.

Yas Gruplari O I 1 i v \% Vi Vil VI IX X
ilkbahar
Incelenen Balik Sayisi 2 2 6 15 10 3 1 0 3 0 0
Enfekte Balik Sayis1 1 2 3 11 4 2 1 0 0 0 0
Yaygimlik (%) 50 100 50 73,3 40 66,7 100 0 0 0 0
Ortalama Yogunluk 1 3,5 133 9,82 15 8 2 0 0 0 0
Ortalama Bolluk 0,5 3,5 0,67 7,2 0,6 5,33 2 0 0 0 0
Toplam Parazit Sayist 1 7 4 108 6 16 2 0 0 0 0
Yaz
Incelenen Balik Sayisi 8 12 3 4 3 2 0 0 0 0 0
Enfekte Balik Sayisi 2 4 2 1 2 0 0 0 0 0 0
Yayginlik (%) 25 33,3 66,7 25 66,7 0 0 0 0 0 0
Ortalama Yogunluk 6,5 6,25 12 25 6,5 0 0 0 0 0 0
Ortalama Bolluk 1,63 2,08 8 6,25 4,33 0 0 0 0 0 0
Toplam Parazit Sayist 13 25 24 25 13 0 0 0 0 0 0
Sonbahar
Incelenen Balik Sayisi 2 4 4 3 4 6 3 0 8 0 1
Enfekte Balik Sayisi 0 2 3 0 2 5 3 0 3 0 0
Yaygimlik (%) 0 50 75 0 50 83,3 100 0 37,5 0 0
Ortalama Yogunluk 0 7 4,67 0 75 8,4 5 0 15,33 0 0
Ortalama Bolluk 0 35 35 0 3,75 7 5 0 575 0 0
Toplam Parazit Sayist 0 14 14 0 15 42 15 0 46 0 0
Kis
Incelenen Balik Sayist 5 8 6 11 3 3 0 0 8 0 0
Enfekte Balik Sayis1 2 1 2 11 2 2 0 0 4 0 0
Yayginlik (%) 40 125 333 100 66,7 66,7 0 0 50 0 0
Ortalama Yogunluk 35,5 2 55 7,09 8 3,5 0 0 4,25 0 0
Ortalama Bolluk 142 025 183 709 533 233 0 0 2,13 0 0
Toplam Parazit Sayist 71 2 11 78 16 7 0 0 17 0 0
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Cizelge 6. Capoeta pestai’de bulunan Rhapdochona denudata’nin boy gruplarima gore degerlendirilmesi.

Boy Gruplari (cm) ' I " v Vv
(6,0-10,0 cm) (10,1-14,0cm)  (14,1-18,0cm)  (18,1-22,0cm)  (22,1-28,0 cm)
ilkbahar
Incelenen Balik Sayisi 2 8 17 15 0
Enfekte Balik Sayisi 1 5 12 6 0
Yayginlik (%) 50 62,5 70,6 40 0
Ortalama Yogunluk 1 2,2 9,17 3,67 0
Ortalama Bolluk 0,5 1,38 6,47 1,47 0
Toplam Parazit Sayisi 1 11 110 22 0
Yaz
Incelenen Balik Sayist 7 14 7 5 0
Enfekte Balik Sayisi 2 5 3 1 0
Yaygmlik (%) 28,6 35,7 42,9 20 0
Ortalama Yogunluk 6,5 8 12,33 10 0
Ortalama Bolluk 1,86 2,86 5,29 2 0
Toplam Parazit Sayist 13 40 37 10 0
Sonbahar
Incelenen Balik Sayisi 0 9 6 12 7
Enfekte Balik Sayisi 0 5 2 8 3
Yayginlik (%) 0 55,6 33,3 66,7 42,9
Ortalama Yogunluk 0 5,6 7,5 7,13 15,33
Ortalama Bolluk 0 3,11 2,5 4,75 6,57
Toplam Parazit Sayisi 0 28 15 57 46
Kis
Incelenen Balik Sayisi 6 10 15 5 4
Enfekte Balik Sayisi 2 1 13 5 3
Yaygmlik (%) 33,3 10 86,7 100 75
Ortalama Yogunluk 35,5 2 6,85 5 5
Ortalama Bolluk 11,8 0,2 5,93 5 3,75
Toplam Parazit Sayist 71 2 89 25 15
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Tartisma ve Sonug¢

Ulkemizdeki endemik baliklardan C. pestai
tirinde  bulunan  helmint  biyogesitliliginin
incelendigi bu ¢alismamizda, C. pestai tiiriiniin %
58,0'nin en az iki tiir parazitle enfekte oldugu
saptanmistir. Zayif bir patojen olarak bilinen ve
Ozellikle sazangiller ailesine mensup tiirlerde
barsakta bulunan A. isoporum tiirii galismamizda bu
konakta bulunmustur. Bu konak i¢in yeni kayittir. C.
pestai tiiriinde agirlikli olarak yakalanan baliklarin
1/3’4  disi bireylerden olusmustur. En yiiksek
yayginlik oranlart ilkbahar ve kis orneklemelerinde
bulunmustur (% 52,5). En disik ise yaz
orneklemelerinde belirlenmistir (% 18,2). Buna
karsilik, IIT yasindaki ilkbahar 6rneklerinde en fazla
enfekte baliga rastlanmistir. Moravec (1992) Tuna
havzasindaki Rokytna Nehirinde Leuciscus cephalus
konagina yonelik yaptigi calismada en yiiksek
yayginlik oranim ilkbahar aylarmmda (%100), ay
ortalama yaygmlik oranmi ise % 73 olarak
saptamistir. Koyun (2001), Enne Baraj Godliinde
yaptig1 c¢alismada Alburnus alburnus konaginda
Mayis ve Haziran (1998)’da %15 ve %19; Nisan ve
Mayis (1999)’da ise %15 ile %10 yayginlik oraninda
A. isoporum paraziti belirlemistir. Aydogdu vd.
(2002), Doganci Baraj Goliindeki Barbus plebejus
konaginin helminth faunasina yonelik yaptiklart
aragtirmada A. isoporum parazitine Mayis ve Haziran
aylarinda %75 ve %33,3; Eylul ve Ekim aylarinda
%11,1 ve %20 ve toplamda ise %19,1 yaygimlik
oraninda rastlanilmigtir. Yine Raissy ve Ansari
(2012) Iran’da  Arman Nehiri baliklarindaki
parazitlere yonelik yaptiklar1 ¢alismada C. aculeata,
C. damascina ve Barbus barbulus’un barsaklarinda
yaygmlik oranlann %2, %0,79 ve % 1,4 seklinde
bulmuslardir.

Diger yandan C. pestai konaginda, nematod
grubuna ait bir tiir olan Rhabdochona denudata tiirii
bulunmustur. Bu tir de yeni kayit ozelligi
tasimaktadir. Bu tiirle alakali olarak ayrica SEM
caligmast yapilmistir. C. pestai’de en yiiksek
yayginlik orani % 58,1 ile ilkbahar, en disiik ise %28
ile yaz Omneklemelerindeki erkek bireylerde
saptanmigtir. III. yas gruplarinda (kis) ve 14,1-18,0
boy araligindaki bireylerde daha fazla enfekte olan
bireylere rastlanmigtir. Aydogdu vd., (2011) Antalya
Korfezine dokiilen akarsularda yaptiklari ¢alismada
smirli  sayidaki Capoeta antalyensis’te %86,6
yayginlik oraninda R. denudata tespit edilmistir.
Pazooki vd. (2012) Iran-Kerman ilindeki dort ayr1 su
kaynaginda avlanan C. damascina’da yaygimnlik
oranini  %73,39; Cyprinion watsoni’da %88,60,
Schistura sargadensis’da %2.94 ve Channa
gachua’da ise % 13,63 seklinde R. denudata
bulmuslardir. Koyun vd. (2015) Murat Nehirin’de
yasayan B. lecerta konaginda bu nematod da sadece

ilkbahar (% 23) ve yaz mevsimlerinde (% 16,7)
yayginlik orani ile karsilasilmigtir. Sonu¢ olarak
yukarida belirtildigi gibi; Caykdy Deresindeki C.
pestai’de bulunan iki parazit tirii konak igin yeni
kayit oOzelligini tagimaktadir. Bu nedenle, gerek
mevcut alandaki ve gerekse Egirdir Goli’ndeki
stoklara ait tehditlerin tespiti ve yine Tirkiye nin
helmint biyogesitliliginin belirlenmesi noktasinda
calismamiz onem arz etmektedir.
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Introduction

In  Malawi, documented fish exports are
estimated at 0.102 metric tonnes, accounting for a
monetary value of MWK (Malawi Kwacha currency)
22,000 (US$ 250) in 1998 to 159.5 metric tonnes
valued at MWK18.5 million (US$170,000) in 2002
(Commonwealth/GTZ 2007). The figures indicate
that fish exports increased in the period of 1998 to
2002. However, the Government of Malawi (GoM
2012) reported that annually, an average of 86 tonnes
of fish was exported between 2002 and 2010. Reports
also indicated that quantities of annual fish exports
within the same period greatly fluctuated due to
dwindling fish harvests (Commonwealth/GTZ 2007,
Donda and Njaya 2007; GoM 2011, 2012). Fish
catches from Malawi were estimated at 70000 and
3000 metric tonnes per annum from capture fisheries
and fish farming, respectively (GoM 2012). To the
contrary, the domestic demand for fish in the country
was estimated at around 110000 metric tonnes per
year (GoM 2012) indicative of a supply deficit.
Recent reports showed that Malawi informally

exported fish to neighbouring  Tanzania,
Mozambique and Zambia between 2015 and 2016
with an estimated annual quantity of 24115.68 metric
tonnes valued at 41.6 million dollars (Mussa et al.
2017). Such reports exist at a time when the country
was in a dire shortage of fish supply with an average
per capita annual fish consumption estimated at 5.6
kg, far below the 13-15 kg recommended by the
World Health Organisation (Kapute 2017). The
demand for fish in Malawi has in recent years
tremendously increased due to increased population
against the declining fish catches from the natural
waters. In Malawi, fish provides the best and most
affordable source of dietary animal protein to many
people contributing about 28% of all dietary animal
protein supply (Kapute 2017). Another concern is
that there is little consideration about quality
standards for fish trade in Malawi and clearly
indicating that fish quality standards have not been
well developed for exports to highly regulated
markets (Kapute 2009; GoM 2012; Manyungwa-
Pasani et al. 2017). The traders have thus, been
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trading without proper licensing and no
empowerment. In addition, there have been limited
studies focusing on the exports of fish from Malawi.
This study differs from earlier studies because it
focuses on formal fish exports. The novelty of this
study provides a foundation to the sustainability of
the fish exports in order for the country to benefit
from the trade and diversify the income generating
activities in the fisheries value chain. In this study,
exports of fish from Malawi were assessed in order
to assist the government in establishing the
magnitude of fish quantities exported, fish processing
methods, fish species, gender of exporters and fish
export destinations.

Material and Methods

Study area and data collection

Cross-sectional research design was used in the
study (Bhattacherjee 2012) and fish export data were
collected from Blantyre District Fisheries Office in
southern Malawi. Blantyre is the commercial and
industrial city of Malawi and forms the
communication and transportation hub to all parts of
the country as well as the neighbouring countries.
Fish exports data are collected by the Malawi
Department of Fisheries when issuing the
phytosanitary certificates to fish exporters.
Information that is contained in the phyto-sanitary
certificates includes destinations, fisheries quality
control unit, name and address of exporter, declared
name and address of consignee, declared quality and
name of fish product, scientific name of fish, number
and description of packages, declared means of
conveyance and treatment, among others. The
Department of Fisheries started providing the phyto-
sanitary certificates to Blantyre District Fisheries
Office in March 2013. To ensure validity and
reliability of the data collected, 10 duplicate sanitary
certificates were collected from Blantyre District
Fisheries Office before the actual data collection
exercise. The collected duplicate Phyto-sanitary
certificates were checked by qualified technical
personnel in the Department of Fisheries and
Aguatic Sciences at Mzuzu University, Malawi. Fish
exports data for a period of six months, from May
to October, 2013 were collected from a total of 217
individual traders using non - probability
sampling technique i.e. all the data available were
collected for the study (Ukaonu et al. 2011,
Haambiya et al. 2013).

Species and quantity of fish exported
Fish species that an individual person could export
were summarized as percentages instead of listing
used in earlier studies (Jayalal and Ramachandran

2012). Data collected for this study did not indicate
the exact quantities exported per species and as such,
frequencies were used. The monthly fish
exports were added for all months from May to
October 2013, and quantities were also added to give
a total quantity of fish exported within the period
of study. The number of fish exporters were
separately classified into three categories according
to the quantity of fish exported and percentages
of monthly quantities from total quantity exported
were computed. The classes were: less than 50 kg
(fg<50kg), between 50 and 100 kg (50 < fg < 100),
and greater than 100 kg (fg>100), where fq is
the fish quantity exported. The percentage of
traders in each category was calculated. To determine
fish processing methods used for fish destined
for trading in the international markets, the
proportion of each processed method of the fish
species was summarized in the bar graphs to observe
the frequently exported forms of processed fish.

Gender of fish exporters and destinations of
fish exports

The percentages of male and female fish
exporters were found for each month of the study to
understand whether they were equal percentages for
each month. All countries, which serve as markets for
fish from Blantyre, were identified and frequencies
of fish traders were calculated and recorded. This
method was preferred due to its robustness
in encompassing specific details without overlooking
the importance of the details.

Statistical analysis

Data were analyzed in SPSS Software version
16.0. Chi — square (goodness of fit) test was used to
test for the differences in the distributions
of categories of fish exporters and their gender. The
hypotheses were tested at 5% significance level.
Graphs were generated using Microsoft Excel 2010.

Results

Quantity of fish exports

A total of 9596 kg of fish were exported in the
period studied and the highest quantity was
exported in the month of June (39.2%). It should be
noted that although the percentages of fish exported
per month were fluctuating, the trend showed an
increase from 7.9%, 12.0% and 17.5% from July,
August and September respectively (Figure 1).

There were significant differences among the
three categories of fish exporters in all the months
studied (Table 1). The months showing the degrees
of freedom (df) of one suggest no fish exports of
more than 100 kg.
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Figure 1. Percentage of fish exports from May to October 2013 from Blantyre

Table 1. Chi-square (goodness of fit) test results for the three categorised fish exporters

May June July August September October
x? — value 13.3002 28.3742 4.2632 9.143? 11.789° 12.250?
df 2 1 1 1 2 2
Asymp. Sig. 0.001 0.000 0.039 0.002 0.003 0.002
Values with similar superscripts in a row are significantly different (P < 0.05).
Fish species on international trade (Makakana), Enteromius paludinosus

Fish species that were exported are
Engraulicypris sardella (Giinther, 1868) (local name:
Usipa), Clarias gariepinus (Burchell, 1822)
(Catfish: Mlamba), Oreochromis species (Weyl et al

(Peters, 1852) (Matemba), and Rhamphochromis
species (Mcheni). However, frequently exported
species were E. sardella and C. gariepinus with more
than 75% and 65% of the fish exporters respectively

2010) (Chambo), Oreochromis mossambicus  (Figure 2).
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Figure 2. Percentages of fish exporters from Blantyre to various export destinations from May to October, 2013.

Fish processing methods

Observed fish processing methods were sun
- dried and para - boiling for E. sardella (Figure 3).

Commonly, Oreochromis species (local name:
Chambo), Diplotaxodon spp. (Ndunduma) and
C. garipinus (Catfish) were exported
in smoked form. A small quantity of Oreochromis
species were also exported frozen

while Rhamphochromis species (Mcheni) were
exported in the smoked form compared to other
forms (Figure 4).

Fishes such as Barbus species (Matemba),
Copadichromis species (Utaka), Bagrus species
(Kampango), Buccochromis species (Mbaba) were
mainly exported in smoked and sun - dried forms
(Figure 5).
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Figure 3. Processed form of exported E. sardella
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Figure 4. Processed form of Oreochromis spp. (Chambo), Diplotaxodon spp. (Ndunduma), Rhamphochromis spp.
(Mcheni) and Clarias spp. (Catfish) exported from Blantyre.
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Figure 5. Processed form of Copadichromis spp. (Utaka), Enteriomius spp.(Matemba), Bagrus meridionalis (Kampango)
and Buccochromis spp. (Mbaba) exported in 2013.

Export destinations of fish from Blantyre Some fish were also exported to Botswana (n=1),
Results show that the Republic of South Africa  Mozambique (n=1) and Vietnam (n=1) in the same
(n=214) is the main importer of fish from Malawi.  period.
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Contrary to the expectations, there was no export
of fish to the neighboring countries like Tanzania,

Zambia and Zimbabwe in the period under study
(Table 2).

Table 2. Number of fish exporters from Blantyre in months of study

Month Republic of South Africa (n=214) Botswana (n=1) Other (n=2)
May 20 0 0
June 98 0 1
July 19 0 0
August 27 1 0
September 19 0 0
October 31 0 1

Gender of fish exporters
About 13.8% of fish exporters were males

(P = 0.000), July (P = 0.000), August (P=0.001)
and October (P=0.000) and the month of

and 86.2% were females with a significant  September showed gender difference
difference (P<0.05) between the gender of was insignificant (P = 0.108) as reported
fish exporters in the months of May (P = 0.000, June  in Table 3.
Table 2. Percentages and Chi - square (goodness of fit) test results for fish exporters.
Month Male (%) Female (%0) x2-value Asymp. Sig.
May 5.0 95.0 16.20082 0.000
June 12.1 87.9 56.8182 0.000
July 5.3 94.7 15.2118 0.000
August 17.9 82.2 11.5718 0.001
September 31.6 68.4 2.579° 0.108
October 15.6 84.4 15.1252 0.000
Discussion (14.1 %) and October (17.5 %) may be indicative of

The study of fish exports from Blantyre District
in Malawi was limited by the availability of sufficient
data. Data that was available at the time of the study
were for six months only. The findings in this study
were consistent with earlier studies that fish
guantities exported from Malawi have been low
(Commonwealth/GTZ 2007; Donda and Njaya 2007;
Kapute 2009; GoM 2011, 2012). Quantities as low as
9596 kg exported in six months from Blantyre
District may imply that fish exports at the current rate
cannot meaningfully contribute to the economy of the
country. However, due to increased informal cross
border trade as evidenced by the informal fish export
of 24115.68 metric tonnes between 2015 and 2016
from Malawi to neighboring countries (Mussa et al.
2017), fish export quantities could be higher than
reported. The inconsistences earlier reported by
Kapute (2017) may rise due to poor monitoring of the
fish exports by the Government of Malawi. The
increasing trend of fish export quantities from May
(9.2 %), July (7.9 %), August (12.0 %), September

increased fish availability on the markets following
the opening of the lakes following seasonal closure in
November and/or December to March. Highest fish
exports (39.2 %) in June may be due to traders
turning up as production of E. sardella increased
along with other species. This study revealed that
E. sardella and Copadichromis species which were
commercially - less valuable fishes (GoM 2012;
Singini 2013) were the mostly exported by traders (at
least 75% of the traders exported the two species).
The fish processing methods such as sun-drying,
smoking and para-boiling indicate that the exported
fishes were destined for local markets (Kapute 2009;
GoM 2012). The processing methods also suggest
that the species of fish exported are small in size.

It was observed fish were mainly exported to the
Republic of South Africa as earlier reported by GoM
(2011). Republic of South Africa imported largest
quantities of fish from Malawi probably due to many
Malawians staying in that country as consumer
studies in Johannesburg found that demand for fish
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species depends on culturally acquired tastes (Kapute
2017). However, other studies have established
reported fish exports to Zambia, Tanzania and
Zimbabwe (Kapute 2017; Mussa et al. 2017) which
were not found in the current study. The large
percentage of female fish exporters (86.2%) and the
monthly gender differences agree with the findings
from Mussa et al. (2017) that a larger number
(65.7%) of women from Malawi are involved in the
informal cross border fish trade. The issue of women
empowerment is therefore, crucial as 70% of women
in the Southern African Development Community
(SADC) are involved in the informal cross border
trade (Mussa et al. 2017).

The study recommends that the Government of
Malawi should make a balanced decision on policy
issues regarding regulation of fish exports. This
comes at a time when demand for fish on the local
market in the country is not satisfied. Further, the
government should consider exploring fish
processing methods that ensure highest quality for
exports to highly regulated markets. The more
women (86.2%) than men (13.8%) who exported fish
from Blantyre District provides insights on the
unsustainability of fish exports. Therefore, a policy
that considers mainstreaming of gender into the
policy may ensure the sustainability of livelihoods of
women in fish exports.
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