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ABSTRACT ARTICLE INFO

The efficiencies of the two fish passages of River Ceyhan (Turkey) were
investigated by using trap catches, external tags (T-bar anchor tags), PIT
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telemetry and radio telemetry. According to the results of the study, the pool and Received ~ :11.09.2019 E E
weir type fish passage were not effective; no fish entered the trap in this fish Revised -01.11.2019 —
passage. Further, it was observed that none of the 50 external tagged fishes, 44 )

PIT-tagged fishes, and 47 radio-tagged fishes passed through this fish passage. A Accepted  :04.11.2013 !

total of 900 Capoeta damascina and 520 Alburnus adanensis entered the trap Published  :25.04.2020 E

installed in the vertical slot fish passage. A relationship was found between the
gender ratio of the migratory C. damascina and their migration times. Fish
passage performance was different according to the applications. These
differences in fish passage success among the applications originated from the
sizes of the tagged fish. Because the sizes of the radio-tagged fish were much
larger than that of the external tagged fish and PIT-tagged fish so the success of
the fish passage according to the radio telemetry was estimated higher than that
of the other applications. The further passing ratio of the fish over 20 cm in length
was higher than that of the small individuals.
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Ceyhan Nehri’ndeki (Tiirkiye) Balik Gegitlerinin Etkinlikleri ve Uygunluklari

Oz: Ceyhan Nehir havzasinda bulunan iki bahk gecidinin etkinlikleri trap uygulamasi, distan takma markalamalar (T-bar anchor
tag), PIT telemetri ve radio telemetri yontemleri ile incelenmistir. Caligma sonuglarina gore havuzlu ve orifisli balik gegidine
yerlestirilen trapta hig bir balik tespit edilememis oldugundan bu balik gegidinin etkinliginin olmadigi belirlenmigtir. Ayrica 50 adet
digtan takma marka, 44 adet PIT marka ve 47 adet radio markas1 tastyan baliklardan hig¢ birinin bu balik ge¢idinden gecmedigi
goriilmiistiir. Dikey yarikli balik gegidine yerlestirlen trapta ise toplam 900 Capoeta damascina ve 520 Alburnus adanensis tespit
edilmigtir. G6¢ yapan C. damascina bireylerinin cinsiyet oranlari ile gé¢ zamanlari arasinda bir iligki tespit edilmistir. Uygulanan
yontemlere gore balik gegidinin performansi farklilik gdstermistir. Bu farklilik markalanan baliklarin boylarinin farkli olmasindan
kaynaklanmigtir. Ciinkii radyo taglarla markalanan baliklarin boylar1 PIT taglarla ve distan takma markalarla markalanan baliklardan
daha biiyiiktii ve bu nedenle radyo telemetri yontemine gore hesaplanan balik gecidi performansi diger yontemlere gore daha yiiksek
bulunmustur. Ayrica, 20 cm’den biiyiik baliklarin balik ge¢idinden ge¢me performans: kiigiik baliklara gore daha yiiksek olmustur.

Anahtar kelimeler: Balik gecidi, balik gogi, etkinlik, trap, telemetri
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Introduction

River habitats that have important roles for the
sustainability of fish populations are negatively
affected by engineering structures such as dams and
hydropower plants built on rivers (Larinier 2000;
Marmulla 2001; Jackson and Marmulla 2001).
Hydropower plants have to be environmentally
friendly; hydroelectric power plant projects should

consider fish migrations in river basins. A suitable
fish passage ensures the migration of fish between
zones of the feeding and spawning. Otherwise, fish
stocks decline, certain fish species become extinct or
fragmented populations come into the picture
(Larinier 2000; Roscoe and Hinch 2010). Various
designs of fish passages have been developed in the
past to enable fish to pass barriers and to minimize
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the impacts of the obstructions (Roscoe and Hinch
2010). The first known attempts to build fish
passages were older than the development of
hydropower itself and were constructed in Europe
more than 300 years ago (Clay 1995; Calles and
Greenberg 2005; Katopodis and Williams 2012).
First written documents about fish passages goes
back to 1870s (Worral 1874; Rogers 1892; Cheney
1898; Buck 1906, 1913; Dyche 1912; Prince 1914;
Larinier et al. 2002; Roscoe and Hinch 2010; Bunt et

al. 2012; Williams et al. 2012; Brown et al. 2013).

The most important impacts of the construction
of reservoirs are on the ichthyofauna, especially on
migratory fish. The impacts are due to the
interception of migratory routes, alteration of the
hydrological regime, and reduction of spawning and
nursery habitats (Wagner et al. 2012; Agostinho et al.
2004). The observations for the fish passages in
Turkey have shown that they were constructed
without proper assessment and usage of basic
scientific knowledge on the fish species of concern.
Although more than 370 fish species inhabit Turkish
inland waters (Kuru et al. 2014), there is no proper
inventory for migratory fish species. Contemporary
literature does not provide proper information on
habitat usages and hydrological requirements of
inland water fish in Turkey. However, it is a well-
known fact that an effective fish passage design
requires extensive integration of biological and
hydrological data in addition to other physical data
(Castro-Santos et al. 2009).

State-owned large dams have been built in
Turkey within the past 60 years and almost none has
proper fish passages. Anguilla anguilla has
disappeared in the inland sections of Turkey. It only
inhabits lower sections of rivers downstream of dams
with lowest altitudes and coastal lagoons since
migrations of fish were not ensured by large dam
projects. Sturgeon in the Black Sea Region is also
almost extinct because of the lack of fish passages
near dam structures. The first fish passage of Turkey
was built on Seyhan Regulator in 1939 and the
second one was built on Emiralem Regulator in 1944,
These passages and other 35 passages were been
constructed by the General Directorate of State
Hydraulic Works (DSI 2013). All these fish passages
were built on the small regulators and no fish passage
is present on other 596 large dams. Additionally,
more than 1250 small scale and relatively new
hydroelectric power plants have been erected by
private companies since 2001. The Turkish Fisheries
Code no: 1380 requires these small scale
hydroelectric power plants belonging to the private
sector have to have fish passages. These fish passages
are often pool and weir, and vertical slot type rather
than Denil type. Unfortunately, there is no database

as related to the effectiveness of present fish
passages. The number of studies on the evaluation of
fish passages in the World reached to considerable
level (96 studies from America, Europe, and
Australia) and 76% of the articles in journals were
published between 1999 and 2008 (Roscoe and
Hinch 2010). Nearly all studies focused on efficiency
questions while some of them included mechanisms,
consequences, and physiology. So far, a few studies
have been conducted on the evaluation of the
effectiveness of fish passages in Turkey (Alp et al.
2018; Kucukali et al. 2019). Some telemetry methods
such as PIT telemetry, radio telemetry, and video
monitoring systems have been applied to investigate
the efficiency of fish passages (Castro-Santos et al.
1996; Lucas et al. 1999; Riley et al. 2010; Roscoe and
Hinch 2010).

Turkish inland waters have more than 370 fish
species and about more than 100 of them are endemic
(Kuru et al. 2014). From these species, two of them
(sturgeon and Black Sea trout) are anadromous and
also one species (Anguilla anguilla) is catadromous.
The contemporary literature does not offer enough
information about the potamodromous species and
their migrations. Further, there is a lack of knowledge
about the effects of hydropower applications on the
potamodromous species.

The effectiveness of the fish passages in two
streams of River Ceyhan (Turkey) was studied to
collect data about the fish species and passage
performances within the scope of this specific
research. The results of the study may hopefully be
used to apply more effective fish conservation
strategies by designing better and more suitable fish
passages to reduce the ecological problems created
by hydropower plants. To achieve the goal of the
research, following enlisted data were obtained about
the fish passed through the fish passages; a)
migratory fish species, b) the number of the migrated
fishes, c) the sizes of the migrated fish, d) genders of
the migrated fishes €) migration seasons and
migration durations and f) the performances of the
fish passages.

Materials and Methods

Study site

Ceyhan River Basin is in the Eastern
Mediterranean region of Turkey and is bordered by
Seyhan Basin in the west and northwest, Asi Basin in
the south and Firat Basin in the east and northeast.
The river drains into the Mediterranean Sea in the
south. Ceyhan River Basin area is 20670 km? and its
mean annual flow volume is 7.18 billion cubic
meters. This corresponds to 4% of the total river
discharge to Turkey (Agrin Co. Ltd. 1999; Tanriverdi
et al. 2010).
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A total of 9 large dams belonging to the
state were built in Ceyhan River Basin and none of
these has a fish passage (Figure 1). Anguilla anguilla
has been extinct in the middle and upper sections of
the Ceyhan River basin (Kara et al. 2010).
In addition to these large dams, a total of 50
small scale hydropower plants were constructed
by private companies in Ceyhan River Basin (Figure
1). Only 16 of these small-scale hydropower plants
have fish passage facilities. They are pool and weir
type (5 fish passages), vertical slot type (10 fish
passages) and Denil type
(1 fish passage). Fish fauna of the Ceyhan River

consists of 20 species belonging to 10 families (Kara
et al. 2010).

A vertical slot type fish passage from Tekir
Stream and a pool and weir type fish passage from
Firmiz Stream of Ceyhan River were studied in this
study. Vertical slot fish passage was 126 m in length
and 14.10 m in height with a slope of 11.19%. It
includes 63 pools and its pool dimensions were 140
by 200 cm with two water inlets for fish exit from
upstream. Pool and weir fish passage was 25.43 min
length and 4.5 m in height with a slope of 17.70%. It
has 16 pools and one water inlet from the upstream
site and orifices sizes were 30 by 30 cm.
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Figure 1. Ceyhan River Basin and distribution of hydropower plants.

*Studied streams are circled by red line:(1. Karakuz HES, 2. Ségiitlii 1 HES, 3. Kantarma HES, 4. Adatepe HES, 5. Dagdelen HES, 6.
Koyobast HES, 7. Uzuntepe HES, 8. Kandil 1 HES, 9.(Kandil 2 HES, 10. Sarigiizel 1 HES, 11. Sarigiizel 2 HES, 12. Cakmak 2 HES,
13. Sogitlii HES, 14. Cakmak 1 HES, 15. Hacininoglu HES, 16. Okkayasi ve Sehitlik HES, 17. Siilleymanli HES, 18. Zeytin HES, 19.
Kozak HES, 20. Sucatt HES, 21. Firniz HES, 22. Asag1 Firmiz HES, 23. Sisne HES, 24. Sivritas HES,25. Avcilar HES, 26. Camlik
HES, 27. Cataloluk HES, 28. Kisik HES, 29. Ugkaya HES, 30. Menzelet HES,31. Kilavuzlu HES, 32. Aksu HES, 33. Akpiar HES,
34. Nur HES, 35. Kartalkaya HES, 36. Kesme HES,37. Yasil HES, 38. Torlar HES, 39. Gokgedik HES, 40. Kale HES, 41. Karasu
HES, 42. DegirmeniistiHES, 43. Teytur HES, 44. Tahta HES, 45. Karapinar HES, 46. Andirm HES, 47. Kargilik HES, 48. Bul-
gurkaya HES, 49. Tayfun Kanal HES, 50. Damlasu HES, 51. Poyraz HES, 52. Sazak HES, 53. Catak HES, 54. Giinesli HES, 55. Berke
(Degirmen) HES, 56. Sir HES, 57. Giivercin HES, 58. Aslantas HES)
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Determination of the migratory species

Traps were installed into fish passages to
determine fish species and the number of the
individuals passing through the fish passage, their
sizes, genders and migration periods. The size of the
traps was determined considering the dimensions of
the fish passages and they were made of a metal
frame box including a cone and 0.5 cm stretched
mesh size. Traps were set up into third pools at the
top side of the fish passage so that fish could not pass
through the edges of the trap. They were controlled
routinely and the caught fish with traps were taken
into a tank and then they were anesthetized with 2-
phenoxy ethanol. For each species, the total number
and the genders of the fishes were determined; their
lengths were measured. Following recovery and
gaining swimming ability, they were released into the
upper pool of the fish passage. A Hobo Onset sensor
was installed into the fish passage and the water
temperature was recorded for each half an hour.

Evaluation of efficiencies of fish passages

External tags (T-Bar anchor tags), PIT telemetry
(passive integrated transponder (PIT) tags) and radio
telemetry methods were the adopted methods to
achieve the goals of the research.

a) External tag application

The fish were caught by electro shocker at
downstream of fish passage. They were anesthetized
with 2-phenoxy ethanol, measured and tagged with
T-Bar anchor tags from the base of dorsal fin using a
tag gun. A total of 172 fishes (122 fish in Tekir
Stream and 50 fish in Firniz Stream) were tagged
with T-Bar anchor tags. The traps into the fish
passages were controlled routinely and T-Bar anchor
tagged fish into the traps were recorded, counted and
then released to the upper pool of the fish passage.

b) PIT telemetry

Fishes were caught by electro shocker
at downstream of fish passage and they were
anesthetized with 2-phenoxy ethanol and then
measured. A total of 200 fish (156 fish in Tekir
Stream and 44 fish in Firniz Stream) was tagged
with a passive integrated transponder (PIT) tags by a
tag gun and released to the downstream of fish
passage. All PIT tags were HPT 12 model tags and
they were 12 mm in length and with 134.2 kHz.
To detect PIT-tagged fish passed through the fish
passage, a square antenna (80x80 cm in dimension)
was placed into the fish passage and the system
was linked to an HPR Reader system. The detection
range for a standard 12 mm PIT tag was
reported to be 15.2-25.4 cm from the antenna
(Reagan et al. 2005). All PIT telemetry
equipment was produced by BIOMARK Company
(Boise-ldaho, USA).

c) Radio telemetry

A total of 73 fishes (47 fishes in Firniz Stream
and 26 fishes in Tekir Stream) caught by electro
shocker from downstream of fish passages were
tagged with cylindrical radio transmitters (Lotek
Wireless Inc, Model MST-930) with the sizes of 26
mm length by 9.5 mm width and with 4.5 g weight.
The expected battery life of the transmitters was 266
days with a signal transmit at 5 seconds interval for
24 hours. However, the battery life of the transmitters
was extended to 385 days by the programming of
“on” 12 hours / “off” 12 hours. The frequencies of the
transmitters used were preferred between 149.420
and 150.320 MHz. Each transmitter had a unique
code that allowed for individual identification.

The fish were anesthetized with 2-phenoxy
ethanol (0.5 ml It water), measured and transmitters
were surgically implanted into fishes on a V-shaped
surgery table. During the surgery operation, the lower
anesthetic concentration of water (0.4 ml I* water)
was given from the mouth of the fish by a pipe so that
the gills were constantly kept wet. The transmitters
were inserted into the body cavity through a ventral
10 to 15 mm incision and then it was closed with
three sutures. The antenna was pushed through the
body wall using a hollow needle (Thorsteinsson
2002; Ramstad and Woody 2003; Fredrich et al.
2003; Jepsen et al. 2005; Lucas and Bubb 2005;
Thorstad et al. 2013). Radio tagged fish were tracked
by Lotek SRX 400 radio receiver and yagi antenna,
and the tagged fish passed through the fish passage
were recorded.

Results
Migratory fish species ascending through the
fish passage

Trap placement

Traps were installed into fish passages in Firniz
Stream and Tekir Stream on the 20" of April 2012
and 2013, respectively. Traps were operated during
84 days in 2012 between April 20" and July 13™;
during 79 days in 2013 between April 20" and July
8™. No fish have been detected in traps installed into
the pool and weir fish passage in Firniz Stream, for
the above-mentioned periods.

A total of 428 Capoeta damascina and 262
Alburnus adanensis individuals ascended vertical
slot fish passage in Tekir Stream in 2012 and they
migrated towards upstream (Table 1). In 2013, 472
C. damascina and 258 A. adanensis ascended the
same fish passage and migrated towards the
upstream. Upstream migration of C. damascina
lasted 63 days in 2012, between May 1% and July 7%,
while it was 46 days in 2013, between May 1% and
June 15" Upstream migration of A. adanensis
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continued during 56 days in 2012, between
May 8" and July 39 and during 53
days in 2013 between May 1% and June 23",

Table 1. The number of the fish into the traps in vertical slot fish passage and their sizes and gender ratios according to

species and dates.

The major

June.

fish  migration
occurred during the end of May and the beginning of

of both

species

Capoeta damascina

Alburnus adanensis

Date N Total length Male-Female N Total length Water temperature (°C)
(cm) (individual) (cm) Range (mean+SD)

April 01, 2012 12 21.9+£2.95 10-2 0
May 08, 2012 47 20.6+2.08 35-12 8 15.7+1.83
May 21, 2012 165 22.743.46 81-84 42 15.4+1.59
June 06, 2012 97 18.9+3.50 39-58 87 14.1+1.45
June 20, 2012 64 19.242.33 21-43 51 14.6+1.36
July 03, 2012 43 18.9+1.42 12-31 74 14.8+1.47
July 13, 2012 0 0

Total 428 20.9+3.77 198-230 262 14.7+1.56

(Range) (13.0-43.0) (9.0-22.9)

April 04, 2013 0 0 10.2-12.2 (10.7+0.58)
April 23,2013 0 0 11.0-14.1 (12.0+0.77)
April 28, 2013 0 0 12.6-16.4 (14.1+1.06)
May 01, 2013 24 18.5+2.82 21-3 18 14.0+1.44 12.2-16.8 (14.0+0.85)
May 06, 2013 54 19.1+2.54 33-21 5 16.2+2.28 11.0-17.5 (13.6+1.54)
May 17, 2013 145 19.7£2.81 61-84 18 16.6+2.45 11.0-19.4 (15.6£1.68)
June 06, 2013 231 19.4+5.02 67-164 185 15.8+£2.06 14.5-19.4 (17.240.87)
June 15, 2013 18 18.6+3.01 5-13 27 16.8+2.65 16.4-21.7 (18.7+0.87)
June 23, 2013 0 5 15.9+2.64 18.3-22.3 (19.1+0.83)
July 08, 2013 0

Total 472 19.4+2.98 187-285 258 15.8+1.43

(Range) (11.2-39.8) (10.0-19.4)

The total lengths of C. damascina ascending fish
passage varied between 13 to 43 cm with
a mean of 20.94+3.77 cm in 2012. The range was 11.2
to 39.8 cm with a mean of 19.44298 cm
in 2013 (Figure 2). The total lengths of

A. adanensis ascending the fish passage showed a
variation between 9.0 and 22.9 cm with a mean of
14.7+1.56 in 2012. The range was 10.0 to 19.4 cm
with a mean of 158+1.43 cm in 2013
(Figure 2).
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Figure 2. The length-frequency distribution of Capoeta damascina and Alburnus adanensis into the trap in vertical slot

fish passage in 2012 and 2013.

The majority of the C. damascina were male
individuals in the early days of the migration while
towards the end of migration the rate of the males
decreased, and the majority of the migratory
individuals were females (Table 1). A relationship

was developed between the gender ratio of
C. damascina individuals and the migration time (in
days) with a coefficient of determination= R?=0.97 in
2012. R%was 0.93 for the developed relationship for
2013 (Figure 3).
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Figure 3. The gender ratios of Capoeta damascina obtained from the trap in the vertical slot fish passage according to

the date in 2012 and 2013
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Water temperature in the fish passage varied
from 4.6 to 24.8°C with a mean of 13.2 °C on April
16" of 2013 and on May 10" of 2014.
Water temperature varied from 12.2 to 22.3°C
during the migration period (Table 1) and
the majority of the migration took place with
temperatures between 15 and 17 °C.

The efficiency of the fish passages
a) External tagging (T-Bar anchor tags)

A total of 122 C. damascina in Tekir Stream and
50 C. damascina in Firniz Stream were tagged
with T-bar anchor tags. The total lengths
of the tagged fish in Firniz Stream varied from 14.8
to 39.6 cm with a mean of 23.6+2.97 cm and none
of these tagged fish passed through fish passage
of Firmiz Stream. The total lengths of T-bar
anchor tagged fish in Tekir Stream varied from
13.0 and 26.5 cm with a mean of 19.8+2.75 cm
(Figure 4).

20
15 M

=z 10

L

OT-Bar anchor tagged fish (N=122)

m T-bar anchor tagged fish passed
through fish passage (N=32)

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46
Total length (cm)

30
25
20 M
Zz 15

10

o LU

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46
Total length (cm)

OPIT-tagged fish (N= 156)

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46
Total length (cm)

ORadio tagged fish (N=24)

Figure 4. The length-frequency distribution of the tagged Capoeta damascina in Tekir Stream.
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Of the 122 T-bar anchor tagged fishes, 32
individuals ascended vertical slot fish passage in
Tekir Stream corresponding to the ratio of 26.2%. A
total of 57 individuals from the 122 tagged C.
damascina were over 20 cm in length and 27 of these
(corresponding to 47.4%) ascended fish passage.

The rate of the passing of small fish through the
fish passage was lower than that of the larger ones.
The total lengths of the fish ascending the fish
passage varied from 18.6 to 26.0 cm with a mean of
22.1+2.10 cm. The total length of the fish that didn’t
pass through fish passage varied from 13.0 to 26.5 cm
with a mean of 19.0+2.49 cm. The total length of the
fish passed through the fish passage differed from the
length of the fish that didn't pass the fish passage
(t=6.343, df=120; p= 0.000).

b) PIT telemetry

A total of 200 C. damascina were tagged with
PIT tags. A total of 156 of them were from Tekir
Stream and 44 of them were from Firniz Stream. The
lengths of the PIT-tagged fish in Firniz Stream varied
from 13.4 to 41.1 cm with a mean 22.8+3.12 cm.
None of these fish passed through the pool and weir
fish passage in Firmiz Stream. PIT tagged
C. damascina individuals started to ascend the

vertical slot fish passage in Tekir Stream 10 days
after tagging and the migration lasted 47 days
between May 5™ and June 21%, 2014. The majority of
the PIT-tagged fish passed through the fish passage
between 03 A.M. to 06 A.M. during the early hours
of the morning in May (Table 2). The total length of
the PIT-tagged fish in Tekir Stream varied from 11.3
and 28.3 cm with a mean of 16.9+3.71 cm (Figure 4).
A total of 24 of the 156 PIT-tagged fish ascended
vertical slot fish passage in Tekir Stream. The ratio
of the fish ascending the fish passage was 15.4%. The
total lengths of PIT-tagged fish ascending fish
passage showed a variation in between 13.7 and 28.3
cm with a mean of 22.0+3.65 cms. The majority of
PIT-tagged fish passing through the fish passage was
over 20 cm in length. About 30 individuals of 156
PIT tagged fish were over 20 cm in length and 19 of
these 30 fish (corresponding to 63.3%) passed
through the fish passage. Statistics indicate that the
total lengths of the tagged fish passed through fish
passage were not the same as the lengths of the
tagged fish that didn’t pass the passage (t=9.061,
df=154; p= 0.000). The passing ratio of large fish
through the fish passage was greater than that of the
small ones for PIT-tagged fish, as in the case of
external-tagged fish.

Table 2. PIT-tagged Capoeta damascina passing through the vertical slot fish passage in Tekir Stream and their size and

passing time.
Code of the PIT-tag Total length (cm) Tagging date Passing date Passing time at:
989 002 0007 39977 20.0 April 25, 2014 May 5, 2014 13.11.13
989 002 0007 86586 24.1 April 25, 2014 May 7, 2014 03.38.36
989 002 0007 07037 19.4 April 25, 2014 May 8, 2014 02.54.47
989 002 0007 30687 22.8 April 25, 2014 May 10, 2014 04.43.41
989 002 0008 46289 17.2 April 25, 2014 May 13, 2014 08.41.00
989 002 0007 43689 25.4 April 25, 2014 May 13, 2014 04.18.14
989 002 0008 13556 21.1 April 25, 2014 May 14, 2014 05.19.48
989 002 0007 06514 20.1 April 25, 2014 May 14, 2014 04.14.42
989 002 0008 88935 27.6 April 25, 2014 May 15, 2014 03.05.27
989 002 0007 31766 23.2 April 25, 2014 May 15, 2014 06.05.58
989 002 0008 11670 24.4 April 25, 2014 May 15, 2014 06.38.59
989 002 0007 45787 22.4 April 25, 2014 May 15, 2014 12.28.35
989 002 0008 44208 21.2 April 25, 2014 May 15, 2014 03.05.27
989 002 0007 93608 21.9 April 25, 2014 May 15, 2014 06.52.55
989 002 0008 50454 25.5 April 25, 2014 May 16, 2014 04.37.44
989 002 0008 14027 16.5 April 25, 2014 May 18, 2014 15.50.31
989 002 0008 06163 28.3 April 25, 2014 May 20, 2014 04.15.44
989 002 0008 37818 15.6 April 25, 2014 May 22, 2014 03.50.22
989 002 0008 90309 22.3 April 25, 2014 July 06, 2014 18.01.37
989 002 0008 53416 13.7 April 25, 2014 June 07, 2014 17.51.32
989 002 0008 51300 25.2 April 25, 2014 June 12, 2014 07.52.39
989 002 0008 08502 24.5 April 25, 2014 June 18, 2014 06.33.12
989 002 0008 55120 23.7 April 25, 2014 June 20, 2014 06.21.22
989 002 0008 14586 22.6 April 25, 2014 June 21, 2014 06.24.45

c) Radio telemetry

A total of 47 fish were tagged with radio
transmitters in Firniz Stream. These tagged fish were
composed of 23 Salmo opimus, 3 Oncorhynchus

mykiss, and 21 Capoeta damascina. Total lengths of
the radio-tagged fish were between 22.5 and 42.0 cm
with a mean 28.4+4.80 cm for S. opimus; the lengths
were ranging from 29.0 and 33.0 cm with a mean of
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30.742.1 cm for O. mykiss, and the lengths were
between 26.0 and 38.3 cm with a mean of 31.24+3.3
cm for C. damascina. None of the radio-tagged fish
achieved to pass the pool and weir type fish passage
in Firmiz Stream. A total of 26 C. damascina were
tagged with the radio transmitters in Tekir Stream. 2
of these fish died one week after being released. They
were excluded during data processing (Table 3). The
total lengths of 24 radio-tagged fish varied from 24.5

to 46.4 cm with a mean of 31.3+5.9 cm (Figure 4).
18 of these fishes (corresponding to 75%)
successfully passed vertical slot fish passage during
the 83 days of April 28" to July 20", 2013. Six fish
failed to enter the fish passage and were inhabited
downstream (Table 3). Statistically, the sizes of the
radio-tagged fish passed through the fish passage
were shown to be no different from the fish that didn't
pass (t=0.324, df=22; p= 0.749).

Table 3. Radio-tagged Capoeta damascina individuals in Tekir Stream and their passing status through the vertical slot

fish passage.

Frequncies of the tag

Code of the tag

Total length (cm)

Tagging date

Passing period

149.420 11 38.3
149.420 12 29.0
150.300 115 31.3
150.320 116 36.6
149.480 48 44.8
149.480 46 30.0
150.300 84 26.7
149.480 45 26.0
149.480 49 245
150.300 83 255
150.300 80 25.8
150.300 81 25.2
150.300 111 28.9
150.300 110 46.4
149.420 14 35.9
149.420 13 355
149.480 60 27.0
149.480 62 29.7
149.480 63 28.4
150.300 88 37.5
149.480 68 34.6
148.480 65 32.7
149.480 61 31.4
150.300 103 30.0
150.300 104 29.0
150.300 101 27.0

April 04, 2013
April 04, 2013
April 16, 2013
April 16, 2013
April 23, 2013
April 23, 2013
April 23, 2013
May 01, 2013
May 01, 2013
May 01, 2013
May 01, 2013
May 01, 2013
May 01, 2013
May 06, 2013
May 06, 2013
May 06, 2013
June 03, 2013
June 03, 2013
June 03, 2013
June 07, 2013
June 07, 2013
June 07, 2013
June 07, 2013
June 07, 2013
June 07, 2013
June 07, 2013

Dead
Dead
May 06 - May 15
June 03 - June 07
May 15 - May 23
April 23 - April 28
June 15 - June 23
June 23 - July 08
Did not pass
May 01 — May 06
May 23 - June 03
Did not pass
May 06 - May 15
May 06 - May 15
May 06 - May 15
May 15 - May 23
June 07 - June 15
June 07 - June 15
June 07 - June 15
Did not pass
Did not pass
Did not pass
June 23 - July 08
June 15 - June 23
Did not pass
July 08 - July 20

Passage efficiencies of the vertical slot fish
passage were found as 26.2%, 15.4% and 75.0% for
T-Bar anchor tagged fish, PIT-tagged fish, and
radio-tagged fish, respectively; and statistically, it
was shown to vary depending on method adopted
with application method (X?=40.290, df=2, p=0.000.
However, the dependence on the adopted method was
found to be statistically insignificant with parameters
of X?=5.824, df=2, p=0.054 for tagged fish with more
than 20 cm in length.

No fish was detected in the trap and also no
tagged fish passed through pool and weir fish passage
in Firniz Stream. Therefore it was classified as non-
functional. This was explained by the fact that no fish
could reach to the fish passage because of
obstructions of water intake structure of trout farms,
and because of insufficient ecological flow rate.

Discussion

In Firniz Stream, no fish was detected in the trap
installed into the pool and weir type fish passage.
Further, no tagged fish passed through this fish
passage. Therefore, it is suggested that the pool and
weir fish passage in Firniz Stream was not functional.
The most important causes of this failure are i) the
insufficient environmental flow rate rather than the
structural characteristics of the fish passage and ii)
other obstructions in Firmiz Stream. Three water
intake structures of the trout farms that are present in
Firmiz Stream at the downstream of fish passage
obstructed fish movements to the fish passage. It was
also determined that insufficient water was supplied
from the fish passage. Therefore, the ineffectiveness
of the fish passage in Firmiz Stream is related to
attraction efficiency rather than passage efficiency.
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Only brown trout (Salmo opimus) inhabits at the
stream where the fish passage is located and other
cyprinids such as Capoeta damascina and Alburnus
adanensis were not present in this area because of the
low water temperature (8-10 °C).

The most important impacts of the construction
of reservoirs are on the ichthyofauna, especially on
migratory fish, by intercepting their migratory routes,
altering the hydrological regime, and reducing
spawning and nursery habitats (Wagner et al. 2012;
Agostinho et al. 2004). Fish passages in Turkey have
been constructed without the necessary scientific
knowledge on the fish. Because, although more than
370 fish species inhabit Turkish inland waters (Kuru
et al. 2014), Turkey has unfortunately not an
inventory for migratory fish species. Besides, there is
also a literature gap about the habitat usages and
hydrological requirements of inland water fish in
Turkey. Whereas, an effective fish passage design
requires extensive integration of biological and
hydraulic data in addition to other physical data
(Castro-Santos et al. 2009).

The concept of the fish passage efficiency is
related to both qualitative and also quantitative
evaluations. The efficiency of fish passage is
considered as a qualitative concept, which involves
checking whether the system provides satisfactory
passage for the target species, under the
environmental conditions observed during the
migratory period (Makrakis et al. 2011; Wagner et al.
2012). Quantitative assessments of efficiency take
into account the percentage of fish present in one side
of the passage that is can move through the fish
passage (Larinier et al. 2002; Castro-Santos et al.
2009; Wagner et al. 2012). Fish passage efficiency is
defined as attraction efficiency and passage
efficiency (Calles and Greenberg 2005; Aarestrup et
al. 2003; Larinier 2008). Attraction efficiency is the
ratio between the number of individuals that were
detected at each fishway entrance and the number
that are released downstream. The passage efficiency
is the ratio of successful to overall attempts to use a
fishway (Bunt et al. 1999). The attraction of a fish
passage depends on its location about the obstruction,
particularly the location of its entrance and the
hydraulic conditions near these entrances (Larinier
2008). In the present study, no fish was detected in
the trap installed into the pool and weir fish passage
in Firmiz Stream. Also, no tagged fish also passed
through the fish passage. Therefore, it is suggested
that the pool and weir fish passage in Firniz Stream
has not functionality. The most important cause of
this failure is the insufficient environmental flow rate
rather than the structural characteristics of the fish
passage and because of other obstructions in Firniz
Stream. Because of three water intake structures of
the trout farms present in Firmiz Stream at the

downstream of fish passage and these obstructed fish
movements to the fish passage. It also determined
that insufficient water was supplied from the fish
passage. Therefore, the ineffectiveness of the fish
passage in Firmiz Stream is related to attraction
efficiency rather than passage efficiency. Only brown
trout (S. opimus) inhabits at the stream where the fish
passage is located and other cyprinids such as C.
damascina and A. adanensis were not present in this
area because of the low water temperature (8-10 °C).
The efficiency of the vertical slot fish passage varied
according to the methods applied (26.2% in T&Bar
anchor tagged fish, 15.4% in PIT-tagged fish and
75.0% in radio-tagged fish). However, this difference
was due to the size of the tagged fish. Because, when
taking into account tagged fish with more than 20 cm
in length, this difference among the applications was
found insignificant and it was 47.5% for T&Bar
anchor tagged fish, 63.3% for PIT-tagged fish and
75.0% for radio-tagged fish.

Different conclusions related to the efficiency of
the fish passage have been reported in the literature.
According to Agostinho et al (2002), citing to
previous studies, from the 13 fish passages built on
the dams lower than 16 m in South America, 10 fish
passages had a functionality while 3 fish passages
had not an efficiency. The height of the fish passages
that have functionality varied from 5 to 16 m, while
the height of ineffective fish passages varied from 2
to 10.5 m (Agostinho et al. 2002). Strong swimming
fish species were passed through the vertical slot fish
passages at the power plants of Emsfor and
Karlshammer in River Eman in Sweden (Clay 1995).
The passage efficiency of the fish ways at Finsjo in
River Eman was high for upstream migrating
anadromous brown trout, with 89-100% success for
ascending individuals (Calles and Greenberg 2005).
Fish passage efficiency was reported as 55% for sea
trout in a nature-like bypass channel in a small
Danish stream (Aarestrup et al. 2003) and 88.5% in a
fish passage (310 m in length and 15 m in height) at
the Pitlochry Dam in Scotland (Gowans et al. 1999).
In a pool and weir type fish passage that is 520 m in
length and 20 m in height with an angle of 45°, in
Parana River, Brazil, the proportions finding and
entering the fish way differed between species,
ranged from 7.4 % (Prochilodus lineatus) to 55.4%
(Piaractus mesopotamicus). Also, the proportion
ratio of passing was different between species,
ranged from 31% (Rhinelepis aspera) to 100%
(Prochilodus lineatus) (Wagner et al. 2012). Passage
efficiency in Lock and dam 1 fish passage that is 3.3
m in height in Cape Fear River was reported between
18 and 61% (Moser et al. 2000). The efficiency of
four fish passages located at small scale hydro plants
on the Gave de Pau in the South-West of France was
reported as 35.3% (Baigts), 74% (Sapso), 93.8%
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(Artix) and 100% (Biron) (Larinier 2008). Makrakis
et al. (2011) reported that in the fish passage system
known as Canal da Piracema, in Itaipu Hydroelectric
Power Plant, with 10 km of extension and 120 m in
height, only 0.5% of the migratory fish were able to
reach the upstream sections of the channel. Attraction
efficiency in a brush-type fish passage in Turkey was
22% for all fish species (Kucukali et al. 2019).
Passage efficiency in this bruh-type fish passage was
67.07% for all fish species (55 individuals from 82
tagged fish passed the brush-type fish passage)
(Kucukali et al. 2019).

As can be seen in these studies, the species
studied exhibited different rates of passage and
failure, both among species and between release sites
and our results are actually are consistency with some
of them. The low efficiencies were largly caused by
the fishway design, fish behaviors, swimming
performance of the species and other physical habitat
factors. The swimming performance of the long-
distance migratory species may reflect the
differences in the ascension efficiency verified
among species (Wagner et al. 2012). The behavior at
fishway and swimming capacity of Turkish
migratory fish species are unknown, and they should
be conducted on as much as possible to support
studies on fish passages.

In the present study, male C. damascina
individuals passed through the fish passage earlier
than females while towards the end of migration
females became dominant. Male American shads do
initiate spawning migrations earlier in the season and
are smaller than females (Moser et al. 2000; Davis
1980). Capoeta damascina individuals passed the
fish passage at night or early morning. This was
corroborated by many studies for fish. The majority
of the sockeye salmon passed the Seton Dam fishway
during the night hours, however, pink salmons passed
during the day (Pon et al. 2006).

Consequently, C. damascina and A. adanensis
that are the most common fish species in River
Ceyhan easily used wvertical slot fish passage,
however, no fish passed through the pool and weir
type fish passage. To be able to design more effective
fish passages, migratory species, and their habitat
usages and swimming performances should be
determined in Turkey.
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Meri¢ Delta Baliklarinda Cevre Kirliliginin Genotoksik Etkileri: Antioksidan
Savunma, Is1 Sok Protein Sinyali ve DNA Hasar-Onarim Mekanizmalari

Cem TOKATLIY =, Oguzhan DOGANLAR? "', Zeynep Banu DOGANLAR!

Trakya I:;Tniversitesi, Ipsala Meslek Yiiksekokulu, Laboratuvar Teknolojisi Programi
2Trakya Universitesi, T1p Fakiiltesi, Tibbi Biyoloji Anabilim Dali

6z MAKALE BiLGiSi

Calismamizda, Gala ve Sigirct Golleri i¢in ekonomik agidan 6nemli olan balik ARASTIRMA MAKALESi

tiirleri (Carassius gibelio (Bloch, 1782), Carassius carassius (Linnaeus, 1758),

Scardinius erythrophthalmus (Linnaeus, 1758), Cyprinus carpio Linnaeus, 1758, Gelis :22.01.2019 E E
Sander lucioperca (Linnaeus, 1758), Perca fluviatilis Linnaeus, 1758) {izerinde Diizeltme  :05.08.2019
kirliligin etkileri arastirllmistir. Kirliligin genotoksik etkileri, kas, solungag ve Kabul . 08.08.2019
karaciger dokularinda antioksidan savunma sinyali (GS, Cu-Zn SOD, CAT), 1s1 T

sok proteinleri (HSP26, HSP60, HSP70 ve HSP83) ve QRT-PCR testi ile DNA Yayim : 25.04.2020 E
onarimi (SMUG1) metotlar1 kullanilarak incelenmistir. Ayrica, RAPD analizi
kullanilarak balik dokularindaki DNA hasarlar1 belirlenmistir. Bant degisimleri,
ozellikle tiim baliklarin solungac dokularinda agikga tespit edilmistir. Ayrica, "
C. gibellio, S. erythrophthalmus ve S. luciopercamin kas dokusunda CuZn- SORUMLU YAZAR
SOD'un nispi ekspresyonunda 6nemli bir artig gosterdigi tespit edilmistir. CAT
ckspresyonu tiim balik dokularinda &nemli 6lgiide degisiklik sergilemistir.
Bununla birlikte, CAT 128,9, 102,1 ve 138,4 fg/ug total RNA'nin ekspresyon
seviyesindeki en yiiksek artig, S. lucioperca'nin kas, karaciger ve solungag
dokularinda belirlenmistir. HSP60 ve HSP70 c¢evre kirliliginden en az
etkilenirken, S. lucioperca'nin karaciger dokusunda en biiyiik DNA onarim
aktivitesi agik sekilde gozlenmistir. Calismamizin sonucunda, Gala ve Sigirct
Gollerindeki ¢evre kirliliginin DNA stabilitesi ve savunma sinyallerinin gen
ifadeleri tizerinde genotoksik etkileri oldugu ortaya konulmustur. Ayrica,
S. lucioperca tiiriiniin, su kirliliginin biyolojik olarak izlenmesinde biyoindikator
bir tiir olarak kullanilabilecegi sonucuna varilmustir.
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Anahtar kelimeler: Meri¢ Deltasi, balik dokulari, RAPD analizi, antioksidan
enzimler, gen ekspresyonu

Genotoxic Effects of Environmental Pollution in Meri¢ Delta Fish: Expressions of Antioxidant Defence Signals,
Heat Shock Proteins and DNA Damage-Repair Mechanisms

Abstract: In this study, the effects of pollution on economically important fish species for Gala and Sigirci Lakes [Carassius gibelio
(Bloch, 1782), Carassius carassius (Linnaeus, 1758), Scardinius erythrophthalmus (Linnaeus, 1758), Cyprinus carpio Linnaeus,
1758, Sander lucioperca (Linnaeus, 1758), Perca fluviatilis Linnaeus, 1758)] were investigated. The genotoxic effects of
environmental pollution were investigated with reference to gene expressions of antioxidant defense signal (GS, Cu-Zn SOD, CAT),
heat shock proteins (HSP26, HSP60, HSP70 and HSP83) and DNA repair (SMUG1) by qRT-PCR assay in muscle, liver and gill
tissue of fish species. Additionally, DNA damage determined using RAPD assay. Band changes were clearly detected, especially in
the gill tissues of all fishes. In addition, a significant increase in the relative expression of CuZn-SOD in muscle tissue of C. gibellio,
S. erythrophthalmus and S. lucioperca. The expression of CAT changed significantly at all tissue of fishes. However, the highest
increase in expression level of CAT 128.9, 102.1 and 138.4 fg/pg total RNA was determined in muscle, liver and gill tissues of
S. lucioperca. While the HSP60 and HSP70 was the least affected by environmental pollutions, greatest DNA repair activity was
clearly observed in liver tissue of S. lucioperca. We conclude that environmental pollution in Gala and Sigirc1 Lake exert genotoxic
effects on DNA stability, and gen expressions of defense signaling. Additionally, S. lucioperca may be a bio-indicator species for
biomonitoring to water pollution.

Keywords: Meri¢ Delta, fish tissues, RAPD analysis, antioxidant enzymes, gene expression
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Giris

Artan niifus ve buna bagli tarim ve sanayi
faaliyetlerindeki hizli gelismeler ve ¢evre bilincinin
yeterince yerlesmemis olmasi, su kaynaklarimizi
ve sucul canlilar1 tehdit etmektedir. Baliklar, saglikli
ve dengeli beslenme icin biiyiik 6nem tasimaktadir.
Ozellikle viicutta sentezlenemeyen ve disaridan
almmast zorunlu olan amino asitleri ve yag
asitlerini bol miktarda icermeleri insan saglig1 icin
Oonemlerini acikca gostermektedir. Bu nedenle
sucul ortamlarda artan kirliligin baliklarda ne gibi
etliker gosterdiginin arastirtlmast  hem balik
biyolojisi hem de insan saglig1 agisindan 6nemli bir
konudur.

Ulkemize batidan giren kus yolu iizerindeki ilk
sulak alan olan Meri¢ Deltasi, kus varligi yoniinden
iilkemizin ve diinyanin sayili zenginlikleri arasinda
yer almaktadir ve uluslararasi kriterlere gore A smifi
sulak alan kapsamindadir (Yarar ve Magnin 1997).
Ulkemizin biyogesitlilik acisindan sayili tatlisu
ckosistemlerinden olan Gala Sigire1  Golleri,
Meri¢ Deltasinda yer almaktadir ve 6zellikle havzada
yiriitiilen  yogun  tarimsal ve  enddistriyel
faaliyetlerden = 6nemli  sekilde  etkilendikleri
bilinmektedir (Anonim 2005; Elipek vd. 2010;
Giiher vd. 2011; Tokathi vd. 2014). Gala Goliinde
yapilan ¢aligmalarda g6l sularinin  ozellikle
kadmiyum ve kursun agisinda III. ve IV. simf su
karakterine sahip oldugu kaydedilmistir (Yilmaz
2004). Gala Golii ve goli besleyen su kaynaklarinda
su ve sediment numunelerinin ¢ogunda kadmiyum,

kursun, mangan, kobalt ve bakir
konsantrasyonlarinin ~ sinir  degerlerin  {izerinde
oldugu bildirilmistir (Dékmeci 2005). Bunun

yaninda yapilan caligmalar Gala Goliinde kirlilik
etkisinin Tarimsal ve Endiistriel kaynakli oldugunu
ortaya koymustur (Tokath vd. 2014; Tokatli 2017).
Sigire1 Goliindeki kirlilik diizeyleri {izerindeki tek
calisma goldeki bazi baliklarin dokularinda agir
metal miktarlarinin belirlendigi bir ¢alismadir. Bu
caligmada baliklarin solunga¢ dokularinda Cr: 12,4-
31,6 ppb, Ni: 22,06-76,7 ppb, As: 10,1-15,2 ppb ve
Pb: 49,8-65,3 ppb olarak belirlenmis ve smir
degerlerde oldugu, bdlgenin diizenli olarak
izlenmesinin gerekli oldugu Onerilmistir (Tokath
2018).

Delta baliklari, sadece sistemin en dnemli biyotik
Ogelerinden olmakla kalmayip, bdolge halkinin
diyetlerinde 6nemli bir yere sahiptir ve halk sagligi
acisindan  biyiilk  Onem  arz = etmektedir.
Caligmamizda, farkli habitat Gzelliklerine sahip,
toplam 6 tlir baligin, kas, solunga¢ ve karaciger
dokularinda, kirlilige bagli DNA hasar1 belirlenmis,
ayrica antioksidan, 1s1 sok proteinleri ve DNA tamir
genlerine ait gen ekspresyonlari ile bolgede mevcut
kirliligin genotoksik etkileri aragtirtlmistir.

Materyal ve Metot
Calisma Alani ve Orneklerin Toplanmasi

Ozellikle celtik tarmmi icin kullanilan sulama ve
kurutma kanali vasitasiyla Meri¢ Nehri ile direkt ve
Ergene Nehri ile dolayli olarak baglantis1 bulunan
Meri¢ Deltast onemli derecede kirlilige maruz
kalmaktadir. Meri¢ Deltasi’nin en Onemli lentik
sular1 olan ve organik ve inorganik kirlilik yiikii
giinden giline artan Gala ve Sigirct Golleri Gtrofik
karakter sergilemeye baslamustir. Ozellikle bolgede
kullanilan kimyasal giibre ve pestisitler ve bunlarin
icerdigi agir metaller, onemli kirlilik baskilarina
maruziyetleri bilinen bu goller {iizerinde agir
tahribatlara neden olmaktadir. Bu durum hem
ekosistem, hem balik hem de insan saghgini ciddi
sekilde tehdit etmektedir (Elipek vd. 2010; Giiher vd.
2011; Tokathh vd. 2016; Tokatli ve Bastatlhi 2016;
Tokatli 2017, 2018).
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Sekil 1. Meri¢ Deltasi.
Figure 1. Merig Delta.

Trakya Bolgesi’nin en 6nemli sucul sistemi olan
Meri¢ Deltasi’nda yer alan, uluslararas1 neme sahip
Gala Goli ve Onemli balikgilik faaliyetlerinin
yiritildigi Sigict Goli'niin en 6nemli biyotik
Ogelerinden olan baliklarin kas, solunga¢ ve
karaciger dokularindaki kirlilige bagli genotoksik
etkileri tespit etmek amaciyla, 2016 yilinin yaz
mevsiminde  yapilan  arazi  ¢aligmalarinda,
balik¢ilarin  serpme ag kullanarak yakaladiklari
baliklardan satin alinarak gerekli balik 6rnekleri
temin edilmistir. Calisma alan1 haritas1 Sekil 1°de
verilmigtir. Analizlerde kullanilan tiim baliklarin
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Tiirkce ve Latince isimleri ile birlikte agirlik, standart
boy, catal boy ve total boy gibi metrik verileri
ve cinsiyetleri kaydedilmistir. Gala Goli ve
Sigirct Goli'nden temin edilen balik tiirleri
ve baliklara ait metrik karakterler Tablo 1’de
verilmistir.

Bolgede yasayan ve oOzellikle insani tiiketim
amact ile kullanilan tim balik tiirlerinden temin

edilmeye Ozen gosterilmis. Balik  drnekleri
naylon posetler icerisinde ve buz kaliplar1 arasinda
muhafaza edilerek laboratuvara  getirilmistir.

Gala Goli ve Sigirct1 Goli’nden temin edilen

baliklarin kas, solungag ve karaciger
dokular1 disekte edilmis ve genetik ¢aligmalar
yapilincaya kadar -80°C derin dondurucuda
saklanmugtir.

Tablo 1. Merig¢ Deltasi gollerinden yakalanan baliklarin bazi metrik karakterleri.

Table 1. Some metric characters of fish caught from lakes in Merig¢ Delta.

.r o Boy (mm)
Mevki No Tir Ismi Cinsiyet Agirhik
L atince Tirkee (gn) Standart Catal  Total
1 Disi 560 257 280 300
2 Carassius gibelio Gumiisi Disi 545 233 260 275
3 (Bloch, 1782) havuz baligi Disi 543 230 255 264
Gal 4 Disi 562 255 286 300
petetl Disi 1250 320 350 394
6 Carassius carassius Havuz D@ 1100 315 338 380
! (Linnaeus, 1758) balig1 Disi 1130 305 333 387
8 ' Disi 1300 340 365 398
9 Erkek 1050 295 325 370
10 Disi 270 255 277 300
11 Scardinius Disi 263 245 272 295
12 erythrophthalmus Kizilkanat Disi 260 245 270 290
13 (Linnaeus, 1758) Disi 257 222 245 265
14 Disi 258 240 260 285
Sigirn . 15 Cyprinus carpio Pullu Erkek 1080 313 340 364
Golii 16 Linnaeus, 1758 sazan Erkek 1150 375 300 324
17 S(?_r:gf];;‘dg'ol";%rg)‘" Sudak Disi 430 333 362 375
18 - Disi 205 220 232 250
19 PL?;‘;;;L‘;V';‘;'S'E grlf‘: Erkek 185 200 218 225
20 ' & Erkek 178 175 200 210
Gen Amplifikasyon ve Gen Ekspresyon edilen c¢DNA’lar daha sonraki analizlerde

Cahsmalan
DNA ve RNA izolasyonu

Balik dokularindan DNA izolasyonu DNeasy®
Tissue-Blood (Qiagen, USA) kit ile kit protokolii
kullanilarak balik 6rnekleri i¢in her lokalite 3 er
tekerriir olmak tiizere 0,5 gram balik Ornegi
kullanilarak yapilmistir. Cyprinus carpio tiirii i¢in 3
tekerriir, iki balikdan alinan dokular pacal yapilarak
elde edilmis, tek 6rnek olan Sander lucioperca’da ise
dokularmn 3 farkli yerinden 6rnek alinmistir.

Balik dokularindan total RNA izolasyonu igin,
Total RNA PureLink® RNA Mini Kit (Life
Sciences) kullanilmis ve RNA kit protokoliine gore
izole edilmistir. Dokulardan izole edilen RNA
miktarlari, Qubit® Fluorometer (Invitrogen) ile
belirlenmis ve High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems) kullanilarak
PCR sartlar1 adim 1: 25 °C, 10 dk; adim 2: 37 °C,
120 dk; adim 3: 85 °C, 5 dk olacak sekilde
programlanmis ve cDNA sentezi yapilmistir. Elde

kullanilmak iizere -20°C’de saklanmustir.

Rasgele ¢ogaltilmis polimorfik farklilik; RAPD
yontemi

Total DNA PCR reaksiyonu oncesi nukleaz free
su  kullanilarak 25 ng/ul  konsantrasyona
ayarlanmigtir. Standart 50 pul PCR reaksiyonu 2 pl
(50+10 ng) template DNA, 5ul 10x Tagbuffer + KCI
(Fermentas, EP0071), 1,25 U TagDNA polymerase
(Fermentas, EP0401), 6 ul 2,5 mM MgCl,
(Fermentas, R0971) 1 ul 10x dNTPs (Fermentas,
RO181), 1ul her bir primer ve nuklease free su
(R0O581, Fermentas) ile yapilmigtir. Caligmada 9-11
bazlik 20 farkli RAPD primeri kullanilmistir. DNA
amplifikasyonu PCR ile yapilmstir (40 dongii 95°C
denaturasyon (30 saniye), 37°C annealing (30
saniye), and 72°C elongasyon (90 saniye) ile
baslangic 94°C denaturasyon (3 dakika) ve son
uzatma 72°C (30 dakika). DNA ile ¢ogaltilan
orneklerden, 15 pl aliarak 3 pl loading dye (R0611,
Fermentas) eklenmis ve %2 agaroz jeltethidium
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bromit, 2x TAE (Tris 1,6 M, asetik asit 0,8 M, EDTA
40 mM) tampon icerisinde yiiriitiilmiistiir. Molekiiler
agirlik standardi olarak 100 bp lik, Gene Ruler 100
bp plus DNA (Fermentas, SM0321) kullanilmustir.
Elde edilen bantlar UV transilluminatorde
(ViberLourmat, Quantum ST4), izlenmis ve BIO-
PROFIL, BIO-1D++ programlar1 kullanilarak analiz
edilmistir.

RT-PCR (RT-PCR)

Baliklarin kas, karaciger ve solungag¢ dokularinda
Siiperoksit Dismutas (SOD), katalaz (CAT),
Glutatyon sentaz (GS) antioksidan enzimlerinin,
HSP60 ve HSP70 1s1s0k proteinlerinin sentezinden
sorumlu gen ekspresyonlari ve zincir hasar tamiri ve
urasil yanlis eslenik tamirinden sorumlu SMUGL1 tam
kantitatif qRT-PCR yontemi ile analiz edilmistir.
Elde edilen toplam RNA’dan High Capacity RT Kit
kullanilarak cDNA sentezi yapilmistir. Elde edilen
cDNA RT-PCR’da SYBR Green qPCR Mastermix
protokoliine uygun olarak;

SOD; F (5’-GTTCGGTGACAACACCAATG-3’) ve
R(5’-GGAGTCGGTGATGTTGACCT-3"),

CAT: F(5-TACGAGCAGGCCAAGAAGTT-3") ve
R(5’-ACCTTGTACGGGCAGTTCAC-3’),

GS: F (5-TGGGACCAGCAAGTAAAACC-3’) ve
R(5’-TCGCGAATG TAGAACTCGTG-3"),

HSP70 F (5 CGAGETCGACGCATTGTTTG 3°)
R (5 GAGTGGATCCGCCGACGAGTA 3°)

HSP60 F(5’GTCGCGCCCCGTTAGCAC 37)
R(5’CATCGCGTCCCACCTTCTTCAT 3°)

SMUG1 F (S’CTCTGTGGCTGAGGGTTGAT-3’)
R (5 TTGTAGATGATGCCCACAGG-3’)

primerleri kullanilarak ¢ogaltilmistir. Eldeki Power
syber green mix, cDNA ve primerler Step-one plus
gRT-PCR’da PCR program: 1 dongii 2 dakika 50°C
ve 10 dakika 95°C, bunu takiben, 40 dongii
denaturasyon (95°C 15 saniye) ve annelling ve
uzatma (60°C ‘de 1 dakika) ile ¢ogaltilmustir.

Tam kantitatif Real Time PCR (qRT-PCR)
caligmalarinda gen ekspresyonun belirlenmesinde
standart olarak kullanilacak genler, hiicre kiiltiirii
kosullarinda kiiltiire alinan C8 Astrosit hiicrelerine
H20; uygulamasi yapilarak elde edilmistir. Hidrojen
peroksit uygulamasi yapilan hiicrelerden yukarida
anlatildigi sekilde RNA izole edilmis izole edilen
RNA’lar agaroz jelde yiiriitiilerek primer ve diger
kirilmis genetik materyalden ayrilmasi saglanmistir.
Bu RNAlar Qiagen Gel Ekstraksiyon kit ile
saflagtiritlmis ve RNA miktarlar1 Optizen Nanodrop
Spektrofotometre kullanilarak belirlenmistir. Balik
dokularmdaki gen eksprsyonlar1 baz alinarak her bir

gen i¢in baslangi¢ konsantrasyonu belirlenmis ve bu
konsantrasyondan baslanarak seri sulandirim ile 8
farkli konsantrasyon hazirlanmistir. Hazirlanan
kalibrasyon noktalar1 yukarida belirtildigi sekilde
balik dokulari ile ayn1 PCR kosullarinda ¢ogaltilarak
her bir gen icin 8 noktali kalibrasyon egrisi
hazirlanmis ve balikk dokularindan  okunan
orneklerdeki gen ekspresyon miktarlart  bu
kalibrasyon egrileri kullanilarak Ipg Total RNA
icinde belirlenen gen icin fg olarak belirlenmistir
(Park vd. 2003).

Bulgular ve Tartisma

Genotoksik Veriler

RAPD yontemi toksik maddelerinin genotoksite
calismalarinda canli organizmalarda yaygin olarak
kullanilan bir tekniktir (Cenkci vd. 2010; Doganlar

2012). RAPD bantlarindaki degisimlerin
oligoniikleotidlerin ~ yeniden  diizenlenmesinden
kaynaklandig1 diistiniilmektedir. Toksisite

calismalarinda RAPD profilinde yeni bantlarin
ortaya c¢ikmasi toksik madde tarafindan DNA
hasarinin indiiklenmesini ya da DNA tamir
mekanizmalarinin yeterli olmamasinin bir sonucu
olarak genetik stabilitenin bozulmasi olarak
degerlendirilmektedir. (Conte vd. 1998; Atienzar vd.
1999; Liu vd. 2005). Bantlarin kaybolmasinin ise
ozellikle yiiksek agirhikli DNA  diriinlerinin
bozulmasinin bir sonucu oldugu rapor edilmistir (Liu
vd. 2005).

Toplamda 6 farkli tiire ait baliklarin kas,
karaciger ve solunga¢ dokularindan elde edilen Total
DNA orneklerinde, RAPD analizi yapilmistir. Bu
kapsamda total DNA polymorfiziminin saptanmasi
amaciyla kullanilan 20 farklt RAPD primerinden 6n
denemeler sonucu segilen 13 farkli oligoniikleotid
primerin; 1 adedi tiim 6rneklerde band vermemis, 9
adedi yapilan tekrarlarda ayni sonucu vermemis, 5
adedi tekrarlarda ayni sonucu vermistir. Tekrarlarda
aynt sonucu veren bu 5 adet primer dikkatle
incelenerek, 3 adet informative ve stress spesifik
primer sonucu RAPD analiz i¢in tercih edilmistir.

Yapilan RAPD  analizinde ¢  farkh
oliigoniikleotid primer uygulama grubunda, 100
(50PA09) ile 2072 bp (10PAO1) arasinda degisen
uzunluklarda gen fragmentleri ¢ogaltmistir. RAPD
profiline ait bp degerleri Sekil 2’de verilmistir.
RAPD profilinde goriilen bant yogunlugundaki artis
ve azaliglar Ozellikle sonulunga¢ dokularinda
ornekleme yapilan tiim baliklar ve Ornekleme
noktalarinda  gdzlemlenmistir.  RAPD  bant
sayilarindaki degisim ve kirlilik konsantrasyonlari
arasinda  pozitif  bir  korelasyon  oldugu
gozlemlenmistir. En yiiksek bant degisimi genel
olarak solunga¢ dokularinda sonrasinda kas
dokularinda belirlenmis, bu degisim balik tiirlerine
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ve toplandiklart bolgede kirlilik miktarlari ile iligkili
olarak  balik dokularinda bant yogunluklarinin
degisimi, normal bantlarin kaybolmasi ve yeni
bantlarin olusumu seklinde kendini gostermistir.
Burada olusan RAPD bant polimorfizminin
oligoniikleotitlerin priming bdlgelerindeki degisim
sebebi ile olustugu ve genomun yeniden
diizenlenmesi sonucu olustugu disiiniilmektedir.
Yeni olusan bantlarin toksik stresorler sonucu
meydana gelen DNA hasarindan kaynaklandig1 rapor
edilmistir (Doganlar vd. 2014; Giglii vd. 2018).
Bununla birlikte yeni bantlar genomik kalip
kararliliginin bozulmasi sonucu da olusabilmektedir.
Genetik kararlilik DNA hasar seviyesi ve DNA tamir

1 OPA 01

23 OPC 09

7 8 9

5 OPA 09

ve replikasyon mekanizmalarinin etkinligi ile
iliskilidir (Atienzar vd. 1999). Liu vd. (2005) PCR
driinlerinin ~ kaybolmasinin  yiiksek  molekiiler
agirliktaki bantlarin etkilenmesinden
kaynaklandigin1 rapor etmislerdir. Caligmamizda
elde edilen bulgular yukaridaki sonuglar1 destekler
niteliktedir.

Yapilan RAPD analizinde genomik
kalip kararliligmin tiim baliklarda 6nemli OSlclide
degistigi belirlenmistir. Olusan band polymorfizmi
kullanilan  markardaki bp  bantlarna  gore
skorlanmig ve kontrol % 100 olarak kabul edilerek
%GTS analizi yapilmis sonuclar Sekil 3’te
verilmistir,

16 1 12 13 4

10 1112 1314

1516 17 }S§

Sekil 2. C. gibelio 1)Kas, 2)Karaciger, 3)Solungag; C. carassius 4)Kas, 5)Karaciger, 6)Solungag; S. erythrophtalmus

7)Kas, 8)Karaciger, 9)Solungag; C.
14)Karaciger,15)Solungag; P. fluviatilis

carpio
16)Kas,

10)Kas,

11)Karaciger, 12)Solungag; S. lucioperca 13)Kas,

17)Karaciger,18)Solungag dokularinda RAPD analiz band

polymorfizmi. Primerler: 1 OPA 01, 23 OPC 09, 5 OPA 09. Marker (M) Geneaid 100 bp DNA ladder 100-3,000 bp.

Figure 2. C. gibelio 1)Muscle, 2)Liver, 3)Gill; C. carassius 4)Muscle, 5)Liver, 6)Gill; S. erythrophtalmus 7)Muscle,
8)Liver, 9)Gill; C. carpio 10)Muscle, 11)Liver, 12)Gill; S. lucioperca 13)Muscle, 14)Liver, 15)Gill; P. fluviatilis
16)Muscle 17)Liver, 18)RAPD analysis band polymorphism in gill tissues. Primers: 1 OPA 01, 23 OPC 09, 5 OPA 09.

Marker (M) Geneaid 100 bp DNA ladder 100--3,000 bp.
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Sekil 3. Farkli 6rnekleme noktalarindan toplanilan C.gibelio, C.carassius , S. erythrophtalmus, C.carpio, S.lucioperca,
P. fluviatilis tiirlerinde kas, solunga¢ ve karaciger dokularinda belirlenen Genetik kalip kararliligi (% GTS).

Figure 3. Genetic mold stability (% GTS) determined in muscle, gill and liver tissues in C.gibelio, C.carassius, S.
erythrophtalmus, C.carpio, S.lucioperca, P. fluviatilis species collected from different sampling points.

RAPD band polymorfizm degerleri kullanilarak

yapilan  hesaplamada en  disik  genomik
kalip kararliigmin daha ¢ok C. carassius,
S. erythrophtalmus tiirlerinin kas dokularinda

olustugu goriilmiis, bu tiirlerde kas dokulari i¢in %
GTS sirasiyla %52,7 £ 4,8, %41,6 £ 8,3 olarak
saptanmistir. Karaciger dokularinda en diisiik
genomik kalip kararliligi degisimi S.lucioperca,
P.fluviatilis’de %50,0 + 8,2 ve %55,5 + 5,6 olarak
belirlenirken, solunga¢ dokularinda genomik kalip
kararlihigr en yiiksek tir C. gibelio ve P. fluviatilis
olmus, en zayif tiir ise C. carassius ve S. lucioperda
olarak belirlenmistir (Sekil 3). Yapilan istatistik
analizde kas ve karaciger dokularinda % GTS
degerleri arasinda fark olusmazken, solungag
dokularinda tiirler arasinda belirlenen fark istatistik
olarak anlamli bulunmustur (P=0,010) (Sekil 3).

Gen Ekspresyon Analizleri

Canli hiicreler normal yasam kosullarinda
herhangi bir stres faktoriine maruz kaldiklarinda
metabolizmanin verdigi ilk cevap reaktif oksijen
tirlerinin olusumudur. Reaktif oksijen tiirleri dis
orbitalde c¢ift olusturmamis elektrolar1 bulunan
enerjisi ylksek oksijenli bilesiklerdir. Bu oksijen
tirleri hiicrede ilk etapta membran hasari
olusturmakta, protein ve lipid dengesini bozarak
enzim ve hormon mekanizmasini etkilemekte ayrica,
DNA niikleotid ve koenzimler gibi bir¢ok biyolojik

materyale zarar vermektedir. Bu zarar sonucu,
sinirsel iletim zarar gormekte, norotoksik etki
olugmakta, ¢esitli kalp-damar hastaliklari, bagigiklik
sistemi bozukluklar1 ve g¢esitli kanser tiirlerinin
olusumu gorilmektedir (Economos vd. 1982; Massie
1988; Ruddle vd. 1988; Bourg 2001). Viicut bu hasari
engellemek i¢in c¢esitli savunma mekanizmalar
gelistirmistir.  Antioksidan  enzimler  olarak
adlandirilan bir grup enzim ROS’lar i¢in birincil
savunma mekanizmalarimt igerirler. Stiperoksit
dismutaz (SOD), Katalaz (CAT), Glutatyon ve
Glutatyon  Peroksidaz (GSHPx) en bilinen
enzimatiok antioksidanlardir. Birincil savunma
mekanizmasi igerisinde SOD, stiperoksit anyonunun
(*O2-), hidrojen perokside (H.02) ve oksijene
doniistimiinii katalize ederek bu radikallerin etkisini
azaltmakta, CAT ise, SOD enzimi faaliyeti
sonucunda meydana gelen toksik H.O2’nin su ve
oksijene doniisiimiinii katalizlemektedir (Duthie vd.
1989; Bourg 2001).

Bu bilgiler 1s18inda ¢alismamiz kapsaminda
C. gibelio, C. carassius, S. erythrophtalmus,
C. carpio S. lucioperca, P. fluviatilis tiirlerinde kas,
karaciger ve solungag dokularinda ¢evresel
kirleticilerin ~ ROS  {iretimi ve  antioksidan
gen ekspresyon seviyelerine etkileri SOD, CAT ve
GS gen ckspresyonlart ile  arastirilmistir.
Antioksidan enzim gen ekspresyonlar1 Sekil 4’te
verilmistir.
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Sekil 4. Farkli ornekleme noktalarindan toplanilan C. gibelio, C. carassius, S. erythrophtalmus, C. carpio,
S. lucioperca, P. fluviatilis tiirlerinde kas, solunga¢ ve karaciger dokularinda GS, SOD ve CAT gen ekspresyonlart
(fg/ng Total RNA). Veriler ortalama + SH, n=3. Farkl1 harfle gosterilen ortalamalar istatistik olarak farklidir, tek yonli
ANOVA, Duncan testi, P<0,05.

Figure 4. GS, SOD and CAT gene expressions (fg / ug Total RNA) in muscle, gill and liver tissues in C. gibelio,
C. carassius, S. erythrophtalmus, C. carpio, S. lucioperca, P. fluviatilis species collected from different sampling
points.). Data are mean + SH, n = 3. The averages shown in different letters are statistically different, one-way
ANOVA, Duncan test, P<0.05.
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Yapilan ¢alismada, ¢alisilan tiim balik tiirlerinde
glutatyon sentaz (GS) gen ekspresyonu, karaciger ve
solungag  dokularindan daha diisiik olarak
belirlenmigtir. ~ Baliklar ~ arasinda  karaciger
dokularinda belirlenen GS gen ekspresyonu istatistik
bir fark olusturmus, diger dokularda bu fark istatistik
olarak anlamli seviyede olmamistir (Sekil 4).

Hiicrelerde agir metal kaynakli ROS olusumuna
ilk cevap olarak olusan Siiperoksit Dismiitaz (SOD)
ve Katalaz (CAT) gen ekspresyonlar1 incelendiginde
en yiiksek SOD ekspresyonunun C. gibelio tiiriinde
kas, karaciger ve solunga¢ dokularinda sirasiyla
19,01 + 4,18, 13,36 + 13,74 ve 51,80 + 9,09 fg/ug
total RNA olarak belirlendigi, bunu kas ve karaciger
douklarinda S. erythrophtalmus tiiriine ait dokularda
belirlenen gen ekspresyonunun takip ettigi
belirlenmistir. Tiim baliklar i¢inde en yliksek CAT
ekspresyonu solungag dokularinda S.
erythrophtalmus ve S. lucioperca tiirlerinde sirasiyla
113,36+16,34, 138,41+8,74 fg/ug total RNA pg/ml
olarak belirlenirken kas dokularinda S. lucioperca
tiriinde 128,9248,14, karaciger dokusunda ise yine
ayni tlirde 102,84+6,49 fg/ug total RNA olarak
saptanmigstir. Balik dokularinda ¢evresel kirlilige en
net ekspresyon yanitinin CAT enziminden sorumlu
mRNA ekspresyonunda olustugu belirlenmistir.

Farkli stres kosullarinda insan, bitki ve
boceklerde bu enzimlerdeki degisimler ve bu
enzimlerden sorumlu gen ekspreyonlar (Stavaley vd.
1990; Reveillaud vd. 1991; Sun ve Tower 1999;
Posgai vd. 2011) daha oOnceki c¢aligmalar ile
belirlenmistir. Proje kapsaminda antioksidan gen
ekspresyonlari genel olarak degerlendirildiginde non
enzimatik glutatyon mekanizmasinin daha ¢ok
karaciger ve solunga¢ dokularinda etkin oldugu
goslemlenmis, bu sebeple balik dokularinda mevcut
agir metal birikimlerinin bu dokularda lipid
peroksidayonuna neden oldugu distniilmiistir.
Bununla birlikte ayn1 bolgelerden alinan balik
dokularmda SOD ve CAT gen ekspresyonlarmin
farkl1 diizeylerde oldugu goriilmiis, 6zellikle non
enzimatik antioksidant olan GS gen diizeyinin balik
tiirleri arasinda Onemli bir degisim gostermedigi
goriilmiistlir. SOD ve CAT gen ekspresyonu ise tiirler
arasinda istatisk olarak Onemli seviyede degistigi
ozellikle CAT geninde S. erythrophtalmus ve S.
lucioperca tiirlerinde overekspresyona sebep oldugu
belirlenmistir. Bu durumun &zellikle balik tiirlerinde
biriken agir metal, pestisit ve diger toksik bilesiklerin
olusturdugu ytiksek hidrojen peroksit reaktif tiirli ve
peroksidasyon kaynakli oldugu diistintilmiistir.

Caligmamiz kapsaminda antioksidan sisteme ek
olarak protein katlanmasinda ve DNA hasari sebiyle
olusan protein hasarlarinin tamirinde onemli rol

oynayan stres spesifik 1s1gok ailesi protein grubundan
HSP70 ve HSP60 genleri ve hem tek hemde c¢ift
zinzir kiriklarinin tamirinde gorevli SMUG1 gen
ekspresyonu caligilmistir (Sekil 5).

Yapilan calismada hiicrelerde olusan bir gen
hasar1 sonucu ortaya cikabilecek proteinlerin yanlis
katlanmasim diizelten, diizeltilmeyen proteinlerin
degrede edilmesinde gorev alan mitokondrial 1s1 ok
proteini HSP60 ve stres spesifik hiicresel 1sisok
proteini HSP70 ekspresyon seviyeleri incelendiginde
C. carpio, S. lucioperca, P. fluviatilis kas ve
karaciger dokularmmda HSP  ailesi  genlerin
seviyelerinin diger tiirlere kiyasla nispeten daha
yiksek oldugu gozlemlenmistir. Ancak kas
dokusunda C. gibelio tiiriinde mitekondrial HSP60’1n
yiiksek oldugu belirlenmistir. Ancak yapilan istatistik
analizde aralarinda anlamli bir fark bulunmamustir.
Is1 sok genleri genel olarak stres genleri olarak
bilinirler ve strese ilk tepki veren genlerdir. HSP70,
HSP26 ve HSP83 kaperonin fonksiyonundan yani
sitoplazmik proteinin dogrulanmasindan sorumludur,
HSP60 ise saperon fonksiyonuna yani mitokondrial
proteinlerin ve pro apoptotik molekiillerden
sorumludur (Macario ve Macario 2005; Chang vd.
2007; Tang vd. 2007; Singh vd. 2010). Ozellikle
HSP70 kimyasal bilesiklerin hiicre toksitesinde,
anormal degisim gdsteren hiicresel proteinlerin
diizenlenmesinde, erken dénem tepki veren bir sinyal
gen olarak bilinmektedir (Kohler vd. 2005; Haap vd.
2008; Doganlar vd. 2018). Ayrica, D.
melanogaster’de ugucu organik bilesik
uygulamasinda, artan reaktif oksijen tirlerinin
diizenlenmesinde rol aldiklar1 belirtilmistir (Singh

vd. 2010; Doganlar ve Doganlar 2015).
Calismamizda bu genlerde Onemli bir fark
olmamasimin sebebibinin baliklarin uzun siire

yasadiklar1 metal yiiksek ortamlara adaptasyonu
oldugu dusiiniilmektedir.

Yapilan c¢alismada ozellikle ¢ift zincir ve tek
zincir DNA tamir mekanizmalarindan sorumlu,
bunun yaninda spesifik olarak urasil yanlis eslenik
tamirinde gorev alan SMUGTI geninin 6zellikle kas
dokusunda C. gibelio, C. carassius,
S. erythrophtalmus tiirlerinde yiiksek oldugu
belirlenmigtir.

Yapilan ¢alismada 6zellikle karaciger dokusunda
S. lucioperca tiiriinde, solunga¢ dokusunda ise S.
lucioperca, P. fluviatilis tiirlerinde SMUGT1 geninin
overeksprese oldugu belirlenmistir. Ozellikle S.
lucioperca, tiirinde  gorillen ¢ok  yiiksek
ekspresyonun, RAPD analizinde ve ayrica %GTS
analizinde goriilen genetik kalip kararliligindaki
bozulma ve buna bagl olarak genetik hasarin tamiri
ile ilgili oldugu disiiniilmektedir.
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P. fluviatilis tiirlerinde kas, karaciger ve solungag¢ dokularinda HSP60, HSP70 ve SMUGT gen ekspresyonlari (fg/pg Total

RNA). Veriler ortalama + SH, n=3. Farkli harfle gosterilen ortalamalar istatistik olarak farklidir, tek yonliit ANOVA,

Duncan testi, P<0,05.
C. carassius, S. erythrophtalmus, C. carpio, S. lucioperca, P. fluviatilis species collected from different sampling points.

Sekil 5. Farkli 6rnekleme noktalarindan toplanilan C. gibelio, C. carassius, S. erythrophtalmus, C. carpio, S. lucioperca,
Figure 5. HSP60, HSP70, and SMUGT gene expressions (fg/ ug Total RNA in muscle, liver and gill tissues in C. gibelio,

Data are mean + SH, n

test, P<0.05.
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Bolgede yapilan calismalar gerek Orneklem
yapilan gollerin gerekse bu bolgeyi besleyen su
kaynaklarinin kirlendigini gostermektedir. Merig
Nehrinin, Ege Denizine dokiildiigii bolgede ¢inko,
bakir ve civa seviyelerinin yiiksek oldugu
belirlenmis (Ergin ve Yemenicioglu 1997) ve yine
Meri¢  Nehrinin  dokiildiigi  bolgede  kursun
konsantrasyonlar1 olduk¢a yliksek oldugu ortaya
konulmustur (Batki vd. 1999). Benzer caligmalar
Meri¢ Deltasinda yiiriitiilmiis ve deltada su, sediment
ve bazi1 baliklarda organoklorlu pestisit kalintilarinin
risk olusturacak seviyede oldugu belirlenmistir
(Erkmen ve Kolankaya 2006; Ayas 2007). Benzer
sonuclar Gala Golii ve Sigirc1 Goliinden elde edilen
baliklarin dokularinda da elde edilmis ve baliklarda
onemli diizeyde bir toksik metal birikiminin olustugu
goriilmistiir (Tokatl 2018).

Sonug olarak Meri¢ Deltasinda iki farkli gélden
alman balik Orneklerinde, bu gollerde mevcut
cevresel kirliligin, ozellikle ayni balik tiiriinde
timiiyle aynt DNA’ya sahip kas, karaciger ve
solunga¢ dokularinda goriilen genomik kalip
kararliligindaki degisimler g6z oOniine alindiginda
genotoksik bir etki olusturdugu diigiiniilmektedir. Bu
savimizi Ozellikle DNA tamir geni, bunun yaninda
cevresel abiyotik stres etmenlerine giiglii bir savunma
cevabi olusturan antioksidan savunma sinyali genleri
SOD ve CAT ekspresyonlarindaki énemli diizeydeki
artislarin destekledigi diigiiniilmektedir. Su an igin
bolgedeki her iki golde baliklar icin en azindan
molekiiler seviyede tehdit olusturabilecek bir
kirliligin oldugu, bu sebeple yogun tarimsal
faaliyetlerin yapildigi bu gollerin insan ve c¢evre
sagligl acisindan diizenli olarak takip edilmesi
gerektigi onerilmektedir.
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Farkh Oldiirme Tekniklerinin Kahverengi Alabalik (Salmo trutta fario) Kan Biyokimyas1 Uzerine Etkileri

Oz: Bu ¢alismada, kahverengi alabaliklara (Salmo trutta fario) farkli 6ldiirme teknikleri uygulanarak baliklarin fizyolojik yanitlar:
baz1 kan biyokimya enzimleri ile arastirilmistir. Buzlu su, elektrosok, COz, hipoksi ve kafasina vurma gibi farkl1 61diirme teknikleri,
75 balik kullanilarak denenmis ve baliklarin kan biyokimya parametrelerindeki degisim gézlemlenmistir. Bu degisimlerde alkalin
fosfataz (ALP) ve amilaz (AMS) istatistiki olarak onemsiz (p<0,05), kreatin kitinaz (CK) ve CK izoenzimlerinden olan CK-MB
enzimi p<0,05 seviyesinde, alanin aminotransferaz (ALT), aspartat aminotransferaz (AST), gama glutamil transferaz (GGT) ve laktat
dehidrogenaz (LDH) ise p<0,05’ de 6nemli bulunmustur. Sonuglar, 6ldiirme tekniklerinin kahverengi alabaliklarda stres kaynagi
olabilecegini ve fizyolojik durumlarinda etkili oldugunu gostermektedir. Caligma bulgulari, daha kisa siirede sonuglanan dldiirme
tekniklerinin hayvan refahi agisindan daha uygun oldugunu gostermistir.

Anahtar kelimeler: Kahverengi alabalik, biyokimya, kan, 6ldiirme teknikleri
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Introduction

Biological and environmental factors may cause
stress in aquatic livings. These stress factors may be
vital activities as well as various farm practices.
Genetic, farm treatments, environmental factors,
growth, malnutrition, hunger, stock and transport
density, and deformities can be effective in the
decreasein fish welfare (Conte 2004; El-khaldi 2010).
In response to stress in aquatic organisms, especially
fish are widely used in bio-indicator for observing the

physical and chemical changes. Because of fish blood

results of the stress response in the right behalf of
developing secondary effects of stress factors and
ecosystem health, a fast and complete results
(Kayhan et al. 2009; Atamanalp et al. 2012)
Biochemical reactions are catalyzed by enzymes
(Kiran et al. 2006). Stress factors provide expression
with various metabolic findings such as hormonal,
enzymatic and blood parameter alterations. It


http://doi.org/10.17216/LimnoFish.522776
mailto:galak@atauni.edu.tr
http://doi.org/10.17216/LimnoFish.522776
http://orcid.org/0000-0002-2038-3921
http://orcid.org/0000-0002-9565-0887
http://orcid.org/0000-0002-7539-1152
http://orcid.org/0000-0002-9350-814X
http://orcid.org/0000-0002-6426-7260
http://orcid.org/0000-0003-2368-6247
http://orcid.org/0000-0001-8857-3409
http://orcid.org/0000-0001-8644-5905

26

Atamanalp et al. 2020 - LimnoFish 6(1): 25-29

becomes possible to measure the stress levels in the
livings with these parameters. Metabolic activities
respond wholly when reached to the level of
threshold interaction. The reason for this is that live
metabolism works in harmony with the holistic
balance.

The metabolic activities of living organisms
may vary depending on various reasons
in the process of natural life circulation and
physical, biochemical, physiological troubles may
occur. Stress is the interaction between the factors
that make it and the defense reactions of the
organism. The stress (internal or external)
factors threaten the constant internal balance of the
body in animals. The sources of stress are generally
factors such as water temperature changes,
oxygen deficiency, unsuitable fishing, and handling
process. On the other hand, the biological stress
factors include stocking density, microorganisms,
macro-organisms, sex, other fish  species,
genetic background and life cycle of fish (Alak et al.
2010a).

The effects of stunning techniques on antioxidant
enzyme activities, hematology, and food quality are
widely studied (Cui et al. 2012; Botsoglou et al. 2014;
Zampacavallo, et al. 2015; Chen et al. 2016; Zhang
et al. 2017; Venturini et al. 2018). Because of the
limited knowledge about how different stunning
techniques affect the blood biochemistry, the stress
mechanism and physiology of fish are not fully
elucidated (Utrera and Estevez 2012).

The aim of this study is to determine the most
suitable stunning technique for brown trout, levels of
stress by examining the blood biochemistry
parameters and to provide a reference to the studies
to be done on this subject of the level.

Materials and Methods

Fish (180 =+ 15g weighing 75 brown
trout (S. t. fario)) were obtained from
Atatiirk  University Fisheries Faculty Inland
Water Fish Species Treatment and Research
Center, which had no infections and
toxic history. Each group designed with 15 fish
stockings.

Stunning techniques

Fish were grouped as, one for control others
as treatments: Group I: Iced water (2/3 of total
volume) (Urbieta and Gines 2000), Group II:
electroshock (Roth et al. 2002), Group Ill: CO;
treatment, fish were placed in a saturated water tank
with CO; and gas flow continued throughout the trial
(Roth et al. 2002)- Group IV: Hypoxic group,
accepted as the control group and hypoxia was
applied, Group V: Impact on the fish head (Mishima
et al. 2005).

Obtaining the blood samples, biochemical and
statistical analyzes

Blood of fish samples were obtained from
caudal vena with injection approximately 3 ml.
placedon biochemical tubes. After centrifuged 10
minutes at 4000 rpm (Bricknell et al. 1999), were
analyzed with autoanalyzer for biochemical
parameters (ALT, AST, ALP, LDH, AMS, CK, CK-MB
and GGT). The obtained data was applied variant
analysis by using the SPSS software (Alak et al.
2010b).

Results

The effects of different stunning methods on the
biochemical parameters of brown trout (S. t. fario)
blood are shown in Tables 1 and 2.

Table 1. Biochemical values and statistical results.

GROUP ALP (U/L) AST (U/L) ALT (U/L) LDH (mg/dl)

Group | 503.83+19.222 636.78+10.512 13.33+3.85%® 1455.64+87.65%®
Group |1 438.54+13.45° 524.50+13.19% 9.75+3.25 ° 1189.10+47.16 %
Group I 519.00+14.232 545.38+9.33% 14.2549.69 % 1790.64+26.832
Group IV 419.55+13.37°2 481.63+17.03° 10.25+5.61° 1403.00+42.91 2
Group V 465.55+8.182 491.13+12.43° 17.164£6.562 1081.63+74.90°

*Each value represents mean +SD (n=15) there is no statistical difference between the values shown in the same column with the same

letter (a, b) (p<0.05).

Table 2. Biochemical values and statistical results.

GROUP AMS (U/L) CK CK-MB GGT (U/L)
Group | 396.00+21.042 5635.92+408.422 2256.36+226.45P 9.91+4.31%
Group 11 397.81£26.992 1683.70+144.81° 2337.00+187.39° 7.50+£3.424
Group 111 354.00+11.26°2 4998.50+198.562 5783.36+196.262 10.08+5.682
Group IV 255.18+15.532 1819.91+£115.10° 2579.11+168.44° 8.25+4.03 2
Group V 359.90+25.862 3964.91+£310.91% 2492.64+243.92° 15.2549.69°

*Each value represents mean +SD (n=15) there is no statistical difference between the values shown in the same column with the same

letter (a, b) (p<0.05).
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The nearest results to the control group (group
IV; hypoxic) were obtained in group Il (electroshock)
and group V (impact on the fish head) in terms of
ALP, AST, ALT and LDH.

The CK and CK-MB parameters, among the
muscle enzymes, were observed the highest value in
group | (iced water) and group Ill (CO; treatment).
This situation showed that the highest stress
conditions were found in these groups.

Discussion

Aguatic livings react to all stress factors in their
living environment. These stress factors cause
structural and functional disorders in fish blood cells
and eritropetic tissues (Witeska and Baka 2002). As
a result of the death of the cells, enzymes are released
and as a result of sublethal damage, increases can be
recorded with the increase of cell membrane
permeability and exocytosis of the enzyme (Mert
1996).

Although there was no statistical difference
between all groups for the ALP value, the control
group gave the lowest ALP value with 419.55 +
133.70 (U / L). Apart from other enzymes, the
increase in ALP activity is induced by stimulation
(Mert 1996). Similarly, lowest AST value was
obtained in control group 481.63+170.30 U/L, the
highest AST value 636.78+105.09 U/L was in at iced
water group and the differences were evaluated
significant at the level of p<0.05.

Prior studies reported that muscle activities
increase AST activity (Tekeli et al. 1996). Although
there is no result for this value with a similar
treatment in the literature scans made, it is thought
that the observed increase in all values in the value
group is related to severe muscle movements (Mert
1996).

ALT and LDH values were obtained statistically
important in all groups (p<0.05). It is thought that the
increase in serum bilirubin levels may be effective in
groups in which elevation in ALT level is more
prominent (Ozbek et al. 2006). Findings of the
present research, especially AST values are similar to
the findings which trained different stressors studies
(Ozbek et al. 2006; Gencer et al. 2015). When the
AST, ALT and ALP values are higher in the treatment
groups than in the control group, it is thought that the
inflammation resulting from stressors in the liver
vessels is effective (Ozbek et al. 2006). High CK
levels are effective at the cellular enzymes’
increasing as LDH. This situation is an indicator of
the answers to stress and deformation of muscles
(Bornez et al. 2009). Sabow et al. (2016) reported that
high levels of LDH are an important indicator of
stress-related muscle fatigue and damage.

No data on fish was found in the literature scans
for all the values on the chart, so, compared with
heavy metal pollution, which is a different stressor.
Firat and Inandi (2016) reported that the
concentrations of zinc, cadmium, zinc + cadmium
increased the AST, ALT, LDH and ALP enzymes of
Oreochromis niloticus. The values of ALT, LDH, and
ALP have increased in the present research, but not
statistical importance (p>0.05). It has recently been
recognized that AST and ALT are indicative of liver
cell damage (Gencer et al. 2015). The main synthesis
site is the liver AST and ALT gluconeogenic enzymes,
which are not normally found in serum. Due to
adaptation to ambient conditions, the energy
requirement is not met from the carbohydrate
sources, causing the enzyme synthesis to stop (Firat
and Inand1 2016). Changes in AST levels are due to
stress factors such as muscular dystrophy, muscle
trauma, intramuscular injections, reproductive,
hypoxia, stock intensity, and starvation, as well as
toxic effects (Hilmy et al. 1985; Vijayan et al. 1997).
As a result, whatever the type of stress, the negative
effects on vital organs in the body are inevitable. If
stress is not removed in time, irreversible damage to
the body can occur. A significant increase was
obtained in AST, ALT and ALP of the blood samples,
obtained from the brown trout, which stunned with
different methods in this research. It is known that the
stress before death raises the lactate level. By death,
catecholamines are released, resulting in the
formation of hyperlactitemia as a result of muscle
movement and rapid glycogenosis. Increasing the
lactase level raises the levels (Svete et al. 2012).

Amylase is known as alpha-amylase (Mert 1996).
While the differences among the groups of AMS
values were evaluated as not statistically important,
the highest value (359.90+258.59 U/L) was obtained
in a shot on the fish head. The lowest AMS value
belonged to the control group 255.18+155.28 U/L.

As seen in Table 2, CK-MB values of creatine
chitinase and creatine chitinase isoenzymes were
statistically significant (p <0.05) among all groups.
The highest values for CK and CK-MB were
belonged to the CO, group as in order,
4998.50+:1985.60 and 5783.36+1962.58. Literature
studies have been carried out in studies conducted
with other species in which the CK values increase
with movement. Pre-cutting applications and cutting
techniques are characterized by muscle enzymes -
CK and AST measurements, which are characterized
by their effect on the physiological response of the
animals (Svete et al. 2012). Changes that involve
physical activities before slaughter (jump, etc.) are in
behavioral responses to stress conditions and cause
muscle damage and muscle enzyme activities to
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increase with muscle damage (Boissy 1995; Winther
et al. 2005; Svete et al. 2012). All groups’ CK and
AST values are found higher than control in this
research. This suggests that the stunning techniques
cause muscle damage and thus increase the serum
muscle enzymes. Significant increases in serum CK
and AST activities, however, may also be attributed
partly to leakage of the enzyme from the skeleton.
Muscle cells are damaged by rapid glycogenolysis
induced by catecholamine or increased muscle
damage and membrane permeability during slaughter
(Svete et al. 2012).

Creatine kinase (CK), which has three
isoenzymes, is an enzyme found in skeletal,
cardiovascular and brain, one of these isoenzymes,
CK-MB isoenzymium, which is located in the heart
and skeleton and constitutes 20% of CK. This
isoenzyme level raises the myocardia problems.
Acute myocardial infarct, myocarditis, cause to
increase CK level with excessive activity (Vijayan et
al. 1997; Werner and Gallo 2008). In our study,
5635.92 + 4084.22 CK value compared to the control
for water + ice mixture, which is considered as
hypothermia application, was higher than all groups.
High CK activity is an indication of cell muscle
damage and muscle fatigue (Sabow et al. 2016)

GGT is a more sensitive indicator than ALP and
it is evaluated parallel with ALP and ALT. This value
raises more and faster than ALP. The highest GGT
score was 15.25 £ 9.69 (U / L) in the group shot on
the fish head as it is in the ALT group, and the
difference between the groups within the value was
found to be very important at p<0.05. In blood
biochemistry, especially bilirubin and ALP values are
increased. However, there is an increase in AST, ALT,
and GGT levels because of liver damage due to
cholestasis (Nakyinsige et al. 2013).

Because of the investigation of the present
research findings, no significant differences were
found statistically between ALP and AMS values
among the control and treatment groups, but
significant changes were observed in respect of other
blood biochemical parameters (AST, ALT, LDH, CK,
CK-MB, and GGT) compared to the treatment and
control groups. It is necessary to know the standard
parameters of each fish species for use as an indicator
of health. In this research, is thought to have
contributed to the work to be done to identify the
effects of different killing methods on fish welfare.
Our results show that short-term killing techniques
(Group Il and 1V) give better biochemical results in
terms of S. t. fario. welfare and low-stress status.
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ABSTRACT ARTICLE INFO

Phylum Tardigrada, which has been quite a little studied both around the world RESEARCH ARTICLE

and Turkey, belongs to members of a metazoan. In this study eight moss and

lichen samples were collected and investigated from a variety of elevations of the Received  :02.04.2019 E E
Vergenik Mountain in Rize (Turkey). In total 62 specimens, 11 exivium and 10 Revised :09.07.2019 s
eggs of tardigrades were found. Five species were identified, and they belong to ) |
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Acanthechiniscus victor (Ehrenberg, 1853), Pseudechiniscus ramazzottii
ramazzottii Maucci, 1952 and Macrobiotus spectabilis Thulin, 1928. Including
these three species, the tardigrade fauna of Turkey increased to 54. In this paper,
we present the previous study a full list of the known high mountain and alpine
tardigrade species with their localities. All specimens are deposited in the Aquatic
Animals Research Laboratory at Ankara University.
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Tiirkiye'nin Yiiksek Dag Bolgesinden Tardigrada Tiirleri icin Yeni Kayitlar (Vercenik Dagi, Rize)

Oz: Diinyada ve Tiirkiye’de ¢ok az calisilmis olan Tardigrada filumu, metazoa iiyelerine aittir. Bu ¢alismada Rize’deki Vercenik
Dagi’nin farkli yiikseltilerinden elde edilen sekiz adet yosun ve 1 adet liken 6rnegi toplanmig ve arastirilmistir. Toplamda 62 birey,
11 exivium ve 10 tardigrat yumurtast bulunmustur. Bes tir tespit edilmis ve bunlar Acanthechiniscus, Pseudechiniscus,
Macrobiotus, Paramacrobiotus ve Ramazzottius cinslerine aittir. Bunlardan {igii, Tirkiye faunasi i¢in yeni kayitlardir. Bunlar:
Acanthechiniscus victor (Ehrenberg, 1853), Pseudechiniscus ramazzottii ramazzottii Maucci, 1952 ve Macrobiotus spectabilis
Thulin, 1928. Bu iig tiiriin de dahil edilmesiyle, Tiirkiye’nin tardigrat faunasi 54’e yiikselmistir. Bu ¢alismada daha 6nceden elde
edilen yiiksek dag ve alpin tiirlerinin tam listesini sunulmustur. Tiim Srnekler Ankara Universitesi Sucul Canlilar1 Arastirma
Laboratuvarinda saklanmaktadir.

Anahtar kelimeler: Acanthechiniscus victor, Alpin, fauna, Macrobiotus spectabilis, Pseudechiniscus ramazzottii ramazzottii
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Very limited papers have been published
on Turkish Tardigrada up to now (Kaczmarek et al.
2012). However, Maucci conducted quite intensive
studies on Turkish tardigrade in 1973, 1975, 1978,
1979, 1980, 1981 and 1985. Later, only Morgan
(1977), Binda (1988), Kaczmarek et al. (2012) and

Introduction

Tardigrades  were  first  observed by
German scientist Johann A. E. Goeze in 1773.
Three years later Italian scientist Lazzaro
Spallanzani  (1776), gave them a name

Tardigrada (meaning "slow stepper"). From the
first discovery to date 1246 tardigrade species
have been reported around the world (Degma and
Guidetti 2007; Vicente and Bertolani 2013; Degma et
al. 2018).

Urkmez et al. (2018) reported a few more tardigrade
species from this region and up to now only 51
species which are belonging to 18 genera have been
recorded from Turkey.
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Lichens and mosses resistant to drought, which
melt under the snow, grow under the snow, or in rock
cracks, are encountered in Alpine zone. These plants
which are durable to the drought may be exposed to
the fundamental physical variances at short ranges
because of the interaction between temperature and
ground and also soil moisture which changes
according to the effect of sun and wind (Atay et al.
2009). Tardigrades are one of the invertebrates
adapting to these short-term physical changes and
conformance to adverse environmental conditions.

There are very limited studies on the distribution
and diversity of alpine tardigrades both in the world
and in Turkey (Rodriguez-Roda 1951; Nelson 1975;
Dastych 1980, 1985, 1987; Beasley 1988; Kathman
and Cross 1991; Utsugi 1997; Collins and Bateman
2001; Nichols et al. 2001; Herrera-Vasquez and
Vargas 2003; Guil et al. 2009; Kaczmarek et al.
2011). Up to now, only four species i.e. Hypsibius
microps Thulin 1928, Echiniscus testudo (Doyére
1840), Echiniscus granulatus (Doyere 1840) and
Richtersius coronifer (Richters, 1903), have been
found in high mountain localities in Turkey (Maucci
1975, 1978, 1980). Some of the tardigrade species
obtained from the alpine or subalpine zones are
endemic only at certain altitudes, while others are
cosmopolitan (Ramazzotti and Maucci 1983;
Dastych 1988).

Our present study is the first high-altitude study
to date on Turkish Tardigrada. Vergenik Mountain is
located in the northern part of Turkey in Kagkar
Mountain Regions and originated from Alpide
orogeny (Okay 2008). Up to now, zoogeographic and
taxonomic information of tardigrades has been
presented which is identified from alpine and
subalpine zones in Turkey.

Materials and Methods

In August 2016, eight moss and lichen samples
were collected on various altitudes of the Vergenik
Mountain in Rize (Figure 1). But the tardigrades were

found only in five of them (list of samples are
presented in Table 1). All fresh samples were put into
the small paper envelopes and allowed to dry slowly.

In the laboratory rehydrated samples were
filtrated by the sieve of 25 and 400 pm, and the
remaining residual was taken to a petri dish (Nelson
2002; Convey and Mclnnes 2005). Then tardigrades
and their eggs were placed in a separate petri dish for
identification on a stereomicroscope. All specimens
were mounted on microscopic slides in Hoyer’s
medium, four adults and five eggs were prepared for
Scanning Electron Microscopy (SEM) (JEOLISM—
6060 LV) analysis, following the protocols by
Guidetti et al. (2000). The identification of specimens
was carried out by analyzing morphological
characters on the Phase-contrast microscope (Zeiss
Axio ImagerM1) and SEM.
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Figure 1. The geographic position of sampling sites.

Species were identified using a key to the
world fauna of Tardigrada (Ramazzotti and
Maucci 1983) and several original papers
(Dastych 1988; Bertolani and Rebecchi 1993;
Stec et al. 2018). All materials are deposited at the
Aquatic Animals Research Laboratory at Ankara
University.

Table 1. Distribution of the species found in the moss and lichen samples collected in Vergenik Mountain/Rize.

Sample Code  Coordinates latitude, longitude  Date of collecting Above sea level Habitat Speu_e S
(as.l) composition
VER1-10 N40°45'44" — E40°54'20" 25/08/2016 2308 m Epilithic moss 1,2,3
VER2 N40°44'47" — E40°54'21" 25/08/2016 2247 m Epilithic moss -
VER3 N40°44'36" — E40°54'51" 25/08/2016 2131 m Epilithic moss 5
VER4-1M N40°44'05" — E40°55"26" 26/08/2016 2606 m Epilithic moss 4
VER4-2L N40°44'30" — E40°54'59" 26/08/2016 2606 m Lichen 1
VER5 N40°45'58" — E40°54'14" 26/08/2016 2145 m Epilithic moss -
VER6-1 N40°47'45" — E40°54'28" 26/08/2016 2214 m Epilithic moss 1,3
VER7-1 N40°45'27" — E40°55'00" 26/08/2016 2610 m Epilithic moss -
VERS8-3 N40°44'27" — E40°55'01" 26/08/2016 2611 m Epilithic moss 15
Acanthechiniscus victor (1), Pseudechiniscus ramazzottii ramazzottii (2), Macrobiotus spectabilis (3),

Paramacrobiotus cf. richtersi (4) and Ramazzottius oberhaeuseri (5)
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Results

A total of 62 specimens, 10 eggs, and 11 exivium
were isolated and 5 species were identified. Three of
them are new records for the Turkish Tardigrade

fauna. A list of the identified Turkish high mountain

Table 2.

and alpine tardigrade, with their localities and
zoogeographical and taxonomic comments, are in

Table 2. List of all obtained tardigrade species from Turkish high mountains and alpine regions, with their localities,
and zoogeographical and taxonomic comments.

Taxa asl** Localities Remarks
Cornechiniscus cornutus 2400 m Europe; Turkey, Bulgaria, Romania, Italy, Itwas found in Erzurum/Pasinler
(Richters, 1907) Germany, Greece, Switzerland, Poland, Austria, (3,4). But according to Dastych

Ireland, France, Russia, Africa; Algeria (Mclnnes (1988), it classified as submontane
et al. 2017), Libya, Asia; Iran, Afghanistan, and distributed in Holarctic (6).
India, Mongolia, Pakistan, China, N. America;
Canada (6).
Echiniscus granulatus 2400 m Europe; ltaly, Turkey, France Greece Norway, It was observed in Erzurum/Pasinler
(Doyere, 1840) Croatia, Austria, England, Ireland, Spain, Poland, from Turkey (3). It is submontane
Hungary, Germany, Portugal, Bulgaria, Africa; and distributed in Holarctic (Dastych
Morocco, Algeria, Russia, Georgia, Asia; lran, 1988).
Pakistan, Mongolia, Indonesia,
N. America (6).
Echiniscus merokensis suecicus 2200 m Europe; Turkey, Italy, Norway, Sweden, It was reported in Bursa/Uludag
Thulin, 1911 Scotland, England; Iceland, Alps, Mountain at 2200 m (2,3) but it was
Czechoslovakia, France, Yugoslavia, found between 0 and 400 m in the
Switzerland, Africa; Angola, N. America; Faroe Islands by Trygvadoéttir and
Greenland (6). Kristensen (2013).
Echiniscus testudo 2000- It is a cosmopolitan species and Holarctic. Its It was only observed in Erzurum and
(Doyeére, 1840) 2400 m distribution is  most of the Palearctic Agri from Turkey (2,3). In contrast,
biogeographic region (6, Jorgensen et al. 2007, it was found between 0 and 200 min
Mclnnes et al. 2017). the Faroe Islands by Trygvadottir
and Kristensen. (2013).
Ramazzottius oberhaeuseri 2000 m It is a cosmopolitan, known from numerous It was observed in many cities in
(Doyére, 1840) locations in Europe from Greenland, the Arctic Turkey (1,2,3,4,5) and reported at an
and Antarctic, North and South America, Africa, altitude of 4.300 m in Mount
Afghanistan and New Zealand (Ramazzotti and Blancgroup/Europe (Ramazzotti and
Maucci 1983, Mclnnes et al. 2017). Maucci 1983).
Acanthechiniscus victor 2606 m Europe; Turkey (7), Italy, Romania, Switzerland, In this study, it was found from rock
(Ehrenberg, 1853) * (7)  Poland, Alps, Norway, Iceland), Russia. North mosses and lichen in Rize/Vergenik
America, Canada; Axel Heiburg Island, Mountain.
Greenland (6). According to Ramazzotti (1956), it is
classified as an alpine.
Pseudechiniscus facettalis 1200- Europe; Turkey, ltaly, Austria, Greece, Alps, Although these species have been
Petersen, 1951 1600 m Portugal, Spain, Africa; Kenya (Mclnnes et al. reported at low altitude, it is still
2017), New Zealand; South Island, North classified as alpine species by
America; Canada; Axel Heiburg Island, Ramazzotti (1956). It was found
Greenland, South America; Brazil, Venezuela, Bozdag/izmir in Turkey (1,2,3).
Tierra del Fuego (6).
Pseudechiniscus ramazzottii 2308 m Europe; Turkey, Italy, Hungary, Alps, Russia, This species is a new record for
ramazzottii Maucci, 1952* (7)  North and South America (6,7). Turkey. It was collected in moss
samples from rock (7).
Hypsibius microps Thulin, 1.800 m Europe; Turkey, ltaly, Istria, Turkey, Sweden, Known only from two localities in
1928 Finland, Norway, Greece, Poland, Hungary, Turkey (2,3). Cosmopolitan (6),
Austria, Czech Republic, Portugal, Spain, however records of this species need
Bulgaria, Russia, Africa; Algeria, Asia; India, to be verified (Kaczmarek and
Mongolia, Korea, N. America; Greenland; Disko Michalczyk 2009).
Island, S. America; Brazil, Argentina (6).
Isohypsibius duranteae 2200- Itis endemic for Turkey (3,6). It was only collected in
(Maucci, 1978) 2400 m Erzurum/Pasinler, Agri/ Tahir and
originally described from Turkey (3).
Isohypsibius macrodactylus 2400 m Europe; Turkey, Cyprus, Italy, Russia, Africa; It was reported in Agri and originally
(Maucci, 1978) Algeria (6; Tekatli and Altindag 2017). described from Turkey (3). On the
other hand, it occurred at lowland
altitudes (13 m asl) in Cyprus
(Tekatli and Altindag 2017).
Mesobiotus harmsworthi 1450 m Cosmopolitan species, known from many Itwas observed in Agri, Antalya,

(Murray, 1907)

localities throughout the world (6), but the
species’  geographic range is unknown
(Kaczmarek et al. 2012).

Bolu, Burdur, Bursa, Izmir and
Kastamonu from Turkey (1,2,3).
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Table 2. Continued

Taxa asl** Localities Remarks
Macrobiotus pallarii 2000 m Europe; Turkey, Italy, Poland, Yugoslavia, Itwas reported in Bolu, Kastamonu,
Maucci, 1954 Greece, Norway, Turkey, Hungary, Russia, Asia; and Tunceli from Turkey (1,2,3).
North Korea, N. America (6).

Macrobiotus persimilis Binda 2000 m Europe; Turkey, Italy, Greece, Spain, Portugal, It was found in Balikesir, Bolu,

and Pilato, 1972 Africa; Tunisia, Libya, Australia; Sydney, N. Diyarbakir, Erzincan, Sakarya, Usak
America; Greenland (6). and Van from Turkey (2, 4).

Macrobiotus spectabilis 2308 m Europe; Turkey, Poland, Norway, Sweden, Italy, The present study, it was collected

Thulin, 1928* @) France, Russia, North America, South America from rock moss in Rize/Vergenik
(6, 7). Mountain from Turkey.

Tenuibiotus hystricogenitus 1350- Europe; Turkey, Germany, Greece (6). It was found in Erzurum and Corum

(Maucci, 1978) 2400 m from Turkey (3).

Richtersius coronifer 1800 m Europe; Turkey, Norway, Sweden, Italy Greece, It was found in Agri, Corum, Izmir,

(Richters, 1903) Scotland, Spain, Poland, Austria, France, Van from Turkey (2,3,4). R.
Switzerland, Bulgaria, Hungary, Romania, coronifer is considered as an alpine
Germany, Arctic, Africa; Tunisia, Algeria, species by Ramazzotti (1956).
Congo, Asia; Nepal, Mongolia, North America
and South America (6, Mclnnes et al. 2017).

Source codes: 1- Maucci (1973), 2- Maucci (1975), 3- Maucci (1978), 4- Maucci (1979), 5- Maucci (1980),

6- Mclnnes (1994), 7- present study. Asterisks (*) are symbolized as a new record and (**) obtained from Turkish territory altitude.

The list of species ordered according to Degma et al. (2018).

Taxonomic accounts

New records for Turkey were marked by an
asterisk (*).

Phylum: Tardigrada Spallanzani, 1777

Class: Heterotardigrada Marcus, 1927

Order: Echiniscoidea Marcus, 1927

Family: Echiniscidae Thulin, 1928

Genus:  Acanthechiniscus Vecchi, Cesari,
Bertolani, Jonsson, Rebecchi and Guidetti, 2016

1. Acanthechiniscus victor (Ehrenberg 1853)*
Material examined: 25 specimens and 6 exuviae
collected from two rock mosses and lichen.
Remarks: Species new for Turkey and most
abundant in studied samples (Figure 2). It is
considered an alpine species by Ramazzotti (1956).
The specimens obtained correspond perfectly to the
characterization of this species by Ramazzotti and
Maucci (1983) and Dastych (1988). It has been
recorded in many countries (Italy, Romania,
Switzerland, Poland, Alps, Spitsbergen, Iceland,
USSR, USA, Canada, Greenland) (Mclnnes 1994).

Figure 2. Acanthechiniscus victor. A) View of the ventral
side B) Dorsal view.

Genus: Pseudechiniscus Thulin, 1911

2. Pseudechiniscus ramazzottii ramazzottii Maucci,
1952*

Material examined: 12 specimens and 2 exivium
collected from two rock moss.

Remarks: Up to now it has been recorded sixth
times (Italy, Hungary, Alps, Russia, North and South
America), Ramazzotti (1956), Ramazzotti and
Maucci (1983) and lharos (1985). In this study, it was
collected from moss samples at 2308 m (Figure 3).

Figure 3. Pseudechiniscus ramazzottii ramazzottii A)
Dorsal view B) Caudal margin of the pseudosegmental
plate C) View of cephalic zone.

Class: Eutardigrada Richters, 1926

Order: Parachela Schuster, Nelson, Grigarick and
Christenberry, 1980

Family: Macrobiotidae Thulin, 1928

Genus: Macrobiotus C.A.S. Schultze, 1834
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3. Macrobiotus spectabilis Thulin, 1928*

Material examined: 6 specimens and 3 eggs
collected from two rock moss.

Remarks: It is a new record for Turkey. It was
observed from rock mosses at an altitude of 2308
meters in Rize/Vergenik Mountain (Figure 4).
According to Dastych (1988), it is classified as a
mountain (mesoalpine) species. It is known from few
localities from Siberia, Poland, Italy, France,
Finland, Russia, USA, Argentina, China and Norway
(Ramazzotti and Maucci 1983; Mclnnes 1994; Zhang
and Sun 2014). The found specimens correspond
perfectly to the characterization of this species
presented by Dastych (1973) and Maucci and Pilato
(1974).

Figure 4. Macrobiotus spectabilis A) Buccal apparatus B)
Egg.

Genus: Paramacrobiotus  Guidetti, Schill,
Bertolani, Dandekar and Wolf, 2009
Subgenus Paramacrobiotus Guidetti, Schill,

Bertolani, Dandekar and Wolf, 2009

4. Paramacrobiotus cf. richtersi (Murray, 1911)

Material examined: 5 specimens and 3 eggs
collected from rock moss.

Remarks: It is one of the species of more common
tardigrades and widespread everywhere, and present
in different habitats, including terrestrial moss
(Ramazzotti and Maucci 1983). In the study of
Dastych (1988), on polish tardigrades, this species
found in an area up to 2000 meters high. In this study,
it was obtained from rock mosses at an altitude of
2131 m (Figure 5). In Turkey, it was collected
between 250-1140 m altitude in Ankara, Antalya,
Burdur, Canakkale, izmir and Van (Maucci 1973,
1975, 1980; Kaczmarek et al. 2012). But this genus
has been revised by some researchers Kaczmarek et
al. 2017; Marley et al. 2018).

Figure 5. Paramacrobiotus cf. richtersi A) Egg B) View
of the ventro-dorsal side.

Family: Ramazzottiidae Sands, Mclnnes,
Marley, Goodall-Copestake, Convey, and Linse,
2008

Genus: Ramazzottius Binda and Pilato, 1986

5. Ramazzottius oberhaeuseri (Doyére 1840)

Material examined: 11 specimens and 3 eggs
collected from two rock moss samples.

Remarks: According to Ramazotti (1956), this
species is not alpine but can be encountered high
altitude in Poland (Dastych 1988). It is an extremely
wide-spread and very common species (Ramazzotti
and Maucci 1983). It was found in Afyonkarahisar,
Agri, Ankara, Antalya, Bolu, Corum, Erzincan,
Erzurum, Hakkari, Gaziantep, Kastamonu, Kirkareli,
Usak, Konya, Tunceli, Van between 250-2000 m
from Turkey (Maucci 1973, 1975, 1978;
Morgan 1977; Kaczmarek et al. 2012). All records of
Ramazzottius oberhaeuseri prior to its redescription
(Stec et al. 2018) should be verified (Figure 6).

Figure 6. Ramazzottius oberhaeuseri A) Egg B) Eliptical
organ.

Discussion

Alpine, subalpine, boreo-alpine, and nival
regions are one of the few studied regions, as access
to these regions is both difficult and land conditions
are appropriate only during a certain period of
summer. So far, the number of Tardigrada obtained
in studies on these regions in the world is quite
limited.

The alpine regions are located above the last tree
line (Pechlaner 1971). Some researchers have splitthe
tardigrade species into groups according to altitudinal
ranges and localities (Ramazzotti and Maucci 1983;
Dastych 1987). Ramazzotti and Maucci (1983),
defined tardigrade species obtained from 500 m and
above areas as alpine species, while Dastych (1988),
defined the lower limit as 1000 m. In addition, studies
are showing that the alpine region starts at 400 m and
above (Trygvadottir and Kristensen 2013). The
alpine zone varies according to the region in Turkey.
Subalpine regions begin at about 1800 m. After
approximately 2000 m, it continues as typical alpine
regions (Atay et al. 2009). The alpine zone for
Vergenik Mountain starts at 2000 m (Giirbiizer
2018). Therefore, our samples can be classified as
alpine species. Previously obtained alpine species
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from Turkey were compared with this study
(Table 2).

In the studies conducted so far, not only the
distribution, abundance and diversity of the elevation
according to species, but also the species obtained
from different regions in the same alpine zone have
been studied (Collins and Bateman 2001;
Trygvadottir and Kristensen 2013). According to
Dastych (1980); increasing the number of individuals
together with the height decreased; In his research in
1987, he stated that species diversity increased as the
height increased. This result was supported by
Rodriguez-Roda (1951). Additionally, Guil et al.
(2009) cited that the abundance of a tardigrade is the
highest at 1000-2000 m asl.; the lowest is 0-500 m
asl. But other researchers have found that the
abundance is not more than 0-500 m. asl (Utsugi
1997; Collins and Bateman 2001). Furthermore,
Nichols (1999) stated that there is no relationship
between height and tardigrade distribution in the
study of the distribution of tardigrade on Dugger
Mountain in Alabama. In addition, Kathman and
Cross (1991) found in their research that there is no
effect of height on tardigrades in the Mountains of
Vancouver in Canada. Kaczmarek et al. (2011) cited
that, even not linear, increasing of height revealed the
abundance of a tardigrade. It is possible to reach
tardigrade which is not very common in algae
samples obtained at 2000- and 4000-meters altitude
(Ramazzotti and Maucci 1983).

It is known that temperature, humidity, food
availability, competition, predation, and parasitism
are effective on tardigrade populations (Dastych
1982; Ramazzotti and Maucci 1983; Collins and
Bateman 2001). Although there are limited studies on
the effect of biotic and abiotic factors on the animal,
some researchers have tried to understand whether
the altitude has a role in this living organism. There
have been contradictory studies on this subject, but
some researchers have found a correlation between
height and diversity (Kaczmarek et al. 2011).

Most of the Tardigrade species obtained in
Turkey at 2000 meters and above are observed to be
tychoalpine species (an organism that is found at
every altitude) compared to other areas. There is no
study available on these creatures obtained associated
with altitude. Until now, the relationship between the
species obtained up to 2000 meters and above and
altitude has not been determined when compared
with other studies. The reason for this difference is
thought to be due to the environmental conditions and
microhabitat where the samples are exposed to, rather
than the effect of the altitude on the habitat where the
samples are taken.

Many studies on the Phylum Tardigrada have
focused on limnoterrestrial tardigrades, which are

easy to access and have a lot of diversity. Since
transportation and weather conditions are difficult in
Alpine regions, very few studies have been done so
far. The data obtained is not enough to illuminate the
distribution and diversity of the tardigrades in these
regions. In the future, studies in high-altitude regions
will give us more information about the distribution
and characteristics of these animals.
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Ergene Nehir Havzasi Su Kalitesinin Cok Degiskenli Istatistik Analizler
Kullanilarak Degerlendirilmesi

Cem TOKATLI

Trakya Universitesi, Ipsala Meslek Yiiksekokulu, Laboratuvar Teknolojisi Programm

6z MAKALE BiLGIiSi

Ergene Nehri, Trakya bolgesinin en 6nemli sucul ekosistemidir. Fakat birgok ARASTIRMA MAKALESI

akuatik sistemde oldugu gibi, Ergene Nehri’nin de, {izerindeki 6zellikle tarimsal

ve endiistriyel baski nedeniyle Onemli derecede Kkirlilige maruz kaldig: Gelis :07.02.2019 E" E
bilinmektedir. Bu ¢alismada, baz istatistiki teknikler kullanilarak, Ergene Nehir Diizeltme  :12.09.2019
Havzasi’nin su kalitesinin degerlendirilmesi ve Egene Nehri’nin, Meri¢ Nehri

. . .. Kabul :06.11.2019
iizerindeki baskisinin ortaya konulmasi amaglanmaktadir. Bu amag i¢in, havzada

belirlenen toplam 21 istasyondan su numuneleri toplanmigtir. Su numunelerinde Yayim : 25.04.2020 E
sicaklik, ¢cozlinmiis oksijen, oksijen doygunlugu, pH, iletkenlik, toplam ¢dziinmiis
kati madde, tuzluluk, bulaniklik, nitrat, nitrit, fosfat, siilfat, floriir, kimyasal
oksijen ihtiyac1 ve biyolojik oksijen ihtiyaci olmak iizere toplam 15 su kalite
parametresi tespit edilmistir. Elde edilen veriler, Faktor Analizi (FA), Kiimeleme
Analizi (CA) ve Pearson Korelasyon indeksi (PCI) kullanilarak istatistiki olarak
degerlendirilmis ve cesitli ulusal ve uluslararasi kuruluglar tarafindan bildirilen
limit degerler ile karsilastirilmistir. FA sonuglarina gore, ii¢ faktor toplam
varyansin %87'sini agiklamigtir. CA sonuglaria gore, istatistiksel olarak anlaml
ii¢ kiime tespit edilmistir. Elde edilen verilere gore, Ergene Nehri'nin yiiksek
miktarda kirlilige maruz kaldig1 ve genel olarak 3. — 4. sinif su kalitesinde oldugu
belirlenmistir. Ayrica Corlu Cayi'nin birgok parametre agisindan 4. smif su
kalitesine sahip oldugu ve havza i¢in ¢ok biiylk risk teskil ettigi belirlenmistir.
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Abstract: Ergene River is the most important aquatic ecosystems in Trachea Region. But as many aquatic ecosystems, Ergene River
is known to be exposed to an intensive pollution by means of agricultural and industrial pressure on the system. The aim of this
study was to determine the water quality of Ergene River Basin by using some statistical techniques and to present the pressure of
Ergene River on the Merig River. For this purpose, water samples were collected from 21 stations selected on the basin. Total of 15
water quality parameters including temperature, dissolved oxygen, oxygen saturation, pH, conductivity, total dissolved solids,
salinity, turbidity, nitrate, nitrite, phosphate, sulfate, fluoride, chemical oxygen demand and biological oxygen demand were
investigated in water samples. The data obtained were evaluated statistically by using Factor Analysis (FA), Cluster Analysis (CA)
and Pearson Correlation Index (PCI) and compared with the limit values reported by various national and international
organizations. According to results FA, three factors explained 87% of the total variance. According to results CA, 3 statistically
significant clusters were formed. According to the data obtained, Ergene River is exposed to significant amount of pollution and
has water quality of 3. — 4. class water quality in general. In addition, Corlu Stream has 4. class water quality in terms of many
parameters and poses a great risk for the basin.
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Giris edilen kanalizasyon ve sanayi sulari, tarimsal

Hizli artis gosteren diinya niifusu ve hizla gelisen ~ giibreler ve pestisitler ve daha birgok kirleticiler
teknoloji ve sanayiye bagli olarak artan c¢evre  mevcut yiizey sularini tehdit etmektedir. Tiim diinya
kirliligi, kiiresel bir sorun haline gelmistir. Evsel ve  llkelerinin en onemli sorunlarindan biri temiz ve
endiistriyel atiklardaki artis, aritilmaksizin desarj  sirdiiriilebilir tath su kaynaklarina olan ihtiyagtir.
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Ozellikle yiizey sularmin kalitesi ve kirliligi
acisindan tatlh su kaynaklarmin etkin sekilde
izlenmesi ve yonetimi biiyiik 5nem verilmesi gereken
bir zorunluluktur (Cigek vd. 2013; Ustaoglu vd.
2017; Ustaoglu ve Tepe 2019).

Meri¢ Nehir Havzasi, Bulgaristan’dan dogan
Meri¢ Nehrinin, Tunca ve Arda Nehirleri ile Tiirkiye
topraklarina  girdikten sonra  Edirne  linde
birlesmeleri ile meydana gelmektedir. Meric
Havzasina ayrica Tiirkiye sinirlari igerisinde yaklagik
280 km uzunlugundaki Ergene Nehri de
katilmaktadir. Ergene Nehri’nin sisteme girisinden
sonra Meri¢ Nehri su kalitesinin ciddi sekilde
diistiigii ve bu durumun biyotayr olumsuz sekilde
etkiledigi bilinmektedir (Elipek vd. 2010; Giiher vd.
2011; Tokatl ve Bastatli 2016, 2017; Tokathh 2017,
2018). ipsala Ilgesi yakinlarinda Ergene Nehri’nin
katildig1 Meri¢ Nehri, Bulgaristan’daki kaynagindan
Enez Ilgesi yakinlarinda Ege Deniz’ine dokiildiigii
bolgeye kadar yaklasik 490 km kateder. Meri¢ Nehir
Havzasi, 32.700 km? Bulgaristan, 14.600 km?
Tiirkiye, 8.700 km? Yunanistan’da olmak {izere
toplam 56,000 km?lik bir alam kaplamaktadir
(Tokath vd. 2014; Tokatli 2014, 2015).

Meri¢ — Ergene Havzasi iilkemizin en {iiretken
tarimsal  alanlarindan  birini  olusturur  ve
sistemin baglica kullanim alani sulama suyu
teminidir. Havzanin %95°1 (1.223.263 hektar) tarima
elverisli, 328.039 hektar alan ise teknik olarak
sulamaya elverislidir. Piring basta olmak iizere,
aygigegi, misir, sekerpancari, meyve ve sebze baslica
irliin gesitlerini olusturmaktadir. Celtik, diinyada
Antarktika haric her kitada yetistirilmektedir.
Fakat en yiliksek verim, Tirkiyemin de iginde
bulundugu 1liman iklim kusagindan alinmaktadir.
Ulkemizde 31 ilde geltik iiretimi yapilmakla birlikte,
celtik iiretiminde Edirne ili birinci sirada yer almakta
ve sahip oldugu celtik tarim alanlar1 Tiirkiye'nin
yaklasik % 23'inii, piring iiretimi ise yaklasik %
24%ini kargilamaktadir (TZOB 2003; Anonim 2005;
Arda vd. 2015).

Havzada yiiriitiilen yogun tarimsal faaliyetlerin
yani sira Ozellikle Liileburgaz, Corlu ve Cerkezkdy
gibi yerlesim birimlerine yakin yerlerde, endiistriyel
kullanim kaynakli su kirliligi bdlgenin 6nemli
sorunlardandir. Ergene Nehir Havzasi’nda yiizlerce
sanayi kurulusu yer almaktadir ve DSI ve Cevre ve
Orman Bakanligi’nin analizlerinde bolgenin, baslica
kirlilik kaynaklarmi; evsel atiklar, organize sanayi
sitelerinin  meydana getirdigi kirlilik, ozellikle
sodyum ve tuz i¢eren tarimsal doniis suyu kirliligi ve
mezbaha atiklarinin  olusturdugu vurgulanmistir
(Kalebas1 1994; DSI 1997).

Calismamizin amaci; bolge igin biiyiik 6nem
tagiyan ve kullamim alani ¢ok yaygin olan Ergene
Nehir Havzasi su kalitesinin tespit edilmesi, bazi
multi — istatistiki teknikler kullanilarak elde edilen
verilerin etkili sekilde yorumlanmasi, sistem
iizerinde etkili faktorlerin tespiti ve su kalitesine gore
havzanin smiflandirilmasi, elde edilecek verilerin

gesitli  ulusal ve uluslararasi  kriterler ile
karsilastirilarak  havzanin su kalitesinin ortaya
konulmast ve bolgede daha sonra yapilacak

calismalara kaynak saglanmasidir.

Materyal ve Metod

Calisma Alam ve Orneklerin Toplanmasi

2018 yilin ilkbahar mevsiminde yapilan arazi
calismalarinda, Meri¢ ve Ergene Nehirleri tizerinden
ve Onemli yan kollardan olmak iizere, havzada
belirlenen toplam 21 istasyondan, su Ornekleri
toplanmustir. istasyon bilgileri Tablo 1°de, ArcGIS
programi kullanilarak ¢izilen Ergene Nehir Havzasi
ve secilen istasyonlar ise Sekil 1°de verilmistir.
Ayrica arazi caligmalar1 sirasinda c¢ekilen bazi
fotograflar Sekil 2°de verilmistir.

Kimyasal analizler i¢in gerekli olan sulara ait
ornekler standart metotlara uygun sekilde alinmistir
(TS EN ISO 5667-3, TS 9547 ISO 5667-12). Her
istasyondan sodyum tiyosiilfatli polipropilen siselere
su  Ornekleri  alimarak  fizikokimyasal  ve
mikrobiyolojik analizler yapilmstir.

Tablo 1. istasyon bilgileri.
Table 1. Information of sampling stations.

Merig ve Ergene Nehirleri Yan Kollar

Istasyon Konum Istasyon Konum
El Kavacik T1 Safaalan Cay1 Karli
E2 Muratlh T2 Corlu Cay1 Muratlh
E3 Karamusul |T3 Ahmetbey Cayt  Ahmetbey
E4 Eskibedir  |T4 Kopriialti Cayr  Liileburgaz
ES Oklali T5 Anadere Cay1 Sinanl
E6 Pehlivankdy |T6 Hayrabolu Cay1 Karakavak
E7 Uzunképrii  |T7 Biiyiikdere Cay1  Babeski
ES8 Yenicegorece |T8 Kuleli Cay1 Kumkoy
E9 Adasarhanli  |T9 Ana Dere Bakislar
M1 Kipli T10 Sulama Kanali Kiigiikaltiagag
M2 Saricaali
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Sekil 1. Ergene Nehir Havzasi ve segilen istasyonlar.
Figure 1. Sampling stations in Ergene river basin.

Fizikokimyasal Parametreler

Tim istasyonlarn su Kkalitesinin  tespit
edilebilmesi i¢in sularin sicaklik, ¢oziinmiis oksijen,
oksijen doygunlugu, pH, iletkenlik, toplam
¢cOziinmiis kati, tuzluluk, bulaniklik degerleri
arazi caligmalar1 sirasinda Hach Lange Markali
HQ40D Modelli Multiparametre ve 2100Q Modelli
Portatif Turbidimetre cihazlar1 ile; nitrat, nitrit,
amonyum, fosfat, siilfat, floriir, kloriir, kimyasal
oksijen ihtiyact (KOI) ve biyolojik oksijen ihtiyaci
(BOI) degerleri ise arazi galigmalarindan sonra
laboratuvarda, Hach Lange Markali Dr 890 Modelli
Kolorimetre, DR 3900 Modelli Spektrofotometre ve
BOD Trak Il Modelli Respirometrik BOI cihazlart ile
Olctilmiistiir.

Mikrobiyolojik Parametreler

Mikrobiyolojik analizler membran filtrasyon
teknigi kullanilarak gergeklestirilmistir. Tim su
numuleleri membran filtrasyon teknigi ile siiziilmiis
ve membran filtre koliform kromojenik m-FC Agar
hazir besiyerine konulmustur. Tiim besiyerleri
44.540.2 °C’de 24 saat inkiibasyona birakilip
otomatik koloni sayict (aCOLyte 3 Synbiosis) ile
fotograflar ¢ekilerek sayimlart gergeklestirilmistir.

Istatistiksel Analizler

Tespit edilen multi parametrelere  gore
istasyonlarin siniflandirilmasi i¢in Bray Curtis’e gore
yapilan Cluster Analizi (CA), “Past” programi
kullanilarak ~ yapilmustir. Elde edilen veriler

arasindaki anlamli iligkilerin tespiti i¢in kullanilan
Pearson Korelasyon Indeksi (PCI) ve sistem
tizerindeki baski unsurlarinin siniflandirilmasi igin
kullanilan Faktor Analizi (FA) ise “SPSS 17~
programi kullanilarak yapilmustir.

Sekil 2. Ergene Nehri ve 6nemli yan kollar.
Figure 2. Ergene river and important tributaries.
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Bulgular

Ergene Nehir Havzasi Su Kalitesi
Ergene Nehri Havzasi’nda, 2018 yilinin ilkbahar
mevsiminde, su numunelerinde tespit edilen
fizikokimyasal ve mikrobiyolojik su kalite verileri
Tablo 2 ve 3’te verilmistir.

Pearson Korelasyon indeksi (PCI)

Ergene Nehir Havzasi lotik sularinda tespit edilen
fiziksel, kimyasal ve mikrobiyolojik verileri arasinda
tespit edilen istatistiki olarak anlamli iligkiler ve
korelasyon katsayr degerleri Tablo 4’te (n=21)
verilmistir.

Tablo 2. Meri¢ ve Ergene Nehirlerinde tespit edilen su kalite parametreleri.

Table 2. Water quality parameters in Meri¢ and Ergene Rivers.

Parametre El E2 E3 E4 E5 E6 E7 E8 E9 M1 M2
Sicaklik °C 162 205 226 228 226 207 225 201 188 183 185
¢O mg/L 1091 031 049 023 046 139 141 425 468 842 7,33
%0 % 1159 34 5,7 2,7 5,4 156 163 464 497 888 813
pH 817 733 737 742 743 759 766 7,70 7,66 809 805
EC uS/cm 150 1454 2054 2500 2074 1612 1723 810 804 347 431
TDS mg/L 87 784 1092 1310 1066 885 908 445 446 189 239
Tuzluluk %o 009 079 1,10 133 108 08 091 044 045 019 024
Bulaniklik NTU 431 3190 26,70 27,30 1930 12,20 6,36 1590 10,00 9,24 13,80
Nitrat mg/L 0,502 0450 0571 0,526 0446 1,440 1,410 2,040 1,930 1,610 1,710
Nitrit mg/L 0,010 0,054 0078 0070 0053 0112 0,146 0,132 0,106 0,020 0,033
Fosfat mg/L 0,097 0,162 0,697 0,718 0,795 0,632 0561 0,219 0,208 0,240 0,159
Siilfat mg/L 169 1070 1780 166,0 160,0 130,0 1130 73,7 72,9 68,7 68,2
Floriir mg/L 0119 0313 0351 0402 0382 0416 0460 0,18 0,282 0,230 0,218
KOI mg/L 31,2 1430 1380 1240 949 801 527 508 449 310 292
BOIi mg/L 2,9 18,0 32,0 25,0 15,0 13,0 8,6 12,0 11,0 10,0 79
FK cfu/50mL 85 189 256 291 226 285 232 287 227 261 250
Tablo 3. Yan kollarda tespit edilen tespit edilen su kalite parametreleri.
Table 3. Water quality parameters in tributaries.
Parametre T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
Sicakhik 0C 214 202 203 21,8 227 215 256 203 231 204
GO mg/L 1143 0,77 12,15 875 11,23 11,97 898 829 6,77 7,24
%0 % 129,6 8,4 1354 989 1305 1359 1101 920 80,8 84,6
pH 821 774 806 766 787 813 805 7,75 7,80 7,90
EC pS/em 279 3750 601 756 871 865 846 856 808 742
TDS mg/L 142 1940 324 396 446 457 407 462 412 400
Tuzluluk %o 0,14 1,98 0,32 0,39 0,45 0,46 0,41 0,46 0,41 0,40
Bulaniklik NTU 11,00 6220 7,07 338 312 284 58 413 601 2040
Nitrat mg/L 1,500 1,020 3930 7,080 4,790 3,640 6,340 7,610 6,690 2,040
Nitrit mg/L 0,046 0,124 0,246 0,134 0,039 0,057 0,071 0,065 0,450 0,042
Fosfat mg/L 1,200 1,980 0,128 0,214 0,015 0,047 0,103 0,293 0,392 0,071
Siilfat mg/L 358 2250 629 929 920 1070 510 643 676 989
Floriir mg/L 0,092 0233 0241 0289 0443 0315 0,267 0,371 0,405 0,309
KOI mg/L 65,0 1780 225 29,5 46,0 32,9 27,2 19,0 25,3 435
BOI mg/L 9,9 51,0 43 6,7 8,2 8,6 17,0 9,4 10,0 9,8
FK cfu/50mL 59 282 245 268 124 125 286 280 232 240

Tablo 4. Ergene Nehir Havzasi akarsu sularinda tespit edilen

fizikokimyasal parametreler arasindaki iligkiler.

Table 4. Relationships between physicochemical parameters in Ergene River Basin streams.

Sic CO Ogsat pH EC TDS Sal Tur NOz: NO2 POs  SO4 F KOI Boil
Sic 1
co  -169 1
Ossat  -,109 ,998™ 1
pH -295 867" ,860™ 1
EC 311 - 777 - 7657 -,644™ 1
TDS 292 -7907 -779™ -658™ ,999™ 1
Sal 288 - 7877 - 7777 -6537 9997 1,000 1
Tur -033 -654™ -654™ -441" 8117 812" 815" 1
NO3 371 529" 559™ 247 -,358 -,372 -375  -521" 1
NO2 315 -,102 -,080 -,146 ,080 ,076 072 -,062 ,410 1
PO4 114 - 472" - 471 -224 7357 729" 7317 726 -,362 ,095 1
SO4 292 -746™ -735" -665™ 941 944 944" 7627 -383 ,012 631" 1
F 543" -425 -396 -589™ 396 ,400 395 -,065 ,194 ,300 -,081 452" 1
cob ,136 -,765™ -763™ -646™ ,854™ 860™ ,861™ ,892™ -600" -110 ,701™ ,823™ ,130 1
BOD 217 -624™ -613™ -445" 876™ 872" ,874™ 903" -328 ,017 ,765™ 816™ ,068 ,862™ 1
FK 199  -507°  -498" -461° 406 412 ,408 ,291 ,153 ,245 ,095 401 324 150 362
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Faktor Analizi (FA)

Korele wveriler kullanilarak, Ergene Nehir
Havzas1 yiizey sular1 ve sedimentleri ve havzanin
yeralti sular1 lizerinde etkili degisken
faktolerinin belirlenmesi amaciyla Faktdr Analizi

kullanilmistir. Korele olmayan ya da diisiik
koelasyon katsayisina sahip veriler, Faktor
Analizlerinin  gilivenilirligini  arttirmak  adina

degerlendirmeye alinmamustir.

Ergene Nehir Havzasi yiizey lotik sularinda
(Merig¢ ve Egene Nehirleri ve yan kollar) su kalitesi
iizerine etkili degigsken faktorlerin belirlenebilmesi
icin  suda  tespit  edilen  fizikokimyasal
parametrelerden toplamda 14 degisken
kullanilmigtir. Elde edilen KMO (Kaiser-Meyer-
Olkin) Orneklem Yeterliligi Testi sonuglar1 0,747
olarak hesaplanmistir ve Orneklem biiyiikligiiniin
oldukga iyi ve yeterli bir seviyede oldugunu
gostermektedir. Birden biiyilk olan &zdegerler,
kullanilan verilerden agiklanmasi gereken varyans
kaynaklari olarak, temel bilesenlerin
degerlendirilmesi amaciyla kriter olarak segilmistir
ve temel bilesenlerin 6zdegerlerinin ifade edildigi
Scree Plot Sekil 3’te verilmistir.

Tablo 5. Agiklanan toplam varyanslar.
Table 5. Total variances explained.

Ozdegerler

T T T T T T 1 T 1
& 7 ) s 19 1 12 13 u

Bilesen Numarasi

t
i

T
1 3

Sekil 3. Scree Plot diyagrami.
Figure 3. Scree Plot diagram.

Yiizde varyans degerleri, kiimiilatif ylizde
varyans degerleri ve bilesen yiikleri (rotasyondan
once ve rotasyondan sonra) Tablo 5’te verilmistir.
Rotasyondan sonraki toplam yiizde varyanslarina
gore, 3 faktor toplam varyansin %87’sini
acgiklamaktadir.

Yiiklerin Karesinin Ekstraksiyon

Yiiklerin Karesinin Rotasyon

ik Ozdegerler Toplamlar Toplamlari
Bilesen (rotasyondan once) (rotasyondan sonra)
Varyans Kiimiilatif Kiimiilatif Varyans Kiimiilatif
Toplam % % Toplam  Varyans % % Toplam % %
1 9,024 64,460 64,460 9,024 64,460 64,460 6,567 46,909 46,909
2 1,986 14,187 78,647 1,986 14,187 78,647 3,981 28,434 75,343
3 1,303 9,308 87,955 1,303 9,308 87,955 1,766 12,611 87,955
Rotasyondan sonraki, 3 faktdr igin belirlenen  Ug¢ boyutlu bilesen diyagrami, 3  faktdre
0,5’ten biiyiik parametre yiikleri  ait  iligkili  degiskenleri  ifade  etmektedir
(bilesen  matriksi)  Sekil = 4’te  verilmistir.  (Sekil 5).

=#=Component 1 =l=Component 2

Component 3

Sekil 4. Bilesen matriksleri.
Figure 4. Component matrices.

00 ‘
Bilesen 1

Sekil 5. Bilesen diyagramu.
Figure 5. Component diagram.
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Kiimeleme Analizi (CA)

Ergene Nehir Havzasi iizerinde tespit edilen
istasyonlarin, su kalitelerine gore
siniflandirilabilmeleri  i¢in  Kiimeleme Analizi
kullanilmistir. Ergene Nehir Havzasi lotik sularinda
tespit edilen tiim fizikokimyasal verileri kullanilarak
yapilan Kiimeleme Analizi (CA) sonuglarina gore,
toplam 3 kiime tespit edilmistir. CA diyagrami
Sekil 6°da verilmistir.

Ergene Nehri kaynak bolgesi (E1) ve yukari
havzada yer ala Safaalan Deresi (T1) istasyonlarimi
iceren 1. Kime (Cl) “Temiz Bolgeler” olarak
isimlendirilmistir. Corlu Cay1 ve Safaalan Deresi
harig¢ diger tlim incelenen yan kollar1 (T3, T4, T5, T6,
T7, T8, T9 ve T10) ve bunarin nehre dokiilmesiye
kirlilik acisindan seyrelen Ergene Nehri’nin asagi
havzas1 (E8 ve E9) istasyonlarimi igeren 2. Kiime
(C2) “Az Kirlenmis Bolgeler” olarak
isimlendirilmistir. Corlu Cay1 (T2) ve Ergene Nehri
orta havzasi (E2, E3, E4, E5, E6 ve E7) istasyonlarini
iceren 3. Kiime (C3) ise “Kirlenmis Bolgeler” olarak
isimlendirilmistir.

] S
! 1

-+50

90
+L'0
80
60

ITemiz Bolgeler |

| Az kirtenmis Bolgeler |

- |Kirlenmi§ Bolgeler |

Sekil 6. CA diyagrami.
Figure 6. CA diagram.

Tartisma ve Sonug¢

Coziinmiis oksijen, su kalitesi degisiminin
izlenmesinde kullanilan en 6nemli parametrelerden
biridir. Su Kirliligi Kontrol Ydnetmeligi’ne gore,
Ergene Nehri’nin, kaynak bolgesi olan E1 istasyonu
hari¢ (E1 istasyonu 1. Smif su kalitesine sahip),
¢Oziinmis oksijen ve ¢ozlinmiis oksijen doygunlugu
parametreleri acisindan 3. — 4. Smuf su kalitesine
sahip oldugu tespit edilmistir. Havzanin énemli yan
kollarindan Corlu Cay1’nin (T2 istasyonu) ¢oziinmiis
oksijen ve ¢Oziinmis oksijen doygunlugu
parametreleri agisindan 4. Sinif, diger yan kolar ve
Meri¢ Nehri’nin ise bu parametreler agisindan

1. — 2. Smuf su kalitesinde oldugu tespit edilmistir
(SKKY 2015). Herhangi bir zamanda suda belirlenen
¢Oziinmiis oksijen miktari, suyun o anki sicaklifina,
su ylizeyindeki atmosferik gazin kismi basincina,
sudaki ¢Oziinmiis tuz yogunluguna ve biyolojik
olaylara baglidir ve oksijenin suda ¢oziinebilirligi
sicaklik azaldikca artmakta, tuz yogunlugu arttikca
azalmaktadir (Cirik ve Cirik 1999; Tanyolag 2009).
Verilere uygulanan Pearson Korelasyon Indeksi
(PCI) sonuglarina gére, suda tespit edilen ¢oziinmiis
oksijen verileri ile tuzluluk, TDS ve iletkenlik verileri
arasinda kuvvetli negatif korelasyonlar
kaydedilmistir (p<0,01). Ayrica sucul ortamlardaki
¢cOziinmils oksijen degeri, sicaklik ve tuzlulugun
yaninda bitkilerin fotosentez hizina ve sistemin trofik
diizeyine bagl olarak da farkliliklar gdsterir (Akbulut
ve Y1ldiz 2001). Yine elde edilen PCI verilerine gére,
¢oziinmils oksijen ve oksijen doygunlugu verileri
ile birgcok organik ve mikrobiyolojik kirletici
parametresi arasinda kuvvetli negatif korelasyonlar
kaydedilmistir  (p<0,01). Tatlh sularda balik
saglhiginin  korunmasi1 amaciyla Avrupa Birligi
Komisyonu tarafindan bildirilen EC direktifine gore,
Cyprinid tiirleri i¢in sudaki ¢O6ziinmiis oksijen
seviyesinin 4 mg/L’nin  altina  diismemesi
gerekmektedir (EC 2006). Ergene Nehri ve Corlu
Cayr’'nda  tespit edilen c¢oziinmiis oksijen
seviyelerinin belirtilen zorunlu degerin oldukga
altindadir. Bu durum, ekolojik valansi oldukea genis
ve ¢ok dayanikli birka¢ evriaerobios omurgasiz ve
alg tlirli haricinde, bu akarsularda balik gibi yiiksek
yapili omurgali canlilarin yasayabilmesine olanak
saglamamaktadir. Celikkale (1994) tarafindan
bildirilen baska bir siniflandirmaya gore ise, sudaki
optimal ¢oziinmiis oksijen degerlerinin alabaliklar
icin 9,20 - 11,50 mg/L, sazanlar igin ise
500 - 9,00 mg/L arasinda olmasi gerektigi
kaydedilmistir. Ergene Nehri hari¢ havza sularinda
belirlenen ¢dzlinmiis oksijen verilerinin, balik sagligi
acisindan Onemli bir risk teskil etmedigi tespit
edilmisgtir.

Bolgenin jeolojik yapisi sularin pH 11 etkileyen
en Onemli etkenlerdendir ve tabii sularin ¢ogu
karbonat ve bikarbonat icermesi nedeniyle hafif
alkali 6zellik gosterirler. Sucul canlilar igin, en uygun
pH degeri 6,5 — 8,5, baliklar i¢in ise genel olarak 6,4
— 8,6 arasindadir (Tanyola¢ 2009). pH degerlerinde
gozlenecek sapmalar mevcut araliklardan uzaklastigi
derecede sucul canlilarin yasamini olumsuz yonde
etkileyecektir. Ergene Nehir Havzasi’mi teskil eden
yan kollar ve Meri¢ Nehri iizerinde tespit edilen
istasyonlarin sulari pH degerleri agisindan hafif alkali
karaktere sahiptir ve Su Kirliligi Kontrol
Yonetmeligine gore tiim istasyonlar pH agisindan
1. — 2. Siuf su kalitesine sahiptir. Avrupa Birligi
Komisyonu tarafindan bildirilen EC direktifine gore,
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Cyprinid sagligi agisindan sulardaki zorunlu pH
araligimmin 6 — 9 olmasi beklenmektedir (EC 2006).
Bolgede tespit edilen pH verilerine gore
Cyprinid tiirleri agisindan herhangi bir risk soz
konusu degildir. Ayrica havza sular1 pH degerlerinin,
Tiirk Standartlar1 Enstitlisi’nlin  insani kullanim
amach sular tebliginde pH icin bildirilen 6,5 — 9,5
araligimin da disina ¢ikmadigi tespit edilmistir
(TS266 2005).

Sularin elektriksel iletkenligi, suda bulunan
tuzlarin veya ¢oziinebilir madde miktarinin bir
Olciisiidiir ve hem jeolojik hem de dis etkenlere
baghdir (Holl 1979). Havza sularinda tespit edilen
EC degerlerinin 6nemli bolgesel farklar sergiledigi
ve Su Kirliligi Kontrol Y&netmeligine gore, havzanin
yan kollarinin (Corlu Cay1 hari¢) ve Meri¢ Nehri’nin
tespit edilen EC degerleri agisindan 2. Simf su
kalitesine sahip oldugu, Ergene Nehri’nin 3. Simif
(kaynak bolgesi harig; El istasyonu 1. Sinif su
kalitesine sahip) Corlu Cay1’nin ise tespit edilen EC
degerleri agisindan 4. Sinif su kalitesine sahip oldugu
belirlenmistir (SKKY 2015). Su iiriinleri standartlari
ve vyiizeysel su kaynaklarmin kirlenmeye karsi
korunmasi  hakkindaki protokolde elektriksel
iletkenlik i¢in belirtilen 150 — 500 uS/cm araliginin,
Neredeyse tim havzada asildigi tespit edilmistir
(Uslu ve Tiirkman 1987).

Havza bilesenlerinde yan kollarda tespit edilen
nitrat degerleri Ergene ve Meri¢ Nehirlerinden daha
yiiksek olsa da, Su Kirliligi Kontrol Yd&netmeligine
gore, genel olarak tespit edilen nitrat degerleri
acisindan havza sularmin 1. Smf su kalitesine sahip
oldugu tespit edilmistir. Belirlenen nitrit degerleri
acisindan ise Meri¢ Nehri’nin 2. Sif, T2, T3, T4 ve
T9 istasyonlar1 hari¢ (bu istasyonlar 4. Smif su
kalitesine sahip) yan kollarm 2. — 3. Sif, Ergene
Nehri kaynak bolgesinin 1. Smif, E2 ve E5
istasyonlari harig (bu istasyonlar 2. Sinif su kalitesine
sahip) Ergene Nehri’nin 3. — 4. Smif su kalitesine
sahip oldugu ortaya konulmustur (SKKY 2015).

Yeralt1 ve yiizey sularinda yer alan nitrat, bitkisel
ve hayvansal atiklarin  igerdigi  proteinlerin
ayrismast neticesinde ortaya ¢ikan amonyagin
oksitlenmesinden ve tarimsal alanlarda kullanilan
nitratli  gilibrelerden kaynaklanmaktadir. Nitrat,
azotun akarsularda en yaygin goriilen formudur ve
kirlenmemis sularda ¢ok az miktarda goriiliir (Wetzel
2001; Manahan 2011). Ergene Nehir Havzasi’nda
incelenen tiim istasyonlarda tespit edilen nitrat
degerlerinin, EPA tarafindan bildirilen saglikli
sularda agilmamasi tavsiye edilen 10 mg/L sinir
degerin altinda oldugu, Diinya Saglik Orgiitii,
Avrupa Birligi ve TS266 da, 50 mg/L olarak
bildirilen simir degerin de altinda oldugu tespit
edilmistir (EPA 1979; TS266 2005; EC 2007,
WHO 2011).

Nitrit, amonyumdan nitrat’a ulasan biyolojik
oksidasyonda ara iirlindiir ve oksijenin yeterli
seviyede olmadigi, 6zellikle organik olarak kirlenmis
sularda olduk¢a yiiksek seviyelere ulasabilir
(Egemen ve Sunlu 1996). Diinya Saglik Orgiitii
tarafindan bildirilen igme suyu standartlarina gore
sularda nitrit degerinin 0,2 mg/L sinirin1 agmamasi
beklenmektedir (WHO 2011). Avrupa Birligi
Komisyonu tarafindan bildirilen EC direktifine gore,
Cyprinid sagligt  acisindan  sulardaki  nitrit
konsantrasyonunun 0,03 mg/L smirmi asmamasi
beklenmektedir (EC 2006). Buna gore, neredeyse
tim Ergene Nehir Havzasi’nda tespit edilen nitrit
konsantrasyonlar1 Cyprinid sagligi agisindan risk
teskil etmektedir. Ergene Nehir Havzas1 birgok
yerlesim yerinin kanalizasyon atiklarina maruz
kalmakta ve g¢evresinde birgok tarim arazisi
bulunmaktadir. Bilindigi gibi sularda nitritin en
onemli kaynaklari; organik maddeler, azotlu giibreler
ve baz1 minerallerdir (Wetzel 2001; Manahan 2011).
Bolge sularinda tespit edilen oldukga yiiksek nitrit
degerleri, yerlesim yeri atiklarimin ya hi¢ ya da
yeterince aritilmadan sisteme desarj edildigini ve
havzada kullanilan tarimsal giibrelerin ekolojik
acidan O6nemli bir stres kaynagi oldugunu
gostermektedir.

Yeralt1 ve ylizey sularinda bulunan fosfor, niifus
yogunluguna, tarimsal giibreleme metotlarina ve
giibreleme sikligina baglidir ve bitki ortiisii ve toprak
yapisi da sularda fosfor birikimi {izerine Onemli
sekilde etkilidir. Ayrica temizlik iglerinde kullanilan
ve atik sularla alic1 su ortamina ulasan deterjanlarin
da fosfor derisimine etki eden unsurlar oldugu
bildirilmistir (Uslu ve Tirkman 1987). Alict sulara
fosfatin %91’inin evsel ve endiistriyel atiksulardan,
%9 nun  ise  tarimsal  alanlardan  geldigi
hesaplanmistir (Egemen ve Sunlu 1996). Sulardaki
fosfat konsantrasyonlari baz alinarak Uslu ve
Tirkman tarafindan bildirilen siniflandirmaya gore;
fosfat derisimleri 0,02 mgl/L’ye kadar olan sular 1.
Sinif, 0,16 mg/L’ye kadar olan sular 2. Sinif, 0,65
mg/L’ye kadar olan sular 3. Sinif, 0,65 mg/L’den
yiiksek olan sular ise 4. Sinif su kalitesine sahiptir
(Uslu ve Tiirkman 1987). Bu siniflandirma sistemine
gore, Safaalan Deresi ve Corlu Cayr hari¢c (bu
istasyonlar 4. Sinif su kalitesine sahip) Ergene Nehri
yan kollarmin ve Meri¢ Nehri’nin fosfat degerleri
agisindan 2. — 3. Sinif su kalitesine sahip oldugu,
Ergene Nehri’nin ise kaynak bolgesi hari¢ (E1l
istasyonu 2. Sinif su kalitesine sahip) 3. — 4. Sinif su
kalitesine sahip oldugu belirlenmistir.

Siilfatin dogal sulardaki ekolojik 6nemi oldukga
biiyiiktiir ve 6zellikle bitki biiylimesi {izere biyolojik
verimin artmasi igin ortamda yeterince bulunmasi
gerekmektedir. Eksikligi durumunda ortamdaki
fitoplankton gelisimi olumsuz etkilenmekte ve bu
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durum primer prodiiktiviteyi diistirmektedir (Atic1 ve
Obal1 1999; Tanyola¢ 2009). SKKY’ye gore siilfat
icerikleri agisindan Corlu Cayi hari¢ tiim havzanin 1.
Siif su kalitesine sahip oldugu tespit edilmistir.
Corlu Cayr’nin ise bu paramete agisindan 3. Sinif su
kalitesinde oldugu kaydedilmistir (SKKY 2015).
Ayrica bolge sularinda tespit edilen siilfat
degerlerinin TS266 ve EC kriterlerinde bildirilen ve
250 mg/L olan smir degerinden de diisiik oldugu
belirlenmistir (TS266 2005; EC 2007).

Sucul  sistemlerde  biyolojik  aktivitenin
ve organik madde iceriginin énemli gdstergelerinden
olan Biyolojik Oksijen Ihtiyaci (BOI) verileri,
havza sularinda genel olarak oldukca yiiksektir.
SKKY’ne gore KOI degerleri agisindan T1 istasyonu
3. Sinif, T2 istasyonu 4. Sinif, diger yan kollar 1. — 2.
Sinif, Meri¢ Nehri 2. Sinif ve Ergene Nehri kaynak
bolgesi hari¢ (EL1 istasyonu 1. Simf su kalitesine
sahip) 3. — 4. Smuf su kalitesine sahip oldugu tespit
edilmistir (SKKY 2015). SKKY’ne gore, BOI
degerleri agisindan genel olarak Ergene Nehri’nin
kaynak bolgesi hari¢ (E1 1. Simif su kalitesine sahip)
3. — 4. Smif, Corlu Cayr’nin 4. Sinif, diger yan kollar
ve Meri¢ Nehri’nin ise 2. — 3. Smnif su kalitesine
sahip oldugu tespit edilmistir (SKKY 2015).
Ayrica Avrupa Birligi Komisyonu tarafindan
bildirilen EC direktifine gore, Cyprinid saghgi
acisindan sucul sistemlerde BOI degerinin 6 mg/L’yi
asmamasi gerektigi bildirilmistir (EC  2006).
Neredeyse tiim havzada tespit edilen BOI degerleri
belirtilen sinir1 agmaktadir ve balik sagligi agisindan
onemli bir risk faktorii olarak ortaya ¢ikmaktadir.
Sulardaki BOI’nin yaklasik olarak %33’ii tarimsal
faaliyetler sonucu meydana geldigi bilinmektedir.
Ayrica bazi biiyiik yerlesim yerlerinde yagmur suyu
cikislarinin ve yerlesim yeri foseptiginin ayni1 yolu
kullanmasi, foseptik aritim tesislerinin yagmur
akintis1 ile karismus foseptigi isleyemeden, hacim
artiglar1 nedeni ile yakin sucul sistemlere aritamadan
vermesi, BOI degerlerinin artmasinda &nemli bir
faktor halini alirlar (Akman vd. 2004). Havzada
yiiritiilen yogun tarimsal faaliyetlerin ve sisteme
karisan kanalizasyon atiklarinin, tespit edilen yiiksek
BOI  degerlerinin temel nedenini teskil ettigi
distiniilmektedir.

Bolgede gergeklestirilen monokiiltiir tarimsal
uygulamalar, topragi bircok mineraller agisindan
fakirlestirmektedir. Bu eksikligi gidermek igin ise
neredeyse tim havza topraklarinda inorganik ve
fosfatli giibreler yogun sekilde kullanilmaktadir.
Calismamiz sonucunda elde edilen yiizey sular
verilerine gore; havzanin ¢evresinde yer alan
ve lilkemiz i¢in biliylik 6nem arz eden, basta celtik
olmak iizere bir¢ok tarim arazilerinin; ve Onemli
derecede endiistriyel kirlilige maruz kalan Corlu ve
Ergene Nehirlerinin, ekosistem {izerinde ¢ok 6nemli

baskilar meydana getirdigi tespit edilmistir.
Yapilan istatistiki analizlerden elde edilen veriler,
tarimsal ve endiistriyel kirliligin, sistem iizerindeki
olumsuz etkilerini agik bir sekilde ortaya
koymaktadir.

Trakya bolgemizin bu en 6nemli nehir havzasinin
kalitesini arttirmak, sucul canlilar tizerindeki stres ve
baskiy1 azaltmak ve ydre halki sagligimi korumak
icin;

e Dbolgede yiiriitiilen tarimsal faaliyetlerde
monokiiltiir uygulamas1 degistirilmeli ve
cifteiler polikiiltiir uygulamalarinin tarimsal
ve ekolojik faydalar1 konusunda
bilin¢lendirilmelidir,

e bolge halkinin bilingsiz kimyasal gilibre ve
tarimsal ilag¢ kullanimi engellenmelidir,

e bolgede yapilan ¢aligmalarin sonuglar1 yore
halki ile paylasilarak karsilasabilecekleri
olumsuzluklar kendilerine agik bir sekilde
ifade edilmelidir,

e havzada yer alan sanayi kuruluslar sik sik
denetime tabi tutulmali ve atiklarimi aritima
tabi tutmadan sisteme vermeleri
engellenmelidir,

e ayrica havzanin su kalitesi hem fiziksel hem
kimyasal hem de biyoljik olarak siirekli
olarak izlenmeli ve gerektiginde hizl sekilde
miidahale edilebilmelidir.
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The antimicrobial activity of five hydrosols made from orange peel, pomegranate
peel, shaddock peel, mandarin peel, and thyme plant was tested by microdilution
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inhibition zone). Inhibition zones on the growth of S. aureus were only observed
from hydrosols of thyme and mandarin peel. Hydrosols made from orange and
mandarin peel were effective on inhibition of the growth of fish spoilage bacteria.
Minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of hydrosols were generally 50 and >50 mg/mL,
respectively. These results show that thyme and pomegranate peel hydrosols had
the strongest antimicrobial effects against test bacteria, although the effect of
waste hydrosols vary depending on bacterial strains

DOI:10.17216/LimnoFish.618101

* CORRESPONDING AUTHOR

emreyavuzer@gmail.com
Phone :+90 386 280 54 09

Keywords: Hydrosols, antimicrobial effect, foodborne pathogens, fish spoilage
bacteria

Bazi Hidrosollerin Gida Kaynakh Patojen ve Bozulma Etmeni Bakteriler Uzerindeki Antimikrobiyal
Etkilerinin Analizi

Oz: Portakal kabugu, nar kabugu, sadok kabugu, mandalina kabugu ve kekik bitkisinden elde edilen bes hidrosoliin 3 gida kaynakl
bakteri (Staphylococcus aureus, Salmonella Parathyphi A ve Klebsiella pneumoniae) ve 3 balik bozucu bakterileri (Vibrio
vulnificus, Pseudomonas luteola ve Photobacterium damselae) tizerindeki antimikrobiyal aktivitesi, mikrodiliisyon ve disk difiizyon
yontemleriyle test edildi. S. Parathyphi A, 6zellikle nar, kekik ve sadok kabugundaki (10,5 mm inhibisyon zonuyla) test edilen tiim
hidrosollere karsi en duyarli bakterilerden biriydi. S. aureus' un gelisimi iizerindeki inhibisyon bolgeleri, sadece kekik ve mandalina
kabugunun hidrosollerinde gozlendi. Portakal ve mandalina kabugundan {iretilen hidrosoller, baliklarda bozulma bakterilerinin
biiyiimesinin inhibe edilmesinde etkili olmustur. Hidrosollerin minimum inhibitér konsantrasyon (MIC) ve minimum bakteri
oldiiriicti konsantrasyonlari (MBC) genel olarak sirasiyla 50 ve >50 mg/mL idi. Bu sonuglar, kekik ve nar kabugu hidrosollerinin
test bakterilerine karsi en giiclii antimikrobiyal etkilere sahip oldugunu gostermektedir ancak atik hidrosollerin etkisi bakteri
suslarina bagli olarak degismektedir.

Anahtar kelimeler: Hidrosoller, antimikrobiyal etki, gida kaynakli patojenler, baliklarda bozucu bakteriler
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Introduction Knezevic 2019). Residual hydrosols after oil

Studies on alternative natural antimicrobials to
protect food and human health are increasing, as the
resistance of bacteria to antibiotics poses a global
problem. Nowadays, studies generally focus on plant
materials and their oils or extracts (Sabo and

extraction or plant extraction are considered as waste
material. Hydrosols (or hydrolates or aromatic
waters) are known as the secondary compounds of
steam distillation of plants, performed to obtain
essential oils (D'Amato et al. 2018). Hydrosols have
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been used as decontamination agents (Oztiirk et al.
2016) or antioxidant and antibacterial agents (Shen et
al. 2017), although it is thought that there will be
nothing left after removing the pulp and oil from a
plant. The use of hydrosols as antimicrobial or
disinfectant is very important because they are cheap
and even waste.

Since mandarin and thyme oil are used
extensively in the food and pharmaceutical industry,
the hydrosols of these plants appear as by-products.
However, the hydrosols of oil-free plants such as
pomegranate peel, shaddock peel, and orange peel
may have positive effects because hydrosols have
colloidal suspensions of volatile oils and water-
soluble components obtained by steam distillation or
hydro distillation from plants. The lavender hydrosol
is reported to contain linalool (26.5%), borneol
(9.0%), cis-linalool oxide (6.6%), trans-linalool
oxide (5.2%) (Smigielski et al. 2013), whilst thyme
hydrosol has carvacrol (48.30%) and thymol
(17.55%) (D'Amato et al. 2018).

Shaddock also is known as Chinese grapefruit, is
a species of the Citrus genus of the citrus family of
citrus fruits. Shaddock juice is used in the treatment
of hypertension and cardiovascular diseases (Oboh et
al. 2014) and it was reported that shaddock bark can
be used in the treatment of diabetes (Oboh and
Ademosun 2011). Also, studies about pomegranate
peel have been made in recent years. Yang et al.
(2018) reported that pomegranate peel pectin can be
used as an effective emulsifier. Ali et al. (2019) found
that pomegranate peel acted as antimicrobial and
reinforcing agents for a starch film. Besides, there are
many studies on the phenolic components and
antioxidant effects of pomegranate peel extract (Zhai
et al. 2018; Wu et al. 2019; Rajha et al. 2019). There
are many studies regarding waste of orange and
mandarin peels that yielded positive results as
biodiesel, a natural antioxidant and antimicrobial
(Saleem and Saeed, 2020; Kumar et al. 2020;
Alexandre et al. 2019).

However, there is limited information on the use
of hydrosol as an antimicrobial agent. Thus, the study
aimed to determine the use of plant extract or oil by-
product known as hydrosol as an alternative
antimicrobial agent.

Materials and Methods

Collection and preparation of plant materials

Plants were collected from various locations of
Turkey: orange (Citrus sinensis) and pomegranate
(Punica granatum) peels from Kirsehir, shaddock
(Citrus maxima) peel from Adana, thyme plant
(Thymus vulgaris) from Konya, mandarin (Citrus
reticulate) peel from Nigde. Shells of fruits were

peeled manually with a knife and dried with sunlight
under sterile laboratory conditions.

Preparation of Hydrosols

The thyme, orange, pomegranate, shaddock and
mandarin peel oil were separated by hydro
distillation, using an industrial type of Clevenger
device for 4 h. After removal of oils, hydrosols were
taken from clevenger faucet and put into sterile glass
jars. The hydrosols were allowed to cool at room
temperature and then kept in the refrigerator until
analysis day.

Tested Bacteria

Staphylococcus aureus ATCC29213 and
Klebsiella pneumoniae ATCC700603, which were
provided from the American Type Culture Collection
(Rockville, MD, USA), and Salmonella Paratyphi A
(NCTC13) which was obtained from the National
Collection of Type Cultures (London, UK) were used
as food-borne pathogens. Vibrio vulnificus,
Pseudomonas luteola and Photobacterium damselae
which were isolated from spoiled fish were obtained
from the Cukurova University, Faculty of Fisheries
in Adana, Turkey.

Disc Diffusion Method

The antimicrobial activity of five hydrosols was
determined using the disc diffusion method of
Murray et al. (1995). Nutrient agar was employed as
the standard test medium for bacterial growth. The
agar plate was spread with the inoculum having 108
cfu/mL pathogenic bacteria. Fifty microliters of
undiluted hydrosols were pipetted on sterile filter
paper discs (diameter 6 mm), which were permitted
to dry in an open sterile petri dish in a biological
safety cabinet with vertical laminar flow. Paper discs
were set on the inoculated agar surfaces. After
incubation at 37 °C for 18-24 h for bacteria,
diameters (mm) of the zones of bacterial inhibition
minus the disc diameter were determined. Each test
was carried out in triplicate and the results were
assessed for statistical significance. Vancomycin and
tetracycline antibiotics with positive responses were
utilized as the control of Gram-positive and Gram-
negative bacteria.

Determination of minimum inhibitory and
bactericidal concentrations

Minimum inhibitory concentration (MIC) and
minimum bactericidal concentrations (MBC) of
hydrosols against Dbacteria were determined
according to the Clinical and Laboratory Standards
Institute’s methods (2008). One milliliter of plant
hydrosols (with a stock solution of 50 mg/mL) was
added to the first tube in each series and
subsequently, two-fold serially diluted with Mueller
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Hinton Broth (MHB). The inoculum suspension
(1 mL) of each bacterial strain (10° cfu/mL) was then
added in each tube containing hydrosols and MHB.
The final concentrations of the extract were 50, 25,
12.5, 6.25, 3.125, 1.56, 0.78, 0.39, 0.19 mg/mL. The
tubes were incubated at 35°C for 18-24 hours after
which the MIC was recorded. MBC was determined
by subculturing the contents of tubes of MIC showing
no growth.

Statistical analysis

SPSS 22 version software (Chicago, lllinais,
USA) used for one-way variance analysis (ANOVA)
and the Duncan's Multiple Range Test. Calculations
were done in triplicate and comparisons at p-value of
<0.05 were carried out to point out significant
differences.

Results

Inhibition zones of hydrosols

Inhibition zones of hydrosols against food-borne
pathogens and fish spoilage bacteria were given in
Table 1. The growth of S. aureus was inhibited by
thyme and mandarin peel hydrosol, with inhibition
zones of 7.5- and 6.63-mm. S. aureus was resistant to
orange, pomegranate and shaddock peel hydrosols as
well as vancomycin antibiotics. S. Parathyphi A was
the most susceptible bacteria against all hydrosols.
The highest inhibitory effects were found from
pomegranate and thyme hydrosols (15.50 vs. 11.25
mm).

Minimum inhibitory and bactericidal

concentrations of hydrosols

Table 2 shows minimum inhibitory
concentrations (MIC) of hydrosols against bacteria.
All bacteria tested showed >50 mg/mL minimum
bactericidal concentration (MBC-data not shown).
Fish spoilage bacteria generally survived up to 25
mg/mL, although MIC of P. luteola was above 50
mg/mL towards hydrosols of pomegranate peel and
shaddock peel.

Discussion

Pomegranate and thyme hydrosols were also
effective on inhibition of K. pneumoniae growth,
whereas the bacteria showed resistance against
vancomycin antibiotics. Although mandarin peel
suppressed the growth of all bacteria tested, it was
ineffective on inhibition of K. pneumoniae. Moon et
al. (2006) reported that lavender hydrosols did not
have any antibacterial activity against Streptococcus
pyogenes, S. aureus MRSA, Citrobacter freundii,
Proteus vulgaris, E. coli, and Propionibacterium
acnes.

P. luteola is an aerobic, gram-negative rod and
opportunist bacterium that can cause high mortality,
especially in fish. Altinok et al. (2007) reported that
P. luteola caused the 40% death of fish in a
commercial rainbow trout farm. It is also known to
pose a danger to hospital-type infections (Otto et al.
2013: Cigek et al. 2016). Among fish spoilage
bacteria, P. luteola was the most susceptible bacteria
towards hydrosols, but V. vulnificus was the lowest.
The highest inhibition zones were observed for
thyme (9.38 mm) and pomegranate peel (8.50 mm)
hydrosols.

Table 1. Antimicrobial sensitivity of some hydrosols determined by disc diffusion method.

Inhibition Zone Diameter (mm)

Bacteria | Hydrosols | Antibiotics
Pomegranate Shaddock Mandarin

Pathogen bacteria Orange peel Thyme peel peel peel Vancomycin  Tetracycline
Staphylococcus aureus 0.00+0.00¢ 7.50+0.50° 0.00+0.00° 0.00+0.00° 6.63£0.41° 0.00+0.00° 23.50+2.29%
Salmonella Paratyphi A 9.55+0.55¢ 11.25+0.834 15.50£0.50° 10.50+0.501 7.00£0.58°  18.50+1.29°  22.45+1.37%
Klebsiella pneumoniae 0.00+0.00¢ 6.25+0.43°¢ 9.50+0.50° 0.00+0.00°¢ 0.00+0.00°¢ 0.00+0.00¢ 22.00+1.417
Spoiling bacteria

Vibrio vulnificus 5.50+0.501 6.88+0.54° 0.00+0.00° 0.00+0.00° 6.00+0.00% 6.50+0.58™  20.50+0.58°
Pseudomonas luteola 7.00+0.00° 9.38+0.41° 8.50+0.50% 5.75+0.43" 7.75+0.50% 20.50+1.73°  23.00+1.41°
Photobacterium

damselae 8.50+0.50° 0.00+0.00° 6.00+0.00¢ 6.50+0.50% 7.50+0.58" 29.25+0.96*  28.75+1.44°

*Different letters (a — f) in the same line shows significant differences (p < 0.05).

Vibrio wulnificus is a dangerous species of
bacteria of the genus Vibrio and is widely distributed
in freshwater and seawater (Liu et al. 2019). Vibrio
bacteria are not very common in food poisoning; but
it is one of the important bacteria due to their lethal
effects. In particular, seafood is high-risk food for
this bacterium. Since it can survive in frozen foods, it
can easily reproduce and cause poisoning, especially
in foods that are not properly stored after thawing.

Thyme hydrosol was the most effective hydrosol on
growth inhibition of V. vulnificus (6.88 mm). Orange
and mandarin peel hydrosols showed statistically
similar inhibition zones against V. vulnificus.
Tetracycline was a more effective antibiotic than
vancomycin against all bacteria tested. EImahdi et al.
(2016) reported that Vibrio vulnificus are resistant to
antibiotics such as penicillin and tetracycline. In the
present study, thyme hydrosol showed a greater



50

Yavuzer & Kuley Boga 2020 - LimnoFish 6(1): 47-51

effect than the test antibiotic vancomycin, which is
an important result against a resistant bacterium.
Thyme and mandarin peel showed a similar effect
with vancomycine on growth inhibition of V.
vulnificus.

Among hydrosols, the impact of orange and
mandarin peel hydrosols on P. damselae was the

highest. Both hydrosols were also showed
statistically similar inhibition zones on the growth of
P. damselae.

The MIC of hydrosols against food-borne
bacteria was generally 50 mg/mL. Shaddock peel and
mandarin peel exerted more than 50 mg/mL of MIC
against S. aureus and K. pneumonia.

Table 2. Minimum inhibitory concentration (MIC) of plant hydrosols against fish spoilage and food-borne bacteria.

MIC (mg/mL)
Microorganisms Orange peel Thyme Pomegranate peel Shaddock peel Mandarin peel
Staphylococcus aureus 50 50 50 >50 50
Salmonella Paratyphi A 50 50 50 50 50
Klebsiella pneumoniae 50 50 50 50 >50
Vibrio vulnificus 50 25 50 50 50
Pseudomonas luteola 50 50 >50 >50 50

Oztiirk et al. (2016) found that thymol was the
major compound in thyme hydrosols and thyme
hydrosol showed the antibacterial activity for the
decontamination of the iceberg lettuce. Studies on the
antimicrobial effects of pomegranate peel extract are
also available (Kharchoufi et al. 2018). Hydrosols
generally have alcohol and acids, in particular,
octanoic, nonanoic and dodecanoic acids. They show
antibacterial activity due to these components (Shen
etal. 2017). In a study (Al-Turki 2007) examining the
effects of different plant hydrosols on Bacillus
subtilis and Salmonella enteritidis garlic, thyme,
sage, mint, and pepper hydrosols showed an
antibacterial effect. Similarly, (Acheampong et al.
2015) searched the antimicrobial potency of some
hydrosols of leaves against Escherichia coli,
Staphylococcus aureus, Candida albicans, Bacillus
subtilis, and Enterococcus faecalis and they reported
that fresh fruit peels of Citrus aurantifolia exhibited
antimicrobial activity against all the tested
organisms. In the current study, among hydrosols
investigated, thyme and pomegranate peel hydrosols
appeared to be more effective than other hydrosols,
although the effect of hydrosols on the growth of
bacteria depended on bacterial strains. This is thought
to vary due to the components contained in the
hydrosols.

In the present study, hydrosols of waste materials
and by-products with antimicrobial properties were
examined as alternative antimicrobial agents against
common food-borne and fish spoilage bacteria.
According to the results of the present study, it was
seen that the antimicrobial effect of hydrosols varied
depending on bacterial strains and the highest growth
inhibitions was observed from thyme and
pomegranate peel hydrosols.

The study results revealed that hydrosol which is
regarded as waste in the production of essential oils
could be evaluated as antibacterial agents.
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Pseudorasbora parva (Temminck & Schlegel, 1846): A New Threat to Fish
Biodiversity in Ordu Province (Middle Black Sea Region)
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ABSTRACT

ARTICLE INFO

The invasive fish species pose a significant threat to both local fish species and

SHORT COMMUNICATION

aquatic habitats. During the field surveys, an invasive fish species Pseudorasbora

parva was found for the first time in Ulugdl (Ordu). In the field studies, 41
P. parva individuals from different size groups were captured. Total length (TL),
fork length (FL), standard length (SL) and weight (W) of this invasive species
which continuously increase distribution in Turkish inland waters were recorded.
The average TL, FL, SL and W values of the P. parva were 7.24+1.2 cm
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(3.8-94 cm), 6.52+1.1 cm (3.4-8.4 cm), 5.7340.9 cm (3.0-7.1 cm) and

3.24+1.4 g (0.4415-6.8632 g), respectively. P. parva species was reported as the
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first record in Ordu (Middle Black Sea Region). The increase in the number of

P. parva individuals in Ulugél is a great threat to Ordu fish biodiversity.
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Pseudorasbora parva (Temminck & Schlegel, 1846): Ordu'da (Orta Karadeniz Bolgesi) Balik Biyocesitliligine
Yeni Bir Tehdit

Oz: istilac1 balik tiirleri hem yerel balik tiirleri hem de akuatik habitatlar i¢in 6nemli bir tehdit olusturmaktadir. Yapilan arazi
caligmalar1 sirasinda Ordu ilinde ilk kez Ulugol’de istilact bir balik tiirii olan Pseudorasbora parva’ya rastlanmustir. Arazi
caligsmalarinda farkli boy gruplarina ait 41 adet P. parva bireyleri yakalanmustir. Tiirkiye i¢ sularinda yayilis alanint devamli olarak
artiran bu istilact tilirlin total boy (TB), catal boy (CB), standart boy (SB) ve agirliklar1 (W) kayit altina alinmistir. P. parva
bireylerinin ortalama TB, CB, SB and W degerleri sirasiyla 7,24+1,2 cm (3,8-9,4 cm), 6,52+1.1 cm (3,4-8,4 cm), 5,73+£0,9 cm
(3,0-7,1 cm) ve 3,24+1,4 g (0,4415-6,8632 g) olarak belirlenmistir. P. parva tiirii Ordu'da (Orta Karadeniz Bolgesi) i¢in ilk kayit
olarak rapor edilmistir. Ulug6l’de P. parva bireylerinin sayilarinin artmasi Ordu balik biyogesitliligi i¢in ¢ok biiyiik bir tehdit

olusturmaktadir.

Anahtar kelimeler: Tatli su baliklari, istilact balik tiiri, Cakil baligi, Ordu.
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Introduction

Turkey is one of the very rich countries in terms
of freshwater ichthyofauna due to the geological
position and topographic structure (Tarkan et al.
2015; Cicek et al. 2018). 409 fish species were
reported in the inland water of Turkey. Among these
fish species, 194 are endemic and 28 are non-native
species for Turkish inland waters (Cigek et al. 2015;
Cicek et al. 2018).

Maintaining biodiversity in natural and artificial
habitats is vital for a sustainable environment and
future. The freshwater fish fauna is under threat due

to many different reasons such as numbers of water
canals and dams in the system, domestic waste,
introduction of invasive species, uncontrolled
pesticide use, and habitat degradation (Ozulug et al.
2013; Tarkan et al. 2015). These activities increase
the negative effect of feeding, breeding and
sustaining the species of fish which are found
naturally in the freshwater source, or cause a decrease
in the population or the continuity of the generation
(Ekmekei et al. 2013).

Invasive species have many negative impacts on
ecosystem, local and national economies as well as
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their negative effects on food and habitat
competition, predation, hybridization, disease and
parasites transport on native species (Kennard et al.
2005; Ekmek¢i and Kirankaya 2006). Easy
adaptation to environmental conditions, early sexual
maturation, successful reproductive strategies and
wide nutritional tolerance play an important role in
the success of invasive species spreading into
habitats (Carman et al. 2006).

Topmouth gudgeon, Pseudorasbora parva
(Temminck & Schlegel, 1846) which is a member of
the Cyprinidae family, are freshwater fish of Asian
origin and they can find in many different freshwater
habitats (Banarescu 1999). It is widely spread in
lakes and ponds which are very rich in terms of water
plants (Kottelat and Freyhof 2007). P. parva mouth
is upward, small and has no barbels around it. Their
caudal fin is homocerc. The most prominent feature
is the black band that starts right behind the head and
extends to the caudal. During the breeding period,
small tubercles are found in the head region of the P.
parva as in many carp. In addition, during this period,
pigmentation on the outer part of the scales becomes
darker in males and therefore male and female
individuals are more easily discriminated (Froese and
Pauly 2018). The species is usually 2cmto 7.5 cmin
length it can reach up to 12.5 cm in length. According
to the IUCN criteria, P. parva is considered Least
Concern (LC) (Huckstorf 2012).

P. parva which is an invasive fish species was
reported in the Thrace region in 1982 for the first time
in Turkey (Erk'akan 1984). This fish species, which
has many invasive features, has spread rapidly to
many Turkish freshwater basins (Cetinkaya 2006;
Ekmekgi et al. 2013; Ozulug et al. 2019). However,
there is no record of P. parva in the freshwater
habitats in the Ordu. Unfortunately, a new record has
been added to the distribution areas of P. parva which
is known as one of the most important invasive
freshwater fish species of Turkey.

Materials and Methods

Ulugol is a small lake located in Ulugol Nature
Park in Golkoy district of Ordu province. Ulugdl has
an area of 39 decares with 5-20 m depth at an altitude
of 1200 m. This lake is formed as a result of the
accumulation of water in the space formed by the
landslide mass, the formation form is very different
from the landslide lakes in the Black Sea Region (Tas
et al. 2010). Carp (Cyprinus carpio) and endemic
Abant trout (Salmo abanticus) which were released
in 2007 during the stocking activities trout live in the
Ulugol (Anonymous 2012a; Anonymous 2012b).

The fish samples were captured using the
electrosocker at along the Ulug6l lakeshore from the
(Ordu) at 40°37°48”°N and 37°32°46”" E coordinates
(Figure 1). The captured fish samples were brought
dead to the Hydrobiology laboratory at Ordu
University with the fish transport containers.

Black Sea

] Al
:) Sea of Marmara Ordu }gf

A TURKEY T
T {
DA

g !
SH 7§
< —AHR1A

Figure 1. Sampling area (adapted from GoogleEarth and
Wikipedia).

All fish samples were identified using different
studies (Kuru 1980; Kottelat and Freyhof 2007) and
identification keys. Then, the sex determinations of
these samples were made both microscopically and
macroscopically according to their size. Some
meristic and metric characters such as fish weight
(nearest+0.1 g), total length, fork length and standard
length (nearest £0.1cm) were measured for each
P. parva samples. The weight-frequency and length-
frequency distributions were determined.

Results

In this study, 41 P. parva were caught from
different parts of the Ulug6l (Ordu) during the
fieldwork (Figure 2). Maximum and minimum values
of total length, fork length, standard length and
weight of the samples with mean and standard
deviation 3.8 ¢cm and 9.4 cm (7.24+1.2), 3.4 ¢cm and
8.4 cm (6.52+1.1),3.0 cm and 7.1 cm (5.734+0.9) and
0.4415-6.8632 g (3.24+1.4), respectively. The male
and female P. parva samples from Ulugdl are shown
in Figure 2.

It was determined that P. parva fish samples from
Ulugol were 60.97% female and 39.03% male. As a
result of t-test, there was no statistical difference
between weight and length values of male and female
samples (P>0.05).
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Fiure 2.P. parva sample captured during sampling.

P. parva fish fin rays formulas are determined as

Anal: Il 6, Dorsal: II-111 7-8, Pektoral: I 8-12, and
Ventral: | 7-8. The line lateral scales of the samples
are between 36-40 and the pharyngeal teeth are 5-5.
In the current study, we also examined the length and
weight frequency of this invasive fish species. The
weight-frequency and length-frequency distributions
were presented in Figure 3.

Discussion

The introduction of invasive fish species into new
aquatic environments in different pathways such as
natural introduction, human introduction and
involuntary introduction has dramatically increased
the damage to these habitats. The existence of
P. parva invasive species was recorded for the first
time in Ulugél (Ordu). The determination of the
presence of P. parva is a major problem for both
Ulugol natural life and Ordu fish biodiversity. Male
and female individuals belonging to different size
groups have been captured (Figure 2). It proves that
this species adapts to the Ulugdl and has successfully
bred in the Ulugol. Although 41 samples were
captured in the sampling period, they were visually
observed in an excessive amount of this species.
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Figure. 3. The weight-frequency and length-frequency distributions of P. parva from Ulugél (Ordu).

P. parva can easily settle when transported to a
reservoir in any way and it can be destructive for the
other fish species due to its parasites (Andreou and
Gozlan 2016). P. parva have also negative impacts

on the native fish fauna via competition foods,
spawning areas, and other sources (Ekmekg¢i et al.
2013). C. carpio and S. abanticus inhabited in the
Ulugol (Anonymous 2012a; Anonymous 2012b).
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Therefore, it is important to investigate the
relationship of P. parva with C. carpio and
S. abanticus in Ulugsl fish fauna and its
effects on these economic fish species. In many
studies, control activities were focused on the
destruction of P. parva from natural waters in some
European countries, especially in the UK (Britton and

Brazier 2006; Britton et al. 2010).

This is the new record for the distribution of
P. parva in Ordu inland waters. Since 1984, P. parva
has expanded the distribution areas within 35 years
and has established successful populations in Turkish
inland waters. In the studies it is clear that P. parva
quickly spread to Turkey inland waters (Table 1).

Table 1. Distribution areas of P. parva in Turkey.

Locations

References

Locations

References

Meri¢ River (Edirne)

Erk’akan 1984

Yenice Dam (Eskisehir)

Yegen et al. 2015

Aksu River (Antalya)

Wildekamp et al. 1997

Bahgecik Pond (Eskisehir)

Yegen et al. 2015

Karacadren I Reservoirs (Isparta-

Burdur) Becer & fkiz 2001 Erenkdy Pond (Eskisehir) Yegen et al. 2015
I/I"epn@;e“r‘egam Lake (Biiyiik Sast & Balik 2003 Giinyiizii II Pond (Eskisehir) Yegen et al. 2015
Dipsiz-Cine Stream (Aydin) Barlas & Dirican 2004 Kogas II Pond (Eskisehir) Yegen et al. 2015
Iésﬁzzz;;)ren I Reservoirs (Isparta- Kiigiik & Ikiz 2004 Mercan Pond (Eskisehir) Yegen et al. 2015
Sariyar Dam Lake (Ankara) lzig(l;éekql & Krankaya Akin Creek (Eskisehir) Yegen et al. 2015
Yortanli Creek (Bakir¢ay Havzast) Izié((r%ek§1 & Kirankaya Porsuk River (Eskisehir) Yegen et al. 2015

Filyos- Devrek Creek (Zonguldak)

Innal & Erk’akan 2006

Cavdarhisar Dam (Kiitahya)

Yegen et al. 2015

Golciik Lake (Isparta) Yegen et al. 2006 Enne Dam (Kiitahya) Yegen et al. 2015
Saricay (Mugla) Yilmaz et al. 2006 Kayabogaz1 Dam (Kiitahya) Yegen et al. 2015
Bekdigin Pond (Samsun) Ugurlu & Polat 2007 Sogiit Dam (Kiitahya) Yegen et al. 2015
Agackoy Stream (Bat1 Karadeniz) | ilhan & Balik 2008 Doglusah Pond (Kiitahya) Yegen et al. 2015
Felek Stream (Bati1 Karadeniz) Ilhan & Balik 2008 Dumlupinar Pond (Kiitahya) Yegen et al. 2015
Hirfanli Dame Lake (Kirsehir) Kirankaya et al. 2009 Pazarlar Pond (Kiitahya) Yegen et al. 2015
Akgol (Sinop) Yardim & Erdem 2010 Sekidren Pond (Kiitahya) Yegen et al. 2015

Gonen Stream (Balikesir) Ilhan et al. 2012 Altintag Pond (Usak) Yegen et al. 2015
Beysehir Lake (Konya) Meke et al. 2012 Go6gem Pond (Usak) Yegen et al. 2015
Gelingiillii Dam Lake (Yozgat) Ozdilek et al. 2013 Gokeeada (Canakkale) Bakag et al. 2017

Ulubat Lake (Bursa)

Cinar et al. 2013

Demirkoprii Reservor (Manisa)

Karakus et al. 2017

Marmara Lake (Manisa)

[lhan & Sar1 2013

Afsar Reservoir (Manisa)

Karakus et al. 2017

Ula Reservoir (Mugla)

Keskin et al. 2013

Gorde Stream (Manisa)

Karakus et al. 2017

Bayraktar Reservoir (Izmit)

Keskin et al. 2013

Gediz River (Manisa)

Karakus et al. 2017

Kirazoglu Reservoir (Izmit

Keskin et al. 2013

Demirci Stream (Manisa)

Karakus et al. 2017

Davuldere Reservoir (Izmit)

Keskin et al. 2013

Kemerdamlar1 Drainage
(Manisa)

Karakus et al. 2017

Meyil Lake (Konya)

Ozulug et al. 2013

Godet Creek (Karaman)

Kiigiik et al. 2018

Evri Stream (Kahramanmarasg)

Ozulug et al. 2013

Godet Reservoir (Karaman)

Kiigiik et al. 2018

(Marmara Basin)

Kemer Reservoir (Aydin) Sas1 & Berber 2013 Deligay Reservoir (Karaman) Kiigiik et al. 2018
Topgam Reservoir (Aydin) Sas1 & Berber 2013 Ibrala Reservoir (Karaman) Kiigiik et al. 2018
Lake Egirdir (Isparta) Yerli et al. 2013 Ayranci Reservoir (Karaman) Kiiciik et al. 2018
Mogan Lake (Ankara) Ozeren & Arslan 2014 Abdiirrahimkdyi Stream Ozulug et al. 2019

Dodurga Dam (Bilecik)

Yegen et al. 2015

Anagay Stream (Merig-Ergene
Basin)

Ozulug et al. 2019

Kizildamlar Dam (Bilecik)

Yegen et al. 2015

Kocagay Stream (Merig-Ergene
Basin)

Ozulug et al. 2019

Kiigiikelmali Pond (Bilecik)

Yegen et al. 2015

Kovakgesme Stream (Merig-
Ergene Basin)

Ozulug et al. 2019

Onag Dam (Burdur)

Yegen et al. 2015

Muzali Stream (Merig-Ergene
Basin)

Ozulug et al. 2019

Catdren Dam (Eskisehir)

Yegen et al. 2015

Sazlidere Stream (Merig-Ergene
Basin)

Ozulug et al. 2019

Gokegekaya Dam (Eskisehir)

Yegen et al. 2015

Seymendere Stream (Merig-
Ergene Basin)

Ozulug et al. 2019

Kaymaz Dam (Eskisehir)

Yegen et al. 2015

Uzungay Stream (Meri¢-Ergene
Basin)

Ozulug et al. 2019

Kunduzlar Dam (Eskisehir)

Yegen et al. 2015

Ulug6l (Ordu)

This Study
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P. parva was accidentally introduced into the
Ulugol in the course of stocking with C. carpio. In
addition, many amateur fishing activities are carried
out in Ulugol, and local and traditional fishing
competitions with competitors from different regions
are organized. It is thought that P. parva may be
spread by hunting or fishing activities used in
different watersheds. In order to prevent the spread of
this fish species in the inland waters of Ordu, flyers
and leaflets can be a useful way of promoting public
awareness about the invasive fish. In addition, people
and fishermen in that area should be informed about
the fishing gear used in fishing in Ulugdl not to be
used in other ecosystems.

Invasive freshwater fish species continue to
increase steadily in many freshwater habitats (Innal
2012). There are many reasons for the high success
of P. parva species in the Turkish inland waters such
as reproduction activity rate during the breeding
season, sexual maturation at an early age, relatively
large eggs, male guarding eggs and short life cycle of
the species (Ekmekgi and Kirankaya 2006). Ekmekgi
and Kirankaya (2006) reported that P. parva can lay
eggs in branches, leaves, plastic waste from the
habitats. Therefore, when the consider the problem of
the Ulugol with aquatic plants, it is observed that this
contributes to increase in the number of P. parva
compared to other fish species in the habitat.

The reduction of biodiversity or the
disappearance of certain species makes biological
resources unusable and useless. On the other hand,
when it comes to genetics, biodiversity becomes even
more important. Biotechnological developments that
will benefit human beings and ecosystems in the
future depend on the wealth of gene pools of
biological resources (Polat et al. 2011). Considering
studies related to Turkish ichthyofauna, information
for these destructive effects on the aquatic
ecosystems of invasive fish species which increases
the distribution area in Turkish inland waters is quite
limited (Ozulug et al. 2013). In order to avoid
irreparable losses in fish biodiversity of Turkey, the
distribution areas of these invasive species should be
identified. Necessary management actions should be
given to the fisheries studies about identifying
possible mechanisms of invasive fish action on native
fish species in the habitats such as disease,
hybridization, food and habitat competition. Because
of that the necessary steps against the occurrence of
the invasive species and the species should be
monitored in the habitats.
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Tiirkiye’nin Kerevit Pontastacus leptodactylus (Eschscholtz, 1823) Uretiminin
Ulusal ve Kiiresel Ol¢cekte Degerlendirilmesi

Mehmet CILBIiZ "= Celalettin AYDIN? "= Oguz Yasar UZUNMEHMETOGLU !

! Egirdir Su Uriinleri Aragstirma Enstitiisii Midirligii, 32500 Isparta-Tiirkiye
2Ege Universitesi, Su Uriinleri Fakiiltesi 35100 Bornova-izmir, Tiirkiye

0z MAKALE BiLGIiSi
Bu ¢alismada, Diinya’daki kerevit iiretim miktarlarimin yillar igerisindeki DERLEME

degisimi ve Tirkiye’de gerceklesen {retimin kiiresel Olgekteki pay1 )

degerlendirilmis olup, {diretim kapasitesinin arttirilmasina yonelik bazi Gelis :07.05.2019

tavsiyelerde bulunulmustur. 2016 yili Birlesmis Milletler Gida ve Tarim Orgiitii Diizeltme  :21.10.2019
(FAO) verilerine gore Diinya’da avciliga dayali kerevit tiretimi 15.782 t’dur. Bu Kabul £91.10.2019
miktarin 5.460 t’u Amerika Birlesik Devletleri (ABD) tarafindan yapilmaktadir. e
Tiirkiye’de ise iiretim sadece 544 t ile sinirli kalmigtir. 2000°1i yillarin baslarindan Yayim :25.04.2020
itibaren yetistiricilik kapasitesinde 6nemli bir artis gézlenmeye baglamig; Cin
Halk Cumhuriyeti, ABD, Misir, Ispanya gibi bazi iilkeler 6n plana ¢ikmuslardir.
Yetistiricilikte en c¢ok tercih edilen tiir ise yiiksek yumurta verimi, veba
hastaligina kars1 direngli olmasi ve iyi biiyiime performansi gostermesi nedeni ile
Procambarus clarkii olmustur. Tiirkiye’de ise yetistiricilige dayali kerevit tiretimi
yapilmamaktadir. 2016 yili rakamlarina gore Diinya’da kerevit iiretiminin
ekonomik karsihigr 7.721.093.642 $USD olarak gergeklesmistir. Pazardaki en
biiyiik pay 7.403.800.000 $USD ile Cin HC ne aittir. Tiirkiye’nin pazardaki pay1
1.454.000 $USD toplam gelir ile sadece %0,0188dir. Sahip oldugu yiiksek i¢ su
potansiyeline karsin, Tiirkiye’nin kerevit iiretimi olduk¢a azdir. Dogal
stoklarimizin hastalik, balik¢ilik baskisi, kirlilik ve habitat tahribatlar1 gibi
sorunlarla kars1 karsiya olmasindan dolay1 yakin gelecekte iiretimi avcilik yolu
ile arttirmak olas1 goriilmemektedir. Uretim miktar1 artis1 diger iilkelerde oldugu
gibi yetistiricilik ile saglanabileceginden, yetistiricilige yonelik ¢alismalarin
hizlandirilmasi gerekmektedir.
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Global Scale

Abstract: In this study, changes in crayfish production and global production proportion over years were evaluated. In addition,
some recommendations were made to increase the yield capacity. According to 2016 FAO data, the world's freshwater crayfish
production based on fishing was 15 782 tons and the USA is the first with 5460 tonnes. However, Turkey was limited to just 544
tons. Important capacity increasing has shown in production based on aquaculture, since 2000’s; China, USA, Egypt, Spain were
come into prominence in this period. Procambarus clarkii has been most preferred species in aquaculture, due to its high egg
productivity, resistance to plague disease and good growth performance. While there is no crayfish production based on aquaculture
in Turkey. In 2016, the economic value of crayfish production in the world was 7 721 093 642 $USD. Republic of China has the
largest portion in the market with 7 403 800 000 $USD. The market portion of Turkey is only 0.0188% with 1 454 000 $USD
income. In contrast to high potential of inland water resource, Turkey’s crayfish production is very low. Since natural stocks are
faced with problems such as disease, fishing pressure, pollution and habitat destruction, it is unlikely to increase the production by
fishery. Increase in production quantity can be achieved by aquaculture as in other countries, the studies for cultivation should be
started rapidly.
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Giris

Lentik ve lotik ekosistemlerin vazgecilmez bir
Ogesi olan kerevitler kiiresel olarak dagilim gostermis
omnivor omurgasiz canlilardir (Momot vd. 1978;
Taylor vd. 1996). Kerevitler dogal ortamdaki bir¢cok
faydali fonksiyonlarinin sonucu olarak, bentik
iiretimin baliklar i¢in uygun hale gelmesini saglarlar
(Momot vd. 1978). Ekosistem miihendisi olarak
tanimlanan kerevitler bu unvani hareket ve beslenme
aktiviteleri ile sulardaki sediment sirkiilasyonunu
etkilemesi yetenegi ile almistir (Jones 1984; Statzner
vd. 2003; Albertson ve Daniels 2018). Ekolojik
Oneminin yan1 sira ticari bir iirlin ve liikks bir besin
maddesi olmas1 kerevitlerin 6nemini bir kat daha
arttirmaktadir. Dolayisiyla yiiksek ekonomik degeri
nedeniyle kerevitlere olan talep her gegen giin
artmaktadir.

Kerevitler, eklem bacaklilar (Arthropoda)
subesinin, kabuklular (Crustacea) sinifinin, gelismis
kabuklular (Malacostraca) takimina ait, Astacidae,
Parastacidae ve Cambaridae familyalarinda yer
alirlar. Diinya genelinde tanimlanmis 640’ 1n iizerinde
kerevit tiirii vardir. En genis aileyi 445 tiir ile
Cambaridae familyasi olusturmaktadir (Crandall ve
Buhay 2007).

Cevresel, fiziksel, kimyasal degisiklikler ve insan
faktorii kerevitlerin dagilimini, tiir ¢esitliligini ve
bollugunu etkilemektedir. ~Habitatlarin  tahrip
edilmesi, kirlilik, hastalik ve diger kerevit tiirleri ile
rekabet, bazi tiirlerin popiilasyonlarini zayiflatsa da
daha toleransli, agresif ve rekabetci tiirlerin gelismesi
ile say1 ve dagilimlar1 giderek artmaktadir (Holdich
2002). Son yillarda P. clarkii tiriinin hem
yetistiricilik hem de avcilik temelli iiretimde en iist
sirada yer almasi bu ifadeyi dogrular niteliktedir.

Kerevitler Tiirkiye’de genel olarak dar kiskagh
kerevit (Pontastacus leptodactylus) (Harlioglu 2004;
Balik vd. 2005) ve tas kereviti (Austropotamobius
torrentium) (Harlioglu ve Giiner 2006) ile temsil
edilmektedir. Ulkemizde en yaygin olarak bulunan
kerevit tiirii Pontastacus leptodactylus (Eschscholtz,
1823)’tur. Bu tiir igin literatiirde farkli Ingilizce
isimler kullanilmustir.  Bunlar; narrow-clawed
crayfish (dar kiskach kerevit), Danube -crayfish
(Tuna kereviti), Galician crayfish (Galigya kereviti),
Turkish crayfish (Tirk kereviti), Turkish narrow-
clawed crayfish (Dar kiskagli Tirk kereviti)’dir
(Harlioglu ve Harlioglu 2004; Graczyk vd. 2019;
Hirsch 2009; Berber vd. 2010; Benzer vd. 2016).

P. leptodactylus, Anadolu’nun bir¢ok gol, baraj
g0l ve akarsularinda dogal olarak bulunur, ayrica
Dogu Avrupa ve Orta Dogu’da genis bir dagilim
gostermektedir (Koksal 1988; Farhadi ve Harlioglu
2018; Kokko vd. 2018). Ekonomik degeri yiiksek
olan bu canlinin eti diisiik kaloriye sahip olup, B
grubu vitaminler, sodyum, potasyum, kalsiyum ve

magnezyum yoniinden zengin bir protein kaynagidir
(Goddard 1988). C vitamini ve karoten iceriginin
bircok ticari balik tiiriinden daha yiiksek oldugu
bildirilmektedir (Harlioglu ve Kopriicii 2000).

Diinyada 1830’lu yillardan sonra liiks bir gida
maddesi olarak degerlendirilmeye baslanmstir.
Bircok Avrupa {ilkesinde geleneksel tiiketim
kiiltiiriinlin olugmas: tiiriin ticari degerini artirmistir.
Tirkiye’de II. Diinya savasindan sonra ozellikle de
1968 yilindan sonra i¢ su balik¢ilarimiz i¢in 1990°I
yillara kadar artan ihracat potansiyeli ile iyi bir gelir
kaynagi olmustur (Kdksal 1988; Alpbaz 2005;
Harlioglu 2008). Bu yillarda gdriilen veba hastaligi
iretim miktarii ¢ok ciddi oranlarda diisiirmiistiir.
Tiirkiye’de resmi kayitlarin ilk tutulmaya baslandigi
1978 yilindaki {iiretim miktar1 (3885 ton) veba
hastaliginin (crayfish plague) goriildiigi 1985’1
yillara kadar (4480) asagi-yukar1 korunmustur. S6z
konusu hastalik nedeniyle, Egirdir-Burdur havzasi
1985-2000 yillar1 arasinda avciliga kapatilmistir. Bu
yiizden yillik iiretim 1985 yilinda ciddi bir diisiisle
1163 tona gerilemistir. Bircok gdlde avciligin
yasaklandig1 1991 yilindaki iiretim ise 161 ton olarak
gerceklesmistir. Artan ticari degeri nedeniyle P.
leptodactylus gerek yeni poptilasyonlarin kurulmasi
gerekse de vebadan etkilenen stoklarin restorasyonu
amaciyla Tirkiye de birgok bolgeye birakilmigtir
(Harlioglu 2008).

Tiirkiye’de kerevitler iizerine farkli alanlarda ¢cok
sayida bilimsel ¢calisma bulunmaktadir. Bu ¢aligmalar
genel olarak; (I) tiiriin biyolojisi (Balik vd. 2005;
Bolat ve Kaya 2016; Balik vd. 2006; Berber ve Balik
2006; Berber vd. 2010; Bok wvd. 2013), (II)
yetistiriciligi (Farhadi ve Harlioglu. 2018; Erisir vd.
2006; Bahadir Koca vd. 2015), (III) popilasyon
dinamigi (Bolat 2001; Berber vd. 2012; Yiiksel vd.
2013), (IV) avlama teknolojileri (Balik vd. 2002;
Balik vd, 2003; Bolat vd. 2010) ve (V) genetik
calismalar (Akhan vd. 2014) {izerinedir.

Tiirtin {iretim miktarlarma yonelik olarak daha
onceden gergeklestirilen ¢aligsmalarda; (I) Bolat
(2001) ‘Egirdir Golii Hoyran Bolgesi Tath Su
Istakozlarimin (A. leptodactylus Eschscholtz, 1823)
Populasyon  Biiyiikliiglintin  Tahmini’  baslikli
calismasinda 1991 ve 1998 yillar1 arasinda kerevit
iiretim miktarlar1 ve ihracat degerlerine deginmistir.
(II) Konu ile ilgili en kapsamli ¢calisma Harlioglu ve
Harlioglu (2004) tarafindan yapilmistir. ‘The harvest
of freshwater crayfish, Astacus leptodactylus
(Eschscholtz,  1823) in  Turkey’  bashkh
calismalarinda 1977 ve 2002 yillar1 arasindaki
toplam iiretim ile 2002 y1l1 i¢in iller bazindaki tiretim
miktarlarina deginmistir. (III) Harlioglu (2004) ‘The
present situation of freshwater crayfish, Astacus
leptodactylus (Eschscholtz, 1823) in Turkey’ baslikli
calismasinda 1970 ve 1986 yilar arasindaki iiretim
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miktarlarina deginmistir. (IV) Harlioglu (2008) “The
harvest of the freshwater crayfish Astacus
leptodactylus Eschscholtz in Turkey: Harvest history,
impact of crayfish plague, and present distribution of
harvested populations ” baglikli ¢aligmasinda 1995 ve
2005 yillan1 arasinda {iretim miktarlarma deginmis,
1983 ve 1987 yillar1 arasindaki iiretim avlaklar
bazinda degerlendirmistir. (V) Timur vd. (2010)
‘Tiirkiye’de Tathisu Istakozu Vebas: Hastaligmin
Baz1 Gollerdeki Tatlisu 1stakozu Stoklarna Etkisi’
baslikli calismasinda 6nemli bazi liretim sahalarinda
1976 ve 2007 yillar1 arasindaki {iretim miktarlarina
hastaligin etkisini vurgulamislardir.

Bu c¢alismada; Kkerevit iretim miktarlarinin
giincel ve kapsamli bir sekilde degerlendirilmesi,
farkli kaynaklarda farkli farkli zaman dilimleri ile
verilen tretim miktarlarinin kesintisiz olarak bir
biitiin haline getirilmesi, yapilan iiretimin ekonomik
boyutunun ortaya konmasi amaclanmistir. Ayrica
iretimin kiiresel Olgekteki paymnin kapsamli bir
sekilde degerlendirilmesi hedeflenmistir.

I. BOLUM
Avciliga Dayal Kerevit Uretimi

Diinyada avcilik temelli toplam su iiriinleri tiretimi
2016 yih itibari ile yaklagik 91 milyon ton’dur
(90.923.551,38 t). Bu iiretim igerisindeki i¢ su
balikgiliginin =~ payr  ise 11636910  t’dur.
Diger taraftan Dinya genelinde 6.710.688 t olarak
gerceklesen avciliga dayali kabuklu su iiriinleri
dretiminin ancak 15.782 t’u tatlisu kerevitlerden
saglanmistir (Tablo 1). Diinya da avciliga
dayal1 kerevit tiretimi ile ilgili en eski veri, Amerika
Birlesik Devletleri’nde 1950 yil1 i¢in 487 ton olarak
bildirilen iiretim miktaridir. 1950’1i yillarda 500 ton
civarinda olan iiretim, 1980°li yillarda 10.000-15.000
t olarak kaydedilmis, 1993 yilinda ise 25.298 t’a
ulagmistir. 2016 yilna gelindiginde ise 15.782 t
olarak gergeklestigi belirtilmektedir (FAO 2018).

Genel olarak siirekli artis trendinde olan
kerevit iiretim miktarlarinin  yillar itibariyle
onemli dalgalanmalar gosterdigi  goriilmektedir
(Sekil 1).
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Sekil 1. Diinya’da avciliga dayali kerevit iiretimin zamana bagli olarak degisimi (FAO 2018).
Figure 1. Chancing of fisheries based crayfish production in world over years (FAO 2018).

Tablo 1. 2012-2016 yillar arasinda kiiresel dlgekte gerceklesen aveiliga dayali su iiriinleri tiretim miktarlar
Table 1. The amount of fisheries based total products in global scale between 2012-2016

Uriin Tiirii 2012 2013 2014 2015 2016
Uretim (t) Uretim (t) Uretim (t) Uretim (t) Uretim (t) Oran (%)*
Toplam Su Uriinleri Uretimi 89.533.659,72 90.588.259,69 91.221.286,98 92.670.189,81 90.923.551,38 0,00059
Diinya I¢ Su Balik¢iligi 11.152.715,00 11.204.928,00 11.335.667,00 11.411.760,00 11.636.910,00 0,00467
Diinya Deniz Balik¢ilig 78.381.304,72 79.385.981,69 79.888.179,98 81.262.089,81 79.290.471,38 0,00068
Diinya Toplam Kabuklu 6.211.572,00 6.353.957,00 6.593.694,00 6.582.576,00 6.710.688,00 0,00810
Tiirkiye Kabuklu 5.577,00 4.592,00 5.008,00 4.540,00 5.056,00 10,75
Diinya Kerevit 5.880,00 15.620,00 12.596,00 15.407,00 15.782,00 3,44
Tiirkiye Kerevit 492,00 532,00 582,00 532,00 544,00 100,00
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Tirkiye’de 1978 ile 2017 yillann arasinda
avlanan kerevitin toplam mitar1 65.842,7 t’dur
(yillik ortalama 1.646 t). Uretim miktarlar1 yillara
gore onemli farkliliklar gostermektedir (Sekil 2).
Diinyadaki iiretimin aksine iilkemizdeki {iretim
miktarlarinda ciddi bir daralma s6z konusudur. 1984
yilinda 5.719 t’a ulasan iiretim miktar1 1991 yilina
gelindiginde 161 t’a gerilemistir (Tablo 2).
Bu diisiisiin en temel nedeni bir ¢esit mantar hastaligt

olan halk arasinda kerevit vebasi olarak
isimlendirilen  Aphanomyces astaci’nin neden
oldugu plak hastaligidir. Birgok iilke sahip olduklari
tirlerin plak hastaligina kars1 olduk¢a direngli
olmalar1 nedeniyle bu siiregten ¢ok fazla
etkilenmemistir. Ancak Avrupa'nin dogal tiirii olan
Astacus astacus tiirliniin dogal stoklar1 hastalik
nedeniyle ¢ok ciddi tahribata ugramistir (Harlioglu
ve Harlioglu 2009).
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Sekil 2. 1978-2017 yillar1 arasinda Tiirkiye’de gergeklesen kerevit iiretim miktarlari.
Figure 2. Crayfish production amount of Turkey between 1978-2017 years.

Tablo 2. 1978-2017 yillar1 arasinda Tiirkiye’de gerceklesen kerevit iiretim miktarlari (Timur vd. 2010; TUIK 2018)
Table 2. Crayfish production quantities in Turkey between 1978-2017 years (Timur et al. 2010; TurkStat 2018)

Yil Uretim (t) Y Uretim(t)  Yil Uretim (t) Y1l Uretim (t)
1978 3.885 1988 898 1998 1.500 2008 783
1979 5.000 1989 530 1999 1.367 2009 734
1980 5.567 1990 292 2000 1.681 2010 1.030
1981 4743 1991 161 2001 1.634 2011 609,6
1982 3.556 1992 310 2002 1.895 2012 492
1983 3.150 1993 382 2003 2.183 2013 532,1
1984 5.719 1994 347 2004 2.317 2014 582
1985 4.480 1995 551 2005 809 2015 532
1986 1.163 1996 850 2006 797 2016 544
1987 1.652 1997 1100 2007 816 2017 669

Diinya’da 2016 yilinda avcilik yoluyla elde
edilen  kerevitin  iilkelere gore dagilimina
bakildiginda 5.460 t/yil iiretim ile ABD ilk sirada yer
alirken, bu tilkeyi 3.659 t/y1l ve 3.400 t/y1l iiretim ile

Misir ve Ermenistan izlemistir. Tiirkiye ise trettigi
544 t kerevit ile ancak altinci sirada yer alabilmistir.
Diger iilkelerin iretim miktarlar1 da Tablo 3’te
verilmektedir.
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Tablo 3. Avciliga dayali kerevit iiretiminin {ilkelere gore dagilimi (FAO 2018).
Table 3. Distribution of fisheries based crayfish production by country (FAO 2018).
2012 2013 2014 2015 2016
Ulkeler Uretim  Oran  Uretim  Oran  Uretim Oran  Uretim  Oran  Uretim  Oran
(®) (%) (®) (%) (t) (%) (t) (%) (t) (%)
ABD 3.124 53,10 9.068 58,10 5.155 40,90 2.258 14,70 5.460 34,60
Misir - - - - - - 2.520 16,40 3.659 23,20
Ermenistan 360 6,10 3.550 22,70 4.350 34,50 7.380 47,90 3.400 21,50
Ispanya 1.500 25,50 1.500 9,60 1.500 11,90 1.500 9,70 1.500 9,50
Isveg 161 2,70 775 5,00 777 6,20 778 5,00 808 5,10
Tiirkiye 492 8,40 532 3,40 582 4,60 532 3,50 544 3,40
Rusya Fed. - - - - - - 214 1,40 169 1,10
Finlandiya 110 1,90 110 0,70 140 1,10 140 0,90 151 1,00
Kenya 22 0,40 24 0,20 27 0,20 24 0,20 24 0,20
Estonya - - - - - - - - 8 0,10
Fransa 24 0,40 19 0,10 23 0,20 25 0,20 10 0,10
Yunanistan 21 0,40 21 0,10 21 0,20 21 0,10 21 0,10
Isvigre - - - - - - - - 16 0,10
Avustralya 15 0,30 - - - - - - - -
Belarus 2 0,00 - - - - - - - -
Belgika 1 0,00 1 0,00 1 0,00 - - - -
Bulgaristan 1 0,00 - - - - - - - -
Danimarka - - - - - - - - - -
Ekvator 45 0,80 18 0,10 15 0,10 8 0,10 6 0,00
Litvanya - - - - - - - - - -
Meksika - - - - - - - - - -
Norveg - - - - - - - - - -
papuaven 1 000 1 000 1 000 1 000 1 000
Polonya - - - - - - - - - -
Romanya - - - - - - - - - -
Ukrayna 1 0,00 1 0,00 4 0,00 6 0,00 5 0,00
Ingiltere - - - - - - - - - -
Tir bazinda avciliga dayali iiretim miktarlari  yola c¢ikildiginda  tiirtin -~ toplam  iiretiminin
Tablo 4’te verilmistir. FAO istatistiklerinde 2016 yili i¢in 10.644 ton/yi1l oldugu ve
Amerika ve Avrupa’da avlanan kerevitler tiir bazinda  bu durumda avcilik temelli kerevit iiretiminin
degil “Euro-American crayfishes” grubu olarak en az %674%Uniin P. clarkii’ye dayandii
tek kalemde verilmektedir. Bu yiizden avlanan  Ongoriilmektedir.  Uretimde &ne ¢ikan  bir

tirler hakkinda net bir yorum yapmak
miimkiin olmamaktadir. Benzer durum Avustralya
kerevitleri icinde sOylenebilir. ABD’de iiretilen
kerevitin tamammin P. clarkii oldugu gergegi ile

diger tir ise P. leptodactylus’tur. Bu gergevede
dogal kerevit tiirimiiziin avciliga dayali iiretimde
Diinyada en fazla iiretilen ikinci tiir oldugu
sOylenebilmektedir.
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Tablo 4. Avlanan kerevitlerin tiirlere gére dagilimi (FAO 2018).
Table 4. Distribution of caught crayfish by species (FAO 2018).
2011 2012 2013 2014 2015 2016

Tiirler Uretim Oran  Uretim Oran Uretim Oran Uretim Oran Uretim Oran Uretim Oran

(t) (%) (t) (%) (t) (%) (t) (%) (t) (%) (t) (%)
Avrupa-Amerika
Kerevitleri 5273 70,6 3.824 65 10416 66,7 6.553 52 3.826 248 7.032 446
(Euro-American crayfishes)
P. clarkii : 1518 203 1522 259 1524 98 1527 121 4044 262 5184 328
(Red swamp crawfish)
P. leptodactylus 342 46 362 62 3550 227 4350 345 7.380 47,9 3400 215
(Danube crayfish)
A. astacus
(Noble crayfish) 41 0,5 13 0,2 13 0,1 68 0,5 68 0,4 76 0,5
P. leniusculus
(Signal crayfish) 189 2,5 98 1,7 98 0,6 80 0,6 80 0,5 83 0,5
Okyanusya Kerevitleri
(Oceanian crayfishes) 1 ) ! ) ! ) ! i ! i ! i
C. quadricarinatus
(Red claw crayfish) 86 1,2 45 0,8 18 0,1 15 0,1 8 0,1 6 -
Austropotamobius pallipes ) ) ) ) ) 2 ) ) ) ) )
(White-clawed crayfish)
Avustralya Kerevitleri
(Australian crayfish) 24 03 15 03 ) ) i i i i i i
Toplam 7474 100 5880 100 15.620 100 12596 100 15.407 100 15.782 100
II. BOLUM yetistiricilik yolu ile {iretilmektedir (Policar ve Kozak

Yetistiricilige Dayali Kerevit Uretimi

Huner (1995)’e gore, giiniimiizde Diinya’da
ticari olarak avciligi ve yetistiriciligi yapilan
11 kerevit tirii vardir. Bunlardan Astacidae
familyasina ait 3 tiiriin (A. astacus, P. leptodactylus
ve Pacifastacus leniusculus) temel olarak Avrupa,
Asya (Orta dogu) ve Kuzey Amerika’da; Cambaridae
familyasina ait 4 tiirin (Procambarus clarkii,
Procambarus acutus, Procambarus zonangulus ve
Orconectes immunis) ozellikle Kuzey Amerika,
Asya, Gliney Avrupa ve Afrika’da yetistiriciliginin
yapildig1 bilinmektedir. Parastacidae familyasina ait
4 tirtin (Cherax cainii, Cherax destructor, Cherax
albidus ve Cherax quadricarinatus) Avustralya,
Giliney Dogu Asya, Merkez ve Giiney Amerika,
Afrika ve kismen Giiney Avrupa’da yetistiriciligi
yapilmaktadir (Policar ve Kozak 2015).

Kuzey Amerika’da Procambarus clarkii‘nin
ektansif yetistiriciligi Lousiana eyaleti ve komsu
eyaletlerde 1950°1i yillarda gelismeye baslamistir.
Gilinlimiizde Lousiana eyaletinde 50.000 hektarlik bir
alandan her yi1l 20.000-40.000 t arasi ticari kerevit
dretimi  yapilmaktadir. Bu  dretim  dogal
popiilasyonlardan avcilik, s1g goletlerde ya da piring
tarlalarinda  ekstansif  yetigtiricilik ~ {iretimi
ve acik sistem ya da resirkile sistem
kulugkahaneler kullanarak intensif yetistiricilik
temellidir (Huner 2002a). Giiney ve Merkez
Amerika’da  Arjantin,  Ekvator (30  ton
yetistiricilik {iretimi), Meksika, Guatemala ve
Uruguay gibi tiilkelerde Cherax quadricarinatus

2015).

Okyanusya kitasinda en biiyiik kerevit tireticisi
iilke Avustralya’dir. Avustralya’da temel olarak
Cherax cinsine ait 3 tiriin (Cherax cainii-
Avustralya’nin Giiney kisimlari, Cherax destructor-
Glney Avustralya, Yeni Gliney Galler ve Viktorya
eyaleti, Cherax guadricarinatus-Queensland
eyaletinin kuzey kisimlar1 ve Kuzey Topraklari)
yetigtiriciligi  yapilmaktadir. Bunun  yanisira
Wickins ve Lee (2002), Bat1 ile Gliney Avustralya ve
Viktorya Eyaletinde bir diger tir olan Cherax
albidus‘un yetistiriciliginin yapildigini
belirtmislerdir.

Avrupa’da en biiyiikk kerevit iireticisi {ilke
Ispanya’dir. Bu iilke, dogal kaynaklardan
aveillk  yolu ile yillik  yaklagik 1.500 t
Procambarus clarkii elde ederken, yetistiricilik
yoluyla da 0,25 ton Pacifastacus leniusculus
iretimi  gerceklestirmektedir.  Estonya, yapay
barmaklarin  kullanildigi goletlerde yari-intensif
yetistiricilik  teknikleri  ile  kerevit {iretimi
gerceklestirmektedir. Ingiltere’de yari-intensif ya da
ekstansif teknikler ile Pacifastacus leniusculus
yetistirilmektedir. Ancak bu tiirlin yetistiricilik
alanlarindan kagarak dogal sulara ulasma riski goz
oniinde bulundurularak {iretimi smirlandirtlmistir.
Fransa’min Kuzey kisimlarinda A. astacus ve P.
leptodactylus yetistiriciligi  yari-intensif ya da
ekstansif sistemler kullanilarak kismen
yapilmaktadir.  Ekstansif olarak yetistiricilik
anaglarin havuzlara birakilarak 4-5 yil icerisinde
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pazarlanabilir kerevit elde edilmesi seklinde
gerceklesmektedir,  yari-intensif ~ sistemde ise
anaglarin ciftlesmesi, yumurta inkiibasyonu ve

juvenillerin ilk beslemeleri kerevit
kulugkahanelerinde gergeklesmektedir.  Bir diger
kerevit yetistiriciligi yapilan iilke Italya’dir.

Yetistiricik vasitasiyla A. astacus, P. leptodactylus,
P. clarkii ve C. destructor tiirlerinin {iretimi toplam
30-40 ton’dur. Almanya’da yine ekstansif
yetistiricilik teknigi ile kerevit {iretimi yapilmaktadir
(Policar ve Kozak 2015).

Afrika kitasinda herhangi bir yetistiricilik {iretimi
bulunmamaktadir. Asya kitasinda, CHC’nde
yetistiricilik ve avcilik yolu ile Procambarus clarkii
iretimi yapilmaktadir. CHC’nin bazi bolgelerinde
Cherax quadricarinatus tiretimi de yetistiricilik yolu
ile yapilmaktadir. Uretim 1990 yillarin baslarinda
40.000 ton civarinda iken 21. Yiizyilin baglarinda
70.000 ton seviyesine ulagsmistir (Huner 2002b).
Endonezya’da kerevit yetistiriciligi son yillarda
gelismeye baglamistir.

Ulkemizde  kerevit  (P.  leptodactylus)
yetistiriciligi c¢alismalar1 bilimsel amaglh olarak
1980°’li yillarda (Koksal 1984,1985,1986,1988;
Karakoyun 1988) baglamasina ragmen ticari amagli
kerevit yetistiricili§ine gecilememistir.
Tirkiye’de kerevit {iretimi dogal su kaynaklari,

baraj golleri ve goletlerden yapilan avciliga
dayanmaktadir. Kerevit yetistiriciliginde
agresif davranig, kanibalizm, stok yogunlugu,

su sicakligi, besin yetersizligi ve yapay siginaklarin
az olmast gibi  sebeplerden  kaynaklanan
muhtemel 6liim unsurlar yetistiriciligi sinirlandiran
faktorlerdir  (Erol vd. 2010). Yetistiriciligi
sinirlandiran belki de en 6nemli faktor kerevit vebasi
hastaligidir. Basarili bir entansif yetistiricilik igin
oncelikle bu  hastalik  etkilerinin  ortadan
kaldirilmasinin daha dogru bir yaklagim olacagi
distiniilmektedir.

Tiriin  yetistiriciliginde karsilasilan en Onemli
sorunlardan birisi olan erken donem
yavru Oliimlerinin hastalik kaynakli olabilecegi

hususudur. Clinkii iilkemizde deneysel
olarak yiiriitiilmiis olan yetistiricilik calismalarinda
kullanilan ana¢ veya yavrular genel olarak

veba hastaliginin goriildiigii popiilasyondan temin
edilmektedir. Deneme materyali olarak

kullanilacak tiirlerin hastaliktan ari popiilasyonlardan
temin edilmesi daha gergek¢i sonuglarin elde
edilmesi noktasinda oldukg¢a yararli olacaktir.
Hali  hazirda  P. leptodactylus  tiiriiniin
yetistiriciliginde basarmin arttirilmasina yonelik
arastirmalar devam etmektedir.

2016 yili i¢in avcilik yolu ile elde edilen
toplam kerevit miktar1 15.782 t iken, yetistiricilikle
elde edilen {rin 1ise 976.850,2 t olarak
gerceklesmistir.  Yaklagsik olarak 62 katlik
bir fark s6z konusudur. Ulkeler bazinda yetistiricilik
yolu ile elde edilen kerevit miktarlar1 Tablo 5’de

verilmistir. 2016 yili verilerine gore
yetistiricilik yolu ile iretilen kerevitin yaklasik
%87,2°sini  (852.285 t) CHC tek Dbasina

gerceklestirmektedir. ABD 9%6,90’lik oran ile ikinci
(67.592 t), Meksika %4.,4 ile (43.301 t) iglincii
sirada yer almaktadir. Tirkiye’de ise yetistiricilik
yolu ile kerevit iiretimi yapilmadigindan iilkemiz
ilgili tabloda yer bulamamustir.

Yetistiricilikte 6n plana ¢ikan iilkeler ve tiretim
miktarlar1  Sekil 3’te verilmistir. S0z konusu
sekilde en dikkat ¢ekici kapasite artisinin CHC’nde
gergeklestigi goriilmektedir. 21. yiizyilin baslarinda
70.000 t olan iiretim 2016 yilina gelindiginde
852.285 t/yi’a ulasmistir. CHC’ndeki {iretimin
gecmisine kisa bir g6z atacak  olursak;
iretim g¢aligmalarinin  2000°li yillarin baslarinda,
verimsiz  su  kaynaklarinin  zenginlestirilmesi
amaciyla, Kuzey Amerika menseli kerevitlerin
CHC 1i¢ sularma ve piring iretim sahalarina

asilanmasi ile baglamistir. Baglangigta yerel
piring ireticileri, gerek piring koklerine zarar
vermeleri  gerekse de agtiklar1  deliklerden

su ¢ikisi olmasi ve bunun sonucunda da piring
tarlalarinin ~ susuz  kaliyor olmast nedeniyle
tiirlin  yetistiriciligine  sicak  bakmamuislardir.
Ancak ilerleyen yillarda pirincin kg’in1 32 yuan’a
satan  piring  dreticilerinin aym1  ddnemde
1stakozun kg’in1 60 yuan’a satmaya baglanmasi
ile tirlin yetistiriciligine olan ilgi artmaya
baslamistir. 2014 yilina gelindiginde,
hektar’dan ~ 60.000 yuan (=$USD  8.700)
piring geliri olan ciftgilerin ekstradan
250.000 yuan’da (=$USD 36.250) 1stakoz
geliri  olmaya baslamis ve iiretim trendi
yildan yila artig gostermistir (Yaxin 2016).
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Tablo 5. Ulkeler bazinda yetistiricilik temelli iiretim miktarlar1 (t/y1l).
Table 5. Aquaculture based production amounts by country (t/ year).

2012 2013 2014 2015 2016
Ulkeler L reti . L L
Uretim (t) Oran (%) Ur(etglm Oran (%) Uretim (t) Oran (%) Uretim (t) Oran (%) Uretim (t) Oran (%)
CHC 554.821 74,10 603.520 86,70 659.661 81,70 723.207 87,10 852.285 87,20
ABD 43.437 5,80 48.500 7,00 60.858 7,50 63.690 7,70 67.592 6,90
Meksika 357 0,00 43.317 6,20 17 0,00 18,46 0,00 43.301 4,40
Romanya 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13.150 1,30
Malezya 0,00 0,00 96,17 0,00 76,48 0,00 148,57 0,00 2339 0,00
Avustralya 144,3 0,00 140,9 0,00 129,19 0,00 143,3 0,00 127,11 0,00
fran 280 0,00 200 0,00 52 0,00 80 0,00 58 0,00
Bulgaristan 62.918 8,40 32,61 0,00 43.268,24 5,40 43.146,89 5,20 51,9 0,00
Ermenistan 30 0,00 30 0,00 30 0,00 30 0,00 30 0,00
Italya 5 0,00 7 0,00 43227 5,40 8 0,00 15 0,00
Giliney Afrika 43.223 5,80 5 0,00 5 0,00 4 0,00 4 0,00
1sve<; 2 0,00 1 0,00 1 0,00 1 0,00 1 0,00
Estonya 0,1 0,00 0,44 0,00 0,23 0,00 0,6 0,00 0,68 0,00
Barbados 0,5 0,00 0,5 0,00 0,5 0,00 0,5 0,00 0,5 0,00
Litvanya 0,1 0,00 0,01 0,00 0,06 0,00 0,08 0,00 0,06 0,00
Endonezya 34,1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Moldovya 20 0,00 20 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Yeni Kaledonya 3 0,00 3 0,00 3 0,00 3 0,00 0,00 0,00
Polonya 0,00 0,00 0,03 0,00 0,02 0,00 0,00 0,00 0,00 0,00
ispanya 0,1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Ukrayna 43.313 5,80 0,2 0,00 1 0,00 0,00 0,00 0,00 0,00
Uruguay 0,08 0,00 0,1 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Toplam 748.588,2 100,0 695.873,9 100,0 807.329,7 100,0 830.481,4 100,0 976.850,1 100,0
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Sekil 3. Yetistiricilikte 6n plana ¢ikan iilkeler ve liretim miktarlar1 (FAO 2018).
Figure 3. Stand out countries in aquaculture and their production amounts (FAO 2018).

Yetistiricilikte ~ 6n  plana  ¢ikan  tirler  ton (%]1,3) ile {iglincii ve P. leptodactylus 139,90
incelendiginde P. clarkii 919.887 ton (%94,16) ile  tonla dordiincii sirada gelmektedir (Tablo 6).
acik ara ilk sirada yer almaktadir. C. quadricarinatus Tiirkiye’de 1970’11 yillarda aveiliga dayali olarak
43.586,7 ton (%4,5) ile ikinci, A. astacus 13.150,7  baglayan kerevit {iretimi 2018 yil1 itibari ile halen
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aveilik temelli olarak devam etmektedir. Hali hazirda  IIL. BOLUM

tiriin yetistiriciligi ile ilgili ciddi bir ilerleme Kerevit Uretiminin Ekonomisi
saglanamamigtir. Bu konuda birgok deneysel ¢alisma  Diinya  genelinde  kerevitlerden elde edilen

(Harhoglu vd. 2012; Bahadir Koca vd. 2015;
Harlioglu vd. 2018) yapilmis olmasina ragmen
sektoriin benimseyecegi rantabl bir iiretim modeli
gelistirilememistir. P. leptodactylus’un diisiikk
yumurta verimi ve biliylime performansinin yaninda
veba hastaligina kars1 halen asir1 duyarli olmasi tiirtin
yetistiriciligi Oniinde en biiyiik engel olarak ortaya
cikmaktadir.

toplam yillik gelir 2005 yili igin 312.681 ($USD

1000) dolar iken, bu rakam 2016 yilinda
7.721.093  ($USD  1000)  dolar  olarak
gerceklesmistir.  Elde edilen gelir bakimindan

en biiyiik pay 7 403 800 ($USD 1000) dolar ile
CHC  birinci swrada yer alirken, 196.692
(3USD 1000) ile ABD de ikinci sirada gelmektedir
(Tablo 7).

Tablo 6. Yetistiricilikte 6n plana ¢ikan tiirler ve yillara gére tiretim miktarlar1 (FAO 2018).
Table 6. Stand out species that in aquaculture and production amounts by years (FAO 2018).

2012 2013 2014 2015 2016
Ulkeler Uretim Oran  Uretim Oran  Uretim Oran  Uretim Oran Oran
® (%) Q) (%) ® (%) ® (%)  Uretim (t) (%)

ﬁfg;‘:’;?p 508.263 79,90 652.027 93,70 720.525 89,20 786.903 94,80 919.887,00 94,20
Red claw 401,98 0,10 43.457,67 620 132,48 0,00 21553 0,00 4358670 4,50
C.quadricarinatus
Noble crayfish 433131 580 065 000 1,29 000 062 000 13.150,68 1,30
A. astacus
Danube crayfish 43523 580 28235 000 43350 540 12387 000 13990 0,00
P. leptodactylus
Marron crayfish 432855 580 67,7 000 6479 000 683 000 59,8 0,00
C. tenuimanus
Yabby crayfish 745 000 373 000 339 000 34 000 1996 0,00
C. destructor
Euro-American 107271 260 129 000 4322226 540 43.136,08 520 606 0,00
Crayfishes nei
Signal crayfish 04 000 000 000 000 000 000 000 000 000
P. leniuscukus
Toplam 748.588,3 100,0 695.874,0 100,0 807.329,7 100,0 830.481,4 100,0 976.850,2 100,0

Tablo 7. Kerevit iiretiminden 2016 yilinda elde edilen gelirin tilkelere gore dagilimi.

Table 7. Distribution of income from crayfish production in 2016 by country.

Ulke Gelir (1000 $USD) Oran (%)
CHC 7.403.800,0 95,8906
ABD 196.692,7 25475
Barbados 45.809,0 0,5933
Romanya 43.264,0 0,5603
Litvanya 23.377,0 0,3028
Kambogya 1.500,0 0,0194
Tiirkiye 1.454,0 0,0188
Avustralya 1.344,2 0,0174
Malezya 1.219,3 0,0158
Avusturya 996,9 0,0129
fran 464,0 0,0060
Avusturya 396,9 0,0051
ftalya 154,9 0,0020
Bulgaristan 1433 0,0019
Meksika 136,3 0,0018
Ermenistan 120,0 0,0016
Italya 110,6 0,0014
Giiney Afrika 49,0 0,0006
Isveg 32,5 0,0004
Estonya 29,3 0,0004
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Kerevit iiretiminde ilk iki sirada yer alan CHC ve
ABD ile Tiirkiye’nin yillik tiretim miktarlari, tiriintin
toplam degeri ve iiriiniin birim fiyatlari Tablo 8’de
verilmigtir ($USD/kg). 2016 yilinda CHC {iretmis
oldugu P. clarkii’nin kg’indan 8,69 $USD, ABD ayni
tiirden 2,69 $USD ve Tiirkiye ise pazarda ¢ok ragbet
gormekte olan P. leptodactylus tiiriiniin kg’indan
2,67 $USD gelir elde etmistir. Yerel tirtimiiz P.
leptodactylus Avrupa kitasimin yerel tirii olan A.
astacus ile aymi familyada yer almasindan dolay:
bliylik benzerlik gostermektedir. Avrupa halki agina
olduklart kerevitleri diger egzotik tiirlere nazaran
daha fazla tercih etmektedirler. Ayrica kabugunun
yumusak olmasi nedeniyle tiiketimi esnasinda
kabugun ayrigsmasi igin ekstradan alet (1stakoz pensi
vs...) gerekmemesi de tercih nedenlerinden bir
digeridir. Ancak Tablo 8’de verilen rakamlar goz

Oniine alindiginda bu avantajlarin fiyatlandirmaya
yansitilamadig net bir sekilde goriilmektedir. CHC
yildan yila hem iiretim miktarlar1 hem de iiriinlin
birim fiyatini arttirmay1 basarabilmistir.

Tirkiye’de 2000 yilinda 1.681 t olan yillik
kerevit tiretimi, 2004 yilinda 2.317 t’a yiikselmis,
2017 yilinda ise 669 ton olarak kaydedilmistir. Diger
taraftan  iretimin  toplam degeri  agisindan
bakildiginda {iretim azalmasina karsin kerevitin
toplam degerinin arttigt  goriilmektedir. 2000
yilindaki 1.681 t’luk iiretimin ekonomik karsiligi
2.521.500 TL iken, 2017 yilinda iiretilen 669 ton
kerevitten 7.573.080 TL gelir elde edilmistir (Sekil
4). 1995°1i yillar ile karsilastirildiginda; son yillarda
azalan tiretim miktarlarina karsin artan toplam deger
g0z Oniline alindiginda artik {iriinii daha basarili bir
sekilde pazarladigimiz sdylenebilir.

Tablo 8. Yillara gore toplam kerevit {iretimi ve birim fiyatlari.
Table 8. Total crayfish production and unit prices by years.

Yillar Cin H.C. ABD Tiirkiye

Uretim (t) Deger (10008) $/kg Uretim (t) Deger (1000$) $/kg Uretim (t) Deger (1000$) $/kg
2000 7.930 27.612,54 3,48 1.681
2001 18.523 40.571,71 2,19 1.634
2002 34.950 50.363,25 1,44 1.894
2003 44,570 151.538 3,40 37.246 48.572,1 1,30 2.183
2004 54.436 185.075,6 3,40 35.846 42.780,84 1,19 2.317
2005 76.166 261.591,1 3,43 42.087 42.556,91 1,01 809 3.011,91 3,72
2006 115.405 407.333,5 3,53 38.691 100.625,8 2,60 797 3.384,29 4,25
2007 265.479 1.211.381 4,56 59.235 88.906,33 1,50 816 420258 5,15
2008 364.619 1.931.752 5,30 60.317 127.351,2 2,11 783 2.848,21 3,64
2009 479.374 2.615.944 5,46 55.253 121.464,2 2,20 734 2.680,61 3,65
2010 563.281 3.334.061 5,92 59.374 177.355,7 2,99 1.030 3.497,74 34
2011 486.319 3.388.185 6,97 57.821 205.724,8 3,56 610 2.012,01 33
2012 554.821 4,222,743 7,61 46.561 167.2325 3,59 492 2.210,27 4,49
2013 603.520 4.961.539 8,22 57.568 144336 2,51 532 17725 3,33
2014 659.661 5.736.413 8,70 66.013 172.045,6 2,61 582 1.882,28 3,23
2015 723.207 6.203.670 8,58 65.948 199.349,7 3,02 532 1.908,1 3,59
2016 852.285 7.403.800 8,69 73.052 196.692,7 2,69 544 1.453,95 2,67

Kerevit iiretimindeki sorunlar

Ulkemizdeki kerevit {iretiminde (gerek avcilik
gerekse de yetistiricilik) yasanan en Onemli
sorunlarin  basinda  kerevit vebast  hastalif1
gelmektedir. Bu hastalik Avrupa’da ilk kez 1865
yilinda Italya’da gériilmiistiir. Kisa bir siirede biitiin
Avrupa kitasina yayilarak nehir ve géllerdeki kerevit
stoklarm tahrip ederek 1907 yilinda Iskandinav
iilkelerinden Isvec’e kadar ulasmustir (Muller 1973;
Timur vd 2010). Tirkiye’de ilk kerevit vebasinin,
1984 yilinin sonlarina dogru Civril-Isikli Goliindeki
kerevitlerde goriildiigii rapor edilmistir. 1985 yilinda,

Egirdir Golii'ndeki kerevitlerde goriilmesinden sonra
Goller Bolgesi'ndeki diger goller ile Marmara
Bolgesi'ndeki gollerde bulunan kerevitlere de
bulagsmustir (Timur vd. 2010).

Plak hastaligi gerek kerevitlerin bagisiklik
sistemini ¢oOkerterek Oliim oranlarinin artmasina
neden olmakta, gerekse de 1stakoz kabugu {izerinde
olusturdugu lezyonlar nedeniyle iriiniin ticari
degerini 6nemli oranda diisiirmektedir. Plak hastalig
nedeniyle 6nemli liretim merkezlerinden olan Egirdir
Gola 1985-2000 yillart arasinda iiretime tamamen
kapatilmistir.  Yillar igerisinde kerevitlerin veba
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hastaligina olan direnglerinin muhtemelen artmasi ile
iiretim miktarlar1 da artmis, 1996 yilinda Tirkiye’de
yeni alanlara yonelim baslamistir. Kokko vd. (2012),
Iznik Golii ve Hirfanli Baraj Golii kerevitleri iizerine
yiriittiikkleri bir ¢aligmada, her iki stokun da halen
A. astaci etkenini tasimakta oldugunu ancak, bu
iiretken stoklarin sekillenmesinde konagin gegmiste
ve gilinlimiizdeki kismi direng adaptasyonun ya da
A. astaci’nin virulensindeki gelisimlerin etkili
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oldugunu bildirmektedirler. Tiirkiye'de
kerevit avciligi  yapilan il  sayist 2017

yilinda 21’e yiikselmis iiretim miktar1 ise 669 t’a
ulagmistir. Bu {iretim igerisinde Isparta 260 t ile ilk
siray1 alirken, Ardahan 139 ton ile ikinci, Kars
54 ton ile i¢lincii sirada yer almis, en az iiretim
I’er tonla  Aksaray, Balikesir, Canakkale,
Erzincan ve Eskigehir illerinde gergeklesmistir
(Sekil 5).
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Sekil 4. Yillara gore kerevit iiretim miktar1 ve ekonomik karsihigi (TUIK 2018).
Figure 4. Crayfish production amount and economic equivalent by years (TUIK 2018).

Sekil 5. 2017 yili itibari ile kerevit tiretimi yapilan
illerimiz ve tiretim miktarlar1.

Figure 5. Provinces where crayfish production as of 2017
in Turkey, and production amount.

Veba hastaligima ek olarak asir1 av baskisi ile
kars1 karsiya kalan dogal P. leptodactylus stoklari
¢okme noktasma gelmistir. Yapilan baz1 popiilasyon
calismalarinda (Deval vd. 2007; Berber vd. 2012)
isletilen stoklarin ya dengede oldugu ya da asir
somiriildigi belirlenmis olup mevcut durumda
avciliga dayali tretim noktasinda bir kapasite

artisginin  olmas1  beklenmemelidir. Stiphesiz ki
stoklarin dogru isletilmesinde tek kriter avlanacak
iriin miktarinin belirlenmesi olmayip uygulanan
avcilik teknigi de son derece onemlidir. Bu ¢ercevede
Tiirkiye’de kerevit avciliginda kullanilmakta olan
pinterlerin  boy seciciligi sorunu  kargimiza
cikmaktadir. Pinter segiciliginin yetersiz olmasinin
nedenleri; (1) Pinterlerin  yapisal  sorunlart
(Pinterlerin son boliimdeki torba ag gozleri aveilik ve
hasat esnasinda tamamen kapanmaktadir. Pintere
giren kerevitler i¢giidiisel olarak daha iyi bir barinma
imkan1 saglayacagi igin ilerlemekte ve son bolim
olan torbaya dogru hareket etmektedir. Ayrica,
balikg1 tarafindan hasat islemini gergeklestirmek igin
pinteri kaldirdiginda kerevitler son torbaya dogru
yuvarlanmaktadir. Maalesef tamamen kapali1 olan bu
kisimda herhangi bir secicilik ger¢eklesmemekte ve
iceri giren kiiciik bireyler de yakalanabilmektedir);
(1) avin morfolojik dzellikleri (kerevitin ¢ok sayida
segment, dikensi yap1 ve ekstremite ihtiva eden sert
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viicut yapisi; Ag ipinin bu yapilara dolanmasi sureti
ile kiicik bireylerin  yakalanmasina neden
olabilmektedir); (I11) konak¢: tiirler; (Bu kisimdaki
en etkili unsur kabuklu bir canli olan ve Egirdir
Goli’'nde yaygin olarak bulunan Dressenia sp.’dir
(Cilbiz vd. 2016) kerevitleri konak olarak kullanan ve
ozellikle hareketsiz oldugu icin karapaks dorsalini
tercth eden bu canli kerevitlerin morfometrik
Ozelliklerini anormal bir sekilde degistirmektedir.
Normalde ag goziinden cikabilecek viicut Ol¢iilerine
sahip oldugu halde, tizerindeki Dressenia sp.
nedeniyle ag ipine dolanmis kerevitler avcilik
esnasinda  siklikla ~ gdzlenmektedir).  Tiiriin
avciliginda  seciciligi  yilksek av  araglarmin
kullanilmas1 ve 1skarta av oraninin azaltilmasi
gerekmektedir.

Tartisma ve Sonug¢

Sahip oldugumuz i¢ su potansiyeli agisindan
degerlendirildiginde tiretmekte oldugumuz Kerevit
miktar1 kiiresel anlamda olduk¢a azdir. Ekonomik
deger bakimindan potansiyel bir doviz kaynagi olan
bu canlmin iiretimin arttirlmasima  yonelik
caligmalarin artmasi gerekmektedir.

Mevcut kapasitenin P. leptodactylus avciligina
bagh kalarak arttirtlmasmin olast olmadigi hatta
yillik iiretim modellemesine gore daha da kotiiye
gidecegi Ongoriilmektedir. Bu nedenle iiretimin
yetistiricilikle desteklenmesi sarttir. Bu g¢ercevede
tiriin  yetistiriciliginde  karsilasilan  sorunlarin
¢cOziimiine yonelik olarak aragtirmalarin
hizlandirilmasi gerekmektedir.

P. leptodactylus’un veba hastaligina karsi zayif
direnci, diisilk biiylime performanst ve diisiik
yumurta verimi gibi dezavantajlari gdz Oniine
alindiginda; iiretimdeki daralmanin diger birgok
iilkede oldugu gibi, ozellikle P. clarkii gibi
yetistiricilikte olumlu sonuglar elde edilen tiirler ile
¢oziliip ¢ozillemeyecegine yonelik arastirmalar,
degerlendirmeler ve  calismalarin  yapilmasi
gerekmektedir.

Bu konuda, Mazlum ve Yilmaz (20006),
hastaliklara dayanikli ve hizli gelisen Kerevit
tiirlerinin iilkemizin ekolojik kosullar1 uygun olan
bolgelerine getirilerek ¢ok kontrollii sartlarda kiiltiire
alma calismalariin yapilabilecegini belirtmektedir.
Yazarlar, 6zellikle sicak iklimlere uyum saglama
kabiliyetinde olan P. clarkii ve C. quadricarinatus
tirlerinin iilkemizin Akdeniz ve Ege Bolgeleri'nde
alternatif  tiirler olarak {iretim denemelerinin
yapilabilecegini bildirmektedir. Ayrica P. clarkii
tiriiniin  iilkemizin Trakya Bolgesi'ndeki piring
tarlalarinda  kontrollii  ortamda  yetistiricilik
denemelerine baslanmasini tavsiye etmektedirler.

Diger taraftan Kumlu (2010), Soguk iklim tiirii
olarak bilinen yerel tirimiiziin (P. leptodactylus)

iilkemizin yari-tropik iklim kusaginda bulunan
tliman-sicak tatli su kaynaklarinda, ozellikle yaz
aylarinda, dogal olarak yasamini siirdiiremediklerini
ve dolayisiyla bu tiiriin mevcut haliyle Akdeniz
kosullariin hiikiim siirdiigli cografik bolgelerde
yetistiriciliginin Onerilemeyecegini; bu
bolgelerimizdeki tatli su kaynaklarinda yetistiriciligi
yapilabilecek baska yerel herhangi bir tlirlimiiziin de
bulunmamasindan dolayi, yabanci (egzotik) tropik

kerevit tiirlerinin  (Cherax sp.) tlkemizdeki
yetistiricilik ~ imka&nlarmm ciddi  bir  sekilde
diistiniilmesi  gerektigini bildirmektedir. Ayrica

yazar, Cherax tiirlerinin Avrupa’da da kabul gérmeye
basladigimi ve AB iilkelerinin tropik kerevitler igin
onemli bir pazar oldugunu da bildirmektedir.

Her ne kadar farkli yazarlar tarafindan
iilkemizdeki kerevit yetistiriciliginde farkli tiirlere
yonelim Onerilmekte ise de aksi goriise sahip bilim
insan1 say1s1 da oldukga fazladir. Ornegin Harlioglu
ve Yonar (2007); Yurdumuza herhangi bir kerevit
tiirii  stoklamasimin olduk¢a olumsuz sonuglar
doguracagini, daha saldirgan, ¢evre kosullarina karsi
toleransli, daha aktif, hizl1 biiyliyen ve yiiksek sayida
yumurta verimine sahip olan bu tiirlerin ortamda
bulunan dogal kerevit tiiriiniin yok olmasia neden
olabilecegini bildirmektedir (Holdich 1999; Gherardi
ve Holdich 1999; Taylor 2002). Ozellikle bazi
aragtiricilar tarafindan istilact olarak tanimlanan (P.
clarkii) bu tiirlerin dogal ortamlara ge¢meleri
durumunda ekosistem iizerindeki muhtemel olumsuz
etkilerinin ¢ok iyi degerlendirilmesi gerekmektedir.
Bu tiir fikirler hayata gegirilmeden dnce kapsamli bir
ekolojik risk degerlendirmesi yapilmalhdir. Ote
yandan bu tilirlerin iilkemizde iretilmeleri ile
elde edilen firlin i¢in “uygun pazar bulunabilecek
mi?” ve eger bulunursa “biz bu pazarda rekabet
edebilecek miyiz (6rnegin P. clarkii pazarinda Cin
HC ile)?” sorulanin net bir sekilde cevaplanmasi

gerekmektedir.  Aksi  takdirde i¢  sulardaki
dogal kaynaklarimizin, ekonomik olarak
degerlendirilemediginden avlanilmayan ve

populasyonlar1 giinden giline artan egzotik kerevit
tiirlerinin istilas1 ile karsi karsiya gelmelerinin 6nii
acgilmis olacaktir.

Yabanci kerevit tiirleri bakimindan iilkemizi
bekleyen bir diger risk ise bu tiirlerin yayilim
potansiyelleri ve kendi imkanlar1 ile dogal i¢ su
kaynaklarimiza girmesi ve popilasyon olusturma
ihtimalidir. Ornegin Gherardi ve Acquistapace
(2007)’e gore istilact bir kerevit tiirii olarak bildirilen
P. clarkii, Kauba vd. (2014)’e gbre Avrupa’nin
bliyitk  bir  bolimiine  yayilim  gdstermis
durumundadir. Bu tiiriin Bulgaristan ve Yunanistan
iizerinden iilkemizin Trakya Bolgesi'ne giris yapma
ihtimali olduke¢a yiiksektir. Diger bir giris yolu ise
Karadeniz’in kuzeyini dolagarak Giircistan stnirmdan
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iilkemize girig yapmasi ihtimalidir. Kauba vd. (2014)  yiiksek fiyattan pazarlanabilecek kerevit
bu tiiriin Kibris adasinda bulundugunu bildirmekte  avlanmasinin ~ yolunu  agabilecektir.  Kerevit
olup tehlikenin giderek yaklastigim1 sdylemek  iiretiminde donemsel faktorler fiyat iizerinde son
miimkiindiir. Bu nedenle simdiden P. clarkii tiiriniin ~ derece etkili olup bu durumun avantaja

sularimiza girmesi halinde yerli tlirlimiiziin dogal
stoklarinin nasil korunacagi ve P. clarkii’nin
yayllimmin  nasil  durdurulacagimma  yonelik
planlamalarin ve gerceklesmesi ¢ok muhtemel siireg
icin  6n  hazirliklarin  simdiden  yapilmasi
gerekmektedir. Bu cergevede yapilmasi gerekenlerin
en Dbasinda, kapsamli bir tarama ¢aligmasi
gelmektedir. Bu sayede egzotik kerevit tiirlerin
iilkemizdeki muhtemel dagilimi ve bollugu hakkinda
kapsamli bilgiler elde edilebilir. Ozellikle akvaryum
sektoriinde sahip olduklar1 giizel renkleri nedeniyle
oldukca popiiler olan egzotik kerevit tiirlerinin
iilkeye girisi ve satisina yonelik olarak denetimlerin
arttirtlmas1 ve halkimizin konu ile ilgili olarak
bilinglendirilmesi, yayilimin dnlenmesi bakimindan
oldukga faydali olacaktir.

Avlanan kerevitler alim noktalarinda
alicilar  tarafindan ciddi bir stizgecten
gecirilmektedir. Kerevitlerin ekonomik degerini
direkt olarak etkileyen baglica se¢im kriterleri
genel olarak iic ana baglikta toplanmaktadir.
Bunlar (I) boy (10 — 12) cm araligi, (Il)
ekstiremitelerinin tam olmasi, (I1l) plak hastaligi
lezyonu tagimamasi. Ayrica kanunen yasak olmasina
ragmen, zaman zaman sadece disilere olan talep
tirin  fiyattim1  etkilemektedir. Disi  bireylere
talebin fazla olmasinin temel nedeni ise, ayni boy
smifindaki erkeklere nazaran daha biiyiik bir
abdomene sahip olmasi ve dolayisi ile viicudun bu
boliimiindeki et veriminin erkeklerinkine gore daha
fazla olmasidir.

P. leptodactylus’un avciliginda  kullanilan
pinterlerin segiciligi oldukga diisiiktiir. Segicilik
1zgaras1t  altigen  gbzli  torba vb.  diger
modifikasyonlarin kullanilarak tiiriin boy segiciligi
gelistirilebilmektedir (Cilbiz vd. 2018). Diger
taraftan 1skarta tiirlerinin toplam av igerisindeki
oraninin belirlenmesine yoOnelik olarak caligsmalara
ihtiyag vardir.

P. leptodactylus’un satisi, Avrupa pazarimnin
ihtiyac1 dogrultusunda Agustos aymin ortalarina
dogru taze (pastorize edilmis) olarak yogun
bir sekilde gerceklestirilmekte olup bu donemde
iirlin yiiksek fiyatlara pazarlanmaktadir.
Ancak sezonun ilerleyen doneminde talep azaldigi
igin uriiniin fiyat1 da azalmaktadir.
01 Temmuz tarihinde agilan avcilik sezonunda
yiiksek fiyattan pazarlandig1 donemde 45 giinliik bir
avcilik siiresi vardir. Denizlerde ve igsularda ticari
avciligt  diizenleyen teblig de yapilacak baz
diizenlemeler ile 15 Agustos oncesi gerceklesecek
avcilik cabasinin arttirllmast daha fazla miktarda

doniistliriilebilmesi muhtemeldir. Ayrica 1skartaya
ayrilan iiriiniin degerlendirilmesine yonelik olarak
alternatif isleme ve degerlendirme tekniklerinin
gelistirilmesi gerekmektedir. Farkli islenmis tirtinler
piyasaya siiriilerek ticari iirliniin ticari degerinin
arttirilmasi saglanmalidir.
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Meri¢ Nehri Ballk Faunasinin Giincel Durumu ve Yabanci Tiirlerin Yerli
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Bu calismada, sular1 Tiirkiye, Bulgaristan ve Yunanistan topraklarma yayilmis DERLEME

olan Meri¢ Nehri’nin sahip oldugu giincel balik faunasmin bir degerlendirilmesi

yapilmustir. Caligmada yabanci balik tiirlerinin, Tiirkiye'ye olast yayilimlari ve bu Gelis :28.12.2018 E E
durumda tiirlerin yerel balik faunasina olas etkileri, yapilmis dnceki ¢aligmalarin Diizeltme  :19.06.2019

incelenmesi yolu ile degerlendirilmistir. Avrupa’nin giineydogusunda bulunan ve Kabul .91.06.2019

Ege Denizi’ne dokiilmekte olan Meri¢ Nehri’nden giiniimiize dek 71 balik tiirii e

bildirilmistir. Tiirlerin 42’1 nehir sistemi i¢in yerli tiirler iken, 20’si ise yabanci Yayim :25.04.2020 E

tiirlerdir. Nehir sistemindeki 9 tiiriin ise durumunun siipheli oldugu ifade

edilmektedir.
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Actual Situation of Meri¢ River’s Fish Fauna and Assessment of Possible Impacts of Alien Species on Native
Species

Abstract: In this study, the current status of the fish fauna of the Meri¢ River which spread into the territory of Turkey, Bulgaria,
and Greece has been evaluated. In the study, exotic fish species’ possible spread to Turkey and their probable effectson Turkey’s
local fish fauna species have been evaluated by a review of previous studies. A total of 71 fish species have been reported from the
Meric River, which is located in South Eastern Europe and is pouring into the Aegean Sea up to the present. Among them, 42 species
were native, and 20 species were exotic. It was stated that the situations of 9 species in the river system were suspicious.

Keywords: Merig River, invasive fish, Turkey, Bulgaria, Greece
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Giris

Giiniimiizde yabanci tiirlerin hem yerli tiirler hem
de yeni girdikleri ekosistemler i¢in potansiyel ve
mevcut tehditler olusturabildigi yapilan yeni nesil
arastirmalarla kanitlanmig (Britton vd. 2011; Piria vd.
2016; Tarkan vd. 2017); yaratilan bu farkindalik da
yabanci tiirler hakkinda yapilan bilimsel ¢alismalarin
kapsam ve nicelik artigini beraberinde getirmistir.

Tirkiye niteliksel ve niceliksel agidan zengin bir
tatl1 su balik faunasina sahiptir ve bu zengin faunanin
neredeyse licte birini endemik o&zellikteki tiirler
olusmaktadir (Freyhof vd. 2014). Karakteristigi olan
bu durumu sebebiyle, Tiirkiye sulart igin yerli
olmayan balik tiirlerinin 6zellikle endemizmi yiiksek
olarak nitelenen habitatlara girisi, Turkiye’yi

olumsuz etkilere karsi olduk¢a hassas bir cografya
yapar (Tarkan vd. 2015). Bu hassas cografyanin yerli
faunasin1  koruyabilmek i¢in, Tirkiye’nin de
paydaslarindan  biri  oldugu smr asan su
kaynaklarinin, yabanc tiirlerin iilke sularina gegisini
elverisli hale getirme acgisindan yiiksek potansiyele
sahip olduklar1 goz ontinde bulundurulmali ve sinir
asan su kaynaklar1 daima biiyiikk bir dikkatle
izlenmelidir.

Tirkiye’nin baslica 27 sinir agsan 6zellikte suyu
vardir ve bu sularin 5’1 ayn1 zamanda baska iilkelerle
sinir olugturan sulardir (Tiril 2010). Meri¢ Nehri de
Tirkiye, Bulgaristan ve Yunanistan arasinda sinir
olusturma niteliginde olan baglica smir asan
nehirlerden birisidir. Yapilan bu ¢aligmanin amaci,
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Meri¢ Nehri’nde bulunan tathsu baligi tiirlerinin
hangi iilke topraklarinin faunasinda bulundugunu tek
bir c¢alisma altinda derleyebilmek; Tirkiye
faunasinda bulunmayip Bulgaristan, Yunanistan
veya her iki tilkenin de faunasinda yer alan tiirlerden
hangilerinin Tiirkiye sularina gec¢isi durumunda yerel
fauna ve habitatlar i¢in potansiyel tehdit
yaratabilecegine dikkat ¢ekmektir.

Balkanlarin baslica sinir asan nehirlerinden biri
olan Meri¢ Nehri’nin, ana kol ve yan kollar ile
birlikte Tiirkiye, Bulgaristan ve Yunanistan
topraklarinda sular1 bulunmaktadir ve nehir her {i¢
tilkenin kullanmimina agiktir. Meri¢ Nehir sistemi
icerisinde Bulgaristan yukar1 kiyidas konumunda
iken, Tiirkiye ve Yunanistan, ara ve asagi kiyidas
(mansap) tlkeler durumundadir (Karsili 2011).
Nehir, 3 ana koldan meydana gelmis olup, Arda,
Tunca ve Ergene nehirlerinin birlesiminden
olusmustur (Sekil 1).

Arda Nehri (290 km) Meri¢ Nehri’nin sag kolu
olmakla birlikte, Bulgaristan’in giiney topraklarindan
1455 m yiikseklikteki Rodop Daglari’nda dogar,
Yunanistan’dan gecer ve Edirne’nin batisinda
Tiirkiye topraklarinda, Yunanistan siniria oldukga
yakin bir alandan Meri¢ Nehri’ne karisir (ORSAM
2011). Tunca Nehri (384 km) Bulgaristan’in Karadag
bolgesinde 1940 m yiikseklikteki Koca Balkan
Daglari’'ndan dogar ve 12 km boyunca Tiirkiye-
Bulgaristan smirin1 olusturduktan sonra Tiirkiye
topraklarinda  bir siire ilerleyip Edirne’nin
giineybatisinda Meri¢ Nehri ile birlesir (ORSAM
2011). Ergene Nehri (282 km), Dogu Trakya’da yer
almakta olup Istranca Daglari’ndaki kaynaklardan
dogmakta ve giineybat1 yoniinde akip, inanli Koyii
civarinda dogudan gelen Corlu Deresi ile
birlesmektedir (Olgun ve Cobanoglu 2012). Bu
noktadan, Tiirkiye ve Yunanistan arasinda dogal bir
sinir olusturan Ergene Nehri, sularin1 Meri¢ Nehri’ne
birakarak Saros Korfezi'nden Ege Denizi'ne
dokmektedir.

Nehrin sahip oldugu en genis drenaj havzasi
32700 km? ile Bulgaristan’da iken, 14600 km?
genislikteki drenaj alan1 Tirkiye’de, 8700 km?
genisligindeki drenaj alam ise Yunanistan sinirlart
igerisinde bulunmaktadir (Toklu 1998).

Meri¢ Nehir sisteminin énemli bir 6zelligi de,
Yunanistan sinirlari igerisinde bulunan nadir kuglarin
iireme alan1 olmalar1 dolayisiyla uluslararasi dneme
sahip Drana Lagiinii’'niin RAMSAR Sé&zlesmesi ile
koruma altina alinmig olmasidir. Zira nehir sistemi ve
kiy1 adaciklar1 boyunca bu kuglarin liremeleri igin
cok az sayida uygun yer bulunmaktadir (Goutner ve
Jerrentrup 1987).

Meri¢ Nehri’'nde dagilim gdsteren tatli su baligi
tiirlerinin belirlenmesi lizerine ¢ok sayida calisma
yapilmistir. Konuda yapilmis ilk ¢alisma Daget ve

Economidis (1975) tarafindan Makedonya ve Trakya
civarlarinda yapilan ¢aligmadir. Bu c¢alismadan
sonra, nehrin ii¢ iilkeye yayilan sularinda cesitli
faunistik, taksonomik ve molekiiler ¢aligmalar
yiiriitiilmis ve nehrin giincel balik faunasina 6nemli
katkilar saglanmistir (Tablo 1).

Tunca Nehri
Karadeniz

BULGARISTAN

Merig Nehri

TURKIYE

Arda Nehri

- Ergene Nehri
YUNANISTAN

Ege Denizi Marmara Denizi

Sekil 1. Meri¢ Nehri Havzasi
degistirilerek alinmistir).

Figure 1. Basin of Meri¢ River (Modified from ORSAM
2014).

(ORSAM 2014’ten

Tablo 1. Merig Nehir sisteminde yapilmig bazi ¢aligmalar.
Table 1. Some of the studies in Meri¢ River System.

Referans

Daget ve Economidis (1975)
Erk’akan (1984)

Balik (1985)

Economidis ve Miller (1990)
Economidis ve Nalbant
(1996)

Iliadou ve Anderson (1998)
Zardoya vd. (1999)
Wildekamp vd. (1999)
Erk’akan vd. (1999)
Economidis vd. (2000)
Bobori vd. (2001)

Ozulug vd. (2004)

Tiir/Familya

Genel faunistik ¢aligma
Pseudorasbora parva
Genel faunistik ¢aligma
Gobiidae familyast
Cobitis ve Sabanejewia

Scardinius genusu
Cyprinidae familyasi
Aphanius genusu
Cobitis genusu

Genel faunistik ¢aligma
Genel faunistik ¢aligma
Carassius gibelio

Ekmek¢i ve  Kirankaya Pseudorasbora parva
(2006)

Kottelat ve Freyhof (2007) Genel faunistik ¢alisma
Stefanov (2007) Genel faunistik ¢alisma

Economou vd. (2007)
Fricke vd. (2007)

Genel faunistik ¢calisma
Gnathostomata,
Petromyzontomorphi
Cobitis puncticulata
Gobio genusu
Neogobius fluviatilis
Genel faunistik ¢aligma
Genel faunistik ¢aligma
Carassius gibelio

Freyhof vd. (2008)

Mendel vd. (2008)

Zogaris ve Apostolou (2011)
Koutsikos vd. (2012)

Kolev (2013)

Yerli vd. (2014)

Meri¢ Nehri’nde bulunan 71 balik tiirtiniin 42°si
nehirde yerli tiir olarak bulunmakta iken, 20 tiiriin ise
Meri¢ Nehri sularina yabanci tiirler olduklar
goriilmektedir. Geri kalan 9 tiiriin nehir sistemindeki
yerli olma durumu hakkinda baz1 siipheler
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bulundugundan, bu tiirler siipheli (?) kategorisi
altinda belirtilmistir (Tablo 2). Meri¢ Nehri’ndeki
balik tiir ¢esitliligi agisindan Bulgaristan 62 tiir ile ilk
sirada yer alirken, Yunanistan 49 ve Tiirkiye 31 tiiriin
varligi ile Yunanistan’it takip etmektedir. Bu
tirlerden ozellikle Carassius gibelio 1988 yilinda
(Baran ve Ongan 1988); Pseudorasbora parva ve
Lepomis gibbosus tiirleri ise ilk kez 1983 yilinda
(Erk’akan 1984) Trakya’dan bildirilmis olmakla
birlikte, Anadolu igsularina girdiklerinde burada
hizla yayilarak yerli fauna ve igsu balik¢iligt
acisindan  biiyllk sorun teskil eder duruma
gelmislerdir.

Meri¢ Nehri sisteminin sadece Bulgaristan
sinirlart igerisinde kayda gegmis balik tiirii sayisi
18’dir. Bu tiirler igerisinde Acipenser ruthenus,

Coregonus albula, Gasterosteus aculeatus,
Gymnocephalus cernua ve  Oxynoemacheilus
bureschi tiirleri nehrin Bulgaristan topraklar

icerisinde kalan sistemi i¢in yerli tiirler iken, diger 13
tir Bulgaristan sular1 i¢in ya yabanci baliklar

durumundadir ya da  durumlart  silipheli
goriinmektedir.
Nehir sisteminin sadece Yunanistan

topraklarinda bulunan balik faunasina bakildiginda,
diger iki iilkede bulunmayan 6 farkli balik tiirii
bulundugu, Hypophthalmichthys nobilis tiiriiniin
nehir sistemi i¢in yabanci bir tiir oldugu (Economidis
vd. 2000); bununla birlikte bu tiirlerin 3 tanesinin
(Aphanius fasciatus, Knipowitschia caucasica,
Proterorhinus semilunaris) nehrin yerel faunasina ait
oldugu bildirilmektedir. B. barbatula ve N. fluviatilis
tiirlerinin yerli olma durumlarinin ise siipheli oldugu
diistiniilmektedir (Zogaris ve Apostolou 2011).
Meri¢ Nehri’nde sadece Tiirkiye topraklarinda
kayda ge¢mis olan, diger tilkelerde ise kaydi olmayan
tek tir Chelon ramada tiiriidir. Bu tir disinda
Tiirkiye sularinda kayd1 verilmis tiirlerin, Bulgaristan
ve/lveya Yunanistan’dan da kaydinin verildigi
goriilmektedir. Turkiye’nin Yunanistan’la (Alosa
fallax ve Cobitis puncticulata) ve Bulgaristan’la
(Alburnus chalcoides ve Proterorhinus marmoratus)
ortak olarak paylastigi ikiser tiir bulunmaktadir.
Meri¢ Nehri havzasindan kaydi verilen Ameiurus
nebulosus, Coregonus albula, Coregonus laveratus,
Coregonus peled, Gymnocephalus cenua, Hucho
hucho, Hypophthalmichthys molitrix, Ictiobus
bubalus, Ictiobus cyprinellus, Ictiobus niger,
Misgurnus fossilis, Mylopharyngodon piceus ve
Thymallus thymallus gibi bazi tiirler heniiz Merig
Nehri’nin Tiirkiye sinirlari igerisinde kalan kisminda
tespit edilmemistir. Bununla birlikte, bu tiirler tipki
yukarida bahsi gecen istilac1 6zellikteki tiirler gibi
oncelikle Trakya, sonrasinda da Anadolu i¢sularina
girme olasiliklart son derece yiiksek olan tiirlerdir.

Tarkan vd. (2017) tarafindan yabanci ve transloke
tirler kapsaminda  yapilan risk  belirleme
calismasinda; A. nebulosus, C. laveratus, G. cenua,
H. molitrix ve M. piceus tiirleri de incelenmis,
ozellikle A. nebulosus ve H. molitrix tiirlerinin
Tirkiye tatlisular i¢in risk teskil ettiklerine dikkat
cekilmistir,

IUCN Kirmizi Liste kategorileri igerisinde CR
(kritik) seviyede olan tiirlere bakildiginda,
Bulgaristan ve Yunanistan sinirlari icerisinde kaydi
verilmis 4 tiir (Acipenser gueldenstaedtii (Gesner vd.
2010b), A. stellatus (Qiwei 2010), A. sturio (Gesner
vd. 2010c) ve Huso huso (Gesner vd. 2010a) ile her
ti¢ tilkede kayd1 verilmis 1 tiiriin (Anguilla anguilla)
(Jacoby ve Gollock 2014) nehir sisteminde varligini
stirdiirebildigi goriilmektedir.

Meri¢ Nehri’nin Tiirkiye sinirlar icerisinde
kalan sularinda varhg bildirilmis olan
yabanal tiirlerin ekolojik ozellikleri ile risk ve
etki faktorleri;

1. C. gibelio (Giimiisi havuz bahigr)

Dogal dagilim alam1 Orta Asya olan giimiisi
havuz baligi, C. gibelio 17. yy’da Avrupa’ya
astlanmig olup, gliniimiizde tiim Avrupa ve Asya’da
dagilim gostermekle birlikte Amerika’dan hi¢ kayd:
verilmemis olan bir tirdiir (Vetemaa vd. 2005;
Froese ve Pauly 2010). Bu tiir tiim diinyada “Gibel
(Prussian) Carp” olarak bilinmektedir. C. gibelio
Cyprinidae familyasina ait olan bir baliktir ve tiim
sazangiller gibi agirlikli olarak zooplanktonu,
zoobentosu, makrofiti ve detritusu tiiketerek beslenen
bentopelajik bir tiirdiir (Specziar vd. 1997). Tiirlin
ulastig1 maksimum boy erkek bir birey igin 46,6 cm
olarak  verilmistir =~ (Verreycken vd. 2011).
Viicutlarinin rengi kahverengi giimiisidir. Yasam
uzunlugu 10 sene kadar olan bu tiir, baliklar arasinda
Ozgiin bir lireme sekli olan ginogenetik iireme
6zelligine sahiptir (Spratte ve Hartman 1997). Tiiriin
dogada biseksiiel popiilasyonlarina zaman zaman
rastlansa da, genellikle disi bireylerin sayisal olarak
baskin oldugu popiilasyonlar agirliktadir (Vetemaa
vd. 2005). Bunun disginda bu tiir, C. carpio, C.
auratus, C. carassius gibi diger cyprinid tiirleri ile
hibrit olusturabilme yetenegine sahiptir. Bu tiir ¢ok
diistik oksijen seviyelerinde ve yiiksek kirlilige sahip
ortamlarda yasamim siirdiirebilen, su kalitesi ¢ok
degisken olan havuzlar, 6trofik goller, rezervuarlar
gibi ¢esitli su kaynaklarinda bile dagilim gésterebilen
bir tiirdiir (Solarz 2005). Ekonomik agidan oldukca
disiik oneme sahip olusundan dolayi, iizerindeki
balik¢ilik baskist da azdir. Bu durum da tiiriin
dagilim ve biylkliiginiin kontrol altina alinmasi
acisindan engel yaratmaktadir.
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Tablo 2. Meri¢ Nehir sisteminde yer alan balik tiirlerinin Yerli/Yabanct durumlari, Kirmiz1 Liste kategorileri, istila

potansiyelleri ve iilkelere gére bulunma durumlari.

Table 2. Native/lnvasive status of fish species in Meri¢ River system, Red List categories, invasion potential and

availability by country.

Kirmizi istila
Tiir Ad1 YelYa Liste  Potansiyeli Ulkeler

Abramis brama (Linnaeus, 1758) Yerli LC Hayir B (Bulgurkov 1958, Pehlivanov 2000) - Y
(Economou vd. 2007) - T

Acipenser baerii Brandt, 1869 ? EN Hayir B

Acipenser gueldenstaedtii Brandt & Ratzeburg, Yabanct CR Hayir B - Y (Economidis vd. 2000; Economou vd. 2007)

1833

Acipenser ruthenus Linnaeus, 1758 Yerli VU Hayir B

Acipenser stellatus Pallas, 1771 ? CR Hayir B - Y (Economou vd. 2007)

Acipenser sturio Linnaeus, 1758 Yerli CR Hayir B (Kovatcheff 1921) - Y (Economou vd. 2007)

Alburnoides bipunctatus (Bloch, 1782) Yerli NE Hayir B - Y (Economou vd. 2007)

Alburnus alburnus (Linnaeus, 1758) Yerli LC Hayir B (Kolev 2013) -Y (Economou vd. 2007) - T

Alburnus chalcoides (Giildenstadt, 1772) Yerli LC Hayir B-T

Alosa fallax (Lacepede, 1803) Yerli LC Hayir Y (Economou vd. 2007) - T

Ameiurus nebulosus (Lesueur, 1819) Yabanct LC Evet B

Anguilla anguilla (Linnaeus, 1758) Yerli CR Hayir B (Kovatcheff 1921) - Y (Economou vd. 2007) - T

Aphanius fasciatus (Valenciennes, 1821) Yerli LC Hayir Y (Wildekamp vd. 1999; Economou vd. 2007)

Barbatula barbatula (Linnaeus, 1758) ? LC Hayir Y (Economou vd. 2007)

Barbus cyclolepis Heckel, 1837 Yerli LC Hayir B (Kolev 2013) - Y (Economou vd. 2007) - T

Carassius carassius (Linnaeus, 1758) Yerli LC Hayir B (Fet ve Popov 2007) - Y (Economou vd. 2007) - T

Carassius gibelio (Bloch, 1782) ? Evet B (Kolev 2013) - Y (Economou vd. 2007) - T (Yerli
vd. 2014; Innal ve Erk’akan 2006)

Chelon ramada (Risso, 1827) Yerli LC Hayir T

Chondrostoma vardarense Karaman, 1928 Yerli NT Hayir B (Kolev 2013) - Y (Economou vd. 2007) - T

Cobitis puncticulata Erk'akan, Atalay-Ekmekgi Yerli EN Hayir Y (Economou vd. 2007; Freyhof vd. 2008) - T

& Nalbant, 1998

Cobitis strumicae Karaman, 1955 Yerli LC Hayir B (Kolev 2013) - Y (Economou vd. 2007) - T
(Erk’akan vd. 1999)

Coregonus albula (Linnaeus, 1758) Yerli LC Hayir B

Coregonus lavaretus (Linnaeus, 1758) Yabanci VU Hayir B

Coregonus peled (Gmelin, 1789) Yabanci LC Hayir B

Ctenopharyngodon idella (Valenciennes, 1844) Yabanci NE Evet B - Y (Economidis vd. 2000; Economou vd. 2007)

Cyprinus carpio Linnaeus, 1758 ? VU Evet B (Fet ve Popov 2007) - Y (Economou vd. 2007) - T

Esox lucius Linnaeus, 1758 Yerli LC Evet B (Fet ve Popov 2007) - Y (Economou vd. 2007) - T

Eudontomyzon sp. Yerli Hayir B (Kovatcheff 1921) - Y

Gambusia holbrooki Girard, 1859 Yabanci LC Evet B (Mihaylova 1970) - Y (Economidis vd. 2000;
Economou vd. 2007) - T

Gasterosteus aculeatus Linnaeus, 1758 Yerli LC Hayir B

Gobio bulgaricus Drensky, 1926 Yerli LC Hayir B (Kolev 2013) - Y (Economou vd. 2007) - T

Gymnocephalus cernua (Linnaeus, 1758) Yerli LC Hayir B

Hucho hucho (Linnaeus, 1758) ? EN Hayir B

Huso huso (Linnaeus, 1758) ? CR Hayir B - Y (Economou vd. 2007)

Hypophthalmichthys molitrix (Valenciennes, Yabanci NT Evet B - Y (Economidis vd. 2000; Economou vd. 2007)

1844)

Hypophthalmichthys  nobilis  (Richardson, Yabanci DD Evet Y (Economidis vd. 2000)

1845)

Ictalurus punctatus (Rafinesque, 1818) Yabanci LC Hayir B - Y (Economou vd. 2007)

Ictiobus bubalus (Rafinesque, 1818) Yabanci LC Hayir B

Ictiobus cyprinellus (Valenciennes, 1844) Yabanci LC Hayir B

Ictiobus niger (Rafinesque, 1819) Yabanci LC Hayir B

Knipowitschia caucasica (Berg, 1916) Yerli LC Hayir Y (Economou vd. 2007)

Lepomis gibbosus (Linnaeus, 1758) Yabanci LC Evet B (Kolev 2013) -Y (Economidis vd. 2000;
Economou vd. 2007) - T (Erk’akan 1983)

Leucaspius delineatus (Heckel, 1843) Yerli LC Hayir B-Y (Economou vd. 2007) - T

Leuciscus aspius (Linnaeus, 1758) Yerli LC Hayir B (Kovatcheff 1921) - Y (Economou vd. 2007) - T

Misgurnus fossilis (Linnaeus, 1758) Yerli LC Evet B - Y (Economou vd. 2007)

Mylopharyngodon piceus Richardson, 1846 Yabanci DD Evet B

Neogobius fluviatilis (Pallas, 1814) ? LC Hayir Y (Zogaris ve Apostolou 2011)

Oncorhynchus mykiss (Walbaum, 1792) Yabanci NE Evet B (Kolev 2013) - Y (Economidis vd. 2000;
Economou vd. 2007)

Oxynoemacheilus bureschi (Drensky, 1928) Yerli LC Hayir B

Perca fluviatilis Linnaeus, 1758 Yerli LC Evet B (Kolev 2013) —Y (Economou vd. 2007) - T

Petroleuciscus borysthenicus (Kessler, 1859) Yerli LC Hayir B-Y (Economou vd. 2007) - T

Phoxinus phoxinus (Linnaeus, 1758) Yerli LC Hayir B (Kolev 2013) - Y (Economou vd. 2007)

*Ye: Yerli, Ya: Yabanci, LC: Diisiik riskli, NT: Tehdite yakin, VU: Duyarh, EN: Tehlikede, CR: Kritik, NE: Degerlendirilmedi, DD: Eksik

veri, T: Tiirkiye, B: Bulgaristan, Y: Yunanistan, ?: Siipheli.
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Tablo 2. Devam
Table 2. Continued

Kirmiz1 istila
Tiir Ad1 YelYa Liste  Potansiyeli Ulkeler
Platichthys flesus (Linnaeus, 1758) Yerli LC Hayir B (Kovatcheff 1921) - Y
Polyodon spathula (Walbaum, 1792) ? VU Hayir B
Proterorhinus marmoratus (Pallas, 1814) Yerli LC Hayir B (Kovatcheff 1921) - T
Proterorhinus semilunaris (Heckel, 1837) Yerli LC Hayir Y (Economou vd. 2007)
Pseudorasbora parva (Temminck & Schlegel, Yabanci LC Evet B (Kolev 2013) -Y (Economidis vd. 2000; Economou
1846) vd. 2007) - T (Erk’akan 1984)
Rhodeus amarus (Bloch, 1782) Yerli LC Hayir B (Kolev 2013) - Y (Economou vd. 2007) - T
Rutilus rutilus (Linnaeus, 1758) Yerli LC Hayir B (Kolev 2013)- Y (Economou vd. 2007) -T
Sabanejewia balcanica (Karaman, 1922) Yerli LC Hayir B (Kolev 2013) -Y (Economou vd. 2007)
Salmo macedonicus (Karaman, 1924) Yerli DD Hayir B - Y (Economou vd. 2007)
Salmo salar Linnaeus, 1758 Yabanci LR Hayir B (Kolev 2013)
Salmo trutta Linnaeus, 1758 Yabanci LC Evet B
Salvelinus fontinalis (Mitchill, 1814) Yabanci NE Evet B - Y (Economidis vd. 2000;Economou vd. 2007)
Sander lucioperca (Linnaeus, 1758) Yerli LC Evet B (Kovatcheff 1921) - Y (Economou vd. 2007) - T
Scardinius erythrophthalmus (Linnaeus, 1758) Yerli LC Hayir B (Fet ve Popov 2007) - Y (Economou vd. 2007) - T
Silurus glanis Linnaeus, 1758 Yerli LC Evet B (Muss ve Dahlstrom 1968) -Y (Economou vd.
2007)-T
Squalius orpheus Kottelat & Economidis, 2006 Yerli LC Hayir B (Kolev 2013) - Y (Economou vd. 2007) - T
Thymallus thymallus (Linnaeus, 1758) Yabanct LC Evet B
Tinca tinca (Linnaeus, 1758) Yerli LC Evet B (Kovatcheff 1921) - Y (Economou vd. 2007) - T
Vimba melanops (Heckel, 1837) Yerli DD Hayir B (Bogutskaya 1997) — Y (Crivelli 1996) - T (Fricke

vd. 2007)

*Ye: Yerli, Ya: Yabanci, LC: Diisiik riskli, NT: Tehdite yakin, VU: Duyarh, EN: Tehlikede, CR: Kritik, NE: Degerlendirilmedi, DD: Eksik

veri, T: Tiirkiye, B: Bulgaristan, Y: Yunanistan, ?: Siipheli.

Tiiriin yaratti1 risk ve etki faktorleri

C. gibelio giris yaptigi su ortamlarinda diger
sazangil tirleri ile hem besin hem de habitat
rekabetine girer ve bir su kaynagina girip
yerlestikten kisa bir siire sonra sistemin en baskin
tiri  durumuna gecebilir (Paulovits vd. 1998).
Bununla birlikte C. gibelio tiiriiniin, Avrupa’da ve
Anadolu’da pek c¢ok yerli tiiriin popiilasyonun
yogunluklarinin baskilanmasinda ve azalmasinda
ciddi bir etkisi oldugu belirtilmektedir (Gaygusuz vd.
2007; Lusk wvd. 2010). Tiirlin yarattig1
olumsuz etkiler sadece ortamin diger tiirleri
iizerine degildir. Ozellikle gol ve bataklik gibi durgun
su kaynaklari ile yavas akan akarsularin da tiiriin
sisteme girisinden kisa bir siire sonra olumsuz
olarak etkilendigi, tlirlin sahip oldugu zemin
karigtirma davranisi sebebiyle suyun bulaniklastigi
ve su kalitesinin de koti yonde degistigi
belirtilmektedir (Crivelli 1995).  Yayilimlarinin bu
denli fazla olmasimin temel sebebi, ¢esitli amaglarla
su kaynaklarina yapilan C. carpio asilamalaridir
(ilhan vd. 2005). Zira Cyprinidae familyasindan olan
C. carpio ve C. gibelio tiirlerinin yumurtalarini
birbirinden ayirt etmek olduk¢a zordur ve bununla
birlikte bu iki tiriin kiicik boydaki bireyleri
de Dbirbirine asir1  derecede  benzemektedir.
Ayrica tiirtin hem ginogenetik tireme 6zelligine sahip
olmast hem de diger sazangillerle hibrit
olusturabilmesi, ekosistemler igindeki mevcut
poplilasyonlarinin ¢ok hizli bir sekilde artmasina
neden olmaktadir.

2. G. holbrooki (Sivrisinek baligr)

Sivrisinek baligt G. holbrooki, sularimiza
asilamasi yapilmis olan ilk yabanci tiirdiir (Innal ve
Erk’akan  2006).  Cyprinodontiformes  (Disli
sazanciklar) takiminin Poeciliidae familyasina
icerisinde bulunan 45 tiirden biri (Froese ve Pauly
2010) olan tiriin  yerel dagilim  alam
Kuzey Amerika’dir (Lloyd ve Tomasov 1985). Bu
baliklarin  ilk  defa  Fransizlar  tarafindan,
sivrisineklerle biyolojik miicadele yapmak amaciyla
Avrupa iilkelerinden getirilip Tiirkiye’de Amik
Golii’ne asilandig belirtilmektedir (Geldiay ve Balik
1996). Boylar1 1-6 cm arasinda degisen oldukca
kiigiik boylu baliklardir (Turner 1941). Vicutlar
iri pullarla Ortiliidiir. Gozleri viicutlarina gore
biiyiiktiir ve agizlar iist konumludur. Bu baliklarda
eseysel  dimorfizm  goriilmektedir,  erkekler
disi bireylerden daha kiicik boylu olup,
ayn1 zamanda sahip olduklar1 gonopodium yapilar
sayesinde disilerinden kolaylikla ayirt
edilebilmektedir. Tirin 4-42°C gibi oldukca
genis bir sicaklik araliginda yasayabildigi
(Pyke 2005), her ne kadar tathisularda yasamay1
tercih etseler de %023 tuzluluga sahip bir su
kaynaginda da popililasyon olusturabildikleri
gozlenmistir (Alcaraz ve Garcia-Berthou 2007).
Optimum {ireme sicakliklarinin ise 25°C oldugu
ifade edilen bu tiirler (Geldiay ve Balik 1996) 12°C
olan su sicakliklarinda iliremeye baslar. Sayet sartlar
uygunsa disiler 3-4 haftada bir dogum yaparlar. 1
yasina kadar olan disileri ortalama 30 embriyoya
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sahip iken, 1 yasini doldurmus disileri ortalama 70
embriyoya sahip olabilir (Oztiirk ve Ikiz 2004).
Sivrisinek baliklar1, yavrulama alani olarak cakilli
habitatlar1 tercih ederler.

Tiiriin yarattid: risk ve etki faktorleri

Sivrisinek baliklar, en kotii su kosullarinda bile
gosterdikleri hayatta kalma basarilar1 ve giris
yaptiklar1  ekosistemlerde yarattiklar1 pek c¢ok
olumsuz etkiden dolayi, diinyanin en istilac1 ilk
100 tiirti arasinda gosterilmektedir (ISSG 2013). Bu
baliklarin yarattig1 en olumsuz etki, diger baliklarin
yumurta ve larvalarmi siklikla tiiketmekte olusudur
(Goodsell ve Kats 1999). Tiiriin 6zellikle endemik
tirlerin bulundugu habitatlara girisi, endemik
tiirlerin devamliligi agisindan sorun tegkil etmektedir.
Sivrisinek baliklar1 sadece diger tiirlerin yumurta ve
larvasin1 tiiketmekle kalmayip, zooplankton da
tiketen tirlerdir. Bu nedenle, O0zellikle hava
sicakliginin artmasiyla aktif sekilde beslendikleri
bahar ve vyaz aylarinda ortamda bulunan
zooplanktonu asir1 derecede tiiketip fitoplankton
cogalmalarmin  yaganmasina sebep olabilirler
(Pyke 2008). Bunun disinda habitat paylasgiminda
bulunduklar1 diger tiirlerle rekabet etmeleri
ve tiirlerin tireme faaliyetleri agisindan olumsuz
etkiler yaratmalar da s6z konusudur (Kurtul ve Sar1
2017).

3. L. gibbosus (Giines bahigi)

Giines baligi L. gibbosus, Perciformes ordosunun
Centrarchidae familyas1 icerisinde bulunan karnivor
bir tiirdiir. Tiriin anavatan1 Kuzey Amerika’dir
(Scott ve Crossman 1973). Bu tiiriin Avrupa’da ilk
kez 1877 yilinda Kanada’dan Fransa’ya asilandig
(Arnold 1990), 1880°li yillarin basinda ise
Almanya’ya getirildigi bildirilmektedir (Copp vd.
2005). Tirkiye’de ilk kez 1983’te Trakya’da varligi
saptanmig (Erk’akan 1984) olan bu tiir; ilerleyen
yillarda &zellikle Bati Anadolu bdlgesindeki ¢esitli
lokalitelerden verilmistir (Barlas vd. 2001; Sas1 ve
Balik 2003; Barlas vd. 2001; Dirican ve Barlas 2005;
Yilmaz vd. 2006; Ozcan 2007; Top 2011, Top vd.
2016, Sa¢ ve Ozulug 2016). Giines baliginin viicudu
yanlardan yassilasmistir ve oldukga yiiksektir. Dogal
dagilim alanlarinda ulastigi maksimum boy 40 cm
kadardir (Page ve Burr 1991). Agiz yukar1 konumlu
ve kiiciiktiir. Ag1z igerisinde oldukca keskin disleri
bulunur ve ktenoit tipte pullar1 vardir. Goriintimleri
oldukga cezbedicidir, sar1 viicutlar lizerinde viicudun
on kisimlaria dogru parlak mavi renkte lekelenmeler
mevcuttur. Solungac¢ kapaklari {izerinde kirmizi renk
ile ¢evrelenmis siyah bir benek bulunur. Ureme
donemlerinde hem disilerin hem de erkeklerin
renklenmeleri daha da g6z alict hale gelir (Maitland
ve Campbell 1992). Ureme dénemleri oldukca
uzundur ve erken eseysel olgunluga erisirler. Tiiriin

kendi yayilim alaninda 10 yil kadar yasayabildigi,
ancak Avrupa sularinda en ¢ok 8 yasina kadar
yasadig1 tespit edilmistir (Copp vd. 2004).

Tiiriin yarattig: risk ve etki faktorleri

Giliniimiize dek yapilan c¢aligmalar, tiiriin
yarattigl risk ve etki faktorlerini agiklayabilmek
adma yeterli olmayip (Witkowski 2002), Avrupa
ilkelerinde nasil bu denli hizli bir sekilde
yayilim gosterdiklerine dair elde olan bilgiler de net
degildir. Ancak sahip olduklar1 cezbedici
renkler sebebi ile tiirlin akvaryum ticaretinde popiiler
hale gelmis olmasinin; bu denli  hizh
dagilim gostermelerinin temel sebebi olabilecegi
tahmin edilmektedir (Przybylski ve Zigba 2011).
Giines baliklari, sahip olduklar {ireme 6zellikleri ve
hizli  biliylimeleri  sayesinde  kisa  siirede
girdikleri  ekolojik ortamdaki mevcudiyetlerini
sirdiirlip popiilasyon olusturabilirler (Ekmekgi vd.
2013). Bu baliklar  bulunduklart  ortamin
ekolojik dengesini negatif yonde etkileme egiliminde
olup; aymi habitatt paylastign tiirler Ttzerinde
agresif davraniglar sergileyebilmektedir (Almeida
vd. 2014). Gerek habitat dengesi, gerekse de
fauna agisindan tasidigt bu Onemli riskler
yaninda, tiirlin ¢ok kilgikli olmasi, istenmeyen
ozellikteki tadi ve kokusu ile (Siile 2011),
insan saglig1 ve faydasi acisindan barindirdigi her
hangi bir pozitif etki de bulunmamaktadir.

4. P. parva (Cakil bahigr)

Tiirkiye sularina girisi ilk kez 1982°de Trakya’da
fark edilen (Erk’akan 1984) P. parva tiiri,
1993°te Aksu Nehri’nde gozlenmis ve Wildekamp
vd. (1997) tarafindan Anadolu’da da bulundugu
rapor  edilmigtir. ~ Kisa  zamanda  akarsu
ve gollerimizde de yayilan bu balik, sahip
oldugu kiicik boy ile sazangil yavrularn ile
karigtirllmig ve bu nedenle giris yaptigi su
kaynaklarinda ¢ok geg fark edilmistir. Tiiriin tasidigi
biyolojik ve ekolojik 6zelliklerin, cakil baligim
Tiirkiye’de de basarili bir istilact haline getirmekte
oldugu, Ekmek¢i ve Kirankaya (2006) tarafindan
vurgulanmistir.

Tiiriin yarattig: risk ve etki faktorleri

Bu tiir pek ¢ok yerli baligin larva ve yumurtasini
tiiketmek sureti ile popiilasyonlara zarar verir (Zitnan
ve Hol¢ik 1976). Bununla birlikte tiiriin yetistiricilik
havuzlarinda da diger tiirler ile besin rekabetine
giristigi belirtilmektedir (Movcéan ve Smirnov 1981).
Bu tiir, zooplanktonu fazla derecede tiiketerek sucul
ekosistemin dengesinin bozulmasina neden olur
(Adamek ve Sukop 2000). Bunun yaninda bazi
hastaliklara vektor olusu sebebiyle hem yetistiricilik
havuzlarindaki tiirler, hem de dogal ortamda yasayan
diger tiirler agisindan risk teskil etmektedir
(Gozlan vd. 2005).
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5. C. idella (Ot sazam)

Anavatan1 Giineydogu Rusya ve Kuzeybat1 Cin
olan C. idella tirii, herbivor agirlikli beslenme
Ozelligine sahip olmas1 ile dikkat c¢ekmis ve
vejetasyonla miicadele amacglh olarak diinyanin pek
cok tatlisu kaynagina asilanmistir. Sazangillerden
olan bu tiir, tipki familyanin diger bireyleri gibi
degisken su kosullarina olduk¢a dayanikhidir. C.
idella tatlisularin en kalabalik familyas: olan
Xenocyprididae familyast icerisinde, Leuciscinae
altfamilyas1 altinda yer alan Ctenopharyngodon
genusunun tek tiirtidiir (Chilton ve Muoneke 1992).
Tiim diinyada Grass Carp ya da White Amur olarak,
Tiirkiye’de ise ot sazani olarak bilinirler. 30-50 kg
agirliga ulasabilir (Chilton ve Muoneke 1992) ve 1
metreden daha uzun boya erisebilirler (Page ve Burr
1991). Ot sazanlarinin sicaklik toleransi oldukga
genistir; 0-33°C  arasinda degisen sicakliklarda
dagilim gosterebilirler, ancak 38°C {izeri sicakliklar
bu tiirler i¢in 6ldiirticii olabilir (Fedorenko ve Fraser
1978). Oksijen ¢oztnirliigiiniin 3 mg/1 altinda olmasi
bu tiirler i¢in strese sebep olabilir, ancak 0,2 mg/I
oksijeni bile tolere edebilirler. Yavrularin tuzluluk
toleranslar1 %012’ye kadar ¢ikabilirken, 2 yasindan
biiyilk ot sazanlari %017,5 tuzluluga dayanabilir
(Cross 1970).

Tiiriin yarattigi risk ve etki faktorleri

Tirkiye i¢in yabanci bir tiir olan ve diinyanin pek
cok tatlisu ekosisteminde istilac1 6zellik gosteren ot
sazan1 C. idella, sulartmizda Onemli Oolglilerde
dagilim gostermeye baglayan tiirlerden biridir
(Ozulug vd. 2004; Ilhan vd. 2005; Ugurlu ve Polat
2007; Aydin vd. 2011; Emiroglu 2011; Keskin vd.
2013). Bu tiir ihtiya¢ duydugu ideal iklim kosullarini
bulamadigindan simdilik Tirkiye tathisularinda
istilaci bir 6zellik gostermiyor olsa da, hizli biiyiime
ozelligi, diger tirlerle besin rekabetine girmesi, su
igerisinde turbidite (bulaniklik) yaratmasi, oksijen
seviyesini  dilislirmesi ve vejetasyona etkileri
sebebiyle dagilimina dikkat edilmesi ve yayilim
kontrol altinda tutulmasi gereken bir tiirdiir.

Bulgaristan ve/veya Yunanistan sinirlan
icerisinde varhgi bildirilmis ancak Tiirkiye
siirlari icerisinden heniiz varhg
bildirilmemis olan baz tiirler;

Tiirkiye’nin c¢esitli su kaynaklarindan varligi
bildirilmis olan yabanc tiirler disinda, Bulgaristan
ve/veya Yunanistan sularinda yasayan, heniiz
Tiirkiye sularinda varligr tespit edilmemis ancak
dogal yollarla ya da insan eliyle Tiirkiye sularina
gegmesi olasi olan tiirler bulunmaktadir. Bu tiirlerin,
Tiirkiye sularina gegmeleri durumunda Tiirkiye
tatlisulart ve balik faunasi acgisindan yaratacaklar
risk ve etki faktorlerine deginmek uygun olacaktir.

1. A. nebulosus

Ictaluridae familyasindan olan bu tiir, Kuzey
Amerika kokenlidir ve tipki familyanin diger kedi
baliklar1 gibi biiyiik bir agiz yapisina sahiptir. Bu
tiirlin dogada 9 yasina kadar yasayabildigi (Kottelat
ve Freyhof 2007) ve ortalama 25 cm uzunluga
ulasabildigi bildirilmistir (Muus ve Dahlstrom 1968).
Cogunlukla tatlisularda, zaman zaman da aci sularin
derinligi fazla olan boélgelerinde yasar (Scott ve
Crossman 1973). Cok degisken su kosullarina
tolerans gosterebilen A. nebulosus, bulundugu
ekosistemlerden baska ekosistemlere c¢ogunlukla
sportif balik¢ilik amaci ile tasinmis, tasindiklari
ortamlarda ise istilaci Ozellik gosterdikleri ve
ekolojik etkiler yarattiklar1 belirtilmistir (Coad
1995). Tiirkiye sularinda yabanc tiirler ile transloke
tiirlerin risk skorlarmin degerlendirilmesi ig¢in
yapilan c¢alismada ise, bu tiirlin en yiiksek risk
skoruna sahip olan tiirlerden biri oldugu ifade edilmis
ve tlire dikkat ¢ekilmistir (Tarkan vd. 2017).

Tiriin o6zellikle tiitsiilleme islemi yapildiktan
sonra tiiketiminin cok lezzetli oldugu
belirtilmektedir. Yarattigi ekolojik etkiler net bir
sekilde ortaya koyulmus olmasma ragmen, tiiriin
sportif balik¢iliktaki yaygin kullanimi ve etinin
lezzetli olusu, insan eli ile Tirkiye’nin c¢esitli su
kaynaklarina tasinma ihtimalini 6nemli derecede
kuvvetlendirmektedir. Ekolojik toleransi oldukga
yiiksek olan bu tiir, beslenme rejimi icerisinde balik
yumurta ve larvalarii siklikla tiiketmektedir. Tiirlin
dogal yollar ya da insan eli ile iilkemiz su
kaynaklarina girmesi durumunda istilact &zellik
gostermesi ve oOzellikle endemik tiirler agisindan
zengin olan su kaynaklarinin biyolojik ¢esitliligini
tehdit etmesi kuvvetle muhtemeldir.

2. C. laveratus ve C. peled

Coregonus genusu tatlisu ve aci su kaynaklarinda
yasayan Avrupa kokenli bir genustur (Kottelat ve
Freyhof 2007). Genusun baslica besinlerini
planktonik organizmalar ile bentik crustaceler
olusturur. Bu genus tatlisularin en biiyiik baliklari
arasinda sayilabilir, dogada yakalanan erkek bir
bireyin 73 c¢m boy uzunluguna (U.S. Fish and
Wildlife Service 2012) ve 10 kg agirliga (Muus ve
Nielsen 1999) ulasabildigi kayit edilmistir. Genus
icerisinde bulunan tlirler zaman zaman yanlis
siiflandirilmaktadir ve bu nedenle taksonomilerinde
hala belirsizlikler mevcuttur (Himberg ve Lehtonen
1995). Taksonomilerinde yasanan bu belirsizlikler
genus icerisinde bulunan tirlerin ekolojik ve
biyolojik 6zelliklerini anlamay1 da zorlagtirmaktadir.
Genus igerisinde bulunan tiirlerin istilacilik 6zellik
gosterdigi ile ilgili herhangi bir bilgi simdilik
kaynaklara ge¢mis olmasa da, genus hakkindaki
bilgilerin smirli olusu ve dolayist ile tiirlerin
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Tiirkiye sularinda nasil bir etki yaratacagimin
ongoriilemeyecek olmasi géz 6niinde bulundurulmali
ve genus icerisinde bulunan tiirlere karst kayitsiz
kalinmamalidir.

3. 1. bubalus, I. cyprinellus ve I. niger

Ictiobus genusunun dagilim alam1 Kuzey
Amerika’da Michigan Golii ile Mississipi Nehri
Havzasi’dir. Durgun sularda ve Meri¢ Nehri’'nde 3
tiir ile temsil edilen bu genus tiyelerinin her ne kadar
120 cm gibi bir uzunluga ulasabildikleri ifade edilse
de her {i¢ tiiriin de dogal ortamlarindaki ortalama
boylar1 (erkek birey i¢in) 35-60 cm arasinda
degismektedir (IGFA 2001). Bu tiirler cladocer ve
copepodlart siklikla tiiketirler (Etnier ve Starnes
1993). Ictiobus bubalus taze, kizartilmis ve firinda
pismis olarak ¢ok ¢esitli sekillerde tiiketimi tercih
edilen bir baliktir. Tirliin sikhikla ve sevilerek
tiketilmesi  yaninda, yetistiricilik  c¢aligsmalari
acisindan da oldukg¢a uygun olmasi insan eli ile
Tirkiye’nin ¢esitli igsu kaynaklarina taginma
ihtimalini de oldukc¢a kuvvetli hale getirmektedir.
Meri¢ Nehri’nde bulunan Ictiobus genusunun diger
tiyeleri olan 1. cyprinellus ile 1. niger tiirlerinin
tiketimleri ~ ve  yetistiricilik  ¢aligmalarinda
kullanimlar1 hakkinda yeterli bilgi yoktur. Ancak her
ti¢ tliriin de insan ya da ekosistem sagligi agisindan
yarattigt herhangi bir olumsuz durum kayitlara
geemis degildir.  Bu nedenle genus iiyelerinin
Tiirkiye’nin ¢esitli su kaynaklarina dogal yollarla
gecis yapmasi ya da insan eli ile taginmasi halinde
ekolojik agidan risk yaratmalar1 beklenen bir durum
degildir.

4. M. fossilis

Dogal dagilim alam1  Kuzey Alpler ve
Karadeniz’in kuzeyi olan bu tiir, tatlisu ve ac1 sularda
dagilim gosteren bir Cobitidae familyas: iiyesidir
(Kottelat ve Freyhof 2007). Dogada 30 cm
uzunlugunda bireylerine rastlanmig olsa da ortalama
boylar1 15 cm civarindadir (Muus ve Dahlstrom
1968). Genellikle su akiginin yavasladigi kumlu su
kaynaklarinda bulunur. Bulunduklar1 su kaynaginda
genellikle 20-30 cm, kurak zamanlarda ise 70 cm
derinlikte oyuklar acar ve iginde yasarlar (Kottelat ve
Freyhof2007). Sediment iistiinde biriken kirleticilere
karst duyarlidirlar ve olduk¢a hassas tirlerdir.
Giliniimiize dek insanlara ya da faunanin diger
elemanlarina olumsuz bir etkileri bildirilmemistir.
Tiriin herhangi bir ticari degere sahip olmayisi ve
sportif balikg¢ilikta kullanilmamasindan dolayi, insan
eli ile tasinmasi diigiik bir ihtimal olarak kargimiza
cikmaktadir. Dogal yollar ile Tiirkiye sularina gecis
yapmast halinde ise simdiye dek tiir hakkinda
yapilmis  bilimsel ¢aligmalar 1s18inda  tiiriin
yerlesecegi ekosistemlerde istilac1 6zellik gosterme
ihtimalinin diisiik oldugu sdylenebilir.

5. M. piceus

Sazangillerden olan ve tiim diinyada siyah sazan
olarak bilinen bu tiir, Cin’in subtropikal bdlgelerinde
dagilim gostermektedir (Nico vd. 2005). Tiirtin 35 kg
gibi yiiksek bir agirliga ulasabildigi ifade edilmekte
iken (Novikov vd. 2002), ortalama boyu 15 cm
civarindadir (Nichols 1943). Giiniimiizde Avrupa’da
dagilimin1 koruyor olsa da Rusya’da gosterdigi
dagilimin giinden giine azaldigi ifade edilmektedir.
Pek cok iilke tarafindan tiiriin iilke su kaynaklarina
giris yaptiktan sonra ekolojik agidan ¢esitli olumsuz
etkiler yarattigi ifade edilmistir. Bu balik anatomik ve
davranigsal ~ olarak  yumusakcalar  iizerinden
beslenmek i¢in uyarlanmistir (Nico ve Jelks 2011).
Baligin aktif olarak bu gruplar iizerinden beslenmesi,
diinyanin ¢esitli bolgelerindeki birgok yerli tatli su
midyesini ve salyangozlart kritik  derecede
etkilemistir (Lysne wvd. 2008, Burkhead 2012).
Tiirkiye sularina giris yapmasi halinde sahip oldugu
yiiksek ekolojik tolerans ile ciddi bir dagilima
ulagmasi ve sularimizda da diger tlkelerdekine
benzer olarak istilaci 6zellik gostermesi olasidir.

6. T. thymallus

Salmoniformes ordosu igerisinde, Salmonidae
familyasindan olan bu tiiriin dogal yayilim alanm
Avrupa’dir ve Avrupa’nin en batisinda bulunan
Galler’den Beyaz Deniz’e kadar dagilim gosterdigi
bilinmektedir. Bu tiir, tipki ordonun diger iiyeleri
gibi, disik su sicakliklar1 ile yiiksek oksijen
seviyelerinde yasamini siirdiirmektedir (Freyhof
2013). Tiir, nehirlerin biraz genisledigi ve egim
kazandig1 asag1 kisimlarinda, denizden yiiksekligin
500 metre ile 1000 metre arasinda degisim gosterdigi
yiiksekliklerde dagilim gdstermeyi tercih eder (Huet
1959). Tiriin hem disi hem de erkek bireylerinin
bulunduklar1  ekosistemlerde siklikla saldirgan
davranisglar sergiledigi bilinmektedir. Dogal yayilim
ya da insan eli ile Tiirkiye sularina giris yapmasi
halinde, su sicakliginin diisiik ve oksijen seviyesinin
yiiksek oldugu su kaynaklarinin st kesimlerinde
yasama sanst bulmasi muhtemeldir. Tiiriin dogasi
geregi ekosistem paylagiminda bulunacagi faunanin
diger elemanlarmi tiiketmesi ve iizerinde predator
baskis1 olusturmasi da beklenen bir durum olacaktir.

Sonug¢

Literatiir ¢alismalar1 incelendiginde Merig
Nehri’'nde, 24 familyaya (Petromyzontidae,
Acipenceridae, Polyodontidae, Anguillidae,
Clupeidae, Cyprinidae, Xenocyprididae,

Leuciscidae, Gobionidae, Catostomidae, Cobitidae,
Nemacheilidae, Ictaluridae, Siluridae, Salmonidae,
Esocidae, Mugilidae, Cyprinodontidae, Poeciliidae,
Gasterosteidae, Centrarchidae, Percidae, Gobiidae,
Pleuronectidae) ait 71 balik tiirii tespit edilmistir.
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Tespit edilen tiirlerin familyalarina bakildiginda en
fazla tiir sayisinin Cyprinidae familyas: igerisinde
bulundugu goriilmektedir. Meric Nehri sisteminin
Tiirkiye topraklarinda bulunan sularinda ise bu tiirler
14 familya (Anguillidae, Clupeidae, Cyprinidae,
Xenocyprididae, Leuciscidae, Gobionidae,
Cobitidae,  Siluridae,  Esocidae, = Mugilidae,
Poeciliidae, Centrarchidae, Percidae, Gobiidae) ile
temsil edilmektedir.

Ulkelerin balik gesitliligine bakildiginda 26 tiiriin
(A. brama, A. alburnus, A. anguilla, B. cyclolepis, C.
carassius, C. gibelio, C. vardarense, C. strumicae,
C. carpio, E. lucius, G. holbrooki, G. bulgaricus, L.
aspius, L. gibbosus, L. delineatus, P. fluviatilis, P.
borysthenicus, P. parva, R. amarus, R. rutilus, S.
lucioperca, S. erythrophthalmus, S. glanis, S.
orpheus, T. tinca, V. melanops) tiim iilkelerde ortak
olarak bulundugu goriilmektedir.

C. gibelio, P. parva, L. gibbosus ve G. holbrooki
tirleri Trakya ve Anadolu’da hizla yayilarak ig¢su
biyogesitliligini  etkilemis, hem balik faunasi
kompozisyonu hem de balikgilik agisindan biiyiik
sorunlar olusturmuslardir. C. gibelio, ortamdaki diger
sazangiller ile hem besin hem de habitat rekabetine
girmekte ve kisa bir siirede ortamin en baskin tiirii
durumuna gecebilmektedir (Paulovits vd. 1998). P.
parva, yerli baliklarin larva ve yumurtasini tiitketmek
sureti ile popiilasyonlara zarar verebilmektedir
(Zitnan ve Hol¢ik 1976). L. gibbosus, her ne kadar su
sicakligina toleranst diisiik olsa da ilerleyen
donemlerde agresif sirii olusturmasi ve {ireme
basarisindan dolayi biyolojik gesitlilik agisindan risk
yaratma ihtimali yiiksek olan bir tiirdiir (Przybylski
ve Zigba 2011). G. holbrooki, ekosistem
paylasiminda bulundugu diger tiirlerin besinlerine
ortak olurken ayn1 zamanda onlarin yumurta ve
larvalarini da tiikketmektedir (Goodsell ve Kats 1999;
Ozulug vd. 2013).

Nehir sisteminde bulunan 71 tiirtin {ilkelere gore
dagilimlar esas alindiginda, tiirlerin dagilimlarinin
Meri¢ Nehri boyunca genisleyebilecegi tahmin
edilmektedir. Meri¢ Nehri havzasinda Yunanistan ve
Bulgaristan sularindan kayd1 verilen A. nebulosus, C.
albula, C. peled, G. cernua, H. hucho, I. bubalus, I.
cyprinellus, 1. niger, M. fossilis, M. piceus ve T.
thymallus  tiirleri  heniiz ~ Tirkiye sularinda
goriilmemekle birlikte, bu tiirlerin 6nce Trakya
igsularina, sonrasinda da Anadolu igsularina giris
yapmalar1 ve yerel fauna ve ekosistem {izerinde
cesitli etkiler yaratmalar1 s6z konusudur. Bu tiirler
icerisinde ozellikle A. nebulosus, M. piceus ve T.
thymallus tiirleri, sahip olduklart genis ekolojik
toleranslar1 ve girdikleri ekosistemlerde yarattiklart
yiiksek predatif etkileri ile Tiirkiye tatlisularinda
dagilim gosteren endemik tiirlerin devamlilig
acisindan Onemli ekolojik tehditler yaratabilecek

tirlerdir. Bunun disinda M. fossilis, Ictiobus sp. ve
Coregonus sp. tiirlerinin Tiirkiye tatlisularina
gecmesi durumunda, her ne kadar 6nemli ekolojik
riskler yaratmayacag1 dngdriilse de, tiirlerin farkli su
sistemlerindeki davranig sekilleri kesin olarak
bilinemeyeceginden tiim tiirler aynm1 hassasiyetle
izlenmelidir.
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