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RESEARCH ARTICLE ARASTIRMA MAKALESI

Setlining for European Seabass (Dicentrarchus labrax, Linnaeus, 1758);
Technical features and bait preference

Birakma oltasi ile levrek (Dicentrarchus labrax, Linnaeus, 1758) avciligs;
Teknik ozellikler ve yem tercihi

Ozan Soykan* ¢ Hasan Tuncay Kinacigil

Ege University, Fisheries Faculty, 35100 Bornova, lzmir — Turkey
*Corresponding author: ozansoykan@hotmail.com

Ozet: Bu calisma 2008 yilinin Haziran ve Eylill aylar arasinda birakma oltas! ile levrek avciliginin teknik ézelliklerini belilemek amaciyla Gesme’de (Orta Ege
Denizi) yurttilmistir. Isparoz (Diplodus annularis), kefal (Mugil cephalus) tirleri canli yem, izmarit (Spicara sp.) ve dikensiz siibye (Sepia elegans) tiirleri de 6lu
yem olarak kullanilmis olup toplamda 4 farkli yem ile denemeler gergeklestirilmistir. Calisma boyunca kullanilan oltalarin %19'unda levrek, %9'unda hedef disi av
yakalandi§i, %27’sinin ise koptugu tespit edilmistir. Oltalarin %45'inde ise herhangi bir birey yakalanmamistir. Yakalanan tirlerin toplam agirliklarinin
dagiliminda levregdin %79 ile gogunlugu olusturdugu bulunmustur. Bununla beraber yakalanan levreklerin agirlik bazinda %70'inin orta Ege Denizi'nde kullanilan
birakma oltasi ile levrek avciligindaki en verimli yem olan kefal ile avlandigi tespit edilmistir.

Anahtar kelimeler: Levrek, birakma oltasi, Orta Ege Denizi

Abstract: This study was conducted between June and September of 2008 to determine the technical characteristics of setlining for European seabass in the
central Aegean Sea, Cesme. Experiments were carried out by 4 different baits; Annular sea bream (Diplodus annularis) and flathead grey mullet (Mugil cephalus)
were used as the live baits while picarel (Spicara sp.) and elegant cuttlefish (Sepia elegans) were used as the dead baits. During the study it was observed that
19% of the tackles captured European seabass, 9% of them captured by-catch species and 27% of those were detached. Finally 45% of the tackles didn't catch
any individuals. Among the weight based distribution of captured species European seabass composed the majority with 79%. On the other hand it was found
that 70% of the European seabasses were captured with flathead grey mullet as being the most efficient bait for European seabass setlining in the central

Aegean Sea.

Keywords: European seabass, setlining, middle Aegean Sea

INTRODUCTION

Fisheries have been performed for centuries by various
fishing methods and hand lining is one of the oldest
techniques among those. Nowadays angling is performed for
both commercial and recreational purposes. Fishing line is
composed of hook, main line and auxiliary material by
appropriate  design and techniques (Hossucu, 2003).
Recreational fishery, commonly performed by angling has
become an individual sector and showed significant economic
growth in the last few years (Dilon, 2004). EAA (2003)
reported that within the European Union (EU) there are 2900
companies, manufacturers and wholesalers trading in
recreational fishing tackle and representing 60.000 jobs and
making an annual turnover of 5.000.000.000 Euros. In
addition to this amount generated by these businesses there
are also an estimated 25.000.000 recreational fisherman who
spend estimated minimum 25 .000.000.000 Euros per year on
equipment, transportation and lodgings in 15 EU countries.

Although angling is a very common fishing technique in
coastal regions, there are very few studies regarding to this

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

method. Kaykag et al. (2003) studied the catch efficiency of
straight and kirbed hooks in izmir Bay, Unal (2003) analysed
the socio-economic patterns of part time small scale fishery in
Foca (middle Aegean Sea), Ceyhan and Akyol (2005)
reported bluefish angling and the tackles used in this fishery in
Marmara region. In addition to this Akyol et al. (2009) studied
the inshore fishery as well as the fisheries resources in
Marmara Island. Also, effects of different baits on length and
condition of fish in the recreational fishery were investigated
by Aydin (2011) for izmir Bay. Carps (Cyprinus carpio), trouts
(Salmo  trutta), mackerels (Scomber spp.), bluefish
(Pomatomus saltator), brown meagre (Sciaena umbra), sea
bass (Dicentrarchus labrax), bonitos (Sarda sarda), sea
breams (Diplodus spp., Sparus aurata), common Pandora
(Pagellus erythrinus), bogue (Boops boops), blotched picarel
(Spicara maena) and squids (Loligo vulgaris) are known as
the main species captured by angling in Turkey. Among those
the fishing of European sea bass which is also intensively
cultured in Turkey and Europe has been performed
commercially and recreationally.
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Dicentrarchus labrax known as European seabass is a
member of family Moronidae and has a high commercial value
which has been cultured and captured. It spreads through the
Eastern Atlantic from Norway to Morocco, the Canary Islands
and Senegal, also known from the Mediterranean and Black
Sea except from White, Barents, Baltic and Caspian Seas
(Kottelat and Freyhof, 2007). It is commonly distributed over
sea grass, sand, mud and rocks to depths of 100 m (Frimodt,
1995). The world aquaculture production is 333.412 tonnes in
2010 (FAO, 2010) and 50.796 tonnes production was
performed in Turkey by the same way in 2010 according to
TUIK (2010). Furthermore there has been no data about the
capture production of the species for Turkey. The main fishing
gears used in seabass capturing are gill nets, longlines, fish
weirs, hand lines (angling) and spears. In this study, it is
aimed to determine the seabass angling with set lines which is
not performed intensively by local fishermen and can be
considered as a new and efficient method in the central
Aegean Sea.

MATERIALS AND METHOD

Study was conducted between June and September 2008
in Dalyankdy, Cesme (Figure 1). Samplings were carried out
by PE material boat (3.75 m length, 9.9 HP engine). Technical
plan of the fishing set used in the experiments is given in
Figure 2.

Figure 1. Study area

: Buoy

10 m PA monofilament (7 0,60

A total of 213 experiments were performed in 24 trials at
depths of 2-10 m during the study. Annular sea bream
(Diplodus annularis) and flathead grey mullet (Mugil cephalus)
were used as live baits while picarel (Spicara sp.) and elegant
cuttlefish (Sepia elegans) were used as dead baits which of all
four species have been traditionally used in this fishery in the
mentioned area. Furthermore live baits and the picarels were
collected by hand lines and traps and the elegant cuttlefish
samples were obtained from discarded part of the commercial
trawling. Regarding the experiments, 80 hooks were baited
with annular sea bream, 60 of them were baited with flathead
grey mullet and finally 43 and 30 of them were baited with
picarel and elegant cuttlefish respectively. Baits except the
elegant cuttlefish were fitted to hooks called as “the sewing
method” by the local fishermen. Total and mantle lengths of
baits are given in Table 1.

Table 1. Lengths of the baits.

n LT min max mean std.err.
Annular sea bream 80 TL 70 100 82 01

Flathead grey mullet 60 TL 100 160 136 02
Picarel 43 TL 72 112 89 01
Elegantcuttiefish 30 ML 22 62 39 01

*LT:Length type, TL:Total length, ML:Mantle length

Baited set lines were left to the water during the sunset
and taken back in the following day during the sun rise
corresponding 10 hours of fishing time. Results were recorded
on boat and the total length (TL) of captured individuals was
measured to the nearest 0.1 cm using a 100 cm ruler, while
the weight (W) of them were taken by a digital balance with a
precision of 10 gr. Data were evaluated by the MS office Excel
2007 and Statistica 7.0 software. Furthermore the effect of 2
baits, flathead grey mullet and annular sea bream, on the
length of seabass individuals was examined with analysis of
variance (one way anova).

17 mm

15 mm

42 mm

25 m PA monofilament 7§ 0,30

Bl sinker
Pb 250 gr

[ N N

5m

Figure 2. Technical plan of the set line used in the study
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RESULTS

A total of 213 fishing operations were carried out. As a
result of those, 60 individulas belonging to 3 species; seabass
(Dicentrarchus labrax), (38915.5 gr, n=40), European conger
(Conger conger) (9280 gr, n=19) and common smooth hound
(Mustelus mustelus) (770 gr, n=1) were captured. Weight
based distribution of the catch composition is shown in Figure
3. Nevertheless it was found that 57 angles were detached
from anywhere on the snood and 96 of the attempts did not
catch any fish. Moreover 29 of them were observed with the
bait on the hook after the catch period but 67 of them were
baitless among these 96 experiments. It was determined that
the baitless setlines were baited with picarel and elegant
cuttlefish (Figure 4).

Common
smooth hound

/ 2%

Figure 3. Weight based distribution of the catch composition

Seabass
Baitless, no 19%
capture
31%

P
IR Leie
o 3 ‘.i‘f,-tfi ’:j: 3 By-catch
s SAhna 0%
e R
»
J
: T
Baited, no _S5F =
captﬁfe ThTT Detached
70,
14% s

Figure 4. General capture situation of the setlines.

It was determined that catch efficiencies of the tackles
differed according to different baits. The target species of the
study, European seabass was mostly captured by flathead
grey mullet and the data regarding to other species are given
in Figure 5. 35.4 cm and 69.5 cm total lengths belonged to the
minimum and maximum sizes of sea bass captured by
flathead grey mullet while 31.8 cm and 58.6 cm sizes were
determined for the set lines baited with annular sea bream.
According to bait type, weight distribution of 40 seabasses is
shown in Figure 6. Furthermore the greatest and the smallest

seabass individuals were captured with flathead grey mullet
and annular sea bream respectively. Another finding regarding
the European conger is that the majority of the individuals and
the greatest one were captured with annular sea bream. In
addition, the only one common smooth hound which was 63
cm in total length and weighed 770 gr was also tackled with
annular sea bream during the study.

Mean lengths of captured species depending on the bait
type are given in Table 2. Nevertheless the difference
between the lengths of European seabass belonging to
different baits, flathead grey mullet and annular sea bream
was found statistically insignificant (p>0.05).

Table 2. Mean lengths and weights of captured species related to bait type

Seabass European conger

Baittype n  TL (cm) W (gr) n TL(cm) W (ar)
Flathead
grey mullet 25 458+19 10885+136,4 | 5 59,8+1,9 318,0£35,5
Annular
seabream 13 405+18 754+1084 |10 72,1+2,7 630,0£81,0
Picarel 1 441 900 4 61,8422 34751375
Elegant

cuttle fish 1 458 1000 - -

Total 40 44114 97284944 |19 66,7+2,0 488,4%55,6

24

22 1

20 4 #% Flathead grey
mullet

= Annular seabream
"4 Picarel

=Elegant cuttlefish

Frequency (number)

7/ ) -

pean conger

Ev Common smooth

hound
Captured species

Figure 5. Catch composition of the baits

Elegant cuttlefish

Picarel j’
2%
D d

3%

*4

Annular seabream
25%

Flathead grey
mullet
70%

Figure 6. Weight distribution of European seabass according to bait type
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DISCUSSION

In recent years hand lining has become very popular
especially for recreational fishing. Dilon (2004) reported the
number of anglers for 2002 as 2 million in United Kingdom
while 361.000 people were assessed to fish only for European
seabass in 1992. Nevertheless the author also added that
18.300.000 £ was spent by European seabass fishermen in
1992 and 28% of this cost belonged to on boat bass angling.
Furthermore there has been no data for Turkey regarding the
subjects mentioned above.

As a result of 213 setlining experiments, 60 individuals
belonging to 3 species which totally weight 48965.5 gr were
obtained. Fishing for European seabass as having high
commercial value has been conducted by gill nets, longlines,
fish weirs, spears and fishing lines (angling) in Turkish coasts.
Nevertheless, scientific studies on European seabass angling
are scarce. Pasiner (1998) reported 5 methods for bass
angling which are bottom trolling, natural baited handline,
artificial baited handline, vertical longline and setline. Despite
bass angling has been performed by on shore fishery, this
method has been applied by local fishermen for long time in
the study area. Technical features, catch composition and the
baits of this technique were determined for the first time in this
study for Turkey. Flathead grey mullet has been found as the
most efficient bait and followed by annular sea bream.
Furthermore tackles baited with picarel and the elegant
cuttlefish captured less bass in comparison to live baited
setlines. European sea bass has been reported as a predator
species and the predation of adult individuals focused on fish
(Kottelat and Freyhof, 2007). This situation shows that results
of our study are compatible with the findings of the authors. In
addition to this, mean length of all bass individuals was
calculated as 44.1 £ 1.4 cm and this length is above the
minimum landing size (MLS) for Turkey which has been
declared as 25 cm (Anonymous 2012). Eaton (1996) clarified
the MLS as 36 cm total length in the covering waters from
north of Shetlands to the Straits of Gibraltar. Nevertheless
information taken from Central Fisheries Board website of
Republic of Ireland declared the MLS as 40 cm and only 2
basses are allowed to capture per day. In addition sexual
maturity length of European sea bass has been reported as
20 and 29 cm (TL) for males and females respectively
(Wassef ve ElI Emary, 1989) in the Mediterranean. It was
observed that all seabass individuals obtained from the
present study are above the mentioned sizes. Therefore, bass
setlining is considered to be a size selective method by
capturing individuals above the minimum reproduction length.
Furthermore catch composition also indicated the selectivity at
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species level. According to the findings it was determined that
69% of the total catch was targeted. Another case regarding
the catch composition is discarding of European congers by
local fishermen in the study area. Nevertheless Soykan
(2011), reported commercial evaluation of European congers
from bottom trawl fishery in Middle Aegean Sea. It is assumed
that discard ratio of this fishery can decrease by adding the
European congers into the commercial part of the catch
composition if it is possible to market.

Another situation related to operations was more than 1/4
of the tackles detached from anywhere on the snood. While
some of those had a very clear detachment like an incision,
the others seemed to detach by damaging or bruising of the
snood. Clear detachments of the snoods may belong to sharp
operculum movement of a bass or an outside agent (screw,
human activity, etc.) and the damaged detachments are
assumed to happen because of the movement of live bait or
any captured individual according to observations and
interviews with experienced anglers. They are considered to
be entangled to the rocks or hard structures at the bottom
during their reaction after being caught or baited. This case
was supported by Pasiner (1998). He stated the behaviour of
European seabass after being captured as moving the line
into its operculum and cuts it like a blade.

The present work, as being the first about setlining for
European seabass, investigated the basic features of this
method in Cesme Peninsula, central Aegean Sea. According
to obtaining results, setlining for European seabass can be
considered as a cheap and efficient way of capture and it is
not a very common technique compared to other sea bass
capturing methods. This tackle which targets the European
sea bass, a high commercial species, is considered to be
sustainable regarding the sizes of individuals and the by-catch
characteristics. On the other side, more reliable results can be
obtained by increasing the number of samplings concerning
the catch composition and bait preference of seabass.
Therefore more detailed studies are required on the
behaviour, bait preference and the fishery of the species.
Recently, catch pressure on European seabass has been
increasing with commercial and recreational purposes
equipped with high technology gears. Hereby seabass
populations locating in the Turkish coasts should be
determined and all fishing methods for the species should be
managed under scientific criteria.

ACKNOWLEDGEMENT

We would like to thank Efdal GENCER for his assistance
in setlining experiments and data gathering.

Anonymous, 2012. Fisheries regulation for marine and fresh waters for
commercial fishery, 2008-2012 fishing period No: 2/1, Ministry of
Agriculture and Rural Affair of Turkey, Protect and Control General
Office, Ankara, p. 85. (in Turkish).

48



Soykan and Kinacigil, Ege J Fish Aqua Sci 30(2): 45-49 (2013)

Aydin, ., 2011. Is natural bait type a stochastic process for size and condition
of fishes in the recreational fishery of izmir Bay?, Mediterranean Marine
Science, 12(2): 390-400. doi:10.12681/mms.39

Ceyhan, T., Akyol, O., 2005. The hand lines, used in bluefish (Pomatomus
saltatrix L., 1766) fishery in Marmara Region (in Turkish with English
abstract), Ege Journal of Fisheries and Aquatic Sciences, 22(3-4): 351-
355

Dillon B., 2004. A bio-economic review of recreational angling for Bass
(Dicentrachus  labrax). Scarborough Centre for Coastal Studies,
University of Hull.

Eaton, D.R., 1996. The identification and Separation of wild caught and
cultivated sea bass (Dicentrarchurus labrax). Fisheries Research
Technical Report no. 103, Directorate of Fisheries Research,
Lowestoft.p.5.

EAA (European Anglers Alliance), 2003. Press Release form the European
Anglers Alliance (n.d), Europe’s 25 million anglers demand equal rights
to commercial fishermen. Retrieved June 15 2012 from http://www.eaa-
europe.org/fileadmin/templates/eaa/docs/EAA_News_Jan_2003_EN
%20Correct.pdf

FAO,2010.http://www.fao.orgffigis/serviet/SQServlet?file=/usr/local/tomcat/FI/
5.5.23/figis/webapps/figis/temp/hgp_6014.xmi&outtype=html.

Frimodt, C., 1995. Multilingual illustrated guide to the world's commercial
warmwater fish. Fishing News Books, Osney Mead, Oxford, England.

Hossucu, H., 2003. Fishing | (in Turkish). Ege University Faculty of Fisheries
Publications No: 55, Lecture Book Index No: 24. E.U. Printery, Bornova,
izmir.

Kaykag, H., Ulas, A., Metin, C., Tosunoglu, Z., 2003. A study on catch
efficiency of straight and kirbed hooks at hand line fishing (in Turkish with
English abstract), Ege Journal of Fisheries and Aquatic Sciences, 20(1-
2): 227-231.

Kottelat, M. Freyhof, J., 2007. Handbook of European freshwater fishes.
Publications Kottelat, Cornol, Switzerland.

Pasiner, A., 1998. Fish and hand line (in Turkish). Remzi Kitabevi, Cagaloglu,
istanbul.

Soykan, 0., 2011. Seasonal distribution of by-catch species in Sigacik Bay by
demersal trawl (in Turkish with English Abstract), Ph.D. thesis, Ege
University, Graduate School of Natural and Applied Sciences, 111p.

TUIK (Turkish Statistical Institute), 2010. Fishery statistics 2010, Ankara.

Unal, V., 2003. Socio-economic analysis of part time small-scale fishery, Foga
(Aegean Sea) (in Turkish with English Abstract), Ege Journal of Fisheries
and Aquatic Sciences, 20(1-2): 165-172.

Wassef, E., El Emary, H., 1989. Contribution to the biology of bass,
Dicentrarchus labrax L. in the Egyptian Mediterranean waters off
Alexandria, Cybium, 13(4): 327-345.

49


http://dx.doi.org/10.12681/mms.39




Su Uriinleri Dergisi (2013)
Ege J Fish Aqua Sci 30(2): 51-59 (2013)

ARASTIRMA MAKALESI RESEARCH ARTICLE

Kazanl Kumsalr’'na (Mersin) yuva yapan Chelonia mydas ve Caretta caretta
populasyonlarinin 2006 treme sezonunda arastiriimasi

http://lwww.egejfas.org
DOI: 10.12714/egejfas.2013.30.2.02

The research on the population of Chelonia mydas and Caretta caretta
nesting on Kazanli Beach (Mersin) in 2006 nesting season

Serap Ergene! ¢« Cemil Aymak?* « Askin Hasan Ugar' ¢ Yasemin Kagar!

"Mersin Universitesi Deniz Kaplumbagalari Uygulama ve Arastirma Merkezi, 33290, Mersin, Tiirkiye.
2Bulancak Teknik ve Endiistri Meslek Lisesi, 28300, Giresun, Tiirkiye
*Corresponding author: cemil.aymak@gmail.com

Abstract: In this study, the population of Chelonia mydas and Caretta carefta nesting on Kazanli Beach (Mersin) was investigated for the 2006 nesting season. A
total of 385 C. mydas nests and 11 C. caretta nests were recorded during our study. The density rank of nests, the average clutch size, the hatching success
rate, the success rate of hatchlings reached the sea, The rate of hatchlings reached the sea to total clutch size was calculated for both species on the 4.5 km
beach. In addition, stranded 22 C. caretta and 4 Trionyx triunguis individuals were founded on Kazanli beach.

Keywords: Chelonia, Caretta, 2006 Nesting Season, Kazanli, Mersin

Ozet: Bu calismada, 2006 iireme sezonunda Mersin ilinde bulunan Kazanli Kumsal'na yuva yapan Chelonia mydas ve Caretta caretta populasyonlar
incelenmistir. Yapilan galismada 385 C. mydas ve 11 C. caretta yuvasi tespit edilmistir. 4.5 km uzunlugundaki kumsalda her iki tir igin yuva yogunlugu, ortalama
yumurta sayisi, yuvadaki yavru basari orani, denize ulagan yavru bagari orani, denize ulagan yavru sayisinin toplam yumurta sayisina orani hesaplanmistir.
Ayrica kumsalda 22 6lii C. caretta ve 4 6l Trionyx triunguis bireyi bulunmustur.

Anahtar kelimeler: Chelonia, Caretta, 2006 Ureme Sezonu, Kazanli, Mersin

GIRiS

Ulkemiz kumsallarinda Caretta caretta (Linnaeus 1758) ve
Chelonia mydas (Linnaeus 1758) olmak Uzere iki tiir deniz
kaplumbagasi yuvalamaktadir (Hathaway, 1972; Basoglu,
1973; Geldiay ve Koray 1982; Geldiay vd., 1982, Baran ve
Kasparek, 1989; Canbolat, 2004a). Nesli tehlike altinda olan
tirler arasinda degerlendirilen bu iki tiirin (IUCN, 2012),
Akdeniz’de bulunan C. caretta populasyonunun yaklasik %
2%'ini, C. mydas populasyonunun % 50’sinden fazlasini
Turkiye olusturmaktadir (Orug vd., 2003). 2006 dreme
sezonunda Kazanli Kumsalin'da tespit edilen en fazla yuva
sayisina sahip olan C. mydas, Tlrkiye’nin Dogu Akdeniz'deki
Kazanli, Akyatan ve Samandag kumsallarina yuvalamak igin
gikmaktadir (Baran ve Kasparek, 1989). Tirkiye'deki C.
mydas populasyonunun % 12'sini kapsayan (Kasparek vd.,
2001) Kazanli Kumsali, yuvalama yodunlugu agisindan tim
Akdeniz'de tgunc, Tlrkiye'de ise ikinci sirada yer almaktadir
(Canbolat, 2004a). Bu galismada 2006 Ureme sezonunda
Kazanli Kumsali'na yuvalayan deniz kaplumbagalarinin yuva
verilerinin elde edilmesi ve kumsala vuran 6li bireylerin
kayitlarinin tutulmasi amaglanmistir.

MATERYAL VE YONTEM
Kazanli Kumsali, dogusunda D-7 drenaj kanali, batisinda
Soda Sanayii A.S. ve Kromsan bulunan 6100 m

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

uzunlugundaki  bir  sahildir. Deniz  kaplumbagalarinin
yuvalamasi i¢in uygun olmayan kumsal kesimi gikarildiginda
geriye 4580 m’lik kumsal kesimi kalmaktadir. Daha d4nce
kumsalda diger arastirmacilar tarafindan yapilmis olan
calismalarda kumsalin uzunlugu 4.5 km olarak verilmektedir.
Yuva  yodunlugu  (yuva’km)  hesaplanirken  &énceki
calismalardaki 4.5 km'lik uzunluk dikkate alinmigtir. Kumsal
daha 6nceki calismalarda (Durmus, 1998; Orug vd., 2003;
Elmaz ve Kalay, 2006) oldugu gibi dogudan batiya dogru K1,
K2, K3, K4 olmak Uzere dort kisma ayrilarak incelenmistir

(Sekil 1).

Kazanli Kumsali'nda arastirmalar 05.07.2006 - 04.10.2006
tarihleri arasinda siirekli olarak gece ve glindiiz galismalariyla
(05:00-10:00, 14:00-17:00 ve 22:00-01:00) 4-6 kisilik bir ekiple
devam ettirilmistir. Sahilde yapilan gece kontrollerinde, ergin
disi deniz kaplumbagas tarafindan yeni yapilmis yuvalarin
yeri belirlenerek yuvanin yuva g¢emberinden denize olan
uzakh§ olculmistir. Gerek 05.07.2006 tarihinden 6nce
gerceklesmis ana¢ clkislarindan kalan izler yardimiyla
gerekse yavru gikiglarl sayesinde bulunan yuvalarin denizden
uzaklik dlglimleri kontrol agilislari esnasinda alinabilmistir. Bu
sebeple genel olarak kumsaldaki yuvalarin denize olan uzaklik
Olgiimlerinin alinis zamanlari arasinda farkliliklar olmustur.
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Kumsal denizden uzakliga gére 0.00-5.00 m ile 35.01 m ve
Ustl arasinda fark araligi 5 m olacak sekilde gruplara ayrilmig
ve buna gdre yuvalarin dagilimi yapilmistir. Yuvalarin
koordinatlari GPS ile belirlenmistir. Saha kontrolleri esnasinda
su baskinina maruz kalma ihtimali olan 5 C. mydas
yuvasindan, 1 yuva yapildidi ilk gln igerisinde, 2 yuva 24.
glnde, 1 yuva 25. ginde ve 1 yuvada 26. ginde yumurta
sayllarinda bir kayip olmadan kumsalda uygun bir yere
tasinmistir. Yuvalarda predatorlere karsi kumalti kafesler
kullanilirken, kafeslenemeden predasyona ugramis yuvalarla
karsilagildiginda predasyona ugrayan yumurta ve yavru
sayllari tespit edilmeye ¢alisiimis ve yuva predasyonunun
yapilis seklinden ve yuvaya zarar veren predatdrin biraktigi
izlerden predatériin hangi tir oldugu belirlenmistir. Yuvadan
gikan yavru izlerinin kopek (Canis familiaris), yengeg
(Ocypode cursor) gibi predator izleri ile kesildiginde yavrularin
bu predatdrlerce yok edildigi kabul edilmistir.
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$Sekil 1. Turkiye'deki dnemli deniz kaplumbagasi yuvalama alanlari ve Kazanli
Kumsalr'nin genel gorlinlisii ve boliimleri (Elmaz ve Kalay, 2006'dan
degistirilerek)

Figure 1. The important nesting areas in Turkey and a general view and

sectors of Kazanli Beach (adapted and changed from Elmaz and

Kalay, 2006)

Kumsal'da maruz kaldiklari olaylara gére yuvalarin genel
durumu tanimlanmaya calisiimistir. ik yavru  gikiginin
gerceklesmesinden yaklasik 5-10 gin sonra yuvalar elle
kazilmak suretiyle kontrol agiligi yapiimistir. Yuvalarin kontrol
acilisi esnasinda yuva ile ilgili 8lgiimler serit metre yardimi ile
Olgllmastir. Yumurta tip ve sayilar, yavru sayilari ile ilgili
veriler saptanmistir. Yuvada bulunan toplam 6lu yavru sayis;
yuva agilisinda bulunan gerek yumurta disinda ve gerekse bir
kismi yumurta iginde bulunan toplam 6l yavru sayisi + Yuva
ylzeyinde bulunan &l yavru sayisi seklinde hesaplanirken,
yumurta tiplerinden birisi olan tanimsiz yumurta tanimi ile
bozuk yumurtalarin ve dollenme durumu tam olarak tespit
edilemeyen yumurtalarin toplami kastedilmektedir. Kontrol
aciisinda yumurtaya kadar ylkseklik, kuru kum ylksekligi,
islak kum yUksekligi, yuva derinligi ve yuva ¢ember gap!i gibi
veriler metre yardimi alinmistir. C. mydasa ait 38 normal
yuvada kulugka stiresi, ergin disi bireyin kumsala yumurtladigi
tarih ile yuvadan yavru gikisinin ilk defa gerceklestigi tarih
arasindaki slre farkinin hesaplanmasi ile bulunurken, C.

caretta icin kulugka stresi galisma bagladiginda yuvalama
olmadii igin hesaplanamamistir.

Yumurta ve yavru saylilari hem veri agisindan glvenilir ve
herhangi bir etkene maruz kalmamis (predasyon veya deniz
etkisi) olan normal yuvalar igin hemde bir etkene maruz kalmig
ancak yumurta ve vyavru sayisi kismen de olsa
arastirmacilarca tespit edilebilmis yuvalar igin de tablo
seklinde verilmistir. Son olarak yumurta sayisi agisindan
glvenilir olan normal yuvalardan hesaplanan ortalama
yumurta sayilarindan faydalanilarak kontroller neticesinde
yumurta  verisi  olmayan veya yumurta verilerine
guvenilemeyen yuvalarin (kismi predasyona ugrayan veya
tam predasyona maruz kalan yuvalar, su altinda kalan
yuvalar, kayip yuvalar) da dahil oldugu yuvalardaki toplam
yumurta sayisi hesaplanmistir.

Yuva bagari orani, en az bir yavru ¢ikisi olan yuva
sayisinin toplam yuva sayisina oraninin yiz ile ¢arpilmasiyla,
kumsalin yuva yogunlugu toplam yuva sayisinin kumsal
uzunluguna béliinmesiyle bulunmustur. Yuvadaki yavru basari
orani [Bos kabuk sayisi / Toplam yumurta sayisi] x 100
formiiliiyle, denize ulasan yavru basari orani [Denize ulagan
yavru sayisi / Bos kabuk sayisi] x 100 formiillyle
bulunmustur. Denize ulagan yavru sayisinin toplam yumurta
sayisina orani ise [Denize ulagsan yavru sayisi / Toplam
yumurta sayisi] x 100 formdilii ile hesaplanmistir. Yavru basari
orani, denize ulagan yavru basari orani, denize ulasan yavru
sayisinin toplam yumurta sayisina orani sadece yumurta
sayisi agisindan gvenilir olan normal yuvalar kullanilarak
hesaplanmigtir.

Verilere iliskin hesaplamalarda SPSS (Statistical Package
for the Social Sciences 11.5 versiyonu) kullaniimistir. 2006
Ureme sezonunda kumsalda 6li bulunan kaplumbagalarin
tiird, bulundugu yeri, bulunma tarihi, marka tasiyip tagimadigi,
tespiti mumkin olanlarda cinsiyet durumu kayit altina
alinirken, 6li  kaplumbagalarin genel durumu ve tespit
edilebilenlerde 8lim nedeni belirlenmeye galigiimistir.

BULGULAR

Kazanli Kumsal’'nda, 2006 Ureme sezonunda 385 C.
mydas, 11 C. caretta yuvasi saptanmistir. Yuva yogunlugu 4.5
km'lik kumsalda C. mydas igin 85.56 yuva/km cikarken, C.
carefta icin 2.44 yuvalkm olarak bulunmustur. C. caretta
yuvalarinin % 63.63't normal yuva iken bir yuva kayip olmus,
bir yuva K3 alaninda su altinda kalmis diger yuvalarda ise
predasyonlar gorilmistir. Maruz kaldiklari olaylara gore C.
mydas turiine ait yuvalarin genel durum degerlendiriimesi ve
bdlimlere gére dagilimi yapilmistir (Tablo 1).

Denizden uzakh§i Olctlen 362 (% 94) C. mydas
yuvasindan en yogun yuvalamanin 105 yuva (% 29) ile 15.01-
20 metre arasinda gergeklestigi gozlenirken, denizden uzaklik
Olglimi alinan 9 (% 81.8) C. caretta yuvasindan en fazla
yuvanin 7 yuva (% 77.7) ile 10.01-20 m arasinda yer aldii
tespit edilmistir. 25 m (zerinde C. caretta yuvasina
rastlanmamigtir. ~ Ayrica olgimi alinan 9 C. caretta
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yuvasindan 5 tanesinin K2 bélimuinde yer aldigi saptanmigtir.
En yodun yuvalamanin C. mydas igin K1 béluminde 20.01 -
25 m arasinda oldugu goriimustir (Sekil 2).

Tablo 1. C. mydas tiirine ait yuvalarin genel durumlarinin kumsalin
boélimlerine gore degerlendirilmesi
Table 1. An assessment of the general conditions of C. mydas nests with
respect to the sectors of the beach

Boélge | Yuvalarin genel durumu N %
Normal yuva 227 | 88
Su altinda kalan yuva 1 04
Kismi predasyona ugramis yuva 15 |58

K1 -
Tamamen predasyona ugramis yuva 5 1.9
Kayip yuva 10 |39
Toplam 258 | 100

K2 Normal yuva 42 1100
Normal yuva 47 | 56
Su altinda kalan yuva 19 [ 226
Kismi predasyona ugramig yuva 4 4.8
Tamamen predasyona ugramig yuva 5 6

K3
Kayip yuva 2 |24
Su altinda kalmis ve predasyona ugramis yuva | 2 24
Tasima yuva 5 6
Toplam 84 |100

K4 Normal yuva 1 100

a mKl

E K2

mK3
K4

Sekil 2. C. mydas tiril igin denizden uzaklia gore yuvalarin bolimlerdeki
dagilimi

Figure 2. The distribution of C. mydas nests in the sectors with respect to the
distance from the sea

C.mydas’a ait 362 yuvadaki ortalama denize uzaklik 19.43
m (1942.88+748.31 cm, min. 264 cm - maks. 5489 cm) olarak
olgllurken, C. caretta’ya ait 9 yuvada ortalama denize uzaklik
14.69 m (1469.11+£394.87 cm, min. 899 cm - maks. 2122 cm)
gikmistir,

C. mydas’a ait 6lgiim alinan 315 yuvanin kontrol agiliginda
ortalama deder olarak yumurtaya kadar yiikseklik 64.59 cm,
kuru kum yiksekligi 30.67 cm, 1slak kum yiksekligi 47.92 cm,
yuva derinligi 78.46 cm ve yuva ¢ember gap! ortalamasi 23.25
cm olarak olarak 6lgilmustlr. C.caretta’ya ait lgiim alinan 7
yuvanin ortalama degerleri ise yumurtaya kadar ylkseklik
39.14 cm, kuru kum yliksekligi 17.67 cm, islak kum ylksekligi
32.33 cm, yuva derinligi 50 cm ve yuva c¢ember cap!
ortalamasi 21 cm olarak olarak olgilmustir.

K3 bélgesinde su altinda kaldigi igin tasinan toplam 5 C.
mydas yuvasindaki toplam yumurta sayisi 499, bos kabuk
sayisi 366, toplam Oli yavru sayisi 10, denize ulasan yavru
sayisi 356'dir. Tamamindan yavru gikisinin gerceklestigi bu

yuvalardaki yavru basari orani % 73.35 ve denize ulasan
yavru basari orani % 97.27 olarak hesaplanmistir. Denize
ulagan yavru sayisinin toplam yumurta sayisina orani ise %
71.34 bulunmustur.

Toplam 385 C. mydas yuvasindan yumurta sayisi
agisindan gtivenilir 316 (% 82.08) normal yuvadaki ortalama
yumurta sayisi 110.65+30.27 ¢ikarken (Tablo 2), yavru bagari
orani % 82.97, denize ulasan yavru basari orani % 94.35,
denize ulagan yavru sayisinin toplam yumurta sayisina orani
ise % 78.28 bulunmustur.

11 C. caretta yuvasindan yumurta sayisi agisindan
guvenilir olan kontrol agilisi gerceklestirilmis 7 (% 63.64)
normal yuvadaki ortalama yumurta sayisi 88+21.71 cikarken,
yavru basari orani % 75.97, denize ulasan yavru basari orani
% 93.38, denize ulasan yavru sayisinin toplam yumurta
sayisina orani ise % 70.94 bulunmustur. C. caretta
yuvalarinda arastirmacilarca tespit edilebilen toplam yumurta
sayisi 802, bos kabuk sayisinin orani % 66.09, toplam 6l
yavru sayisi orani % 4.74, denize ulasan yavru sayisi orani %
61.35 olarak saptanmistir.

2006 (ireme sezonunda bulunan C. mydas’a ait yuvalarda
arastirmacilarca tespit edilebilen toplam yumurta sayisi
37810, yavru cikisinin gergeklesmis oldugu bos kabuk sayisi
30422 (% 80.46), toplam 6lU yavru sayisi 1719 (% 4.55),
denize ulasan yavru sayisi 28703 (% 75.91) bulunmustur
(Tablo 2).

Tablo 2. C. mydas'a ait yuvalarda arastirmacilar tarafindan sayilan yumurta
ve yavru sayilari ile yumurta sayisi agisindan guvenilir yuvalardaki
yumurta ve yavru sayilarina iligkin istatistiksel veriler

Table 2. The statistical data pertaining to the eggs and hatchlings both
counted by the researchers and obtained from the reliable nests in
terms of hatchling and egg counts

Yumurta ve .
yavru sayilan N [Min.|Maks. Toplam|Ortalama Std. Sapma

Bos kabuk *|340| 2 | 202 | 30422 | 89.48 34.12
saylsl (316 2 | 202 | 29011 | 91.81 32.81
Tanimsiz «|286] 1 | 51 | 1711 | 598 6.78
yumurtasayisi  **|268| 1 | 51 | 1602 | 598 6.48
Anormal *| 22 1 26 1.18 0.67
embriyo sayist ™| 21 | 1 25 1.19 0.68
Olii embriyo L1326| 1 | 95 | 4545 | 13.94 14.58
bulunan o

yumurtasayisi  |306| 1| 95 | 4314 | 1410 | 1479
Anormal *| 32 1 3 41 1.28 0.58
yumurtasayisi |30 1 | 3 | 37 1.23 0.50
Toplam *|352| 2 | 224 | 37810 | 107.42 33.10
yumurtasayisi  **|316| 16 | 224 | 34964 | 110.65 | 30.27
Yavru cikisi +1352| 0 | 150 | 7388 | 20.99 21.21
olmamig o

yumurta sayisi 316| 0 | 110 | 5953 | 18.84 18.47

411 1 4 1
Anormal *
canliyavru sayisi ™| 4 | 1 1 4 1
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* TUm yuvalarda arastirmacilarca sayilabilen veriler, “Giivenilir yuvalara ait
veriler

Yumurta sayisi agisindan givenilir olan C. mydas'a ait
316 normal yuvadaki toplam 34964 yumurtaya gbre
hesaplanan ortalama yumurta sayilarindan faydalanilarak
kontroller neticesinde yumurta verisi olmayan veya yumurta
verilerine  glvenilemeyen yuvalarin  (kismi  predasyona
ugrayan veya tam predasyona maruz kalan yuvalar, su altinda
kalan yuvalar, kayip yuvalar) da dahil oldugu C. mydas'a ait
64 (% 16.62) yuvadaki toplam yumurta sayisi 7081 yumurta
olarak bulunurken yine C. mydasa ait 5 tasima yuvadaki
toplam 499 yumurta da eklendiginde toplam 385 yuvadaki
yumurta sayisi ise 42544 olarak bulunmustur.

Yumurta sayisi agisindan givenilir olan C. caretta’ya ait 7
normal yuvadaki toplam 616 yumurtaya gére hesaplanan
ortalama yumurta sayilarindan faydalanilarak C. caretta'ya ait
1 su altinda kalan yuva, 1 kismi predasyona ugramis yuva, 1
tamamen predasyona ugramis yuva, 1 kayip yuva olmak
tizere toplam 4 (% 36.36) yuvadaki toplam yumurta sayisi ise
352 yumurta olarak hesaplanmistir. Toplam 11 yuvadaki
yumurta sayisi ise 968 olarak bulunmustur.

Calisma periyodu boyunca kopekler tarafindan yapilan
yumurta predasyonu arastirmacilarca sayilabilen C. mydas'a
ait toplam yumurtanin yaklasik % 2.88'inde saptanirken 304
yavrunun predasyona maruz kaldigi tespit edilmistir. C.
caretta’a ait yumurtalarin - % 9.85'i ve 25 yavru predasyona
maruz kalmistir. Yengecler tarafindan her iki tiire ait yuvalarda
toplam 22 yavru predasyona maruz kalirken, C. mydas’a ait 1
yuvada toplam 2 yumurtanin predasyona ugradiji tespit
edilmistir (Tablo 3).

Tablo 3. Predasyona ugrayan C. mydas'a ait yavru ve yumurta sayilarinin
yuva tipleri ve predatdre gére dagilimi

Table 3. The distribution of predated C. mydas hatchlings and eggs with
respect to the nest types and predators

Yuvaagihginda ,[189] 1 | 115 | 1077 | 5.70 12.52 tarafindan
bulunan 1175 1 | 115 | 945 | 540 12.34 - dyam
can yavru sayisi ' ' re:i(;ssménlu Kopek 19 Yumurta 423
Toplam 6lii «|194| 1 | 66 | 1719 | 8.86 10.88 P Taz}
yavrusayisi  “'|180[ 1 | 66 | 1640 | 911 | 1118 predasyoniy | KPSk 10 Yumurta 633
Denizeulagan  *|340| 0 | 193 | 28703 | 84.42 | 33.33 Sk;;ltmd: Kapek 1 Yumurta 33
*% IS Vi
yavru sayisi 315) 1 | 193 | 27371 | 86.89 | 31.80 predazyon Yengeg ’ Vumurta )
olmus

Predasyona
ugrayan
yavru ve
yumurta
tanimlan

Yuva
Sayisi

Toplam

Predator Say!

Yuva tipleri

34 Yavru 255

Once yanlis
ybnelmis sonra 2
predasyona
ugramis yavru

Kdpek 3

Normal

yuva Yengeg 13 Yavru 17

Kopek
tarafindan
8
4 yavru ve
yengec

Kopek ve
yenge¢

C. mydas’a ait 38 normal yuvada ortalama kulugka siresi
52.24+4.38 (min. 42 - maks. 60) glin olarak hesaplanmistir.
Tespit edilen toplam 385 C. mydas yuvasinin 348'inden (%
90.4) yavru cikisi olurken, 32'sinde (% 8.3) yavru gikisl
gozlenmemistir. 5 (% 1.3) yuvada ise yavru cikisi olup
olmadi§i bilinmemektedir. Tespit edilen toplam 11 C. caretta
yuvasinin 9'undan (% 81.8) yavru ¢ikisi olurken, 2'sinde (%
18.2) ise yavru ¢ikisi olmamistir. C. mydas yuvalarindan ilk
yavru clkisi 24.07.2006'de  gergeklesirken, C. caretta
yuvalarindan ilk yavru ¢ikisi  18.07.2006 tarihinde
gergeklesmistir. C. caretta yuvalarinin % 33.3'inde Temmuz,
% 66.7'sinde ise Agustos ayinda yavru ¢ikisi olurken, C.
mydas yuvalarinin % 4'inde Temmuz, % 78.2'sinde Adustos
ve % 17.8'inde ise Eyliil ayinda yavru gikisi gergeklesmistir.

2006 treme sezonunda Kazanli Kumsal'nda izerinde
marka bulunmayan toplam 26 6li kaplumbaga bulunmus ve
bunlardan 4'Uniin Trionyx triunguis digerlerinin ise C. caretta
oldugu tespit edilmistir. Bulunan 22 6li C. caretta bireyinin
tamami Adustos (1-21 Adustos) ayinda sahile vurmuslardir.
K1 alaninda 12, K2 alaninda 5, K3 alaninda 1 ve K4 alaninda
4 0lU Caretta caretta bireyi bulunmustur. Bunlardan 15 tanesi
disi, 2 tanesi erkek birey ve 5 tanesinin ise cinsiyeti tespit
edilememigtir. 10 bireyin karapasinda, 6 bireyin (iyelerinde ve
5 bireyin kafasinda yara izleri tespit edilmigtir. Ayrica
kumsalda 2 tanesi K1 alaninda, 1 tanesi K2 ve 1 tanesi de K3
alaninda olmak Uzere tespit edilen 4 Trionyx triunguis 6li
bireyinden 3 tanesinde yara izi tespit edilmistir. Bu yaralarin
balikgilik faaliyeti esnasinda olusturuldugu disuntimektedir.
OlgimlG alinan 17 C. carettanin diiz karapaks boyu
ortalamasi 65.06 cm (min. 48 - maks.79), diiz karapaks eni
ortalamasi 51.18 cm (min.39 - maks.59), egri karapaks boyu
ortalamasi 69.35 cm (min. 51 - maks.83 ), edri karapaks eni
ortalamasi 61.71 cm (min. 48 - maks.73) olarak Glgllmdgtir.
Olli Trionyx triunguis bireylerinin ortalama diiz karapaks boyu
ortalamasi 68.75 cm (min. 57 - maks.78), diiz karapaks eni
ortalamasi 51.25 cm (min.50 - maks.53, edri karapaks boyu
ortalamasi 71.25 cm (min. 60 - maks.79 ), edri karapaks eni
ortalamasi 57 cm (min. 52 - maks.61) olarak dlgilmustir.

TARTISMA VE SONUG

Kazanli Kumsal'nda 2006 Ureme sezonunda 385 C.
mydas, 11 C. caretta yuvasi tespit edilmistir. Kumsalin K1
alanindaki C. mydas ve C. caretta yuva toplaminin kumsaldaki
toplam yuva sayisina orani % 66.16'dir. Bu durum K1
alanindaki kumsalin genis olmasina, yapilasma ve buna bagli
yapay Isik kaynaklari agisindan diger alanlara gore daha iyi
durumda olmasina baglanmaktadir. Yapilasma ve yapay Isik
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kaynaklarinin daha yogun oldugu oldugu K2 alaninda bu oran
% 11.87°dir. K3 alaninda yapilan yuvalarin toplam yuvalara
orani % 21.72 olarak hesaplanmistir. Kumsalin bélimlerindeki
yuva yogunlugu hesaplandiginda K3 alaninin énemi ortaya
gikmaktadir. Ancak K3 dogal yapisi agisindan oldukga
bozulmus bir kumsaldir. Daha énce yapilan ¢alismalarda da
belirtildigi gibi (Ozaner, 1993; Elmaz ve Kalay, 2006) buradaki
kumsal yapisinin bozulmasinda kiyi erozyonu ve kumsal
gerisinde yer alan seralarin etkili oldugu distndlmektedir. Kiyi
erozyonunun gorildigl K3 alaninda kumsalin daralmasi
sonucunda deniz kaplumbagalari 1slak alan ile seralar
arasinda dogal yapisi bozulmus kum tepeciklerine veya
oldukga daralmis bir alana yuva yapmaktadirlar. Bu alan,
yuvalamanin en yogun oldugu alan olsa da bu sahaya
yapilmisg olan yuvalarin énemli bir kismi deniz sebebiyle su
altinda kalarak ortadan kalkmaktadir. Bu yizden galismanin
baslangic tarihinden &énce K3 alaninda yapilimis ancak
sonradan deniz etkisiyle kaybolmus yuvalar da g6z 6niine
alindiginda bu sahadaki yuva sayisinin  artacag
dlstndlmektedir.

Kazanli Kumsal'nda 2006 yilina kadar yapilan galismalar
degerlendirildiginde en fazla yuvanin (7 C. caretta yuvasi, 403
C. mydas yuvasi) ve C. mydas icin hesaplanan en fazla yuva
yogunlugunun (100.8 yuva/km) 4 km olarak belirtilen galisma
sahasinda Elmaz ve Kalay (2006) tarafindan bulundugu
gorilmektedir (Tablo 4). 2006 ireme sezonunda Kazanli
Kumsal'nda saptanan toplam 385 C. mydas yuvasinin (4.5
km icin 85.56 yuvalkm), gerek Tirkiye'de (Canbolat, 2004a;
Kaska vd., 2005; Turkozan ve Kaska, 2010) ve gerekse tim

Akdeniz'de (Kasparek vd., 2001) C. mydas igin verilen yilda
ortalama yuva sayilarina gére bir karsilastimasi yapilirken
(Tablo 5) ayrica saptanan toplam 11 C. carefta yuvasi da
diger calismalarda Margaritoulis vd. (2003) ve Tirkozan ve
Kaska (2010) tarafindan hem Tirkiye hem de Tiim Akdeniz'de
C. caretta igin verilen yilda ortalama yuva sayilarina gére
degderlendirilmistir (Tablo 5). C. mydas igin dnemli olan
Tlrkiye'deki kumsallarin maksimum yuva sayisi/km orani

karsllastirldiginda  Kazanhi  Kumsal’nin ~ énemli  oldugu
gorilmektedir (Tablo 6).
Kazanli Kumsali ile diger kumsallar arasinda

karsilagtirmalar yapilirken 2006 Greme sezonunda C. caretta
yuvalarinin azhi§i nedeniyle (11 yuva) sadece C. mydas
yuvalari dikkate alinmistir. Diger kumsallarda bulunan
ortalama denize uzakliklar degerlendirildiginde, 2009 (reme
sezonunda Mersin'de bulunan Davultepe 100. Yil Kumsal'nda
yapilan galismada 23.1645.48 m (min. 9.50 m — maks. 34.90
m) (Ergene vd., 2010), Samandag Kumsallar’'nda 28.9 m
(Yalgin vd., 2003), Sénmez (2006)in yapmis oldugu
calismada 31.8 £ 14.2 (9-81) m, ayni kumsallarda dogal
ortaminda birakimig C. mydas yuvalari igin S6nmez ve
Yalgin-Ozdilek (2008) tarafindan yapilmis olan c¢alismada
33.7+ 136 (7-93 m) ve Akyatan Kumsal’nda Yerli ve
Canbolat (1998a)a goére 32.9 m olarak saptanmistir. 2006
Ureme sezonunda Kazanli Kumsali'nda 362 C.mydas yuvasi
icin hesaplanan ortalama denize uzaklik [19.43 m (min. 2.64
m -maks. 54.9 m)] diger kumsallar icin hesaplanmis olan
degerlerden duslk ¢ikmistir.

Tablo 4. Kazanl Kumsali'nda 1988-2006 yillari arasinda yapilmis olan galismalarin birbirleriyle kargilastiriimasi
Table 4. The comparison of the studies conducted on Kazanli Beach between 1988 and 2006

Cahigma Yih 1988 1990 1993 1994 | 1996 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
Caligma Siiresi (Giin) | 84 | 8+41 | 69 60 >88 | 42 76 80 93 | >87 | 153 | 93 155 92
2|23 2 |3|8| 8 |s|s|&8|=|g|=|5]¢
L S| g~ © < | o > c | = | s | o] s o £ <
Galisma donemi A S > < | < S|l 2| = o | ] T z <
o | NS S S | o © © © © = < 3 © ~
S | © © (=] : o S = S ] S S S
w | NOo N S =] © =] - w = = 7o) 5 o)
N ISy -~ o ~ ISy ~ 2 S
Cl.l\rl,;ysd:sISI 152 186 | 74 216 | 128 73 326 | 265 | 403 | 38** | 385
‘écar t¥a 116 | 160 125 176
- care 2 | 2 7 |26 | 18] 3 | 7 11
yuva sayisl
Tiirii bilinmeyen 6
yuva sayisl
Toplam yuva sayisi 116 | 160 | 152 125 188 | 76 176 216 | 135 | 105 | 344 | 268 | 410 396
Cahigilan kumsal
uzunlugu (km) 35 45 45 | 4 4 4 4 49 4 45 4 45 45
C. mydas igin
yuva yogunlugu (Cm+Ca) | 444 Cm+Cao) | 54 | 30 | 149 | 815 | 5689 | 100.8 856
278 44
(yuvalkm)
Veri kaynagi a b o ¢ d e f g h | i j k | m

a: Langeveld ve Sarigil (1988); b: Baran vd. (1991), Baran vd. (1992); c: Kasparek vd. (2001); ¢: Baran ve Kasparek (1989); d: Baran vd. (1992) *02-
23.06.1990 arasinda siirekli inceleme yapiimamistir; e: Coley ve Smart (1992), Smart ve Coley (1990); f: Durmus (1998); g: Durmus (1998), Yerli ve
Demirayak (1996); h: Yerli ve Canbolat (1998a,b); 11 Aureggi (2001) **17 Eylil'e kadar periyodik ziyaret yapilmistir; i: Baran vd. (2002); j: Canbolat (2004b); k:
Elmaz ve Kalay (2006); I: Kasparek ( 2005) ***Caglayan Elmaz ile yapilan kisisel goriismeye gore; m: Bu galisma. Not: 1999 ve 2000 yillarinda risk

tanimlamasi (Demirayak, 1999; Medassett, 2000) yapilmistir.
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Tablo 5. 2006 Ureme sezonu icin Kazanli Kumsali'nda tespit edilen deniz kaplumbagdasi yuva sayilarinin
Turkiye ve Akdeniz igin verilen yilda ortalama yuva sayilarina oranlanmasi
Table 5. The proportion the number of sea turtle nests identified on Kazanli Beach in 2006 nesting season to the average number of
nests in a year given for Turkey and the Mediterranean

2006 Yih Kazanli Kumsali
Tiir Yer Yilda Ortalama Yuva Sayisi 385 C. mydasn 11 C. caretta \
yuvasinin orani (%) | yuvasinin orani (%)
648 yuva (391-910) (a¥) 5941 -

Tirkiye 925 yuva (700-1150) (b*) 41.62

C. mydas 1252 yuva (452 ile 2051) (0" 30.75
Akdeniz 1050 yuva (350 - 1750) (d*) 36.67 -
Tiirkive 1366 yuva / sezon (% 27.2) (e*) - 0.81

C. caretta y 2145 yuva (769 - 3521) (c*) - 0.51
Akdeniz 5031 yuva / sezon (€*) 0.22

€*: Margaritoulis vd. (2003).

Tablo 6. Tirkiye'nin Dogu Akdeniz kiyilarinda C. mydas igin 6nemli olan
kumsallarin  maksimum yuva sayisikm orani agisindan
karsilastirimasi

Table 6. The comparison of the important beaches for C. mydas in the
Eastern coasts of Turkey in terms of the ratio of the maximum

a": Canbolat (2004a); b*: Kaska vd. (2005); c*: Turkozan ve Kaska (2010); d*: Kasparek vd. (2001);

number of nests/km
Ureme . -
Kumsallan Akyatan | Samandag | Alata | Sugézii | Kazanl
Maksimum 735 441 18 | 213 | 403
yuva sayisi
Kumsal 217 14 3 34 4
uzunlugu (km)
Maksimum
Yuva 338 315 66 62.7 100.8
sayisi/km
Kaynaklar a b’ c d e

a’": Kasparek vd. (2001); b": Sénmez ve Yalgin-Ozdilek (2008); c": Ergene vd.
(2006); d": Canbolat vd. (2005); e": EImaz ve Kalay (2006)

2006 treme sezonunda Kazanli Kumsalr’'nda hesaplanan
ortalama yuva derinligi (6lgim0 alnan 315 C. mydas
yuvasinda ortalama yuva derinligi 78.46 cm) ile diger
calismalarda (Canbolat, 2004b; Yerli ve Demirayak, 1996;
Sénmez, 2006; Yalgin-Ozdilek ve Sonmez, 2006; Ergene vd.,
2009; Ergene vd. 2010) saptanmis olan ortalama yuva
derinliklerinin 70 ile 80 cm arasinda degisim gosterdigi ve
bunun da Chelonia mydas igin belirtilen ortalama yuva
derinligi ile uyumlu oldugu gériimektedir.

Kazanli Kumsal’'nda 2006 (reme sezonunda yumurta
sayisi agisindan givenilir olan 316 C. mydas yuvasinda
ortalama yumurta sayisi 110.65+30.27 (min. 16 — maks. 224)
olarak hesaplanmistir. Kazanli Kumsal’'nda daha &nce
yapilan calismalarda C. mydas igin hesaplanan ortalama
yumurta sayilari ele alindiginda, Durmus (1998) tarafindan
1993 Ureme sezonunda 111.68 ([min. 41 — maks. 187]; n= 45)
ve 1994 (reme sezonunda 114.83 ([min. 58 — maks. 238];
n=66), 2001 Ureme sezonunda Aureggi (2001) tarafindan
yapllan ¢alismada 115 ([min. 85 - maks. 154]; n=38), Elmaz
ve Kalay (2006) tarafindan yapilan galismada 216 yuvada
tespit edilen toplam 23350 yumurta (izerinden yapilan hesaba
gére 108.10, yine ayni kumsal igin Canbolat (2004b)'in 2003
yilinda yaptigi calismada 105.58 [(min. 27- maks. 180); n=
172 ] gikmigtir. Akyatan Kumsali'nda ise Yilmaz vd. (2007)
tarafindan 2007 dreme sezonunda vyapilan ¢alismada
saptanan 20146 (n=170) yumurta sayisina gére hesaplanmig

ortalama kulugka biyikligi 118.51 ve yine ayni kumsalda
Yilmaz vd. (2008) tarafindan 2008 treme sezonu igin yapilan
calismada saptanan 55795 (n=542) yumurta sayisina gére
hesaplanan ortalama kulugka bayUkIigl 102.94 olarak
bulunmustur. Samandag Kumsallarrnda 1994  (ireme
sezonunda Durmus (1998) tarafindan hesaplanan ortalama
yumurta sayisi 112.36 [(min.62 — maks. 223); n= 130 ] ve yine
ayni kumsallarda Sonmez ve Yalgin-Ozdilek (2008) tarafindan
C. mydas'in dodal ortamina birakilan yuvalardaki toplam
yumurta sayisi 32428 (n=272)'na gore hesaplanmis ortalama
kulucka buyikligu 119.22 ¢ikmistir. Mersin'de bulunan
Davultepe 100. Yil Kumsal’nda 2009 Ureme sezonunda
Ergene vd. (2010) tarafindan yapilan ¢alismada hesaplanan
ortalama yumurta sayisi 116.95+ 30.67 (min. 64 — maks. 202)
cikmistir. Kazanli Kumsal’'nda 2006 (reme sezonunda
hesaplanan  ortalama  yumurta  sayisi  degerinin
(110.65+£30.27)  yukarda  bahsedilen  ¢alismalarda
hesaplanmis olan ortalama kulugka buytkliklerine yakin
oldugu gériliirken, Alata Kumsalr'nda 2005 Greme sezonunda
Ergene vd. (2009) tarafindan hesaplanan ortalama yumurta
sayisi [131.06+£32.64 (min. 62 — maks. 191); n=18 I'ndan
dusuk cikmustir.

2006 Ureme sezonunda Kazanli Kumsali'nda, yumurta
verisi agisindan givenilir olan C. mydas'a ait yuvalardan
hesaplanan yavru bagari orani (% 82.97), Kazanli
Kumsalr'nda 1993 dreme sezonu igin % 86.05; 1994 {reme
sezonu igin % 87.67 olarak hesaplanmig yavru basari
oranlarina (Durmus 1998), 2001 ireme sezonunda Kazanli
Kumsalinda 38 C. mydas yuvasinda Aureggi (2001)
tarafindan tespit edilen yavru basarisi (% 83.68)'na, 2005
Ureme sezonunda Alata Kumsal’ndaki C. mydas'a ait 18
normal yuvada hesaplanan yavru basari orani (% 87.45)na
(Ergene vd., 2009), 2009 Ureme sezonunda Davultepe 100.
Yil Kumsal’'nda Ergene vd. (2010) tarafindan kontrol agilis!
yapilan C. mydas’a ait 39 normal yuvadaki yavru basarisi (%
82.48)'na ve Samandad Kumsal’nda yapilan ¢alismalarda
hesaplanmis olan 1994 yilindaki % 86.86; 2001 yilindaki %
84.8; 2002 yilindaki % 82.7; 2003 yilindaki % 80.8 yavru
basari oranlarina (Durmus, 1998; Yalgin, 2003; Yalgin vd.,
2003; Yalcin-Ozdilek ve Soénmez, 2006; Yalgin-Ozdilek vd.,
2005) yakin clkarken; 2006 (reme sezonunda Kazanli
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Kumsali'nda C. mydas icin hesaplanan yavru basari orani (%
82.97)nin Kazanli Kumsal'nda 2003 yilindaki calismada
kontrol agisi yapiimis yuvalardaki yumurtalardan yavru gikisli
yumurta oranindan (% 66.8) (Canbolat, 2004b) ve yine ayni
kumsalda C. mydas'a ait toplam 216 yuvada 23350 yumurta
Uzerinden hesaplanan yavru bagari oraninindan (% 74)
(Elmaz ve Kalay, 2006), Samandag Kumsallari icin Sénmez
(2006)'in belirttigi Seyh-Hizir (% 62.1) ve Cevlik (% 29) alt
bélgelerindeki dogal ortaminda birakilan yuvalardaki yavru
basarisindan ve yine Samandag Kumsallar'nda C. mydas’in
dogal ortamina birakilan 272 yuvadaki yavru basarisi (%
78)'ndan (Sénmez ve Yalgin-Ozdilek, 2008) yiiksek oldugu
tespit edilmigtir.

2006 Ureme sezonunda Kazanli Kumsal’'nda yumurtadan
cikan C. mydas yavrularindan denize ulagan yavru bagarisi %
94.35 olarak hesaplanmistir. Kazanli Kumsali’'nda 2004 Greme
sezonunda C. mydas'a ait toplam 216 yuvada 23350 yumurta
saptanmigtir. Yuvalardan 17198 canli yavru gikarken, 70
yuvada toplam 248 6lii yavru bulunmus, denize ulasan yavru
sayisi ise 16950 olarak tespit edilmis ve buna gore denize
ulasan yavru basari orani % 98.56 olarak bulunmustur (Elmaz
ve Kalay, 2006). Durmus (1998) tarafindan Kazanli
Kumsal’'nda 1994 (reme sezonu icin denize ulasan yavru
basarisi % 99.39, Samandag Kumsal'nda Durmus (1998)a
gére yumurtadan ¢ikan yavrulardan denize ulasan yavru
basarisi % 96.85 olarak bulunmustur. Ergene vd. (2009)
tarafindan Alata Kumsal’'nda 18 normal C. mydas yuvasinda
hesaplanan oran % 94.52, Davultepe 100.Yil Kumsal’'nda
2009 Ureme sezonunda C. mydas'a ait 39 yuvadaki denize
ulagan yavru bagari orani ise % 97.08 ¢ikmistir (Ergene vd.,
2010). 2006 Udreme sezonunda Kazanli Kumsal’nda
hesaplanan denize ulasan yavru basarisi oraninin yukarida
bahsedilen calismalarda hesaplanmis olan oranlardan gok
farkli ¢ikmadigi gorlirken, Samandagd Kumsali'nda Sénmez
(2006) tarafindan Seyh-Hizir alt bélgesinde % 70.8 ve Cevlik
alt bolgesinde % 71.8 ve yine ayni kumsallarda Sénmez ve
Yalgin-Ozdilek (2008) tarafindan C. mydas’'in dogal ortamina
birakilan 272 yuvada hesaplanan denize ulasan vyavru
basarisi (% 75.8)ndan ise yiksek ¢ikmistir. Akyatan
Kumsal'nda yapilan calismalarda (Tirkozan vd., 2006;
Yilmaz vd., 2007; Yimaz vd., 2008) denize ulasan yavru
basari oranlari sirasiyla 2006 yilinda % 80; 2007 yilinda % 76;
2008 yilinda % 73 seklinde siralamaktadir. Kazanli
Kumsal’'nda 2006 Ureme sezonunda hesaplanan denize
ulagan yavru basarisi orani yukarida Akyatan Kumsall igin
siralanmis olan oranlardan yine yuksek ¢ikmigtir.

2006 yilinda Kazanli Kumsal'nda C. mydas’a ait
yuvalarda denize ulagan yavru sayisinin toplam yumurta
sayisina orani ise % 78.28 olarak hesaplanmistir. Kazanli
Kumsal'nda denize ulagan yavru sayisinin toplam yumurta
sayisina orani 1994 (reme sezonunda Durmus (1998)
tarafindan yapilan galismada % 87.13, Elmaz ve Kalay (2006)
tarafindan 2004 tireme sezonunda yapilan ¢alismada % 72.59
olarak saptanmistir. Samandag Kumsallar'nda Durmus
(1998) tarafindan 1994 {reme sezonu igin yapilan calismada

bu oran % 84.12, S6nmez (2006) tarafindan Seyh-Hizir alt
bélgesinde % 43.93 ve Cevlik alt bdlgesinde % 20.83 ve yine
ayni kumsallarda C. mydas’a ait dogal ortamina birakilan 272
yuvada % 59.18 olarak hesaplanmistir (Sonmez ve Yalgin-
Ozdilek, 2008). Bu oran Alata Kumsal’nda 18 normal C.
mydas yuvasi icin % 82.66 (Ergene vd., 2009), Davultepe
100. Yil Kumsalr'nda 39 yuvada % 80.07 olarak bulunmugtur
(Ergene vd., 2010).

2006 Ureme sezonunda Kazanli Kumsal’nda 22 6li C.
caretta bireyi bulunmustur. Oli bireylerin ¢ogunlugunun disi
olmasi ve Adustos ayi igerisinde sahile vurmalari bu disilerin
uremek icin kiyiya yaklastiklarini ancak gesitli sebeplerden
dolay! éldiklerini gostermektedir. Olimlerin  gogunlugunun
deniz araglarinin carpmasi veya balikgilik faaliyetinden
kaynaklandi§i dlsdndliirken, dlilerin orta ve asir derecede
glrlimis olmalari onlarin uzun zaman énce 6liip denizde
stirliklendiklerini g6stermektedir. Kazanli Kumsal’'na agirlikli
olarak C. mydas bireyleri yuvalamasina ragmen 2006 ireme
sezonu igerisinde sahilde dlii C. mydas bireyi bulunmamustir.
Kumsalda 6lii C. caretta bireylerinin bulunmasi “Mersin kiyilari
agiklarinda 6len bireyler akinti sebebiyle Kazanli Kiyilar’'na
kadar surtikleniyor mu ?” sorusunu akla getirmektedir. Bu
sorunun yanitinin Mersin kiyi akinti haritalarinin incelenmesi
ve bu konu Uzerinde galismalarin yapiimasiyla verilebilecegi
dlstndlmektedir. Kumsalin dogusunda denize agilan D-7
drenaj kanalr’'nin civarinda yapilan arazi ¢alismalari sirasinda
herhangi bir T. friunguis yuvasi veya yavrusuyla
karsilasiimamis ancak kumsalda 4 6li T. friunguis (3 OlU
bireyde balikgilik faaliyeti neticesinde olustugu distinlen yara
izleri tespit edilmistir) bireyi bulunmustur.

Kazanli Kumsalr'nin ézellikle C. mydas tird igin yuvalama
yogunlugu agisindan Dogu Akdeniz’de 6nemli bir yuvalama
alani oldugu daha Once yapilan galismalarda ortaya
konulmustur. Bu sebeple bu oénemli alanin korunmasina
ybnelik daha dnceki arastirmacilar (Carswell, 1992; Ozaner,
1993; Durmus, 1998; Baran ve Kasparek, 1989; Altan ve
Kasparek, 2000; Kasparek vd., 2001; Aureggi, 2001; Orug vd.,
2003; Canbolat, 2004b; Kasparek, 2005; Elmaz ve Kalay,
2006; Ergene vd., 2006) tarafindan da belirtilen sorunlarin
¢Ozimine  iliskin  tedbirlerin ~ alinmasi  gerektigi
duslnulmektedir. Kazanl Kumsalrnin en genis oldugu bdlge
K1 alanidir, kumsal genisligi dogudaki K1 alanindan batidaki
K3 alanina dogru gidildikge 6nemli élglide daralmaktadir. Kum
erozyonunun yiksek dlizeyde oldugu K3 alani, onceki
galismalarda da belirtildigi zere yuvalamanin yogun oldugu
6nemli bir alandir. Kumsal yapisinin bozulmasinda etkisi
oldugu disindlen mendiregin 2001 vyilinda yikilmasina
ragmen K3 alaninda kiyi erozyonu halen devam etmektedir.
Gerekli  onlemler alinmadi§i takdirde ilerleyen yillarda
tamamen yok olma tehlikesi bulunan K3 alaninda bilimsel
temellere dayali olarak kiyi muhendislerinin  gdrisleri
dogrultusunda gergeklestirilecek diizenlemelerle ileride bu
alanin  bir an o6nce dogal yapisina kavusturulmasi
gerekmektedir.

Ayrica Ureme sezonunda anaglarin yuvalama yapmadan
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denize geri dénmelerine ve yavru ¢ikis déneminde de
yavrularin ters tarafa giderek élmelerine sebep olabilen, sahile
yakin olarak bulunan konut, gesitli isletmelerin ve kurumlarin
yapay Isik kaynaklari dreme doneminde kontrol edilerek
bunlarin 1sik kullanimina bir kisittama getirilmesi, belli bir
saatten sonra isiklarin kapatiimasi veya perdelemeleri
saglanmalidir. Ergin disiler ve yuvadan g¢ikan yavrular icin
tehlikeli olan kiyiya ¢ok yakin ag serilerek yapilan balikgilik
faaliyetleri ireme sezonu siiresince ireme kumsall boyunca
onlenmelidir. Deniz kaplumbagasi Ureme sezonu boyunca
bagibos kopekler kumsaldan uzak tutulmalidir. ingaat
molozlarinin ve sera artiklarinin kumsala yakin yerlere
dokdlmesi engellenmeli ve mevcut yiginlar uzaklagtinimalidir.
Ureme sezonu éncesinde kumsaldaki ¢opler (ayrica kum
altinda bulunan sera artii ip, plastik, demir vb) ergin disilerin
ve yuvadan ¢ikan yavrularin zarar gérmemesi igin uygun
yontemlerle temizlenmelidir. Kumsala motorlu araglarin
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Ozet: Ege Denizinde bulunan bes derin deniz baligi: Argentina sphyraena, Glossanodon leioglossus, Chlorophthalmus agassizi, Hoplostethus mediterraneus ve
Capros aper 2003 bahar mevsimi siiresince ticari trol balikgilari tarafindan hedef disi av olarak elde edilen 6rnekler olarak galisiimistir. Tirlerin besin
kompozisyonlarini belirlemek igin mide igerikleri incelenmistir ve tirlerin trofik durumlarinin zellikle karnivor seviyede yer aldi§ gériilmistiir. Bes predator tiriin
besin kompozisyonunda iki esas av grubu bulunmustur: Crustacea (copepodlar ve isopodlar gibi) ve Chaetognatha (Sagitta spp.).

Anahtar kelimeler: Diyet kompozisyonu, av, besin, derin deniz baliklari, Ege Denizi, Sigacik Kérfezi.

Abstract: The diets of five deep sea fish: Argentina sphyraena, Glossanodon leioglossus, Chlorophthalmus agassizi, Hoplostethus mediterraneus and Capros
aper from the Aegean Sea were examined in the specimens caught as bycatch and discarded by commercial trawl fisheries during 2003 spring. Stomach
contents were analyzed to determine their diet composition, which indicates that the trophic status of these species can be assigned primarily to the carnivore
guild. Two major prey groups were found in the diet composition of all five predators: Crustaceans (like copepods and isopods), and Chaetognathans (Sagitta
Spp.)-

Keywords: Diet composition, prey, food, deep sea fish, Aegean Sea, Sigacik Bay.

INTRODUCTION

Below the euphotic zone is the realm of deep sea fishes.
The depth zones of this major portion of the earth’s oceans
have been characterized by the physical feature and types of
organisms present (Neighbors and Wilson 2006). In recent
years, sustainable exploitation of natural sources has been
increasingly enhanced. Deep water communities have
received an increasing attention at a global scale because of
the interest in new catching grounds and fisheries at bathyal
depths (Cartes et al., 2002). Moreover deep sea fisheries is a
relatively new phenomenon, with deep sea ecosystems now
being the ultimate target of industrial fisheries all over the
world (Cartes et al., 2004). Deep sea assemblages have only
been identified in the western basin, while no such studies
have been conducted in the eastern one (D'Onghia et al.,
2004).

In general, research on the feeding habits of deep sea fish
has mainly focused on depth-related changes, whereas only
few studies have dealt with aspects of seasonal or diel feeding
cycles, primarily because of the difficulty to collect samples at
such depths (Madurel and Cartes 2005). On the other hands,
data of diet composition play a key role in fisheries research
(Stergiou and Karpouzi 2002). Quality and quantity of food are
among the most important exogenous factors to directly affect

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

growth, maturation and mortality in fish, thus being ultimately
related to fitness (Wootton, 1990).

Argentine, A. sphyraena has a wide distribution along all
Turkish coasts except the Black Sea (Bilecenoglu et al.,
2002). It lives mainly on bottom-living polychaetes, molluscs,
crustaceans, pelagic invertebrates and fishes (Cohen, 1984).
The diets of this species have not in detail been described
across Turkish and other seas.

Small-toothed argentine, Glossanodon leioglossus, has
recently been recorded from the Aegean Sea and captured
species for the first time recorded in the Turkish seas in 2005
(Bilecenoglu et al., 2005). This study is the first attempt to
describe diet of this species primarily since little is known
about diet of this species, although Cohen (1984) reported
that pelagic crustaceans occurred in diet, which has not
comprehensively defined in Turkish and other seas as in A.
sphyraena.

The shortnose greeneye, Chlorophthalmus agassizi, is a
demersal fish that lives across the continental shelf and upper
slope over muddy and clay bottoms of the Atlantic Ocean. It is
also an abundant bycatch species of trawl fishing in the
central and eastern basins of the Mediterranean Sea (Fischer
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et al., 1987). The diet of C. agassizii consists mainly of bottom
dwelling invertebrates (Sulak, 1984). It plays an important role
in the Mediterranean deep sea assemblages (D’Onghia et al.,
1998). Therefore, much data of diet composition of C. agassizi
in the Mediterranean Sea has been presented. Kabasakal
(1999) and Macpherson and Roel (1987) published only
preliminary results about the diet of several species, including
C. agassizi, caught in the north eastern Aegean Sea and in
Namibian coasts, respectively. Anastasopoulou and Kapiris
(2008) studied on feeding ecology of this species, size and
months in lonian Sea.

The Mediterranean slimehead, Hoplostethus
mediterraneus, is a common demersal fish in the north-
eastern Atlantic and in the Mediterranean and also found in
the Indian and South Pacific Oceans. The diet of H.
mediterraneus is composed of some fragments of crustaceans
(Maul, 1986). Caught as bycatch during bathyal trawling and
of low commercial value, it is an abundant species on the
middle slope in the eastern Mediterranean (Kallianiotis et al.,
2000; Labropoulou and Papaconstantinou 2000; Madurell et
al., 2004). In spite of being common as a bycatch in many
fisheries, this species has received relatively little scientific
attention and many aspects of its biology have yet to be
known (Pais, 2002). The diets of this species consistently
described as a benthopelagic feeder (Gordon and Duncan
1987; Kerstan, 1989; Pais, 2002) has not thus far described in
Aegean Sea.

Boarfish, C. aper, prevails as a schooling species in
Atlantic, northward to western Scotland, occasionally
Shetlands Skagerrak and western Norway, also in
Mediterranean (mainly western part), and feeds mainly on
crustaceans, worms and molluscs (Quéro, 1984). The diets of
C. aper have been studied in different sections of the
Mediterranean (Macpherson, 1979; Santos and Borges 2001).
A comprehensive study on biology of C. aper in Aegean Sea
has just briefly touched on its diet composition (Kaya and
Ozaydin 1996).

The feeding habits of some deep see fish species have
been studied in different parts of the western Mediterranean.
In the Aegean Sea, however, only a few studies have been
carried out on C.aper (Kaya and Ozaydin 1996), C. agassizi
and H. mediterraneus (Kabasakal, 1999) but the diets of A.
sphyraena and G. leioglossus have not been described. Thus,
the main purpose of this report is to provide basic data of diet
composition of the fish caught in the Aegean Sea, which
indicates feeding habits of the unexploited deep sea fish in the
area.

MATERIALS AND METHODS

Accidentally caught specimens (bycatch) were obtained
from deepwater by commercial trawlers to catch crustacean
and fish in Sigacik Bay located between 38° 12' 0 N latitude
and 26° 45' 0 E longitude in the Turkish coast of Aegean Sea.
Sampling was merely conducted between March and May
2003 at the depths in 150-473 meters. A conventional bottom

trawl net of 44 mm codend mesh size was used and three
hauls on the same day carried out from dawn to dusk and haul
durations ranged from 1 to 3 h. The vessel speed was
maintained at 2.2-2.5 knots. Overall, 408 deep sea fish
specimens [72 Argentina sphyraena (75-165 mm TL), 32
Glossanodon  leioglossus  (82-125 mm  TL), 122
Chlorophthalmus agassizi (88-175 mm TL), 108 Hoplostethus
mediterraneus (106-170 mm TL) and 74 Capros aper (42-69
mm TL)] were considered in order to analyze the stomach
contents. The stomachs were individually preserved in 4%
buffered formalin for 24 hours, stored in 70% ethanol in
marked containers and analyzed over some months. The
vacuity index (VI) [number of empty stomachs / number of
stomachs examined] was estimated. Gut contents were sorted
and preys identified to the lowest possible taxa under
dissecting microscopy. A stomach was regarded to be empty
with no contents in the stomach. Gut contents were examined
by a SZX7 Olympus stereo microscope at 0.8-5.6x (zoom)
and 10x resolution. Prey items were identified to the lowest
possible taxon in case of digested copepods and identification
established from body pieces under Rose (1933) and Brodskii
(1967). Having been counted, the individuals of the same
species were weighed together (wet weight to the nearest
+0.0001 g) after excessive moisture was removed by blotting
prey items on tissue paper. One evaluated diet composition
according to the three parameters by Hyslop (1980) the
numerical index (N%), the gravimetric index (W%), and
frequency of occurrence (0%) were established. The index of
relative importance (IRI) (Pinkas et al., 1971) was calculated
and, based on the suggestion by Cortes (1997), expressed as
a percentage (IR1%). By means of the method by Morato et
al., (1998), food items were thus grouped into categories of
preference determined by the equations:

IRIZ30x(0.15x Y 0%)......... main important prey (MIP)
30x (0.15x 30%) > IRI > 10 x (0.05 x 3 O%)...secondary prey (SP)
IRIS10x(0.05X 30%)...ccccvvvrvnnnn occasional prey (OP)

Also differences in the diet composition of the five deep
sea fish were determined by the Bray—Curtis similarity index,
using percentage IRI.

RESULTS AND DISCUSSION

Argentina sphyraena

Of the stomach contents of 72 Argentina sphyraena
examined, 56 included food (77.8%) and 16 were empty
(22.2%). Crustaceans were found to be significant prey
groups (MIP; IRI=693; IRI%=88.17). Chaetognatha and
Polychaeta constituted secondary prey groups (SP;
693>IRI>77; IRI%=8.38 and 2.48, respectively). Teleostei and
Thaliacea were considered occasional prey groups (OP;
IRIL77; IRI%=0.81 and IRI%=0.54, respectively). Of
crustaceans, the Decapoda were main prey (IRI%=76.69),
followed by Brachyura (IR1%=6.76), Copepoda (IR1%=3.97)
Euphausiacea (IR1%=2.45), Mysidacea (IR1%=0.59), and
Anilocra physodes (Isopoda) (IR1%=0.13) by the order of
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IRI%. Especially, the brachyuran crabs in megalopa stage
were typically encountered. Temora stylifera of Copepoda was
abundantly found (Table 1). Various zooplankton studies in
the northeren Aegean Sea have stated that Temora stylifera,
a neritic form, abound greatly (Moraitou-Apostolopoulou,
1972; Moraitou-Apostolopoulou, 1985; Sever, 2009). Sagitta
spp. was the only Chaetognatha species to be present in the
diet and also abundant species of holoplanktonic organisms in
the pelagic zone (Isari et al., 2007). Various studies (Pavlova,
1966; Moraitou-Apostolopoulou, 1985; Pancucci-
Papadopoulou et al., 1992) on zooplankton in different parts of
Aegean Sea have reavealed widespread occurence of Sagitta
spp. Information on the diet of this species is scarce; however,
bottom-living Polychaeta, Mollusca and Crustacea, also
pelagic invertebrates and fish have been reported by Cohen
(1984). Consequently, since both the brachyuran crabs
(megalopa stage) and the groups of Copepoda and
Chaetognatha are the vital components of the pelagic zone,
results of the analyses on the stomach contents of A.
sphyraena point out that the species is not so much
dependant on bentic feeding.

Table 1. Diet composition of Argentine, Argentina sphyraena, from the
Aegean Sea expressed as percent by number (N%), weight (W%),
frequency of occurrence (O%) and relative importance (IRI%) prey
categories (N: number of fish; TL: total length of fish; SE: standart

error).
Prey groups N% W% 0% IRI IRI%
Polychaeta 5.63 457 1429 14574 248
Crustacea® 88.17
Copepoda* 3.97
Temora stylifera 1.41 1.04 3.57 8.74 0.15
Candacia spp. 141 5.46 3.57 2451 0.42
Calanoida 2.82 4.01 3.57 24.36 0.41
Mysidacea 141 8.27 3.57 3457 0.59
Cumacea 141 1.82 3.57 11.53 0.20
Isopoda
Anilocra physodes 1.41 0.69 3.57 7.50 0.13
Euphausiacea 423 9.20 10.71  143.86 2.45
Decapoda 4225 2410 67.86 450230 76.69
Brachyura 8.45 13.77 1786 396.78 6.76
Chaetognatha
Sagitta spp. 2113 1329 1429 491.71 8.38
Thaliacea
Salpa spp. 7.04 1.82 3.57 31.65 0.54
Teleostei 141 1197 357 47.79 0.81
N 72
Mean TLcm) 12.57
SE 0.11
% of empty stomachs 222

*The values calculated for all prey groups of Crustaceans and copepods.

Glossanodon leioglossus

Stomach contents of 32 small-toothed argentine were
examined and all contained identifiable prey. Crustaceans
were found main prey groups (MIP; IRIZ788; IRI%=97.77),
while Chaetognatha to be secondary (SP; 788>IRI>88,;
IRI%=4.01). Sagitta spp. was the sole chaetognathan species
to prevail in the its diet (Table 2) which was dominated by
copepods such as Pleuromamma abdominalis, Clausocalanus
spp., Clausocalanus  arcuicornis, ~ Corycaeus  typicus,

Lubbockia squillimana, Oncaea media, Lucicutia flavicornis,
Clausocalanus furcatus, Acartia clausi, Aetideus armatus,
Euchaeta marina, Candacia simplex, Ischnocalanus
plumulosus, Nannocalanus  minor, Corycaeus clausi,
Candacia aethiopica, Oncaea mediterranea and Temora
stylifera by order of IRI% as main preys followed by Anilocra
physodes (Isopoda) (IRI%=5.29). All of the Copepoda species
were the pelagic. Despite the sampling area being close to
coastline, it was of depths of 150-473 m. Thus, the Copepoda
species we determined in this study were both oceanic
(Lucicutia  flavicornis,  Aetideus ~ armatus,  Oncaea
mediterranea, Euchaeta marina, Clausocalanus arcuicornis,
Lubbockia squillimana, Oncaea media) and neritic (Temora
stylifera, Nannocalanus minor, Clausocalanus furcatus and
Acartia clausi). Similarly, the pelagic copepods found to be
predominant according to the results of the zooplankton
studies carried out in the area consisted of both oceanic and
neritic species (Sever, 2009).

Table 2. Diet composition of small-toothed argentine, Glossanodon
leioglossus, from the Aegean Sea expressed as percent by
number (N%), weight (W%), frequency of occurrence (O%) and
relative importance (IR1%) prey categories (N: number of fish; TL:
total length of fish; SE: standart error).

Prey groups N% W% 0% IRI IRI%
Crustacea* 97.77
Copepoda* 90.77
Aetideus armatus 0.08 517  25.00 131.35 1.19
Corycaeus clausi 0.08 369 25.00 9435 0.85
Lubbockia squillimana 0.17 486 5000 25133 228
Oncaea media 0.83 201 7500 213.14 1.93
Nannocalanus minor 0.08 3.93 25.00 100.29 091
Oncaea mediterranea 0.17 128 25.00 36.13 0.33
Candacia aethiopica 0.08 143 25.00 37.11 0.34
Acartia clausi 0.08 6.52  25.00 165.15 1.49
Lucicutia flavicornis 1.66 252 50.00 209.27 1.89
Ischnocalanus plumulosus 0.08 4.04 25.00 103.03 0.93
Clausocalanus furcatus 1.83 1.55  50.00 169.17 1.53
Clausocalanus arcuicornis 3.00 318  50.00 308.71 2.79
Pleuromamma abdominalis 62.31 1210 75.00 5580.64 50.52
Euchaeta marina 0.42 219 50.00 130.43 1.18
Corycaeus typicus 1.41 210 7500 26367 239
Clausocalanus spp. 4.99 157 7500 49223 446
Candacia simplex 0.33 1.97  50.00 115.31 1.04
Temora stylifera 0.25 1.00 25.00 3136 028
Calanoida 19.30 766 5000 134785 12.20
Isopoda
Anilocra physodes 0.08 2328 25.00 584.03 5.29
Decapoda 0.17 462 5000 23945 217
Chaetognatha
Sagitta spp. 2.58 3.33 7500 44283 4.01
32
Mean TLcm) 9.40
SE 0.06
% of empty stomachs 0

*The values calculated for all prey groups of Crustaceans and copepods.
Chlorophthalmus agassizi

Among 122 shortnose greeneye stomachs investigated,
only 112 (91.8%) stomachs contained identifiable prey, with
10 being empty (8.2%). Crustaceans were discovered to be
main important prey groups (MIP; IRI=884; IRI%=92.65).
Teleostei constituted secondary prey groups (SP; 884>IRI>98;
IR1%=4.81). Chaetognatha, Foraminifera and Mollusca were
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regarded as occasional prey groups (OP; IRI<98; IR1%=1.73,
1.30, and 0.09 respectively) (Table 3).

Table 3. Diet composition of shortnose greeneye, Chlorophthalmus agassizi,
from the Aegean Sea expressed as percent by number (N%),
weight (W%), frequency of occurrence (O%) and relative importance
(IR1%) prey categories (N: number of fish; TL: total length of fish;
SE: standart error).

Prey groups N% 0% W% IRI IRI%

Foraminifera 3704 179 1.66 69.11 1.30
Crustacea* 92.65
Copepoda* 11.63
Neocalanus gracilis 0.87 5.36 0.75 8.67 0.16
Candacia armata 0.65 1.79 0.54 2.14 0.04
Candacia longimana 1.09 7.14 0.46 11.07 0.21
Candacia simplex 1.31 5.36 0.37 8.98 0.17
Corycaeus sp. 0.22 1.79 0.34 1.00 0.02
Euchaeta marina 0.22 1.79 0.32 0.97 0.02
Calanoida 0.87 714 0.32 8.53 0.16
Labidocera wollastoni 1.74 1429 0.84 36.97 0.70
Oncaea media 0.44 3.57 0.25 245 0.05
Pleuromamma 65.06 1.23
abdominalis 4.58 1250 0.63
Mysidacea 1416 4464 2717 184514 3477
Amphipoda 0.22 1.79 0.09 0.55 0.01
Isopoda 0.44 3.57 0.47 3.24 0.06
Euphausiacea 2462 4286 2182 199040 37.50
Decapoda 5.88 3214 2215 900.93 16.98
Mollusca
Sepiolidae 0.22 1.79 2.53 4.92 0.09
Chaetognatha
Sagitta spp. 3.05 2143 124 91.91 1.73
Teleostei 2.40 1250 18.02  255.26 4.81
N 122
Mean TLcm) 11.77
SE 0.10
% of empty stomachs 8.2

*The values calculated for all prey groups of Crustaceans and copepods.

Among the crustaceans, Euphausiacea (IR1%=37.50) seemed

to be most important prey followed by Mysidacea
(%IRI1=34.77), Decapoda (IRI%=16.98) and Copepoda
(IRI1%=11.63) (Pleuromamma abdominalis, Labidocera

wollastoni, Candacia longimana, Candacia simplex and
Neocalanus gracilis by the order of IRl %). The groups of
Euphausiacea and Mysidacea were found to be relatively
more predominant than the group copepoda. The Copepoda
species we determined were all pelagic ones. Neocalanus
gracilis was reported as mesopelagic species (Pancucci-
Papadopoulou et al. 1992). Sagitta spp. was the only
chaetognathan species (IR1%=1.73) in the diet. Sediments
must have been ingested during the hauling process since
they were occasionally found in the diet. Sepiolidae
(Cephalopoda) constituted 0.09% of the diet (Table 3).
Several different benthic crustaceans were found in the
stomachs of the few individuals examined in previous studies,
and the species appears quite euryphagous. Stomach
contents of C. agassizii caught off the north-western coast of
Turkey (NE Aegean Sea) were examined and identified as
prey items of the diets of C. agassizii dominated by
crustacean remains and Amphipoda. Fish remains were also
found occasionally (Kabasakal 1999). Bowman et al., (2000)

found that the diet was composed of unidentified crustaceans
(W%=68.8), detritus (W%=20.5) and Polychaeta (W%=10.7).
C. agassizi showed a mixed feeding strategy, exploiting a
wide range of preys including mesopelagic, benthic and
endobenthic organisms (Anastasopoulou and Kapiris 2008). In
general both our data and published ones show that
Euphausiacea and Copepoda of the holoplanktonic forms and
Mysidacea and Decapoda of the meroplanktonic forms were
predominant in the stomach contents of C. agassizi. Thus, we
may conclude that feeding mode of the species is mostly
based on pelagic organisms rather than benthic ones.

Hoplostethus mediterraneus

Stomach contents of 108 Mediterranean slimehead were
investigated. 62 stomachs had food (57.4%) and 46 were
empty (42.6%). The diet was dominated by Crustacea and
Teleostei (MIP; IRI=552) which comprised 88.31% and
15.35% of the diet respectively. Some of the fish were also
feeding on Chaetognatha (SP; 552>IRI>61; IRI%=2.40).
Appendicularia  (IRI%=0.11) occurred only once and
considered as occasional prey group (OP; IRI<61) (Table 4).
Among the crustaceans, Decapoda was principal prey
(IRI%=78.50) followed by Isopoda (IRI%=3.50) and
Mysidacea (IRI%=0.13). Sagitta spp. was the only
chaetognathan species (IRI%=2.40) in the diet. (Table 4).

Table 4. Diet composition of Mediterranean slimehead, Hoplostethus
mediterraneus, from the Aegean Sea expressed as percent by
number (N%), weight (W%), frequency of occurrence (O%) and
relative importance (IR1%) prey categories (N: number of fish; TL:
total length of fish; SE: standart error).

Prey groups N% W% 0% IRI IRI%
Crustacea* 88.31
Mysidacea 283 096 323 1080 0.13
Isopoda 714 3636 645 28124 350

Decapoda 52.38 4065 67.74 6309.06 78.50
Chaetognatha

Sagittaspp. 1429 0.68 1290 19318 240
Appendicularia  2.38  0.33 323 873 0.1
Teleostei 2143 2102 29.03 123375 1535
N 108
Mean TLm) 11.80
SE 0.24
% of empty 426
stomachs

*The values calculated for all prey groups of Crustaceans.

Several studies of the diet of this species have been carried
out in the south coast of Portugal and north-eastern Atlantic
(Gordon and Duncan 1987; Pais, 2002). The general
impression from studies is that Mediterranean slimehead
mostly feeds on crustaceans. Gordon and Duncan (1987)
recorded that Decapoda, Mysidacea and Amphipoda occur in
diet by order of importance. Pais (2002) found Isopoda and
Euphausiacea as main prey; this species is a benthopelagic
feeder, preying mainly on crustaceans. The dominant prey
species encountered were the Euphausiacea and Amphipoda.
Other important prey items ingested were fish (6.7 IRI %);
however; the advanced stage of digestion of fish did not allow
this prey group to be further identified. In conclusion, in a
thermally stable environment such as the deep eastern
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Mediterranean, food availability probably constitutes the main
factor to influence food consumption and possibly the
reproductive cycle of H. mediterraneus. Since this species is
predominant in mid-slope assemblages, this conclusion may
explain the general dynamics of the whole fish community
(Madurell and Cartes 2005). According to Cartes et al., (2002)
this species is non-migratory macroplankton feeder. To the
contrary of seldom existence of pelagic Chaetognatha and
Appendicularia, plenty of benthic decapods have indicated
that feeding mode of the species mostly depends on the
bottom. Similar to our study findings were obtained in the
Wairarapa coast (North Island, New Zealand) (Jones, 2009).

Capros aper

The stomach contents of 74 boar fish were examined.
Only 40 (55%) stomach had food, while most of others had
empty (45%). As a result of the analysis, Crustacea and
Chaetognatha were found to be main important prey groups in
C. aper diet (MIP; IRI=21148; IRI%=75.59 and 24.75
respectively), while Chaetognatha made up the second
important group (IR1%=24.75). Appendicularia and Thaliacea
constituted secondary prey groups (SP; 1148>IRI>128;
IR1%=20.62 and 13.21 respectively). Polychaeta (IR1%=0.31)
were considered occasional prey group (OP; IRI<128) (Table
5). Among the crustaceans, Copepoda (like Clausocalanus
sp., Nannocalanus minor, Corycaeus typicus, Oncaea media
and Clausocalanus arcuicornis by the order of (IRl %) were
principal prey followed by Decapoda (IRI%=3.57); Brachyura
(IR1%=1.19), Mysidacea (IRI%=0.62), Isopoda (IRI%=0.58)
and Amphipoda (IRI%=0.38). Sagitta spp. was the only
chaetognathan species (IR1%=24.75) to be found in the diet.
Oikopleura dioica (Appendicularia) and Salpa spp. (Thaliacea)
composed IR1%=20.62 and IRI%=13.21 of the diet,
respectively (Table 5). The groups of Chaetognatha,
Appendicularia, Copepoda and Thaliacea are found to be
dominant in stomach analyses. These groups are
holoplanktonic forms and have large distribution in pelagic
region. These groups were widespreadly determined in
various zooplanktonic research carried out in different small
bays, inlets and gulfs of the Aegean Sea, with especially
predominant  copepods  (Pavlova, 1966;  Moraitou-
Apostolopoulou, 1972; Pancucci-Papadopoulou et al., 1992).
Oncaea media, Clausocalanus arcuicornis, Clausocalanus
furcatus, Lucicutia flavicornis, Corycaeus typicus, Temora
stylifera and Nannocalanus minor which are found to be
common among copepods were also found inhabiting the
zooplanktonic studies done in the Aegean Sea (Moraitou-
Apostolopoulou, 1985; Pancucci-Papadopoulou et al., 1992;
Sever, 2009). In the study carried out by Kaya and Ozaydin
(1996), copepods are the most available ones (numerically
85%), followed by Polychaeta (7%) and Mollusca (3%) in the
south Aegean Sea. Santos and Borges (2001) found the diet
composed of crustaceans like hyperiids (0%=35.0) and
Euphausiacea, Teleostei such as Myctophidae (0%=2.0), and

Mollusca (0%=2.0) in the Algarve, Portugal. According to
Cartes et al, (2002), this species is non-migratory
macroplankton predator.

One should conclude our results to indicate the trophic
status of five species examined are primarily attributable to
the carnivorous guild. Two major prey groups were found in
diets of all the five fish: Crustacea (like Copepoda and
Isopoda) and Chaetognatha (Sagitta spp.). In addition to this,
H. mediterraneus and C. agassizi also feed as piscivore.
Appendicularia occurred only in diets of C. aper and H.
mediterraneus. Polychaeta were consumed only by A.
sphyraena and C. aper. C. aper was also found predator on
Thaliacea, and C. agassizi on Mollusca and Foraminifera.

Table 5. Diet composition of boar fish, Capros aper, from the Aegean Sea
expressed as percent by number (N%), weight (W%), frequency of
occurrence (O%) and relative importance (IR1%) prey categories (N:
number of fish; TL: total length of fish; SE: standart error).

Prey groups N% W% 0% IRI IRI%
Polychaeta 0.40 277 5.00 15.86 0.31
Crustacea* 75.59
Copepoda* 63.87
Candacia longimana 0.40 3.09 5.00 17.45 0.34
Candacia simplex 0.40 1.39 5.00 8.94 0.17
Clausocalanus furcatus 0.40 1.70 5.00 10.52 0.20
Candacia sp. 0.40 1.74 5.00 10.72 0.21
Corycaeus clausi 0.40 1.78 5.00 10.92 0.21
Lubbockia squillimana 0.40 1.15 5.00 7.75 0.15
Lucicutia flavicornis 0.80 5.27 5.00 10.34 0.59
Neocalanus tenuicornis 0.40 1.82 5.00 1.1 0.22
Sapphirina metallina 0.80 416 5.00 24.80 0.48
Pleuromamma gracilis 0.40 3.40 5.00 19.03 0.37
Pleuromamma abdominalis ~ 3.61 0.99 10.00 46.04 0.89
Oncaea media 3.21 4.20 15.00 111.14 2.16
Temora stylifera 1.20 0.95 10.00 21.55 0.42
Calanoida 15.66  1.66 4500 779.64 15.12
Corycaeus typicus 3.21 4.00 20.00 144.23 2.80
Clausocalanus arcuicornis 442 1.90 15.00 94.77 1.84
Nannocalanus minor 6.83 3.05 20.00 197.51 3.83
Clausocalanus sp. 522 1.90 30.00 231.63 414
Mysidacea 0.80 2.41 1000 3218 0.62
Amphipoda 0.40 3.56 5.00 19.82 0.38
Isopoda 0.40 5.58 5.00 29.92 0.58
Decapoda 2.01 5.34 2500 183.81 357
Brachyura 1.20 4.91 1000 61.14 1.19
Cypris larva 0.40 6.02 5.00 3210 0.62
Chaetognatha
Sagitta spp. 1446 1390 4500 127590 2475
Appendicularia
Oikopleura dioica 1888 475 4500 106317  20.62
Thaliacea
Salpa spp. 1285 6.61 3500 681.19 13.21
N 74
Mean TLcm) 6.31
SE 0.08
% of empty stomachs 45.0

*The values calculated for all prey groups of Crustaceans and copepods.

Fishes living in association with the deep sea floor
complete the bathymetric profile in the open ocean in terms of
trophic relationships in that they participate in the vertical
transfer of energy between the productive surface waters and
depth zones increasingly distant from the surface.
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Capros aper

Glossanodon leioglossus

Hoplostethus mediterraneus

Chlorophthalmus agassizi

Argentina sphyraena

0 % Similarity 5‘0
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Figure 1. Dendrogram of the cluster analysis showing diet similarity (IR1%) in relation to fish using Bray-Curtis index.

Most of the prey species consumed by the five deep sea
fish live in benthopelagic and epibenthic environments. The
ingestion of small amounts of sand and detritus can provide a
clue that is also foraged near the bottom. Therefore, it is
apparent that they are not be dependent on benthic organisms
for prey, since they can feed on benthopelagic and even
pelagic and mesopelagic preys. This fact could allow us to
admit that these deep sea fish can make vertical migrations in
the water column. Crustaceans, especially copepods and
euphausiids, provide the main food source for midwater fishes
(Horn and Ferry-Graham 2006). However, the corroboration of
these migrations and the definition of its periodicity require a
sampling methodology conducted in different time of the day
and a study should be done separately. A comparison of five
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Astronot Baligi (Astronotus ocellatus) eksternal ve internal tat
tomurcuklarinin dagihmi ve yogunlugu

The distribution and density of external and internal taste buds in Oscar
Fish (Astronotus ocellatus)
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Abstract: In this study, it was aimed to describe some morphometric parameters about the size, distribution and density of the internal and external taste buds of
astronaut fish, Astronotus ocellatus. The tissue samples dissected from the different parts of the skin (the lower and upper lips, forehead, gular part, operculum
and lateral line); the fins (dorsal, caudal, anal, ventral and pectoral); the tongue and palate of the six adult specimens were investigated histologically. When
compared to other regions, the taste buds of the tongue, upper and lower lips were noted as more intensive, respectively. Quantitative studies exhibited that, the
largest buds were located in lower lip; however, the average thickness of the epithelium was highest in the upper lip. Statistical data were also showed that the
buds are more intensively located in interal parts than intemal ones.

Keywords: Astronotus ocellatus, skin, tongue, palate, fins, Oscar fish

Ozet: Bu calismada astronot bali§i (Astronotus ocellatus)nda eksternal ve internal tat tomurcuklarinin dagilimi ve yogunlugunun bazi morfometrik parametreler
ile tanimlanmasi amaglanmistir. Arastirma materyali olarak 6 adet erigkin astronot balidi (Astronotus ocellatus)'na ait deri (alt ve st dudak, alin, gular bolge,
operkulum, lateral ¢izgi) ve ylizgecler (dorsal, kaudal, anal, ventral ve pektoral) ile dil ve damak bélgelerinden alinan drnekler histolojik olarak arastirildi. Yapilan
incelemeler sonucunda tat tomurcuklarinin dilde, alt ve Ust dudaklarda diger bdlgelerden daha yogun olduklari belirlendi. Kantitatif 6iglimler sonucunda en biiylik
boyuta sahip tat tomurcuklarinin alt dudakta yerlesim gésterdikleri, bununla birlikte ortalama epidermis kalinliginin en yiiksek Ust dudakta oldugu saptandi.
istatistiksel veriler internal bolgelerdeki tat tomurcuklarinin yogunlugunun eksternal bélgelerdekine oranla daha fazla oldugunu gésterdi.

Anahtar kelimeler: Astronotus ocellatus, deri, dil, damak, yizgeg, astronot baligi

GIRiS

Tat tomurcuklari 6zel kimyasal uyarilarin hizla ayirt
edilmesini saglayarak canlilarin hayatlarini stirdGrebilmeleri
icin gerekli besinleri bulmak ve algilamak igin dzellesen, bu
besinlerin viicut igine alinmasi ya da geri gevrilmesinde gorev
alan periferal duyu alicilandir (Kasumyan, 1997; Suzuki,
2007). Tat reseptérlerinin esas yapilari tim omurgalilarda
benzerdir, ancak genel anlamda baliklardaki tat alma
duyusunun insanlara gére daha gelismis oldugu kabul edilir
(Demir, 2009). Baliklarda bu yapilasmalar baska 6nemli
farkliiklar da gdstermektedir (Timur, 2011); 6rnegin genelde
oral kavitede yaygin ve yodun dagiim gdsteren reseptdrler
basta dudaklar olmak Uzere bas bélgesinde ve Ozellikle
biyiklar ile modifiye olmus ylzgeg¢ isinlarinda, yani vicudun
dis kisimlarinda da bulunabilir (Ekingen, 2001). Oral tat
tomurcuklari endoderm, eksternal tat tomurcuklar ise

belirtilen 6zglin nitelikler uzantisinda ilging yapilar olan tat
tomurcuklarinin, astronot baliinda (Astronotus ocellatus)
eksternal ve internal vicut bélgelerindeki dagilim ve
yogunluklarinin belirlenmesi amagland..

MATERYAL VE YONTEM

Aragtirma materyali olarak akvaryumcudan temin edilen 6
adet erigkin (+2 yas) Astronot baligi (Astronotus ocellatus)
kullanildi~ (Etik ~ Kurul  Belgesi: SDU  HADYEK,
B.30.2.5DU.0.05.06.00-89). 5 L'lik akvaryumlarda adaptasyon
stireci beklenmeden, baliklarin bulunduklari tanka 25-30 ppm
oraninda quinaldine sllfat eklendi ve 1-4 dakika sireyle
anestezi altina alindi (Yanar ve Kumlu, 2001). Anestezi islemi
tamamlandiktan sonra dekapitasyon uygulandi ve baliklardan
deri (alt ve Ust dudak, alin, gular bolge, operkulum, lateral

ektodermal kokenlidir. Viicudun gesitli kisimlarindaki tat
tomurcuklarinin tat alma yetenegi ve esik degerlerinin farkli
olduklari, ayrica tlirler arasinda da dikkate deger farklar
bulundugu deneysel olarak saptanmistir. Ayrica, baliklarda
diger omurgalilara gore tat tomurcuklarinin sayisi da daha
fazladir (Barlow ve Northcutt, 1995). Bu ¢alismada, yukarida
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Gizgi) ve yiizgeg (dorsal, kaudal, anal, ventral ve pektoral) ile
dil ve damak o&rnekleri alindi. Alinan &rnekler Bouin
sollisyonunda 18 saat slreyle tespit edildikten sonra
yikanmadan rutin doku takibi asamalarindan gegcirilerek
(yUkselen derecedeki alkoller ve ksiloller) parafinde bloklandi.
Bloklardan 6-7 mikrometre kalinliginda alinan kesitlere
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Hematoksilen-Eozin (Bancroft vd., 1996) boyama yéntemi
uygulandi. Hazirlanan preparatlar Olympus CX 41 tipi isik
mikroskobu ile incelenerek, cgalisilan her bdlge icin her
preparatta 3 mm?Zlik alanda olmak (zere toplam onar
preparatta tat tomurcugu sayimi ve ilgili kisimlardan fotograf
cekimi yapildi. Sayim yapilan preparatlarda, c¢aligilan her
bélgenin epidermis kalinliklari, tat tomurcuklarinin boylari (um)
ile eksternal ve internal bélgelerde tat tomurcuklarinin dagilim
SPSS-17 programi ile hesaplandi.

BULGULAR

Astronot baligi (Astronotus ocellatus)'nda eksternal ve
internal bolgelerde yerlesim gdsteren tat tomurcuklarinin
bulundugu alanin genel histolojik yapisi, 6lcliminin yapiima
sekli alt dudak tizerinde Sekil 1'de gdsterilmistir.

?m‘

|
Y _
Sekil 1. Tat tomurcugunun genel gorunumu (ok) olgum §ekl| Gift tarafl okIar
Alt dudak. H&E. Bar: 50 um
Figure 1. Overview of the taste bud (arrow), double-sided arrows in the shape
measurement. The lower lip. H & E. Bar: 50 um

a- Eksternal bolgeler

Ortalama epidermis kalinliklari ile bu bbélgelerdeki tat
tomurcuklarinin ortalama boyutlari Tablo 1'de belirtilmigtir.
Buna gore; epidermis kalinliginin en fazla oldugu bélgenin dst
dudak (51 pm), en az oldugu bdlgenin ise anal ylzgec (24
pm) oldugu belirlendi. En blylk boyuta sahip olan tat

tomurcuklarinin alt dudakta (Sekil 2), en kiiclk boyuta sahip
olan tat tomurcuklarinin ise operkulumda (Sekil 3) yerlesim
gosterdigi saptand..

Sekil 2. En biyiik boy tat tomurcugu (ok). Sekil 3. En kigiik boy tat tomurcugu (ok).
Alt dudak. H&E. Bar: 50 pm Operkulum. H&E. Bar: 25

Figure 2. The biggest size taste bud Figure 3. The smallest size taste bud
(arrow). Lower lip. H&E. Bar: 50 (arrow).  Operkulum. H&E.
pum Bar: 25 um pym

Calisilan  eksternal  bélgelerde tat tomurcuklarinin
genellikle mikroskobik papillalar Uzerinde (Sekil 4) yerlesim
gosterdigi tespit edildi. Eksternal bélgeler arasinda en fazla tat
tomurcugu yogunluguna sahip olan bdlgenin alin oldugu
(2,10+2,234) belirlendi. Ayrica tat tomurcugu yogunlugunun
alt dudakta, tst dudaktan daha fazla oldugu saptandi.

Caligllan ylizgeg bdlgeleri arasinda en fazla ortalama
epidermis kalinigina sahip bélgenin kaudal yizgec (40 pm);
en yiksek tat tomurcugu yogunluguna sahip bélgenin ise
2.dorsal yiizgeg oldugu belirlendi.

: Seas
v . \ Ry DY
\‘ *\
'.oﬁ\ NN

Sekil 4. Mikroskobik papillalar (ince oklar) ve tat tomurcuklari (kalin oklar).
Ust dudak. H&E. Bar: 50 um

Figure 4. Microscopic papillae (thin arrows) and taste buds (thick arrows).
Upper lip. H&E. Bar: 50 ym

b- internal bélgeler

Ortalama epidermis kalinliklari ile bu bbdlgelerdeki tat
tomurcuklarinin ortalama boyutlari Tablo 1'de belirtilmistir.
Buna gére damak epidermis kalinliginin (34 uym) dil epidermis
kalinhgindan (30 pm) fazla oldugu belirlendi. Buna paralel
olarak damaktaki tat tomurcuklarinin ortalama boyutlarinin (34
um) dildekilere nazaran daha biiyiik olduklari saptandi. Ancak
tat tomurcuklarinin  dilde  (2,80£1,989) damaktakine
(2,40+1,838) nazaran daha yogun dagim gdsterdikleri tespit
edildi.

c- Genel degerlendirme
Sonug olarak, incelenen eksternal ve internal bolgelerde

sekilleri ve yapilari benzer olan tat tomurcuklarinin en yogun
olarak alinda yerlestikleri, bunu sirasiyla, dil, dudaklar, damak
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ve 2.dorsal ylizgecin izledigi; tat tomurcugu yogunlugunun en
az oldugu bdlgenin ise ventral ylizgeg oldugu belirlendi (Tablo
2).

Tablo 1. Eksternal ve internal bélgelerde ortalama epidermis kalinliklari ve tat
tomurcuklarinin boylari (um)

Table 1. The average epidermis thickness and taste bud sizes (um) in
external and internal

. Epidermis | Tattomucugu
Bolgeler I':almllgl boyutu ’

Pektoral ylizgeg 37 9x18
1.Dorsal ylizgeg 34 11x19
2.Dorsal yiizgeg 33 12x17
Ventral ylzgec 27 10x14
Kaudal ylzgeg 40 10x14
Anal ylizgeg 24 11x12
Alt dudak 25 15x23
Ust dudak 51 11x11
Alin 32 9x11

Gular bdlge 33 9x13

Operkulum 34 7x14

Lateral ¢izgi 1.bdIge 34 11x18
Lateral ¢izgi 2. Bolge 41 10x19
Lateral cizgi 3.bdIge 35 13x17
Dil 30 11x10
Damak 34 13x14

Tablo 2. Eksternal ve internal bolgelerde tat tomurcuklarinin dagilimi (n=6)
Table 2. The distribution of taste buds in external and internal regions (n=6)

Bolgeler Ortalama SE Min.-Mak.
Pektoral ylzgeg 0.70 1.0592 1-4
1.Dorsal ylizgeg 1.60 1.578abe 1-5
2.Dorsal yiizgeg 1.80 1.751abe 1-4
Ventral ylizge¢ 0.80 0.919° 1-3
Kaudal ylizgeg 0.80 1.476° 0-3
Anal ylizgeg 0.80 1.1352 0-2
Alt dudak 6.30 1.889¢ 5-8
Ust dudak 2.70 1.889¢ 1-7
Alin 210 2.234be 2-4
Gular bdlge 1.70 1.3378be 0-4
Operkulum 1.50 1.080abe 1-3
Lateral gizgi 1.bélge 0.60 0.699° 0-4
Lateral ¢izgi 2. Bolge 0.80 1.1352 0-3
Lateral ¢izgi 3.bdlge 1.00 1.24720 0-3
Dil 2.80 1.989¢ 1-6
Damak 240 1.8380c 1-5
TARTISMA VE SONUG

Bugline kadar farkli balik tirlerinde eksternal ve internal
tat tomurcuklarinin dagiim ve yogunluklarinin belirlenmesine
yonelik calismalar (Kiyohara ve Yamashita, 1980; Atema,
1980: Jakubowski ve Whitear, 1990; Cinar vd.,1999; Cinar ve
Kir, 2001; Hansen vd., 2002; Diaz-Regueira vd., 2005;
Ohkubo vd., 2005; Diler vd., 2009; Karaoglu, 2011)
yaplimistir. Ancak akvaryum baliklarina ydnelik yapilmis
calismalarin sayisi sinirli olup astronot baliginda tat

tomurcuklarinin  dadiimi ve yogunlugu ile ilgili calisma
bulunmamaktadir.

Garra lamta Uzerinde yapilan bir calismada alt dudak
(41.22 um) ve (st dudak (48.22 ym) ortalama epidermis
kalinliklari arasinda farkllik oldugu bildirilmistir (Pinky ve
Mittal, 2008). Bu galismada da benzer sekilde alt dudak (25
um) ve Ust dudak (51 pm) ortalama epidermis kalinliklari
arasinda farklilik oldugu saptandi.

Eram ve Michel (2005) Kanal kedi balijinda (/ctalurus
punctatus) damak epitelindeki tat tomurcuklarinin ortalama
boyutlarinin 61.7 x 43.5 pm oldugunu bildirmiglerdir. Bu
galismada ise damak lamina epitelyalisindeki tat
tomurcuklarinin ortalama boyutlarinin 13 x 14 um oldugu
belirlendi.

Biykli  ballk  (Barbus capito  pectoralis)ta tat
tomurcuklarinin en yogun olarak gular bélgede bulunduklari,
bunu sirasiyla operkulum, alin ve anal bolgelerin
epidermislerinin izledigi bildirilmistir (Cinar ve Kir, 2001).
Sudak baliginda ise tat tomurcuklarinin en fazla Ust dudak
epidermisinde dagiim gosterdigi, bunu sirasiyla alt dudak,
lateral bdlge, gular bodlge, operkulum ve alin bdlgesi
epidermislerinin takip ettigi belirtimistir (Karaoglu, 2011). Bu
galismada ise eksternal bdlgelerde tat tomurcuklarinin alt
dudakta yogun olarak bulunduklari bunlar Gst dudak, alin,
2.dorsal yiizgeg ve gular bélgenin izledigi gorilda.

Bazi Cyprinidae (Phoxinus phoxinus, Blicca bjoerkna,
Carassius carassius, Vimba vimba, Abramis brama, Rutilus
rutilus, Alburnus alburnus, Leucaspius delineatus, Pelicus
cultratus, Rhodeus sericeus) tlrlerinde eksternal tat
tomurcuklarinin oldukga yodun oldugu halde viicut ylzeyinin
bazi bélgelerinde (operkulum, frontal ve lateral) ve
ylzgeglerde (pektoral, pelvik ve kaudal) ise daha az
yogunlukta oldugu bildirilmistir (Gomahr vd., 1992). Gokkusagi
alabali§i  (Oncorhynchus mykiss)nda tat tomurcuklarinin
dudaklar, pektoral ve pelvik ylizgegler ile pektoral-anal ylizgeg
aras! lateral bdlgelerde dagilim gésterdigi belirtiimistir (Diler
vd., 2009). Pseudophoxinus antalyae (Cinar ve Senol, 2005)
ve Garra rufa (Ginar vd., 2008) tiirlerinde tat tomurcuklarinin
en fazla dudaklarda dagiim gdésterdigini bildirmislerdir. Bu
calismada da arastiricilarin (Gomahr vd., 1992; Cinar ve
Senol, 2005; Cinar vd., 2008; Diler vd., 2009) bulgulariyla
benzer bulgular elde edildi.

Cizgili sazan (Pseudorasbora parva)da bu galismayla
benzer olarak tat tomurcuklarinin gogunun dudaklar ve agiz
icinde bulundugunu belirtilmistir (Kiyohara vd., 1980). Ohkubo
vd. (2005) Zebra (Danio rerio) baliginda tat tomurcuklarinin
deri bolgeleri ve solungag bolgeleri de dahil olmak lizere agiz
boglugu icinde hemen hemen esit sayida dagildigini
belirtmiglerdir. Bu c¢alismada ise dudaklar ve internal
bdlgelerde tat tomurcugu yodunlugunun diger bdlgelerden
fazla oldugu tespit edildi. Ayrica Kiyohara vd. (1980) tat
tomurcuklarinin kuyruk yéniinde azaldigini bildirmiglerdir. Bu
galismada ise bdyle bir bulguya rastlanmamistir.
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Bu calismada saptanan bulgulara paralel olarak Fishelson
vd., (2004) Siphamia permutata, Cheilodipterus caninus, C.
bipunctatus ve C. quinquelineatus tirlerinde, Fishelson ve
Delerea (2004) Gobiidae ve Blenniidae familyalarina ait
(Bathygobius ~ fuscus, Gobius paganellus, G. cobitis,
Parablennis rouxi) tlirlerde tat tomurcuklarinin dil lamina
epitelyalisinde dagilim gosterdiklerini  bildirmiglerdir. Yine
Fishelson ve Delerea (2004) vyaptiklari c¢alismada tat
tomurcuklarinin en fazla dudaklarda dagiim gdsterdigini ve
bunlar arasinda en g¢ok (st dudakta bulundugunu
belirtmislerdir. Bu ¢alismada ise tat tomurcuklarinin en yogun
bulundugu bdlgenin alt dudak oldugu tespit edildi.
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yasama orani uzerine yem: larva oraninin etkileri
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Ozet: Maja crispata (Risso 1827)nin larval gelisimi ve yasama orani iizerine yem:larva oraninin etkileri incelenmistir. Denemeler 21,6 + 0,5°C su sicakliginda
yapilmistir ve larvalar bes yem:larva orani [5 Artemia/larva (A1), 10 Artemia/larva (A2), 15 Artemia/larva (A3), 20 Artemia/larva (A4) ve 25 Artemia/larva (A5)] ile
beslenmiglerdir. Tim gruplarda, zoe | sathasi 3 giin, zoe Il sathasi 5 glin sirmlstir. Megalop evresi tiim gruplarda 6 giinde tamamlanmistir ve larvalarin juvenil
evresine gegisleri A1 ve A2 gruplarinda 13-14 glinde; A3, A4 ve A5 gruplarinda ise 12-14 glinde tamamlanmistir. Bu galisma yem:larva oraninin M. crispata
larvalarinin yasama oranlarini olumsuz etkiledigini (P<0.05), ancak gelisim stirecini etkilemedigini gostermistir.

Anahtar kelimeler: Maja crispata, érimcek yengeci, besleme, gelisim, yasama orani, larval yetistiricilik

Abstract: Effects of prey:larva ratio on larval development and survival rate of Maja crispata (Risso 1827) were investigated. The experiments were performed at
21.6£0.5°C, and the larvae were fed with five prey:larva ratios [5 Artemia/larva (A1), 10 Artemia/larva (A2), 15 Artemia/larva (A3), 20 Artemia/larva (A4) and 25
Artemia/larva (A5)]., The stage zoea | lasted within 3 days and zoea Il stage occurred in 5 days in the all experimental groups. Furthermore, the megalopa stage
took place at the same duration (6 days) for all groups. Although, the larvae reached to the juvenile stage in 13-14 days at A1 and A2 groups, within 12-14 days
at A3, A4 and A5 groups. This experiment presented that prey:larva ratio affected to the larval survival rates in M. crispate (P<0.05), but did not affect the

developmental duration.

Keywords: Maja crispata, spider crab, feeding, development, survival rate, larval rearing

INTRODUCTION

The lesser spider crab, Maja crispata (Risso 1827) is the
smallest species belongs to family of Majidae and lives in
rocky and sandy intertidal and shallow waters with rich in
algae to a depth of 20 m. The spider crabs distribute from the
eastern Atlantic (the cost of Portugal to Cabo Blanco) to the
Cape Verde Islands in Africa, and along the Mediterranean
(Monod, 1956; Zariquiey-Alvarez, 1968 (as Maja verrucosa);
Manning and Holthuis, 1981; Stevcic and Galil, 1993; Udekem
D'acoz, 1999; Turkay, 2001).This species reaches a
maximum size much smaller than Maja squinado and Maja
brachydactyla (Sampedro et al., 2003). Although, M. crispata
are captured by trammel nets and are consumed freshly in
some European countries (Fisher et al., 1987), this species
are discarded by set netters along the shallow waters in
Turkey.

Artemia sp. have been identified as the most suitable prey
for brachyuran crab larviculture (Bigford, 1978) due to their
wide acceptance by the larvae (Anger, 2001), and their easy
handling as commercially available inert cysts. The live prey

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

concentration used during larval rearing is of primary
significance for larval survival due to most brachyuran crab
larvae are not selective feeders, and their feeding efficiency
depends on zooplankton encounter rates. As yet, using
Artemia density for crab larval rearing varies from 0.5 to 30
prey.ml=* (Bigford, 1978; Heasman and Fielder, 1983; Iglesias
et al., 2002; Rhyne et al., 2005). However, there is no longer
available data related to feeding with Artemia and minimum
feeding ratio on larval development and survival rate of M.
crispata in terms of rearing or culture conditions. The aim of
the present study was to determine the effects of prey density
on larval development and survival rate of M. crispata in
captive conditions.

MATERIALS AND METHOD

Maintance of broodstock

A total of 67 M. crispata adults (48 males and 19 females)
were captured by trammel net at depth between 2 and 8 m
from the Iskele harbour at Urla, Izmir on May 24, 2012. Seven
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ovigerous females (the mean carapace width was 55.1 + 1.89
mm and the mean body weight was 71.7 + 6.9 g) were
selected and placed individually in the baskets (10 | of volume
and 150 p of mesh size) in an open flow-through filtered sea
water system two cylindrical polyester tanks (450 | volume) in
indoor facilities of the Fisheries Faculty of Ege University
(Urla, 1zmir). Natural photoperiodicity was adjusted. The
average temperature, pH, salinity and dissolved oxygen in the
tanks was measured as 20.1 £ 2°C, 8.0 £ 0.2, 37 £ 0.1%0 and
6 + 0.2 mg.I", respectively. The specimens were fed ad-
libitum with piece’s fish species (i.e. Sardina pilchardus,
Engrualis encrasicolus) and cuttlefish (Sepia officinalis) by
hand. The following day, uneaten part or remains were
removed by siphoning.

Larval rearing

For the experiments, totally 450 newly hatched zoeae
were selected from 2500 sprightly individuals spawned by the
one adult female crab in the laboratory on June 26th. Except
the experimental larvae, the remainders were reared to metric
measurements depend on the developmental stages in a
plastic basket of 10 | well-supplied filtered sea water and
aeration, which was placed in a 450 | of polyester tank. By this
way, 10 larvae for each developmental stage were measured
as the nearest 0.1 mm by millimetric ocular (Figure 1). The
larvae (30 larva.l-1) were put into 1300 ml transparency plastic
beakers containing about 1000 ml filtered sea water. For
maintenance of the larvae, seawater was changed on a daily
basis by replacing 100% of the beaker volume with fresh sea
water that was regulated to experimental conditions and
supplied with continuous aeration. The experiments were
established in triplicate and began at the same water
temperature (20.1°C), and were maintained at ambient
temperatures at the end of the experiment. The all larvae were
reared from zoea | to first juvenile stage. Daily controls were
carried out for calculating survival rates [(initial individual
number - dead individual number / initial individual number) x
100] of the larvae based on developmental stages. By the
way, all developmental stages of the M. crispata larvae were
identified according to the Rodriguez (2002).

Figure 1. Metric measurements of M. crispata larvae based on
developmental stages (scale bar: 1 mm): A1; lateral view of ZI, A2; dorsal
view of ZI, B; ZIl, C; megalopa, D; juvenile, a; rostradorsal length (RDL) at ZI
and ZIl stages, b; carapace width (CW) at ZI stage, c; carapace width of
megalopa stage, d; carapace length (CL) at megalopa stage, e; carapace
width (CW) at the juvenile stage, f; carapace length (CL) at the juvenile stage.

Feeding protocol

The crab larvae were fed once in a day with five prey:
larva ratios [5 Artemia.larva-! (A1), 10 Artemia.larva-! (A2), 15
Artemia.larva' (A3), 20 Artemialarva'’ (A4) and 25
Artemia.larva' (A5)]. Furthermore, Artemia nauplii were used
for zoea | (ZI) and zoea Il (ZIl) stages, at following stage
megalopa (M) were fed with Artemia metanauplii enriched with
mix algae powder of the Algamac®, for 24 hours. Artemia
nauplii were counted using volumetric procedures. lllumination
was adjusted 24 hours by using 40W fluorescent lamp during
the incubation and enrichment period.

Furthermore, throughout the experiment, daily water
parameters such as temperature, pH, oxygen and salinity
were monitored using Extech® DO700 Multiparameter.

Statistical analysis

The data were given as mean £ S values in the text. The
survival rates were compared using one-way analysis of
variance (ANOVA) followed by the Duncan’s multiple range
test to determine significant differences among means
(P<0.05). Normal percentage transformation to arcsine was
carried out prior to analysis of variance. All statistical analyses
were carried out using the SPSS15.0 package program.

RESULTS

During the experiment, the mean water parameters were
measured as 21.6+0.5°C, pH 8.1+0.1, 64.710.4% of
dissolved oxygen and 37+0.2%. of salinity (Fig 2). Fully larval
development of M. crispata lasted 14 days (Table 1).
Considering the experiments carried out as a whole, mean
survival rates were 100% for ZI at between 0 and 3 days,
95.2+4% for ZIl at between 5 and 9 days, 40.7+11.8% for M
at between 8-13 days, and 7.76+5.4% for first juvenile stage
at 14 days of the experiment. Significant differences were
found in the survival rates among the trials (P<0.05) (Table 2).
Additionally, cannibalism were determined at the M stage; the
megalopa larvae eaten the live ZIl stage larvae. Morphometric
measurements of the M. crispata larvae were presented in
Table 3. Furthermore, the differences, if excited, between the
measurements of larvae were neglected in this study.
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Figure 2. The water quality parameters during the experiment.
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Table 1. Larval developmental duration of M. crispata.

Date Al A2 A3 A4 A5
26.05.2012 A ZI Zl Zl Zl
27.05.2012 Zl ZI ZIl Zl Zl
28.05.2012 A ZI Zl Zl Zl
29.05.2012 zI+zIl zZI+zZIl ZI+ZIl ZI+ZIl ZI+ZII
30.05.2012 ZIl VAl VAl ZIl ZIl
31.05.2012 ZIl ZIl ZIl ZIl ZIl
01.06.2012 ZIl ZIl VAl ZIl ZIl
02.06.2012 ZII+M ZII+M ZII+M ZII+M ZII+M
03.06.2012 M M M M M
04.06.2012 M M M M M
05.06.2012 M M M M M
06.06.2012 M M M+] M+] M+]
07.06.2012 M+ M+ M+ M+] M+]
08.06.2012 J J J J J

ZI: zoe-l; ZII: zoe-Il; M: megalopa; J: juvenile
Table 2. The mean survival rates of the M. crispata larvae
Stage Al (%) A2 (%) A3 (%) A4 (%) A5 (%)
Zoeal  100£0.0™  100£0.0™  100£0.0™  100+0.0™  100+0.0™
Zoeall 90.0£0.0® 93.3+£1.0™  96.7+1.0" 97.8+10.7™ 86.7+1.0™
Megalopa 253+3.8™ 25.7£4.0™ 28.8+4.7™ 355+£5.7™  40.0+5.7"
Juvenile  22+0.7%  22+0.7°  8.9x1.2*° 1L1£1.7°  14.4£1.7°

Values in the same row that do not share a common superscript are
significantly different; ns: no significance, (P<0.05).

DISCUSSION

This type of abbreviated development is common to all
Majoidea species that have been studied larval development
(Guerao et al., 2008). In any case, larval development of M.
crispata has been studied by Rodriguez (2002). Andrés et al.
(2007) showed that in M. brachydactyla under constant
conditions of salinity (36%c) and temperature (18°C), larval
developmental stages take place 18 days; ZI at 311 days, ZII
at 8+1 days, M at 12+2 days, and first juvenile at 18 days.
Also, Palma et al. (2008) presented that in M. brachydactyla

(as M. squinado) at 19.940.1°C and 37.6+0.2%, this period
lasted 22 days within the larval stage each molting phase (ZI,
ZIl and M) lasted 7-8 days. However, in this study, the larval
period completed in shorter times (14 days) even the groups
of feed with low prey density (5 prey.larva-') than that of the
researchers’ findings for M. brachydactyla and M. squinado. It
might be stemming from water temperature (21.6£0.5°C in
the present study) and species specific characteristics.

The notable differences between the sizes of the M.
crispata larvae in the present study and in that by Rodriguéz
(2002) may be attributable to laboratory rearing conditions.
The larvae of M. crispata at ZI and ZIl stages can be easily
separated from the larvae of M. squinado, M. brachydactyla,
and M. goltziana by measurements (Table 3).

According to the present results, the entire larvae even the
group feeding with 5 Artemia.larva' completed to ZII stage
with over 90% of survival rate. From this point, differences
between the survival rates of the larvae at first juvenile stages
among the trials significantly changed (P<0.05). It is thought
to be that this was the prey density effect on survival rates of
M. crispata larvae. Anyhow, the larval survival rates were
found relatively higher than that of Andrés et al. (2007) for M.
brachydactyla (87.1% for ZI, 64.7+4.8% for ZIl, 24.8+1.5% for
M, and 11+0.8% for first juvenile) and of Palma et al. (2008)
for ZIl and M stage of M. squinado (100% for ZI, 55.2+10.1%
for ZII, 32.446.4% for M, and 13.8+3.3% for first juvenile). The
settlement and molt to first juvenile period was found to be
critical in M. brachydactyla (Iglesias et al., 2002; Palma et al.,
2008) and M. squinado (Guerao and Rotllant, 2010).
However, this study showed that not only settlement and molt
to first juvenile period, but also zoea Il to megalopa stage is
critical at least for M. crispata.

Sampedro and Gonzalez-Gurriaran (2004) and Palma et
al. (2008) pointed out that spider crab is a non-cannibalistic
species. However, cannibalism was observed at the beginning
of M stage in the present study. It's thought to be that this
phenomenon might be stemming from low prey density, and
also species specific features.

Generally, the use of high densities of live prey in the
rearing water enhanced both survival and growth of the larvae
(Andrés et al., 2007). Brick (1974) showed that survival of
Scylla serrata (Decapoda: Portunidae) up to megalopa stage
increased in parallel to Artemia concentration.

Table 3. Comparing of morphometric characteristics in the larvae of M. crispata, M. squinado, M. brachydactyla, and M. goltziana from present and previous

studies
~eature M. crispata® M. crispata® M. squinado® M. squinado® M. brachydactyla® M. goltziana®
Stage (mm) ’ ’ ’ ) ) )
Zoea l RDL 1.29+0.05 1.4-15 195 1.9340.03 1.87+0.05 2.03-2.15
CwW 1.20+0.02 - - 1.18+0.02 1.12+0.04 1.00-1.08
Zoea Il RDL 1.67+0.04 1.61-1.72 2.1 2.19+0.04 2.02+0.05 2.03-2.27
Cw 1.13+0.02 - - - 1.30+0.05 1.19-1.27
Megalopa CL 1.80+0.02 1.72-1.90 14-15 1.88+0.03 1.67+0.07 1.79-1.91
Ccw 0.92+0.02 - - - - -
Juvenile CL 1.84+0.01 - -
CW 1.20+0.02 - -
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Also, Bigford (1978) reported that the survival rate of the
Libinia emarginata zoea | was high when cultured using 6
prey.ml-! than with only 3 prey.ml-'. Andrés et al. (2007) found
that the same results for M. brachydactyla at ZI and ZlI
stages. Also, the current results agreed with the previous
findings.

In conclusion, M. crispata larvae can be easily reared
under controlled conditions, and keep going of ZI and ZII
stages of the larvae with a minimum adequate Artemia ratio
as 5 Artemia.larva' (0.15 prey.ml!). On the other hand, the
cannibalism existence in M. crispata larvae was shown firstly.
However, the present study suggested that for obtaining of
high larval survival rate, the prey density should be increased
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since starting of M stage, especially. Furthermore, this
experiment presented that prey density did not affect the
developmental duration of M. crispata larvae, but survival
rates. However, detailed studies should be carried out for
clear understanding of its bio-ecological characteristics. of M.
crispata larvae on optimum prey density, prey size, foraging
behaviour, feeding physiology, etc.
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Ozet: Balik giftlikleri, insanlarin tiketmesi igin yiiksek miktarlarda besin Gretmektedir. Fakat sucul ekosistemlerde agir metal kirliligi, ciddi bir problem olabilir. Bu
calismada, Aralik 2011 ve Ocak 2013 tarihleri arasinda Kocaeli ilinde bulunan balik hallerinden alinan Ug kiiltir balidi tiiriinin (Oncoryhynicus mykiss (gokkusag
alabali§i), Dicentrarchus labrax (levrek) ve Sparus aurata (gipura)), yenilebilir dokularinda bulunan mikroniitrient ve esansiyel olmayan element
konsantrasyonlari izlenmistir. Ca, K, Mg, Na, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Pb, Se, ve Zn konsantrasyonlari ICP-MS kullanilarak analiz edilmis ve bélge halki
icin bu baliklarin tiketimi sonucu bu elementlerin yillik alim miktarlar hesaplanmigtir. Balik kas dokusunda bulunan element konsantrasyonlarinin hig biri,
Birlesmis Milletler Gida ve Tarim Orgiiti ve Tirk Gida Kodeksi tarafindan belirlenen limitleri asmamistir. Hesaplanan element alim miktarlari, bu giftlik
baliklarinin insanlar tarafindan tiiketilmesinin risk olusturmadigini gdstermistir. Temel bilesenler analizi, deniz ciftlik baliklarinin kas dokusundaki elementlerin Ug
bilesen altinda gruplanabilecegini géstermistir.

Anahtar kelimeler: Giftlik baligi, ipura, element, gékkusagi alabaligi, levrek.

Abstract: Fish farms are able to produce high amount of quality food for human consumption. On the other hand, heavy metal pollution in aquatic ecosystems
can be a serious problem. In this study, some micronutrients and non-essential element concentrations in edible tissue of three cultured fish species,
(Oncoryhynicus mykiss (rainbow trout), Dicentrarchus labrax (seabass) and Sparus aurata (seabream)) which were taken from primary fish markets of Kocaeli
province between December 2011 and January 2013 were monitored. Concentrations of Ca, K, Mg, Na, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Pb, Se, and Zn were
analyzed using ICP-MS and annual intakes of these elements via consumption of fish were calculated for inhabitants. None of the element concentrations in the
fish muscle tissue exceeded the threshold levels which were suggested by Food and Agriculture Organization and by the Turkish Food Codex and based on
calculated element intake rates, there were no risk for humans to consume these farm fishes. Principal Component Analysis reveals that elements can be
grouped under three components in cultured marine fish muscle tissue.

Keywords: Farm fish, element, rainbow trout, seabass, seabream.

INTRODUCTION

Fish is on the top of aquatic food pyramid and is an
important protein source for human diet. With progressing
technology in fish culture, this important protein source is
becoming available for many people. Heavy metal pollution of
marine environment has long been recognized as a serious
environmental concern. In aquatic environments, pollutants
are potentially accumulated in aquatic organisms and
sediment. Therefore, heavy metals in aquatic environments
are transferred through food chain into humans. It is well
known that edible parts of fish (muscle and skin) are not active
tissues in accumulating heavy metals. (Kalay et al. 1999) But
it was informed that heavy metal levels of edible portions of
some fish in polluted regions exceeded acceptable levels
(TGzen, 2003; Uysal et al. 2008). It has been recognized for
many years that concentrations of metals found in coastal
areas, whether they are in the dissolved or the particulate
phase may be derived from a variety of anthropogenic and

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

natural sources. Through atmospheric deposition, sewage
outfalls, urban storm water, and agricultural and industrial
runoff, heavy metals may enter marine and pond fish culture
areas and subsequently pose a human health risk. On the
other hand, the residual content of contaminants (metals and
organics) in cultured fish diet constituents (fish), and of Cu,
which is commonly used in antifouling chemicals for the
treatment of net-pen cages, has drawn little attention
regarding impacts to the aquatic environment (Burridge et al.
1999; Cheung et al. 2008).

Aquaculture currently provides a considerable proportion
of edible fish which is expected to increase in future decades
in order to meet the needs of the growing human population
(Duarte et al. 2009).

Heavy metal load from fish is a serious problem especially
for people living in settlements which are densely populated.
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Kocaeli, which is located at the Marmara region, is a good
example for its dense population. Also the city has undergone
heavy industrialization since the 1960s, which was followed by
a rapid increase in population and an irregular urbanization
(Karademir 2004).

In this study the concentrations of metals in edible tissue
of culture breed Oncoryhynicus mykiss, Sparus aurata and
Dicentrarchus labrax that are commercially available in the
Kocaeli fish markets were determined using Inductive Coupled
Plasma-Mass Spectrometry (ICP-MS). The aims of this study
are to determine changes in concentrations of some non-
essential elements and some micronutrients in the muscle
tissue of culture breed fish over a year, and to calculate metal
loads for individuals in Kocaeli exposed via consumption of
these fish.

MATERIALS AND METHODS

Oncoryhynicus mykiss, Sparus aurata and Dicentrarchus
labrax which are produced in fish farms were purchased from
the primary fish markets of Kocaeli province in December
2011 and January 2013. Fish samples (i.e. O. mykiss, which
are fed in Akyazi district of Sakarya province, and S. aurata
and D. labrax which are fed in Aegean Sea on offshore of
Aydin province) were put into polyethylene containers and
kept cool for immediate transportation to the laboratory.
Before dissection length and weight measurements of all
samples were done (Table 1). Ten individuals per fish species
were filleted using porcelain knives to avoid any metal
contamination. Dissected muscle tissues were homogenized
and fifty grams freeze dried until constant dry weight. Dried
samples were gently powdered and homogenized by

porcelain mortar and pestle. Muscle dry/wet weight ratios
were calculated gravimetrically (Table 1).

0.5 g dried samples were digested for 30 minutes with
mixture of i.e. 7 mL HNOs, 1 mL HCl and 1 mL H202 in a
microwave digestion system at 200 °C (1000 W). Suprapure
Merck chemicals were used upon digestion. After digestion
samples were diluted up to 50 mL with ultra-pure water. All
measurements were done with at least 3 replicates. Digested
samples and analytical blanks that were prepared in the same
acid matrix were analyzed with Perkin EImer Elan DRC-e
model ICP-MS which equipped with Cetax ADX-500 auto
sampler and diluter. Internal standards were used for
calibration. The relative standard deviations were determined
as <5 %. Interferences due to Cl matrix were removed in
Dynamic Reaction Cell mode using CHs gas. In order to
validate the method for accuracy and precision, standard
reference material (SRM-NIST 2977 Mussel Tissue) was
analyzed for the corresponding elements. Analyze results for
SRM were given in Table 2.

To determine the annual exposures of metals to adults a
modified version of equation developed by the United States
Environmental Protection Agency (EPA 2000) was used:

En= (Cn DC) 365.25 (1)

Where; En is the annual individual exposure to chemical
contaminant m from ingesting fish (mg year?), Cm is the
concentration of chemical contaminant m in the edible portion
of the fish (mg kg), DC is the mean daily consumption rate of
the fish in Kocaeli Province (0.039 kg day!) considering the
study of Karademir (2004) conducted in the city.

Table 1. Sampling dates, locations, muscle tissue dry weight ratios, total lengths, standard lengths and fork lengths of fish that purchased from the primary fish

markets in Kocaeli Province

Sampling Sampling Total Length Standard Length Fork Length

. . 1o
Species Common Name Location Date (cm) (cm) (cm) Muscle Dry Weight Ratio (%)
. . Dec-11  28.6%338 26.3 + 3.1 - 252
Oncorchynchus mykiss ~ Rainbow trout Akyazi Jan13 29.0+10 26.6 + 0.9 ) 235
, Dec-11  323%0.3 26.8 1.1 30.1+£0.6 26.5
Dicentrarchus labrax Seabass  Aydinoffshore |40 34005 257410 208+0.4 26.6
Sparus aurata Seabream  Aydin offshore Dec-11  29.2+0.3 234+16 26.8+0.2 28.7
Jan-13  259+%138 220+ 1.1 249+21 284

Table 2. Certified and observed (mean + standard deviation) values of elemental concentrations in NIST 2977 Mussel tissue standard reference material.

Element Replicates  Certified Observed Value Recovery (%)
Ca (a ka) 5 8.30 8.40+0.07 101
K (g kg') 5 12.0 12.4+0.04 103
Mg (g kg) 5 39.0 40.1+0.47 103
Na (g kg) 5 24.0 20.440.23 85
As (mg kg) 5 8.83 8.16+0.82 92
Cd (mg kg') 5 0.18 0.16+0.02 91
Co (mg kg') 5 0.48 0.44+0.05 93
Cr (mg kg) 5 391 3.3440.27 86
Cu (mg kg') 5 9.42 8.64+0.99 92
Fe (mg kg-) 5 274 285+11.9 104
Hg (mg kg-1) 5 0.10 0.11£0.01 107
Mn (mg kg-1) 5 239 22.9+0.86 94
Se (mg kg) 5 1.78 1.58+0.11 89
Pb (mg kg-) 5 227 2.21£0.18 98
Zn (mg kg) 5 135 128+14.6 90
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RESULTS AND DISCUSSION

Concentrations of Ca, K, Mg, Na, As, Cd, Co, Cr, Cu, Fe,
Hg, Mn, Pb, Se, and Zn in the muscle tissue of O. mykiss, D.
labrax and S. aurata which were harvested in December 2011
and January 2013 are given in Table 3. Average annual
element intakes per adult in Kocaeli province via consuming
these fishes between December 2011 and January 2013 were
calculated according to formula (1) and given in Table 4.
Measured element concentrations in all samples were below
recommended threshold levels for human consumption which
were indicated by FAO (1983) and Turkish Food Codex (TFC,
2002; TFC 2011) (i.e. 1 mg kg'* for As, 0.5 mg kg! for Cd, 20
mg kg* for Cu, 1 mg kg for Hg, 0.3 mg kg for Pb, 50 mg kg
tfor Zn).

Presence of heavy metals i.e. As, Cd, Hg and Pb were
determined in muscle tissue of cultured fish species in 2011
and 2013. Although below recommended values (i.e. 1 mg kg-
1,0.05 mg kg, 1 mg kg*, and 0.3 mg kg-* wet weight for As,
Cd, Hg, and Pb respectively) by FAO (1983) and Turkish Food
Codex (TFC 2002, TFC 2011), it is noteworthy that these fish
species include non-essential elements. While the highest As
concentration was determined in D. labrax (i.e. 2.53 mg kg™),
the lowest in O. mykiss (i.e. 0.66 mg kg) in December 2011
in the present study. In a previous study As was found in
lower concentration (i.e. average 0.37 mg kg - wet weight) in
cultured D. labrax (Ersoy et al. 2006) from Mediterranean Sea.
On the other hand, higher As concentrations (i.e. average 4.9
mg kg') was reported in cultured S. aurata (Minganti et al.
2010) from Mediterranean Sea. Fish, those analyzed in the
present study, contains an average of 0.07 mg kg-' inorganic
As and could be consumed without restriction according to
EPA (2000). Because approximately 80% of As in fish muscle
is estimated to be in the form of arsenobetaine (Larsen and

Francesconi 2003), while inorganic As remain below the
recommended level by Turkish Food Codex (2011) and FAO
(1983). Cadmium concentrations in the present study varied
between 0.001 and 0.004 mg kg-' for all species. In a previous
study higher Cd concentration was determined (i.e. 0.012 mg
kg") in S. aurata in a fish farm from Adriatic Sea (Creti et al.
2010). Both the lowest (i.e. 0.01 mg kg'') and the highest (i.e
0.25 mg kg') Hg levels were determined in O. mykiss in 2011
and 2013 respectively in the present study. In a previous
study, while average Hg content was reported 0.02 mg kg in
O. mykiss it was reported as 0.04 mg kg-' in D. labrax in a fish
farm from Canary Island (Hardisson et al. 2012). In another
study 0.12 mg kg' average total Hg concentration was
reported in S. aurata in a fish farm from Mediterranean Sea
(Minganti et al. 2010). All Hg concentrations reported from
other studies were lower than the results in the present study
(Table 3). Pb values varied between 0.01 and 0.03 mg kg in
the present study. In previous studies higher Pb
concentrations were determined (i.e. 0.16 mg kg') in S.
aurata in a fish farm from Adriatic Sea (Creti et al. 2010) and
in cultured D. labrax (i.e. 0.28 mg kg' - wet weight) (Ersoy et
al. 2006) from Mediterranean Sea. Food pellets, precipitated
and/or resuspended sediment, and cage materials and
equipment including sea vessels can be sources of these non-
essential elements in the muscle tissue of fish samples. On
the other hand, because of lack of studies on metal contents
of artificial food from fish farms, it is difficult to estimate
sources of non-essential elements. Though there are some
surface sediment studies below the fish farms in the region
(Kalantzi et al. 2013; Basaran et al. 2010) it is also difficult to
say presence of non-essential elements in the muscle tissue
of farm fishes, originated from sediments.

Table 3. Element concentrations (dry weight + standart deviation) in cultured fish species (i.e. O. mykiss, D. labrax and S.aurata) harvested from Akyazi and

Aegean Sea, on December 2011 and January 2013.

0. mykiss D. labrax S. aurata

Element Akyazi Aydin offshore Aydin offshore

Dec-2011  Jan-2013 Dec-2011  Jan-2013 Dec-2011  Jan-2013
Ca(gkg?')  1.00£0.20 0.80+0.30 4.90+0.50 2.80+3.30 1.60£0.10 1.20+0.80
K (g kg) 11.316.40 20.9+0.40 0.20£0.10 16.9£0.50 7.50+10.4 19.0£0.30
Mg (gkg?)  1.10£0.10 1.40£0.10 1.60£0.10 1.30£0.10 1.60£0.10 1.30£0.10
Na(gkg')  4.30+1.50 2.90+0.10 0.010.01 6.00£0.10 2.50+3.50 2.60+0.10
As (mg kg') 0.66+0.01 1.56+0.08 2.53+0.08 0.89+0.06 1.67+0.07 1.17+0.18
Cd (mg kg') 0.01+0.01 0.01£0.01 0.01£0.01 0.01+0.01 0.01£0.01 0.01£0.01
Co (mgkg?) 0.03+0.01 0.0410.01 0.090.01 0.02+0.01 0.010.01 0.06+0.01
Cr(mg kg")  0.30£0.02 1.26+0.06 0.560.10 1.45+0.11 0.300.01 1.35+0.11
Cu (mg kg')  1.30+0.07 0.94+0.01 1.66+0.07 1.2340.60 1.13£0.11 1.311£0.21
Fe (mgkg?') 6.51+2.58 6.39+0.48 16.80.18 7.02+1.45 9.69+0.96 8.45+0.06
Hg (mg kg') 0.010.01 0.270.01 0.25+0.01 0.11£0.00 0.180.01 0.05+0.01
Mn (mg kg') 0.76%0.16 0.47£0.11 1.60£0.38 1.82+1.79 0.44+0.05 0.42+0.18
Se (mg kg')  0.68+0.01 0.87+0.03 0.82+0.06 0.60+0.05 0.67+0.01 0.50.03
Pb (mg kg)  0.01+0.00 0.03+0.01 0.030.01 0.01£0.02 BOL 0.03£0.04
Zn (mg kg") 15.3+0.44 11.940.21 16.940.98 9.67+0.47 14.3+0.68 9.17+1.03

BDL: Below detection level
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Table 4. Based on formula (1) calculated annual element intake per adult in
Kocaeli Province via ingesting fish (i.e. O.mykiss, D.labrax, and
S.aurata) between December 2011 and January 2013.

Element 0. mykiss D. labrax S. aurata
Akyazi Aydin offshore

Ca (g year) 341+ 053 135+ 582 570+ 1.19
K (g year) 61.0 £ 258 287 + 395 538 + 327
Mg (g year) 473+ 082 507+ 09 590+ 091
Na (g year) 136+ 3.75 103 + 138 104 * 0.21
As (mgyear!) 420+ 242 603+ 431 578 + 148
Cd(mgyeart) 0.02+ 001 0.01% 001 0.02+ 0.01
Co(mgyear!) 013+ 003 019+ 019 0.5+ 0.13
Cr (mg year-) 295+ 257 343+ 201 3.35+299
Cu(mgyear') 424+ 095 504+ 13 496+ 048
Fe (mg year) 244 £ 028 420+ 261 369 + 3.82
Hg (mgyear!) 054 + 069 064 + 037 047 +0.38
Mn (mgyear!) 233+ 077 592+ 025 175+ 0.07
Se(mgyear) 293+ 052 248+ 066 238 + 0.51
Pb (mgyear')  0.07 £ 006 0.07 + 0.06 0.06 + 0.08
Zn (mg year-) 513+ 9.05 465+ 199 478 + 151

The highest Cr concentration was determined in D. labrax
(i.e. 1.45 mg kg') in January 2013 while the lowest Cr
concentrations were found in O. mykiss (i.e. 0.30 mg kg) in
December 2011. In contrast to all other elements,
approximately four times higher Cr concentrations were
determined in January 2013 for all species. In a previous
study 0.12 mg kg-' - wet weight Cr was determined in cultured
D. labrax from Mediterranean Sea (Ersoy et al. 2006). Similar
with As, Cd, Cr, and Pb, the highest Co, Cu, Fe, Mn and Zn
concentrations were determined in D. labrax (i.e. 0.09 mg kg1,
1.66 mg kg, 16.8 mg kg, 1.60 mg kg, and 16.9 mg kg
respectively in December 2011). On the other hand, the
lowest concentrations of Cu and Fe were determined in O.
mykiss in January 2013 (i.e. 0.94 mg kg, and 6.39 mg kg~
respectively) while the lowest Mn and Zn concentrations were
determined in S. aurata in January 2013 (i.e. 0.42 mg kg,
and 9.17 mg kg'). In a previous study Cu, Fe, Mn and Zn
concentrations were determined in similar concentrations (i.e.
1.3 mg kg, 10.3 mg kg, 0.5 mg kg, and 15.9 mg kg~
respectively) in cultured S. aurata in Mediterranean Sea
(Minganti et al. 2010). On the other hand it should be noted
that, element concentrations in the wild marine fish from the
Turkish coast, has much higher element concentrations which
were determined in fish muscle tissue (Ergil and Aksan,
2013).

Macronutrient elements i.e. Ca, K, Mg and Na were
determined in considerable levels in all fish species. While the
highest Ca and Mg concentrations were determined in D.
labrax the lowest levels of these elements were determined in
O. mykiss. On the other hand, in contrast to these element
concentrations the highest K and Na concentrations were
determined in O. mykiss while the lowest levels were
determined in D. labrax (Table 3). In a previous study which
was carried out in food pellets that used in Aegean Sea fish
farms (Kalantzi et al. 2013) reveals that, average Ca, Mg and

Na concentrations in fish muscle tissue in the present study
(i.e.2.10 g kg, 1.40 g kg', and 3.10 g kg™ respectively) were
lower than Ca, Mg and Na levels in food for farm fish (i.e.
13.0 g kg, 2.00 g kg'!, and 6.00 g kg respectively) except
potassium which were determined in average as 12.6 g kg in
the present study while it is reported as 7.00 g kg in food for
farm fish.
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Figure 1: Based on Principal Component Analysis, there components explain
total variance for As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Pb, Se, and Zn in
cultured marine fish.

Except macronutrients (i.e. Ca, K, Mg, and Na) Principal
Component Analysis (PCA) revealed that elements can be
grouped under three components in cultured marine fish
muscle tissue (Fig 1). First group contains As, Hg, Fe, Se and
Zn that explain 60.2 % of total variance. In this group,
significant correlations were determined between Hg and Se (r
= 0.99, p < 0.05). Because it is known that Se and Hg have
binding affinity for each other (Paulsson and Lundbergh
1991), this result indicates that Se has a protective effect on
health against Hg. Also significant correlations were
determined between Hg and Zn (r = 0.97, p < 0.05) and
between As and Fe (r = 0.98, p < 0.05) in this group. Second
group contains Co, Cu, Mn, and Pb that explain 24.9 % of
total variance. Although there were no significant correlations
(p > 0.05) among the elements in this group, Co, Cu, Mn, and
Pb are known as transition and post-transition metals and
similar chemicals behavior is expected in the tissue. Third
group contains Cd and Cr that explain 14.9 % of total
variance. Also significant correlation were determined
between these elements (r = 0.98, p < 0.05). Cd and Cr are
known by their affinity for proteinaceous tissue (Mathews and
Fisher 2009), presence of these metals with high correlation is
an expected result in the fish muscle tissue.

CONCLUSIONS

In the present study, element concentrations, including
essential and non-essentials, in the muscle tissue of highly
consumed farm fish were determined for two consecutive
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years in muscle tissue and average annual intake of these
elements were calculated for adults. To our knowledge, this
research is the first element assessment study in cultured fish
species in Turkey. None of measured elements exceed
threshold levels or recommended values for consumption in
fish. Also, comparisons with the previous studies reveal that,
metal levels were found much lower than those results in wild
marine fish. However, non-essential elements (i.e. As, Cd, Hg,
and Pb) were determined in all samples and it is suggested
that monitoring of these elements can be useful for further
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SHORT COMMUNICATION KISA ARASTIRMA

First record of Limnoporus rufoscutellatus (Hemiptera: Gerridae) from

Turkey, with some ecological notes

Limnoporus rufoscutellatus (Hemiptera: Gerridae)’'un Turkiye’den ilk kaydi

ve bazi ekolojik notlar
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Ozet: Limnoporus rufoscutellatus (Latreille, 1807) Agustos 2006'da Tiirkiye'nin Dodu Karadeniz Bolgesi'ndeki bir dag golii olan Kuzeyaksu Gélinden iki erkek
birey ilk kez kaydedilmistir ve lokaliteye ait bazi ekolojik ézellikler hakkinda bilgi verilmistir.

Anahtar kelimeler: Dogu Karadeniz Bolgesi, Kuzeyaksu Goli, Hemiptera, Gerridae, Limnoporus rufoscutellatus, Trkiye.

Abstract: Limnoporus rufoscutellatus (Latreille, 1807) is reported for the first time from Turkey. Two male specimens were collected from the Lake Kuzeyaksu,
where is a mountain lake located in the Eastern Black Sea Region of Turkey, in early August 2006. Some ecological features of the lake were given as well.

Keywords: Eastern Black Sea Region, Lake Kuzeyaksu, Hemiptera, Gerridae, Limnoporus rufoscutellatus, Turkey.

INTRODUCTION

Water striders (Gerridae) live on the water surface of
ponds, marshes and slow-flowing streams (Savage, 1989). As
Andersen (1995), the family Gerridae was represented by only
three genera (Limnoporus Stal, 1868; Aquarius Schellenberg,
1800 and Gerris Fabricius, 1794) for Europe.

According to the review of the Turkish water bugs (Fent et
al., 2011; Dursun, 2012), the Turkish water striders fauna
includes 10 confirmed taxa Aquarius ventralis (Fieber, 1860),
A. paludum paludum (Fabricius, 1794), Gerris (Gerris)
argentatus Schummel, 1832; G. (G.) caucasicus Kanyukova,
1982; G. (G.) costae fieberi Stichel, 1938; G. (G.) lacustris (L.,
1758); G. (G.) maculatus Tamanini, 1946; G. (G.)
kabaishanus Linnavouri, 1998 and G. (G.) thoracicus
Schummel, 1832, Gerris (Gerriselloides) asper (Fieber, 1860).
Fent et al. (2011) also listed an additional species,
Limnoporus rufoscutellatus (Latreille, 1807), referring to the
preliminary version of this manuscript. Here we present the
details considering the record.

MATERIALS AND METHOD

The material used in this study was collected mainly on
4th August 2006. The samples were collected by ladle and net
with a mesh diameter of 0.5 mm from the water surface of the
Kuzeyaksu mountain lake. The specimens were killed with
ethylacetate solution and put into small bottles. The water
striders were identified using the keys by Poisson (1957),

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

Southwood and Leston (1959), Savage (1989), Andersen and
Spence (1992) and Kanyukova (2006). The materials are
stored in the collection of Ege University, Faculty of Fisheries
Museum (ESFM), Izmir, Turkey.

RESULTS AND DISCUSSION
Infraorder: Gerromorpha Popov, 1971
Family: Gerridae Leach, 1815

Limnoporus rufoscutellatus (Latreille, 1807)

Material examined and ecological notes: TURKEY: Rize
Province: 2 &, 04/08/2006, Lake Kuzeyaksu (Kazangukuru
plateau-lkizdere-Rize) (40°39'19"N 40°50'57"E), leg. Esat T.
Topkara, ESFM-INS/2006-040 (Figure 1,2); alt. 3070 m, water
pH 7.65, conductivy 37.1 uSzsc, water temperature 17.9°C.

Distribution: Palaearctic Region: Europe: Austria,
Belarus, Belgium, Britain, Bulgaria, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Ireland, ltaly,
Latvia, Lithuania, Moldova, Norway, Poland, Romania,
Slovenia, Sweden, Switzerland, the Netherlands, Ukraine
Asia: Armenia, Azerbaijan, Central Asia, Georgia, Japan,
Northern China, Mongolia, Russian Far East, Siberia Nearctic
Region: Alaska, North-western Canada (Andersen 1995;
Kanyukova 1982, 2006; Fent et al., 2011).
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Ecology: According to Savage (1989), this species can be
found in rivers, lakes ponds or pools. Nummelin et al. (1988)
reported that, Limnoporus rufoscutellatus occurs in ditches,
temporary and permanent waters, ponds and lakes. Similarly,
we found this species among the aquatic macrophytes of a
small mountain lake. Poisson (1957) indicates that, the
species has less crowded populations than that of Gerris
species. We observed three specimens at the sampling site
but could only collect two of them, in the field.

After reporting this new record, the exact number of the
taxa belonging to Gerridae reported from Turkey so far has
reached to 11.

Figure 1. Lateral view of Limnoporus rufoscutellatus ()
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Abstract: Natural products and their derivate compounds have been underlined of new drugs along centuries. The compounds which are named secondary
metabolites are produced by organisms against to predators in nature. Initially various terrestrial plants were investigated for achieve valuable drugs leads.
Recent years, pharmaceutical research into natural products has declined on the grounds of isolation of similar metabolites and high-throughput screening of
synthetic products. On the other hand, resistant strains of pathogens are increasingly prevalent in hospitals and in the community. New diseases is pressing
need to develop new drugs, but progress in developing them has been slow. Therefore, particularly the emergence of health issues suggests that the discovery
of new scaffolds such as cytarabine (Ara-c), vidarabine (Vira-A1) and salinosporamide A should be a priority.

New technologies provide smart screening methods to discover new natural drugs from untapped biological resources. Especially advances in rapid genetic
sequencing, coupled with manipulation of biosynthetic pathways, may provide a vast resource potential for the discovery of new pharmaceuticals. These
technological advances encourage renewed interest in natural products and the natural drug discovery. In this review, we focused on marine metabolites also
bring the marine chemical diversity up to its therapeutic potential, while it is offering an extremely rich resource for novel compounds.

Keywords: Natural product, bioactive secondary metabolites, marine environments, marine organisms.

Ozet: Yiizlerce yil boyunca yeni ilaglarin temelini dogal Griinler ve bunlardan elde edilmis bilesikler olusturmustur. Sekonder metabolitler olarak adlandirilan bu
bilesikler dogada organizmalar tarafindan diismanlarindan korunma amaciyla iretilmektedir. Son yillarda benzer metabolitierin izole edilmesi ve ayrica sentetik
Uretimin yliksek tarama olanaklari sunmasinin da etkisiyle dogal trlnlere yonelik ilag arastirmalari oldukga azalmistir. Bununla birlikte cesitli patojenlerin
hastanelerde ve toplumda direngli suslar gelistirmesi giderek daha yayginlasmaktadir. Yeni hastaliklar yeni ilaglarin kesfini zorunlu hale getirirken, bitiin bunlarla
miicadele igin gerekli olan yeni antimikrobiyallerin gelistiriimesinde ilerleme yavas olmaktadir. Bu nedenle dzellikle saglik alanindaki bu ve benzeri problemler
cytarabine (Ara-c), vidarabine (Vira-A1) ve salinosporamide A gibi yeni kiiglik molekiil yapili bilesiklerinin kesfinde dncelik olmasi gerektigini gdstermektedir.

Yeni teknolojiler heniiz aragtirimamis biyolojik kaynaklarin dogal ilag kesiflerinde kullaniimasini saglayan oldukga etkili akilli tarama yontemleri sunmaktadir.
Ozellikle hizli genetik sekanslama ile birlikte biyosentetik yolaklarin manipulasyonundaki ilerlemeler yeni ilaglarin kesfi igin biyik bir kaynak sunabilecek
potansiyele sahiptir. Teknolojideki bu ilerlemeler yeni ilag kesfine ve dogal irlinlere olan ilginin tekrar artmasini da saglamistir. Bu derlemede, yeni bilesikler icin
son derece zengin bir kaynak sunarken ayni zamanda tedavi edici potansiyeli olabilecek denizel kimyasal gesitliligi bir araya getiren denizel metabolitler Gizerinde
durulmustur.

Anahtar kelimeler: Dogal iiriinler, biyoaktif sekonder metabolitler, denizel gevreler, denizel canlilar.

GIRiS

insanlik tarih éncesi dénemlerden giiniimiize kadar gesitli
hastaliklar ile micadele etmek icin farkli yollar denemislerdir.
Bu yollardan en ¢ok kullanilani ve bilineni dogal Grlnlerdir.
Dogada (Ureticisi tarafindan yasadi§i ortamlarda kendini
koruma amaciyla Uretilen drlnler, insanliin karsilastigi
hastaliklar ile miicadelesinde en dnemli silahi olmustur. Bu
amacla bitkiler en ¢ok degerlendirilen kaynak olmustur. 1928
yilinda Sir Alexander Fleming'in penisilini bulusuyla birlikte
mikroorganizmalarda degerlendiriimeye baslamis (Fleming
1929) ve Fleming'i takiben arastirmacilar degerli ilag etken
maddelerini karasal mikroorganizmalardan elde etmiglerdir
(Holker vd. 2004). Ancak zamanla galigmalar tek diize hale
gelmistir ve farkll kaynaklar aragtirlmaya baslanmigtir
(Verdine 1996). Bu yaklasimlardan giniimizde en &nemli
olani  denizel  kaynaklardir. ik baglarda  denizel

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

makroorganizmalar bu amag¢ dogrultusunda degerlendirilmis
olsa da son yllarda en c¢ok arastirma denizel
mikroorganizmalar lizerine yapilmaktadir (Berdy 2005). Ayrica
dinyamizda her gegen gin artan saglik sorunlari
arastirmacilari daha ok dogal (rln arastirmasi yapmaya
itmektedir (Mayer vd. 1999; Zhang ve Demain 2005).

DOGAL URUN ARASTIRMALARI

Biyoaktif dogal driinler, canlilar tarafindan (retilen ve diger
organizmalara karsl biyolojik aktivite gdsteren kimyasal
bilesikler olarak tanimlanabilir. Bu bilegikler insan ve hayvan
hastaliklarina kars! terapétik aktiviteye, hastaliklara neden
olan etkenlere karsi toksik aktiviteye ve tarimsal Uretimde
kayiplara neden olan bdceklere karsi onleyici etkiye sahip
olabilir. Biyoaktif dogal trtinler, genellikle Uretici organizmalari
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tarafindan yasadiklari dogal ¢evrede kendilerini koruma ve
Ustlinllk saglamak amagli dretilen sekonder metabolitierdir.
Bazi durumlarda canlilarin ginlik yasamlarinda var olan
ancak tesadiifen biyolojik aktivitesi belirlenen biyoaktif
molekiller de bulunabilmektedir (Colegate ve Molyneux
2008).

Biyoaktif dogal trlin kaynaklari, yizlerce yildir hastaliklar
ile micadelede kullanilmig ve ginimizde de kullanilan
ilaglarin yarisindan fazlasinin etken maddesini bu kaynaklar
olusturmaktadir (Clark 1996). Tedavi amaciyla kullanilan
ilaglarin % 63'U degistiriimemis dogal Urinlerden, degistirilmis
dogal Urlnlerden veya ¢ikis maddesi dogal driinlerden
olusmaktadir. 1981 ile 2008 yilinin ortalarini  kapsayan
dénemde anti-infektif olarak kullanilan ilaglarin (antibakteriyel,
antifungal, antiparazitik, antiviral) % 68'i ve kanser tedavisinde
kullanilan ilaglarin % 63’0 dogal Grln tirevidir (Cragg vd.
2009). Kimyasal olarak veya dogadan elde edilen bir bilesigin
ilag olarak kullanima sunulmasi uzun yillar sonunda olur.
Ancak doga bazi bilesiklerin Uretimini ve tasarimini asirlarca
siren islemler sonucunda optimize etmis ve kullanima
sunulmaya yakin hale getirmistir. Mikrobiyal fermentasyonla
dogrudan (rin elde edilmesi steroit, B-laktam ve eritromisin
gibi kimyasal yolla sentezlenen bilesiklerden c¢ok daha
ekonomiktir. Bazi durumlarda herhangi bir degisiklije gerek
duyulmadan kullanima sunulabilmektedir. Ayrica dogal
Urlinler, kimyasal yolla yari sentetik veya rekombinant DNA
teknolojisiyle tirevlendirilebilen 6nemli kimyasal yapi motifleri
ve biyoaktiviteden sorumlu atom gruplari sunabilmektedir
(Cragg vd. 1997).

Son yillarda tedavi edilemeyen hastaliklarin énlenmesi,

dnemli  biyolojik aktiviteye sahip kimyasal vyapilarin
kesfedilmesi, biyokimyasal prob olarak gelistirilebilecek
bilesiklerin  kesfi, yeni ve duyarll tedavi metotlarinin

gelistiriimesi icin izolasyon, saflastirma, karakterizasyon ve
Uretim metotlarina  yonelik arastirmalara bayik &énem
verilmistir (Burgess 2012; Zhang ve Demain 2005). Ayrica
direncli patojenlerin gelismesi (Chu vd.  1996), yeni
hastaliklarin ortaya c¢ikmasi (Da Silva ve laccarino 1999),
dogal olarak direngli patojenlerin varolmasi (Tenover ve
Hughes, 1996) ve kullanimdaki bazi bilesiklerin gdreceli toksik
dzellikleri dogal Urin aragtirmalarinin devamhiligini zorunlu
hale getirmistir (Zhang ve Demain 2005).

DENIZEL DOGAL URUNLER
Glinlimize kadar bitkilerden ve karasal
mikroorganizmalardan  degerli  biyoaktif bilesikler elde

edilmigtir. Fakat belirli bir zaman sonra yapilan ¢alismalarda
benzer organizmalardan bilinen molekiiller izole edilmeye
baslanmistir. Bunun Uzerine dogal irlin arastirmacilar daha
az caligilmig yasam alanlarinda bulunan organizmalardan yeni
bilesiklerin eldesine yonelmislerdir. Son vyillarda (zerine en
cok arastirma yapilan dinya ylzeyinin yaklasik % 70°'den
fazlasini kaplayan ve potansiyel kemoterapétik ajanlar igin
biyuk bir kaynak oldugu tespit edilen okyanuslardir (Cragg ve
Newman 2013; Kjer vd. 2010). Okyanuslar barindirdigi

canlilara yeni ve karasal organizmalardan elde edilenlere gore
gok daha gesitli drlinlerin sentezi igin énemli fizikokimyasal
sartlar sunmaktadir (Baker ve Alvi 2004; Delong 2007,
Lozupone ve Knight 2007).

Denizel organizmalar, diinyanin farkli alanlarinda tedavi
icin kullanilan geleneksel tip yontemlerine tarih boyunca gok
fazla etki etmemistir. Ancak glnimizde cesitli biyolojik
aktivitelere sahip dogal Uriinler farkli denizel omurgasizlardan
ve mikroorganizmalardan elde ediimekte, ozellikle modern
tipta 6nemli bir yer tutmaktadir (Cragg ve Newman 2013).
Denizel dodal Uriinler terapétik ve farmakolojik potansiyeli
olan, biyolojik aktivite agisindan molekiler hedef &zellikli
kimyasal yapilara sahiptir (Arthaud vd. 2012; El-Gendy vd.
2008). Bu drinler antimikrobiyal, anti-tiiberkiiloz, antiviral,
antiparazitik, antihelmintik, ~antimalaryal, antiprotozoal,
antikoagulant, antiplatelet, antienflamatuvar, antidiyabetik ve
antikanser etkileri iceren genis c¢apta biyolojik aktivite
gosterirler (Imhoff vd. 2011). Ayrica elde edilen bilesikler
baska ilag arastirmalari igin de dnemli éncll yapilar olarak
degerlendirilmektedir (Gulder ve Moore 2009; Waters vd.
2010). Tim bu nedenlerden dolayr denizel Urin
arastirmalarinda keskin bir artis gdzlenmektedir. 2008 yilinda
1065 tane, 2009 yilinda 1011 tane ve 2010 yilinda 1003 tane
yeni denizel metabolit rapor edilmistir (Blunt vd. 2010; Blunt
vd. 2012). Yapilan bu calismalar denizel gevrelerin yeni
biyoaktif metabolitler agisindan zengin bir kaynak oldugunu
gostermektedir ve  bunlarin  codu  toprak  kékenli
organizmalardan elde edilenlerin ait oldugu kimyasal yapilara
gore ¢ok daha farklidir (Cragg ve Newman 2013). 1985 ile
2008 yillar arasinda izole edilen denizel irlinlerin yillara gore
dagilimi Gizelge 1’de verilmistir (Hu vd. 2011)
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Gizelge 1. 1998 — 2005 yillari arasinda denizel mikroorganizmalardan elde
edilen biyoaktif metabolitlerin denizel organizmalara (A ; denizel
omurgasizlar, m; algler, ¢ ; denizel mikroorganizmalar) gére
dagimi (Hu vd. 2011)

Figure 1. Marine organisms to bioactive metabolites isolated from marine
microorganisms between 1998 — 2005 (A ;marine invertabres, m;
algae, ¢ ; marine microorganisms) (Hu vd. 2011)

Denizel organizmalardan dogdal Uriin eldesi ¢alismalarinda
ilk olarak siinger, alg gibi makroorganizmalar kullanilmistir ve
ginimizde tedavi amaclyla onaylanan Uriinler bunun en
dnemli kanitidir. Cryptotheca crypta'dan izole edilen sitabarin
Ara-C (Cytosar-U1®) (akut limfosistik I6semi, akut miyelosistik
|6semi ve kronik miyolejen |6seminin blast kriz fazi ve
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meningeal [dsemi) ve Tethya crypta’dan izole edilen vidarabin
Ara-A (Vira-A1®) (akut keratokonjonktivit, herpes viriis 1 ve
2), 1974de insan hastaliklarinin tedavisinde ilk kez
kullaniimaya baslanmistir. Aradan gegen otuz yil boyunca
baska denizel dogal drinler igin de onay alinmis ve tedavide
kullanilmaktadir. Conus magus'dan izole edilen Ziconotide'in
(Prialt®) 2004 yilinda agri kesici olarak onaylanmasinin

ardindan, 2007 yilinda Ecteinascidia turbinata’dan izole edilen
Yondelis®, yumusak doku sarkomu ve 2009 yilinda da
yumurtalik sarkomu tedavisinde kullanilmak (izere Avrupa’dan
onay almistir. Bunun yaninda birgok denizel dogal driin klinik
olarak farkll faz galismalarina alinmistir. Farkli klinik faz
denemelerine alinan denizel Uriinler Tablo 1'de verilmigtir
(Mayer vd. 2010).

Tablo 1. Klinik galismalara alinan denizel kaynakli dogal tiriinler (Mayer vd. 2010)
Table 1. Clinical metabolites from marine natural products (Mayer vd. 2010)

Klinik durumu Bilesik Ad1 Ticari Ad1 Kaynag Aktivitesi
Cytarabine, Ara-C Cytosar-U 1% Cryptotheca crypta Kanser Tedavisi
Vidarabine Vira-A1® Tethya crypta Antiviral
Onaylanmis Ziconotide Prialt® Conus magus Agr1 Kesici

gf:;ﬁtemn (ET-743) Avrupada Yondelis® Ecteinascidia turbinata Kanser Tedavisi

Faz-1l1 Eribulin Mesylate E7389) Ticari Ad1 Yok Halichondria okadai Kanser Tedavisi
Soblidotin (TZT1027) Ticari Ad1 Yok Ecteinascidia turbinata Kanser Tedavisi
DMXBA (GTS-21) Ticari Ad1 Yok Nemertea sp. Sizofreni Tedavisi
Plinabulin (NP1-2358) TicariAdi Yok Aspergillus sp. CNC-139 Kanser Tedavisi
Plitidepsin Aplidin® Aplidium albicans Kanser Tedavisi

Fazll Elisidepsin Irvalec® Elysia rufescens Kanser Tedavisi
PM1004 Zalypsis® Jorunna funebris Kanser Tedavisi
-ls—sl?t?]gtc;gtin (ILX-651) Ticari Ad1 Yok Symploca sp. Kanser Tedavisi
Pseudopterosins Ticari Ad1 Yok Pseudopterogorgia elisabethae Yara Kapanmasi
Bryostatinl Ticari Ad1 Yok Bugula neritina Kanser Tedavisi

Faz-l Hemiasterlin (E7974) Ticari Ad1 Yok Hemiasterella minor Kanser Tedavisi

Marizomib (Salinosporamide A,

NPI-0052) Ticari Ad1 Yok

Salinispora tropica Kanser Tedavisi

a) Denizel Omurgasizlar

Omurgasiz canlilarin yaklasik olarak % 60'I denizlerde
yasamaktadir (Ausubel vd. 2010). Denizel omurgasizlarin
blylk bir gogunlugu deniz kurtlarindan, eklembacaklilardan,
bryozonlardan, sOlenterlerden, ekinodermlerden,
kabuklulardan ve singerlerden olusmaktadir (Paul ve Puglisi
2004; Paul ve Williams 2008). Bu canlilarin gogu bir yere
yapisik sekilde yasarlar, gévdeleri yumusaktir ve kendilerini
korumak igin kimyasal koruma sistemleri (biyoaktif metabolit
Uretim sistemi) bulunmaktadir (Faulkner 2000; Faulkner 2002;
Haefner 2003).

Bu sistemlerden elde edilen dogal drinler ilging
biyomedikal potansiyelleri ile basta ila¢ sanayi olmak lizere
cesitli biyoteknolojik uygulamalarda kullaniimaktadir (Bernan
vd. 1997; Haygood vd. 1999; Jensen ve Fenical 1994; Lee vd.
2001; Osinga vd. 2001; Proksch vd. 2002; Taylor vd. 2007).
1990 — 2009 yillari arasinda denizel omurgasiz canlilarin
sahip oldugu kimyasal korunma sistemlerinden yaklasik
10,000 metabolit izole edilmistir (Leal vd. 2012). izole edilen
metaboliterden ~ Ornekler ~ Tablo  2'de  verilmigtir.

Tablo 2. Denizel omurgasizlardan izole edilen bazi metabolitler, izole edildigi omurgasizlar ve biyoaktivitelerine érnekler (Li vd. 2012; Mudianta vd. 2012;
Radjasa vd. 2011; Tran vd. 2012; Wang vd. 2012; Won vd. 2012; Zhang vd. 2006)
Table 2. Samples of metabolites from marine invertabres, isolated invertabres and bioactivities (Li vd. 2012; Mudianta vd. 2012; Radjasa vd. 2011; Tran vd.

2012; Wang vd. 2012; Won vd. 2012; Zhang vd. 2006)

Bilesik Adi 1zole Edildigi Omurgasiz Aktivitesi

Manzamine A é-éaullﬁg;r;)a sp.; Pellina; Pachypellina; Xestospogia; Ircinia; Amphimedon Antimalaryal

Crambescidin 800 Crambe crambe; Monanchora unguifera (Siinger) Antimalaryal, Sitotoksik
Variolin A Kirkpatrickia varialosa (Stinger) Siklin baglimli kinaz inhibitord

Discodermolide
Dictyostatin-1
Bryostatin-1
Fijianolide B
Spongistatin 1
Aplyronine A
Psymberin
Mycothiazole
Pseudopterosin A

Herdmanine K

Cadiolides E ve Synoilides A-B
Neamphamides B,C,D
Cadiolides

5,6,7,8,9
Hydroxypsammaplysin E

Fuscocinerosides A,B,C

Discodermia dissoluta (Slinger)

Spongia sp., Corallistidae (Stinger)

Bugula neritina (Bryozoan)

Cacospongia mycofijensis (Singer)

Spirastrella spinispirulifera (Siinger)

Aplysia kurodai (Salyangoz)

Ircinia ramosa, Psammocinia aff. Bulbosa (Siinger)
Cacospongia mycofijensis (Stinger)
Pseudopterogorgia elisabethae (Mercan)

Herdmania momus (Tunikat)
Synoicum sp. (Tunikat)
Neamphius huxleyi (Singer)
Pseudodistoma antinboja (Tunikat)
Aplysinella strongylata (Stinger)

Holothuria fuscocinerea
(Deniz patlicani)

Antikanser

Antikanser

Kanser Tedavisinde Faz II'de
Kanser

Kanser

Antitimoral

Kanser

Mitokondrial Kompleks 1 Inhibitorii
Antienflamatuvar ve Yara Kapayici
PPAR-0 aktivasyonu

Antibakteriyel ve Kanser
Antikanser
Antibakteriyel
Antibakteriyel

Kanser
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Denizel omurgasiz canlilar arasinda en yiiksek dogal drtin
sayisl ve yeni biyoaktif metabolit potansiyeline sahip olanlar
stingerlerdir ~ (Gunasekera vd. 2006) ve ¢ok genis bir
biyosentetik Uretim kapasitesine sahiptirler. Sentezledikleri
sekonder metabolitler, denizel ekosistem icinde siingerlerin
yasamlarinin devami igin hayati rol oynamaktadir (Thakur ve
Maller, 2004). Bunun vyaninda ¢ok sayida farkl
mikroorganizma icin iyi bir konakgidir (Ireland vd. 1993; Wang
2006).

Algler kendi biyokutlerinin ¢ok kuglk bir miktari kadar
sekonder metabolit sentezleyebilmektedir ve yasamsal
gereksinimleri agisindan bakildiginda primer metabolit olarak
da kabul edilebilirler. Brom, klor, iyot ve florir gibi gesitli
halojenleri iceren driinler sentezleyebilmeleri algleri dnemli
dogal Urlin Ureticileri yapmaktadir. Bu halojenli bilesikler hem
ender izole edilebimekte hem de bulundugu molekilin
aktivitesini  arttirabilmektedir. Farmasétik sanayinde yari
sentetik ilaclarin tasariminin énemli hedeflerinden biri de
halojenli ilag etken maddelerinin eldesidir. Bu durum
dlstndldiglnde alglerden elde edilen ve edilecek driinlerin
kullanilma potansiyelinin  blydklGgu ortaya ¢ikmaktadir
(Cabrita vd. 2010).

b) Denizel Mikroorganizmalar

Denizel ~ mikroorganizmalar ~ kutup  buzullarindan,
hidrotermal bacalara, derin biyosferlerden, mangrove
ormanlarina, oligotropik agik okyanus sularindan, kirli kiyi
sularma ve temiz kumsallara kadar her alanda
yasayabilmektedirler. Ozellikle alglerle, stingerlerle, baliklarla
ve mercanlarla birlikte yasayan mikrobiyal topluluklar dogal
Urtin arastirmacilarinin ilgisini gekmektedir. Pek gok durumda
bakterler ~ ve  diger = mikroorganizmalar  denizel
makroorganizmalarla birlikte yasamaktadirlar.
Makroorganizmalarla olan yagsamsal birliktelik hakkindaki bilgi
birikimi her gegen glin artmaktadir ve ozellikle stingerlerin
biyoaktif metabolit cesitliliginin stingerlerle birlikte yasayan
mikroorganizmalardan kaynaklandigini savunan hipotezler ve
bunu kanitlayan calismalar da mevcuttur (Imhoff vd. 2011;
Newman ve Hill 2006; Proksch vd. 2002; Zhang vd. 2005).
Gurgui ve Piel (2010) siingerlerle birlikte yasayan bakteri
cesitliligi Gzerine yaptiklari arastirmada bakterilerin  sahip
olduklari  dogal drlin  potansiyelinin  blytkligine 1s1k
tutmuglardir.  Geligtirilen ~ yeni  molekiler  tekniklerle
makroorganizmalarla birlikte yasayan ancak izole edilemeyen
mikroorganizma ve arkea gruplari tanimlanmistir (Delong
2007; Simon ve Daniel 2010). Kiltire alinabilen, henliz
kltlire edilmeyen ve daha tanimlanmamig
mikroorganizmalarin biyoteknolojik potansiyelleri denizel dogal
{ir(in aragtirmalarinin en énemli merak konusudur. Ozellikle de
denizel ve mikrobiyal gevrelerin kiigiik dogal molekil
potansiyelleri sinirsiz gérinmektedir (Newman ve Cragg
2007).

Denizel Bakteriler
Farmasotik ilaglarin kesfi icin denizel bakterilerin yeni ve
degerli bilesikleri sentezledigine dair bilgi birikimi giderek

artmaktadir. 1997'den 2008’e kadar 660 yeni denizel bakteri
kaynakli bilesik tanimlanmistir. Bunlarin biyik bir kismi
Actinobacteria (% 60) ve Cyanobacteria (% 33) grubu
bakterilerden elde edilmisken, bunlari Protoebacteria (% 12),
ve Firmicutes (yelerinden (% 5) rapor edilen metabolitler
izlemektedir (Imhoff vd. 2011).

Denizel Cyanobacteria gruplari, dolastin 10, laryazole ve
aprotoxin A gibi seckin sitotoksik metabolit reticileri olarak
bilinirler. Ozellikle denizel Cyanobacteria kdkenli azot igeren
sekonder metabolitler arastirmalarda dikkat cekmektedir.
Tablo 3'de Cyanobacteria tirlerinden elde edilen sekonder
metabolitlere érnekler verilmistir (Imhoff vd. 2011; Tan 2007).
Tablo 3. 2001-2006 arasinda denizel Cyanobacteria bakterilerden elde edilen

biyoaktif metabolitlere bazi 6rnekler (Tan 2007)
Table 3. Samples of Cyanobacteria bioactive metabolites between 2001 —

2006 (Tan 2007)
Metabolit Kaynagi Biyolojik aktivite
Malevamide D Symploca hydnoides Sitotoksik ajan
Obyanamide Lyngbya confervoides  Sitotoksik ajan
Guineamides A Lyngbya majuscula Sitotoksik ajan
Antillatoxin Lyngbya majuscula iyon kanali engelleyici
Malyngamide S Bursatella leachii Sitoksik ve anti-enflamatuvar

Ginlimiizde tedavide kullanilan mikrobiyal metabolitlerin
baslica Ureticisi olan Actinobacteria grubu (yesi olan bakteriler
yeni ilag Uretimi igin sinirsiz bir kapasiteye sahiptirler ve
denizel aktinomisetler yeni ilag etken maddeleri icin hala
dnemli bir kaynaktir (Lam 2006). Tablo 4'te 2003-2005 yillari
arasinda Actinobacteria (yelerinden izole edilen biyoaktif
metabolitiere bazi érnekler verilmistir.

Tablo 4. Actinobacteria grubu bakterilerden elde edilen biyoaktif metabolit
ornekleri (Ding vd. 2012; Lam 2006; Zhou vd. 2012)

Table 4. Same bioactive metabolites from Actinobacteria (Ding vd. 2012; Lam
2006; Zhou vd. 2012)

Bilegik Kaynagi Biyolojik Aktivitesi
Abyssomicins Verrucosispora sp. Antibakteriyel
Antialgal,
R . Antibakteriyel,
Chandrananimycins  Actinomadura sp. Antikanser,
Antifungal
Komodoquinone A Streptomyces sp. Notrogenik aktivite
Chinikomycins Streptomyces sp. Antikanser
Antibakteriyel,
Trioxacarcins Streptomyces sp. antikanser,
antimalaryal
. Streptomyces .
StreptosetinA violaceusniger Tu113 Antikanser
_ Streptomyces Antikanser,
SETEEE, A sp.HKI0595 Antimikrobiyal
Marinactinospora -
Marthiapeptide A thermotolerans ﬁm:gﬁg
SCSI000652

Biyoaktif metabolit ireticileri olarak Pseudomonas grubu
bakterileri dederlendirdigimizde toprak kaynakli suslarindan
elde edilen metabolitierin denizel suslara gore daha fazla
oldugu gorilmektedir. Cok az denizel Pseudomonas izole
edilmis ve drettikleri biyoaktif metabolitler ¢alisiimistir. Cogu
galismada denizel ve karasal suslarin benzer metabolitleri
urettikleri rapor edilse de denizel suslardan yeni sekonder
metabolit elde edildigi ¢alismalar da rapor edilmektedir.
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Denizel cevrelerin ekolojik zenginligi iginde yasayan denizel
Pseudomonas’lar glinimlzde 6nemli bir metabolit (retim
kaynag olarak degerlendiriimektedir (Isnansetyo ve Kamei
2009). Denizel Pseudomonas’lar kiyi bolgelerinde, derin

yasayabilmektedirler. Sekonder metabolit Uretim potansiyelleri
ise yasadiklari denizel ortamlarin ekolojik gesitliligine bagli
olarak artan metabolit potansiyeli ile degerlendirimelidir
(Engel vd. 2002). Denizel Peudomonas’lardan elde edilen

denizlerde ve daha  olagan  disi kosullarda  metabolitiere 6rnekler Tablo 5'de verilmistir.

Tablo 5. Denizel Pseudomonas tirlerinden elde edilen dogal triinlere 6rnekler

Table 5. Natural product samples from marine Pseudomonas species
Metabolit Kaynagi Aktivitesi Kaynak
Pseudomonic acid P. fluorescens Antimikrobiyal Fuller vd. 1971
4-hydroxybenzaldehyde Pseudomonas sp. 102-3 Antimikrobiyal Wratten vd. 1977
2-heptylquinolin-4-0 Pseudomonas sp. 102-3 Antimikrobiyal Wratten vd. 1977
2-pentylquinolin-4-0 Pseudomonas sp. 102-3 Antimikrobiyal Wratten vd. 1977
2,4-diacetylphloroglucinol DAPG Pseudomonas sp. AMSN Antimikrobiyal Isnansetyo vd. 2001
a-pyrones -1 Pseudomonas sp. F92S91 Antimikrobiyal Singh vd. 2003
Dibutyl phthalate Pseudomonas sp. PB01 Antikanser Hoang vd. 2008
Di(2-ethylhexyl) phthalate Pseudomonas sp. PB01 Antikanser Hoang vd. 2008
Moiramide A, B ve C P. fluorescens Antimikrobiyal Needham vd. 1994
Zafrin P. stutzeri CMG1030 Antibakteriyal Uzair vd., 2008
Siklo —{[fenilallin-pirolil-dsin-prolil] Pseudomonas sp. Antibakteriyal Rungprom vd. 2008
Siklo-[isolésin-prolil-ldsin-alanin] Pseudomonas sp. Antibakteriyal Rungprom vd. 2008

Denizel Funguslar

Denizel bakteriler ile karsilastirildiginda denizel funguslara
ait bilgi birikimi daha temel seviyededir. Le Calvez vd. (2009)
yaptiklari molekiler calismada derin deniz hidrotermal
ekosistemlerinde beklenenden ¢ok daha blyik bir fungal
cesitlilik saptamiglardir (Paz vd. 2010; Rateb ve Ebel 2011;
Wiese vd. 2011; Zhang vd. 2009). En fazla sayida (% 28)
bilesik elde edilen denizel funguslar singerlerle iligkili
olanlardir ve bunu % 27 oraniyla alglerle iliskili olanlar takip
etmektedir (Bugni ve Ireland 2004).

1992 yili boyunca sadece 15 fungal metabolit izole
edilmisken, 1992'den 2002 yilina kadar gegen stirede 270
fungal metabolit tanimlanmigtir (Bugni ve Ireland 2004).
2006’dan 2010 yilinin ortalarina kadar gegen sirede ise
denizel ortamlardan elde edilen funguslardan 690 yeni Grlin
rapor edilmistir (Rateb ve Ebel 2011). Son vyillarda basta
stingerlerle birlikte yasayan funguslardan izole edilen
metabolitler olmak izere funguslar ile yapilan dogal driin
arastirmalarinda 6nemli bir artis goriilmektedir. Bu durum
funguslarin hala dnemli bir dogal Urlin kaynagi oldugunu ve
giderek artan bir ilgiyi géstermektedir (Kjer vd. 2010).

Denizel  funguslardan izole edilen  metabolitler
degerlendirildiginde bakterilere gére ¢ok daha farkli kimyasal
yapida metabolitin elde edildigi gortimustir (Kjer vd. 2010).
Denziel Penicillium ve Aspergillus tirleri baglica fungal
metabolit kaynaklaridir. Bunlari Acremonium, Emericella,
Epicoccum, Exophiala, Paraphaeospaeria, Phomopsis ve
Halarosellinia tirleri takip etmektedir (Imhoff vd. 2011).

TARTISMA
ilag endiistrisinin ve dogal driin arastirmacilarinin el
yildan fazladir ~ odaklandig karasal cevrelerle

karsilastirildiginda, denizler daha énce izole ediimemis yeni
metabolitler igin kesfedilmemis bir potansiyele sahiptir.
Denizler, baliklar, stingerler, mercanlar ve algler gibi pek cok

makroorganizmanin  yaninda sayisiz - mikroorganizmanin
olusturdugu yasamsal formu barindirmaktadir (Hughes ve
Fenical 2010). Bu yasamsal formlar yiizlerce yil igerisinde
dlsmanlarindan kurtulmak ve yasamlarini devam ettirebilmek

icin 6zel kimyasal savunma sistemleri gelistirmislerdir
(Faulkner 2000; Faulkner 2002; Haefner 2003). Bu
sistemlerden elde edilen Urinler ilging biyomedikal

potansiyelleri ile ila¢g sanayinde ve biyoteknoloji alaninda
cesitli uygulamalarda kullaniimaktadir  (Bernan vd. 1997;
Haygood vd. 1999; Jensen ve Fenical 1994; Lee vd. 2001;
Osinga vd. 2001; Proksch vd. 2002; Taylor vd. 2007).

Ginlimiize kadar denizel makroorganizmalardan yiizlerce
yeni Urlinler izole edilmis ve hala yeni bilesiklerin izolasyonuna
devam edilmektedir. Ancak makroorganizmalardan vyeterli
miktarda driin eldesinin uygulanabilirligi kolay dedgildir. Clnkul
denizel makroorganizmalarla ve Ozellikle siingerlerden yeteri
kadar metabolit eldesi igin gerekli biyokitleye ulasmak zordur.
Siingerlerin kiltir ortaminda blylk miktarlarda dretimi igin
yapilan ¢alismalarda ise gok az bir bagari elde edilmistir (Lang
vd. 2005). Bundan dolay! kiltdr yoluyla blylk capta Gretimleri
kolay olan denizel mikroorganizmalardan Uriin eldesi daha ¢ok
tercih edilmektedir.

Denizel mikroorganizmalar deniz suyunun ulastigi her
yerde yasayabilmektedir ve 0&zellikle makroorganizmalarla
birlikte yasayanlar énemli biyoaktif dogal trlin Ureticileridir
(Imhoff vd. 2011). Denizler barindirdi§i mikroorganizmalara
yeni Urinlerin sentezi icin tuzluluk, olagan disi sicaklik, pH
degerleri, basing gibi farkli fiziksel ve kimyasal kosullar
sunmaktadir (Delong 2007; Lozupone ve Knight 2007).

Bdylece diinyanin farkl bélgelerinde ayni
makroorganizmadan ayni mikrobiyal veya fungal sus izole
edilse de farkh yapida ve Ozellkte (rlnler elde

edilebilmektedir. Bunun en onemli drneklerinden biri fungal
Aspergillus suslaridir (Hiort vd. 2004). Ayni bolgeden ayni tiir
stingerden izole edilen mikrobiyal suslarin sekonder metabolit
profilleri farklilik g6sterebilmektedir ve bu durum elde edilecek
Urinlerin ~ gesitliligini ve degerini  arttirmaktadir.  Ayrica
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makroorganizmalarda bulunan virisler molekiler biyolojik
yontemler kullanarak elde edilebilecek genetik cesitliligi
dogada saglayarak yeni driin eldesini kolaylastirmaktadir
(Querellou 2010).

Denizel mikroorganizmalar arasinda funguslar yiksek
kimyasal yapi cesitliligi ve sahip oldudu aktif dogal drin
potansiyeli ile en verimli mikroorganizma turtidir. Bunun
yaninda denizel funguslar hakkindaki bilgi birikiminin kisitli
olusu, bu toplulugu en énemli mikrobiyal kaynak potansiyeli
haline getirmektedir (Bugni ve Ireland 2004). Bdylece fungal
suglarla yapilan denemeler hem denizel biyoloji agisindan
hem de dogal drin calismalari agisindan degerli
bulunmaktadir.

Denizel dogal (riin arastirmalari ilag etken maddelerinin
yaninda farkli amagli Grlnlerin eldesi icin de yapilmaktadir. Bu
uriinler gida sanayinde renk verici, kivam arttirici, su tutucu ve
katki maddesi olarak kullaniimaktadir (Ferraro vd. 2010).
Deterjan sanayi icin biyostrfaktan ve emiilsifiye edici ajanlarin
eldesinde vyararlanilimaktadir. Ayrica izole edilen dretici
organizmalar basta cevresel sorunlarin ¢ozlimi olmak lzere
gesitli alanlarda kullanilacak enzimlerin {retimi igin de
kullanilmaktadir (Satpute vd. 2010). Denizel dogal drtnlerin
cok cesitli alanlarda kullanilabiliyor olmasi, bu drtinlerin eldesi
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