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ABSTRACT 

 
Jellyfish can adversely affect commercial fisheries by clogging nets, by feeding 

on the young age-classes of fish. Jellyfish baycatch data with different fishing 

gears, purse seiner, trawl and gillnet&trammel net, were investigated in the 

Iskenderun, Mersin and Antalya Bays, the Eastern Mediterranean coast of the 

Turkey. Only Rhopilema nomadica Galil, 1990 was observed in all fishing gears 

for the three study areas. R. nomadica comprised 49% (1237.7 kg) of the total 

catch (2534.685 kg.) at trawling for Northeastern Mediterranean Sea. R. nomadica 

represents 62% of the total catch of purse seine in Northeastern Mediterranean 

Sea. R. nomadica comprised 37% (150,5kg) of the total catch (408,814 kg) at 

gillnet&trammel net  for Northeastern Mediterranean Sea. In general R. nomadica 

represent 60% (18388,2 kg) of the total catch (30489,87 kg.) for all fishing gears 

in the eastern Mediterranean coast of Turkey during March-April 2011.  

 

 

INTRODUCTION  

 
Jellyfish populations are proliferating in the Mediterranean Sea and that their 

socio-economic impacts is getting increased. Jellyfish are causing problems in 

fisheries across the world. The overfishing of their predators has caused a huge 
influx of jellyfish in coastal fishing areas. They tend to get caught up in fishing 

nets in large numbers and reduce the number of fish that can be caught. They also 

tend to entirely destroy fishing nets thus causing monetary damage. Though 

jellyfish have been getting much attention, there is limited data on them.  

Jellyfish clearly play an extremely important role in the processing of 

energy in fisheries-based ecosystems. Description of jellyfish with a set of 

appropriate functional groups will certainly help better understand  their role in 

food webs and their effects on ecosystems. Jellyfish populations are opportunistic, 

and can respond promptly to changes in physical and biological conditions, both 
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by changes in the rates of production of young jellyfish from the benthic polyp 

stage (Purcell et al., 1999), and by increased feeding and growth in good 

conditions (Purcell, 1992). 
Although fishing gears used are rarely suitable for accurate quantitative 

sampling of jellyfish, when the equipment and methods are strictly controlled and 

records of these by-catch events can provide good relative index of the 

distribution and abundance of large scyphozoan medusae (Purcell, 2009). Broad-

scale datasets are not only useful for jellyfish research, but to everyone with an 
interest in developing a better understanding of the effects of climate and other 

environmental and biological factors on oceanic ecosystems, a critical element in 

the development of an ecosystem-based approach to fisheries management 

(Bastian et al., 2010).  

Iskenderun Bay, Mersin Bay and Antalya Bay have the largest number of 

erythrean species along the Turkish coast. Moreover, generally many of the 

erythrean aliens had been first recorded from the Iskenderun Bay before spreading 

along the Turkish coast.  

There is little doubt that many other fisheries surveys result in a jellyfish 

by-catch without it being recorded on a regular basis.  Most of the time, the catch 

is not recorded at all and jellyfish are simply discarded (Bastian et al., 2010)  

In the present study the jellyfish baycatch data with different fishing 

gears, purse seiner, trawl and Gillnet&Trammel net, were investigated in the 

Iskenderun, Mersin and Antalya Bays, the Eastern Mediterranean coast of the 

Turkey.  

 

 

MATERIAL S AND METHODS  

 
Jellyfish baycatch data were collected from commertial trawl, purse seine, 

trammel nets and gill nets along the Eastern Mediterranean coast of Turkey 

(Iskenderun Bay, Mersin Bay and Antalya Bay) in March-April 2011. Biomass 

values from the fishing gears of purse seine, trawl and nets were calculated for the 

three regions in eastern Mediterranean coast of Turkey. Region 1 comprises the 

Iskenderun Bay of the Eastern Mediterranean. This region includes the coast of 

Hatay and Adana. Region 2 includes the coast of Mersin. Region 3 covers the 

coast of Antalya. All data were measured on the boats.  

 

 

RESULT AND DISCUSION 
 

Abundance of jellyfish bycatch during the three fishing gear survey in the 

Iskenderun, Mersin and Antalya bays, Eastern Mediterranean coast of the Turkey, 
was given below. Only Rhopilema nomadica Galil, 1990 was observed in all 

fishing gears for the three study areas.  
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Trawl  
 
Operation was performed with 25 trawling in the Northeastern Mediterranean 

including 8 for Ķskenderun, 10 for Mersin Bay and 7 for Antalya (Table 1). R. 
nomadica represents 15% of the total catch in Antalya Bay. The total catch weight 

of this species 40 kg in Antalya Bay and totally 233,25 kg catch were 

accomplished. A total 724 kg  R. nomadica were collected in Mersin Bay and 

representing  46% of the total catch. The total catch weight of all operations was 

694,78 kg in Ķskenderun Bay and a total 473,7 kg R. nomadica were captured in 

Ķskenderun Bay, representing 68% of the total catch.  

The ratios of R. nomadica at trawling for the three Bays of the eastern 

Mediterranean are given Figure 1. 

 

 
Figure 1. Ratio of R. nomadica in the total catch by trawling in the Bays of 

Antalya, Mersin and Ķskenderun. 

 
The R. nomadica comprised 49% (1237.7 kg) of the total catch 

(2534.685 kg.)  in Northeastern Mediterranean Sea.  

 

Table 1. Fishing gear, number of operations and the catch amounts. 

 

Operation Area Fishing Gear 
Number of 

operations 

Total 

Catch 

(kg) 

Ķskenderun Bay 

Trawl 8 964,78 

Purse Sein 6 10173,5 

Gillnet&Trammel 

Net 

6 227,954 

Mersin Bay 

Trawl 10 1566,655 

Purse Sein 11 11013,52 

Gillnet&Trammel 

Net 

5 77,67 

Antalya Bay 

Trawl 7 273,25 

Purse Sein 6 6359,35 

Gillnet&Trammel 

Net 

7 136,19 

 

 



4 

 

Purse Seine  

 
Operation was performed on a total of 23 purse seine in the northeastern 

Mediterranean, including 6 operations in Ķskenderun Bay, 11 operations in Mersin 
Bay and 6 operations in Antalya Bay. Ratio of  R. nomadica from purse seine 

fishing for the Eastern Mediterranean is given at Figue 2. 

 

 
 

Figure 2. Ratio of the R. nomadica in the total catch by purse seine fishing in the 

Bays of Antalya, Mersin and Iskenderun  

 
R. nomadica represents 3% of the total catch in Antalya Bay. A total 

6359,35 kg  catch was achieved and R. nomadica comprised 220 kg of total catch 

in Antalya Bay. The total catch weight of all species was 11013,52 kg in Mersin 

bay. A total 7750 kg of R. nomadica was captured in Mersin bay, and R. 

nomadica represented 70% of the total catch. A total 9030 kg of R. nomadica 

were collected in the Ķskenderun Bay, and R. nomadica represented 89% of the 

total catch. 

The R. nomadica represents 62% of the total catch of purse seine in 

Northeastern Mediterranean Sea. Total catch weight of R. nomadica was in 

Northeastern Mediterranean Sea, total catch weight being 27546,37 kg.  

The R. nomadica comprised 62% (17000 kg) of the total catch (27546,37 

kg.) in Northeastern Mediterranean Sea (Table 1).  

 

Gillnet and Trammel Net 

 
Operations were performed with a total of 18 gillnet and trammel nets in the 

Northeastern Mediterranean, including  6 operations in Ķskenderun, 5 operations 

in Mersin Bay and 7 operations in Antalya Bay. Ratio of R. nomadica from gillnet 

and trammel net for the Eastern Mediterranean is given in Figure 3. 
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Figure 3. Ratio of the R. nomadica in the total catch by gillnet and trammel net 

fishing in the Bays of Antalya, Mersin and Iskenderun. 

 
The total catch weight of all species was 136,19 kg in Antalya Bay. A 

total 33 kg of R. nomadica was captured, representing 24% of the total catch in 

Antalya Bay. R. nomadica represented 14% of the total catch in Mersin Bay. The 

catch weight of this species was 10,5 kg of the total 77,67 kg catch. A total 140 kg 

of R. nomadica were collected in Ķskenderun Bay, representing 61% of the total 

catch. 

The R. nomadica represented 37% of the total catch in Northeastern 

Mediterranean Sea. Total catch weight of R. nomadica was 150,5 kg in 

Northeastern Mediterranean Sea, total catch weight being 408,814 kg.  

The R.. nomadica comprised 37% (150,5 kg) of the total catch (408,814 

kg) in Northeastern Mediterranean Sea (Table 1).  

 

All Fishing Gears 

 
Rates of  jellyfish from all fishing gears for the Iskenderun, Mersin and Antalya 

Bays are given Figure 4. The R. nomadica represent 4% (293 kg.) of the total 

catch (6475,79 kg) in Antalya Bay. The total catch weight of all species was 

12657,85 kg in Mersin bay. A total 8484,5 kg of R. nomadica were captured, 

representing 67% of the total catch in Mersin bay. A total 9643,7 kg  of R. 

nomadica were collected in Ķskenderun Bay, representing 87% of the total catch.  
In general R. nomadica represent 60% (18388,2 kg) of the total catch 

(30489,87 kg.) in Northeastern Mediterranean Sea.   

 

 

 
  Figure 4. Ratio of all fishing gear used for the totaal catch in the Antalya, 
Mersin and Ķskenderun regions 
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During the present study large aggregations of alien jellyfish, Rhopilema 

nomadica, have been observed in three different localities along the 

Mediterranean Sea coast of Turkey during March and April 2011. the stinging 

jellyfish species, R. nomadica, entered through the Suez Canal in the 1970s (Galil 

et al., 1990). Large aggregations of this jellyfish were observed starting from the 

1980s along Israeli coasts (Lotan et al., 1992) and annual blooms occurred during 

summer from 1989 to 1992; afterwards R. nomadica rapidly spread in the eastern 

Mediterranean Basin migrating towards Lebanon, Syria and then Turkey (Lotan et 
al. 1994).  

R. nomadica was first recorded off the coast of Mersin in Turkey in 1995 

(Kideys and G¿c¿, 1995), and in Iskenderun Bay (Avsar et al., 1996). Later, a 

single specimen was observed off the coast of Finike, Turkey in August 2006 

(¥zt¿rk and Ķĸinibilir, 2010).  

R. nomadica has nearly a spherical icy-blue-colored umbrella, thickest 

centrally and minutely granulated externally, whose margins are divided into 64 

rounded lappets; from arm disc sides arise eight pair of large scapulets, distally 

provided with long filaments, arise (Galil et al., 1990). The bell size of this 

jellyfish can range from 10 to 80 cm in diameter and the whole medusa can have a 

weight of 40 kg. This species, existing in huge numbers, poses a big threat to 

humans producing burning, pain and redness of the affected skin.  
Jellyfish are also causing problems in fisheries. They tend to get caught 

up in fishing nets and large numbers and reduce the number of fish that can be 

caught. They also tend to entirely destroy fishing nets causing monetary damage. 

Jellyfish populations may be increasing in response to environmental 

changes (e.g. climate change, eutrophication, overfishing). These increases may 
ultimately affect commercially important fish stocks. In order to address this 

issue, it is critical to understand rather broad distribution and abundance of 

jellyfish (Bastian et al., 2010). 

The large aggregation of the population of R. nomadica off the Levantine 

coast of Turkey have negative consequences on fisheries. The blockage of nets of 

fishermen by individuals of R. nomadica created major economical losses.  
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ABSTRACT  
 

Development of Beroe ovata in the Black Sea caused biomass of Mnemiopsis 

leidyi decreasing, in pelagic fish stocks particularly trading anchovy (Engraulis 

encrasicolus ponticus) and zooplankton recovery. Spawning dynamics of B. ovata 

should be examined due to limiting impact of B. ovata on abundance of M. leidyi 

in the Black Sea. Because of this, the most important is egg production with 

respect to size of ctenophore, seasonality, and periodicity. 

The study was carried out off Sinop in the southern Black Sea during 

September-December 2003. Factors affecting the egg production of B. ovata were 
experimentally studied. We aimed to estimate spawning dynamics of freshly 

caught B. ovata of different length groups at the laboratory. Therefore fecundity 

of B. ovata was observed in three different sets of the experiments aimed to study 

dynamics of egg number in a clutch of different size ctenophores from day to day; 

to study the Beroe fecundity biweekly and to study in to examine diurnal variation 

of egg number. The number of eggs generally increased with the size ctenophore 

with length between 40 to 70 mm. Maximum egg productions was determined on 

26
th
 September for individuals of 70 mm (870Ñ348 eggs) long in periodical 

experiment. There was no significant difference in the B.  ovata egg diameters in 

sampling periods except 11th October. Average diameter of egg was determined 

about 0.45 mm throughout the all observations. 

 

 

INTRODUCTION  
 
The invasion of alien species has become a great problem for many seas of the 

world and more evidence is provided on their damaging effect on ecosystems 

(Vinogradov et al. 1989, Harbison et al. 1978). For example in the Black Sea, 

ctenophore Mnemiopsis leidyi that was introduced with ballast water from ships at 

the beginning of the 1980s was a real stress for the ecosystem (Zaitsev & 

Aleksandrov 1997, Caddy & Griffthy 1990). 
With introduction of M. leidyi the biomass of fodder mesozooplankton had 

sharply declined (Vinagradov et al. 1989, Kideys et al. 2000). The stocks of 
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zooplanktivorous fish (anchovy, sprat) dropped due to competition with M. leidyi 

for food and predation by M. leidyi on fish eggs and larvae (Tsikhon- Lukanina et 

al. 1993, Shiganova et al. 1998, Shiganova & Bulgakova 2000, Shiganova et al. 

2000a). 

In October 1997, another ctenophore, B. ovata, a predator of Mnemiopsis, had 

appeared in shallow waters of the northwestern Black Sea (Konsulov & 

Kamburska 1998, Zaitsev 1998), and in September 1999 it was found in the 

Crimean region and in the northeastern Black Sea (Finenko and Romanova,. 2000, 
Shiganova et al. 2000b, Vostokov et al. 2000, Vinogradov et al. 2000). 

In 1999 the population of M. leidyi sharply decreased throughout the Black 

Sea due to Beroe appearance and the lowest summer biomass of M. leidyi 

(estimated as 12 g/m
2
 in the southern Black Sea) was recorded since its population 

explosion 10 years before (Kideys & Romanova 2001). Zooplankton populations 

started to recover from 1996 and species diversity increased - some species that 

had disappeared from samples in the early 1990s made a comeback. Numbers of 

immature anchovy, as well as total fishery dominated by this fish also began to 

rise (Kideys 2002, Kideys et al. 2000, Kideys & Romanova 2001, Shiganova et al. 

2003, Shiganova et al. 2004). 

The deliberate introduction of the new comb jelly B. ovata as a biocontrol 

agent was being considered by GESAMP had been proposed for the introduction 

as potential predator for M. leidyi into the Black Sea. Although mechanisms 

underlying previous fluctuations in M. leidyi populations had taken some 

unraveling, the contribution of B. ovata to the precipitous collapse of M. leidyi 

populations in 1999 was quite clear because it is easy to see what the transparent 

comb jelly is eating. A number of different research studies concluded that B. 
ovata was feeding exclusively on other comb jelly species and, because of its 

relative abundance, predominantly on M. leidyi (Arachkevich et al. 2001, Finenko 

et al. 2003, Shiganova et al. 2001, Shiganova et al. 2000b). 

M. leidyi shows a seasonal distribution with lower values in winter 

(Shiganova et al. 1998). In period before the appearance of B. ovata M. leidyi 

notably occurred in Sevastopol Bay (Finenko & Romanova, 2000). After B. ovata 

invasion occurrence of M. leidyi high biomass is limited to only 2 months. When 

it reaches peak values in a month or so; B. ovata starts to increase sharply and in 

the following 2 weeks this predator controls the levels of M. leidyi very 

efficiently. After the disappearance of B. ovata in late autumn, the M. leidyi 

biomass again increases but it keeps on a lower level than in previous years 

(Finenko et al. 2003, Kideys et al. 2003, Shiganova et al. 2004). 

The quantification of the top-down control mechanism exerted by B. ovata is 

important to understand ecosystem changes occurring in the pelagic ecosystem of 

the Black Sea. After B. ovata introduction to the Black Sea, biomass level of M. 

leidyi decreased and in pelagic fish stock especially anchovy (Engraulis 

encrasicolus ponticus) has been determined a recovery. Meantime in the Caspian 
Sea the crisis in the catches of the commercial fish Kilka is continuing. Because 

of this in Iran was fairly important to propagate B. ovata. The present study is 

valuable from the point of view of determining when and how long reproduction 

is high in B. ovata spawning. In the study, reproduction of ctenophore B. ovata 
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was determined in different periods. The investigation aimed to determine 

whether there is timely different effect in reproduction or not. 

B. ovata was collected during 4 months: September ï December in 2003. 

Decreasing of M. leidyi biomass was observed when B. ovata was found in Sinop 

Bay in September (Birinci-Ozdemir 2005). The population of B. ovata consisted 

50-100 mm size range dominantly. Reproduction was development in early 

autumn and B. ovata size group <10 mm increased in September- October in 2003 

(Bat et al. 2005). In the present study, we aimed that reproduction of Beroe ovata 
in Sinop Harbour between September and December 2003. 

 

 

MATERIAL S AND METHODS 
 
The experimental study was carried out in laboratory of Sinop Fisheries Faculty at 

the, Turkey, on the southern Black Sea coast from 11
th
 September to 28

th
 

December 2003. The samples were collected in Sinop Bay using a large hand net 

and were transferred to plastic cups with sea water. B. ovata was not sampled in 

November due to the condition of the weather. In the laboratory each single 

ctenophore after catching was carefully transferred into 4 liters transparent plastic 

aquariums filled with seawater (salinity of 18ă) filtered through a 180 ɛm mesh. 

B. ovata was not fed during the experiments to estimate dynamics of spawning of 

freshly collected ctenophores. In both series water in the aquariums was changed 

daily and number of eggs and larvae was counted every day (see Table1).  

 
Table 1. Temperatures of surface water in sampling date in Sinop Bay. 

 

Sampling Date 
Temperature 

Ü C 

Beroe number Size range, mm 

11 September 2003 21.44 27 14-118 

26 September 2003 19.52 21 14-80 

11 October     2003 18.08 21 20-80 

02 December 2003 13.91 15 20-60 

28 December  2003 11.16 15 20-60 

 
Lengths of the animals were measured with ruler directly in the experimental 

vessels. The experimental temperature was kept as ambient temperature. In 

additional diameters of 15 eggs were measured using a micrometric scale in every 

period between September and December.  
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RESULTS AND DISCUSSION 
 
Length distribution in different periods; B. ovata population were dominant 

between 20 mm and 40 mm in September as individuals having 50-60 mm long 

were in December (Fig. 1).   
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Figure 1. Size structure of Beroe ovata population in September ï December 

2003. 

 

 

Reproduction Dynamics of B. ovata in Different Periods 

 
The high number of eggs was observed in B. ovata of 40 - 70 mm length in 

different periods. The highest egg number in the experiment was found at length 

of 70 mm (8700 eggs on 26
th
 September), minimum number were in ctenophores 

of 20 mm and 30 mm length. Similar reduce in egg production was observed in 

the big size individuals. Though 20 mm and 30 mm ctenophores did not produced 
eggs, in our experiments, some individuals of 14 mm length was observed to have 

1850 eggs (Table 2).  
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Table 2. Number of eggs of Beroe ovata depending on body length in different 

periods. 

 

Date/length 

(mm) 
11 Sep. 26 Sep. 11 Oct. 02 Dec. 28 Dec. 

14 1850 0 5 
*  *  

20 *  
*  *  0 1 

30 16Ñ4 0 
0 836Ñ369 

0 

40 7392Ñ1062 342Ñ83 164Ñ36 2 
0 

50 2164,5Ñ488 2665Ñ135 1052Ñ102 314Ñ13 
1 

60 7650Ñ765 2508Ñ584 348Ñ42 322Ñ15 
2 

70 993Ñ386 8700Ñ348 1809Ñ374 
* *  

80 
3650Ñ450 3100Ñ364 18Ñ3 * *  

118 2520 
*  *  *  *  

* no individuals found 

 

 

The egg numbers in the same size group in different time was found 

significant difference (P<0.05) as to statistical. Egg production decreased from 

September to December in B. ovata of different size groups. Maximum eggs 
numbers according to periods: On 11

th
 September above 7392 eggs were 

determined in the individuals with body lengths of 40. Whereas 7650 eggs were 

determined in the individuals with body lengths of 60 mm. Length size 70 mm of 

individuals was determined 8700 eggs on 26
th
 September. On 11

th
 October 50 mm 

and 70 mm length size of individuals were counted 1052 and 1809 eggs, 

respectively. On the 02
nd

 December high eggs number was observed length size 

30 mm (836 eggs). On 28
th
 December production of eggs quite decreased for 

individuals of 50 mm and 60 mm long (1 or 2 eggs) and the other individuals were 

not laid. The biggest ctenophore having size of 118 mm yield 2520 eggs, this 

value was low when compared to other smaller individuals (Table 2).  

The highest number of larvae was obtained as length size determined high 

eggs number (Table 3). In suggested source this parallelism was to mature eggs 

laid firstly by individuals. 
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Table 3. Number of larvae (B) of Beroe ovata depending on body length in 

different periods. 

 

 

* no individuals found. 

 

Egg production was the highest in September, in the beginning of B. ovata 

reproduction. Egg and larva production decreased in December. In last two period 

some individuals reproduced a few eggs but they did not develop in (Tables 2 and 

3). Average egg number of B. ovata in the all periods was high in individuals with 

lengths from 40 mm to 80 mm. Maximum average eggs number was found 3834 

at the long size 70 mm (Fig.2). 

Shiganova et al. (2004) found B. ovata smaller than 40 mm did not 

reproduce. Collected individuals of B. ovata of 48-70 mm length, which were at 

high prey concentration in natural conditions, had fecundity (egg production per 

day) of 513-3000 eggs at salinity of 17ă and temperature 23ÁC. The number of 

eggs is a function of food supply, so we can say that in Sinop Bay in autumn 2003 
B. ovata had much better food conditions than in1999 in the northeastern Black 

Sea. In Sevastopol Bay in 2003 intensive reproduction of B. ovata started in the 

beginning of September: the average fecundity of the most actively reproducing 

part of the population with body lengths of 35 ï70 mm was 4500 Ñ 250 eggs in a 

clutch. All the eggs were viable and developed into larvae. The period of intensive 

reproduction lasted about 2 weeks; afterward the fecundity and the percentage of 

the reproducing ctenophores decreased significantly. By the end of September the 

egg number in a clutch decreased from 4500 to 500 eggs and the share of 

reproducing B. ovata decreased to 40 ï 50% of adults (Finenko et al. 2006). 

Date/length 

(mm) 
11 Sep. 26 Sep. 11 Oct. 02 Dec. 28 Dec 

14 18 0 0 *  *  

20 *  *  *  0 0 

30 0 0 0 1 0 

40 0 77Ñ13 6Ñ2 0 0 

50 19Ñ5 65Ñ14 17Ñ8 64Ñ10 0 

60 131Ñ15 350Ñ42 52Ñ11 5Ñ0 0 

70 105Ñ9 554Ñ36 64Ñ16 * *  

80 330Ñ28 0 15Ñ6 * *  

118 0 *  *  *  *  
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Figure 2. Average eggs number in Beroe ovata depending on body length in 

different periods. 

 

In periodically experiments high eggs production was observed in September 

and early October. We took 1850 eggs from length of 14 mm B. ovata on the 11 

September; this value was very high for small size. Finenko et al. (2003) found 

similarity in their study. In the autumn of 1999 the spawning period in the eastern 

Black Sea was observed in September-October with maximum at the beginning of 

October (Arashkevich et al. 2001). 

In the present studty there was no significant differences (p=0,25 ) between 

the diameter of B. ovata eggs in sampling periods except October. On the 11
th
 

October diameter of eggs was evaluated on average as 0.62 mm. This value was 

higher than other periods. We determined the average diameter of eggs about 0.45 

mm throughout the all samples. Minimum diameter of eggs was measured 0.37 

mm on 26
th
 September (Fig. 3). 
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Figure 3. Diameter of eggs in different periods. 
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In Finenko et al. (2003) laboratory experiments the Black Sea B. ovata at 

salinity of 18 ă started reproduction at a size of 12ï13 mm of body length. Under 

controlled food conditions during 10 days when daily weight specific rations 

averaged 20 - 108% of B. ovata wet weight, they had 4ï6 clutches and the total 

number of eggs laid by one ctenophore ranged from 2066 to 4220 or from 0.2 to 

1.6% of body weight (0.02ï0.16% per day). 

Arashkevich et.al. (2001) and Finenko et al. (2003) carried same studies with 

present investigate. Production of eggs and larva of B. ovata was investigated at 
different temperature. Clutch size of animals depends on the body length and 

development rate and viability of eggs were examined in experiment 

(Arashkevich et al. 2001). Ingestion and growth rates as well the gross growth 

efficiency of B. ovata were estimated from laboratory experiment. Daily egg 

production of ctenophores was determined by fed M. leidyi (Finenko et al. 2003). 

Kideys et al. (2003) examined factor of salinity affecting the egg production of 

Beroe ovata 

 

Conclusion  
 

Laboratory experiments performed in the southern Black Sea showed that egg 

production is highest during the first 24 hours following the sampling and 

spawning rate decreases dramatically with every other day. In addition this egg 

production was high in late September and early October in 2003 But climate 

changes and warming sea water affect on reproduction time, period and feeding 

quantity of gelatinous macrozooplankton. Because of this, studies in the Black 

Sea is important to followed variation of ecosystem. Beroe ovata and its impact 
on plankton community are valuable in the Black Sea. 
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ABSTRACT 

 
At the laboratory, the gastric emptying in Pleurobrachia pileus fed on Artemia 

salina at different temperatures (12 and 17 ęC) was investigated.  The emptying 

was best described by an exponential function in such that: N1 = N0 e
-0.951.t

 ( r
2
 

=0.75, p<0.001, n=20). Where N0, initial number of Artemia salina ingested. T is 

the duration from N0 to N1. It was found that the emptying time of Artemia salina 

ingested (from 2 to 19) varied from 0.6 to 2.93 h. It was also found that gastric 

emptying time (h) in Pleurobrachia pileus (W = 0.38 Ñ 0.18 g, L = 0.88 Ñ 0.29 

cm,    n= 20) fed on Artemia salina increased linearly by increasing number of 

Artemia ingested. 

Clearance rate in Pleurobrachia pileus (W = 0.38 Ñ 0.18 g, L = 0.88 Ñ 

0.29 cm) was also studied. The result indicates that there is a significant 

correlation between container volume and the clearance rate for the stated 

experimental conditions. The clearance rate increased as container volume 

increased. It was also varied 0.29-7.59 L/ day/ predator with the average of 
2.77Ñ2.40 L/ day/ predator (n= 20).  

In the field, abundance and vertical distribution of P. pileus by months 

were investigated. The stomach contents were also studied. Microscopic analysis 

of stomach contents showed that calonoid copepods (52%), Sagitta setosa (14%)  

are the main prey items. However  in the winter they were Pseudo-nitzchia sp. 

(43%). Calanoid copepods (23%), Sagitta setosa (11%), nauplii (5%), Ceratium 

sp. (3%), fish eggs (2%).  
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INTRODUCTION  
 
The drastic changes in the ecosystem of the Black Sea after the introduction of 

Mnemiopsis leidyi in the early 1980s have stimulated numerous recent studies. 

Plankton studies in the Black Sea have mainly dealt with horizontal and vertical 

distributions, morphology, tropic relationship, predation, ecological roles and 

methods for controlling the Mnemiopsis leidyi population (Shushkina and 

Musayeva 1983, Vinogradov et al. 1989, Zaika and Sergeeva 1991, Harbison and 

Volovik 1993, Zaitsev 1993, Lebedeva and Shushkina 1994). It has been claimed 

that Mnemiopsis leidyi outbreak has led to substantial economic losses. A sharp 

decline in the stocks of zooplanktonivorous fish, namely anchovy, sprat and 

mackerel in the Black Sea (Kideyĸ 1994). Bilio and Niermann (2004) and Bilio 

(2004) have shown that the decline in the anchovy stocks should be outcompeted 

by the ctenophore. In the face of such problems, a number of researchers have 

focused their studies on the abundance and ecological impact of jellyfishes in the 
Black Sea and suggested on possible courses of action. Vinogradov et al. (1985) 

first reported the extensive vertical distribution of Pleurobrachia pileus in the 

open water of the Black Sea. Researchers focused on various sectors of the Black 

sea, especially Novorosyisk, Odessa, Sevastapol and Crimean coasts, and the open 

Black Sea (Vinogradov et al. 1989, Shushkina and Musayeva 1990a, b; 

Vinogradov 1990; Shushkina and Vinogradov 1991a,b; Zaika and Sergeeva 1991; 

Vinogradov et al. 1992; Volovik et al. 1993). 

In order to allow to quantification of the possible effect of a predator in 

the food web, gastric emptying process, mainly emptying rate and time should be 

studied. The rate at which a meal passes through stomach [gastric emptying rate, 

GER, g h
-1
] and the total clearance time [gastric emptying time, GET- h] had been 

measured in a variety of fish species (Grove et al 1985, Seyhan 1994). They were 

used to evaluate the relationship between many of the characters, such as fish size 

and temperature and quality of food in stomach samples, taken sequentially can be 

used to estimate natural feeding rates if the gastric emptying rates are known 

(Seyhan and Grove 1998). Numerous factors modify GERs (Seyhan et al 2003; 

Kapoor et al 1974, Mazlum and Seyhan 2007, Fªnge and Grove, 1979) and GETs 
and have been reviwed by Kapoor et al (1974) and Fªnge and Grove (1979). 

However it is becoming clear that more attention should be given not only to fish, 

but also to the other marine and freshwater animals including gastropods (Seyhan 

et al,  2003) and jellyfish (Mazlum and Seyhan, 2007) that are believed to be 

playing an important role in the pertinent system. 

Gelatinous zooplankton may substantially affect pelagic food webs by 

exerting a top-down control on their ecosystems (Kideys and Romonova 2001, 

Mutlu et al 1994). The drastic changes in the ecosystem of the Black Sea after the 

introduction of Mnemiopsis leidyi in the early 1980s have stimulated numerous 

recent studies (Mutlu and Bingel, 1999). In the summer of 1989 peak biomass 

levels of this ctenophore were up to 1.5-2 kg wet weight m
-2

 total close to 1 

billion tons for the entire sea (Vinogradov et al., 1989). Simultaneously there were 

sharp decreases in the quantity of prey zooplankton (Kideys and Romonova, 

2001; Kovalev et al., 1998a, b; Kideys at al., 2000), and in commercial fishery 
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catches (Kideys and Romonova, 2001; Kideys, 1994; Kideys et al. 1998; Kideys 

et al. 1999). These enormous biomass levels of Mnemiopsis leidyi steadily 

decreased in subsequent years (Kideys and Romonova, 2001; Mutlu et al., 1994). 

Plankton studies in the Black Sea have mainly deal with horizontal and vertical 

distributions, morphologytrophic relationship, predation, ecological roles and 

methods for controlling the M. leidyi population (Mutlu and Bingel, 1999; 

Shushkina and Musayeva, 1983; Vinogradov et al., 1989; Zaika and Sergeeva, 

1991; Harbison and Volovik, 1993; Zaitsev, 1993; Lebedeva and Shushkina, 
1994).  Vinogradov et al. (1985) first reported the extensive vertical distribution 

of Pleurobrachia pileus in the open water of Black Sea. The average biomasses of 

Mnemiopsis leidyi, Pleurobrachia pileus and Aurelia aurita were approximately 

the same (200 g wet wt m
-2
 ) in 1992 and 1993. P. pileus biomass doubled 

between 1990/91 and 1993. P. pileus  like M. leidyi  is an important predator on 

the copepod community.  

Pleurobrachia pileus feeds preferentially upon copepods. Pleurobrachia 

fishes for prey by slowly swimming in arcs, trailing relaxed tentacles. When comb 

plate beating nearly ceases, the animal becoms completely still or sinks slightly. 

Feeding does notoccur unless the animal is in this relaxed state. Copepod which 

contacts the tentacles becomes ensnared in the sticky discharge from the 

colloblasts. The tentacle contracts stongly possibly in response to mechanical 

stimulation by the prey, and pulls the prey closer to the body (Moss, 1991).  

Pleurobrachia pileus feeds on a wide range of food items including Copepode, 

Cladocera, Mollusca, fish eggs and larvae and other taxa (Mutlu & Bingel, 1999). 

Mazlum and Seyhan (2007) have studied that the feeding physiology of 

Mnemiopsis leidyi fed on Artemia salina were investigated under laboratory 
conditions. Multifactorial experimental designs were used to study the factors 

affecting gastrovascular emptying in M. leidyi. A high correlation was found 

between number of prey ingested and digestion time. Modelling of gastric 

emptying time (GET, h) of M. leidyi fed on Artemia salina was attempted to 

describe the effect of animal size, prey number, container volume and temperature 

on the digestion time.  

Therefore, the present study presents the clearance-rate, digestion time 

and rate of P. pileus based on the stated laboratory conditions. An attempt has also 

been made to model digestion timeïrate and clearance rate in the Black Sea 

ctenophore, P. pileus. This study, vertical distributions and abundance of the 

invasive ctenophore P. pileus in the South Eastern Black Sea were evaluated by 

using data collected at stations during the April 2001 to July 2002.   

 

 

MATERIAL S AND METHODS  
 

Abundance and Vertical Distribution  

 
Samples for studying the abundance and vertical distribution of P. pileus M¿ller, 

1776 in the Eastern Black Sea were collected from April 2001 through July 2002. 

Macrozooplankton surveys were conducted on board the R.V. ñDENAR-1ò.  
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While the station 1 (41Ü 20ô 00ôôE- 41Ü 01ô 10ôôN) is 6 miles far from shore and 

has the maximum 800 m depth (Fig.1). To estimate vertical distribution of the 

organisms, a single Hensen opening-closing net (0.75 m net diameter, 200 Õm 

mesh) was used. Vertical hauls in the open station were made from with oxygen 

upper layer (150 m) to 75 m and than 75 m to the surface (75-0 m). On board, 

soon after arrival the laboratory, gelatinous organisms were immediately 

preserved in %5 formalin buffered with borax. In the laboratory, stomach contents 

of 377 individuals of   P. pileus were examined.  
 

 
 

               Figure 1. Sampling stations at the Eastern Black Sea 

 

The gastrovascular cavity of each specimen was dissected under a 

binocular microscope by making an incision with a dissecting needle from the 

mouth through the cavity (Mutlu and Bingel 1999). 

Stomach contents were identified to the lowest possible taxonomic level 
and individual food items were enumerated. The frequency of occurrence and 

numerical abundance were calculated to provide estimates of the qualitative and 

quantitative importance of the prey. Hydrographic data were obtained by an 

Aanderaa RCM 9 CDT instrument. Individual weights of ctenophores were also 

measured with electronic balance. 

 

Digestion time and rate  

 
Feeding experiments were conducted during October ï December 2003 using two 

series of experiments. P. pileus was collected by the hand with net in the water 

column of 1 meter off Trabzon, eastern Black Sea. While the station 2 (40Ü 13ô 

00ôô E - 40Ü 56ô 30ôô N) is chosen near the shore and has the maximum 10-15 m 

depth (Fig.1).  They have been carried to the laboratory with a small tank in 10-15 

minutes time where they were kept in a holding tank   (10 l) which was slightly 
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aerated. All experiments were carried out in the light at different temperature (12 

ÜC and 17 ÜC) using containers of 1 l capacity.   

A number of experiments were conducted to examine the emptying 

process in the P. pileus fed on Artemia salina nauplii. First we focused on the 

gastric emptying, and then we examined two factors which could have an affect 

on gastric emptying time and rate, namely the animal size (0.3-1.3 cm, 0.113-

0.780 g WW), the A. salina nauplii ingested and temperature. The ctanophores 

were starved for 24 h before the experiment to ensure that they had no prey in 
their guts (Heeger and Mºller, 1987).   

Initial prey number was set as 250 for 1 liters of the container size. The 

ctenophores were placed individually in the experimental containers with stated 

number of prey items with initially placed; they were given a stated 32-55 minutes 

for all animals to feed. When the feeding stopped, the ctenophores were placed in 

Petri dishes filled with seawater under a stereomicroscope (10Ĭ40, 40Ĭ40) which 

allowed inspection of the content of the gastro vascular cavity (or pharynx) 

through the transparent body segments between the ócombsô (Kuipers et al 1990). 

The complete time taken for the digestion of the prey items in the gastro vascular 

pour was continuously recorded and experiment was carried out until all prey 

items to have been digested. Also the stomach content was checked in a 

microscope every 10-15 min. in the beginning and every second minute when 

stomach content began to disappear for estimation of gastric emptying rate.  

The data were used to calculate instantaneous prey mortality rates 

according to the fallowing equation: 

 N1 = N0 exp (-mt)  

Where N1 is the final number of A. salina is in the stomach of P. pileus, N0 is the 
initial number of prey is in the stomach of P. pileus, m is the instantaneous prey 

mortality rate and t is the duration of experiment (Chandy and Greene, 1995; 

Gibbons and Painting, 1992) 

 

 

Clearance rate experiments  

 
A modeling for clearance rate of P. pileus fed on A. salina were attempted using 

equal densities (250 number/ container), volume of the container (100 ml and 1 

L.), the animal size ranged from 0.3 mm to 1.3 mm with average of 0.88 Ñ 0.29 

mm (n = 20), the wet weight ranged from 0.113-0.78 g with average of 0.38 Ñ 

0.18 g (n = 20) and using different temperature (12 ÜC, 17 ÜC).  

Clearance rate represented (L/ day/ predator) is the volume of the water 

from which prey items were removed over a time interval assuming a constant 

clearance rate by the animal size, and therefore an exponential decline in prey 

density during the experiment (Garcia and Durbin, 1993). The clearance rates for 

the prey  (A. salina) was then estimated from the experiments conducted as 
follows. 

CR = {(In(ni) ï In(nf)) V}N/t}   
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Where CR is the clearance rate, ni is the initial number of prey, nf is the final 

number of prey, V is the container volume, N is the animal size and t is the 

experimental time (Vinogradov et al, 1989; Mazlum, 1998). 

 

 

RESULTS 
 

Abundance and vertical distribution 

 
At the depth of up to 150-75 m P. pileus were found more abundant then other 

species concerned especially in spring ( April 2001- 145 ind./m
2
, April and May 

2002- 204 ind./ m
2
). From the depth 150-75 m, P. pileus was found more 

abundant than the surface waters studied (Fig. 2). 

 

Figure 2. Monthly vertical distributions of Pleurobrachia pileus 

 

 

 

The abundance of P. pileus increased from winter through spring to a 

peak in summer. The mean abundance during a sampling period was 95.6 ind./m
2
, 

while the maximum abundance was 428 ind./m
2
 in July 2002. Mean body lenght 

of P. pileus did not exceed 1.6 cm   (0.05-1.6 cm) (Fig.3). 
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Figure 3. Monthly vertical distributions of Pleurobrachia pileus (150-0m) 

 

Digestion time and rate 

 
Digestion time of the A. salina fed to P. pileus was determined using different 

temperatures (12 ÜC and 17 ÜC). It was found that a linear relationship was 

observed (Fig. 4) with a high correlation factors (r
2
 = 0.88, n = 20) between prey 

densities and the time required to clear the gastrovascular pour indicating that 

digestion time increases as the number of prey increases. However, a considerably 
low p was also obtained when the effect of temperatures (p = 0.064, n = 20) on 

digestion time.  It is considered, it is closer to % 95 limits. This is thought to be 

because of the the temperature range is not high used in laboratory experiments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Figure 4. Gastric emptying time of P.pileus fed on Artemia salina 
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All data have been pooled and an attempt has also been made to account 

the gastric emptying rate in P. pileus fed on A. salina. The emptying was best 

described by a exponential function in such that:  N1 = N0 e
-0.951.t

 (r
2
 =0.75, 

p<0.001, n=20) Where N0, initial number of Artemia salina ingested. T is the 

duration from N0 to N1 (Fig. 5). All data has been using gastric emptying rate 

value found that 0.35 Ñ 0.02 (r
2
 = 0.69, n = 20).  

 

 
Figure 5. Percantage residuum of prey numbers in % in the gut of 

P.pileus after firs feeding with Artemia salina. The reduction through 

time was best described by an exponential function. 

 

Clearance Rate 

 
Clearance rate was also studied by looking at the factors affecting and it was 

found that the container volume have significantly affected the clearance rate such 

that when the container volume (V) increased clearance rates also increased. The 

result indicated that there was a significant correlation between container volume 

and the clearance rate for the stated experimental conditions. The clearance rate 

was increased as container volume was increased (Fig.6). The clearance rate also 

varied 0.29-7.59 L/ day/ predator. The average of 2.77Ñ2.40 L/ day/ predator (W 

= 0.38Ñ0.18, L = 0.88Ñ0.29, n= 20).  
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Figure 6. Relationship between prey density and number of prey 

ingested. Note that the number of Artemia.Ingested increases with  

increasing prey density irrespective with all two container volumes  

(100ml, 1L). 

 

Stomach Contents 
 

The stomach contents of P. pileus classified by higher taxonomic categories 

consisted mainly of Calanoid copepoda (52%), Sagitta setosa (14%), Ceratium 

sp. (13%), fish eggs (4,5%), Oikopleura dioica (3,87%) and Balanus nauplii 

(1,04%) have made a small but noticable contribution to the P. pileus their 

diet.The stomach of Pleurobrachia pileus fed on Sagitta setosa and Calanus 

euxinus in the field is also given in Figure 7. 

Main prey items in the winter however was Psudo-nitzchia sp. (43%), 

Calanoid copepoda (23,22%), Sagitta setosa (11,76%), nauplii (5%), Ceratium 

sp. (3%), fish eggs (2%) and their remains were found in the stomach as well.  

Prey items in the spring however was Calanus euxinus (33-36%), 
copepod eggs (11,34%), Calanoid copepoda (9,5-31%), Sagitta setosa (2-35%), 

Ceratium sp. (4-23,5%), fish eggs (3,85-5,9%), Oikopleura dioica (3,87%) and 

Balanus nauplii  (1,04%) were found in the stomach as well.  

In the summer of stomach contents Calanoid copepod (21,5-71,23%), 

Calanus euxinus (17,64-18,28%), fish eggs (18,15%), Sagitta setosa (17,72%), 

copepod eggs (9,35%), Ceratium sp. (1,79-25%), Oikopleura dioica and Mollusca 

egg (1,3-2,6%). The stomach contents of  P. pileus in the autumn consisted 

mainly of Calanoid copepoda (45,90%), Calanus euxinus (41,18%) and Sagitta 

setosa. 
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Figure 7. Pleurobrachia pileus fed on Sagitta setosa and Calanus euxinus in the 

field. 

 

 

DISCUSSION 
 

It has been reported that P. pileus acts as serious competitors for copepoda with 

pelagic fish and the planktonic larval stages of most fish. Harbison et al. (1978), 

state that like most lobate ctenophores, M. leidyi feeds superfluously. Gastric 
emptying time of different prey items has been studied in both Ctenophore and 

Scyphomedusae (Annisky et al., 1998; Monteleone and Duguay, 1988; Arai, 

1997; Tsikhon-Lukanina et al 1993). However the results are not consistent. 

Purcell et al (1994) stated that bay anchovy eggs and zooplankton prey had 

similar digestion times. They also reported that the digestion time of anchovy 

eggs and copepods fed on cyphomedusae, C. quinquecirrha, was not affected 

neither by prey number nor by the animal size.  

A considerable number of papers report on digestion time of P. pileus 

(Martinussen & B¬mstedt 2001). Digestion time was found to decrease with 

increasing food concentration and size of predator (Purcell 1983; Costello 1988; 

Monteleone & Duguay 1988; Purcell & Cowan 1995; Martinussen & B¬mstedt, 

2001) and to increase with increasing size and number of prey (Reeve1980; 

Purcell 1989; Martinussen & B¬mstedt 1999) and increasing metabolic rate 

(Biggs 1977; Purcell 1983).  

A number of experiments were conducted to examine the emptying 

process in the P. pileus fed on Artemia salina nauplii. First we focused on the 

description of gastric emptying, and then we examined two factors which could 
have an affect on gastric emptying time and rate, namely animal size and the 

number of ingested prey.  

Gastric emptying time in P. pileus fed on Artemia salina nauplii at 

different temperatures (12 and 17 ÁC) was investigated. The emptying was best 

described by a exponantial function in such that N1= N0 . e
-0.951 .t

 (r
2
 = 0.77, p< 

0.001, n= 20). It was found that the emptying of Artemia salina nauplii ingested 

(from 2 to 19) varied from 0.6 to 2.93 hours. It was also found that gastric 
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emptying time (h) in P. pileus (W= 0.38Ñ 0.18 g, L= 0.88 Ñ 0.29 cm, n= 20) fed 

on Artemia salina nauplii increased linearly by increasing number of Artemia 

ingested. 

Diets of gelatinous predators; barnacle larvae, copepods, Euphausiid 

eggs, Euphausiid larvae, Oikopleura dioica was been used by Larson (1987a,b). 

According observations during 1980-1981 for P. bachei, digestion time ranged 

from 3 to 4 hours depending on prey taxa. These data show that medusae and 

ctenophores are important predators of meso zooplankton. They feed on the eggs 
and the larvae of commercially important euphausiids and they may compete with 

salmon and other juvenile fishes for these some prey (Larson, 1987a, b). 

Digestion time was found to decrease with increasing food concentration 

and size of predator (Purcell 1983; Costello 1988; Monteleone & Duguay 1988; 

Purcell & Cowan 1995; Martinussen & B¬mstedt 1999) and to increase with 

increasing size and numberof prey (Reeve 1980; Purcell 1989; Martinussen & 

B¬mstedt 1999).  

Clearance rate in P. pileus fed on Artemia salina was also investigated. 

The result indicates that there is a significant correlation between container 

volume and the clearance rate for the stated experimental conditions. The 

Clearance rate also varied 0.29-7.59 L/day/predator. The average of  2.77Ñ2.40 

L/day/predator.  

It has been reported that P. pileus there is a volume beyond wich 

clearance becomes independent of container size. For P. pileus of 10-15 mm, this 

is probably somewhere between 40 and 60 l, but will of course vary with predator 

size. Although Miller & Daan (1989) noted that prey type was more important in 

determining the clearance rates of P. pileus than container volume, their number 
of trials in different size containers was small. Certainly, their mean clearance 

rates in 4 l (3.3 .day
-1
) were lower than those at 8 (5.01 l .day

-1
) or 16 l (5.0 l .day

-

1
), which in turn were not that different from each other suggesting the attainment 

of a ceiling filtration rate. While similar results results were shown by Monteleone 

& Duguay (1988) for the lobate ctenophore M. leidyi, their data were best 

described by Ivlevô s (1961) equation, where small changes in volume of the 

smaller containers elicited proportional clearance responses (Gibbons and 

Painting, 1992).  
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ABSTRACT  

 
In this study, spatial and seasonal distributions of six gelatinous zooplankton 

(Aurelia aurita, Chrysaora hysoscella, Rhizostoma pulmo, Mnemiopsis leidyi, 

Beroe ovata and Pleurobrachia pileus) were evaluated using data obtained from 4 

cruises to the southern Marmara Sea carried out In July 2006, October 2006, 

March 2007 and June 2007. Mnemiopsis leidyi was always present except March 

2007. The appearance of Beroe ovata resulted in a sharp decrease of M. leidyi 

abundance. Beroe ovata was found only in October 2006 sampling area, with the 

highest abundance (4.3 ind.m
-3
). The maximum abundance of Pleurobrachia 

pileus was in June 2007 (9.5 ind.m
-3
). A. aurita was absent in March 2007. 

Chrysaora hysoscella and Rhizostoma pulmo was observed only in July 2006 and 

June 2007.  

 

 

INTRODUCTION  
 

Gelatinous zooplankton may excessively affect pelagic food web by exerting a 

top-down control on their ecosystems (Mountford 1980). This has been well 

documented estuaries and enclosed seas (Kremer and Nixon 1976, Mutlu 1999, 

2001, Mutlu and Bingel 1999). Several investigators provided data on the 

abundance on the gelatinous zooplankton in the Marmara Sea (Shiganova et al 

1995, Tarkan et al 2000, Isinibilir and Tarkan 2000, Ķĸinibilir 2004, Isinibilir et al 

2004, Isinibilir 2007, Mavili 2008, Isinibilir 2009, Isinibilir et al 2010). Until very 

recently, six species of gelatinous zooplankton were present in the Marmara Sea: 

three scyphozoan medusae [Rhizostoma pulmo, Aurelia aurita and the new 

invader Chrysaora hysoscella] and three ctenophores [the indigenous 

Pleurobrachia pileus and the invaders Mnemiopsis leidyi and Beroe ovata]. The 

arrival of the ctenophore Mnemiopsis leidyi from the western Atlantic to the Black 

Sea with ballast water at the end of the 1980s accelerated several adverse events 

mailto:melekis@istanbul.edu.tr
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(Vinogradov et al 1989, Kideys et al 1999, Kideys et al 2000). Via the surface 

currents flowing from the Black Sea through the Bosphorus, Mnemiopsis leidyi 

must have immediately invaded the Marmara Sea following their respective 

occurrence in the Black Sea (Shiganova et al. 1995). Beroe ovata was first 

observed in the Marmara Sea in 1992 (Shiganova et al 1995). The first appearance 

of Chrysaora hysoscella in the Marmara Sea was recorded in the Erdek Bay 

during August-September of 2000 (Ķnanmaz et al 2002). The jellyfish R. pulmo 

inhabits near-shore and in polluted regions (Shuskina et al., 2000). The most 
recently, Liriope tetraphylla, Aglaura hemistoma, Solmundella bitentaculata, 

Neoturris pileata and Paraphyllina ransoni were recorded in the Marmara Sea 

(Isinibilir et al, 2010). 

The Marmara Sea, connected to the Black and Aegean seas by the Strait 

of Istanbul and Dardanelles straits, is an inland sea forming a transition zone 

between the Black Sea and the Mediterranean Sea. As a result of the positive 

water balance in the Black Sea, its water masses are transferred into the Marmara 

Sea through the Strait of Istanbul, forming a brackish upper layer (15-20 m) with 

a salinity of 22-26 ă. Below this upper layer, a more saline (~39 ă) the 

Mediterranean Sea water flows towards the Black Sea, with a constant 

temperature of about 15 Üʉ throughout the year (Besiktepe et al.1994). Dissolved 

oxygen (DO) concentrations are between 7.4-10.7 mg l
-1
 in the upper layer, and 

1.1-1.5 mg l
-1 

in the lower layer (Unluata et al 1990).  

The aim of the present study is to provide information on the seasonal 

dynamics of abundance of gelatinous zooplankton in the southern Marmara Sea. 

 

 

 

MATERIALS AND METHODS  
 

Gelatinous zooplankton were collected vertically during daytime by a WP2 

closing net (200 Õm mesh, 0.57 m diameter) from the interface to the surface at 

monthly with one haul at 10 stations (Fig. 1) during the cruises of R/V Yunus-S in 

July 2006, October 2006, March 2007 and June 2007. Zooplankton were taken 

only from four stations (at stations 1, 3, 6 and 10). The Bandērma Bay is 

represented by stations 1, 2; Kapēdaĵ Peninsula by 3; the Erdek Bay by 5, 6, 7; 

and the Dardanelles part by 9 and 10, as shown in Fig. 1. Gelatinous zooplankton 
specimens were identified and measured immediately on board. 
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Figure 1. Location of sampling stations 

 

RESULTS 

 
Seasonal changes in water temperature are shown in Figure 2. The maximum 

value of 24.8 ÁC was recorded in Bandērma Bay (at station 2) in June 2007, while 

a minimum of 8.9 ÁC was registered in the Dardanelles (at station 10) in March 

2007. The temperature in June 2007 was higher than in July 2006. 

 

 

Figure 2. Seasonal fluctuations of temperature in the upper layer at stations in the 

Southern Marmara Sea. 

Mnemiopsis leidyi was always present in all seasons, except March 2007 

(Figure 3). In July 2006, the distribution of M. leidyi shifted further to the west. 
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The average abundance was 1.3 ind.m
-3
. The maximum abundance of M. leidyi 

was 4.4 ind.m
-3
. In October 2006, M. leidyi was found mainly in the Erdek Bay. 

Mean abundance was 0.2 ind.m
-3
. The maximum individual number (1.2 ind.m

-3
) 

were found in the inner part of the Erdek Bay. In March 2007, M. leidyi was 

totally absent in all stations. In June 2007, the distribution of M. leidyi was found 

almost all stations. Maximum length of Mnemiopsis leidyi was found in July 2006 

(130 mm).  

Beroe ovata was absent in July 2006, March and June 2007 (Figure 3). In 
October 2007, B. ovata was mainly distributed in the waters of Erdek and 

Bandērma Bay. Mean abundance of B. ovata was 1.02 ind.m
-3
. Maximum 

abundance (4.3 ind.m
-3
) was found in the Erdek Bay (at station 6). Maximum 

length of Beroe ovata was 130 mm. 

Pleurobrachia pileus was absent in October 2006 (Figure 3). In July 

2006, the distribution of P. pileus decreased from Bandērma Bay to the 

Dardanelles. Mean abundance of P. pileus was 2.7 ind.m
-3
 in July 2007. The 

maximum abundance of P. pileus was 9.6 ind.m
-3

 in June 2007. In March 2007, P. 

pileus was just found at station 1, 6 and 10. In June 2007, the distribution of P. 

pileus was found just in the Bandērma Bay and the Kapēdaĵ Peninsula. Maximum 

length of Pleurobrachia pileus was found in March 2007 (21 mm). 

Aurelia aurita was always present in all seasons except March 2007 

(Figure 3). In July 2006, A. aurita was found mainly in the Bandērma and Erdek 

Bay.  Maximum abundance (7.3 ind.m
-3
) was found in the eastern part of the 

Erdek Bay in July. In October 2006, the mean abundance was 0.2 ind.m
-3
. In June 

2007, the maximum abundance (11.0 ind.m
-3
) of A. aurita was found in the 

eastern part of the Erdek Bay. Maximum length of Aurelia aurita was found in 
June 2007 (210 mm). 

 Furthermore, Chrysaora hysoscella was observed in the Bandērma Bay 

and the Dardanelles in both July 2006 and June 2007.  Rhizostoma pulmo outburst 

was seen in the Erdek Bay in both July 2006 and June 2007. 
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Figure 3. Seasonal fluctuations of gelatinous macrozooplankton at stations in the 

Southern Marmara Sea. 

The mesozooplankton exhibited significant seasonal distribution by 

regions (Figure 4). The maximum mesozooplankton abundance was recorded at 

station 10 in July 2006 (67457.5 ind.m
-3
), particularly due to high cladocera 

abundance (57338.6 ind.m
-3
). The minimum abundance was in March 2007 at 

station 10 (825.7 ind.m
-3
). Copepods were the most abundant in October 2006. 

 

 

DISCUSSION 

 
Six species of gelatinous macrozooplankton were found in the southern Marmara 

Sea: three scyphozoan medusae Aurelia aurita, Chrysaora hysoscella, Rhizostoma 

pulmo and three ctenophores Mnemiopsis leidyi, Beroe ovata and Pleurobrachia 

pileus. In investigated area, the abundance of M. leidyi, P. pileus and A. aurita 

peaked in summer but B. ovata had high quantity in autumn. Chrysaora 

hysoscella and Rhizostoma pulmo were observed only in summer periods. But in 

Black Sea, it was found that M. leidyi had high quantity in winter times, but 

abundance of A. aurita and P. pileus increased in summer times in the Black Sea 
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(Mutlu,1999, Mutlu and Bingel 1999, Mutlu 2001). Isinibilir (2004) noticed for 

Izmit Bay in the Marmara Sea that Rhizostoma pulmo had high abundant in late 

summer and autumn.  

 

Figure. 4. Seasonal fluctuations of mesozooplankton, copepod, cladocera and 

meroplankton at stations in the Southern Marmara Sea. 

As revealed in this study, after the B. ovata appearance, sharp decreases 

occurred in M. leidyi quantity in October 2006. Isinibilir (2007) informed in the 

Izmit Bay in the north eastern Marmara Sea that the abundance of M. leidyi was 

limited in summer by B. ovata.  Finenko et al (2001) demonstrated for the Black 

Sea area of Sevastopol that B. ovata could control the M. leidyi stocks. Kremer 

and Nixon (1976) also noticed that a reduction of M. leidyi biomass coincided 

with an increase in B. ovata abundance. Furthermore, Mnemiopsis leidyi reached 
the highest abundance in summer when the temperature was high, similar to the 

pattern observed in the Black Sea and the Caspian Sea (Shiganova 1998, Finenko 

et al. 2003, Roohi et al. 2008). Starting in spring, when the low values were 
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observed, P. pileus showed marked increases in abundance until summer, when 

the maximum values occurred. Mutlu and Bingel (1999) found a similar trend in 

the seasonal abundance of P. pileus.  Aurelia aurita showed high quantity in July 

2006; after a sharp decrease in October 2006 to March 2007, a peak occurred in 

July 2007. Similar results have been reported in the Black Sea (Mutlu 2001). 

Mutlu (1999, 2001) noticed that when M. leidyi was predominantly present, A. 

aurita were rare, and vice versa. A. aurita and M. leidyi inhabit the same layer and 

compete for the same planktonic food (Mutlu 1999, 2001). 
 The high temperature in July 2006 (Figure 2) was favorable to 

Mnemiopsis leidyi, and bloom events were expected. In spite of high temperature 

in June 2007, the abundance of Mnemiopsis leidyi remained relatively low. This 

may be not only a long-lasting effect of the Beroe ovata pressure but also the 

effect of new invader Liriope tetraphylla which was first recorded in 2005 in the 

Marmara Sea (Isinibilir et al 2010).  

The Marmara Sea is exposed to invasive of gelatinous zooplankton 

because of its tropic structure (Isinibilir 2004, Isinibilir et al. 2010). In last decade, 

quantity of gelatinous zooplankton was increased in the Sea. Ķĸinibilir (2010) 

informed that the number of gelatinous zooplankton has reached a total of 51 in 

the Marmara Sea. Under certain environmental conditions, the local abundances 

of jellyfish can increase and hereby they can not only severely damage and shift 

the structure of zooplankton communities but also feeding directly on larval and 

juvenile stages of commercially valuable fish (Titelman and Hansson 2006). 

Local fisheries in the Marmara Sea are very important, especially Erdek and 

Bandērma Bay and may be effected by increasing gelatinous zooplankton. As a 

conclusion, gelatinous zooplankton species in the Marmara Sea should be 
investigated in order to predict potentially their effects on valuable fisheries 

resources.  

 

 
Acknowledgments. 
This work was supported by T¦BĶTAK (105Y039). We wish to thank crews of 

R/V ñYunus Sò for their supports and assistances at sea. 

 

 

REFERENCES 

 
Besiktepe S. T., Sur H.I., Ozsoy E., Latif M.A., Oguz,T., Unluata U. 1994. The 

circulation and hidrography of the Marmara Sea. Progress in 
Oceanography 34, 285-334. 

Finenko G.A., Anninsky B.Y., Romanova Z.A., Abolmasova G.I., Kideys A.E. 

2001. Cemical composition respiration and feeding rates of the new alien 

ctenophore, Beroe ovata, in the Black Sea. Hydrobiologia 451: 177-186.    

Finenko G. A., Romanova Z.A., Abolmasova G.I., Anninsky B., Svetlichny L.C., 

Hubareva E. S., Kideys A. E., 2003. Population dynamics, ingestion, 

growth and reproduction rates of the invader Beroe ovata and its impact 



41 

 

on plankton community in Sevastopol Bay, the Black Sea. Journal of 

Plankton Research 25, 539-549. 

Isinibilir M., Tarkan A.N. 2001. Abundance and Distribution of Mnemiopsis 

leidyi in the Northern Marmara Sea. Rapp. Comm. int. Mer. M®dit.,36. 

CIESM, Monte-Carlo. (Monaco) pp. 276. 

Ķĸinibilir M., 2004. The investigation of abundance and distribution of pelagic 

Cnidaria, Ctenophora and effective factors on those in Izmit Bay. PhD 

Thesis. Istanbul University, Turkey. 106pp. 
Isinibilir M., Tarkan A.N., Kideys A.E. 2004. Decreased levels of the invasive 

ctenophore Mnemiopsis in the Sea of Marmara in 2001. Aquatic 

Invasions in the Black, Caspian and Mediterranean Seas, Kluwer 

Academic Publishers, Dordrecht, the Netherlands, 155-165. 

Isinibilir, M. 2007. Abundance of gelatinous zooplankton in Izmit Bay, The Sea 

of Marmara. Rapp. Comm. int. Mer. M®dit.,38. CIESM, Istanbul. 

(Turkey) pp. 505 

Isinibilir M. 2009. Interaction between Mnemiopsis leidyi and Beroe ovata and 

their influence on the zooplankton of Izmit Bay (Northeastern Marmara 

Sea). ASLO Aquatic Sciences Meeting 2009, 25-30 January 2009, Nice, 

France, pp. 125. 

Ķĸinibilir M. 2010. Marmara Denizi zooplanktonunun son yēllardaki deĵiĸimi ve 

m¿silajôēn etkisi. ¥zt¿rk B.,Ed. Marmara Denizi 2010 Sempozyumu, 

TUDAV 2010, p. 469-482 

Isinibilir M., Yilmaz I.N., Piraino S. 2010. New contributions to the jellyfish 

fauna of the Marmara Sea. Italian Journal of Zoology, 77(2): 179-185. 

Ķnanmaz ¥.E., Bekbolet M.,  Kēdeyĸ A.E. 2002. A new scyphozoan species in the 
Sea of Marmara: Chrysaora hysoscella (Linne, 1766). Proceedings of the 

ñSecond International Conference on Oceanography of the Eastern 

Mediterranean and Black Sea: Similarities and Differences of two 

interconnected basinsò, Yēlmaz, A. (Editºr), 857-859. 

Kideys A.E., Gordina A.D., Bingel F., Niermann U. 1999. The effect of 

environmental conditions on the distribution of eggs and larvae of 

anchovy (Engraulis encrasicolus) in the Black Sea. ICES Journal of 

Marine Science 56, 58-64. 

Kideys A.E., Kovalev A.V., Shulman G., Gordina A., Bingel F. 2000. A review of 

zooplankton investigations of the Black Sea over the last decades. 

Journal of Marine Systems 24, 355-371. 

Kremer P., Nixon S. 1976. Distribution and abundance of ctenophore, 

Mnemiopsis leidyi in Narragansett Bay. Estuarine and Coastal Marine 

Science 4, 627-639. 

Mavili S. 2008. Kuzey Ege ve Marmara Denizi kēyēsal y¿zey sularēnda 

Scyphomedusae ve Ctenophora ¿zerinde yerinde gºzlemler. E.¦. Su 

¦r¿nleri Dergisi, 25(2): 141-146. 
Mountford K. 1980. Occurrence and predation by Mnemiopsis leidyi in Barnegat 

Bay, New Jersey. Estuarine, Coastal and Shelf Science 10, 393-402. 



42 

 

Mutlu E. 1999. Distribution and abundance of ctenophores and their zooplankton 

food in the Black Sea. II. Mnemiopsis leidyi. Marine Biology 135: 603-

613 

Mutlu E., Bingel F. 1999. Distribution and abundance of ctenophores and their 

zooplankton food in the Black Sea. I. Pleurobrachia pileus. Marine 

Biology 135: 589-601 

Mutlu E. 2001. Distribution and abundance of moon jellyfishes (Aurelia aurita) 

and its zooplankton food in the Black Sea. Marine Biology 138: 329-339. 
Roohi A., Yasin Z., Kideys A.E., Hwai A.T.S., Khanari A.G., Eker-Develi E. 

2008. Impact of a new invasive ctenophora (Mnemiopsis leidyi) on the 

zooplankton community of the southern Caspian Sea. Marine Ecology 

29, 421-434. 

Shiganova T.A., Tarkan A.N. Dede A., Cebeci M. 1995. Distribution of the 

ichthyo-Jellyplankton Mnemiopsis leidyi (Agassiz, 1865) in the Marmara 

Sea (October 1992). Turkish Journal of Marine Sciences 1, 3-12.  

Tarkan A.N., Isinibilir  M., Benli H.A. 2000. An Observation on Distribution of 

the Invader Mnemiopsis leidyi (Agassiz,1865) and the Resident Aurelia 

aurita (Linn.1758) Along the Strait of Ķstanbul. ¥zt¿rk B., Kadioĵlu M. 

and ¥zt¿rk H.  Ed., The Symposium of The Marmara Sea 2000, 

TUDAV. Istanbul p. 461-467 

Titelman J., Hansson L.J. 2006. Feeding rates of the jellyfish of Aurelia aurita on 

fish larvae. Marine Biology 149: 297-306. 

Unluata U., Oguz T., Latif M.A., Ozsoy E., 1990. On the physical oceanography 

of the Turkish Straits. The Physical Oceanography of Sea Straits, 

NATO/ASI Series, Kluwer Acedemic Publishers, the Netherlands, pp. 
25-60. 

Vinogradov M.E., Shushkina E.A., Musaeva E.I., Sorokin P.Yu., 1989. A newly 

species in the Black Sea: Ctenophore Mnemiopsis leidyi (A. Agassiz) 

(Ctenophora: Lobata). Oceanology 29, 220-224. 

 



43 

 

First National Workshop on Jellyfish and Other Gelatinous Species in Turkish Marine Waters,  

20-21 Mayēs 2011, Bodrum, Turkey 

 

 

Daily Reproduction of Beroe ovata Mayer 1912 (Ctenophore: 

Tentaculata) in Sinop Coasts of the Black Sea, Turkey 

 

Hasan H¿seyin Satēlmēĸ, Levent Bat, Funda ¦st¿n, Fatih ķahin, 

Zekiye Birinci -¥zdemir  

 Sinop University Fisheries Faculty 57000 Sinop, Turkey 

 

ABSTRACT 

 
In order to determine the characteristics of egg production Breoe ovata were 

exampled on September 2002 in Sinop coast of the Black Sea. A total of 183 

individuals were collected and good-looking individuals selected for the 

experiment. Average length and volume were calculated 26.5 Ñ9.55 mm, 5.9 

Ñ4.63 mm, respectively. Daily reproduction of Beroe ovata was 1229Ñ441 eggs. 

Length-volume and length- fecundity relations of B. ovata were determined as V= 

0.0087L
1.94

 (r
2
= 82, N= 183) and F= 0.0005L

4.0368
 (r

2
= 89, N= 53), respectively. 

 
 

INTRODUCTION  
 
During the past 20-30 years, the ecosystem of the Black Sea has experienced 

catastrophic impacts of both anthropogenic and climatic origin. These impacts 

have resulted in significant changes involving micro and mesoplankton as well as 

gelatinous macrozooplankton. In estuaries, bays and coastal waters planktonic 
ctenophores often constitute the most visible component. Gelatinous zooplankton 

groups whose body tissues are very waters. They have high growth and fecundity 

rates and capacity for self-fertilization, which can result in sudden population 

outbursts in nature and can severely deplete copepod food resources. On the order 

hand, the vulnerability of the newly hatched larvae to destruction by larger 

copepods (Stanlaw et al., 1981) provides the potential for prey control of the 

predator population.  

In the Black Sea, macroplankton are represented by two autochthonous 

species of jellyfishes (Aurelia aurita and Rhizostoma pulmo) and two common 

species of invasive ctenophores (Mutlu, 1999; Kideys and Romanova, 2001), the 

mass development of Mnemiopsis leidyi has been observed since 1988, and Beroe 

ovata, which has developed since the autumn of 1999. Beroe ovata seemed to 

penetrate into the Black Sea from the Atlantic Ocean. This ctenophore consumes 

other ctenophores, mainly Lobata (Finenko et al., 2001, 2003; Shiganova et al., 

2000 and 2001; Purcell et al., 2001).  
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While the role of M. leidyi in plankton decreased and the role of Aurelia 

increased. The results of the intensive grazing of the population of M. leidyi 

(especially young specimens) by B. ovata may be as equally important for the 

entire Black Sea ecosystem, the structure and productivity of its communities, as 

the mass development of M. leidyi was in 1988-1991 (Shushkina et al., 2000).  

By analyzing the long-term distribution of M. leidyi, it has already been 

observed that the biomass of this ctenophore has been decreasing since the 

appearance of its predator Beroe ovata in the Black Sea (Kideys and Romanova, 
2001).  

A comparison of mean daily specific growth rate of the M. leidyi 

population for the year in Sevastopol Bay (3.9% of population biomass;) with 

predatory impact of B. ovata population on M. leidyi (2-53%) showed that in 

inshore waters of the Black Sea, despite their low numbers, the B. ovata 

population may control abundances of their prey population in certain periods 

(Finenko et al., 2003).  

In this study in daily reproduction of B. ovata was observed.   

 

 

 

MATERIAL S AND METHODS  
 
Before the experiment was started, eight plastic bottles with 5 liters were prepared 

in the laboratory. Three liters filtrated sea water through a 100 Õm filter was put 

into these bottles before Beroe have been added. Every three hours a Beroe was 

taken out from the bottle and transferred different bottle. Then, the bottle was 

filled again and the procedure was repeated. The eggs collected from the sieve 

were washed in a 200 ml vessel and all the samples were countered under a 

dissecting stereo microscope. The experiments were conducted under the light and 

room temperature. The temperature and salinity were 24
 o

C, and 18%o, 

respectively.  

At the end of the experiment diameters, lengths and volumes of all Beroe 

were measured. The size of animals was measured with a ruler right in the 
experimental vessel. Body volume was identified by water displacement from 

calibrated cylinder. 

 

 

RESULTS 
 
Beroe eggs turned into larvae within 24 hours. From egg to larva has been a quick 
transition. The experimental results were shown on Table 1.  
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Table 1. Daily dynamics of Beroe ovata egg production. 

Size 

groups 

(mm) 

Time  

Total 

Egg 11.00-

14.00 

14.00-

17.00 

17.00-

20.00 

20.00-

23.00 

23.00-

02.00 

02.00-

05.00 

05.00

-

08.00 

08.00

-

11.00 

30x25 6 0 0 0 0 2 4 2 

14 
30x30 330 200 147 136 159 192 199 180 

1543 

35x30 32 0 0 0 1 0 0 1 

34 

40x35 121 98 72 111 160 105 135 94 

896 

40x30 411 259 120 204 362 116 93 14 

1579 

45x35 613 540 0 16 792 888 469 139 

3457 

40x40 441 623 350 344 370 179 8 1 

2316 

 

 

Reproduction of B. ovata was investigated every 3 hours periods in one 

day. In the experiment individuals was found only between 30 - 40 mm. First 

three hours (11.
00

-14.
00

) was showed high eggs number. After this production of 

eggs decreased a little bit at the next three hours (14.
00

- 17.
00

) eggs number was 

greatly diminish. The eggs number was again increased in intervals 23.
00

- 02.
00

 

and 02.
00

- 05.
00

.  

While total maximum egg production was 3457 (in 45x35 mm size 
groups), total minimum egg production was 14 (in 30x25 mm size groups). Daily 

reproduction of Beroe ovata were 1229Ñ441 eggs. 

 Among 183 individual of B. ovata with the 16 length groups were 

measured. Most abundant individuals of 35 mm size (35%). Among B. ovata 

populations were very much sampled for groups of lengths from 25 mm to 45 

mm. Smaller than 25 mm and bigger than 45 mm individuals were sampled too 

few (1-5%) (Figure 1). 
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Figure 1. Size structure of Beroe ovata population. 

 

 

In sampling 183 individual were caught. Its lengths sampled from 5 to 60 

mm, volume changed from 1 to 20 ml. Average length and volume were 

calculated 26.5 Ñ9.55 mm, 5.9 Ñ4.63 mm, respectively (Figure 2). 
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Figure 2. Volume- length relation of Beroe ovata. 
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Length-volume relations of B. ovata were determined as: 

V= 0.0087L
1.94

 (r
2
= 82, N= 183, Figure 2). 

 

Development stages of the Beroe ovata were investigated in 4 categories 

in 24-hour time period. Development stages of the Beroe ovata were observed 

over stage II from 44 mm to 54 mm (Figure 3).  
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Figure 3. Development stages of the Beroe ovata (I: Egg; II: Cleavage; 

III: Larva in membrane; IV: Free swimming larva) 

 

Length- fecundity relations of B. ovata were determined there is a 

relation as: 

F= 0.0005L
4.0368

 (r
2
= 89, N= 53, Figure 4). 
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Figure 4. Length-reproduction relationship of the Beroe ovata. 
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DISCUSSION 
 

Total maximum egg production was 3457 in 45 mm length. Birinci-Ozdemir et al. 

(2005) high of egg amount to B. ovata individual with 40-80 mm length class 

were determined. At 60 mm length individual as maximum 9800 for egg amount 

investigated.  

Although Kideys et al. (2002) were able to reproduce Beroe into eggs 

and on a few occasions into larvae, larval development experiments were not 

successful in the laboratory. However it was still possible that successful 

development may take place in field conditions.  

In conclusion, maximum eggs production  was determined at B. ovata 

length size of 40- 70 mm. High reproduction potential of B. ovata was established 

especially in September: individuals lied about 10000 eggs. Eggs production of B. 

ovata was showed every 3 hours and maximum reproduction was realized in first 

ovulate and night (23.
00

-02.
00

).   
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ABSTRACT  

 
The present paper reports the new location record of the ñUpside-down 

jellyfishò, Cassiopea andromeda (Forssk¬l, 1775), (Cnidaria: Scyphozoa, 

Rhizostomeae) from the Gulf of Antalya. During a seasonal trawl survey carried 

out between August, 2009 and April, 2010, a single specimen of C. andromeda 

was caught by a commercial trawler as bycatch at the depth of 25m, from between 

the Sē­an Island and Great Harbour of Antalya in November, 2009. 

 

 

INTRODUCTION  

By now, nine species of Scyphomedusae, including four alien species were 

reported from the Levantine Sea (Galil et al., 2010; ¥zt¿rk and Ķĸinibilir, 2010). 

C. andromeda is the first Scyphozoan species entered the Mediterranean Sea via 

the Suez Canal (Galil et al., 1990) and the first Turkish record consisted of a 

single specimen from Fethiye (Bilecenoĵlu, 2002). Subsequently, six specimens 

from the Bay of Ķskenderun (¢evik et al., 2006) and an established population was 

reported from the ¥l¿deniz Lagoon (¥zg¿r and ¥zt¿rk, 2008). The presence of 

this species was recently reported from Malta, Central Mediterranean Sea 

(Schembri et al., 2010). We report the presence of the species from the Gulf of 

Antalya. The Gulf of Antalya locates in the Northeastern Levantine Basin and is 

highly susceptible to invasions by aliens due to the proximity to the Suez Canal 

(Figure 1).  
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MATERIAL S AND METHOD S 

 
During a seasonal trawl survey carried out between August, 2009 and April, 2010, 

a single specimen of C. andromeda was caught by a commercial trawler as 
bycatch at the depth of 25m, from between the Sē­an Island and Great Harbour of 

Antalya in November, 2009. The tow co-ordinates were 36Á46'N 30Á35'E to 

36Á48'N 30Á36'E. The specimen was preserved 4% formalin and kept in the 

Akdeniz University, Faculty of Fisheries.  

 

 
Figure 1. The location records for the distribution of the alien Scyphozoan 

species, C. andromeda in the Turkish coast of the Levantine Sea (1. Bilecenoĵlu, 

2002; 2. ¢evik et al., 2006; 3. ¥zg¿r and ¥zt¿rk, 2008; 4. This study).    

 

 

RESULTS AND DISCUSSION 

 
The alien species introduced to the Levantine Sea, generally first colonized in the 

lagoons or estuarine habitats and polluted harbors where are environments with 

low biodiversity (Galil, 2000). C. andromeda also reported to prefer warm, 

shallow and sheltered waters (Schembri et al., 2010). The species was found from 

between the entrance of the Great Harbor of Antalya and the Sē­an Island where 

there is a deep sewage water discharge. Secchi disk depth was measured as 8 m. 
Both the surface and bottom water temperature was 22.9ÁC, salinity 38.3 psu and 

the dissolved oxygen 8.44 mg/l in the sampling station, in November, 2009. The 

diameter of the umbrella of the specimen was 83 mm.  

Our recent research revealed that C. andromeda is also present in the Gulf of 

Antalya. Like other jellyfish, Cassiopea is armed with nematocysts which stings 

may cause welts, rashes, itching, vomiting and skeletal pains depending on the 

personôs sensitivity to the nematocyst toxin (Eldredge and Smith 2001). Further 

studies are necessary to determine if the species has adapted and constituted a 

population in the region where is a popular tourist destination. This is especially 

of great concern as it may annoy bathers and impact tourism. 
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ABSTRACT  

 
There are indications that pelagic cnidarians have increased in abundance 

throughout the world. Jellyfish clearly play an extremely important role in the 

processing of energy in fisheries-based ecosystems. Since 650 million years, 

jellyfish have maintained their presence in the almost all the seas of the world. 

The first that comes to mind poisons of jellyfish but there are many negative 
effects of these animals. Economical point of view, jellyfish is hazardous for the 

aquaculture cages.  These animals aggregate and bung up fishing nets. 

Cotylorhiza tuberculata is one of the pretty looking jellyfish in the Mediterranean 

Sea. Middle of the umbrella is red collared and periphery is yellow. It seems like 

bouquet with violet tentacles, under the umbrella. C. tuberculata is commonly 

distributed in South Italy coasts, Greece and Turkey (especially in Muĵla coasts).  

 

 

INTRODUCTION  

 
Most jellyfish in mid and latitudes display annual blooms in abundance that 

reflect seasonal population processes (Fraser, 1970), and these may be 

exaggerated by physical aggregation at oceanographic discontinuities (Graham et 

al., 2001) and adjective processes (Schneider, 1987; Greve, 1994). Blooms also 

occur naturally at periods longer than 1 year, and these have been attributed to 

climatic events (Goy et al., 1989; Lynam et al., 2004, 2005a). When jellyfish 

bloom they have a pronounced impact on an ecosystem (Brodeur et al., 2002) and 

its pelagic fisheries (Mºller, 1984; Travis, 1993; Lynam et al., 2005b). 

During past years, in several Mediterranean Countries many searchers 

have studied biology, ecology and morphology of jellyfish. In reality, toxic of  

jellyfish properties are a worldwide health problem owing to the nematocyst sting, 

which causes irritative and/or toxic effects on human skin, as erythema 

accompanied by swelling, redness and vesicles as well as further dermonecrotic, 

neurotoxic and cardiotoxic complications in sensitive subjects. Fishermen and 



54 

 

bathers are particularly exposed to these effects, extremely dangerous in some sea 

zones where species lethal also for humans . In consequence of the well-known 

problems caused by the bloom of Scyphomedusae that occurred during the last 

decades and affected nearly the whole Mediterranean, many authors have 

concerned themselves with this phenomenon that, owing to the repercussions on 

touristic and fishing activities, involves both economic and health aspects (Carli et 

al., 1995). 

In the Eastern Mediterranean Sea, Piccinetti Manfrin and Piccinetti 
(1984) showed the frequency of Pelagia noctiluca in Egyptian and Greek waters 

during 1983; Dowidar (1984) reported the occurrence of Pelagia noctiluca, 

Aurelia aurita and other jellyfish species along the Egyptian coast line during 

summers of 1966, 1970 and 1982; Bingel (1991) and Bingel et al. (1991) studied 

jellyfish distribution along Turkish coasts; Lakkis (1991) recorded proliferations 

of Rhizostoma pulmo during 1986 in Lebanese coastal waters. Recently, the 

occurrence of a new species coming from the Red Sea, namely Rhopilema 

nomadica, was noticed (Galil and Spanier, 1990); Galil et al., 1990).  

The life history of a stationary population of Cotylorhiza tuberculata 

(Maori, 1778) was studied on the Ionian island of Lefkada, Greece, in 1980 and 

1981. Occurrence, growth, maturation, and aging of medusae indicated an annual 

life cycle of this rhizostomous jellyfish (Kikinger, 1992). 

Since 1995, Cotylorhiza tuberculata occurred in large numbers in 

summer time and reached peak abundance in summer of 1997 in the Mar Menor 

coastal lagoon, Spain. The two main species of jellyfish (Rhyzostoma pulmo and 

Cotylorhiza tuberculata) reached annual mean densities of 0.45 and 2 individuals 

per 100 m
3
, respectively, in 1997, with local maximum densities of the second 

species that reached 40 individuals 100 m
-3

 and a total population estimated at 

46.98 million of individuals (P®rez-Ruzafa., 1989). Rhyzostoma pulmo started to 

increase in May, while Cotylorhiza tuberculata peaked in abundance in June and 

July, reaching more than 12 individuals per 100 m
3
 (PËerez-Ruzafa, et al., 2002). 

The semi-enclosed Bay of Vlyho hosts a stationary population of 

Cotylorhiza tuberculata (Cnidaria: Rhizostomeae) with a seasonal lifecycle 

(Kikinger 1992). 

In 2006, C.tuberculata was found in G¿ll¿k and Gºkova Bays. 

Especially in G¿ll¿k Bay, abundance of C.tuberculata was 4-5 ind./m
2
 in August 

and September (¥zt¿rk, et al., 2006). According to our observations, in August 

2007 C.tuberculata was encountered numerous numbers in inner part of Gºkova 

Bay (3 ind./m
2
).  Also, this species was determined with 2 ind./m

2
 abundance 

value in Milas-Kēyēkēĸlacēk, in 2010. 

 
 

Species characteristics of Cotylorhiza tuberculata 
Cotylorhiza tuberculata is a jellyfish species, also known as the Mediterranean 

jelly or fried egg jellyfish. It is commonly found in the Mediterranean Sea, 

Aegean Sea and Adriatic Sea. It can reach 35 cm in diameter (Kramp, 1961). 

Morphologically it is characterized by a flattened region along its margin and has 

a dome at the center of its umbrella giving it the appearance of a large fried egg. It 

has eight oral arms which are brittle, short and fused proximally (Kikinger, 1992). 

http://en.wikipedia.org/wiki/Jellyfish
http://en.wikipedia.org/wiki/Species
http://en.wikipedia.org/wiki/Mediterranean_Sea
http://en.wikipedia.org/wiki/Aegean_Sea
http://en.wikipedia.org/wiki/Adriatic_Sea
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Each mouth-arm bifurcates near its base and branches several times (Kramp, 

1961). Numerous blue or purple tipped appendages are located between each of 

the oral arms. These colors are due to the presence of unicellular symbiotic algae 

(zooxanthellae).   There are many, variable-length tentacles attached to eight 

lappets (Kikinger, 1992). The marginal lappets are elongated and subrectangular. 

In addition to some larger appendages there are many short, club-shaped ones that 

bear disk-like ends (Kramp, 1961). 

Cotylorhiza tuberculata belongs to the Order Rhizostomae and Family 
Cepheidae. It is found in aggregations in the open water of the high seas and along 

coastlines (Kikinger, 1992). 

The life span of the medusae is about half a year, while scyphistomae are 

potentially perennial. The observed annual metagenetic cycle is interpreted as a 

life history adaptation to a highly seasonal environment. Strobilation occurs 

during spring and summer. Rapid growth leads to medusa diameters of up to 40 

cm within 6 months. The medusae are potentially autotrophic due to their 

zooxanthellae. The gonochoristic medusae exhibit sexual dimorphism, and 

spermatozoa are released as spermatozeugmata. Fertilization is internal, with 

embryogenesis taking place inside the female moutharm canals. The life span of 

the medusae is limited by deterioration of somatic tissue to about half a year; no 

medusae of the bay population survive winter. The planula is the only stage within 

the metagenetic cycle without zooxanthellae, and infection with algal symbionts 

occurs in scyphistomae. It migrates vertically while various juvenile fishes 

(Seriola dumerili) are associated with it. These fishes takes refuge with 

C.tuberculata for housing and preserving. C.tuberculata moves near the sea 

surface and closes to coasts at night. Cotylorhiza tuberculata feeds on zooplankton 
or plankton in general (Kikinger, 1992). Although, C.tuberculata is one of the 

huge jellyfish species in Turkey, this jellyfish's sting has very little or no effect on 

humans. 

Scyphozoan jellyfish share many morphological, behavioural and life 

history characteristics that determine their successful survival and reproduction in 

coastal marine environments (Arai, 1997). However, their ecological importance 

within these environments is often grossly underestimated because of a paucity of 

information regarding their life history and general ecology (Mills, 2001). 

The jellyfish bloom in the Mediterranean Sea was observed over several 

years in order to ascertain the distribution and thickening of Scyphomedusae 

(Carli et al., 1995). Some Authors (Goy, 1984; Vucetic, 1984) think that jellyfish 

bloom is a natural fluctuation of the population, nevertheless it has also been 

assumed that the jellyfish bloom is correlated with nutritional factors (Lakkis, 

1991) or water circulation, particularly with the "intermediate Levantine" and 

perhaps the Atlantic surface current (Vucetic, 1984).  

In this study, general features of C.tuberculata and data about presence 

of this species in the Mediterranean Sea were informed. In the future, abundance 
and biomass values and reasons of appearence in Turkish Seas of C.tuberculata 

will be detected. 
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ABSTRACT  
 
Jellyfish blooms in worldwide may be a signal of unusual environmental 

conditions thus monitoring of their presence is considered to be important. 

Rhopilema.nomadica is one of the largest jellyfish species in Mediterranean with 

hazardous effect to human. In the present study their spatial and temporal 

distribution has been analyzed based on the records from fisheries surveys carried 

out between 2009 and 2001. 

 

 

INTRODUCTION  
 
In the last few decades large swarms of scyphomedusan species - Rhopilema 

nomadicawas observed in Levantine Sea. In common with jellyfish blooms 

occurring worldwide several environmental or anthropogenic factors may be 

causing their unusual occurrence. As such, anthropogenic effects on marine 

environments like overfishing or pollution, results in ecological gaps or changes 

in the  energy allocation pattern within the pelagic environment. These changes 

may sometimes lead to rapid proliferation of the jellyfish populations (Purcell et 

al., 2007). Climatic variables that may cause eutrophication or regional regime 

shift may also favor increases in jellyfish biomass and dispersal. This 

phenomenon was observed in heavily exploited and eutrophicated Black Sea 

where non-indigenous jellyfish species was invaded whole pelagic realm, 

reaching very large biomass  (Oguz et al., 2008). 

Mediterranean Sea is less productive than Black sea, however eutrophic 

basins  such as Adriatic sea are periodically invaded by jellyfish populations 
(Malej and Malej, 2004). Despite being one of the most oligotrophic water mass 

in the world, Levantine sea  has also exhibited  periodic blooms of a 

scyphomedusan species. A relation between pollution and swarming of 

Rhizostoma pulma in the coastal waters of Mersin Bay was pointed out by 

(Binge1 et al. 1991). 

R.nomadica is one of the largest jellyfish species in Mediterranean, attaining a 

bell diameter of 100 cm and a wet weight of 15 kg. The occurrence of this large 
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and stinging jellyfish species was first identified in Mediterranean by (Galil et al. 

1990) although it is known to exist in Mediterranean since late 1970ôs. While itôs 

ecological aspects remains unclear the occurrence of  R.nomadica became more 

and more frequent threatening fishermen and bathers by  clogging the nets and 

because of painful stings..  

R.nomadica as being a scyphozoan,  can asexually produce  massive 

amounts of planktonic medusae and depending upon environmental conditions or 

food availability they can remain dormant for extended periods (Graham and 
Bayha, 2007). Their life-cycle described by (Lotan et al., 1992) and denoted that 

their high reproductive potential could lead to population explosion. Variety of 

factors that changes environmental conditions, may be enhancing their 

populations and it was discussed by (Lotan et al., 1994) that the R. nomadica 

population is controlled by seasonal changes in water temperature regimes. 

During the fishery surveys carried out by the Middle East Technical 

University Institute of Marine Sciences in Levantine sea upon remarkable increase 

of R. nomadica in the catch its occurrence has been recorded quantitatively. 

Thepresent work evaluates the R.nomadica records collected in Northeastern 

Levantine basin between 2009 and 2011 by means of distribution pattern and 

temporal occurrence. In Northeastern part of Levantine sea demersal trawl 

surveys are being carried out since 1980ôs and since April 2009 a new series of 

surveys focused on small pelagic species were started using mid water or semi-

midwater trawls. The appearance of R. nomadica  was started in early 2009 and 

the highest outbreak was recorded in July 2009 following the outbreak in Israeli 

waters in June 2009. This was the first large swarm after their massive appearance 

in 1995 in Mersin Bay (Kideys and Gucu, 1995) and extended to a larger area 
towards west of Antalya (Ozturk and Isinibilir, 2010). 

 

 

MATERIAL S AND METHOD S 
 
Sampling was carried out from January 2009 to April 2011 on the coast of 

Turkey, north-eastern Levantine Sea with the RV óLamasôand Bilim2 (Figure 1). 
Nearly 300 trawl hauls  in 24 surveys between 5 and 230 m depth were conducted 

using different trawl configurations, 265 of them were taken into account. The 

sampling design was set for the fisheries surveys and no intention was specifically 

made to sample R.nomadica. We started to collect the records of jelly fish only 

after July 2009 when their presence noticeably increased. Although there are 

photographic evidence ( figure 2) of their existence from January, March and 

April 2009 surveys, only individuals caught after July 2009 were weighted and 

counted, recorded onboard and so that their thematic maps of distribution could be 

created. ,As almost all individuals were intact, it is assumed that the surface 

dwelling  R.nomadica were caught at the end of the trawl operation  while the net 

is hauled near to the surface just before recovery.  
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Figure 1. Trawl stations 

 

 
 

 
January 15, 2009 

 
March 18, 2009 

 
April   2009 

Figure 2.  Photographs of the R. nomadica individuals before July 2009 outbreak. 

 

RESULTS 
 

R.nomadica were almost the only jellyfish samples caught in the trawl nets. Due 

to their very rare occurrence in the catch they were not recorded before 2009. The 

species was observed with varying densities in 13 out of 18 fisheries surveys.  

 

Figure 3. Locations and relative quantities as percentages of total biomass. 

 

 


