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Abstract: This study was conducted to determine some bioecological characteristics

of Lepomis gibbosus (L. 1758), commonly known as pumpkinseed sunfish, which Keywords
spreads in Gokpinar Dam Lake (GDL) in Denizli Province. The fish samples were e Age
captured with an experimental seine net and multimesh gillnet from May 2019 to e Growth
April 2020. During the samplings, certain physicochemical parameters of GDL were e Reproduction
measured, habitat utilization, relations to environmental variables, feeding habits and e Feeding behavior
interspecific interactions with other fishes of L. gibbosus individuals were observed. It e Habitat adaptation
is observed that GDL provides a suitable habitat for L. gibbosus in terms of water

quality and other ecological requirements. A total of 1005 L. gibbosus individuals,

consisting of 302 females, 605 males, and 98 juveniles, were sampled throughout the

study, and biometric studies were conducted. In the population males were found to be

dominant. The averages were determined as follows; total length as 5.82+2.09 cm

(2.46-11.34), weight as 4.9444.67g (0.20-34.65), and condition factor as 1.71+0.24.

The ages were determined between 0+ to I1+and Age-length relationship (VBGE) was

estimated as L,-19.85(1 — e~0-2744(t+0272)) Spawning occurs between April and

June in individuals at the age of I+. It has been observed that the species exhibits good

growth rates in this habitat, displays opportunistic omnivorous feeding behavior, preys

on another invasive alien species, Gambusia holbrooki, present in the lake, and

competes with the same species for habitat sharing. It has been determined that L.

gibbosus has formed a self-sustaining population in GDL, but it utilizes a limited lake

area as its habitat. In conclusion, GDL is considered as a hydrologically unstable and

highly variable habitat. L. gibbosus population of GDL exhibits significant similarities

in terms of bioecological characteristics with populations that spread outside its

natural spreading area. As L.gibbosus is an exotic fish and might be have invasive

traits, it is necessary to monitor of the population regularly, and control measures

should be taken to prevent its spread to other inland water bodies.

Ozet: Bu galigma, Denizli Ili Gokpinar Baraj Géliinde (GBG) yayilim gosteren giines

levregi Lepomis gibbosus (L. 1758)’un biyoekolojik dzelliklerini belirlemek amaciyla ~ Anahtar kelimeler
yapilmustir. Balik 6rnekleri Mayis 2019-Nisan 2020 arasinda deneysel 18rip ve uzatma ®Yas

aglartyla yakalanmug, Ornekleme esnasinda GBG’niin  bazi fizikokimyasal
parametreleri 6l¢iilmiis, kaynagin kullanimi, ¢evresel degiskenler, bireylerin ¢evreyle
etkilesimleri gozlemlenmistir. GBG’niin L. gibbosus un su kalitesi ve diger ekolojik
istekleri bakimundan uygun bir habitat oldugu goriilmektedir. Calismada 302 disi, 605 ®Beslenme davranisi
erkek ve 98 jiivenil toplam 1005 adet L. gibbosus bireyi iizerinde biyometrik @ Habitat uyumu
calismalar yapilmustir. Erkeklerin baskin oldugu goriilen popiilasyonda, ortalama

toplam boy 5.82+2.09cm, (2.46-11.34), agirhik 4.944+4.67g (0.20- 34.65) ve kondisyon

faktorii (1.71+0.24), yag 0+- I+ arasinda tespit edilmis, yas-boy iliskisi (VBBE) Lt =

19.85 (1-e 2™ (1+0272) y slarak belirlenmistir. Uremenin I+ yasli bireylerde Nisan-
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Haziran arasinda gergeklestirdigi tespit edilmistir. Tiiriin bu habitatta oransal olarak
iyi biiytidiigi, firsatg1 omnivor beslenme gosterdigi, golde yasayan diger bir istilact
yabanci tiir Gambusia holbrooki yi av olarak kullandig1 ve ayni tiirle habitat paylagimi
i¢in rekabet ettigi goriilmiistiir. L. gibbosus’un GBG de kendi kendini siirdiirebilir bir
popiilasyon olusturdugu ancak kisith bir alani habitat olarak kullanabildigi tespit
edilmigtir. Sonug olarak, L. gibbosus hidrolojik olarak kararsiz ve ¢cok degisken bir
habitat olarak degerlendirilen GDL de, biyoekolojik Ozellikler bakimindan dogal
yasama alan1 disindaki popiilasyonlar ile biiylik l¢lide benzerlik gostermektedir.
L.gibbosus egzotik bir balik oldugundan ve istilac1 6zelliklere sahip olabileceginden,
popiilasyonun diizenli olarak izlenmesi ve diger i¢ su kaynaklarina yayilmamasi i¢in
kontrol 6nlemlerinin alinmasi gerekmektedir.

1. INTRODUCTION

In the United Nations Rio Convention on Biological Diversity (1992), biodiversity is defined as
"the variability among living organisms from all sources including, among others, terrestrial, marine,
and other aquatic ecosystems and the ecological complexes of which they are a part; this includes
diversity within species, between species, and of ecosystems" (Topcu, 2012). Biological diversity,
which is attributed great importance on a global scale, is being harmed under the pressures of diverse
and interacting ecosystems, and this situation is progressively leading to the loss of biodiversity
(Omann et al., 2009). It is known that the main threats to biodiversity include habitat loss, climate
change, and bioinvasion caused by exotic/alien species. In terms of freshwater fish species, Tiirkiye
has the highest biodiversity among all countries in the Mediterranean basin (Topgu, 2012).

Considering that Tiirkiye's inland waters are home to over 400 freshwater fish species originating
from Europe, Asia, and Africa, and that more than 30% of these species are considered endemic, it is
evident that Tirkiye possesses a significant biological richness that needs to be carefully preserved
(Ekmekgi et al., 2013).

The European Union Council Regulation (708/2007), defines exotic/alien species as follows: " (a)
aquatic species and subspecies that are found outside their known natural range and potential range of
distribution; (b) organisms of any kind, regardless of their natural range or potential for spread, that
have polyploid or artificially hybridized reproductive capacity” (Tarkan, 2013).

The entry pathways (vectors) of alien-invasive species into a new region are always, directly or
indirectly, but invariably, facilitated by human activities (Tarkan, 2013). One of the most significant
vectors for these introductions is fish stocking efforts. During these stocking efforts, it is known that
both translocated species and foreign species enter new habitats. Within both groups, there are species
that are completely unintentionally introduced as well. A study has reported that out of a total of 54
species, 7 of them were unintentionally introduced through stocking efforts. Therefore fish stocking is
recognized as a significant vector in biological invasions (Innal, 2012).

The presence of the North American origin species L. gibbosus is known in various European
countries including England, France, Spain, the Netherlands, Belgium, Germany, throughout the
Danube River basin, Bulgaria, and Greece. The entry of this species into Tirkiye was first recorded in
1982 in the Ipsala Canal (Edirne). Its introduction to the country occurred through the Meri¢ River,
which is associated with Greece and Bulgaria (Erk’akan, 1983).

L. gibbosus can form large populations due to reproductive advantages, such as an extended
spawning period, the partial release of relatively large eggs during spawning, and a low age of sexual
maturity. This species is considered to have a high invasive potential because of its ability to feed on a
wide range of different organisms and its well-developed adaptability to new habitats (Ekmekgi et al.,
2013). Artificial water bodies, including reservoirs, ponds, irrigation and drainage channels, which
serve as emerging habitats, as well as degraded and stressed habitats with irregular water regimes and
pollution impacts, are suitable environments for the successful establishment of alien and/or invasive
species (Ekmekgi et al., 2013).

Denizli Gokpinar Dam Lake (GDL) carries the habitat characteristics mentioned above, and it is
observed to have a dense population of L. gibbosus individuals along its shores (Cetinkaya, 2018) .
The aim of this study was to assess the ecological status of GDL and examine the bioecological
characteristics of exotic and potentially invasive L. gibbosus population in terms of population
structure, growth, condition, reproduction, food and feeding. The study also aimed to evaluate the
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species' ecological relationships within the habitat.

2. MATERIALS and METHODS

Gokpinar Dam Lake (GDL), also known as Vali Recep Yazicioglu Reservoir, is located in the
province of Denizli within Biiylik Menderes River basin. It was constructed for irrigation purposes and
became operational in 2004. The GDL is fed by various water sources including the Tekke and Igdeli
streams, drainage channels, and surface runoff. The GDL has a minimum water elevation of 317
meters and a maximum of 336.2 meters, covers an area of 1.98 km? and has a storage volume of 28.2
hm® (DSI, 1989). The storaged water is used for irrigation, and excess water is discharged into the
Biiyilk Menderes River through the Ciiriiksu Stream. Two sampling stations have been designated
within the GDL. Station 1 (37°46'07" N; 29°07'29" E) is located on the southwestern shore of the
reservoir, near the water inlet. At the station with low shoreline slope and moderate vegetation, the
bottom is characterized as firm and partially rocky. Station 2 (37°47'03" N; 29°07'58" E) is located on
the northern side of the reservoir, near the dam structure. It has a similar ground structure to Station 1
but with a steeper bottom slope compared to Station 1 (Figure 1).

Figure 1. GDL and location of stations

2.1. Sampling and Analyses

The physicochemical variables were determined on-site using a portable measurement device (YSI
Pro Plus). Sampling was conducted using an experimental beach seine net with mesh sizes of 5mm
and 15mm. When the water level was unsuitable for the use of this fishing gear, extension nets with
multiple mesh sizes (net panel length of 35m, net panel depth of 6m, and mesh sizes of 10, 15, 20, 40,
55, 70, 80, and 100mm) were also employed. In fish sampling, ethical principles have been adhered to
in accordance with the animal welfare laws, guidelines, and policies of the Republic of Tiirkiye. The
samples were fixed in a 5% formaldehyde solution and transported to the laboratory for further
analysis.
2.2. Measurement, Examination, and Calculations
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Individuals' standard, fork, and total lengths measurements were taken with a digital caliper with a
precision of 0.01 mm, while weight measurements were performed using a digital precision scale with
a precision of 0.001 g. Furthermore the conversion ratios for fork and standard length values to total
length values have been calculated as 1.06 and 1.23, respectively, based on the data obtained from our
measurements. In the calculation of the length-weight relationship, the exponential equation W = a X
LPwas transformed into a linear form by taking the logarithms of the length (L) and weight (W)
values. This transformation resulted in the equation Log(W) = Log(a) + b X Log (L)Subsequently,
a regression analysis was conducted to determine the a and b parameters. In analysis, total lengths and
weights were used (Ricker, 1975; Cetinkaya et al., 2005).

In the determination of age groups, modal progression analysis (Bhattacharya method) was used in
the dataset created with the frequency data of sampled individuals' lengths. A threshold of seperation
index SI > 2.0, was employed to identify the "modal" lengths corresponding to each age group by
FiSAT-II Age-length relationship (VBGE) L, = Loo(1 — e *(:=t9))) was determined using a two-
stage regression process based on age groups and the corresponding modal lengths. Growth
performance was calculated using VBGE parameters ¢' =loglog 10(K) + 2
log log 10 (Loo) (Ricker, 1975; Gaynalio et al., 2005; Cetinkaya et al., 2005). The condition of

individuals was calculated using isometric (Fulton) K = L% x 100 where W weight and L total length

of the individuals (Ricker, 1975).
Sex determination was performed by examining the gonads under naked eye and stereo
microscope, considering fish size and the developmental stage of the gonads. Spawning period was

determined by observing the changes in Gonadosomatic Index (GSI (%) = W(iM(:Wx 100) values,
where GW gonad weight g W body weight g (Kinacigil et al., 2008). Fecundity was calculated using
the gravimetric method from ovarian samples obtained from sexually mature individuals during the
spawning period (Karatas et al., 2005). For the analysis of stomach contents, the entire digestive tract
was removed, labeled, and preserved in a 4% formaldehyde solution. Subsequently, the contents were
examined under a stereo microscope, and the items were identified and counted at the group level
(Gokge et al.,, 2005). Calculations, regression processes, statistical analyses, comparisons were

performed and graphs driven using MS Excel, SPSS 25.0, and FiSAT II softwares (Cetinkaya, 2015).

3. RESULTS
3.1. Water Quality and Environmental Conditions in GDL

The Biiyiik Menderes River (BMR) and its basin are the largest among the rivers and basins in
Western Anatolia. The GDL and its water source, Tekke Creek, are one of the sources of the BMR
within the boundaries of Denizli (Cetinkaya, 2018). The GDL is fed by Tekke Creek, which collects
several small sources in the vicinity, along with surface runoff, drainage channels, and precipitation
water. Significant annual fluctuations occur in the water level of the GDL. Due to irrigation water
abstraction and insufficient rainfall, by mid-autumn, approximately one-third of the surface area of
GDL remains completely dry. Tekke Creek, under such conditions, reaches the water body of the dam
lake with a weak flow. In the coastal areas, particularly in the western part, aquatic macrophytes are
predominantly present, while in the areas that remain dry, terrestrial plants thrive during late summer
and autumn. A large portion of these terrestrial plants are submerged underwater during the late spring
to early summer period. Some of the water quality parameters measured in GDL are presented in Table
1.
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Table 1. Water quality parameters measured in monthly samples in the GDL.

Months Temp. (°C) pH DO (mg/l) DOS (%) EC (25°C uS/em)  Salinity (ppt)
May 2019 23.0 8.43 10.19 123.4 549.0 0.28
June 2019 26.2 9.11 9.05 110.2 499.5 0.23
July 2019 25.9 8.99 10.21 128.7 501.7 0.24
August 2019 27.5 9.23 11.49 151.2 472.7 0.22
September 2019 24.1 9.45 8.94 110.5 505.0 0.25
October 2019 17.8 8.72 6.79 73.9 501.0 0.28
November 2019 10.9 8.96 9.19 93.2 162.9 0.11
December 2019 10.7 8.12 7.01 70.3 445.4 0.28
January 2020 10.3 8.82 6.85 63.0 437.9 0.30
February 2020 115 9.37 7.97 76.7 459.5 0.30
March 2020 11.6 9.35 8.3 79.8 459.3 0.30
April 2020 17.9 8.87 9.08 94.8 467.5 0.29
Maximum 27.5 9.45 11.49 151.2 549.0 0.30
Mean 18.1 8.95 8.76 98.0 455.1 0.26
Stand.Dev. 6.9 0.40 1.46 27.2 97.2 0.05

The water level in GDL significantly fluctuates throughout the year, and during the summer season,
particularly high levels of pollution caused by solid waste are observed. It has been determined that
the pollutants concentrated mostly on the western shores of the lake are transported to the GDL
through water inlets. Domestic waste, on the other hand, is predominantly found in the southern
shores. It has been observed that numerous rainwater drainage channels discharge into GDL,
positioning the lake as a recipient environment for wastewater. During the summer months, intense
turbidity, foaming, and the presence of dead rodents and a large number of dying or dead C. gibelio
individuals have been observed on the southwestern shores. The areas between Gokpinar Source and
the dam lake are densely used for agricultural and livestock activities. While domestic waste is
directed to the sewage system in this region, it is evident that pollutants and nutrient elements derived
from agriculture and livestock can easily reach GDL through rainfall, surface runoff, and drainage
channels.

3.2. Fish species

During the sampling, a total of 10 fish species were identified, including 8 species captured during
the sampling surveys and 2 species caught by recreational anglers. These species include L. gibbosus
(Linnaeus, 1758), Carassius gibelio, (Bloch, 1782), Vimba mirabilis, (Ladiges,1960), Chondrostoma
turnai, (Giiglii, Kiigiik, Turan, Ciftgi & Mutlu, 2018), Squalius fellowesi, (Giinther, 1868), Atherina
boyeri, (Risso, 1810), Alburnus demiri, (Ozulug and Freyhof, 2008),Cyprinus carpio, (Linnaeus,
1758), Silurus glanis (Linnaeus, 1758),G. holbrooki (Girard, 1859). G. holbrooki was observed
abundantly at both stations. In a study investigating the freshwater biodiversity of Denizli Province, 64
fish species were identified in the inland waters of the province, with 5 of them recorded as
exotic/invasive species. Additionally, the presence of 8 species was detected in the GDL in the same
study (Cetinkaya, 2018). At the stations, more than 1000 fish were captured in a single seine operation
between April and September, while over 5000 fish were caught during June and July. Only the
species G. holbrooki and L. gibbosus were observed in the coastal samplings. These exotic species are
the dominant species in the coast of GDL. The most dominant species observed in the samples caught
with the seine net is G. holbrooki. The occurrence rate of this species in sampling was 20% in April-
May, 50% in June-September, and 100% in October-March. Both species were not found in coastal
samplings during the other months (November-February). All of the caught species other than L.
gibbosus and G. holbrooki were captured by multimesh gillnet.

3.3. Observations on L. gibbosus

During the study, careful observations were made on individuals of L. gibbosus, and the following
points stood out regarding their swimming, feeding, and reproductive behaviors:

Routine swimming behavior: Individuals of L. gibbosus, found in small groups, exhibit aggressive
behavior while also displaying high sensitivity to environmental stimuli. In addition, they demonstrate
curious and cautious behavior. During periods of high water temperature, a considerable number of L.
gibbosus individuals are observed in a side-by-side and horizontally oriented position to the shoreling,
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closely following the water's edge and seemingly monitoring their surroundings. Although they may
suddenly change their position in response to external stimuli, it has been observed that L. gibbosus
individuals tend to reposition themselves and continue monitoring their surroundings rather than
leaving the area.

Feeding behavior: L. gibbosus exhibits various feeding behaviors. They are typically observed
feeding on the bottom and consuming benthic macroinvertebrates. In addition, they have been
observed consuming filamentous algae with attached fish eggs. It has been observed that an important
feeding strategy of L. gibbosus is active "strategic predation” behavior. Whole or fragmented
individuals of G. holbrooki were frequently encountered in the examined stomach contents. During
strategic predation, a behavior observed is the group of L. gibbosus individuals separating a single G.
holbrooki individual from the school, herding it towards the shore without allowing it to escape. Once
the G. holbrooki individual has no more escape route, it is observed that the L. gibbosus individuals
proceed to tear it apart and consume it. Subsequently, it has been observed that the same group of L.
gibbosus individuals moves away from the shoreline again, and they trap another individual until it
reaches the shore, where they consume it. This behavior can be repeated several times in the same
location. Furthermore, it has been observed that they eagerly attack externally supplied baits (such as
bread) and feed alongside G. holbrooki on the same bait during these instances.

3.4. The structure and composition of L. gibbosus population

Between May 2019 and April 2020, a total of 1005 L. gibbosus individuals were examined, and
they were found to consist of three different age groups. The individuals comprised 30.05% females,
60.21% males, and 9.76% juveniles, resulting in a female:male ratio of 1:2.00 (Figure 2).

50.00
38.91

40.00
- 30.00
Q
S 20.50 M Female
-
- 20.00
8 16.32 13.53 1 I\/Iale
(W

8.76 :
{000 M Juvenile
1.00 0.80
0.20 0.00
10.00 — —
O+ |+ [+

Age
Figure 2. Age distribution of L. gibbosus based on sex

Total lengths (TL) of L. gibbosus individuals ranged from 2.46 cm to 11.34 cm. TL values varied
between 2.55 cm and 10.99 cm for females and between 2.46 cm and 11.34 cm for males. The mean
TL for all samples was calculated as 5.82+2.09 cm. Weights (W) ranged from 0.20 g to 34.65 g for L.
gibbosus individuals. Weights varied between 0.20 g and 25.99 g for females, 0.22 g and 34.65 g for
males, and 0.25 g and 10.29 g for juveniles. The mean weight (W) for all samples was recorded as
4.9444.67 g. The majority of individuals (45.87%) consist of small-sized individuals ranging from
0.01 g to 3.00 g weight group. The growth pattern is isometric, and no significant difference (p>0.05)
was found in (b) among females, males, and juveniles. "The length-weight relationships for the
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general population, females, males, and juveniles in the population are as follows, the graph for the
population is provided in Figure 3."

Female: W (g)= 0.0142xTL (cm)>% (r=0.9929), (n= 302)

Male: W (g)= 0.0126xTL (cm)**®* (r=0.9942), (n= 605)

Juvenil: W (g)= 0.0167xTL (cm)**¥ (r=0.9944), (n= 98)

General: W (g)= 0.0131xTL (cm)*** (r=0.9945), (n= 1005)

40
35 L

30
W(g)= 0.0131xTL(cm)*2

25 2=0.9891 oo
20
15

10

Fish Weight (g)

0.00 2.00 4.00 6.00 8.00 10.00 12.00
Total Length(cm)

Figure 3. Length-weight relationship in the L. gibbosus population

Growth and Condition: The age-length relationship (VBGE) was determined as Lt = 19.85 (1-e ~
0274) (t+0.272)y “and the growth performance was determined as ¢’=2.034 (Figure 4). The relative growth
values between age groups were calculated as follows: a transition from 0+ to I+ year class growth
rate of 104.61%, while a transition from I+ to I+ years resulted in a growth rate of 39.34%. The
highest relative growth occurs during the first year.

25 -
Loo=19,85 cm
P I
e 15
S
=
o0 Lt=19,85(1-e0.274(t+-0.272))
S 10 A
—
=
S 5
0 +———+ } — . ] .

001 23 4 56 7 8 910111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30
Age(Year)
Figure 4. GDL L. gibbosus population VBGE age-length curve.
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The condition factor was calculated based on sex, months, and age. There was no significant
difference in the condition factor values between sexes, and average condition was estimated as 1.71
However, it was observed that individuals in the age group 11+ exhibited higher condition factors.

3.5. Reproductive characteristics

It has been observed that gonad development in the population starts in March and continues until
May, spawning primarily begins in May and lasts until July (Figure 5). In the examination conducted
on 33 female individuals in which fully developed eggs were observed in April and May, it was
determined that all of these individuals belonged to the I+ age group, and their reproductive age was
considered as 1+. The minimum number of eggs per female was determined as 819, the maximum was
5913, and the average was 3056 eggs per female. The average diameter of mature eggs was found to
be 0.59 mm (ranging from 0.43 mm to 0.91 mm).

GSI

7
V)
0.019 0.014
S S 0
< < < X
S A A
& 0 & &
X2 o 2 @
O o®
Months
Figure 5. Variation in GSI of female individuals in the L. gibbosus population of GDL
3.6. Feeding

The examined digestive tract contents have shown that L. gibbosus predominantly feeds on
zooplankton (crustaceans) in all sizes. In addition, stomach analysis revealed the presence of
chironomid larvae, fish eggs, whole and fragmented fish (G. holbrooki), and fish scales. It has also
been observed that L. gibbosus individuals captured during the same sampling period can feed on
completely different organisms from each other. In one individual, the entire digestive tract was filled
with chironomid larvae, while in another individual, the entire digestive tract contained only fish eggs.
In yet another individual, only one or two whole G. holbrooki individuals were found in the digestive
tract.

4. DISCUSSION and CONCLUSION

GDL has a relatively small surface area, and occuring significant annual fluctuations in water levels
are directly affected by the size of the catchment area. Due to water usage and hydrological changes
that occur seasonally, significant differences occur in the substrate characteristics, fauna and flora
dependent on the ground, general vegetation, water quality, and overall habitat. In addition to that,
GDL is also influenced by the surrounding areas (rainwater drainage, solid waste, human activities,
agriculture, aquaculture, etc.). Based on this information, GDL is considered as a habitat that does not
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exhibit stable ecosystem integrity and shows significant spatial and temporal changes.

Three different age groups have been identified in the population: 0+, I+, and Il+. In a study
covering 9 countries and 36 regions in Europe, the presence of populations belonging to the age group
of 4 to 9 years was reported (Copp & Fox, 2007). Considering the limitations of sampling in GDL, it is
likely that the population may reach up to the Ill+ age group, suggesting a total of four age groups.
The reasons for identifying fewer age groups proportionally could be related to the scarcity of
individuals belonging to larger age groups and their lower chances of being captured or it could also
be due to the population being relatively new or in the early stages of formation. Furthermore, the
majority of sampled individuals belonging to the 0+ and I+ age groups could be related to a higher
natural mortality rate and the availability of suitable and sufficient food resources. Indeed, another
possibility could be the limited sampling area within the habitat, and these areas may not yield
productive catches, especially during periods outside of the spring and summer seasons, which
encompass the breeding season. As a result, it might be challenging to reach older individuals during
these periods. The majority of samples have been obtained from coastal areas, especially during the
breeding season and its aftermath. In these areas, it is possible that smaller males tend to stay longer
for nest guarding, which could contribute to this result. Danylchuk & Fox (1996) found that the nest-
building activity was initiated by 4+ and 5+ year-old male individuals, but later, in the nesting areas,
they observed the presence of 70% smaller male individuals.

In the L. gibbosus population of GDL, no sexual dimorphism has been observed; therefore, sex
determination cannot be made based on external appearance. During the breeding season, it has been
observed that males guard the nest where eggs are deposited and remain in a cautious vigilance state to
defend the nest against other fish. The F:M ratio was determined as 1:1.26 in the 0+ age group, 1:2.88
in the 1+ age group, and 1:4 in the I1+ age group. The overall sex ratio (F:M) was found to be 1:2.00,
although it varied between sampling periods (1:16.4 in May, 1:1.84 in June, 1:1.28 in July, 1:1.6 in
August, 1:1.2 in September, 1:1.3 in February, and 1:2.5 in April). The samples were obtained through
shore seine fishing and offshore gillnet fishing in July 2019. In the samples obtained from coastal
fishing, the F:M ratio was found to be 1:2.1, whereas in the offshore samples, it was found to be 1:1.
The values obtained from the coastal samples differ from the expected 1:1 ratio predicted by the Fisher
model based on Mendelian genetics (Ganikhodjaev et al., 2013) (2 test, p < 0.05). It is known that L.
gibbosus exhibits nest-building behavior and active nest guarding by male individuals during the
breeding season (Zieba et al., 2018). Additionally, it has been reported that around the nest, 0 and 1
year-old male fish are relatively more abundant compared to 2 , 3, and 4 year-old parent males
(Almeida et al., 2012). The presence of multiple males to fertilize the eggs deposited by a female is
considered an adaptation that contributes to the success of L. gibbosus in colonizing new habitats and
sustaining their populations, in addition to other adaptive traits (Almeida et al., 2012). Based on this
information, the observed F:M ratio of 1:16.4, particularly during the breeding-intensive month of
May, and the proportional male-biased population structure in coastal areas can be explained. In the
population, the maximum total length measured was 11.4 ¢cm, and in VBGE Loo was estimated to be
19.85cm.

Although it has been reported that L. gibbosus can reach a maximum size of 40 cm (Cetinkaya,
2006), it is not known whether this high size value belongs to its natural range or to the regions where
it is considered an exotic species. When the length averages of individuals sampled from GDL were
examined by age, it was observed that the 0+ age group had similar averages to those of N. America,
the 1+ age group had averages similar to those of Saricay ( Tiirkiye), Europe, and N.America, and the
2+ age group had averages close to those of N. America. These data indicate that the growth values of
L. gibbosus in the population of Gokpinar Reservoir are similar to those in other habitats where it is
introduced (Table 2).
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Table 2. Age-specific total length values of L. gibbosus in GDL and other selected populations.
Age groups

Region o i o References
Biiyiik Menderes Basin * - 6.74 9.40 Bay, 2010
Sarigay (Mugla- Tiirkiye) 7.21 7.96 9.22 Top, 2012
Europa’** 4,92 7.50 9.42 Copp et al., 2004
North America®** 431 7.38 10.09 Copp et al., 2004
GDL (Denizli) 3.69 7.55 10.52 This study

* Fork length values have been converted to total length values (1.06).

** Standard length values have been converted to total length values (1.23)
! Averages of 8 Country 12 region

2 Averages of 2 Country 24 region

The fish weights in the GDL population ranged from 0.20 to 34.65 grams. The estimated value of
Woo calculated from VBGE was 161.41 grams. While it is stated that L. gibbosus can reach a weight
of 600 grams in different habitats (Cetinkaya, 2006), the individual weighing 75.74 grams sampled
from the Lower Sakarya Basin is recorded as the heaviest individual in Turkish waters (Reis et al.,
2018).

The length-weight relationship provides important information about growth characteristics,
ontogenetic development, and population dynamics in fish populations (Khanom et al., 2020). In GDL,
the length-weight relationship for L. gibbosus has been determined as W= 0.0131xTL**** (r=0.9945),
(n= 1005). When examining the length-weight relationships in some studies regarding this species
(Table 3), it can be observed that there is a general similarity across all populations. Upon examining
the mentioned data, it can be observed that L. gibbosus populations exhibit successful habitat
adaptation and food competition. They exhibit isometric weight gain parallel to their length, and in
some habitats, they are capable of positive allometric growth.

Table 3. Length-weight relationships in different L. gibbosus populations

Populations a b R* Growth pattern
Biiyiik Menderes* (Bay 2010) 0.0189 3.0301  0.929 Isometric
Sarigay (Mugla) (Top, 2012) 0.0149  3.0800 0.971 Isometric
Western Mediterranean (lentic) (Cigek et al., 2022) 0.0080  3.4910 0.950 + Allometric
Western Mediterranean (lotic) (Cigek et al., 2022) 0.0130  3.1380 0.987 + Allometric
Iber peninsula* (Andreu-Soler et al., 2006) 0.0150  2.9800 0.969 Isometric
Croatia (Treer et al., 2008) 0.0121  3.2140 0.960 + Allometric
This study 0.0131  3.1521  0.9891 + Allometric

*Measurements were taken using FL (fork length) value.
**R? coefficient of determination.

The age-length relationship was determined as L,-19.85(1 — e~02744(t+0272)) \When the mean
SL values provided by Copp et al. (2004) are converted to TL, the average lengths for European
populations are found to be 15.76 cm, while for American populations, the average length is 20.74 cm.
However, the length values measured within the natural habitats of the species are higher. In GDL, it
has been determined that the measured length values fall between those of Europe and America (19.85
cm), while the growth performance value (¢’=2.034) is calculated to be lower than that of the
N.American and European populations (Copp et al., 2004).

Condition, in females, reaches its highest level in April (2.05), while in males, it is observed in
May (2.06). The recorded high values during the period when the examined stomachs were not fully
filled are likely related to gonad development/growth. The annual average condition of females and
males (~1.71) was found to be similar (p > 0.05). In Western Mediterranean lentic system populations,
the condition was determined to be 2.00, while in lotic systems, it was found to be 1.65 (Cigek et al.,
2022). The populations of L. gibbosus living in lentic habitats have higher condition due to their more
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stable and diverse feeding alternatives.

In certain L. gibbosus populations, the %GSI values of males were found to be inconclusive in
determining the breeding season (Danylchuk & Fox, 1994). In GDL, it has been observed that
reproduction takes place between April and June based on the changes in the %GSI of females. During
this period, males, which are easily observable from the shore, exhibit nest guarding/defensive
behaviors, further supporting this finding.

L. gibbosus feeds on various prey items such as fish, gastropods, adult and larval odonates,
ephemeropterans, dipteran larvae and pupae, trichopterans, coleopterans, terrestrial insects, and more
(Godinho et al., 1997; Locke et al., 2013). The species also exhibits a broad feeding spectrum in GDL.
While zooplankton is predominantly observed in stomach analyses, it has been recorded that they also
feed effectively on fish (G. holbrooki) and fish eggs.

L. gibbosus is considered an invasive species in all regions outside of N.America, its native range.
L. gibbosus, which began to appear in Europe in the early 1900s, has been successful in many
countries by adapting well to the entered habitats and establishing self-sustaining populations until
today (Copp & Fox, 2007). L. gibbosus, which has a high tolerance for environmental conditions,
tends to prefer cooler waters compared to other Lepomis species. However, the hydrological cycle of
small rivers unique to the Mediterranean region is shaped by reduced flow during the summer and the
formation of isolated ponds. In this regard, ecologically varying conditions throughout the year can
become critical for the success of the species. Therefore, it is natural to expect differences in the
bioecological characteristics between the native populations of L. gibbosus in North America and the
populations in Europe where it was introduced later (Gutiérrez-Estrada et al., 2000). The fact that L.
gibbosus, which generally prefers clean waters in its native range (Jordan et al., 2009), can be found in
polluted GDL indicates its high ecological tolerance.

According to life history theory, females tend to invest in growth and delay maturity. The effect of
this is observed as an increase in fecundity later on. However, if there is a constraint on growth, as
observed in many populations of L. gibbosus after their introduction, the age and size at first maturity
will decrease to minimize reproductive loss. The cost of early maturity is known as a shortened
lifespan. In this regard, it is expected that there will be fewer age groups in European and Anatolian
populations compared to Canadian and N.American populations (Gutiérrez-Estrada et al., 2000).

L. gibbosus, besides being a food source for many fish species in its native range of N. America, is
also known as a specific food source for waterbirds (Jordan et al., 2009). It is observed that predatory
water birds can feed on this species from time to time in GDL. Additionally, the predator of L.
gibbosus, known as S. glanis, is also present in GDL. However, in the examined stomach content of
one S. glanis, no L. gibbosus or remnants were observed. As of yet, no studies have been found
regarding the role of L. gibbosus as either prey or predator in the food chain of inland waters in
Tiirkiye.

In this regard, we consider it important to monitor the settlement and developments of L. gibbosus
in different habitats in Tiirkiye as well as to conduct bioecological studies on all non-native species.
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Abstract: This study was carried out seasonally at 8 stations determined in Deriner Keywords
Dam Lake between 2020 and 2021. In order to determine the seasonal zooplankton ‘¢ Rotifera
taxon diversity and richness at the determined stations, the samples were collected in
the surface water with a plankton net with a mesh size of 55 um. In the distribution of
zooplankton, more taxon was recorded in autumn and spring seasons compared to other ® CoPepoda
seasons in terms of both the number of species and the number of individuals. In

addition to presence of Rotifera species in high numbers in general, Polyarthra

dolichoptera is the most common species seen in all seasons. Asplanchna sieboldi from

Rotifera, Acanhopdiaptomus denticornis from Copepoda, and Daphnia cucullata from

Cladocera were the dominant species of their groups.

e Cladocera

Ozet: Bu caligma, 2020-2021 yillar1 arasinda Deriner Baraj Golii'nde belirlenen 8 Anahtar kelimeler
istasyonda mevsimsel olarak yapilmistir. Belirlenen istasyonlarda mevsimsel o Rotifera
zooplankton takson g¢esitliligi ve zenginligini belirlemek amaciyla 55 mikron goz
acikliginda plankton agi ile ylizey sularindan Ornekler toplanmustir. Zooplankton
dagiliminda tiir sayisi agisindan sonbahar ve ilkbahar mevsimlerinde diger mevsimlere
gore daha fazla takson kaydedilmistir. Rotifera tiirlerinin sayisi fazla olmakla birlikte
her mevsim goriilen en yaygm tiir Polyarthra dolichoptera olmustur. Rotifera'dan
Asplanchna sieboldi, Copepoda'dan Acanhopdiaptomus denticornis ve Cladocera'dan
Daphnia cucullata gruplarinin baskin tiirleriydi.

e Cladocera
o Copepoda

1. INTRODUCTION

All water bodies form various biotopes according to their physical, chemical, and biological
properties. Organisms in an ecosystem determine the productivity of that ecosystem. Therefore, to
understand the efficiency of an aquatic environment the biomass in that environment should be well
known (Sen, 1987). Zooplankton, which is the second link of the food chain in freshwater ecosystems,
is the food source of invertebrates, fish, and sometimes birds and some species are indicators of water
quality, pollution, and eutrophication due to their sensitivity to environmental changes. In addition, the
fact that some genera and species show the feature of determining the water quality, pollution, and
eutrophication status of the waters in which they are found increases their importance even more. For
this reason, it is reported that zooplankton studies to be carried out in wetlands gain importance
(Berzins & Pejler, 1987; Mikschi, 1989; Giiher & Kirgiz, 1992). Zooplankton includes several taxa,
most of which are microscopic, such as protists, rotifers, copepods, and cladocerans (de Vargas, et al.
2015). Numerous studies have provided consistent and important insight that zooplankton taxa are
rapid responders to many environmental stressors, such as hydrological changes, climate changes, and
water pollution from anthropogenic activity (Duggan et al., 2001; Pawlowski, 2016).

Zooplankton contributes to the biodiversity of aquatic ecosystems. Therefore, it is necessary to
evaluate the factors affecting the distribution of zooplankton (Hemlata, et al., 2013; Mimouni et al.,
2018) because zooplankton are widely accepted and irreplaceable bioindicators in the ecological
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protection and management of aquatic ecosystems (Xiong, et al., 2019). While most of them are fed by
filtering the water, they also act as cleaning the water column (Bekleyen & Tas, 2006).

The fact that Rotifera species are more numerous than other zooplankton groups in freshwater
systems is due to the high level of nutrients, high reproductive success of Rotifera species, and the
ability of rotifers to be easily transported to aquatic environments by factors such as birds, wind and
current (Herzig, 1987)

Since there is no similar research on Deriner Dam Lake, all of the data obtained are new data to be
added to the literature.

2. MATERIAL AND METHOD

Deriner Dam Lake is the constructed on Coruh River in Artvin for generating energy. The dam is
located in the Eastern Black Sea Region and is 5 km upstream of the bridge on the state highway
connecting Artvin city center to Erzurum city center (Figure 1). The dam lake is the highest in Turkey
in its class, and the 3rd in Europe, and the 6th in the world, with a body height of 249 m from the
foundation. The dam lake is also Turkey's 7th largest Hydroelectric Power Plant (URL, 2023)

. :'\;;:,@oogle Eartt

.Figure 1. Sampling stations

Table 1. The coordinates of the sampling satations.

Stations Coordinates

1 41° 6.000'N 41°49476'E
2 41° 6.548'N 41°51.152'E
3 41°7.230'N 41°52.360'E
4 41°7.627TN 41°53.610'E
5 41°9.027'N 41°53.553'E
6 41° 8.424'N 41°53.971'E
7 41° 8.791'N 41° 56.278'E
8 41°9.559'N 41° 57.963'E

This study were carried out seasonally at 8 stations determined in Deriner Dam Lake between 2020
and 2021. Samples were taken 5 times from each station with a 55 p mesh size of plankton net placed
in 250 mL jars, brought to the laboratory as soon as possible, and fixed stored in 4% formaldehyde.
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Zooplanktonic organisms in water samples were examined with inverted and research microscopes,
and species were identified and related sources (Edmondson, 1959; Grasse, 1965; Kolisko, 1974;
Koste, 1978a, 1978b; Dumont & De. Ridder, 1987; Negrea, 1983; Einsle, 1996), the species
identification of Rotifera, Cladocera and Copepoda was made. In addition, physical measurements
were made in the sampling area with a YSI brand EXO 2 model device (probe). Temperature, pH,
conductivity, and dissolved oxygen, were measured instantaneously in situ.

3. RESULTS

During the research, a total of 25 zooplankton species were identified. Of these species, 13 species
of Rotifera (52%), 10 species of Cladocera (40%) and 2 species belong to the Copepoda (8%) group.
A total of 6 families were recorded among the rotifers. The family Synchaetidae was the most
abundant with 4 species, followed by Asplanchidae and Gastropodidae with 3 species, Brachinoide,
Dicranophoridae and Notommatidae one species. Ten families were recorded among Cladocera.
Daphnidae was the richest family with 5 species. Among the 2 families of Copepoda, Cyclopoidae and
Diaptomidae.

Table 2. Species observed during the spring sampling period at the 2020
1 2 3 4 5 6 7 8

Rotifera

Ascomorpha saltans Bartsch,1870 + + +
Asplanchna girodi de Guerne, 1888 + + +
Asplanchna priodonta Gosse, 1850 + +

Synchaeta pectinata Ehrenberg, 1832 + +
Gastropus stylifer (Imhof, 1891) +
Keratella tecta (Gosse, 1851) + +
Polyarthra dolichoptera Idelson,1925 + + + + +
Polyarthra remata Skorikov, 1896 +

Polyarthra vulgaris Carlin, 1943 +

Cladocera

Daphnia cucullata Sars, 1862 + + + + + + + o+
Daphnia longispina O.F Miiller, 1875 + + + +

Daphnia magna (Straus, 1820) + +
Leptodora kindtii (Focke, 1844) + +
Sida crystallina (O.F.Miiller, 1776) +

Copepoda

Acanthopdiaptomus denticornis (Wierzejski, 1887) + + + + + +
Cyclops vicinus Uljanin, 1875 + + + + + +
Total taxa 8 7 6 5 7 5 6 7
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Table 3. Species observed during the summer sampling period at the 2020

TAXA

1

2

Rotifera

Asplanchna priodonta Gosse, 1850
Asplanchna sieboldi (Leydig, 1854)
Cephalodella catellina (Miiller, 1786)
Polyarthra dolichoptera Idelson,1925

+

Cladocera

Bosmina longirostris (O.F.Miiller, 1785)
Daphnia cucullata Sars, 1862
Sida crystalina (O.F.Miiller, 1776)

Copepoda

Acanthopdiaptomus denticornis (Wierzejski, 1887)
Cyclops vicinus Uljanin, 1875

Total taxa

Table 4. Species observed during the autumn sampling period at the 2020

TAXA

1

Rotifera

Ascomorpha ovalis (Bergendahl, 1892)
Asplanchna priodonta Gosse, 1850
Asplanchna sieboldi (Leydig, 1854)
Dicranophorus sp.

Polyarthra dolichoptera Idelson,1925

+ + 4+ +

Cladocera

Coronatella rectangula (Sars, 1862)
Bosmina longirostris (O.F.Miiller, 1785)
Ceriodapnia reticulata (Jurine, 1820)
Daphnia cucullata Sars, 1862

Daphnia longispina O.F.Miiller, 1875
Daphnia magna (Straus, 1820)

Daphnia obtusa Kurz, 1874

Leptodora kindtii (Focke, 1844)
Polyphemus pediculus (Linnaéus, 1761)
Sida crystallina (O.F.Miiller, 1776)

+ + + + 4+

+ + + +

Copepoda

Acanthopdiaptomus denticornis (Wierzejski, 1887)
Cyclops vicinus Uljanin, 1875

Total taxa

10
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Table 5. Species observed during the winter sampling period at the 2021
TAXA 1 2 3 4 5 6 7 8
Rotifera
Asplanchna sieboldi (Leydig, 1854) + +
Gastropus stylifer (Imhof, 1891) + + + +
Polyarthra dolichoptera Idelson,1925 +
Synchaeta pectinata Ehrenberg, 1832 +
Cladocera
Bosmina longirostris O.F . Miiller, 1785) +
Ceriodaphnia reticulata (Jurine, 1820) +
Daphnia cucullata Sars, 1862 +
Daphnia longispina O.F.Miiller, 1875 + + o+
Daphnia obtusa Kurz, 1874 +
Copepoda
Acanthopdiaptomus denticornis (Wierzejski, 1887) + + + + + + + +
Cyclops vicinus Uljanin, 1875 +
Total taxa 5 4 4 3 2 3 5 4

+
+
+
+
+

In spring, the most observed Rotifera species were Polyarthra dolichoptera (recorded in 5
stations). For Cladocera, Daphnia cucullata (8 stations). On the other hand, Cyclops vicinus had the
largest distribution range (7 stations), inside the copepods (Table 2). In summer, for the Rotifera,
Asplanchna priodonta recorded in total 8 stations. Daphnia cucullata and Sida crystallina were
recorded in 7 stations. Besides, From Copepoda that Acanthopdiaptomus denticornis had the largest
distribution range (7 stations). In Autumn, Asplanchna sieboldi was the most observed species (7
sations), from cladocera Daphnia cucullata was found at all stations (8 stations), while
Acanthopdiaptomus denticornis from copepoda was found at all stations. In winter, Gastropus stylifer
from Rotifera was observed at 4 stations, Daphnia longispina from cladocera at 3 stations, and A.
denticornis from copepoda at all stations (Table 5).

Table 6. Surface water physicochemical values

Temp. (°C) pH E.C (uS/cm) D.O (mg/L)
Spring

Ave. 22.04 8.40 222.60 10.65

Min. 19.70 8.28 188.90 10.32

Max. 23.86 8.48 243.00 10.99
Summer

Ave. 23.90 8.48 467.81 8.32

Min. 22.95 8.33 455.20 8.04

Max. 25.04 8.68 478.80 8.76
Autumn

Ave. 20.26 8.08 546.35 8.08

Min. 20.03 7.99 528.90 7.59

Max. 20.65 8.15 569.60 8.41
Winter

Ave. 11.14 8.40 492.20 9.55

Min. 10.70 8.24 427.80 9.30

Max. 11.45 8.54 534.60 9.76

During the sampling studies carried out at 8 stations in Deriner Dam Lake, water quality
parameters were monitored seasonally. Water temperature, pH, dissolved oxygen, electrical
conductivity measurements were made in situ. It has been determined that the temperature of the dam
lake varies between 10.70 and 25.04°C.While the pH varied between 7.99 and 8.68, the average value
was measured as 8.33. The conductivity values detected between 569.60- 188.90 uS/cm. In the
examination carried out in the research area, dissolved oxygen was measured between 7.59-10.99
mg/L (Table 6).
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4. DISCUSSION

A total of 25 zooplankton species were identified. Of these species, 13 species of Rotifera (52%),
10 species of Cladocera (40%), and 2 species belong to the Copepoda (8%) group. The fact that the
number of Rotifera species in freshwater systems is higher than the other zooplankton groups causes
the nutrient level to be high, the high reproductive success of Rotifera species, and the rotifers can
easily enter aquatic environments with factors such as birds, wind, and currents. In the zooplankton
distribution of Deriner Dam Lake, more zooplankton were recorded in autumn and spring than in other
seasons in terms of the number of species. Yigit (2006), in her study in Kesikkoprii Dam Lake,
determined that rotifers are more numerous in spring and autumn than in other seasons. Similar to
Korkmaz (2000) recorded that the total amount of zooplankton was highest in spring and autumn in
Beytepe Pond. Tuna &Ustaoglu (2016) observed the same findings in a study at Kemer Dam Lake.
Similar zooplankton profiles were also recorded in Goksu (Bekleyen, 2003), Kepektas (Saler, 2009),
Karakaya (Saler et al., 2010), Kalecik (Bulut & Saler, 2013), Beyhan (Bulut & Saler, 2014), Ozluce
(Ipek Alis & Saler, 2014) Uzuncayir reservoirs (Saler et al., 2014). Hancagiz (Saler &Als, 2014), Kig
(Bulut, 2018), and Cat (Saler et al., 2019), In these lakes, Rotifera took the first place in terms of the
number of zooplankton taxa. In Tercan, Kuzgun, and Demirdéven Dam Lakes, an increase was
observed in the distribution of zooplankton in the spring, on the other hand, it was recorded as the
period when the zooplankton abundance was the lowest in the winter (Saler & Selamoglu, 2020).

Some rotifer species and cyclopoid copepods can be used as indicators of the trophic level of lakes
and reservoirs. The composition, richness, and abundance of these species vary according to various
limnological variables associated with trophic conditions. Rotifera species are generally more
concentrated in eutrophic lakes, while Copepoda species are mostly found in oligotrophic lakes
(Herzig, 1987). Although the number of Rotifera species is high in Deriner Dam Lake, the least
number of species belongs to the Copepoda group. In Rotifera, which is generally the dominant group
of eutrophic lakes, only Keratella tecta species belonging to the Keratella genus were recorded in the
spring season. Therefore, it would not be correct to comment on the trophic status of the lake by
looking at the rotifer species recorded in the lake (Kolisko, 1974).

Acanthodiaptomus denticornis, the most abundant species in Deriner Dam Lake, is a large calanoid
copepod. It is a tolerant species found in both freshwater lakes and small nutrient-rich ponds. This
species is found in 20% of the water bodies from which zooplankton is sampled. It is especially
abundant in high-altitude lakes (Yang & Min, 2020). In the dam lake, this species has been recorded in
more than 90% of the samplings at the stations.

Sida crystallina (Cladocera: Sididae, O.F. Miiller 1776) is a typical epiphytic cladoceran species
occurring in temperate and tropical waters. Compared with other cladoceran species, S.
crystallina occurs at relatively high water temperatures (approximately 21 to 22 °C; Kotov &
Boikova 1998) and is prevalent in temperate zones during summer (Balayla & Moss, 2003). In this
study, the presence of S. crystallina supports these studies in warm seasons. L. kindtii is a predator
whose diet contains mostly cladocerans (Abrusan, 2003). This species, which is a predator, was seen
in the spring and autumn seasons. Polyphemus pediculus is a size-dependent predator (Young
&Taylor, 1988). This species was identified in autumn.

Temperature is one of the most important environmental parameters controlling the biological and
chemical events in aquatic areas, and with the increase in temperature, the biological activity in the
aquatic area increases, and biochemical reactions accelerate and affect the reproduction, nutrition, and
metabolic activities of aquatic organisms (Tas et al., 2011. Therefore, in the spring months when the
temperature suddenly increases, the zooplankton density increases, and the ecosystem productivity
increases. In our study, based on these data, it was determined that the water temperature was between
10.70-25.04°C and showed differences according to the seasons.

Water pH can also have an impact on zooplankton; low pH causes reduced zooplankton abundance,
as well as decreased biodiversity and the loss of some species (Ivanova & Kazantseva, 2006; Yamada
& lkeda, 1999), whereas alkaline conditions that accompany high primary production favors the
growth and abundance of zooplankton (Bednarz et al., 2002; Mustapha, 2009).

The conductivity in the dam lake was measured in the range of 188.90-569.60 us/cm. The electrical
conductivity value is an indicator of the ion content of the reservoir water. The values specified in the
protocol on fisheries standards and the protection of surface water resources against pollution are
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between 150-500 uS/cm (Uslu & Tiirkman, 1987).

One of the most used parameters in determining water quality is the amount of dissolved oxygen in
the water. In order to sustain aquatic life under aerobic conditions in freshwater ecosystems, the
minimum dissolved oxygen value of the water should not be less than 5.0 mg/L (Giille, 1999). The
value of dissolved oxygen found in our study was reported to be suitable for zooplankton life.

5. CONCLUSION

The zooplankton species found during the study are important as they are the first record for
Deriner Dam Lake. Most of the species recorded in this study are considered cosmopolitan.
Temperature, pH, electrical conductivity, and dissolved oxygen are among the values that aquatic
organisms can live. This study will form the basis for future studies in these dam lakes and also for
Turkiye's biodiversity gains.
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Ozet: Terbiyum (Tb), su ortaminda yiiksek konsantrasyonlarda bulundugunda sucul Keywords
organizmalar i¢in toksik hale gelebilen nadir toprak elementi (NTE)’dir. Tatli su e Terbiyum
ekosistemindeki Th toksisitesinin meydana getirdigi oksidatif stres sonuglariyla ilgili e Pontastacus leptodactylus
hala yeterince calismalar mevecut degildir. Bu ¢alisma ile Tb'nin oksidatif stres ® Oksidatif stress
sonuglarini  degerlendirmek icin tath su canlist olan Pontastacus leptodactylus —® Antioksidan
kullanilmustir. Bu organizmada, 1, 5 ve 25 mg/L konsantrasyonlardaki Th'nin 24 ve 96.  ® Biyobelirte¢
saatte meydana getirdigi oksidatif stres ve antioksidan degisimleri siiperoksit dismutaz

(SOD), glutatyon peroksidaz (GSH-Px), katalaz (CAT) enzim aktiviteleri ile

Tiyobarbitiirik asit (TBARS) ve rediikte glutatyon (GSH) seviyeleri belirlenmistir.

Sonuglar ELISA kitleri kullanilarak tespit edilmistir. Biyobelirte¢ analizlerin

istatatistiksel degerlendirilmesinde SPSS 24.0 paket program tek-yonli ANOVA

(Duncan 0,05) testi kullanilmigtir. Kontrol grubu ile karsilastirildiginda SOD

aktivitesinde Onemli bir degisim gozlemlenmezken (p>0,05) CAT ve GPx

aktivitelerinde anlamli azalmalar (p<0,05) gozlemlenmistir; GSH ve TBARS

seviyelerinde ise anlamli (p<0,05) artislar gézlemlenmistir. Caligma verileri dikkate

alindiginda canli organizma viicuduna niifuz eden Tb ksenobiyotiginin organizma da

oksidatif strese neden oldugu diistiniilmektedir.

Abstract: Terbium (Tb) is a rare earth element (REE) that can become toxic to aquatic Anahtar kelimeler
organisms when present in high concentrations in the aquatic environment. There are e Terbium

still not enough studies on the oxidative stress consequences of Th toxicity in the e Pontastacus leptodactylus
freshwater ecosystem. In this study, the freshwater creature Pontastacus leptodactylus o Oxidative stress

was used to evaluate the oxidative stress consequences of Th. The oxidative stress and o Antioxidant

antioxidant changes caused by Tb at 1, 5 and 25 mg/L concentrations at 24 and 96
hours in P. leptodactylus, were affected by the enzyme activities of superoxide
dismutase (SOD), glutathione peroxidase (GSH-Px), catalase (CAT) and thiobarbituric
acid (TBARS) and reduced levels of glutathione (GSH) were determined. Results were
determined using ELISA kits. SPSS 24.0 package program one-way ANOVA (Duncan
0.05) test was used in the statistical evaluation of biomarker analyses. While no
significant change was observed in SOD activity (p>0.05) compared to the control
group, significant decreases were observed in CAT and GPx activities (p<0.05);
Significant (p<0.05) increases were observed in GSH and TBARS levels. Considering
the study data, it is concluded that the TB xenobiotic that penetrates the body of living
organisms causes oxidative stress in the organism.

e Biomarkers

1. GIRIS

Bir NTE olan Terbiyum (Tb), giimiisi beyaz renkte, doviilebilir, siinek ve bigakla kesilebilecek
kadar yumusak nadir toprak metalidir. Lantanid serisinin dokuzuncu iiyesi olan Tb, su ile reaksiyona
girerek hidrojen gazi iireten oldukga elektropozitif bir metaldir (URL-1, 2023). Terbiyum dogada
hi¢bir zaman serbest bir element olarak bulunmaz; ancak serit, gadolinit, monazit, ksenotim ve 6kzenit
olmak iizere bircok mineralde bulunmakla birlikte Tb nadir ve pahali bir elementtir. Bu nedenle ¢ok az
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ticari kullanimi vardir. Bazi kii¢lik kullanimlar1 lazerlerde, yar iletken cihazlarda ve renkli televizyon
tiiplerindeki fosfordadir. Kat1 hal cihazlarinda yiiksek sicaklikta ¢alisan yakit hiicrelerinin stabilizatorii
olarak da kullanilir (URL-1, 2023).

Lantandan (La: Z = 57) lutesyuma (Lu: Z = 71) kadar olan periyodik tablo elementleri genellikle
nadir toprak elementleri (NTE'ler) olarak adlandirilir. Lantanitler veya 'Endiistriyel vitaminler' olarak
da bilinen NTE'ler, ayn1 elektronik katmanlar1 iceren ancak atom numaralarinda kiigiik farkliliklar
bulunan, neredeyse benzer elektronik konfigiirasyona sahip, kimyasal olarak tekdiize bir metalik
element grubudur (Adeel vd., 2022). Gilinlimiizde NTE'ler, tarimda fosfath giibreler, temiz enerji, tibbi
iirlinler, akilli telefonlar, kalict miknatislar, fliioresan ampuller, giines panelleri, hibrit motorlar, riizgar
tiirbinleri, karbon ark aydinlatmasi, cam parlatma, seramik, sarj edilebilir piller ve araba katalitik
konvertorleri, demir ve celik katki maddeleri dahil olmak iizere bir¢ok sektor icin vazgegilmezdir
(Migaszewski ve Galuszka, 2015).

NTE'lerin tarimsal topraklarda ve kentsel alanlardaki konsantrasyonu; NTE'lerin kalintilarimin
topraga bosaltilmasi, NTE'lerle zenginlestirilmis giibrelerin uygulanmasi veya madencilik alanlarini
cevreleyen arazilerdeki tarim faaliyetleri gibi cesitli antropojenik girdi ortamlarindaki bitkilerde
NTE'lerin biyobirikimi gézlendiginden énemlidir (Hu vd., 2004; Tyler, 2004). Cevredeki kaliciliklari
nedeniyle, toprak ve tortulardaki yaygin NTE'lerin riskleri, etkileri ve kronik toksisitesi endise
vericidir. Toprakta birikimleri, ekinlerde de biyobirikime yol agar ve yagmur sulari, yeralti sular1 ve
riizgarlar ile su ortamina karigarak nihayetinde besin zincirine girerler (Charalampides vd., 2015).

Sudaki NTE'ler hakkindaki bilgiler, 6zellikle arka plan konsantrasyonu, ekolojik ve insan sagligi
risk degerlendirmeleri i¢in ¢ok 6nemlidir. Suda yasayan organizmalar iizerine yapilan son arastirmalar,
lantanitlere maruz kalmanin su pirelerinin hayatta kalmasini, biiyiimesini ve ¢ogalmasini azalttigini ve
deniz kestanesi embriyogenezini ve dollenmesini etkiledigi (Amato vd., 2016) bildirilmektedir.
Ayrica, NTE maruziyetinin midyelerde antioksidan ve Dbiyotransformasyon savunmalarinin
aktivasyonu, lipid peroksidasyonu (Freitas vd., 2020) ve immiinomodiilasyon (Hanana vd., 2017;
Hanana vd, 2018) ile iliskili oldugu bulunmustur.

Kabuklular, su ekosistemlerindeki kirletici kontaminasyonuna karsit hassasiyetleri nedeniyle
ekotoksikoloji testlerinde ve biyoizleme ¢alismalarinda kullanilan organizmalardandir (Lebrun vd.,
2015; Ronci vd., 2016).

Sucul organizmalar, su ortamindaki kirliligi izlemek i¢in uygun kabul edilmekle birlikte (van der
Oost vd., 2003), kirletici kaynakli biyokimyasal ve fizyolojik degisikliklere karsi hassas tepkileri
nedeniyle de onemlidir (Lavado vd., 2006). NTE'lerin suda yasayan organizmalar iizerindeki etkisi
hakkinda ¢ok az bilgi mevcuttur ve ilgili ¢evresel riskler belirsizligini korumaktadir. Oksidatif stres,
reaktif oksijen tiirlerinin (ROS) asir1 birikmesi nedeniyle gelisir. Kabaca tiim biyotik ve abiyotik
stresleri gergeklestiren fizyolojik ve kimyasal olaylari kontrol eder (Demidchik, 2015). Oksidatif
strese yol agan redoks dengesizliginde cesitli NTE’lerin rolii, hem bitki hem de hayvan modellerinde
yiiriitiilen bir dizi bagimsiz ¢aligmada gosterilmistir ve pek ¢ok NTE’nin oksidatif strese neden oldugu
rapor edilmistir (Tseng vd., 2012; Wang vd., 2014; Zhao vd., 2013).

Bu calismada, endiistride kullanimi giderek artan Tb’nin ¢evrede olusturdugu istenmeyen kirlenme
ve hedef olmayan organizmalarda meydana getirdigi etkileri aragtirmak amaciyla tatli su 1stakozu
Pontastacus leptodactylus’un hepatopankreas dokusunda SOD, CAT, GPx, aktiviteleri ile TBARS ve
GSH seviyesi tizerindeki etkilerinin in vitro kosullarda arastirilmasi amaglanmaktadir.

2. MATERYAL METOT
2.1. Test Organizmasi

Su tiriinleri avcilik faaliyetleri yapilan ticari bir firmadan canli olarak temin edilmistir.
2.2. Test Organizmalarinin Laboratuvar Ortamina Adaptasyonu

Model organizma P. leptodactylus, satin alindigi firmadan su ile birlikte polietilen kutularda
laboratuvara nakledildi. Canlilarin {izerindeki stresi azaltmak i¢in miimkiin olan en kisa siirede
laboratuvara ulagstirildi. Yaklasik bir ay siireyle laboratuvar kosullarina adaptasyonlari saglandi. Ortam
suyu sicakligr 1542 °C; fotoperiyot dongiisii 14:10 aydinlik:karanlik olacak sekilde sabitlendi. Stok
tanklarinin abiyotik parametreleri (¢oziinmiis oksijen: 11,52+10,87 mg/L; pH:8,14+0,4; elektriksel
iletkenlik: 478+76 uS/cm; tuzluluk: 0,3+0,02 g/L) giinliik diizenli olarak YSI Professional plus marka
cihaz ile 6l¢lim yapilarak degisimler kayit edildi. Su parametrelerinde meydana gelen bozulmalardan
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kaynaklanan ek stresi onlemek i¢in her akvaryumdaki su kalitesi giinliik olarak revize edildi. Giinde 1
defa alabalik yemi ile yemleme yapildi. Her akvaryumdan arta kalan yem ve diski maddesi ¢ikarildi,
su ortamina her giin tatl su eklenerek yenilendi. Stok tanklarina pvc borular eklenerek kerevitler i¢in
barmaklar olusturuldu.
2.3. Kimyasal Madde Temini

Caligmada kullanilan Tb, NTE’si ticari firma olan Bostonchem’den %99,99 saflik derecesinde
temin edilmistir.
2.4. Subletal Konsantrasyonlar

Tim toksikolojik ¢aligmalarda oldugu gibi Tb uygulama ¢alismamizda da belirlenen uygulama
konsantrasyonlar1 ¢evreye salinim oranlari ve bu araliktaki degerleri dikkate alinarak uygulama
konsantrasyonlar1 belirlenmistir.
2.5. Deney Dizaym

Her biri 30 litreden olugsan cam akvaryumlara benzer biiyiikliikte ve saglikli 7’ser adet model canli
yerlestirildi. Canlilarin O, ihtiyaci hava motorlari ile saglanmistir. Deneysel ¢alisma biri kontrol grubu
olmak {izere 4 gruptan olusturulmustur. Dért grup i¢in iki zaman dilimi (24 ve 96 saat) belirlenmistir.

Cl: (Kontrol): Herhangi bir Tb konsantrasyonuna maruz birakilmayan, organizmalarin dogal
ortamindan alinan su ortami,

C2: 24 ve 96 saatlerde 1 mg/L Tb konsantrasyona maruz birakilan grup,

C3: 24 ve 96 saatlerde 5 mg/L Tb konsantrasyona maruz birakilan grup,

C4: 24 ve 96 saatlerde 25 mg/L Tb konsantrasyona maruz birakilan grup,

Deneysel arastirmada tiim ¢aligmalar {i¢ tekrarli olarak yiiriitilmiistiir.
2.6. Biyobelirtec Parametre Analizleri

Uygulama gruplarindaki akvaryumdan rastgele ti¢ adet model canli se¢ilmistir. Hepatopankreas
doku ornekleri alimmak tizere canlilar yarim saat buzlu suda bekletilmis, soguk sok uygulamasi
yapilmis ve her bir canlidan 0,5 gr hepotapankreas doku 6rnegi alinmistir. Numuneler tartilmis ve
antioksidan parametreleri 6l¢mek icin 1/5 w/v oraninda PBS tamponu (fosfat ile tamponlanmis tuz
sollisyonu) eklenerek, DAIHAN marka homojenizatoér kullanilarak buz ile homojenize edilmistir.
Numuneler 17.000 rpm'de 15 dakika santrifiijlenmistir. Siipernatanlar, dl¢iimleri yapilana kadar -86
°C'de derin dondurucuda tutulmustur. SOD, CAT ve GPx aktiviteleri ile GSH ve TBARS seviyeleri
ELISA kiti kullanilarak yapild.
2.7. Istatiksel Analizler

Biyokimyasal analizlerin istatistiksel degerlendirilmesinde SPSS 24.0 paket program tek-yonlii
ANOVA (Duncan 0,05) testi kullanilmustir.

3. BULGULAR
3.1. TBARS Seviyesi

Tb’nin farkli konsantrasyonlarinda zamana bagli TBARS seviyeleri Sekil 1’de verilmistir. Kontrol
grubuna kiyasla C3 ve C4 gruplarinda istatistiksel agidan anlamli (p<0,05) bir artis oldugu tespit
edilmistir. Zamana gore (24 ve 96 s) kiyaslama da ise sadece C3 ve C4 gruplarinda istatistiksel agidan
anlamli artigin (p<0,05) oldugu tespit edilmistir.
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Sekil 1. Terbiyuma maruz birakilan P. leptodactylus’un TBARS (uM doku) seviyeleri, siitun tizerindeki farkli
harfler gruplar arasindaki istatistiksel agidan anlaml farki (p<0,05), yildiz igareti ise ayn1 uygulama grubunda
stireler arasindaki istatistiksel agidan anlamli farki (p<0,05) belirtir.

3.2. GSH Seviyesi
Tb’nin farkli konsantrasyonlarda zamana bagli GSH seviyeleri Sekil 2’de verilmistir. Kontrol

grubuna kiyasla uygulama gruplarinda degisimler gézlemlenmis ancak degisimlerin istatistiksel agidan
anlamli olmadigi (p>0,05) tespit edilmistir. Zamana gore (24 ve 96 s) kiyaslamada da GSH
seviyesindeki degisimlerin istatistiksel acidan anlamli olmadig1 (p>0,05) tespit edilmistir.
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Sekil 2. Terbiyuma maruz birakilan P. leptodactylus’un GSH (uM doku) seviyeleri, siitun tizerindeki farklt
harfler gruplar arasindaki istatistiksel acidan anlamli farki (p<0,05) yildiz isareti ise ayni uygulama grubunda
slireler arasindaki istatistiksel agidan anlaml farki (p<0,05) belirtir.

3.3. SOD Aktivitesi
Tb’nin farkli konsantrasyonlarinda zamana bagli SOD aktiviteleri Sekil 3’te verilmistir. Kontrol

grubuna kiyasla uygulama gruplarinda SOD aktivitesinin azaldigi gézlemlenmis ancak degisimlerin
istatistiksel agidan anlamli olmadigi (p>0,05) tespit edilmistir. Zamana gore (24 ve 96 s) kiyaslamada
da SOD aktivitesindeki degisimlerin istatistiksel agidan anlamli olmadig1 (p>0,05) tespit edilmistir.
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Sekil 3. Terbiyuma maruz birakilan P. leptodactylus 'un SOD (U/ml) aktiviteleri, siitun tizerindeki farkli harfler
gruplar arasindaki istatistiksel agidan anlamli farki (p<0,05) yildiz isareti ise ayn1 uygulama grubunda siireler
arasindaki istatistiksel agidan anlaml farki (p<0,05) belirtir.

3.4. CAT Aktivitesi

Tb’nin konsantrasyonlarina zamana bagli olarak maruz birakilan P. leptodactylus’da CAT
aktiviteleri Sekil 4’de verilmistir. Kontrol grubuna kiyasla uygulama gruplarinda CAT aktivitesinin
azaldig1, C3 ve C4 gruplarinda istatistiksel acidan anlamli (p<0,05) bir azalma oldugu tespit edilmistir.
Zamana gore (24 ve 96 s) kiyaslamada ise CAT aktivitesindeki degisimlerin istatistiksel agidan
anlamli olmadigi (p>0,05) tespit edilmistir.
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Sekil 4. Terbiyuma maruz birakilan P. leptodactylus 'un CAT (nmol/min/ml) aktiviteleri, stitun iizerindeki farkli
harfler gruplar arasindaki istatistiksel agidan anlamli farki (p<0,05) yildiz isareti ise ayn1 uygulama grubunda
stireler arasindaki istatistiksel agidan anlamli farki (p<0,05) belirtir.

3.5. GPx Aktivitesi

Tb’nin farkl konsantrasyonlarinda zamana bagli olarak maruz birakilan P. leptodactylus’da GPx
aktiviteleri Sekil 5’te verilmistir. Kontrol grubuna kiyasla uygulama gruplarinda GPx aktivitesinin
azaldigr gozlemlenmis ancak degisimlerin istatistiksel acidan anlamli olmadigi (p>0,05) tespit
edilmistir. Zamana goére (24 ve 96 s) kiyaslamada da GPx aktivitesindeki degisimlerin istatistiksel
acidan anlamli olmadig1 (p>0,05) tespit edilmistir.
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Sekil 5. Terbiyuma maruz birakilan P. leptodactylus 'un GPx (nmol/min/ml) aktiviteleri, siitun tizerindeki farkli
harfler gruplar arasindaki istatistiksel agidan anlamli fark: (p<0,05) yildiz isareti ise ayni1 uygulama grubunda
stireler arasindaki istatistiksel agidan anlamli farki (p<0,05) belirtir.

Terbiyumun Pontastacus leptodactylus’daki oksidatif stres ve antioksidan yanitlarmin
belirlenmesine ait istatistiksel veriler Tablo EK-1"de verilmistir.

4. TARTISMA

Literatiirde, kirleticilerin sucul organizmalar {izerindeki etkilerinin g¢esitli biyobelirteclerle
arastirilldigi bircok bilimsel ¢alisma bulunmaktadir. Hanana vd. (2021a) yapmis olduklar1 ¢aligmada
gokkusagi alabaliginda terbiyum ve praesodimyumun oksidatif stres belirteglerini incelemisler ve
sonucunda Tb'nin Pr'den 2 kat daha toksik oldugunu belirtmislerdir. Lompré vd. (2021) yapmus
olduklar1 ¢calismada yerli (Ruditapes decussatus) ve istilaci (Ruditapes philippinarum) akivadeslerde
Tb ve karbon nanotiiplere maruz birakarak canli {izerindeki etkisini arastirmislar ve sonug¢ olarak
yalnizca Tb'ye maruz kalan akivadeslerde metabolik bozulma gézlenmesine ragmen, maruz birakma
uygulamasina bakilmaksizin her iki tiirde de redoks dengesi kaybi ve ndrotoksisite kanitlandigini
belirtmislerdir. Serdar vd. (2021) yaptiklar1 g¢alismada gadolinyumun Dreissena polymorpha
iizerindeki oksidatif stres etkilerini incelemisler ve sonucunda TBARS seviyelerinin arttigini
belirtmislerdir. Hiicreleri oksidatif strese karsi koruyan SOD bir kofaktoriidiir; detoksifikasyon ile
iliskili biyokimyasal siirecler, oksidatif reaksiyonlarin ve maksimum serbest radikal olusumunun
dokularmi iceren karacigerde tetiklenir (Wang vd., 2018). Hanana vd. (2021b) yapmis olduklari
caligmada disporsiyum ve lutesyuma maruz biraktiklart gokkusagi alabaliginda SOD ve CAT
aktivitelerinde azalmalar oldugunu belirtmislerdir. Bazi durumlarda O, tek basmma veya H,O,'ye
doniistiiriildiikten sonra enzimdeki sisteinin gliglii oksidasyonuna neden olur ve SOD aktivitesini
azaltir (Dimitrova vd., 1994; Durmaz vd., 2006). Tb’ ye maruz biraktigimiz P. leptodactylus’da SOD
verileri agisindan literatiir verileri ile uyumluluk gostermektedir. Kirlenmis ortamlardaki CAT
aktivitesi, maddeye bagl olarak artabilir veya azalabilir (Sobjak vd., 2017). P. leptodactylus’da Th
etkisi ile CAT enzim aktivitesinin inhibe edildigi gdzlemlenmistir. Mevcut ¢alismaya benzer sekilde,
cesitli kirletici maddelere maruz kalan suda yasayan organizmalarda CAT aktivitesinde azalmalar
bildirilmistir. Figueiredo vd. (2018) yapmus olduklar1 c¢alismada Anguilla anguilla’da Lantan
maruziyeti sonucu CAT aktivitelerinin azaldigini belirtmislerdir. Andrade vd. (2023) yapmis olduklari
calismada Mytilus galloprovincialis'te itriyumun oksidatif stres sonuglarini incelemisler ve inceleme
sonucunda SOD aktivitesinde artis, CAT aktivitesinde azalma oldugunu belirtmislerdir. Barbosa vd.
(2023) yapmus olduklar1 ¢alismada Venerupis corrugata’da lityumun etkisini aragtirmislar ve SOD
aktivitesinde onemli bir degisim olmadigini, CAT aktivitesinde azalmalar ve GSH seviyesinde ise
azalmalar oldugunu belirtmislerdir. Andrade vd. (2022) M. galloprovincialis’de lantanin etkisini
arastirmiglar ve CAT aktivitelerinde azalmalar oldugunu belirtmislerdir. GPx aktivitesinin
inhibisyonu, kirleticilerle temas halindeki antioksidan sistemin basarisizligin1 yansitabilir (Ballesteros
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vd., 2009) veya siiperoksit radikallerinin veya kirleticinin enzim sentezi tizerindeki dogrudan etkisiyle
iligkili olabilir (Bainy vd., 1993). Literatiirde bir¢ok ¢aligma GPx aktivitesinin kirleticiler tarafindan
tetiklendigini bildirmektedir. Gobi vd. (2018) yaptiklar1 ¢alismada Oreochromis mossambicus’da
selenyumun oksidatif stres parametreleri ilizerine etkisini incelemisler ve sonu¢ olarak GSH
seviyesinde artiglar GPx aktivielerinde ise azalmalar gozlemlemislerdir. Sun vd. (2019) yapmis
olduklari ¢aligmada Lantan'i Chlorella vulgaris ve Phaeodactylum tricornutum’da meydana getirdigi
biyobelirteg sonuglarini incelemisler ve sonu¢ olarak GSH seviyelerinde artislar oldugunu
belirtmiglerdir. TBARS, oksidatif stresi degerlendirmek i¢in indirekt bir yontemdir, reaktif oksidan
radikaller ile hiicrenin lipid membrani arasindaki etkilesimi temsil eder. Pereira vd. (2012) tarafindan
yapilan bir ¢alismada nefrektomi sonrasi Gadolinyum uygulanan siganlarda TBARS seviyelerinin
arttigl bulunmustur bu durum Gd'nin oksidatif streste bir artist neden oldugunu diisiindiirmiistiir.
Hanna vd. (2017) arastirmalari sonucunda gadolinium chloride (GdCl;, uygulamasi da ¢oklu
biyobelirte¢ yaklasimi ile 28 giin boyunca zebra midyeleri iizerinde galismislar ve bulgularina gore,
GdCl; maruziyeti sonrast SOD ve sitokrom c-oksidazin (CO1) arttigini rapor etmiglerdir. Ayni
zamanda, CAT ve GST gen ekspresyonun, lipid peroksidasyonu ve genotoksisite {izerinde higbir
spesifik etki olmaksizin azaldigi dile getirmislerdir. Pinto vd. (2019) oksidatif stres belirteclerinin
analizi yoluyla La'nin midye Mytilus galloprovincialis tizerindeki toksisitesini degerlendirmislerdir. La
maruziyeti sonrast midyelerde, 6zellikle orta konsantrasyonlarda antioksidan savunmalar SOD ve
GPx'in yani sira biyotransformasyon enzimlerinin GST'lerinin aktivasyonu ile biyokimyasal bir cevap
olustugu gorilmiistiir.

5. SONUC

Calisma sonucu degerlendirildiginde NTE'lerin P. leptodactylus’ta antioksidan ve oksidatif stres
yanitlart belirlemis ve model canlinin Tb maruziyeti ile oksidatif strese girdigi organizmaya hiicresel
hasar verdigi diisiiniilmekte ve bu durum canli organizmanin yasam ortamina karigan herhangi bir
kirleticinin canli organizmayi etkiledigi diistiniilmektedir. Sonug olarak P. leptodactylus’un NTE'lerin
maruziyetiyle ¢alismada kullanilan parametrelerin degerlendirilmesinde yararli biyobelirtecler oldugu
tespit edilmistir.

Bu c¢aligmadaki oksidatif stres ve antioksidan yanitlar1 hepotapankreasta belirlenen Tb
konsantrasyonlar1 ile iligkili oldugu, konsantrasyona ve maruz kalma siiresine bagli oldugu
diistintilmektedir.

KAYNAKLAR

Adeel, M., Lee, J. Y., Zain, M., Rizwan, M., Nawab, A., Ahmad, M. A,, ... & Xing, B. (2019). Cryptic
footprints of rare earth elements on natural resources and living organisms. Environment
international, 127, 785-800.

Amato, J., Morigi, R., Pagano, B., Pagano, A., Ohnmacht, S., De Magis, A., ... & Randazzo, A.
(2016). Spesifik G-dortlii baglayicilarin gelistirilmesine dogru: Yeni hidrazon tiirevlerinin
sentezi, biyofiziksel ve biyolojik ¢alismalari. T:bbi kimya dergisi, 59(12), 5706-5720.

Andrade, M., Soares, A. M., Solé, M., Pereira, E., & Freitas, R. (2022). Do climate change related
factors modify the response of Mytilus galloprovincialis to lanthanum? The case of temperature
rise. Chemosphere, 307, 135577.

Andrade, M., Soares, A. M., Solé, M., Pereira, E., & Freitas, R. (2023). Threats of Pollutants Derived
from Electronic Waste to Marine Bivalves: The Case of the Rare-Earth Element
Yttrium. Environmental Toxicology and Chemistry, 42(1), 166-177.

Bainy, A.C.D., Arisi, A.C.M., Azzalis, L.A., Simizu, K., Barros, S.B.M., Videla, L.A., & Junqueira,
V.B.C. (1993). Differential effects of short-term lindane administration on parameters related to
oxidative stress in rat liver and erythrocytes. Journal of Biochemical Toxicology, 8(4), 187-194.

Ballesteros, M.L., Wunderlin, D.A., & Bistoni, M.A. (2009). Oxidative stress responses in different
organs of Jenynsia multidentata exposed to endosulfan. Ecotoxicology and Environmental
Safety, 72(1), 199-205.

Barbosa, H., Soares, A. M., Pereira, E., & Freitas, R. (2023). Lithium: A review on concentrations and
impacts in marine and coastal systems. Science of The Total Environment, 857, 159374.

Charalampides, G., Vatalis, K. I., Apostoplos, B., & Ploutarch-Nikolas, B. (2015). Rare earth




Aydin ve Serdar, 2024 Acta Aquat. Turc., 20(1): 023-032 30

elements: industrial applications and economic dependency of Europe. Procedia Economics and
Finance, 24, 126-135.

Demidchik, V. (2015). Mechanisms of oxidative stress in plants: From classical chemistry to cell
biology. Environmental and Experimental Botany, 109, 212-228.

Dimitrova, M.S., Tishinova, V., & Velcheva, V. (1994). Combined effect of zinc and lead on the
hepatic superoxide dismutase-catalase system in carp (Cyprinus carpio). Comp Biochem Physiol
C: Pharmacol Toxicol Endocrinol, 108(1), 43-46.

Durmaz, H., Sevgiler. Y., & Uner, N. (2006). Tissuespecific antioxidative and neurotoxic responses to
diazinon in Oreochromis niloticus. Pesticide Biochemistry and Physiology, 84(3), 215-226
Freitas, R., Cardoso, C. E., Costa, S., Morais, T., Moleiro, P., Lima, A. F., ... & Pereira, E. (2020).
New insights on the impacts of e-waste towards marine bivalves: The case of the rare earth

element Dysprosium. Environmental Pollution, 260, 113859.

Figueiredo, C., Grilo, TF, Lopes, C., Brito, P., Diniz, M., Caetano, M., ... & Raimundo, J. (2018). Cam
yilan baliklarinda (Anguilla anguilla) lantan maruziyeti altinda birikim, eliminasyon ve noro-
oksidatif hasar. Chemosfer, 206, 414-423.

Galdiero, E., Carotenuto, R., Siciliano, A., Libralato, G., Race, M., Lofrano, G., & Guida, M. (2019).
Cerium and erbium effects on Daphnia magna generations: A multiple endpoints approach.
Environmental Pollution, 254, 112985.

Gobi, N., Vaseeharan, B., Rekha, R., Vijayakumar, S., & Faggio, C. (2018). Bioaccumulation,
cytotoxicity and oxidative stress of the acute exposure selenium in Oreochromis
mossambicus. Ecotoxicology and environmental safety, 162, 147-159.

Hanana, H., Turcotte, P., André, C., Gagnon, C., & Gagné, F. (2017). Comparative study of the effects
of gadolinium chloride and gadolinium—based magnetic resonance imaging contrast agent on
freshwater mussel, Dreissena polymorpha. Chemosphere, 181, 197-207.

Hanana, H., Turcotte, P., Dubé, M., Gagnon, C., & Gagné, F. (2018). Response of the freshwater
mussel, Dreissena polymorpha to sub-lethal concentrations of samarium and yttrium after
chronic exposure. Ecotoxicology and environmental safety, 165, 662-670.

Hanana, H., Taranu, Z. E., Turcotte, P., Gagnon, C., Kowalczyk, J., &Gagné, F. (2021a). Sublethal
effects of terbium and praseodymium in juvenile rainbow trout. Science of The Total
Environment, 777, 146042.

Hanana, H., Taranu, ZE, Turcotte, P., Gagnon, C., Kowalczyk, J., & Gagné, F. (2021b). Nadir toprak
elementleri disprosyum ve lutesyuma maruz kalan gokkusagi alabalifinda genel stres,
detoksifikasyon yollar1 ve genotoksisitenin degerlendirilmesi. Ekotoksikoloji ve Cevre
Giivenligi, 208, 111588.

Hu, Z., Richter, H., Sparovek, G., & Schnug, E. (2004). Physiological and biochemical effects of rare
earth elements on plants and their agricultural significance: a review. Journal of plant nutrition,
27(1), 183-220.

Lavado, R., Urefia, R., Martin-Skilton, R., Torreblanca, A., Del Ramo, J., Raldua, D., & Porte, C.
(2006). The combined use of chemical and biochemical markers to assess water quality along
the Ebro River. Environmental Pollution, 139(2), 330-339.

Lebrun, J. D., Geffard, O., Urien, N., Frangois, A., Uher, E., and Fechner, L. C. (2015). Seasonal
variability and inter-species comparison of metal bioaccumulation in caged gammarids under
urban diffuse contamination gradient: implications for biomonitoring investigations. Science of
the Total Environment, 511, 501-508.

Lompré, J. S., Moleiro, P., De Marchi, L., Soares, A. M., Pretti, C., Chielini, F., & Freitas, R. (2021).
Bioaccumulation and ecotoxicological responses of clams exposed to terbium and carbon
nanotubes: Comparison between native (Ruditapes decussatus) and invasive (Ruditapes
philippinarum) species. Science of The Total Environment, 784, 146914.

Migaszewski, Z. M., & Gatuszka, A. (2015). The characteristics, occurrence, and geochemical
behavior of rare earth elements in the environment: a review. Critical reviews in environmental
science and technology, 45(5), 429-471.

Pereira, L.V., Shimizu, M.H., Rodrigues, L.P., Leite, C.C., Andrade, L. & Seguro, A.C. (2012).
Nacetylcysteine protects rats with chronic renal failure from gadolinium-chelate nephrotoxicity.
Plos One, 7(7), €39528.




Aydin ve Serdar, 2024 Acta Aquat. Turc., 20(1): 023-032 31

Pinto, J., Costa, M., Leite, C., Borges, C., Coppola, F., Henriques, B., Monteiro, R., Russo, T., Cosmo,
A., Soares, MVN., Polese, G., Pereira, E., & Freitas, R. (2019). Ecotoxicological effects of
lanthanum in Mytilus galloprovincialis: Biochemical and histopathological impacts, Aquatic
Toxicology, 211, 181-192.

Ronci, L., Meccoli, L., lannilli, V., Menegoni, P., De Matthaeis, E., & Setini, A. (2016). Comparison
between active and passive biomonitoring strategies for the assessment of genotoxicity and
metal bioaccumulation in Echinogammarus veneris (Crustacea: Amphipoda). Italian Journal of
Zoology, 83(2), 162-172.

Serdar, O., Yildirim, N., Tatar, S., & Yildirim, N. C. (2021). Gadolinyumun Tatli Su Omurgasiz
Dreissena polymorpha Uzerindeki Biyokimyasal Etkileri. International Journal of Pure and
Applied Sciences, 7(2), 229-236.

Sun, D., He, N., Chen, Q., & Duan, S. (2019). Effects of lanthanum on the photosystem Il energy
fluxes and antioxidant system of Chlorella Vulgaris and Phaeodactylum
Tricornutum. International Journal of Environmental Research and Public Health, 16(12),
2242.

Sobjak, T.M., Romao, S., do Nascimento, C.Z., dos Santos, A.F.P., Vogel, L., & Guimaraes, A.T.B.
(2017). Assessment of the oxidative and neurotoxic effects of glyphosate pesticide on the larvae
of Rhamdia quelen fish. Chemospher, 182, 267-275.

Tyler, G. (2004). Rare earth elements in soil and plant systems-A review. Plant and soil, 267, 191-
206.

Tseng, M.T., Lu, X., Duan, X., Hardas, S.S., Sultana, R., Wu, P., Unrine, J.M., Graham, U.,
Butterfield, D.A., Grulke, E.A., & Yokel, R.A. (2012). Alterationofhepaticstructure and
oxidative stress induced by intravenous nanoceria. Toxicology and Applied Pharmacology, 260,
173-182.

URL-1: https://evrimagaci.org/terbiyum-10139 (14.04.2023).

Van der Oost, R., Beyer, J., & Vermeulen, N. P. (2003). Fish bioaccumulation and biomarkers in
environmental risk assessment: a review. Environmental toxicology and pharmacology, 13(2),
57-149.

Wang, L., Wang, W., Zhou, Q.. & Huang, X. (2014). Combined effects of lanthanum (I11) chloride
and acid rain on photosynthetic parameters in rice. Chemosphere, 112, 355-361.

Wang, L., Zhang, X., Wu, L., Liu, Q., Zhang, D., & Yin, J. (2018). Expression of selenoprotein genes
in muscle is crucial for the growth of rainbow trout (Oncorhynchus mykiss) fed diets
supplemented with selenium yeast. Aquaculture, 492, 82-90.

Zhao, H., Hong, J., Yu, X., Zhao, X., Sheng, L., Ze, Y., Sang, X., Gui, S., Sun, Q., Wang, L.. & Hong,
F. (2013). Oxidative stress in the kidney injury of mice following exposure to lanthanides
trichloride. Chemosphere, 93, 875-884.



https://evrimagaci.org/terbiyum-10139

Aydin ve Serdar, 2024 Acta Aquat. Turc., 20(1): 023-032 32

Ek 1. “Terbiyumun Pontastacus leptodactylus’daki Oksidatif Stres ve Antioksidan Yanitlarinin
Belirlenmesi’’¢aligmasinin istatiksel verileri

ANOVA
Kareler toplami df Ortalama Kare F Sig.
TBARS  Gruplar arasinda 4286,270 7 612,324 31,250 0,000
Gruplar iginde 313,506 16 19,594
Toplam 4599,776 23
GSH Gruplar arasmda 3285,410 7 469,344 1,359 0,287
Gruplar iginde 5524,730 16 345,296
Toplam 8810,140 23
CAT Gruplar arasinda 16785,187 7 2397,884 3,914 0,011
Gruplar iginde 9803,450 16 612,716
Toplam 26588,636 23
GPx Gruplar arasinda 36808,681 7 5258,383 1,386 0,277
Gruplar i¢inde 60718,195 16 3794,887
Toplam 97526,876 23
SOD Gruplar arasinda 0,167 7 0,024 0,635 0,721
Gruplar iginde 0,599 16 0,037

Toplam 0,766 23
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Abstract: In this study, it was aimed to determine the benthic macroinvertebrate fauna Keywords

of Demre Stream in Antalya. Benthic macroinvertebrate samples were taken seasonally e Benthic invertebrate
from 12 stations determined on Demre Stream between April 2015 and December 2015 o Bjodiversity

and the obtained individuals belonging to Clitellata, Rhabditophora, Gastropoda, o Species distribution
Insecta, and Arachnida groups Macroinvertebrate based clustering of stations was o pominance
calculated by using UPGMA analysis. The lowest similarity was determined between

the 3™ and 10" stations, and the highest similarity was between the 8" and 11" stations.

Simpson and Shannon-Wiener diversity indices were applied to determine the diversity

values of the stations. According to both diversity indices, the highest diversity value

was reached at the 5" station, while the lowest diversity value was reached at the 3™

station. This study is the first study to determine the benthic fauna of the Demre Stream

and therefore all the groups identified are the first records for the Demre Stream.

Ozet: Nisan 2015 ile Aralik 2015 tarihleri arasinda Demre Cayi iizerinde belirlenen 12 Anahtar kelimeler
istasyondan bentik makroomurgasiz ornekleri mevsimsel olarak alinmig ve Clitellata,
Rhabditophora, Gastropoda, Insecta and Arachnida gruplarina ait bireyler elde

® Bentik omurgasiz

edilmigtir. UPGMA analizi kullanilarak, istasyonlarin makroomurgasiz temelli * Biyolojik gesitlilik
gruplandiriimalart yapilmistir. En diisiik benzerlik 3. ve 10. istasyonlar arasinda, en ® 1ur dagilimi
yiiksek benzerlik ise 8. ve 11. istasyonlar arasinda belirlenmistir. Yine istasyonlara ait ~® Baskinlik
gesitlilik degerlerinin belirlenmesi amaciyla Simpson ve Shannon-Wiener ¢esitlilik

indeksleri uygulanmigtir. Her iki ¢esitlilik indeksine gore de en yiiksek gesitlilik

degerine 5. istasyonda ulasilirken, en disiik g¢esitlilik degerine 3. istasyonda

ulagilmistir. Bu ¢alisma, Demre Cayi'nin bentik faunasinin belirlenmesi amaciyla

yapilan ilk ¢alismadir ve bu sebeple belirlenen tiim gruplar Demre Cayi i¢in ilk kayattir.

1. INTRODUCTION

Water is an indispensable source of life for all organisms, and they use water for nutrition, shelter,
and the balanced functioning of their bodies. In addition to being one of the essential elements in the
formation of aquatic habitats, water is a living environment for aquatic ecosystems (Shannon et al.,
2008). Wastes from residential areas and mining, industrial and agricultural activities around rivers
and lakes are important factors in the pollution of inland waters. Streams are considered the most
threatened ecosystems in the world (Cairns & Prall, 1993; Malmqvist & Rundle, 2002; Gatti, 2016) as
local and global changes have significantly and irreversibly affected the river ecosystem structure
through human encroachment, pollution, and hydrological constraints such as channelization, dams
and dykes (Dynesius & Nilsson, 1994; Nilsson & Berggren, 2000; Abell, 2002).

The biological approach for water quality determination has been developed as a complementary
method to chemical water analysis. Many organisms are extremely sensitive to changes in their
environment and respond to these changes in different ways. When the responses of aquatic organisms
to changes are determined, the quality of the existing aquatic environment is also determined (Hynes,
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1960; Rosenberg & Resh, 1993; Ghetti & Ravera, 1994; Metcalfe-Smith, 1994; Knoben et al., 1995;
Dolédec & Statzner 2010; Lunde & Resh, 2012).

Macroinvertebrates are used as indicators of water quality as they are resident long-lived species
and have strong responses to the effects of humans on aquatic environments (Cairns & Prall, 1993).
Since macroinvertebrates can reflect the ecological conditions of the agquatic ecosystems in which they
live, understanding their habitat preferences allows for the protection and biological monitoring of
aquatic habitats. (Callisto et al., 2005; Behrend et al., 2012, Demars et al., 2012). Furthermore,
identifying the spatial distribution of benthic macroinvertebrate enable the determination of their
responses to environmental gradients (Wills et al., 2006; Angradi et al., 2009; Pelletier et al., 2010).
The main purpose of this study is to reveal the macroinvertebrate composition and diversity of Demre
Stream. In addition, this research provides important data about the existing macroinvertebrate
community structure and ecological status assessment of the Demre Stream and aquatic biodiversity
list of Turkey.

2. MATERIAL and METHODS
2.1. Study Area

Demre Stream is located within the borders of Antalya province, starting at the Sidrek Mountain,
which is across the Bogazcik Island, and disemboguing at the east of Kumburnu; Demre Stream is
named Felendere-Myros in Antiquity where it starts. Its length is 45 kilometers. It can hold
approximately 1000 square kilometers of water (Keser, 2012).

Figure 1. The study area and stations (taken from google earth)

2.2. Sampling Area

This study was conducted in April-2015, July-2015, October-2015, and Decemeber-2015 at 12
sampling stations from Demre Stream (Figure 1). The stations were chosen by considering the
presence of settlements and agricultural areas, tributaries, and stream source features. Stations 3, 4, 5,
7, 8,9, and 10 pass through agricultural areas and settlements. In the 3" station, there was flow only in
spring, and the 1%, 4™, 5™ and 6" stations were dry in the autumn and winter. Stream water was drawn
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for agricultural irrigation from the 10" station. Since there were marble quarries in the riverside region
before the 11™ station, a lot of marble dust was found on the floor and formed a hard floor. This
situation created an unfavorable environment for macrozoobenthic organisms. Macroinvertebrate
samples were taken by using a standard hand net (30x50 size with 500p mesh) and taken from an area
of 100 m to include all possible microhabitats at each station. In addition, the bottoms of the large
stones were removed and the samples in those regions were taken with the help of forceps. Collected
organisms were fixed into %70 ethyl alcohol (Plafkin et al., 1989).

The samples were identified according to Hynes (1977), Wallace et al., (1990), Elliott et al.,
(1988), Nilsson (1996), Nilsson (1997), Waringer & Graf (2011), Gloer (2002), Crosskey (2002),
Crosskey & Crosskey (2000), Crosskey and Zwick (2007), Jedlicka et al., (2004), Lechthaler & Car
(2005), Rubtsov (1990), Lechthaler & Stockinger (2005), Gerecke et al., (2016) and Gerecke (2003).
2.3. Data Analysis

Dominance analysis (Kocatas, 1997), Sorensen similarity index method (UPGMA) (Kocatas 1997),
Shannon-Weiner (H’) (Shannon, 1948), and Simpson’s (D) diversity indices (Krebs, 1989) were used
for data analysis.

3. RESULTS and DISCUSSION

In this study, which was carried out seasonally in Demre Stream between Spring 2015 and Winter
2015, a total of 36973 individuals were examined. Among the selected 12 stations, the highest number
of individuals was reached at station 4 (8366), and the lowest number of individuals was reached at
station 3 (88). The numerical distribution of the individuals from the Demre Stream based on the
stations were given in Figure 2.
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Figure 2. Distribution of the number of individuals in stations.

As a result of the identifications, taxa belonging to the classes Clitellata, Rhabditophora,
Gastropoda, Insecta, and Arachnida were found in the study area. Oligochaeta and Chironomidae taxa
were taken as groups and no systematic classification was made. The highest number of individuals
was determined at station 4, while the lowest number of individuals was determined at station 3. It was
thought that the fact that the 3" station has only one single-season flow. Except for the spring season,
the 3" station was dry. The distribution, dominance and mean dominance of the species detected in
Demre Stream according to the stations are given in Table 2.
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Table 2. Species distribution, dominance, and mean dominance of Demre Stream.

Identified Taxa Stations Mean
1. 2. 3. 4, 5. 6. 7. 8. 9. 10. 11. 12.

Class: CLITELLATA
Subclass: HIRUDINEA
Order: ARHYNCHOBDELLIDA
Family: Erpobdellidae
Erpobdella octoculata Linnaeus, 1758 0.123 0.013 0.011
Subclass: O|igochaeta 0.055 0.247 0.119 0.017 0.07 0.074 0.138 0.060
Class: Turbelleria
Order: TRICLADIDA
Family: Planariidae
Dugesia sp. 0.017 0.001
Class: GASTROPODA
Family: Planorbidae
Gyraulus albus O. F. Miiller, 1774 0.055 0.017 0.005
Gyraulus spp. 2.595 0.023 0.05 0.401 0.143 4.016 0,602
Planorbis planorbis Linnaeus, 1758 0.211 0.017
Class: INSECTA
Order: EPHEMEROPTERA
Family: Heptageniidae
Rhitrogena semicolorata Curtis, 1834 0.068 0.074 0,011
Rhitrogena spp. 0.109 0.017 0.598 0.138 0.072
Heptagenia sulphurea Miiller, 1776 0.068 0.105 0.969 0.095
Heptagenia spp. 0.737 0.228 0.598 0.130
Ecdyonurus venosus Fabricius, 1775 0.355 0.029
Family: Ephemerellidae
Seratella ignita Poda, 1761 0.778 0.351 2.17 0.415 0.309
Family: Caenidae
Caenis rivulorum Eaton, 1884 0.017 0.001
Caenis macrura Stephens, 1835 0.27 0.023
Caenis luctuosa Stephens, 1835 6.544 0.071 1.142 1.871 1.138 0.814
Caenis spp. 5.383 0.017 0.351 1.497 0.138 0.615
Family: Baetidae
Baetis rhodani Pictet, 1843 14.64 3.708 23.863 20.494 15.421 4.735 17.402 9.318 8,991 28.749 26.422  18.698 15.26
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Baetis pavidus Grandi, 1949 23.724 0.937 3.646 2.77 2.589
Baetis alpinus Pictet, 1843 143 0.119
Baetis fuscatus Linnaeus, 1761 1.893 0.074
Baetis digitatus Bengtsson, 1912 4.744 0.395
Baetis spp. 17.403 3.213 59.09 3.477 11.071 17.158 5.22 44.022 7.275 16.775  43.637  43.628 22.664
Order: PLECOPTERA

Family: Taeniopterygidae

Brachyptera spp. 0.052 0.138 0.015
Family: Perlodidae

Isoperla grammatica Poda, 1761 0.023 0.001
Family: Leuctridae

Leuctra hippopus Kempny,1899 0.123 0.792 0.105 5.389 1.385 0.649
Leuctra inermis Kempny, 1899 0.898 0.074
Leuctra spp. 0.053 0.004
Family: Nemouridae

Protonemura meyeri Pictet, 1841 0.055 0.004
Nemoura sp. 0.055 0.004
Order: ODONATA

Family: Euphaeidae

Epallage fatima (Charpentier, 1840) 0.052 0.074 0.01
Family: Gomphidae

O. forcipatus albotibialis Schmidt, 0.109 0.052 0.013
1964

Family: Libellulidae

Sympetrum sp. 0.013 0.001
Order: COLEOPTERA

Family: Elmidae

Elmis maugetii Latreille, 1798 0.441 1.23 1.423 0.356 1.204 0.081 0.321 0.598 0.138 0.483
Elmis spp. 0.110 0.009
Family: Haliplidae

Haliplus spp. 0.055 0.122 0.074 0.021
Family: Dytiscidae

Agabus bipustulatus Linnaeus, 1767 0.011 0.001
Agabus spp. 0.441 0.37 1.136 0.191 0.039 0.181
Laccophilus spp. 0.22 0.018
Ilybius spp. 1.136 0.039 0.05 0.102
Stictotarsus sp. 0.011 0.001
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Nebrioporus sp. 0.138 0.011
Deronectes spp. 0.059 0.004
Hydroporinae sp. 0.017 0.001
Order: TRICHOPTERA

Family: Hydropsychidae

Hydropsyche dinarica Marinkovic- 0.158 0.136 0.053 0.386 2.095 0.138 0.247
Gospodnetic, 1979

Hydropsyche bulbifera McLachlan, 0.07 0.005
1878

Hydropsyche saxonica McLachlan, 0.035 0.081 0.052 0.673 0.07
1884

Hydropsyche instabilis Curtis, 1834 0.011 0.039 0.017 0.149 0.018
Hydropsyche guttata Pictet 1834 0.013 0.07 0.074 0.013
Hydropsyche tenuis Navas, 1932 0.035 0.002
Hydropsyche fulvipes Curtis, 1834 0.017 0.074 0.007
Hydropsyche pellucidula Curtis, 1834 0.081 0.035 0.386 0.042
Hydropsyche angustipennis Curtis, 0.013 0.017 0.074 0.008
1834

Cheumatopsyche lepida Pictet, 1834 0.14 0.554 0.057
Hydropsyche spp. 0.095 0.434 0.05 1.379 0.536 2.268 4.266 2.77 0.983
Family: Hyroptilidae

Hydroptila spp. 1.239 0.035 0.105
Order: DIPTERA

Family: Simuliidae

Simulium auricoma Meigen, 1818 0.055 0.011 0.005
Simulium bezzi Corti, 1914 0.05 0.004
Simulium (Simulium) posticatum 0.618 3.163 0.315
Meigen, 1838

Simulium (Simulium) ornatum 1.657 8.986 2.767 1.117
Meigen, 1818

Simulium (Eusimulium) angustipes 18.283 9.727 30.549 0.803 0.587 0.107 6.699 0.831 5.632
Edwards, 1915

Simulium maculatum Meigen, 1804 1.977 0.164
Simulium (Wilhelmia) pseudequnium 0.081 0.105 0.015
Seguy 1921

Simulium (Wilhelmia) balcanicum 0.298 0.011 0.025
Enderlein 1924

Simulium (Nevermannia) angustitarse 0.191 0.015

Lundstrom, 1911
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Simulium (Simulium) trifasciatum 0.286 0.197 0.017 0.041
Curtis, 1839

Simulium (Wilhelmia) equnium 0.011 0.001
Linnaeus, 1758

Simulium (Obuchovia) sp. 0.011 0.001
Simulium spp. 0.55 33.86 37.96 3.12 20.41 38.95 16.61 58.00 35.25 11.63 25.63
Family: Tipulidae

Dicronata spp. 0.011 0.04 0.004
Tipula spp. 0.055 0.123 0.079 0.401 0.068 0.074 0,066
Family: Chironomidae

Chironomus spp. 59.11 53.52 13.63 7.76 20.79 26.42 33.60 10.32 17.78 5.57 7.63 9.83 22.16
Family: Dixidae

Dixa nebulosa Meigen, 1830 1.823 0.494 0.079 0.101 0.016 0.138 0.22
Family: Empididae

Wiedemannia spp. 1.767 1.136 0.083 0.039 0.177 0.267
Hemerodromia spp. 0.055 0.247 0.095 0.118 0.05 0.136 0.143 0.052 0.075
Family: Ephydridae

Scatella spp. 0.37 0.023 0.267 0.055
Family: Muscidae

Limnophora riparia Fallen, 1824 0.055 0.023 0.316 0.032
Family: Psychodidae

Pericoma spp. 0.994 0.123 0.093
Ulomyia sp. 0.123 0.01
Family: Tabanidae

Hybomitra spp. 0.055 0.068 0.299 0.035
Tabanus spp. 0.081 0.035 0.035
Hexatoma sp. 0.039 0.003
Family: Syrphidae

Sericomyia sp. 0.133 0.011

Class: Arachnida

Order: Trombidiformes

Family: Hygrobatidae

Atractides polyporus (K. Viets, 1922) 0.11 0.009
Atractides nodipalpis (Thor, 1899) 0.123 0.418 0.474 0.05 0.535 0.191 0.393 0.598 0.969 0.312
Hygrobates longipalpis (Hermann, 0.023 0.175 0.016
1804)

Family: Lebertiidae
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Lebertia sp. 0.11 0.009
Family: Torrenticolidae

Torrenticola sp. 0.013 0.001
Family: Sperchontidae

Sperchon sp. 0.06 0.017 0.007
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Among the determined taxa, Insecta was the most dominant group. This class has been obtained as
the dominant group many times in different studies in Turkey (Sukatar et al., 2006; Tirkmen &
Kazanci, 2018; Baytasoglu & Gozler, 2021; Ertas & Yorulmaz, 2021, Ertas et al., 2022). In this study,
the Diptera was the most dominant order, and the families Simuliidae and Chironomidae are included
in the order Diptera, which was very effective in the emergence of this situation. There are similar
studies in which these groups are dominant (Raczynska & Chojnacki 2009; Akbaba & Boyaci, 2016;
Albayrak & Ozulug 2016; Giiltekin et al., 2017; Topkara et al., 2018; Khamenkova et al., 2017; Ozbek
et al., 2019). Ephemeroptera was the second most dominant order. Although members of the order
Acari and Coleoptera were found in almost all stations, they didn’t have a significant dominance in the
study area. Members of the other groups determined in Demre Stream also didn’t have a significant
dominance. The dominance values of the other orders determined were quite low and varied between
0.0014 and 1.563.

Members of the genus Simulium were an important component of macroinvertebrate communities
and are used as bioindicators of aquatic habitats due to their high susceptibility to environmental
degradation (Hyder 1998; Docile et al., 2015). They were found in fast-flowing and well-oxygenated
parts of streams (Vijayan and Anbalagan, 2018). Simulium genus members were determined at all
stations except the 3 and 11™ stations and emerged as the most dominant taxon of the 4", 6", 7™ and
9" stations. The absence of individuals belonging to the genus Simulium at station 3, may be due to
the fact that this station was dry during the three periods during which the study was conducted and
showed relatively slow flow. It is thought that the bottom structure of the 11" station is quite hard due
to the high amount of marble dust, the marble dust fills the surface parts of the stones, which are the
habitat of Simuliums, and sticks like cement, the reason for the absence of individuals belonging to
this taxon at this station. In this study, Simulium taxon was determined as the most dominant group
and in Turkey, there are various studies on Simulium group distribution (Bolat et al., 2016; Ozel et al.,
2019; Basoren & Kazanci, 2022).

Members of the Chironomus group were constantly present at all stations and were the most
dominant group of the 1% and 2™ stations. Chironomidae taxa have a very cosmopolitan distribution
and are found in all stream types and substrate surfaces. They can be found in almost any
environment, from clean water to very polluted water (Nilsson, 1997; Stribling et al., 1998). They can
reveal the water quality, pollution level, and eutrophication status of the aquatic environment (Kirgiz,
1988; Yalgin, 1991). Studies have been carried out on the Chironomidae taxon in our country, and our
study is compatible with these studies (Tagdemir et al., 2010; Aydin, 2014; Albayrak and Ozulug,
2016; Ertas et al., 2021).

Genus Baetis was determined at all stations, with the most dominant taxon at stations 3, 5™, 8", 10
" 11™ and 12". Individuals of this genus are used as indicator group for determining water quality and
prefer oligosaprob and betamezosaprobe regions as habitat (DIN38410, 2004). In our study,
individuals belonging to this taxon were determined in oligosaprob and betamezosaprobe water quality
and Baetis rhodani was consistently found at all stations. Similarly, there are some studies indicating
that individuals belonging to the Baetis taxon are widely found in oligosaprob and betamezosaprobe
regions of the study areas (Uzun, 2018; Bakioglu, 2019; Varadinova et al., 2022).

In this study, Oligochaeta taxon members were found at stations 1%, 2™, 4™ 9™ 10" 11™ and 12"
Oligochateta group members are used as indicator organisms to determine pollution levels or
environmental changes in aquatic ecosystems, as they have a high species diversity and wide
ecological range (Lafont, 1984; Milbrink, 1994; Sarkka, 1994; Finogenova, 1996). In some biotic
index applications, the presence or absence of these group members in the environment is effective in
determining the water quality, while in some index applications, the numerical values and the number
of individuals are effective and have a negative effect on the water quality. That is why they are of
great importance. There are various studies in which the Oligochaeta group is commonly determined
(Arslan & Sahin, 2004; Arslan et al., 2007; Yildiz et al., 2012; Odabas1 et al., 2018., Findik et al.,
2019, Arslan & Mercan, 2020; Odabasi, 2021). In our study, the members of this group show a
widespread and are in parallel with other studies.

Trichoptera members were absent at the first 3 stations and were represented by only one
individual at the 6" station. It is thought that the fact that the stations, where team members are not
present are, dry in autumn and winter and that the microhabitat structure is not suitable for the group
members to live in are effective in the emergence of this situation. Trichoptera were represented with
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more individuals at the 8" and later stations and showed higher diversity value. Some species of the
Hydropsyche genus are common in streams as they are resistant to slight to moderate pollution
(Hynes, 1960; Karakas, 2018). Individuals of the Hydropsyche genus were identified at stations 4™, 5
he" 8™ 9™ 10™ 11™ and 12" Members of this taxon live in oligosaprob and alpha-mesosaprobe
regions and do not show distribution in other regions (DIN38410, 2004).

Elmis maugetii was determined at all stations in the study area, except for stations 2™ and 3 ™.
Individuals of this species were only found in spring at station 6, only in summer at stations 10 and 11,
and in both spring and summer at other stations. No individuals belonging to this taxon were found in
other seasons. According to DIN38410 (2004), individuals belonging to this species are used as
indicators in determining the water quality and prefer oligosaprob and betamezosaprobe regions as
habitats. In this study, it was determined that the stations with Elmis maugetii species had
oligosaprobic and alpha-mesosaprobic properties.

In this study, Simpson and Shannon-Wiener diversity indices were applied to each station to
determine species diversity. In the Shannon-Wiener (H') species diversity index, the proportional
contribution shares among the species are taken into account as well as the number of species. In cases
where species are rich and there is an equal distribution between species in terms of quantity, the
indices value is high (Odum and Barrett, 2008; Jorgensen et al., 2005). The limits of this index vary
between 0-5 values, and as the obtained value approaches 5, the diversity of species increases
(Kocatas, 2014). The Simpson (D) diversity index gives the probability that two randomly selected
species are different from all samples. The value obtained varies between 0 and 1, as the value
approaches 1, the diversity of species increases (Krebs, 1989). According to both diversity indices, the
highest diversity value was reached at the 5" station. It is thought that the 5" station's creation of a
suitable microhabitat especially for the members of the Diptera order is effective in the emergence of
this situation. The lowest diversity value was determined at the 3" station, and it is thought that only
single-season flow, the widening of the creek bed, the low amount of water, and the fact that it passed
through agricultural lands and settlements were effective in the emergence of this situation. There are
many studies in which Shannon-Wiener (H') and Simpson (D) diversity indices are applied (Arslan et
al., 2016; Spyra et al., 2017; Nurhafizah & Ahmad, 2018; Ozbek et al., 2019; Ertas et al., 2022). The
average diversity values of the stations are given in Table 3.

Table 3. The average diversity values of stations

Diversity Stations

Indices L 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12

Simpson’s (D) 0597 0.590 0575 0.765 0.829 0.764 0.701 0.750 0.667 0.757 0.728 0.707

Shannon-

. 1.320 1.169 1.077 1703 2706 1532 1409 1847 1470 1.728 1767 1.664
Weiner (H’)

In this study, the similarity values between the stations were calculated using the Sorensen
similarity index. The highest similarity value between stations was determined between the 8" and 11"
stations (0.66), and the lowest similarity value was determined between the 3™ and 10" stations
(0.143). In addition, high similarity was found between stations 6 and 7 (0.64), between stations 9 and
12 (0.62), and between stations 5 and 6 (0.61). It is thought that the fact that there is flow in both
stations in every season, the amount of water they carry, and the similarity of the river bottom
structures are effective in the formation of this situation. Similarity values between stations are given
in Figure 3.
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Figure 3. Similarity values between stations

With this study on the Demre Stream, the macroinvertebrate fauna of the region, the distribution of
the obtained groups according to the stations, and the similarity and diversity values of the stations
were revealed. In this respect, it is the first study in this field. All given groups are the first to register
for Demre Stream.
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Abstract: This study was conducted to determine the substrate preferences of
hydroid polyps sampled in eight different stations on the coastline of Antalya Bay.
Sampling was performed by freedive to identify the hydroid polyp fauna and certain
physicochemical (salinity, temperature, dissolved oxygen, electrical conductivity,
chl-a) and biological characteristics were determined. A total of 35 hydroid species
were identified as epiphytic, epilithic and epizoic in the region.

The most commonly preferred substrates by the species were; rocks (20 species),
Ellisolandia elongata (J.Ellis & Solander) K.R.Hind & G.W.Saunders, 2013 (18
species), Balanus sp. Costa, 1778 (9 species), macroalgae Posidonia oceanica
(Linnaeus) Delile, 1813, and leaves (8 species). Among all species, one species
prefers just epilithic substrates, four species prefer only epizoic substrates, and seven
species prefer only epiphytic substrates. Acauloides ammisatum, Eudendrium sp.,
Turritopsis. nutricula, Pennaria. disticha, Clytia noliformis, Halecium tenellum,
Halopteris diaphana, Dynamena disticha and Salacia desmoides are found in all
substrate types (EP,EZ,EL).

Keywords

e Antalya Bay

e Aquatic Invertebrate
e Benthos

e Hydrozoa

e Substrate selection

Ozet: Bu calisma, Antalya Korfezi kiyisindaki sekiz farkl istasyondan érneklenen
hidroid poliplerinin substrat tercihlerini belirlemek amaciyla yapilmustir.
Orneklemeler, serbest dalis yapan dalgiglar tarafindan gerceklestirilmis olup, hidroid
polip faunasimi1 ve bazi fizikokimyasal ve biyolojik ozellikler (tuzluluk, sicaklik,
¢Ozlinmiis oksijen, elektriksel iletkenlik, klorofil-a) belirlenmistir. Bolgede epifitik,
epilitik ve epizoik olarak tanimlanan toplam 35 hidroid tiirdi tespit edilmistir. Tiirler
tarafindan en c¢ok tercih edilen substratlar sunlardir: kayalar (20 tiir), Ellisolandia
elongata (J.Ellis & Solander) K.R.Hind & G.W.Saunders, 2013 (18 tiir) ve Balanus
sp. Costa, 1778 (9 tiir) ile Posidonia oceanica (Linnaeus) Delile, 1813 makroalginin
yapraklar1 (8 tiir). Tim tiirler arasinda, bir tiir sadece epilitik substratlart tercih
ederken, dort tiir sadece epizoik substratlar1 tercih ettigi ve yedi tiiriin de sadece
epifitik substratlari tercih ettigi belirlenmistir. Acauloides ammisatum, Eudendrium
sp., Turritopsis. nutricula, Pennaria. disticha, Clytia noliformis, Halecium tenellum,
Halopteris diaphana, Dynamena disticha ve Salacia desmoides tiirleri, tiim substrat
tiirlerini tercih ettikleri (EP, EZ, EL) belirlenmistir.

Anahtar kelimeler

e Antalya Korfezi
e Sucul Omurgasiz
e Bentoz

e Hydrozoa

e Substrat se¢imi

1. INTRODUCTION

Hydroids move, but to a limited extent with their tentacles and survive in the benthic zone by
maintaining a fixed position on the substrate to which they are attached. They are mostly found on
hard substrates such as rocks, stones, on mollusc shells or within marine plants, and occasionally on
soft sediments (Morri et al.,1991; Puce et al., 2005). Due to their habitat preference and distribution on
hard substrates, hydroid polyps also cause biofouling on artificial surfaces used by humans such as
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boats, ships, ropes, and buoys and often eliminated using methods such as toxic paints, sanding, and
freshwater washing (Guenther et al., 2010; Gutierre, 2012).

Because of their fast settlement and rapid growth, hydroids are among the earliest metazoans to
colonize newly available substrates. Following settlement and growth stage, hydroids are often
displaced by other organisms with larger and rigid structures, such as macro algae, sponges,
polychaetes, barnacles, bryozoans, molluscs, and ascidians (Puce et al., 2008). During this
displacement stage, a secondary settlement takes place, involving the process of epibiosis and
recolonization of the substrate at a higher level (Boero, 1984). When solitary hydroids settle on hard
substrates, their basal disc secures them to the substrate. Then they settle on soft substrates, where
their basal structures are pointed with filamentous rootlets. Both types of basal structures support a
pedicel, also known as a hydrocaulus, that has a body or hydranth, with an apical mouth that is often
encircled by tentacles (Bouillon et al., 2004).

Hydroid polyps have epibiont relationships with organisms such as Porifera, Cnidaria, Bryozoa,
Annelida, and Mollusca (Puce et al., 2008). There are also records showing that hydroid polyps
occasionally engage in epibiontic relationships with some fish species such as seahorses and
Syngnathidae species (Monti et al., 2018). Some species of Hydrozoa have symbiotic relationships
with spesific animal groups such as Dicoryne sp. which has symbiotic relationships with sponges and
gastropods, Hydractiniidae and Cytaeididae families have relationships with gastropods and barnacles,
Eugymnanthea sp. with bivalves etc. (Puce et al., 2008). Hydroid polyps establish parasitic
relationships with other marine species such as Crassostrea virginica (Gmelin, 1791), Mytilus
galloprovincialis Lamarck, 1819, and Tivela mactroides (Born, 1778). This species could pose an
economic threat to the mussel industry (Rayyan et al., 2002, 2004; Govindarajan et al., 2005).

Hydroids can be found on various organisms as fouling, but they can also serve as substrates for
diatoms, foraminifera, and sessile ciliates (Di Camillo et al, 2006-2008; Bavestrello et al, 2008,
Gorelova et al, 2013). Furthermore, amphipods and crustaceans also live parasitically on hydroid
polyps and feed on them (Guerra- Garcia and Tierno de Figueroa, 2009).

Hydrozoan members generally feed as carnivores through active predation, feed primarily on small
crustaceans, as well as protozoa, phytoplankton, dissolved organic matter and rarely feed on fecal
pellets, organic matter, and microalgae (Orejas et al., 2013). Due to their feeding characteristics, they
can exert predation pressure on crustaceans such as copepods and nauplii larvae, fish larvae, and other
planktonic organisms in the areas where they are distributed (Gili & Hughes, 1995; Bouillon et al.,
2004).

Sessile benthic species and assemblages can be described as effective bioindicators due to their
responsiveness to environmental changes and useful tool for assessing the status of the marine
environment (Roveta et al., 2022). The assemblages of benthic hydrozoans that are in both naturally
and disturbed areas have some unique characteristics that would make them a possible bioindicator
group (Yilmaz et al., 2020). Additionally, monitoring plans usually focus on benthic taxa abundance
and diversity to get information on habitats and ecosystems (EC, 2000; Yilmaz et al., 2020).

The impact of hydroid polyps on human health has also been studied. It has been reported that
colonies of P. disticha in particular can cause symptoms such as redness, swelling, and itching on
human skin (Tezcan & Sarp, 2012).

The research "Invertebrate Bottom Animals of the Bosphorus and Islands Shores" by Demir (1952)
was the first research to examine hydroid polyps in Tiirkiye’s coastal regions. Despite several
subsequent systematic studies, there is currently no specific work available regarding their substrate
preferences from Tiirkiye until the present study (Albayrak & Balkis, 2000; Sas1 & Balik, 2002; Cinar
et al., 2011; Isinibilir et al., 2010; Ergiiden et al., 2014; Cinar et al., 2014; Isinibilir et al., 2015;
Yilmaz et al., 2017; Isinibilir et al, 2017). In Tiirkiye, C. hummelincki, M. philippina, C. eximia, and
E. merulum have been identified as other species demonstrating characteristics of alien invasive
species for the Turkish coasts (Cinar et al., 2014). According to Killi et al.'s study "Risk screening of
potential invasiveness of non-native jellyfishes in the Mediterranean Sea" (2020), Clytia brevithecata
(syn. C. hummelincki) has a high risk of becoming invasive in Tiirkiye and the Mediterranean region.
The same study indicates that the invasiveness risk for both Clytia linearis and Coryne eximia is
substantial.

We hypothesize that the observed distribution of hydroid species across different substrates reflects
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adaptation to varying environmental conditions. Furthermore, the identification of species exclusive to
certain substrate types (epilithic, epizoic, and epiphytic) suggests niche specialization within the
hydroid community. To test this hypothesis, we anticipate finding correlations between
physicochemical parameters such as salinity, temperature, dissolved oxygen, electrical conductivity,
and chl-a, and the prevalence of hydroid species on specific substrates. The aim of the study is to
determine the substrate preferences of hydroid polyps distributed along the coasts of Antalya Bay and
to display data on their distribution.

2. MATERIAL and METHODS

Samplings were carried out at 8 selected sampling locations along the coast of Antalya Bay
between February 2016 and October 2016 (Figurel). During fieldwork, temperature (°C), salinity
(ppt), dissolved oxygen (mg/L), electrical conductivity (EC) and pH values were measured in situ
using YSI probe at the 0-10 meter depths. Sampling was carried out through free dives and performed
by randomly collecting samples using a knife and spatula from the substrate (Piraino et al., 2013). A
Hensen type plankton net with 55 pum mesh opening and 17 cm front mouth diameter was used for
zooplankton sampling. For fifty meters off the coast, horizontal draws were carried out. The
calculations done according to Erdogan, 2011;

o 5 Number of organisms in 1 ml concentrated sample
Individual / m3 = - x 106
Amount of sea water filtered (ml)

Concentrated sample (ml)

Chl-a levels were analysed with the following methods described by Bartram & Ballance (1996),
Wetzel & Likens (2000). The Chl-a content was calculated in pg/L (micrograms per liter). The
confirmed value of Chl-a (chlorophyll-a) was determined using the equation (chlorophyll-a)-
(pheophytin-a).

Chlorophyll-a (mg/m?) = (26.73 (663a - 665b) x Pv) / (Sv x I) (3.1)

Pv: the volume of acetone extract (mL), Sv: the volume of filtered seawater, and I: the path length
of the spectrophotometer cell (cm)
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Figure 1. Map of the study area.

The samples collected from the study area as displayed in Figure 1, were transferred to plastic
containers (5 liters in volume) containing 4% formalin solution (Seawater-Formaldehyde) and brought
to the Faculty of Egirdir Fisheries for further analysis. In the laboratory, samples were immersed in
flowing water for 30 minutes and were separated from substrate using forceps under a stereo binocular
microscope. The number of polyps was determined and categorized as 1 to 4, and they were
transferred to sealed containers of 5, 10, and 50 ml in volume. The containers were labeled and sealed
with parafilm, and the specimens were fixed in a 4% formalin solution. The species diagnoses were
made based on studies of Riedl 1983, Boero & Morri 1986, Svoboda & Cornelius 1991, Morri &
Bianchi 1999, Schuchert 2001 a,b, Schuchert 2003, 2004, 2006, Bouillon et al., 2004, Nawrocki et al.,
2010, Schuchert & Geneve 2010. Statistical analyses were performed Duncan test and PCA analysis
(Feulilloley et al., 2021) using the Jump software package.

3. RESULTS and DISCUSSION
3.1. Substrate selection by hydroid polyps

The study revealed the substrate selection of hydroid polyps distributed in the Gulf of Antalya. In
terms of their substrate-type selectivity, hydroids have been classified into three different groups as
epiphytic, epilithic, and epizoic (EP, EL, EZ). When evaluating the substrate preferences of the species
listed in Table 1, it is observed that the most commonly encountered substrates are rock (20 species),
E. elongata (18 species), Balanus sp. (9 species) and P. oceanica (8 species). When considering the
substrate choices of these species, the preference for rocks can be explained by the reliable and steady
base that they provide. Plants, on the other hand, might use a camouflage strategy to avoid predators.
However, the gain of mobility due to epizoic preferences may give a feeding advantage. It has been
determined that 9 species (A. ammisatum, Eudendrium sp., T. nutricula, P. disticha, C. noliformis, H.
tenellum, H. diaphana, D. disticha, S. desmoides) are found in all substrate types (Table 1). This
situation may be to their advantage, therefore these species do not exhibit substrate selectivity.
Broader distribution is thought to be more likely for species with poor substrate selectivity.
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Table 1. The substrate selections by hydroid polyps.
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3.2. Physicochemical variables

Statistical analysis (Duncan test), of the annual average values of some environmental variables
(pH, Temperature, Dissolved Oxygen, Salinity, EC) measured throughout the year are given in Figures
2-7. Among all sampling areas, only the Konyaalti sampling locations were found significantly
different in terms of pH, Salinity and EC (P<0.05) (Figures 3, 4, 6). The fresh water supply that enters
from the bottom in the Konyaalt1 area, which explains this variance. The greatest salinity reading
(39.20 ppt) was recorded in Side during the fall. The contained and shallow structure of Side Harbor in
conjunction with the autumn's maximum evaporation rate contribute to the elevated saline levels
(Figure 3). Chlorophyll-a values were found to be highest in Alanya (11 mg/m?®) and lowest in
Konyaalt1 sampling location (2.2 mg/m?®) throughout the year (Figure 7). Among the physicochemical
variables, the pH value exhibits the smallest range of variation. Compared to freshwater environments,
marine environments demonstrate greater pH stability (Geliday & Kocatag, 2005). In the
measurements conducted, the pH value reached its lowest point at 7.33 (Konyaalti, summer) and its
highest point at 8.44 (Side, autumn).




Kabaday1 Yildirim and Kiigiik, 2024 Acta Aquat. Turc., 20(1): 048-061

35,001
30,00+
¥
St
g 25004
il
@
o
§
= 20007
15,001
T T T T T T T T
1 2 3 4 s & 4 |}
Stations

Figure 2. Annual variation graph of sea water temperature at sampling locations.
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Figure 3. Annual variation graph of salinity values at sampling locations.
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PCA analysis showed that physicochemical variables such as oxygen - oxygen saturation and
chlorophyll-a have a positive correlation with one another and a negative correlation with zooplankton
which is accurate since zooplankton consumes oxygen. Salinity, pH, and EC have negative correlation
with temperature. The findings of the PCA analysis between stations and physicochemical parameters
show that all seven stations are positioned centrally. On the other hand, the Konyaalt1 station is
positioned differently from all the others, which validates the earlier findings (Figure 8). All sampling
locations show comparable physicochemical features, with the exception of Konyaalti where the
statistical discrepancy is ascribed to Konyaalti's freshwater inflow. Large water masses like seas are
known to fluctuate relatively little while there are clear regional differences.
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Figure 8. PCA Analysis between physicochemical parameters and stations.

Examining the PCA analysis results, it is observed that hydroid polyp species are more centrally
settled in contrary to physicochemical factors (Figure 9). This indicates that the distribution of species
may not be primarily influenced by physicochemical parameters. The following species which are
more affected by physicochemical factors than others: Clytia sp., E. rameum, H. aculeata, C.
noliformis, M. philippna, Eudendrium sp. and C. brevithecata, showed that the distribution of these
species are related with oxygen, oxygen saturation and Chl-a. A. ammisatum and C. eximia are related
to zooplankton biomass positively; they both have short pedicels and athecata, which may be the
reason why they are challenged to catch zooplankton. A. rugosum is strongly related and Clytia sp., C.
hemisphaerica, Salacia sp., H. tenellum and O. integra are related to temperature. D. disticha, M.
obliqua, E. merulum, Scandia sp., and C. brevithecata are related to salinity, pH and EC. It is evident

from the literature that A. rugosum prefers high temperatures because its seasonality is July in the
Mediterranean (Bouillon et al., 2004).
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Figure 9. PCA analysis between physicochemical parameters and species.

The present study indicates that some species substrate preferences deviate from published
research. Here are the 11 species that are listed differently from those in the literature; Isinibilir et al.,
(2015) found Amphinema rugosum on the coasts of Tiirkiye throughout the year, and it was reported
that this species prefers algae, bryozoans and mollusc shells as substrates (Gravili et al., 2015). In our
study, A. rugosum was found only as an epiphyte. Hydrodendron mirabile is also known to be
distributed on algae, Posidonia oceanica, sponges, and bryozoans (Boullion et al., 2004; Gravili et al.,
2015). However, in our study it was only observed as an epiphyte. Eudendrium capillare was only
observed on the epilithic substrate during the winter season, but in the present work, it was observed to
select P. oceanica rhizomes, other hydroids, bryozoans, and bivalves as substrates in addition to rocky
areas (Gravili et al., 2015). The sampling strategy might be responsible for these different substrate
choices. Finding the hydrozoans is a challenge, thus sampling techniques are essential. In addition to
not being visible to the naked eye, divers must anticipate their potential locations. The diver
conducting the sampling could have a complete impact on the outcomes (Bouillon et al., 2004).

According to Cnar et al. (2014), P. disticha is reported to be distributed only in the Mediterranean
region of the Turkish coasts and sampled on hard substrates. Yet Giilsahin (2013) reported the species
from the Fethiye coast in their study. Bouillon et al. (2004) stated that the species is present from
November to April. In our study, the species was encountered on epiphytic, epizoic, and epilithic
substrates in all seasons.
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Macrorhynchia philippina, was reported as epiphytic on red algae and Sargassum spp. (Oliveira &
Marquez, 2011). This species was observed to be epiphytic on Posidonia oceanica in this study. The
present study showed a preference for epilithic and epizoic substrates, which adds to our knowledge of
its substrate preferences. The results could have been different due to the lack of studies conducted
with these species. Additional studies need to be carried out and the findings about the substrate
preferences need to be reported in the literature to further discuss the results obtained from the present
study.

Clytia linearis, recorded by Billard in 1926 on the Egyptian coast, is a Lessepsian species that
entered the Mediterranean system through the Suez Canal. Gravili et al. (2015) reported the presence
of C. linearis along the Italian coasts, where it was found on algae, Posidonia oceanica on sponges
and bryozoans throughout the year. In previous records from the Turkish coasts, especially in the
Aegean Sea, this species was mostly observed in rocky habitats and as an epiphyte on P. oceanica
(Cinar et al., 2014; Bouillon et al., 2004). In our study this species was found also mainly in rocky
habitats and epiphyte on P. oceanica.

Scandia gigas is known to have a distribution range from January to November, and it is found on
algae, anthozoans, polychaetes, and mollusk shells (Gravili, 2015). In this study, it was exclusively
encountered as an epiphytic species on P. oceanica in Konyaalt1 during the spring season.

Laomedea flexuosa is reported to have a distribution along the Aegean and Marmara coasts of
Tiirkiye. While it is generally stated to prefer brown algae as substrates (Marfenin & Belorustseva,
2008; Cinar et al., 2014), this study determined that it mostly prefers Jania rubens species of
calcareous algae

Orthopyxis integra, recorded from the coasts of the Aegean and Marmara Seas, was encountered in
all samples except during the winter season in this study, showing distribution on epilithic, and epizoic
(Patella caerulea shells) substrates (Cinar et al., 2014). This species, recorded from the coasts of Italy,
exhibits a wide substrate selection, including algae, phanerogams, bryozoans, other hydroids, mollusk
shells, sponges, and is encountered throughout the year (Gravili et al., 2015).

Hydrodendron mirabile, another hydrozoan species, is known to have distribution on algae,
Posidonia oceanica, sponges, and bryozoans. The previous studies reported that this species was
exclusively observed in an epiphytic form (Bouillon et al., 2004; Gravili et al., 2015). The sampling
strategy might be responsible for these different substrate choices as explained before.

The literature reports that Eudendrium simplex is generally found on P. oceanica in shallow waters
and it is also known to occur on sponges, mollusk shells, barnacles, and can exhibit an epiphytic
lifestyle (Oliviera & Marquez, 2007; Gravili et al., 2015). The different substrate selections may be
due to the sampling approach.

The presence of different substrates in the environment and their density directly affect the
occurrence of hydroid species (Boullion et al, 2004). The larvae of Eudendrium glomeratum Picard,
1952 have also been shown in laboratory trials to settle more frequently on carbonate substrates
(marble) than granitic ones (quartz) (Bavestrello et al., 2000). Furthermore, hydroids are recognized
for their capacity to develop as epibionts on various organisms, including macroalgae and other
metazoans, including Crustacea, Echinodermata, Porifera, Bryozoa, and Mollusca (Roveta et al.,
2022).

In this study, results on the distribution areas and substrate preferences of hydroid polyps in the
Gulf of Antalya were presented. Numerous further studies need be carried out on this group, which is
seen in marine areas, to reveal both systematic and substrate selection and habitat characteristics. With
this study, general information about hydroids is presented.

FUNDING

This study was supported by the DR 5263 No. SPP research project under the coordination of the
Scientific Research Projects Management Unit of Isparta University of Applied Sciences and the
Faculty Development Program Coordination Unit.

CONFLICT OF INTEREST
The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.




Kabaday1 Yildirim and Kiigiik, 2024 Acta Aquat. Turc., 20(1): 048-061 59

AUTHOR CONTRIBUTIONS

Fiction: SOKY, FK; Literature: SOKY, FK; Methodology: SOKY, FK; Performing the experiment:
SOKY, FK; Data analysis: SOKY, FK; Manuscript writing: SOKY, FK, Supervision: SOKY, FK All
authors approved the final draft.

ETHICAL STATEMENTS
Local Ethics Committee Approval was not obtained because experimental animals were not used in
this study.

DATA AVAILABILITY STATEMENT
Data supporting the findings of the present study are available from the corresponding author upon
reasonable request.

REFERENCES

Albayrak, S., & Balks, N. (2000). Hydroid Polyps of the Bosphorus Istanbul Bogazi’'nin Hidroid
Polipleri. Turkish Journal Marine Sciences, 6(1), 41-53.

Bartram, J., & Ballance, R. (Eds.) (1996). Water quality monitoring: a practical guide to the design
and implementation of freshwater quality studies and monitoring programmes. CRC Press.
ISBN 0419 22320 7

Bavestrello G, Bianchi CN, Calcinai B, Cattaneo-Vietti R, Cerrano C, Morri C, Puce S., & Sara M
(2000). Bio-mineralogy as a structuring factor for marine epibenthic communities.Mar Ecol
Prog Ser 193, 241-249. https://doi.org/10.3354/meps193241

Bavestrello, G., Cerrano, C., Di Camillo, C., Puce, S., Romagnoli, T., Tazioli, S., & Totti, C. (2008).
The Ecology of Protists Epibiontic on Marine Hydroids. Journal of the Marine Biological
Association of the United Kingdom, 88(8), 1611-1617.

Boero, F. (1984). The ecology of marine hydroids and effects of environmental factors: A review.
Marine Ecology, 5, 93-118. https://doi.org/10.1111/].1439-0485.1984.tb00310.x

Bouillon, J., & Morri, C. (1986). Catalogue of Main Marine Fouling Organisms. Office d’Etudes
Marines et Atmospheriques ODEMA, 7, 91.

Bouillon, J., Medel, M. D., Paggs, F., Gili, J., Boero, F., & Gravili, C. (2004). Fauna of the
Mediterranean Hydrozoa . Biologia, 68, 5-438

Cinar, M.E., Bilecenoglu, M., Oztiirk, B., Katagan, T., Yokes, M.B., Aysel, V., Dagli, E., Acik, S.,
Ozcan, T., & Erdogan, H. (2011). An updated review of alien species on the coasts of Turkey.
Mediterranean Marine Science, 12(2), 257-315.

Cmar M. E., Yokes, M.B., Acik, S., & Bakir, A.K. (2014). Checklist of Cnidaria and Ctenophora from
the coasts of Turkey. Turkish Journal of Zoology, 38, 677-697.

Demir, M. (1952). Invertebrate Benthic Animals of the Bosphorus and Islands' Shores. Istanbul
University Faculty of Science Hydrobiology Research Institute Publications, 3, 615 pages.

Di Camillo, C., Puce, S., Romagnoli, T., Tazioli, S., Totti, C., & Bavestrello, G. (2006). Coralline
algae epibionthic on thecate hydrozoans (Cnidaria). Journal of the Marine Biological
Association of the United Kingdom, 86, 1285-1289.

Di Camillo, C.G., Bavestrello, G., Valisano, L., & Puce, S. (2008). Spatial And Temporal Distribution
in A Tropical Hydroid Assemblage. Journal of the Marine Biological Association of the United
Kingdom, 88(8), 1589-1599.

Erdogan, O. (2011). iki Nehir Agz1 Bélgesinde (Kopriicay ve Manavgat Nehirleri) Zooplanktonun
Taksonomik ve Ekolojik Yonden Arastirilmasi. (Doktora Tezi, Siilleyman Demirel Universitesi,
Fen Bilimleri Enstitiisii)

Ergiiden, D., Turan, C., Cevik, C., & Uygur, N. (2014). First occurrence of the hydrozoan Geryonia
proboscidalis (Forskédl, 1775) in the northeastern Mediterranean coast of Turkey. J. Black
Sea/Mediterranean Environment, 20(2), 147-151.

Feuilloley G., Fromentin J.-M., Saraux C., Irisson J.-O., Jalabert L., & Stemmann L. (2021). Temporal
fluctuations in zooplankton size, abundance, and taxonomic composition since in the North
Western Mediterranean Sea. ICES Journal of Marine Science (2022), 79(3), 882-900.
https://doi.org/10.1093/icesjms/fsab190



https://doi.org/10.1111/j.1439-0485.1984.tb00310.x

Kabaday1 Yildirim and Kiigiik, 2024 Acta Aquat. Turc., 20(1): 048-061 60

Geliday, R., & Kocatas, R. (2005). Deniz biyolojisine giris. 5th ed. pp. 551-565. Ege Universitesi fen
fakiiltesi kitaplar serisi, Bornova, Izmir, Turkey.

Gili J.M., Murillo, J., & Ros, J. (1989). The distribution pattern of benthic Cnidarians in the Western
Mediterranean. Scientia Marina, 53(1), 19-35.

Gili, J.M., & Hughes, R.G. (1995). The Ecology of Marine Benthic Hydroids. Oceanography and
Marine Biology: an Annual Review, 33, 351-426.

Gili, J.M., Durd, A., Garcia-Valero, J., Gasol, J. M., & Rossi, S. (2008). Herbivory in small
carnivores: benthic hydroids as an example. Journal of the Marine Biological Association of the
United Kingdom, 88(8), 1541.

Gorelova, O. A., Baulina, O. I., Kosevich LA., & Lobakova E.S. (2013). Associations between the
White Sea colonial hydroid Dynamena pumila and microorganisms. Journal of the Marine
Biological Association of the United Kingdom, 93(1), 69-80.

Guenther, J., Misimi E., & Sunde L.M. (2010). The development of biofouling, particularly the
hydroid Ectopleura larynx, on commercial salmon cage nets in Mid-Norway. Aquaculture, 300,
120-127.

Guerra-Garcia, J.M., & Tierno de Figueroa, J.M. (2009). What do caprellids (Crustacea: Amphipoda)
feed on?. Marine Biology, 156, 1881-1890.

Gutierre, S.M.M., (2012). pH tolerance of the biofouling invasive hydrozoan Cordylophora caspia.
Hydrobiologia, 679, 91-95.

Giilsahin, N. (2013). Abundance, Distribution, and Biomass Characteristics of Scyphozoa (Cnidaria)
and Ctenophora Species in the Mugla Neritic Region. (Doctoral dissertation, Mugla University
Institute of Natural and Applied Sciences).

Govindarajan, A. F., Piraino, S., Gravili, C., & Kubota, S. (2005). Species identification of bivalve-
inhabiting marine hydrozoans of the genus Eugymnanthea. Invertebrate Biology, 124(1), 1-10.

Gravili, C., De Vito, D., Di Camillo, G., Martell, L., Piraino, S., & Boero, B. (2015). The non-
Siphonophoran Hydrozoa (Cnidaria) of Salento, Italy with notes on their life cycles: an
illustrated guide. Zootaxa, Monograph 3908, 1-187.

Isinibilir, M., Yilmaz I. N., & Piraino S. (2010). New contributions to the jellyfish fauna of the
Marmara Sea. Italian Journal of Zoology, 77(2), 179-185.
https://doi.org/10.1080/11250000902895766

Isinibilir, M., Martell, L., Topgu, E. N., Yilmaz, I. N., & Piraino, S. (2015). First inventory of the
shallow-water benthic hydrozoan assemblages of Gokgeada Island (northern Aegean Sea).
Italian Journal of Zoology, 82(2), 281-290.

Isinibilir, M., Okyar, A., & Oztiirk, N. (2017). Toxic jellyfish species and their toxic effects in Turkish
Seas. Turkish Journal of Aquatic Sciences, 32(3), 154-169.

Killi, N., Tarkan, A.S., Kozic, S., Copp, G., Davison, P. I., & Vilizzi, L. (2020). Risk screening of the
potential invasiveness of non-native jellyfishes in the Mediterranean Sea. Marine Pollution
Bulletin, Volume 150, 110728, ISSN 0025-326X

Marfenin, N. N., & Belorustseva, S. A. (2008). How the distribution of colonies of the hydroid
Laomedea flexuosa is limited to a narrow belt along the lower littoral zone. Journal of the
Marine Biological Association of the United Kingdom, 88(8), 1559.

Monti, M., Giorgi, A., & Olson, J.B. (2018). Hydroids on a Caribbean Sea Horse. Coral reefs. 37,
1085.

Morri, C., Bavestrello, G., & Bianchi, C. N. (1991). Faunal And Ecological Notes On Some Benthic
Cnidarian Species From The Tuscan Archipelago And Eastern Ligurian Sea (Western
Mediterranean). Bollettino dei Musei Istituti Biologici Dell’ Universita di Genova, 54(55), 27-
47,

Morri, C., & Bianchi, C. N. (1999). Hydroids (Cnidaria: Hydrozoa) from the Aegean Sea, mostly
epiphytic on algae. Cahiers de Biologie Marine, 40, 283-291.

Nawrocki, A. M., Schuchert, P., & Cartwright, P. (2010). Phylogenetics and evolution of Capitata
(Cnidaria: Hydrozoa), and the systematics of Corynidae. Zoologica Scripta, 39(3), 290-304.

Oliveira O.M.P., & Marques, A.C. (2007). Epiphytic hydroids (Hydrozoa: Anthothecata and
Leptothecata) of the World. Biotaxa, 3(1), 21-38.

Orejas, C., Rossi, S., Peralba, A., Garcia, E., Gili, J. M., & Lippert, H. (2013). Feeding ecology and




Kabaday1 Yildirim and Kiigiik, 2024 Acta Aquat. Turc., 20(1): 048-061 61

trophic impact of the hydroid Obelia dichotoma in the Kongsfjorden (Spitsbergen, Arctic).
Polar biology, 36(1), 61-72.

Piraino, S., de Vito, D., Brodbeck, E., Di Camillo, C. G., Fanelli, G., & Boero, F. (2013). Destructive
standard squares or low-impact visually driven collection? A comparison of methods for
guantitative samplings of benthic hydrozoans. Italian Journal of Zoology, 80(3), 424-436.

Puce, S., Calcinai, B., Bavestrello, G., Cerrano, C., Gravili, C., & Boero, F. (2005). Hydrozoa
(Cnidaria) symbiotic with Porifera: A review. Marine Ecology, 26(2), 73-81.

Puce, S., Cerrano, C., Di Camillo, C. G., & Bavestrello, G. (2008). Hydroidomedusae (Cnidaria:
Hydrozoa) symbiotic radiation. Journal of the Marine Biological Association of the United
Kingdom, 88(8), 1715-1721.

Rayyan, A., Christidis, J., & Chintiroglou, C.C. (2002). First record of the bivalve-inhabiting hydroid
Eugymnanthea inquilina in the eastern Mediterranean Sea (Gulf of Thessaloniki, north Aegean
Sea, Greece). Journal of the Marine Biological Association of the United Kingdom, 82, 851-
853.

Rayyan, A., Photis, G., & Chintiroglou, C.C. (2004). Metazoan parasite species in cultured mussel
Mytilus galloprovincialis in the Thermaikos Gulf (North Aegean Sea, Greece). Disease of
Agquatic Organisms, 58, 55-62.

Riedl, R. (1983). Fauna und Flora des Mittelmeeres: Ein systematischer Meeresfiihrer fiir Biologen
und Naturfreunde. P. Parey, 836s, Deutschland.

Roveta, C., Marrocco, T., Pica, D. (2022). The effect of substrate and depth on hydroid assemblages: a
comparison between two islands of the Tuscan Archipelago (Tyrrhenian Sea). Mar.
Biodivers., 52, 9. https://doi.org/10.1007/s12526-021-01254-0

Schuchert, P. (2001a). Survey of the family Corynidae (Cnidaria, Hydrozoa). Revue Suisse De
Zoologie, 108, 739-878.

Schuchert, P. (2001b). Hydroids of Greenland and Iceland (Cnidaria, Hydrozoa). Meddelelser om
Grenland, Bioscience 53. Copenhagen, the Danish Polar Center, 185s.

Schuchert, P. (2003). Hydroids (Cnidaria, Hydrozoa) of the Danish expedition to the Kei Islands.
Steenstrupia, 27(2), 137-256.

Schuchert, P. (2004). Revision of the European athecate hydroids and their medusae (Hydrozoa,
Cnidaria): Families Oceanidae and Pachycordylidae. Revue Suisse De Zoologie, 111(2), 315-
369.

Schuchert, P. (2006). The European athecate hydroids and their medusae (Hydrozoa, Cnidaria)
Capitata Part 1. Revue Suisse De Zoologie 113(2), 325-410.

Schuchert, P., & Genéve, C. (2010). The European athecate hydroids and their medusae (Hydrozoa,
Cnidaria): Capitata Part 2. Natural History, 117(3), 337-555.

Svoboda, A., & Cornelius P.F.S. (1991). The European and Mediterranean species of Aglaophenia
(Cnidaria: Hydrozoa). Zoologische verhandelingen Leiden, 274, 1-72.

Sasi, H., & Balik, S. (2002). The first record of the brown hydra, hydra oligactis (Cnidaria) in Turkey.
Zoology in the Middle East, 27(1), 120-120. https://doi.org/10.1080/09397140.2002.10637949

Tezcan, O. D., & Sarp, S. (2012). An unusual marine envenomation following a rope contact: A report
on nine cases of dermatitis caused by Pennaria disticha. Toxicon, 61, 125-128

Yilmaz, N., Isinibilir, M., Vardar, D., & Dursun, F. (2017). First record of Aequorea vitrina Gosse,
1853 (Hydrozoa) from the Sea of Marmara: a potential invader for the Mediterranean Sea,
Zoology in the Middle East, 63(2), 178-180.

Noyan,Y., Luis,M., Nur Eda,T., Isinibilir, M. (2020). Benthic hydrozoan assemblages as potential
indicators of environmental health in a mediterranean marine protected area. Deakin University.
Journal contribution. https://hdl.handle.net/10536/DRO/DU:30166827

Wetzel, R. G., & Likens, G. (2000). Limnological analyses. Springer Science & Business Media



https://doi.org/10.1007/s12526-021-01254-0
https://hdl.handle.net/10536/DRO/DU:30166827

Acta Aquatica Turcica

E-ISSN: 2651-5474
Home Page: https://dergipark.org.tr/actaquatr 20(1): 062-070, 2024 DOI: 10.22392/actaquatr.1300648

Research Article Arastirma Makalesi
First Gnathia sp. (Gnathiidae) Infestation on Labrus viridis (Labridae) in Tiirkiye

Tiirkiye'de Labrus viridis (Labridae)’de Ik Gnathia sp. (Gnathiidae) Enfestasyonu
Kaan Kumas>*© Ezgi Dinctiirk’® Tevfik Tansel Tanrikul*
Yizmir Katip Celebi University, Faculty of Fisheries, Department of Aquaculture, izmir-TURKIYE

*Corresponding Author: kaan.kumas@ikcu.edu.tr

Received: 22.05.2023 Accepted: 12.08.2023 Published: 01.03.2024

How to Cite: Kumas, K., Dingtiirk, E., & Tanrikul, T. T. (2024). First Gnathia sp. (Gnathiidae) infestation on Labrus
viridis (Labridae) in Tiirkiye. Acta Aquatica Turcica, 20(1), 062-070. https://doi.org/10.22392/actaquatr.1300648

Abstract: Gnathiids are ectoparasites of elasmobranchs and teleosts. The adult stage of Keywords

gnathiids is free-living but has a blood-sucking parasitic form called praniza larvae. o Aegean Sea
Gnathiid praniza infestations have been previously reported in numerous species of
fish. In the current study, Labrus viridis collected from Izmir Bay, Aegean Sea, was
examined for parasite infestation. Gnathia sp. was found predominantly in the gills and
mouth cavity of fish with a 58.3% prevalence. The samples were collected with fine e Labrus viridis
forceps from the host and preserved in 70% ethanol and 10% formaldehyde solution for e Ectoparasites
observation with a light microscope and scanning electron microscopy to identify

parasites. Red and green-blue pranizas were detected, and the hindgut of pranizas

showed differences depending on attachment location of the host.

e Gnathiid isopods
e Labridae

Ozet: Gnathiidler, elasmobranch ve teleost baliklarin ektoparazitleridir. Ergin asamada  Anahtar kelimeler
olan Gnathiidler serbest yasar ancak praniza larvalart ad1 verilen kan emici bir parazit 4 Ege denizi

formu bulunmaktadir. Daha 6nce bir¢ok balik tiirlinde Gnathiid praniza enfestasyonlari
rapor edilmistir. Bu calismada, Labrus viridis tiiriine ait baliklar Ege Denizi, Izmir
korfezinden Orneklenmis ve parazit enfestasyonu agisindan incelenmistir. Baliklarin
solungaglarinda ve ag1z bosluklarinda %58,3 prevelans ile Gnathia sp. tespit edilmistir. ~ ® Labrus viridis
Ornekler ince uglu pens kullanilarak baliktan toplanarak %70 etanol ile %10 e Ektoparazitler
formaldehit soliisyonlarinda 151k mikroskobunda ve taramali elektron mikroskobunda

incelenmek iizere saklanmistir. Kirmizi1 ve Mavi-yesil pranizalarda, konakg1 iizerinde

bulunduklar1 bolgelere gore farkliliklar tespit edilmistir.

e Gnathiid izopodlar
o Labridae

1. INTRODUCTION

The Labridae family, known as wrasses, are found worldwide in tropical, subtropical, and
temperate seas (Parenti and Randall, 2000). Generally, labrids live in the rocks of the upper coastal
belt, where species diversity and abundance are high (Hanel et al., 2002). At night, most of the wrasses
bury themselves in the sand to sleep, and many simply to take shelter. Most Labridae sp. feed on
invertebrates, but there are species that feed on several organisms such as zooplankton, fish, coral
polyps, crustacean ectoparasites, and fish mucus (Parenti & Randall, 2000).

Isopods can occur from the intertidal to the continental shelf and deep seas in oceans from polar to
tropical waters (Schultz, 1969; Brusca & Brusca, 2003). Most parasitic isopods are ectoparasites and
feed on the host's blood or hemolymph. To rip the flesh of the host organism and penetrate the blood
vessels or sinuses, the mouth part of the parasitic isopods forms a cone with maxillipeds and tiny
pointed mandibles (Lester, 2005).

There are three main groups in the Isopoda: cymothoids, epicaridians, and gnathiids (Lester, 2005).
Adult gnathiids do not feed and inhabit benthic habitats (Smith, 1904; Monod, 1926) but have a
juvenile stage in which blood-sucking praniza larvae feed on blood and tissue fluids from teleosts and
elasmobranch hosts and can cause focal lesions at the place of attachment (Lester, 2005; Diniz et al.,
2008; Adday & Khamees, 2022). Adult and larval gnatiids are morphologically different and adults
show strong sexual dimorphism (Monod, 1926; Schultz, 1969; Tanaka, 2007). The larval forms
consist of three stages of life comprising two shapes called praniza and zuphea (Ferreira, 2011).

@ ® This paper is published by Isparta University of Applied Sciences, Egirdir Fisheries Faculty under Creative Commons
Attribution 4.0 International (CC BY 4.0) license. http://creativecommons.org/licenses/by/4.0/
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Furthermore, gnathiids are intermediate hosts for fish blood parasites (Smit & Davies, 2004).

In this study, we report the infestation of Gnathia sp. in green wrasse (Labrus viridis) in Tiirkiye
for the first time with the morphological characteristics of the praniza larvae and the prevalence values
of the infestation.

2. MATERIALS and METHODS
The green wrasse (Labrus viridis), caught in Izmir Bay (38° 32’ 9" N, 26° 45’ 17" E) in the Aegean
Sea, was obtained at Izmir Fish Market, Turkiye between March- April 2022 (Figure 1).
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Figure 1. izmir Bay, Aegean Sea.

The fish were placed on ice (approximately 2 hours) until transferred to the Izmir Katip Celebi
University Faculty of Fisheries Fish Disease and Biotechnology Laboratory. The fish samples
measured total length (TL) between 32.8 - 34.5 cm and weighted 383 g to 448 g, later examined for
parasites according to Smit & Davies (1999) Smit et al. (1999), and Davies & Smit (2001). Parasites
were removed from their site of infection (body surface, gills, fins, and mouth) using fine forceps and
transferred to petri dishes with a 5% sodium hypochlorite water solution to remove excess debris
(Johnson, 1969). The gentle current of this solution was flushed into the samples using a glass dropper
and a soft hair brush to activate the removal of host tissue from parasites (Khamees, 1996; Grobler et
al., 2003). The parasite samples collected were fixed in 70% ethanol and 10% formaldehyde solution.

Ectoparasites were identified according to morphological descriptions according to Monod (1926)
and Hispano et al. (2014) under light microscopy (OLYMPUS, CX22RFS1).For scanning electron
microscopy, parasite samples fixed in 10% formaldehyde were dehydrated through a graded series of
ethanol up to 100% according to Smit et al. (1999) and Tanrikul et al. (2019), later mounted and
coated with gold using QUORUM Q150 RES (Quorum Technologies, UK), examined in Carl Zeiss
300 VP at izmir Katip Celebi University Central Research Laboratory. Prevalence values were
calculated according to Rozsa et al. (2000) using Quantitative Parasitology 3.0.

3. RESULTS and DISCUSSION

In the examined fish, praniza larvae (Figure 3, A- B) were present in seven total twelve samples,
and the parasite was in red and greenish-blue colors. A total of 707 praniza larvae were found in L.
viridis (Figure 2, A). Larvae of the genus Gnathia Leach, 1814, attach to the body surface, caudal fin,
around the eye, gill lamellae (Figure 2, B) (with excess mucus on the gill filaments), around and the
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mouth cavity (Figure 2, C). The colours of the larvae were greenish blue (280) (Figure 3, C) and
reddish (427) as well as few parasites showed both colours in their hindgut (Figure 3, F). Parasites
were predominantly collected primarily from the gills, operculum, and mouth of infested fish (Table 1)
with 58.3% prevalence. No correlations were detected between fish size and parasite abundance.
Furthermore, parasites attached to the fins (Figure 3, E) showed less blood in their hindgut than those
attached to the gills, operculum, and mouth (Figure 3, D).

, A A®

Figure 2. A: Labrus viridis, B: Excess mucus on the gills infested with praniza, C: Intensive infestation of
praniza in the mouth.

Table 1. Attachment places of pranizas collected from Labrus viridis

Reddish praniza Green-blue praniza
Labrus viridis Gills Skin Mouth Fins Gills Skin Mouth Fins

Sample 1 173 7 199 5 92 12 161 3
Sample 2 2 - 1 - 1 - 2 -
Sample 3 2 2 4 1 3 - 1 1
Sample 4 4 - 3 - - - - -
Sample 5 3 - 2 - 3 - - -
Sample 6 5 - 2 1 - - -
Sample 7 9 - 3 - - - - -
Sample 8 - - - - - - - -
Sample 9 - - - - - - - -
Sample 10 - - - - - - - -
Sample 11 - - - - - - - -
Sample 12 - - - - - - - -

Total: 198 9 214 6 100 12 164 4

In Labridae, cleaning behaviour is well represented, and 46% of the fish are known to be cleaner in
the wild (Cote, 2000). In marine fish cleaning mutualism, the family Labridae are known to be
predators of parasites and decrease the ectoparasite loads of the infected host species through cleaning
behavior (Grutter, 1999) and separated into two groups; obligate cleaner (eight species) diet contains
almost entirely parasites, and facultative cleaners (41 species) which were only cleaning as juveniles
(Cote, 2000). This study supports evidence from observations by Cote (2000) and Arnal et al. (2006)
who pointed out cleaning behaviour among the Labridae species related to fish size, colour patterns,
and body shape. Arnal et al. (2006) stated the emergence of cleaning behaviour and the presence of a
dark lateral stripe on the body surface of cleaning species by phylogenetic traits among the Labridae
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family, where L. viridis is not present.

Figure 3. A: Female Gnathia sp., B: Male Gnathia sp., C: Green-blue praniza, D: Reddish praniza collected
from the mouth, E: Reddish praniza collected from base of the fins, F; Praniza with both colours. Note: BM:
blood meal; CE: Compound eye; CP: Cephalosome; PD: Pereopod; PL: Pleon; PT: Pleotelson.

Among crustacean groups, isopods are one of the most morphologically divergent (Bayoumy et al.,
2013), and Gnathia Leach, 1813 is the widest genus among the family Gnathiidae, which comprises
12 genera, and more than 190 species distributed worldwide (Cohen, 1994; Hadfield & Smit, 2008;
Hispano et al., 2014). Due to their body plan being different from that of other isopods, gnathiids have
been an incomprehensible taxon (Tanaka, 2007).

To feed on blood and plasma, these isopods attach the host's skin and gills with piercing
mouthparts (Figure 4). and use a muscular oesophagus and a grooved paragnath (Monod, 1926). After
praniza feeds on blood, it goes to the benthos for meal digestion and is molten into females or males
(Tanaka, 2007; Ferreira, 2011; Oktener & Tuncer, 2020). Gnathiids can affect the host by inflaming
and destroying mucosal tissue (Honma & Chiba, 1991), decreasing blood volume (Jones & Grutter,
2005), transmitting blood parasites (Curtis et al., 2013), increasing stress hormones (Triki et al., 2016),
and reducing juvenile performance and growth (Jones & Grutter, 2008), or by killing the host (Paperna
& Por, 1977; Mugridge & Stallybrass, 1983). Smit et al. (2003) reported that the length of the feeding
period of Zuphea larvae was different by attachment to the area of the host fish. The larvae attached to
the body of the host fish completed feeding faster than those attached to the fish. This study supports
evidence from clinical observations by Smit et al. (2003) and Hispano et al. (2014) that the amount of
blood in the intestinal tract of larvae is associated with host attachment. In our findings, the larvae
attached to the fins showed less blood than those attached to the mouth, gills, and body surface.
Praniza attached to Labrus bergylta and Anguilla anguilla was also observed in green-blue colour by
other authors (Monod, 1926; Mouchet, 1928; Hispano et al., 2014).




Kumas et al., 2024 Acta Aquat. Turc., 20(1): 062-070 66

. = v Signal A= SE2 Date :31Jan2023 oo i D EHT= 500 kV Signal A= SE2 Dato:310an 2023 prace
Sk [ — mm Mag= 250X Time :11:40:29 e — W= 4.4 mm Mag= 491X Time :11:41:02

—

Figure 4. Scanning electron micrograph of Gnathia praniza larvae. A-B: view of the cephalosome.

The Gnathiidae family has free-living adults and parasitic juveniles that feed on the blood and
tissue fluids of the host organism. Taxonomic descriptions depend on the non-feeding benthic adult
male gnathiids, upon the identification of gnathiid juveniles or female adults might be difficult (Smit
& Davies, 2004). Gnathiids were described as both free-living and juvenile (parasitic stage) in the
Turkish coasts. The first description of Gnathiids in Turkiye Seas was by Geldiay & Kocatas (1972),
who identified Gnathia vorax from benthos in the Aegean Sea (Balikliova, Izmir). Later, Gnathia
vorax was reported from benthos and fish (undescribed fish sp.) from different parts of the Aegean Sea
(Kirkim, 1998). Paragnathia formica was described from fish (undescribed fish sp.) for the first time
by Kirkim (1998) in the Aegean Sea and Tiirkiye. Furthermore, Kirkim et al. (2008) reported P.
formica from Mugil cephalus and Pagellus erythririus.

Parasitic stage of Gnathiids was reported by several authors from different parts of the Tiirkiye in
various fish species such as Diplodus annularis (Akmirza, 2000, Akmirza, 2001; Akmirza, 2010),
Diplodus vulgaris (Akmirza, 2000; Akmirza, 2001; Alas et al. 2009; Akmirza, 2010; Koyuncu et al.
2013), Diplodus sargus (Akmirza, 2000), Dentex dentex (Akmirza, 2000), Lithognathus mormyrus
(Akmirza, 2000), Pagrus pagrus (Akmirza, 2000), Symphodus tinca (Akmirza, 2001), Scorpaena
porcus (Akmirza, 2001), Scoepaena scrofa (Akmirza, 2001; Alas et al., 2009; Akmirza, 2010),
Gaidropsarus mediterraneus (Akmirza, 2001), Umbrina cirrosa (Akmirza, 2001), Epinephelus aeneus
(Geng et al., 2003), Epinephelus marginatus (Geng, 2007), Epinephelus costae (Erol, 2007; Geng et
al., 2011), Mugil cephalus (Alas et al., 2009), Gaidropsarus mediterraneus (Alas et al. 2009),
Serranus cabrilla (Alas et al., 2009), Trachurus mediterraneus (Alas et al., 2009), Sarpa salpa (Alas
et al., 2009), Sciaena umbra (Alas et al., 2009; Akmirza, 2014), Pagellus erythrinus (Alas et al., 2009;
Akmirza, 2010), Spicara maena (Akmirza, 2010), Coris julis (Akmirza, 2010), Stephanolepis diaspros
(Akmirza, 2010), Sparus aurata (Akmirza, 2010), Dicentrarchus labrax (Akmirza, 2010), Conger
conger (Akmirza, 2012); Sargocentrun rambrum (Oktener & Tuncer, 2020), Upenus moluccensis
(Oktener & Tuncer, 2020), Parapeneus forsskali (Oktener & Tuncer, 2020). Previously, Gnathia
maxillaris was isolated from L. viridis in the Saronicos gulf, Greece (Papoutsoglou, 1975). This study
is the first documented record of parasitic infestation of blood-sucking praniza larvae of L. viridis in
Tirkiye.

Within marine fishes, parasitism caused by isopods can cause significant problems in cultured fish.
In addition, they can also affect wild populations. Infestations caused by larvae of the genus Gnathia
Leach, 1814 have been reported throughout the world. Bayoumy et al. (2013) reported infestations of
gnathiids in Epinephelus tauvina with a prevalence of 58.3% prevalence in the Saudi Arabian Coastal
Water of Dammam. Oktener & Tuncer (2020) stated infestations of praniz along the southern Turkish
coast of the Aegean Sea in Parapenus forskali, Upeneus moluccensis, Sargocentron rabrum with a
prevalence of 63%, 47%, and 58%, respectively. Adday & Khames (2022) pointed out the gill
lamellae of Chiloscyllium arabicum infested with gnathiid larvae with 69% in the coastal waters of
Iraq (latitudes 48°44' to 48°46' and longitude 29°46' to 29°47"). In this study, L. viridis collected from
the Aegean Sea of Turkiye were infested with larvae of the genus Gnathia with 58.3% prevalence.
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4. CONCULUSION

Various fish species have been reported with Gnathiid infestations, and the occurrence patterns
demonstrated for larval gnathiids. The taxonomy of Gnathiidae based on the morphology of adult
males and the description of larvae is deficient for most. Therefore, this makes identification of
gnathiid larvae hardly possible. Mortality of gnathiid larvae can affect benthic individuals and
interactions with each other.
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Ozet: Calismada; iilkemizin balikgilik konusunda gelismis iilkeler seviyesine

ulagabilmesi icin lisans diizeyinde egitim ve &gretim yapan Su Uriinleri Fakiiltelerinin

Anahtar kelimeler

kurulmasinm ilk asamalar1 ve 20 Temmuz 1982 tarih, 41 Sayilh Kanun Hiikmiinde e Egirdir
Kararname ile kurulan 6 adet Su Uriinleri Yiiksekokulu arasinda yer alan, e Suiiriinleri
Cumhuriyetimizin kurulugunun 100. Yilmi kutladigimiz bu giinlerde, 41. Kurulus e Yiiksekokul
yildoniimiinii  kutlayan Egirdir Su Uriinleri  Fakiiltesi’nin kurulus hikayesi e Fakiilte
anlatilmustir. e Kurulug
Abstract: In the present study, the founding story of Egirdir Fisheries Faculty, which

is celebrating its 41st anniversary as one of the 6 Fisheries Colleges established by the Keywords
Decree Law No. 41 dated July 20, 1982, the first stages of the establishment of e Egirdir
Fisheries Faculties, which provide education and training at the undergraduate level in e Fisheries
order for our country to reach the level of developed countries in fisheries, in these e College
days when we celebrate the 100th anniversary of the establishment of our Republic, is e Faculty

recountedt.

e Establishment

Hikayenin Baslangici

Cumbhuriyetimizin kurulusunun 100. Yili geride biraktigimiz su giinlerde Ulu Onder Mustafa
Kemal Atatiirk’{in 1927 tarihinde 1416 Sayili Kanunla Tiirk genclerini yurt disinda doktora tahsiline
gonderilen Ord. Prof. Sadi Irmak’a Berlin’de dgrenci iken yolladigi telgrafta sdyle yazmis “Sizi birer
kivileim olarak gdonderiyorum, alev olarak geri donmelisiniz.” demistir. 1970 yilinda ayni kanunla
Ingiltere’ye doktora egitimine esimle birlikte gittigimizde, orada Atamizin bu kalbi arzu ve direktif ile
ilkemizde de balikgilik konusunda gelismis {ilkeler seviyesine ulastirabilmemiz igin
yapilabileceklerimizi daha o giinlerde diisiinmeye basladik. Nitekim bize kalmamizi sdyledilerse de
kabul etmedik. Ciinkii artik kafamizda bir hedef olusmustu.

Iskogya Stirling Universitesi'nde 1975 yilinda doktora egitimimizi tamamlayarak yurda
dondiigiimiizde iilkemizde heniiz su iriinleri konusunda lisans diizeyinde egitim ve dgretim yapilan
herhangi bir kurulus yoktu. Ozetle, 1975 yilinda iilkemizdeki balik¢ilikla ilgili genel tablo sdyle idi;
Ulkemizde Planli Kalkinma Donemleri g¢ergevesinde 1963 yilinda Birinci Bes Yillik Kalkinma
Plani’nda Sanat Okullar1 (Teknik Lise) seviyesinde bir Balik¢ilik Okulunun agilmasi 6ngoriilmiis ve
1967 yilinda Devlet Planlama Teskilatimin karari ile okulun Istanbul-Beykoz’da kurulmasima karar
verilmistir. Bu siiregte Tiirk-Japon hiikiimetleri arasindaki (JICA) yapilan is birligi ile Japonlar okulun
kurulusuna yardimc1 olmustur.

Ulkemizde Cumhuriyet déneminde ilk {iiniversite, Osmanli Devleti déneminde adi Istanbul
Dariilfiinun olan egitim kurulusudur. 31 Temmuz 1933 tarihinden itibaren ismi Istanbul Universitesi
olmustur. O tarihlerde iiniversitenin biinyesinde Zooloji Enstitiisii kurularak, Enstitilye yon vermek
icin 1935 yilinda Isvecli Profesor Andrea Naville direktor olarak gérevlendirilmistir.

@ ® Bu makale, Isparta Uygulamali Bilimler Universitesi Egirdir Su Uriinleri Fakiiltesi tarafindan Atif 4.0 Uluslararas
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1928 yilinda Marmara adasinda Maarif Vekaleti’ne (Bakanligina) bagh Balik¢ilik Mektepleri,
balik¢1 ¢ocuklarina 4 yillik ilkokul diizeyinde balik¢ilik bilgileri verilmek iizere kurulmus ve 1930
yilinda da iktisat vekaletine devredilmistir. O yillarda Marmara Adasi’'nda yasayan Rum genglerinin
tek gecim kaynagi balikgilikt1 (Sekil 1).

Sekil 1. Marmara Bahkc;llk ektebi binasml génﬁrhﬁ.

Ulkemizde 1960’11 yillarda sayilar1 7 olan iiniversitelerimiz 1975°li yillarda 12 iiniversiteye
ulasmustir. Bu iiniversitelerimizden Istanbul, Ankara, izmir, Erzurum illerimizdeki Ziraat Fakiilteleri,
Veteriner Fakiilteleri ve Fen Fakiiltelerinde, balik¢ilikla ilgili boliim, kiirsii (anabilim dal1) diizeyinde
bilimsel caligmalar yapiliyordu. Ancak bunlar bugiinkii su firiinleri fakiiltelerinin egitim-6gretim
programlarinin ¢ok gerisinde ve bir meslege yonelik programlar degildi. Yine o tarihlerde s6zii edilen
tim fakiiltelerdeki 6gretim elamani sayisida 15-20 kisi diizeyinde idi. 1970’li yillarda iilkemizde
balikcilikla ilgili faaliyetler Ticaret Vekaletince yiiriitiiliirken, 22 Mart 1971 tarihinde yayimlanan
1380 Sayili Kanunla su triinleri ile ilgili sorumluluk Tarim ve Orman Bakanligina devredilmistir.
Kanunun uygulamaya konulmast ile 1971 yilinda Su Uriinleri Genel Miidiirliigii kurulmus ve Genel
Mudiirlige bagh Tiirkiye ¢apinda 10 adet Su Uriinleri Bolge Miidiirliigii faaliyete gegmistir.

Iste, yukarida ozetlemeye c¢alisifim Ulkemizin meveut fiziki hukuki ve akademik kapasitesi
cercevesinde Ankara Universitesi, Veteriner Fakiiltesi Su Uriinleri ve Balik¢ilik kiirsiisiinde Dr.
Asistan olarak goreve basladim. Ingiltere’de birlikte doktora yaptigim esim Prof. Dr. Giilsen Timur,
kisa bir siire aym fakiiltede gérev yapsasa da, bir siire sonra oradan ayrilarak Tarim ve Orman
Bakanlig1 biinyesindeki Su Uriinleri Genel Miidiirliigiinde goreve baglamistir.

O tarihlerde iiniversitelerin her biri 6zerk kuruluslardi. Doktor asistanlik doneminde Veteriner
Fakiiltesi Dekan1 Prof. Dr. Sat1 Baran’in izni ile fakiilte 6gretim {iyelerine {ilkemizin balik¢ilik ilgili
genel tablosunu agiklayarak mevcut kosullarda iilkemizin balik¢ilik sorunlarinin {istesinden
gelinmesinin miimkiin olamayacagini vurguladim. Ciinkii veteriner fakiiltelerinde balik fizyolojisi,




Timur, 2024 Acta Aquat. Turc., 20(1): 071-088 73

ziraat fakiiltelerinde agirlikli olarak balik besleme ve fen fakiiltelerinde balik sistematigi {izerine
incelemeler yapiliyordu. Yine o tarihlerde balik hastaliklari; viroloji, bakteriyoloji patoloji ve
parazitoloji kiirsiilerinde ¢alisiliyor olsa da higbiri yeterli diizeye ulagmiyordu.

1981 yilinda Dogent unvanimi aldiktan sonraki takip eden yillarda meslektasim, hocam Firat
Universitesi Rektorii Prof. Dr. Mustafa Temizer’in daveti ile Elazig’a gittim. Bazi Israilli bilim
adamlar1 Firat Universitesi’nde incelemelerde bulunmuslar ve bir su iiriinleri fakiiltesi kurulmasin
onermigler. Bu konuyu degerlendirmek igin yaptigim goriismeler olumlu sonuglansa da Ankara
Universitesi Veteriner Fakiiltesi’nin baskilar ile bu diisiinceden vazgecilmek zorunda kalind.

12 Eyliil 1980 tarihinde Tiirk Silahli Kuvvetleri sivil yonetime karsi askeri miidahalede bulunarak
iilke yonetimine el koydu. 1981 yilinda o tarihe kadar 6zerk olan iiniversitelerin tek cati altinda
toplanmasina karar verilerek, 2547 Sayili Kanunla Yiiksek Ogretim Kurulu olusturuldu. Bu kurulda,
kurul iiyesi meslektasim, hocam Prof. Dr. Selahattin Giirtiirk’ii ziyaret ederek, su {irlinleri egitiminin
mevcut kosullarda basariya ulasamayacaginin nedenleri konusunda kendilerini aydinlatmaya ¢aligtim.
Bu soylesilerimi ve goriislerimi birgok bakan, genel miidiir, 6gretim iiyesi ile yaptigim goriismelerle
stirdiirdiim. Nitekim 1981 yilinin sonlarina dogru iilkemizdeki balik ve balik¢ilikla ilgili lisans ve
lisanstistii egitimde yasanan sorunlar ve sorunlarin ¢dzliim yollari ortaya koyabilmek icin, Ankara
Universitesi Veteriner Fakiiltesi Dekan1 ve Su Uriinleri Kiirsiisii Bagkani Prof. Dr. Ismet Baran’in
koordinatorliigiinde toplanan iilkemizin 6nde gelen bilim adamlar tarafindan konunun enine boyuna
tartigilarak yeni bir fakiilte ¢atis1 altinda toplanilmasi goriisiinde mutabik kalindi.

Alinan bu Karar teklifinin Milli Giivenlik Konseyi (MGK) Genel Sekreterligi Thtisas Komisyonu
Daire Bagkanligina iletilmesine oy birligi ile karar verildi (Sekil 2, 3).
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Sekil 2. Milli Giivenlik Konseyi (MGK) Genel Sekreterligi Thtisas Komisyonu Daire Baskanligina iletilen
orijinal yazi metni.




Timur, 2024 Acta Aquat. Turc., 20(1): 071-088

Sekil 3. Milli Giivenlik Konseyi (MGK) Genel Sekreterligi Ihtisas Komisyonu Daire Baskanligina iletilen
orijinal yazi metni.

Yukarida orijinal Ornegi sunulan toplanti tutanagmin ayni giin MGK iyelerine (kuvvet
komutanlar1) Veteriner Fakiiltesi dekan1 adina bizzat benim tarafimdan elden iletilmesine, toplanti
bagkan1 Prof. Dr. Remzi Geldiay tarafindan karar verildi. Ciinkii kuvvet komutanlarina bu karar
yazisinin sifai olarak anlatilmasi ve ikna edilmeleri gerekiyordu.

Alman randevu ile o tarihte Biiyiik Millet Meclisi binasinda bulunan Senatdrler salonunda MGK
iiyelerine kisa bir brifing vererek; balik¢ilik potansiyelimiz, hedefler ve baligin beslenmemizdeki
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onemine degindim. Konusmam iiyeler tarafindan begenilmis ki, Jandarma Kuvvet Komutan1 Sedat
CELASUN ayaga kalkarak beni tebrik ederek, “ Su anda sizin gibi kag adet hocamiz var” dediler. Ben
de yanmimda getirdigim evrakta isim ve unvanlarin bulundugunu sdyledigimde, belgeyi hocamiza (Prof.
Dr. Thsan Dogramaci) iletecegiz dediler. Artik top, Amerika’da YOK kurulus galismalar1 yapan Prof.
Dr. ihsan Dogramacr’da idi. ingiltere’de oldugu gibi Amerika’da da sistem ayn1 oldugu icin iimitli
idim.

6 Kasim 1981 tarihinde Prof. Dr. Thsan Dogramaci’nin hazirladigi Yiiksek Ogretim Kurulu (YOK)
Kanunu yiiriirliige girdi ve bu kanunun (2547 Sayili) ¢ercevesinde Tiirkiye de 6 Universitede
(istanbul, Cukurova, Akdeniz, On Dokuz Mayis, Firat ve Ege Universiteleri) dort yillik su {iriinleri
yiiksekokulu kurulurken, Ankara Universitesi Ziraat Fakiiltesi su iiriinleri béliimii disindaki diger
fakiiltelerin biinyelerindeki tiim boliim, enstitii ve anabilim dallar1 kapatildi.

Iste bu vesileyle; Akdeniz Universitesi biinyesinde Isparta Miihendislik Fakiiltesine bagl Egirdir
Su Uriinleri Yiiksekokulu 20 Temmuz 1982 tarih, 41 Sayili Kanun Hiikmiinde Kararname ile kuruldu.

Yiksekogretim Kurulu'nun 29 Nisan 1983 tarihinde Antalya’da yaptig1 toplantida yiiksekokulun
1983-1984 egitim-6gretim doneminde egitime baslamasma karar verilmistir. Akdeniz Universitesi
Miihendislik Fakiiltesi’'ne Yiiksekogretim Kurulu Kanununun Ek 41 Sayili Kararnamesi ile baglanan
Yiiksekokul 21281 Sayili Resmi Gazetede yayimlanan 3837 Sayili yasa ile 11 Temmuz 1992 de
Isparta’da kurulan Siileyman Demirel Universitesi’ne bagland (Sekil 4, 5).

I

!
!

Sekil 4. Siileyman Demirel Universitesi Agilis Toreni-1992 (Dog.Dr. Giilsen Timur ve dénemin Bagbakam
Siileyman Demirel).




Timur, 2024 Acta Aquat. Turc., 20(1): 071-088 76

PLAN VE BUTGE KOMISYONU BASKANLIGINA

Goriliglilmekte olan tasariya agagidaki maddenin eklenmesini arz ve

teklif ederim. /§ -4 /9KF

:;Ji23}=~r*‘f’

Ibrahim Fevzi YAMAN
Isparta Milletvekili

MADDE 3.~ 28.3.1983 tarih ve 2809 sayili kanunun 23 lincii maddesinin
(e) bendi agapidaki gekilde deBigtirilmigtir.

"o) Rektdrliige bazli olarak yeni kurulan Turizm lgletmecilizi ve
Otelcilik Yilksekokulu, Milli Epitim Geng¢lik ve Spox; Bakanlijina bajla
Burdur Efitim EnstitUsiinlin adinin defigtirilmesiyle olugturulan ve rektir-
liige baglanan Surdur Egitim Ylikeekokulu, Rektdrliige bajlanan Antalya
sleslek Yiiksekokulu, Isparta Mihendislik Fakiiltesine bagli iken RektdrliiZe
baglenan Epirdir Su Urlinleri Yilikeekokulu ile Milli Epitim Genglik ve
Spur Dekanligana bagla iken Isparta Miihendislik Fakiiltesine baplanan
burdur Meslek Yiksekopkulu, Isparta Meslek Yiksek Okulundan;"

Eleg
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Sekil 5. Isparta Miihendislik Fakiiltesi'nden ayrilma teklifi.

Dort yil siireyle egitim-0gretim goren 6grencilerimizin o tarihte mezun olduklarinda herhangi bir
meslek unvani yoktu. Mezunlarimiz Yiiksekokul mezunu olarak hayata atiliyorlardi. Yiiksekogretim
Kurulunda etkin rol oynayan meslektasim, hocam Prof. Dr. Selahattin Giirtiirk’ii ziyaret ederek,
okullarimizdan mezun genglerin 6zel sektdrde ve bakanliklarda is bulmalarindaki zorluklar1 igeren bir
raporu kendilerine elden sundum.

Kendileri miithendislik egitimi igin Istanbul Teknik Universitesi Gemi Insaat Boliim 6gretim iiyesi
Prof. Dr. Kemal Kafali ile gériismem igin araci oldular. Prof. Dr. Kemal Kafali sorunumuza ¢ok sicak
ilgi gostererek, yiiksekokullarimizda en az kag¢ adet miihendislik dersinin okutulmasi gerektigini ifade
ederek ¢6ziim yolunu acikladilar.

Yiiksekokullar yoneticileri olarak Adana, Cukurova Universitelerimizde Rektdr Prof. Dr. Mithat
Ozsan’mn baskanlhiginda toplanarak, ders programlarma “Teknik Resim, Mekanizasyon, Akiskanlar
Mekanigi, Proje Teknigi, Matematik, Fizik, Kimya vb dersleri koyarak ve programdaki mevcut
Matematik, Fizik, Kimya gibi derslerin ders saatlerini arttirarak hazirlanan ders programi, Cukurova
Universitesi Rektorliigii kanali ile Yiiksekogretim Kuruluna sunuldu. 4 Haziran 1986 tarihinde
Yiiksekdgretim Kurulunun Karari ile Su Uriinleri Yiiksekokulu mezunlarinm “Su Uriinleri Miihendisi”




Timur, 2024 Acta Aquat. Turc., 20(1): 071-088 77

unvani ile mezun edilmelerine karar verildi. Bilahare 1 Haziran 1987 tarihinde mezun 6grencilerimizin
Tiirkiye Mimarlar Miihendisler Odasina (TMMO) kabuliine karar verildi.

1983 yilinda Isparta’da egitim-0gretime baslayan Yiiksekokul, Isparta Miihendislik Fakiiltesi’ne
bagli Isparta Meslek Yiiksekokulu Miidiirii Cetin Biiylikvanli” nin da katkilar ile Isparta merkezde
bulunan yiiksekokul igerisinde egitim-6gretimine basladi (Sekil 6).

T
AxDERLZ DmivERSITES!

O tarihlerde heniiz Ankara Universitesi Ziraat Fakiiltesi’nde gorevde idim. Akdeniz
Universitesi’nin dgretim iiyesi ilan1 ile Rektorliige basvurdum. 21 Aralik 1983 tarihinde de Akdeniz
Universitesi Egirdir Su Uriinleri Yiiksekokulu’na atanmam yapildi. S6z konusu tarih araliginda kayd1
yapilan 77 o6grencinin magdur olmamalart i¢in okul miidiirliigiine Isparta Miihendislik Fakiiltesi
Dekanligi’nca Kimya gretim {iyesi Yrd. Dog. Dr. Giileren Ozkan gegici olarak gdrevlendirildi. 24
Ocak 1984 tarihinde de Akdeniz Universitesi Rektorliigii'nce Yiiksekokul miidiirliigiine atandim.
Rektorliigiin onay: ile akademik kadrolart olusturmak igin verilen ilanla Yrd. Dog. Dr. Giilsen Timur
ve Konya Selcuk Universitesi'nden Yrd. Dog. Dr. Umit Erdemli kadrolarimiza katilarak ilk
yiiksekokul kurulunun olusturulmasi saglandi.

Yiiksekokulun akademik kadrolarinin zaman igerisinde doldurulmasiyla 23 Mayis 1984 tarihinde
yurdumuzda ilk defa Su Uriinleri Sempozyumu, yiiksekokulumuzca Isparta’da diizenlendi. Bu
sempozyuma farkli iiniversitelerden bilim insanlar tebligleri ile katildilar (Sekil 7).
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E
Sekil 7. Birinci Ulusal Su Uriinleri Sempozyumu, Isparta.

Yiiksekokulun fiziki kapasitesini artirmak ve bazi sosyal aktivitelere mali destek saglamak i¢gin 11
Temmuz 1984 tarihinde Egirdir Su Uriinleri Yiiksekokulu Yaptirma ve Yasatma Dernegi kuruldu.
Dogal tyesi oldugum dernegin baskanligina Dogan Celik segildi. O tarihlerde heniiz miistakil bir
binamiz yok idi. Isparta’da meslek yiliksekokulu binalarinda egitim-6gretim yiiriitiildii. Dernegimizin
cabalar ile o tarihte Isparta Valisi Sayin Utku Acun beyin talimatiyla bosaltilan Egirdir Kaymakamlik
binasinin Egirdir Su Uriinleri Yiiksekokulu’na tahsisi saglandi ve olusturulan akademik kadro ile
egitim-O6gretime bagland1 (Sekil 8, 9).

w«l«,x-

v

Ko

Sekil 8. Egirdir Kaymakamlik binasinin Egirdir Su Uriinleri Yiiksekokuluna tahsisi ve bina bahgesinde
dersliklerin ingaati.
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Sekil 9. Egirdir Su Uriinleri Yiiksekokulu éniinde ilk akademik kadro.

Sobal1 olan binanin kalorifer tesisati ve bahgesinde prefabrik dershanelerin uzun ugraglar sonunda
20 Kasim 1984 tarihinde tamamlanmasiyla Yiiksekokul 5 Ocak 1985 tarihinde Isparta’dan
Egirdir’deki yeni binasina tagindi. 5 Ocak 1985 tarihinde Ankara TRT’sinde, naklen taginma siireci
verildi. Yiiksekokulun ilgeye tasinmasiyla yerel gazetelere manset oldu ve ozellikle bizlere ve gol
balikciligma o6zel ilgi gosteren Akin Gazetesi, yliksekokulla ilgili ilk iki sayfada tanitim sayisi
yayimladi.

1985 yilinda Egirdir’de egitim-0gretime baslayan Yiksekokulda gorevli akademik personelin
Egirdir’deki yerlesim sorununun ¢oziilebilmesi igin, yine o tarihlerde Egirdir Belediyesi personeli igin
Gol kiyisinda yapimi tamamlanan konutlarin okulumuza gecici devrinin yapilmasi saglandi (Sekil 10).
Burada donemin Isparta Valisi Sayin Utku Acun’un destekleri i¢in kendilerine tesekkiirii borg bilirim.




Timur, 2024 Acta Aquat. Turc., 20(1): 071-088 80

Sekil 10. Egirdir Belediyesi’nden gegici alinan akademik personel lojmanlari.

Artik  1985°li  yillara girdigimizde yilksekokulumuzdaki akademik kadrolardaki &gretim
elemanlarinin yurti¢i ve yurtdist yaymlari dikkati ¢eken sayilara ulagmisti. 30 Arahk 1985 tarihinde Su
Uriinleri Yiiksekokulu Déner Sermaye Isletmesi Resmi Gazetede yayimlanarak yiiriirliige girdi ve 2
Eyliil 1985 tarihinde de Yiiksek Ogretim Kurulunun Karari ile yiiksekokulumuzda doktora egitimine
baglandi. Biitlin bunlar hi¢ siiphesiz ¢ok hizli ve anlamli gelismelerdi. Tiim bu basarilarin gerisinde
akademik kadrolarin gayreti, samimi ve azimli 6grencilerimizin katkist oldu (Sekil 11-15).

Sekil 11. Akademik etkinlikler.




Timur, 2024 Acta Aquat. Turc., 20(1): 071-088 81

Sekil 13. Mezuniyet toreni agilis konugmasi (Dog. Dr. Metin Timur).
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Sekil 14. 1988 yil1 Yiiksekokul mezuniyet toreni (Dog. Dr. Metin Timur, Dénem 2.si Aysegiil Kubilay, D(;. Dr.
Giilsen Timur, Yard. Dog¢.Dr. Giileren Ozkan).
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Sekil 15. Ogrenci etkinlikleri (Egirdir Golii kiyisinda teknik gezi, Yiiksekokul Folklor Ekibi, Yiiksekokul Futbol
Takimi-Antrenér Sadi Erdem).
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Yiiksekokulda gorevli Ogretim elemanlarinin  yabanci dillerini ve bilimsel becerilerinin
desteklenmesi amacityla mevcut Su Uriinleri Yiiksekokullar1 arasinda ilk defa Egirdir Su Uriinleri
Yiiksekokulu biinyesinde bir yil ¢alismak lizere s6zlesmeli Uzman Dr. Ronald N. Campbell, 1987
yilinda iskogya’daki Stirling Universitesi’nden Yiiksekokulumuza atand: (Sekil 16).

A "“ oy
e
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Sekil 16. Iskog bilim insam Dr. Ronald N. Campbell.

Ogrencilerimizin Egirdir ilgesi’nde rahat ve huzurlu konaklayabilmeleri igin 24 Nisan 1986
tarihinde yiiksekokulun kampiis alaninda yapimi tamamlanan prefabrik yurt binasi tamamlanarak
donemin Basbakami Turgut Ozal, beraberindeki Bakan ve Milletvekillerinin katilimi ile acilist
gerceklesti (Sekil 17).

| A
Sekil 17. Dénemin Bagbakani Turgut Ozal, Dog¢.Dr. Metin Timur, Bakan ve Milletvekilleri ile yurt binasinin
acilig1.
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Ancak o tarihlerde Yiiksekogretim Kredi ve Yurtlar Genel Midiirliigii Egirdir’de bir kiz ve erkek
6grenci yurdunu hizmete agmasiyla bu prefabrik yurt binasi daha ¢ok bilimsel toplantilar i¢in Egirdir’e
gelen bilim insanlarmin konaklamasi icin kullanildi. iste bu baglamda 5 Mayis 1986 tarihinde IV.
Miihendislik Haftas1 igerisinde Egirdir’de Su Uriinleri Miihendisleri semineri tertiplendi. Ayn1 yilin
agustos ay1 igerisinde Isparta’da yapimi tamamlanan 9 metre boyunda 28 HP motor giiciindeki
aragtirma teknesi Egirdir Golii’ne indirilerek, 6grencilerimizin av ara¢ ve gereglerinin uygulamalarina
yonelik bilgi ve becerilerinin {ist diizeye ¢ikartilmasi saglandi (Sekil 18).

Sekil 18. Arastirma teknesi.

Yiiksekokulun bahgesinde egitim programimizda yer alan meteoroloji dersi i¢in bir Meteoroloji
Rasat Istasyonu dgretim gorevlisi Osman Tasdemir’in de gayretleri ile faaliyete gegirildi. Artik gerek
egitim-6gretim yoniinden, gerekse fiziki kapasitemiz yoniinden yeterli donanima ulasan yiiksekokulda
yiiriitiilen bilimsel projeler ve yayimlanan uluslararasi ¢caligmalar ile fakiilte diizeyinde egitim 6gretim
yapilan yliksekokulumuzun fakiilte olabilmek icin Tiirkiye Biiyiik Millet Meclisi iiyesi Isparta
Milletvekillerine, YOK Uyelerine, Isparta Valiligi’ne okulun potansiyeli ve fakiilte olma arzumuz bir
yazi ile iletildi (Sekil 19).
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Sekil 19. TBMM iiyesi Isparta Milletvekillerine, YOK Uyelerine, Isparta Valiligi’ne okulun potansiyeli ve
fakiilte olmasi i¢in sunulan yazi.

Biitiin bu ¢abalarimizin sonunda TBMM Uyeleri, Isparta Milletvekili ve eski Maliye Bakani Sayin
Aykon Dogan’mn Kanun Teklifi ile 11 Temmuz 1987 tarihinde Su Uriinleri Yiiksekokullari’nin Fakiilte
diizeyine getirilmesine karar verildi (Sekil 20).
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Sekil 20. 11 Temmuz 1987 tarihinde Su Uriinleri Yiiksekokullarinin, fakiilte diizeyine getirilmesi karar yazis.

Yazida Cukurova Universitesi Su Uriinleri Yiiksekokulu’nun adi o heyecan ve uykusuz gecen
gecelerde kanun teklifine sehven yazilmadigindan, Yiiksekokul daha ileriki tarihlerde bizleri emsal
gostererek fakiilte diizeyine ¢ikarilmisgtir,

Yukarida da deginildigi lizere, yiiksekokulumuzda yiiriitiilen bilimsel ¢aligmalar gercekten c¢ok
tempolu idi. Bu caligmalar ve faaliyetlere burada kisaca deginirsek; 24 Mart 1984 tarihinde Dog. Dr.
Metin Timur, Tarim Orman ve Koy Isleri Bakanligi’nca Su Uriinleri Arastirma Komisyonuna iiye
olarak secildi.

18 Haziran 1984 tarihinde Birlesmis Milletler Gida Tarim Teskilat1 (FAO) kanali ile Ingiltere’de
diizenlenen Balik Hastaliklar1 Konferansina Tiirkiye’yi temsilen Yiksekokulumuz 6gretim iiyeleri
katilmustir.

1985 yili igerisinde Afyonkarahisar, Civril (Isikl1) ve daha sonra Egirdir G6lii’niin 6zellikle Hoyran
bolgesinde ekonomik 6neme sahip yurtdigina ihrag edilerek katma degeri yiiksek tatlisu 1stakozlarinda
(Astacus leptodactylus) goriilen Plague hastaligi, ilk kez Yiiksekokulumuz da Dog. Dr. Giilsen
Timur’un yonetiminde yiiriitiilen bilimsel ¢alismalarla teshis edilerek ilgili bakanlik uyarilmustir.
Bunun iizerine bakanligin Ankara’ya davet ettii Isvecli uzman Dr. Furst da bizim patolojik
bulgularimiz1 teyit ederek, s6z konusu gollerde uzun siireli kerevit av yasaginin getirilmesi saglandi.

12 Subat 1986 tarihinde Burdur Valiligi’nin daveti ile Burdur G6li’niin sorunlar1 ve ¢6ziim yollar
ile ilgili yiiksekokulumuz dgretim iiyeleri ile gdlde yapilan bilimsel incelemeler sonunda hazirlanan
¢6ziim raporu valilige sunulmustur.

16 Nisan 1986 tarihinde Yiiksekokulumuz Miidiirii Dog¢. Dr. Metin Timur, Ankara TRT
Televizyonunda “Sabahin Getirdikleri” programinda Tathisu balik¢iligt konusunda konugma
yapilmstir.

14 Mayis 1986 tarihinde Antalya Akdeniz Universitesi'nde diizenlenen, genisletilmis basin
toplantisinda Dog. Dr. Metin Timur, basina yiiksekokulumuzun ¢aligmalar1 hakkinda agiklamalarda
bulundu.

15 Temmuz 1986 tarihinde Diinya Tarim Gida Giinii Konferansi, Ilge Tarim Miidiirliigii ile
yiiksekokulda kutlandi.

6 Mayis 1987 tarihinde Egirdir Oteli’nde, yiiksekokul tarafindan diizenlenen “Diinden Bugiine
Egirdir” konulu fotograf sergisi, donemin Kiiltiir ve Turizm Bakan1 Mesut Y1lmaz tarafindan acildu.

15 Mayis 1987 tarihinde Birlesmis Milletler ve Diinya Tarim Orgiitii (FAO) tarafindan Polonya’da
(Varsova) diizenlenen “Tarim ve Kiiltiir Balik¢iligi” konulu konferansa katilan fakiiltemiz 6gretim
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iiyeleri Prof. Dr. Metin Timur ve Do¢. Dr. Giilsen Timur “Sporadic Cases of Trout Hepatoma in
Turkey” konulu bildiri sundular.

15 Haziran 1989 tarihinde Yiksekokul Miidiiriimiiz Prof. Dr. Metin Timur ve Boliim Baskanimiz
Yard. Dog. Dr. Giilsen Timur 15-27 Haziran tarihleri arasinda Macaristan Balik¢ilik Kooperatifler
bagkan1 Dr. Lagos Faskas’in davetlisi olarak Macaristan’da bilimsel incelemelerde bulundular.

12 Ocak 1990 tarihinde Yiiksekokulumuz arastirma gorevlileri Kevser Yalgin ve Hiiseyin Kiigiiktas
Amerikan Language Academy (ALA) kanali ile Amerika’da doktora egitimine gonderildi.

19 Mart 1990 tarihinde Ingiltere’nin Tiirkiye Biiyiikelciligi Bilim ve Teknoloji Sekreteri Dr. R.
Louise Varley, yiiksekokulumuzu ziyaret etti.

18 Haziran 1990 tarihinde Tokyo Saita Eng. Works Grubundan Dr. Shinichi Sato,
yiiksekokulumuzu ziyaret etti.

1993 tarihinde arastirma gorevlileri Aliye Sarmagik, Mustafa Erdem ve Giilsen Ulukdy
Amerika’ya, Fatma Arik Colak ise Almanya’ya doktora egitimine gonderildiler.

1990’11 yillarda ilge Kaymakam Sayin Necati Celebioglu’nun katilimi ile gél kenarinda bulunan
kampiis alaninda 4 katli 5000 m? kullanim alanina sahip fakiilte binasinin, temel atma toreni
diizenlendi (Sekil 21).

Sekll 21 Koprubasl mevku kampus alanmda temel atma torem

1994 yilinda istanbul Universitesi Su Uriinleri Fakiiltesine naklen atandim ve 24 Kasim 2011
tarihinde de emekli oldum.

Isparta Siileyman Demirel Universitesi’nde, 18 May1s 2018 tarihinde 30425 Sayili Resmi Gazetede
yayimlanarak yiiriirliige giren 7141 Sayihh Kanun ile, igerisinde Egirdir Su Uriinleri Fakiiltesi’nin de
bulundugu bazi1 fakiilteler, yeni kurulan Isparta Uygulamali Bilimler Universitesi catis1 altinda yer
aldilar. Kurulan iiniversitenin Rektérliigiine de Prof. Dr. Ibrahim Diler getirildi. Yeni kurulan Isparta
Uygulamali Bilimler Universitesi Egirdir Su Uriinleri Fakiiltesi’nin ilk dekani Prof. Dr. Aysegiil
Kubilay oldu ve halen bu gorev, tarafindan yiiriitiilmektedir. Fakiiltemizin ilk mezunlarin1 verdigi
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1987 yilindan bugiine yaklagik 1600 Su Uriinleri Miihendisi mezun olmustur.

Sonug olarak, Egirdir Su Uriinleri Fakiiltesi kuruldugu giinden bugiine kadar gegen 41 yillik
siiregte, ayn1 azim ve heyecanla egitim ve 6gretimine devam etmektedir. Bu basarili siirecin en 6nemli
harci, kuruma karsi1 duyulan kalbi sevgi, meslege duyulan saygidan ibarettir.

Oyle zannediyorum ki Ulu Onder Atatiirk’iin biz Tiirk genglerinden istedigi vasiyetini bir nebze
yerine getirebilmisimdir diye diisliniiyorum.

Tesekkiir: Bana bu yasanmiglar1 kaleme alarak siz okuyanlarla bir kez daha bulugmama olanak
saglayan Egirdir Su Uriinleri Fakiiltesi Dekani Prof. Dr. Aysegiil Kubilay’a en kalbi tesekkiirlerimi bu

vesileyle sunarim.

Ek. Ozel yazigmalar.
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Citations are written in the following formats, in the order of the year, separated by a semicolon (;).
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-- It is thought to be ... (Kii¢iik, 2008; Giiclii, 2018a; Giiclii, 2018b).

-- According to Kiigiik (2008), ...

- Two authors

(Author-1 and Author-2, Year)

-- They are among the important parameters (Kii¢iik and Giiclii; 2001; Ekici and Koca, 2021a; Ekici and Koca,
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-- According to Ekici and Koca (2021b),...
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-- It can be repeated periodically (Yigit et al., 2006a; Yigit et al., 2006b; Boyaci et al., 2020).
-- According to Boyaci et al. (2020),...
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NOTE: Manuscripts that are not prepared in accordance with the journal writing rules will not be considered for
scientific evaluation.



Yazim Kurallari

SAYFA BOYUTU
Sayfa A4 (21 cm x 29,7 cm) formatinda olmalidir.

KENAR BOSLUKLARI
Ust: 2,5 cm Sol: 2,5 cm Alt: 2,5 cm Sag: 2,5 cm Cilt pay1: 0 cm
YAZI STILI

Yazi karakteri : Times New Roman

Yazi karakteri biiyiikligii : 12 punto

Paragraf : Iki yana yash

Paragraf girintisi : 1,25 cm

Satir aralig : 2

Satir numarasi : Metnin tiimiinde satir numarasi atanmalidir

Sayfa numarasi : Sayfalarin altina gelecek sekilde otomatik numaralanmis

BASLIK SAYFASI
Baslik sayfasi, makale dosyasindan ayri olarak sisteme yiiklenmelidir. Baglik sayfasinda sadece asagidaki
bilgiler yer almalidir.

- Bashk
Baslik kisa, bilgilendirici ve ¢aligmay1 net olarak yansitmalidir. Kisaltma ve formiil kullanimi dnerilmez.

- Kisa bashk
Baslig1 yansitacak sekilde maksimum 75 karakterde kisa bir baglik verilmelidir.

- Yazarlar
Yazarlarin ad ve soyadlar1 kisaltilmadan agik olarak yazilmalidir. Makale yiiklenmeden 6nce yazar isimlerinin
dogrulugu kontrol edilmelidir.

- Kurum bilgisi

Kullanilan diizen: Universite/Enstitii, Fakiilte, Boliim, II-ULKE

Ornek: Isparta Uygulamali Bilimler Universitesi, Egirdir Su Uriinleri Fakiiltesi, Su Uriinleri Yetistiriciligi
Boliimii, Isparta-TURKIYE

- Sorumlu yazar

Makalenin tiim asamalarindan sorumlu olacak sorumlu yazar belirtilmelidir. Baglik sayfasinda sorumlu yazarin
iletisim bilgileri ve posta adresi verilmelidir.

*Sorumlu Yazar: Ad1 Soyadi, e-posta: ...

- ORCID bilgileri
Tim yazarlarm ORCID bilgileri belirtilmelidir. Litfen ORCID tamimlamasi yapmak i¢in https://orcid.org
adresini ziyaret ediniz.

MAKALE FORMATI
Arastirma makalesi, kisa makale, olgu sunumu ve derlemeler asagidaki formata uygun olarak hazirlanmalidir.



Arastirma Makalesi Kisa Makale Olgu Sunumu Derleme
Baslik
Kisa baslik
Yazarlar
Kurum bilgileri
Sorumlu yazar e-posta adresi
ORCID bilgileri

Baslik
Ozet

Anahtar kelimeler

Title
Abstract
Keywords
1. Giris
2. Materyal ve Metot . . . .
3. Bulgular 2. SERBEST ICEREIK 2. Olgu Sunumu 2. SERBEST ICEREIK
4. Tartisma 3. Tartisma
5. Sonug¢ 4. Sonug
Tesekkiir
Finans
Cikar Catigmas1 Beyani
Yazar Katkilari
Etik Onay Beyani1
Veri Kullanilabilirlik Beyani
Kaynaklar
OZET

Ozet, calismanmn amacini, kullamlan metotlar, 6ne ¢ikan bulgular1 ve literatiire katkistm 6z bir sekilde
icermelidir. Hem Tiirkge hem de Ingilizce dillerinde maksimum 300 kelime olacak sekilde yazilmalidir.
Not: Tiirk olmayan yazalar igin Tiirkce Ozet destegi saglanmaktadir.

ANAHTAR KELIMELER

Anahtar kelimeler baglikta yer almayan, calismay1 yansitacak kelimelerden segilmelidir. En az 3 (iig), en ¢ok 5
(bes) kelime belirtilmeli; kelimeler aralarinda virgiil (,) son kelimeden sonra ise nokta (.) gelmelidir.

Anahtar kelimeler: CITES, akuaponik, {iretim protokolii, mortalite, immiinoloji.

ONDALIK GOSTERIM
Tiirkge makalelerde «,” (virgiil) Ingilizce makalelerde ise “.” (nokta) olmalidir.
Tiirkce: %10,25

Ingilizce: 10.25%



LATINCE GOSTERIM
Tir ismi, metinde ilk gectigi yerde kisaltilmadan (Cyprinus carpio), sonrasinda ise cinsi ismi kisaltilarak (C.
carpio) verilmelidir.

TABLOLAR

Tablo baslig1, tablonun iistiine gelecek sekilde kisa ve 6z olmalidir. Tabloda yer alan kisaltmalar tablonun altinda
aciklanmalidir. Tablo &zel bir tasarim uygulanmanus, diiz kilavuz seklinde olmalidir. Thtiya¢ bulunmasi halinde
tablo i¢i metinde yazi karakteri bilyiikliigii 10 puntoya kadar diistiriilebilir. Tablolara metin i¢inde Tablo 1, Tablo
2, ... seklinde atif yapilmalidir. Tablolar, alintilandiklar1 yere en yakin yerde verilmelidir.

Tablolar diizenlenebilir olmalidir. Ekran goriintiisii veya resim formatindaki tablolar kabul edilmemektedir.

SEKILLER

Sekil basgligi, seklin altina ortalanmis olarak kisa ve 6z olmalidir. Sekiller minimum 300 DPI ¢oziiniirliikte
olmalidir. Sekillere metin i¢inde Sekil 1, Sekil 2, ... seklinde atif yapilmalidir. Sekiller, alintilandiklar1 yere en
yakin yerde verilmelidir.

TESEKKUR
Bu béliimde finansal destek disinda ¢alismanin yiiriitiilmesine katki sunanlar belirtilir.

C:)rnek: Yazarlar ¢alismanin laboratuvar boliimiinde yardim eden Ahmet Tas’a (Isparta Uygulamali Bilimler
Universitesi, Tiirkiye) tesekkiir etmektedir.

FINANS
Bu boliimde ¢aligmanin yiiriitiilmesine finansal destek saglayan kurumlar destek numarasi kullanilarak belirtilir.

Ornek-1: Bu galisma 3241-E2-14 proje numaras ile Isparta Uygulamali Bilimler Universitesi Bilimsel Arastirma
Projeleri Koordinasyon Birimi tarafindan desteklenmistir.

Ornek-2: Bu ¢alismanin yiiriitiilmesinde herhangi bir finans destegi alinmamuistir.

CIKAR CATISMASI BEYANI
Bu béliimde yazarlarin varsa ¢ikar ¢atismalari belirtilir.

Ornek: Yazarlar, bu calismay: etkileyebilecek finansal ¢ikarlar veya kisisel iliskiler olmadigini beyan eder.

YAZAR KATKILARI
Bu boliimde isim ve soy ismin ilk harfleri kullanilarak yazarlarin ¢alismanin ilgili asamalarina yaptiklar1 katkilar
belirtilir.

Ornek:
Kurgu: BT; Metodoloji: CT, FU; Deneyin gergeklestirilmesi: FM, CT, FU; Veri analizi: FU, TA; Makale yazimt:
CT, FU, Denetleme: CT. Tiim yazarlar nihai taslagi onaylamistir.

ETIK ONAY BEYANI

Bu boliimde calismanin yiiriitiilmesinde alinan etik kurul onaymin alindigi kurum, tarih ve numarasi belirtilir.
Omurgali hayvanlarla yiiriitillen calismalarda Yerel Etik Kurul Onayi, anket/miilakat g¢alismalarinda ise
Girisimsel Olmayan Arastirmalar Etik Kurulu Onay1 gerektirdigi halde beyan edilmeyen makaleler bilimsel
degerlendirmeye alinmamaktadir.

Ornek-1: Bu galismada deney hayvanlari kullanilmamasi nedeniyle Yerel Etik Kurul Onay1 alinmamustir.

Ornek-2: Bu g¢alisma Isparta Uygulamali Bilimler Universitesi Hayvan Deneyleri Yerel Etik Kurul onay ile
yuritilmistiir (Tarih: 01.07.2010, No: 21438139-147).

VERI KULLANILABILIRLIK BEYANI
Bu boliimde makalede kullanilan verilerin anonim kullanilabilirligine iliskin beyanda bulunulmalidir. Acta
Aquatica Turcica dergisi, yazarlar1 arastirma verilerini paylasmaya tesvik etmektedir.

Ornek-1: Bu calismada kullanilan veriler Figshare platformunda ttps://doi.org/10.6084/m9.figshare.11815566.v1
DOI adresi ile erisime agiktir.



Ornek-2: Bu ¢aligmada kullanilan verilere ilgili yazardan talep iizerine erisilebilir. Veriler, gizlilik veya etik
kisitlamalar nedeniyle kamuya acik degildir.

Ornek-3: Bu ¢alismada kullanilan veriler makul talep iizerine ilgili yazardan temin edilebilir.

Ornek-4: Bu caligmada yeni veri olusturulmadigi veya analiz edilmedigi igin veri paylasimi bu makale igin
gegerli degildir.

Ornek-5: Arastirma verileri paylasiimaz.
Ornek-6: Bu ¢alismada kullanilan veriler bu makalenin ekinde mevcuttur.

ATIFLAR
Atiflar yil sirasina gore ve aralarinda noktali virgiil (;) olacak sekilde asagidaki formatlarda yazilir:

- Tek yazar:

(Yazar, yil)

-- ... oldugu diisiiniilmektedir (Kiigiik, 2008; Gii¢lii, 2018a; Giiglii, 2018Db).
-- Kiigiik (2008)’e gore ...

- Iki yazar:

(Yazar-1 ve Yazar-2, yil)

-- ... dbnemli parametreler arasinda yer almaktadir (Kii¢iik ve Giiglii; 2001; Ekici ve Koca, 2021a; Ekici ve Koca,
2021b).

-- Ekici ve Koca (2021b)’a gore ...

- Ug ve daha ¢ok yazar:

(Yazar vd., yil)

-- ... donemsel olarak tekrarlayabilmektedir (Yigit vd., 2006a; Yigit vd., 2006b; Boyaci vd., 2020)
-- Boyac1 vd. (2020)’e gore ...

KAYNAKLAR

Kaynaklar APA 7. versiyona gore yazilmalidir. Tiim yazarlarin isimleri verilmelidir, ancak 10. yazardan sonra
“vd.” kisaltmas: da kabul edilmektedir. Ozel kullanimlar hari¢ olmak iizere tiim eser tiirlerinde eser isminin
sadece ilk harfi biiyiik, eserin yaymlandigi veya sunuldugu dergi, yayinevi, kongre isimlerinde gegen tiim
kelimeler biiyiik harfle baglanarak yazilmalidir.

1-Makale
Dergi ismi kisaltilmadan (italik), cilt (italik), sayi, sayfa numaralart ve aktif link igerecek sekilde DOI
numarasina yer verilmelidir:

Petrauskiené, L., Utevska, O., & Utevsky, S. (2009). Can different species of medicinal leeches (Hirudo spp.)
interbreed? Invertebrate Biology, 128(4), 324-331. https://doi.org/10.1111/j.1744-7410.2009.00180.x

Wagenaar, D. A., Hamilton, M. S., Huang, T., Kristan, W. B., & French, K. A. (2010). A hormone-activated

central pattern generator for courtship. Current Biology, 20(6), 487-495.
https://doi.org/10.1016/j.cub.2010.02.027

2-Kitap
Kitap basligi italik olacak sekilde ve yayin kurulus ismi olacak sekilde verilmelidir.

Nesemann, H., & Neubert, E. (1999). Annelida, Clitellata: Branchiobdellida, Acanthobdellea, Hirudinea.
Spektrum Akademischer Verlag.

Sawyer, R. T. (1986). Leech biology and behavior. Oxford University Press.

3-Kitap boliimii
Boliim baslig1 normal, kitap bashg: italik olacak sekilde, editor(ler), boliimiin sayfa numaralari, yaymnci kurulus



ve varsa aktif link i¢erek sekilde DOI numarasina yer verilmelidir:

Le Couteur, D., Kendig, H., Naganathan, V., & McLachlan, A. (2010). The ethics of prescribing medications to
older people. In S. Koch, F. M. Gloth, & R. Nay (Eds.), Medication management in older adults (pp. 29-42).
Springer. https://doi.org/10.1007/978-1-60327-457-9 3

McCormack, B., McCance, T., & Maben, J. (2013). Outcome evaluation in the development of person-centred
practice. In B. McCormack, K. Manley, & A. Titchen (Eds.), Practice development in nursing and healthcare
(pp. 190-211). John Wiley & Sons.

4-Web sitesi
Sayfa baglig1 italik, websitesinin ismi ve sayfanin aktif linki olacak sekilde verilmelidir.

International Union for Conservation of Nature. (2010). Chondrostoma nasus.
https://www.iucnredlist.org/species/4789/97800985

Wikipedia. (2021). Toxicology. https://en.wikipedia.org/wiki/Toxicology

5- Tezler
Tez bagligr italik olacak sekilde, tez tiirii (Doktora, Yiiksek lisans, Tipta Uzmanlik) ve {iniversite ismi
belirtilmelidir.

Filik, N. (2020). Kiiltiir baliklarindan izole edilen Aeromonas hydrophila suslarinda fenolik bilesenlerin ¢evreyi
algilama sistemi iizerine inhibisyon etkisi ve suslar arasindaki klonal iliskinin pulsed field jel elektroforez
yontemiyle belirlenmesi [Doktora tezi, Isparta Uygulamali Bilimler Universitesi].

Ozdal, A. M. (2019). Effects on growth and coloration of red pepper suplementation as pigment sources to diets
of jewel cichlid (Hemichromis guttatus) [Yiiksek lisans tezi, Isparta Uygulamali Bilimler Universitesi].

6- Konferans, sempozyum sunumlari

Etkinlik tarihi, sunu basghg: (italik), sunum tiri (S6zlii sunum, Poster sunum), etkinlik adi, sehir ve iilke
verilmelidir.

Ceylan, M., Cetinkaya, O. (2017, Ekim 4 - 6). Assessment of population structure and size of medicinal leech
Hirudo verbana, inhabiting some model wetlands of Turkey [Sozlii sunum]. International Symposium on
Limnology and Freshwater Fisheries, Isparta, Tiirkiye.

Snoswell, C. (2016, Ekim 31 - Kasim 3). Models of care for store-and-forward teledermatology in Australia
[Poster sunum]. 7th International Conference on Successes and Failures in Telehealth, Auckland, Yeni Zelanda.

NOT: Dergi yazim kurallarina uygun olarak hazirlanmayan makaleler degerlendirmeye



