




 

 
 

Figure 1: Histology photomicrograph a) ink sac b) mouth c) intestine d) ovary e) esophagus. 
 
4. Discussion 

In general, the histological study of the S. officinalis cephalopod shows many similarities to those of other 
molluscs and, in particular, cephalopods. Of note, cephalopod circulatory systems include lymph vessels, 
capillaries, veins, a ventricle, paired auricles, and branchial hearts; the cephalopod is considered to have a closed 
circulatory system because the lymph is restricted to the vessel and capillaries (Cowden and Curtis 1981). Among 
the invertebrate species, hemocytes are believed to play a role in ingestion of food particles, phagocytosis and 
killing, and repair of tissue damage resulting from mechanical or biological trauma (Jenkin, 1976). 
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REPRODUCTIVE CYCLE OF Holothuria poli IN GERA GULF, LESVOS ISLAND, 
GREECE

Bardanis E.*, Batjakas I. 

Department of Marine Science, University of Aegean, 81100, Mytilini, Greece 

Abstract 
The aim of this study was to describe the reproductive cycle of Holothuria poli in Gera Gulf of Lesvos 

Island. For this purpose, 25 specimens were collected monthly between March 2017 and February 2018.
Gonadosomatic index and gonad development stages were used to determine the spawning period of H. poli
from June to August. 
Keywords: H. poli, sea cucumbers, reproduction, GSI, Aegean Sea  
*Corresponding author: Bardanis Emmanouil (mbardanis@outlook.com.gr)

1. Introduction
The fishery of holothurians as an export product to the Asian markets has started in the Mediterranean 

Sea, while the knowledge for their biology and the legislature for this fishery are not sufficient (González-
Wangüemert et al. 2018). The same situation exists in Greece (Kazanidis et al. 2014). According to the local 
fishermen and the Hellenic Coast Guard, the fishery of holothurians has already started in the gulf of Gera on 
Lesvos Island. So, this study is a first attempt to estimate the reproductive cycle of Holothuria poli in Gera gulf.

2. Material and Methods
The sampling took place in “Lakerda” (39˚04’42” N, 26˚31’41” E) on the east coast of Gera gulf. The 

area was chosen due to the high abundance of H. poli. Samples were collected monthly between March 2017 and 
February 2018 via diving. In each sampling 25 specimens were collected from an average depth of 3 m, while 
the sea water temperature was recorded with accuracy of 0.5˚C. In the laboratory the gonadosomatic index: GSI= 
Wgon/W (Wgon: wet weight of specimen’s gonad, W: the total weight of specimen) was calculated. Finally, the 
individuals were assigned to 5 development stages [recovery stage (I), growing stage (II), mature stage (III), 
spawning stage (IV) and postspawning stage (V)] (Despalatović et al. 2004).

3. Results
The total number of specimens studied was 294 (84 female, 79 male and 131 undefined sexes), while no 

hermaphrodite specimens were found. The highest values of GSI were observed at the sampling of June, one 
month before the highest monthly temperature values (Figure 1). According to the gonad development stages 
and the mean monthly GSI values the reproduction period of H. poli may be defined approximately from June to 
August. 
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Figure 1. Mean monthly seawater temperature values and gonadosomatic index values (± ) of the 
holothurian H. poli in Gera Gulf. .  

 
Figure 2. Monthly frequency distribution (%)  of gonadal maturity  stages of H. poli at Gera gulf. 
 
4. Discussion 

Until now (17.4.2018) threre are no other studies concerning the reproduction of H. poli. This fact 
makes the verification of the study’s results difficult. Probably, the increase of sea water temperature causes the 
spawning of these holothurians. This fact has been observed in other species too (Kazanidis et al. 2014). 
According to a study on the reproduction cycle of H. tubulosa in the Aegean Sea (Kazanidis et al. 2014), it can 
be inferred that the reproduction period starts one month earlier for H. poli than H. tubulosa. 

The reproductive cycle of H. poli in Gera Gulf is similar to that of H. sanctori in the Canari islads. Both 
spiecies are reproduced from June to August (Navarro et al. 2012). The results indicate that H. poli has one 
spawning period per year, instead of other holothurians such as H. forscali, which have two spawning periods 
per year (Despalatović et al. 2003).   
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GENETIC DIVERSITY IN INVASIVE BLUE CRAB Callinectes sapidus
POPULATIONS FROM GREECE 

Doudoumis V., Sapounas A., Litinas A. Katselis G. & Batargias C.*

Department of Fisheries and Aquaculture Technology, School of Agriculural Technology Sciences, 
Technological Educational Institute of Western Greece, Nea Ktiria, 30200, Mesolonghi, Greece 

Abstract 
For the first time, the genetic diversity of the invasive species of blue crab Callinectes sapidus in Greece was 
studied. The genotyping of a total of 70 individual samples originating from four distinct locations of Greece 
was based on six microsatelite loci and revealed genetic diversity within and among them.  
Keywords: Population genetics, Callinectes sapidus, genetic diversity, invasive species
*Corresponding author: Batargias Konstantinos (batc@teipat.gr)

1. Introduction
The blue crab Callinectes sapidus Rathbun, 1896 is a native species to the western Atlantic coasts and 

currently is considered an invasive alien species in the Mediterranean (Katsanevakis et al. 2014). Due to the 
ongoing expansion of C. sapidus in Europe and its multiple ecological impacts in coastal ecosystems (Mancinelli 
et al. 2017), it is considered necessary to investigate the genetic profile and genetic diversity in Greek blue crab 
populations. 

2. Material and Methods
Samples were collected by local fishermen from four locations of Greece in 2017 and 2018. Total DNA 

was extracted from muscle tissue using the NucleoSpin Tissue (Macherey-Nagel) and six microsatellite loci 
(Steven et al. 2005) were amplified through multiplexing PCR. Microsatellite loci were genotyped on an ABI 
3500 (Applied Biosystems) and data analyses were obtained with GeneMapper, Genepop and Fstat software 
packages. 

3. Results-Discussion
Overall 70 specimens originating from 4 locations of Greece were genotyped by 6 microsatelite loci 

(Tables 1 & 2). A total of 38 alleles were detected over the six polymorphic loci at the four sampled areas, with 
loci MIH-SSR and CSC-007 presented the highest number of alleles (11 and 7 alleles, respectively) while locus 
CSC-004 displayed the lowest allelic diversity (with four alleles). Expected heterozygosity (He) per locus varied 
from 0.5134 (locus CSA-035 at Vistonida) to 0.7476 (locus CSC-007 at Tholi), and observed heterozygosity 
(Ho) ranged from 0.1020 (locus CSC-004 at Tholi) to 0.9167 (locus MIH-SSR at Pogonitsa). The inbreeding 
coefficient (Fis) varied from –0.344 (locus MIH-SSR at Pogonitsa) to 0.846 (locus CSC-004 at Tholi). 

Table 1. Genetic diversity of 6 microsatelite loci of Greek blue crabs populations sampled. 

Locus Parameters
Populations

Pogonitsa-
Preveza (n=13)

Tholi-Mesolonghi 
(n=49)

Vistonida*
(n=6)

Louros-
Neochori* (n=2)

Total 
(n=70)

CSA-
035

Na 5 5 4 1 5
Ho 0.8462 0.4694 0.5000 0 0.5286
He 0.6249 0.5371 0.5134 0 0.5455
Fis -0.3200 0.1365 0.1176 - 0.0357

P (HW) 0.6709 0.0888 0.5235 - 0.3267

CSA-
073

Na 6 6 4 2 6
Ho 0.5 0.6735 0.8333 0.5000 0.6522
He 0.6421 0.6817 0.6527 0.3750 0.6914
Fis 0.2626 0.0225 -0.1905 - 0.0445

P (HW) 0.1228 0.7762 1.0000 - 0.5827

CSC-
001

Na 4 5 3 2 5
Ho 0.3333 0.4286 0.3333 0.5000 0.4058
He 0.6973 0.6089 0.5423 0.3750 0.6349
Fis 0.5533 0.3063 0.4595 - 0.3626
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P (HW) 0.0005 0.0000 0.1607 - 0.0000 

CSC-
004 

Na 3 4 3 1 4 
Ho 0.1538 0.1020 0.4000 0 0.1304 
He 0.5351 0.6521 0.6600 0 0.6557 
Fis 0.7318 0.8464 0.4839 - 0.7950 

P (HW) 0.0026 0.0000 0.5424 - high  sign. 

CSC-
007 

Na 5 6 4 3 7 
Ho 0.8462 0.8367 0.5000 1.0000 0.8143 
He 0.7043 0.7476 0.6804 0.6250 0.7524 
Fis -0.1630 -0.1087 0.3478 -0.3333 -0.0849 

P (HW) 0.9337 0.9129 0.2574 1.0000 0.9322 

MIH-
SSR 

Na 4 11 5 3 11 
Ho 0.9167 0.6667 0.7500 0.5000 0.7143 
He 0.6630 0.6688 0.7500 0.6250 0.7020 
Fis -0.3440 0.0142 0.1429 0.5000 -0.0201  

P (HW) 0.0796 0.0981 0.6533 0.3249 0.1187 

M
ea

n 
(a

ll 
lo

ci
) Na 4.5 6.1667 3.8333 2 6.3333 

Ho 0.5994 0.5295 0.5528 0.4167 0.5409 
He 0.6444 0.6494 0.6332 0.3333 0.6636 
Fis 0.1093 0.1974 0.2266 0.0909 - 

P (HW) 0.0002 high sign. 0.6388 0.6901 high sign. 
n analyzed individuals, Na: number of alleles, Ho: observed heterozygosity, He: expected heterozygosity, Fis: 
inbreeding coefficient, P(HW): p value for Hardy-Weinberg Equilibrium test, * Low number of analyzed 
individuals (the work is in preliminary state). 
 
 

Table 2. Pairwise Fst’s values between locations. 
Pop POG THO VIS LOU 
POG  0,0148* 0,0827* 0,0423 
THO   0,0197* 0,0774 
VIS    0,1034 
LOU     

*: p<0.05, p-values (Fisher’s exact Probability test) 
 

Pairwise Fst values varied from 0.0148 (among Pogonitsa-Tholi) to 0.1034 (between Vistonida-
Louros), revealing either little variation among specific sets of populations (Pogonitsa-Tholi and Tholi-
Vistonida) or high differentiation among some combinations of populations (such as Vistonida-Louros). 

Concluding this work (in preliminary state), it should be noted that it is very risky to draw conclusions 
on the population genetics of this invasive species because of the small sample sizes. Summarizing, it seems that 
there might be an indication of population differentiation, with some of the populations departing HWE but 
caused by just a few loci and number of alleles being smaller than their native population on the other side of 
Atlantic Ocean setting the reasons for further investigations. 
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A DEEP-WATER SPECIES SLENDER SNIPE EEL (Nemichthys scolopaceus Richardson, 
1848): A NEW MEMBER OF ADRIATIC ICHTHYOFAUNA? 

 
Bojanić Varezić D.*, Tutman P., Matić-Skoko S., Dragičević B., Dulčić J. 
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21000 Split, Croatia 
 

Abstract 
This paper presents the first record of Nemichthys scolopaceus leptocephali in the Adriatic Sea, including a 

detailed description of specimen, morphometric measurements and meristic counts. This species was not included in 
Adriatic ichthyofauna as to date, adults, eggs nor larvae have never been recorded in the Adriatic Sea. Therefore, the 
presented data gives us a good reason for further research in order to reveal more about distribution, spawning and 
nursery area of slender snipe eel and the mechanism of retention and dispersion of their larvae in the Adriatic. 
Key words: anguilliform eel, deep-water species, leptocephali, Adriatic Sea 
*Corresponding author: Dubravka Bojanić Varezić (dbojanic@izor.hr) 
 
Introduction 

Slender snipe eel Nemichthys scolopaceus Richardson, 1848, is a cosmopolitan bathypelagic species 
inhabiting tropical and temperate seas of eastern and northwestern Pacific, eastern and western Atlantic (Froese & 
Pauly, 2018). N. scolopaceus can be found in water column from surface down to 4000 m depth. Opposite to juveniles, 
larger specimens (>80 mm) exhibit diurnal migration. Recently hatched leptocephali (6-15 mm) are abundant between 
February and April in Sargasso Sea (Wippelhauser et al. 1996). Maximum known size for adult fish is 130 cm.  

Investigation of the deep sea ichthyofauna of Adriatic Sea have never conducted systematically, and because 
deep-sea areas are not major fishing grounds there is lack of data from the commercial fishery. Therefore, detailed 
knowledge about biological characteristics of deep-sea organisms is very limited. Even accidental catches are rare due 
to inadequate sampling methods, small plankton nets, or unspecialized trawls. In this paper, we report the finding of 
slender snipe eel leptocephali as to date, no adults, eggs nor larvae have been recorded in the Adriatic Sea (Lipej & 
Dulčić 2010).  
 
Materials and methods 

N. scolopaceus leptocephali was accidentally caught during the monitoring project on small pelagic fish at 
one station located at 42.504 N, 18.122 E in the open waters in front of Dubrovnik (south Adriatic). The sample was 
taken with a small mid-water trawl net with an 8 mm mesh cod end at depths from 110 to 125 m, on 18 September 
2016. The leptocephali was preserved in neutralized formaldehyde (4% final concentration) after collection. To 
determine all morphological criteria, pigmentation, morphometric and meristic characters an Olympus 
stereomicroscope equipped with an ocular micrometer was used. According to a shrinkage regression equation (Miller 
et al., 2002), reported specimen shrank 3.26 mm in total length. The shrinkage was probably smaller due to use of 
lower concentration of formaldehyde. However, the total length was not adjusted for shrinkage, in order to avoid an 
error in measuring other morphological characteristics and their ratios. 
 
Results and Discussion 

Although the leptocephali was not in a perfect condition and we couldn't determine the position of the anal 
opening, we could found enough other characteristics/features to determine with certainty that this specimen belong to 
Nemichthys scolopaceus (Figure 1). The obtained morphometric values are given in Table 1.  

The leptocephali has a laterally compressed, extremely long, transparent body with tail ending like filament, 
and a long, simple tubular gut along the ventral margin of the body. Comparing it with other glass eel larvae, snout is 
prolonged although head is still relatively short compared with rather long body (HL/TL=0.028). Pectoral fins are very 
small and dorsal, caudal and anal fins are joined/confluent. Black pigmentation is clearly visible along the notochord 
until the caudal region. The total number of myomeres (TNM) of N. scolopaceus leptocephali was 327 from that 245 
predorsal ones (PDM). According to morphometric and meristic characteristics this leptocephali was in the 
premetamorphic stage. Leptocephali of this species can reach in extreme cases about 253 mm before transition to the 
young eel takes place, and are the largest commonly known leptocephali for whom the adult is known (Castle, 1959). 
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Figure 1. Nemichthys scolopaceus leptocephali (TL=190 mm). 

 
As in the first assessment of eel diversity and abundance in the Italian waters of southern Adriatic Sea 

(Anibaldi et al., 2016) no slender snipe eel was found, this paper represents the first finding of its leptocephali in 
Adriatic Sea. Since it is only one specimen, we can only assume the reasons for this finding. The first hypothesis would 
be that present record constitutes an additional extension of the previously known distribution of this species, as in the 
last decade the species has spread from the western Mediterranean to its central (Mytilineou et al. 2005) and eastern 
regions (Gökoglu et al 2009). Knowing the circulation regime of Ionian and Adriatic Sea and the fact that leptocephali 
occupy the upper 200 m of the water column before descending to metamorphose (Wippelhauser et al. 1996), the other 
assumption would be that the specimen was transported with currents from the eastern Mediterranean where it was 
previously recorded. Another, less likely, hypothesis would be that the species is present in the Adriatic for a long time 
but due to insufficient exploration of deep water so far has not been recorded. Anyway, a further systematic research 
is certainly needed as any finding of juvenile or adult specimen would help to fulfil the picture of this very rare species 
that is missing in this area.  
 

Table 1. Values of morphometric characteristics of Nemichthys scolopaceus leptocephali. 
Parameter (mm)  Parameter (mm)  Parameter (mm) 
Total length 190  Head length 5,3  Body depth/total length (%) 3,2 
Pre-orbital distance 3,1  Head/total length (%) 2,8  Predorsal distance  162 
Eye diameter 1,1  Depth just before eye 2,4  Predorsal/total length (%) 85,3 
Post-orbital distance 4,2  Max body depth 6  Pectoral fin length  0,6 
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STATUS OF LESSEPSIAN MIGRANT FISH SPECIES IN THE EASTERN ADRIATIC 
SEA: A REVIEW 
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Abstract
During the last few decades, various factors including climate change, anthropogenic activity and lessepsian migration
have altered the composition of Adriatic ichthyofauna. Extensive investigations carried out in the last decades allowed
us to recognize species previously not recorded or reported in this area. Among these, 12 Lessepsian migrants fish
species were recorded in the Eastern Adriatic Sea. It seems that Fistularia commersonii, Siganus luridus and
Lagocephalus sceleratus are successful invaders especially in its southern part. The impact of successful colonizators
on populations of native communities is still unknown, but considering relatively the fast pace of many invasions it is
possible that in the near future the impacts could be significant.
Keywords:Lessepsian fish migrants, Fistularia commersonii, Siganus luridus, Lagocephalus sceleratus, Eastern
Adriatic Sea
*Corresponding author: Dulčić Jakov (dulcic@itor.hr)

1. Introduction
Since the opening of the Suez Canal in 1869, there has been an influx of Red Sea and Indo-Pacific organisms

into the Mediterranean Sea, a phenomenon known as lessepsian migration (Golani et al, 2002).
The aim of the study is to present a review of all records of lessepsian fish migrant species in the eastern 

Adriatic Sea, with special emphasis on three species: Fistularia commersonii, Siganus luridus and Lagocephalus 
sceleratus. 

2. Materials and methods
The present review is compiled from (i) previous faunistic surveys, (ii) survey of the main scientific journals 

dealing with the Adriatic geographic area (Acta Adriatica, Annales Series Historia Naturalis), (iii) new records and 
evidence of fish species by checking the recent ichthyological scientific literature. Several search engines were used:
www.bib.irb.hr, scopus.com, scholar.google.com and baze.nsk.hr/baza/web-science/.

3. Results and Discussion
During the last two decades,twelve Lessepsian fish migrant species were recorded for the eastern Adriatic 

sea: Epinephelus coioides (one specimen collected in 1998 near Trieste (Italy) (Parenti & Bressi, 2001); no subsequent 
records); Parexocoetus mento (one specimen collected in 1980’s near Albanian coast; no subsequent records) (Parin, 
1986); Hemiramphus far (one specimen collected in 1980’s near Albanian coast; no subsequent records) (see in: 
Dulčić & Dragičević, 2011); Equulites klunzingeri (one specimen collected in Southern Adriatic (i. Mljet) in 2000; no 
subsequent records) (Dulčić and Pallaoro, 2002); Sphyraena chrysotaenia (one specimen collected in Southern 
Adriatic (i. Mljet) in 2000; no subsequent records) (Pallaoro & Dulčić, 2001); Stephanolepis diaspros (one specimen 
collected in Southern Adriatic (Montenegrin coast) in 2002 and second one in Northern Adriatic in 2013 (Piran Bay)
(Dulčić & Pallaoro, 2003); Terapon theraps (one specimen collected in 2008 near Piran Bay, no subsequent records)
(Lipej et al., 2008); Saurida lessepsianus (one specimen collected in 1995 near Albanian coast, second specimen 
recorded in the same area in 2002, possibly overlooked) (see in: Dulčić & Dragičević, 2011); Siganus rivulatus (two 
specimens collected in Southern Adriatic (Cavtat) in 2000, no subsequent records) (Dulčić & Pallaoro, 2004),
Lagocephalus sceleratus, Siganus luridus and Fistularia commersonii.

The first sighting of the silver-cheeked toadfish Lagocephalus sceleratus (Gmelin, 1789) for the Adriatic 
Sea was on October 17th 2012 (Sulić Šprem et al., 2014). Since then, 7 additional specimens have been recorded (5 
were caught with total length (TL) range 478-663 mm, 2 were observed by the fishermen) all in the southern and 
middle Adriatic. Although there is no strong evidence of a permanent population in the study area, the captures 
described here are an indication of an expansion of the distribution of the silver-cheeked toadfish in recent years in 
the Adriatic Sea. It has probably extended its distribution from populations established in the Ionian Sea. Expansion 

STATUS OF LESSEPSIAN MIGRANT FISH SPECIES IN THE EASTERN 
ADRIATIC SEA: A REVIEW

765765E-POSTERS | 7th Field-Marine Diversity and Conservation HydromediT 2018 | Book of Proceedings

8-11 November 2018
 Volos, Greece

www.hydromedit.gr

3rd International Congress on
Applied Ichthyology

& Aquatic Environment



of L. sceleratus, is an additional motivator for the need of increased monitoring effort targeting nonindigenous marine 
species in this geographical area.

The dusky rabbitfish Siganus luridus (Rüppell, 1829) was recorded for the first time in the northern 
Adriatic Sea in 2010 in the Gulf of Trieste (see reference in Dulčić & Dragičević, 2011). The second record is from 
the southern Adriatic (Mljet channel) in the same year (see reference in Dulčić & Dragičević, 2011). Juveniles were 
observed for the first time in Molunat Bay (southern Adriatic, Croatian coast) on 15 December 2011 (Dulčić et al., 
2013). Three years later, in 2014, a specimen of S. luridus was caught in Bigova (cape Trašte) (southern Adriatic Sea, 
Montenegrin coast) (Đurović et al., 2014). This was the first record of this species for the Montenegrin coast, and the 
fourth for the eastern Adriatic Sea. On December 8th 2016, three specimens of S. luridus were captured off Molunat 
Bay (southern Adriatic). All specimens were caught by local fishermen operating with beach seine on seagrass bottom. 
The first specimen measured 7.5 cm TL and weighted 7.5 g; the second specimen measured 8.9 cm TL and weighed 
14 g; the third specimen measured 9.7 cm TL and weighed 16 g. This capture provides an indication of population 
increase of this species in the southern part of the Eastern Adriatic. Besides captured specimens, fisherman also 
indicated other occurrences of this species in previous catches. Almost simultaneously, in December 2016, large 
schools of S. luridus were observed in the southern Adriatic (video by Teo Maksimović at https://vimeo. 
com/194574917). These findings indicate that this species has established its population in the southern part of the 
eastern Adriatic and already occurs in greater numbers (Stamouli et al., 2017).

First Adriatic records of bluespotted cornetfish Fistularia commersonii this species consider two specimens 
caught on 7 November, and 15 December, 2006 in trammel nets off the coastal waters of Tricase Porto (southwestern
Adriatic, Italy) and Sveti Andrija (southeastern Adriatic, Croatia), respectively (Dulčić et al., 2008). Juveniles of this 
species were caught in Molunat Bay (Croatian waters) (Dulčić et al., 2013). Two additional specimens were caught 
in Montenegrin waters: first specimen (TL = 119.1 cm, W = 558.4 g, FC3) was caught by gill-net called “polandara 
“on 1 December, 2013 near Tivat; second specimen was caught near Budva on 16 November, 2013 (Dulčić et al., 
2014). Additional records of F. commersonii could support previously proposed hypothesis about self-sustaining 
population in the southern Adriatic (Croatian and Montenegrin waters). The impact of successful colonizators on 
populations of native communities is still unknown, but considering relatively fast pace of the invasion it is possible 
that in the near future the impacts could be significant.
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REPRODUCTIVE CYCLE OF THE EDIBLE SEA URCHIN Paracentrotus lividus
(ECHINODERMATA: ECHINOIDAE) IN THE AEGEAN SEA
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ABSTRACT 
The reproductive cycle of the edible sea urchin Paracentrotus lividus was studied over a two-year period in the 
Aegean Sea. Specimens were randomly collected at monthly intervals to determine gonad-somatic index and 
gametogenesis, through morphological and histological examination of the gonads. An annual reproductive cycle 
was defined in both years with a clear spawning peak in early spring, in conformity with previous reports from 
other Mediterranean populations. However, a discrete secondary spawning period was also detected in early 
winter, indicating increased reproductive potential in the southern distributional range of the species.
Keywords: reproduction, histology, Echinoidae, Pagasitikos Gulf
*Corresponding author: Vafidis Dimitris (dvafidis.uth.gr)

1. Introduction
The common sea urchin Paracentrotus lividus (Lamarck, 1816) is commercially harvested for its 

gonads, “roe”, which constitute a highly appreciated gastronomic delicacy (Antoniadou & Vafidis 2009). As a 
result a severe decline of P. lividus population has been reported in many Mediterranean areas (Guidetti et al.
2004) leading to a gradual adoption of protective measures in some EU countries. In Greece, apart from some 
temporal restrictions of harvesting, mostly addressed to amateurs, there were no official regulations established 
to promote long-term sustainable exploitation of this resource, until very recently, where a 6-months fishing 
period (January, February, March, July, August and December), a daily quota of 600 specimens/boat, and a
minimum legal size at 5 cm test diameter have been established (PD 65/2014). 

Baseline knowledge on the biology of P. lividus - of reproductive biology in particular (Perry et al.
1999) - is a prerequisite to establish efficient management strategies. However, although the species has been 
well studied in the western Mediterranean, relevant information is scarce for the Aegean Sea (Antoniadou & 
Vafidis 2009). Within this context, the aim of the present work is to study the reproductive biology of P. lividus 
in the central part of the Aegean Sea.

2. Materials and Methods
The study was conducted in Pagasitikos Gulf, a semi-enclosed, shallow water and mesotrophic basin, 

located in the central part of the Aegean Sea. Preliminary samplings across the coastline of Pagasitikos revealed 
the presence of P. lividus over the entire Gulf on moderately inclined rocks at depths ranging from 0.5 to 10 m. 
Two stations were randomly selected: S1 (39°18'19.3"N, 22°56'35.3"E) and S2 (39°18'25.1"N, 23°5'50.9"E),
located at the northern and north-eastern parts of the Gulf, respectively. From each station 35 specimens of over
4 cm in test diameter were randomly collected at monthly intervals from December 2008 to November 2010 by 
diving at approximately 3 to 5 m depth. Concurrently, sea water temperature was recorded with an autographic 
CTD (SeaBird electronics).  

In the laboratory each individual was 5-min drained on filter paper and weighed for total weight (tW)
using an electronic scale (0.001 g precision). Then, it was dissected and the five gonads were removed, weighted
(0.001 g precision) and preserved in 70% ethanol. Weight measurements were used to estimate wet gonad-
somatic index (GSI) as tW/gW %, which is the most applied index to assess the reproductive condition of P. 
lividus (González-Irusta et al. 2009; Ouréns et al. 2011). The sex ratio (♂/♀) was also assessed by the 
macroscopic examination of the gonads or smear examination (Sellem & Guillou 2007). Statistically significant 
deviations from a balanced sexual proportion 1:1 were assessed with a chi-square test. For the histological 
examination of the gonads the haematoxylin-eosin staining procedure was applied on the middle portion of one 
gonad from each sampled individual (Byrne 1990). The different developmental stages of gametogenesis were 
examined under light microscopy and identified according to a slightly modified Byrne’s classification scale,
using a 5-level (I = spent, II = recovering, III= growing, IV = premature, V = mature) or 4-level (I = spent, II = 
recovering, III= growing, IV = mature) scale for females and males, respectively (i.e. omitting the partly 
spawned stage at both sexes and the premature stage in males).

REPRODUCTIVE CYCLE OF THE EDIBLE SEA URCHIN Paracentrotus lividus 
(ECHINODERMATA: ECHINOIDAE) IN THE AEGEAN SEA
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Analysis of variance (GLM ANOVA) was used to examine spatio-temporal differences in GSI values, 
i.e. among sampling stations (two-level random factor), months (12-level fixed factor), years (two-level random 
factor), and of their interactions. Prior to the analyses, data were tested for normality with the Anderson-Darling 
test, while the homogeneity of variance was tested with Cohran’s test. The Fisher LSD test was used for post-hoc 
comparisons when appropriate. ANOVAs were performed using the SPSS software package (IBM SPSS 
statistics version 19).

3. Results
In total 1680 P. lividus specimens were processed; 840 from S1 and 840 from S2. 
The sex ration was significantly biased in favour of females in both stations (S1: ♂/♀ = 0.60, x2 = 97.31 

p<0.05, and S2: ♂/♀ = 0.62 x2 = 89.64 p<0.05), being about 1:1.5.
GSI ranged from 0.10 (January 2010) to 24.99 (March 2009) with a mean value at 4.13 ± 2.71 at S1 and 

4.58 ± 2.43 at S2. GSI showed non-significant differences between stations and years (p>0.05), whereas the 
relevant seasonal differences were highly significant (F = 7.47 p = 0.001). In both stations increased GSI values 
were recorded from late winter to early spring, in March in particular, whereas a secondary rise was observed 
from summer to early autumn (Figure 1) which are more pronounced when examined for each year; the seasonal 
GSI trend was negatively correlated with the annual sea-water temperature (Sρ = -0.52 and -0.48, for S1 and S2, 
respectively).

Figure 1: Temporal trend of the mean GSI ± Fisher LSD of Paracentrotus lividus at the two sampling 
stations in Pagasitikos Gulf.

The distribution of maturity stages of the gametes in female and male urchins (Figure 2, 3) showed a 
synchronized reproductive pattern between sexes. A clear annual reproductive cycle was evident in both years, 
with a spawning peak in late winter to early spring (February, March and April); a secondary spawning period 
was also detected in late autumn-early winter (October and November). Spent or recovering gonads were 
observed in all sampling months but in summer months the entire population was at these “immature” stages. 
Although small differences between stations and years are observable, these differences have a limited impact to 
the overall annual reproductive pattern of the species.

Interestingly, 39 individuals were hermaphroditic (Figure 4), constituting 2.56% of the studied 
populations. Hermaphroditic urchins were detected in both stations, without any evidence of temporality. 
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Figure 2: Temporal trends of the relative frequency for each gonad stage of female and male 
Paracentrotus lividus individuals at S1 station in Pagasitikos Gulf.

Figure 3: Temporal trends of the relative frequency for each gonad stage of female and male 
Paracentrotus lividus individuals at S2 station in Pagasitikos Gulf.
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Figure 4: Hermaphroditic Paracentrotus lividus individuals: female gonads with sperm (left) and male 
gonads with oocytes (right). 

4. Discussion 
Literature data on the reproductive biology of P. lividus are diverse and often contradictory, as the 

species seems to follow different patterns in accordance with the geographic location and the prominent 
environmental parameters, such as temperature, habitat, depth, and food availability. In the Mediterranean Sea,
the species has typically a main spawning episode usually in spring (Lozano et al. 1995; Sánchez-España et al.
2004; Sellem & Guillou 2007) and a secondary less intense event in autumn (Guettaf et al. 2000; Antoniadou & 
Vafidis 2009; Ouréns et al. 2011). However, winter events or prolonged spawning periods up to early summer, 
have been also proposed based on GSI or histological data (Guidetti et al. 2004; Tenuzzo et al. 2012). It is 
widely accepted that P. lividus may have successive spawning events in the Mediterranean (Ouréns et al. 2011). 
These extensions in the main annual reproductive episode have been related with the latitude, the thermal 
regime, food availability, and hydrodynamics. Food availability, fleshy macroalgae in particular, has been 
ascertained as the main driving factor of P. lividus gonads maturation (Murillo-Navarro & Jiménez-Guirado 
2012).

The results of the present study, based both on GI and histology, report a clear major spawning event in 
spring (March & April) and a second event in autumn (October & November), which is, however, less severe.  
This pattern conforms to the only available relevant data (GI data) from eastern Mediterranean P. lividus
populations, namely from Astypalaia Island in the south Aegean Sea (Antoniadou & Vafidis 2009). However, it 
is still under question whether these second spawning episodes actually result from a new gametogenic cycle or 
from a short inactive period in the gametogenic cycle due to increased temperatures; vitellogenesis is inhibited at 
high temperatures, i.e. over 22 oC (Byrne 1990; González-Irusta et al. 2009). The histological examination of the 
gonads provides some evidences for a second gametogenic event, as the gonads were in recovery stage in 
summer months (July & August) in the studied population. Therefore, the existence of a discrete second 
spawning period may be inferred, suggesting also, increased reproductive potential of P. lividus, especially over 
its southern distributional range.
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Abstract 
Culture-dependent techniques were employed to identify the bacterial community structure from the 
gastrointestinal tract of Spaurus aurata using wild and domestic populations. From the wild populations 192 
bacterial strains, representing 95 different operational taxonomic units (OTUs) were isolated. From the aquaculture 
populations 144 bacterial strains, representing 49 OTUs were isolated. The dominant phyla for the wild and 
aquaculture populations were members of Firmicutes, Actinobacteria and Gammaproteobacteria. Our analysis, of 
the indigenous microbiota, indicated a population-specific bacterial profile.  
Keywords: seabream, gastrointestinal tract, 16S rRNA, bacterial diversity 
*Corresponding author: Lanara Maria (mlanara@hotmail.com) 
 
1.Introduction 

Microbes is the most abundant lifeform on our planet and can appear in all possible (and sometimes 
improbable) ecosystems. Throughout our lifetime, we constantly keep in touch with these microscopic organisms. 
In fact, we have a co-evolutionary relationship, at which mutual benefits obtained interactively between the host 
and non-pathogenic microorganisms. There is no better example that illustrates this reciprocal relationship than 
the gastrointestinal tract of vertebrates. The intestine of vertebrates is itself a complex ecosystem, comprising a 
vast number of commensal bacteria coexisting with cells and tissues. 

The ecology of the intestinal microbiota has been investigated for decades in order to identify, 
characterize, and even count their numbers. These extensive efforts are due to the important roles the intestinal 
microbiota play in the digestion, the production of essential vitamins, and protection of the gastrointestinal (GI) 
tract from pathogen colonization. These microbiotas constitute an important “ingredient” of the digestive duct 
system, they contribute in the hosts health  and in various digestive processes (Rowland et al., 2018). 

 Most microbiological studies have referred to aquatic specimens from Northern Europe, in particular the 
rainbow trout (Kim et al., 2007), Atlantic cod (Ringø et al., 2006), Atlantic salmon (Ringø et al., 2008), gilthead 
sea bream from aquaculture plants fed different diets (Dimitroglou et al., 2010) and microbial characterization of 
gut microbes of two wild population of Sardinian coastal lagoons (Floris, et al., 2013). There are few reports 
regarding the isolation and identification of cultivable aerobic or aerotolerant intestinal bacteria from Spaurus 
aurata. The aim of the work reported in this paper was the characterization of the culturable bacterial communities 
associated with the GI tract from two wild and two domestic populations in order to characterize the bacterial 
dispersion in the gastrointestinal tract of seabream and to compare the bacterial profile between and among the 
populations examined. 

 
2.Materials and Methods 
Sampling and isolation 

The wild populations were collected from the Messologhi Lagoon, and particularly from the areas of 
Tholh and Kleisova. The domestic populations were collected from aquaculture production farms in the area of 
Vonitsa and Astakos. For all samples examined, two culture media were used, TSA with NaCl and LB, and plates 
were incubated at 25oC & 37oC. 

 
PCR Amplification and 16S rRNA Gene Sequencing 

The nearly full-length of the 16S rRNA gene was amplified for all isolates by colony PCR using the 
bacterial universal primers 27F and 1492R (Lane, 1991). A reaction mixture (50μl) containing 10x PCR buffer, 
0,25 mM of each deoxynucleoside triphosphate, the appropriate primers at 25 pmoles each and 0,25 U of Taq 
polymerase (Kapa Taq) was prepared. PCR amplification was performed using a PTC-thermocycler with a 

MICROBIAL DIVERSITY OF Sparus aurata, USING CULTURE-DEPENDENT 
TECHNIQUES

773773E-POSTERS | 7th Field-Marine Diversity and Conservation HydromediT 2018 | Book of Proceedings

8-11 November 2018
 Volos, Greece

www.hydromedit.gr

3rd International Congress on
Applied Ichthyology

& Aquatic Environment



denaturation step of 5 min at 95oC followed by 35 cycles of 30 sec denaturation at 95oC, 30 sec primer annealing 
at 54oC, and 90 sec extension at 72oC. The PCR was completed by final extension at 72oC at 10 min. 

 
Phylogenetic Analysis and identification of OTUs  

The nearly full-length 16S rRNA gene were assembled using Geneious. Sequence similarity searches 
were performed using BLAST. The closest relatives of the isolates were obtained for phylogenetic analyses. 
Mega7 was used to construct the phylogenetic trees, using the method of Jukes and Cantor and topology was 
inferred using the neighbor-joining method based on bootstrap analysis of 1000 trees. 

 
3.Results 
Isolation and Characterization of Bacterial Strains 
Wild populations 

The bacterial diversity of the GI tract of S. aurata was determined using culture dependent techniques. A 
total of 192 bacterial isolates were characterized. The isolates were phylogenetically related to 95 validly/described 
species of Bacteria, with the most taxa linked to Gammaproteobacteria, Firmicutes and Actinobacteria. The most 
dominant taxa were those of Pseudomonas, Staphylococcus, Vibrio, Psychrobacter and Swewanella. 

 
Aquaculture populations 

A total of 144 bacterial isolates were characterized for the seabream samples from the aquaculture 
populations. The isolates were phylogenetically related to 49 validly/described species of Bacteria, with most of 
the taxa linked to Gammaproteobacteria, Firmicutes and Actinobacteria. The most dominant genera were those of 
Staphylococcus, Bacillus, Psychrobacter and Micrococus. 

 
4.Discussion 

This study indicated that the most abundant cultivable bacteria belongs to Gammaproteobacteria, 
Firmicutes and Actinobacteria.  

The use of 16S rRNA primers, and partial sequencing of the 16S rRNA gene, provided the tools to 
elucidate the biodiversity of the intestinal bacterial community of S. aurata from wild and aquaculture populations. 
Interestingly, the taxa Pseudomonas, Swevanella, Stenotrophomonas, Vibrio, Arthrobacter, Paenibacillus, 
Acinetobacter, Sphingobacterium, Chryseobacterium, Pantoea, and Streptococcus have been isolated only from 
the wild populations. For all four analyzed seabream populations, the most bacterial species-rich samples were 
those associated with the wild populations based on the number of OTUs, indicating that the origin of seabream 
plays a key role in the bacterial profile of the gastrointestinal tract. A culture-independent approach is under way 
in order to characterize the unculturable bacterial diversity of seabream. 
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Figure 2. Mean values of 
PIabs and PItotal (± standard 
error) for the 4 experimental
conditions (C1, C2, C3, C4) 
as they are described in Figure 
1.

3. Results
The results illustrated a strong effect of irradiance on photosynthetic activity of S. pectinata 

while salinity had almost no effect on it. The performance indices (PIABS and PItotal) were significantly 
lower (p<0.01) under high light conditions (C3, C4), than under low light conditions (C1, C2). Although 
PIABS and PItotal decreased between the 1st and 5th day of the experiment under C1 and C2 (irradiance X
time, p<0.01) they were stabilized in relatively high values after 5th day. The values of parameters 
RC/ABS, maximum quantum yield of photochemistry (Φp0), and the efficiency that an electron moves 
further QΑ

- (ΨE0) were significantly higher (p<0.01) under C1, C2 conditions than those under C3, C4 
conditions. ΨE0 first decreased between the 1st and 5th day of the experiment (irradiance x time, p<0.01) 
but partly recovered after 5th day. Interestingly, the efficiency/probability with which an electron from 
the intersystem electron carries is transferred to reduce end acceptors at the PSI acceptor side (δR0) was 
significantly lower under C1, C2 and significantly higher under C3, C4 conditions. RC/ABS and Φp0
were the parameters affected by salinity during the experiment but without having any apparent pattern. 

4. Discussion
In the present study, the photosynthetic activity of S. pectinata was negatively affected by high 

irradiance as it was assessed using PIABS and PItotal. The density of reaction centers (RC/ABS), the 
maximum quantum yield of photochemistry (Φp0) and the efficiency that an electron moves further QΑ

-

(ΨE0) were lower under high irradiance which indicated the inactivation of RCs and also that the electron 
flow was reduced from QA

- to the secondary acceptor of PSII (QB) or QB
- (Li et al. 2016). This was also 

observed due to the increased fluorescence at O-J and J-I parts of the curves (Fig. 1). Consequently the 
acceptor side of PSII was inhibited at high irradiances. PItotal and PIABS also decreased under low 
irradiance at first but was stabilized in relatively high values after 5th day. This result indicated that the 
plant was acutely stressed but was able to be acclimated at low irradiance over time. PItotal showed to be 
influenced by δR0. Values of δR0 were higher under high irradiance which means that there was a 
decreased electron transport from PQH2 to PSI end-electron acceptors (Duarte et al. 2017). Salinity 
indeed affected on the maximal yield and the number of RCs in PSII but the whole photosynthetic 
mechanism of the plant was not significantly influenced.
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Abstract
Stuckenia pectinata belongs to submerged macrophytes, and it is abundant in eutrophic freshwater and
brackish ecosystems. We investigated the combined effects of salinity (two levels: 9 and 19) and 
irradiance (two levels: 50 and 200 μmol photons m-2 s-1) on the photosystem II performance of shade-
acclimated S. pectinata, using chlorophyll α fluorescence JIP-test. Our results showed that the 
performance indices PIABS and PItotal were significantly lower under high irradiance. At low irradiance 
PIABS and PItotal decreased at first, but they were stabilized in relatively high values after that, indicating 
that the plant could be acclimated under low irradiance.  Salinity affected on the PSII maximal activity 
and the number of reaction centers but without having any apparent pattern. The results of this study 
confirmed the euryhaline and shade-adaptive character of the species.  
Keywords: Stuckenia pectinata; photosystem II activity; abiotic stress
* Corresponding author: Orfanidis Sotiris (sorfanid@inale.gr)

1. Introduction
Stuckenia pectinata is a submerged macrophyte that dominates in eutrophic lakes and slightly 

saltier than fresh water (brackish) lagoons, and as a consequence it can live in environments with turbidity 
and salinity fluctuations (Pilon & Santamaria 2002). The adverse action of irradiance and salinity stresses 
on S. pectinata photosynthesis has been well documented (Pilon & Santamaria 2002; Borgnis & Boyer 
2015). However, a comprehensive view of the photosynthesis responses to irradiance and salinity stress 
is missing from the literature. The study aimed to investigate the combined effects of salinity and 
irradiance on the photosystem II performance of shade-acclimated S. pectinata to understand its 
abundance in a brackish hyper-eutrophic lake-lagoon system.

2. Material and Methods
S. pectinata cultivated for two years in freshwater under shaded conditions (30 μmol photons

m-2 s-1) in the aquaculture laboratory and twenty-four (24) apices of the plant were randomly chosen. The
experiment lasted ten days and the measurements were carried out on days 1, 5 and 8, with the renewal
of 200 ml eutrophic medium (Ν-ΝΟ3=60 μmol/L, P-PO4=4 μmol/L) of each sample (6 replicates) every
day. Chlorophyll fluorescence was used to estimate the photosystem II performance indices (PIABS and
PItotal) of S. pectinata at: salinity 9 and irradiance 50 μmol photons m-2 s-1 (Condition 1); salinity 19 and
irradiance 50 μmol photons m-2 s-1 (C2); salinity 9 and irradiance 200 μmol photons m-2 s-1 (C3); salinity
19 and irradiance 50 μmol photons m-2 s-1 (C4). Temperature was set at 24-26 oC and irradiance was 14
hours per day. After 15 minutes of dark adaptation, chl a fluorescence transient (OJIP) of S. pectinata
leaves were measured by the Handy PEA fluorimeter (Hansatech Instruments Ltd., Norfolk, UK). All
data were analyzed with the parametric repeated analysis of variance (two-way repeated ANOVA; p <
0.01).

Figure 1. Difference in mean 
normalized fluorescence VOP
= Ft – Fo / FP – Fo of 
Stuckenia pectinata at 4 
experimental conditions, C1: 
salinity 9 and 50 μmol 
photons m-2 s-1, C2: 19 
salinity and 50 μmol photons 
m-2 s-1, C3: 9 salinity and 200
μmol photons m-2 s-1, C4: 19
salinity and 200 μmol photons
m-2 s-1.
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Figure 2. Mean values of 
PIabs and PItotal (± standard 
error) for the 4 experimental
conditions (C1, C2, C3, C4) 
as they are described in Figure 
1.

3. Results
The results illustrated a strong effect of irradiance on photosynthetic activity of S. pectinata 

while salinity had almost no effect on it. The performance indices (PIABS and PItotal) were significantly 
lower (p<0.01) under high light conditions (C3, C4), than under low light conditions (C1, C2). Although 
PIABS and PItotal decreased between the 1st and 5th day of the experiment under C1 and C2 (irradiance X
time, p<0.01) they were stabilized in relatively high values after 5th day. The values of parameters 
RC/ABS, maximum quantum yield of photochemistry (Φp0), and the efficiency that an electron moves 
further QΑ

- (ΨE0) were significantly higher (p<0.01) under C1, C2 conditions than those under C3, C4 
conditions. ΨE0 first decreased between the 1st and 5th day of the experiment (irradiance x time, p<0.01) 
but partly recovered after 5th day. Interestingly, the efficiency/probability with which an electron from 
the intersystem electron carries is transferred to reduce end acceptors at the PSI acceptor side (δR0) was 
significantly lower under C1, C2 and significantly higher under C3, C4 conditions. RC/ABS and Φp0
were the parameters affected by salinity during the experiment but without having any apparent pattern. 

4. Discussion
In the present study, the photosynthetic activity of S. pectinata was negatively affected by high 

irradiance as it was assessed using PIABS and PItotal. The density of reaction centers (RC/ABS), the 
maximum quantum yield of photochemistry (Φp0) and the efficiency that an electron moves further QΑ

-

(ΨE0) were lower under high irradiance which indicated the inactivation of RCs and also that the electron 
flow was reduced from QA

- to the secondary acceptor of PSII (QB) or QB
- (Li et al. 2016). This was also 

observed due to the increased fluorescence at O-J and J-I parts of the curves (Fig. 1). Consequently the 
acceptor side of PSII was inhibited at high irradiances. PItotal and PIABS also decreased under low 
irradiance at first but was stabilized in relatively high values after 5th day. This result indicated that the 
plant was acutely stressed but was able to be acclimated at low irradiance over time. PItotal showed to be 
influenced by δR0. Values of δR0 were higher under high irradiance which means that there was a 
decreased electron transport from PQH2 to PSI end-electron acceptors (Duarte et al. 2017). Salinity 
indeed affected on the maximal yield and the number of RCs in PSII but the whole photosynthetic 
mechanism of the plant was not significantly influenced.
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3. Results
The results illustrated a strong effect of irradiance on photosynthetic activity of S. pectinata 

while salinity had almost no effect on it. The performance indices (PIABS and PItotal) were significantly 
lower (p<0.01) under high light conditions (C3, C4), than under low light conditions (C1, C2). Although 
PIABS and PItotal decreased between the 1st and 5th day of the experiment under C1 and C2 (irradiance X
time, p<0.01) they were stabilized in relatively high values after 5th day. The values of parameters 
RC/ABS, maximum quantum yield of photochemistry (Φp0), and the efficiency that an electron moves 
further QΑ

- (ΨE0) were significantly higher (p<0.01) under C1, C2 conditions than those under C3, C4 
conditions. ΨE0 first decreased between the 1st and 5th day of the experiment (irradiance x time, p<0.01) 
but partly recovered after 5th day. Interestingly, the efficiency/probability with which an electron from 
the intersystem electron carries is transferred to reduce end acceptors at the PSI acceptor side (δR0) was 
significantly lower under C1, C2 and significantly higher under C3, C4 conditions. RC/ABS and Φp0
were the parameters affected by salinity during the experiment but without having any apparent pattern. 

4. Discussion
In the present study, the photosynthetic activity of S. pectinata was negatively affected by high 

irradiance as it was assessed using PIABS and PItotal. The density of reaction centers (RC/ABS), the 
maximum quantum yield of photochemistry (Φp0) and the efficiency that an electron moves further QΑ

-

(ΨE0) were lower under high irradiance which indicated the inactivation of RCs and also that the electron 
flow was reduced from QA

- to the secondary acceptor of PSII (QB) or QB
- (Li et al. 2016). This was also 

observed due to the increased fluorescence at O-J and J-I parts of the curves (Fig. 1). Consequently the 
acceptor side of PSII was inhibited at high irradiances. PItotal and PIABS also decreased under low 
irradiance at first but was stabilized in relatively high values after 5th day. This result indicated that the 
plant was acutely stressed but was able to be acclimated at low irradiance over time. PItotal showed to be 
influenced by δR0. Values of δR0 were higher under high irradiance which means that there was a 
decreased electron transport from PQH2 to PSI end-electron acceptors (Duarte et al. 2017). Salinity 
indeed affected on the maximal yield and the number of RCs in PSII but the whole photosynthetic 
mechanism of the plant was not significantly influenced.
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DOES NON-NATIVE SPECIES PRESENT A THREAT TO MARINE ECOSYSTEMS 
IN THE SOUTH ADRIATIC SEA (MONTENEGRO) 

Petović S.*, Marković O., Joksimović A., Pešić A.

Institute of Marine Biology, Universtity of Montenegro, Dobrota bb, 85330, Kotor, Montenegro

Abstract
The paper presents list of the non-indigenous species recorded along the south-eastern Adriatic coast
(Montenegro). Using all available scientific literature, technical reports as well as personal data we collected 35
species in total. Among this number 12 are fish and 23 are benthic species. Almost all species can be described 
as established due to the more that one records and a lot of young specimen. Some of them such as blue crab
Callinectes sapidus and Fistularia commersonii already shown competition with the native species for the food
and habitats. Further monitoring will show actually impact of an alien species to the native biodiversity.
Keywords: non-native species, invertebrates, fish, south Adriatic Sea, 
*Corresponding author: Petović Slavica (skascelan@ac.me)

1. Introduction
For the last two centuries biodiversity of the Mediterranean Sea has been changed by the arrivals of new 

species (Katsanevakis et al. 2013; Zenetos et al. 2017). Intensive shipping traffic, aquaculture as well as
development of the aquarium trade formed additional pathways for new species introduction, via fouling and 
ballast water (Spagnolo et al. 2017). The introduction of non-native species is a permanent and complex process, 
with numbers increasing at a rate of one new record every 2 weeks (Zenetos et al. 2012). So far, 837 non-native 
species are recorded for the Mediterranean (Zenetos et al. 2017) with already registered impact (Katsanevakis et 
al. 2016).

As part of the Mediterranean, the Adriatic Sea is an elongated, 800 km long, semi-closed basin 
connected with the Ionian Sea by the Strait of Otranto. It is characterized by complex combination of depth, 
substrate type and temperature, based on which it can be divided into 3 distinct sectors (northern, middle and 
southern). The southern sector is the deepest, with the coast very steep in places.    

Although the problem of introduced marine species affects the entire Adriatic, the middle and northern 
sectors are considerably better studied (Dulčić & Dragičević 2011, Lipej et al. 2012, Pećarević et al. 2013) 
compared to the south. Considering available data from the south Adriatic as fragmented and scarce 
(Katsanevakis et al. 2011, Mačić et al. 2014, Dulčić et al. 2014, Petović & Mačić 2017) the basic aim of this 
study is present a comprehensive list of the non-native species of this part of the Adriatic Sea. 

2. Material and Methods
To prepare this article we collected all available data regarding non-native species from the 

southeastern part of the Adriatic Sea - Montenegro coast (Figure 1), both published scientific papers and 
technical reports, as well as personal and unpublished data. 

Figure 1. Montenegrin coastal zone where non-native species are recorded

3. Results and Discussion
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Obtained result showed presence of 35 non-native marine species along the Montenegrin coast (Table
1). Most abundant groups were fishes, represented by 12 species, followed by mollusks represented with 10 
species, four species of algae, three species of arthropods, by two species of annelids and tunicates and one 
species of bryozoans and sponge.

Table 1. Non-native marine species recorded along the southeastern Adriatic coast (Montenegro) with 
indication of first record

Taxon First 
record

Reference 

Phylum:Phycophyta

Classe:Rhodophyta

Antithamnion 
amphigeneum 
A.J.K.Millar, 1990

2016 Mačić & Ballesteros 2016

Classe:Chlorophyta 

Caulerpa cylindracea 
Sonder, 1845

2004 Mačić 2005

Asparagopsis 
taxiformis (Delile) 
Trevisan de Saint-
Léon, 1845

2006 Zenetos et al. 2011

Womersleyella 
setacea (Hollenberg) 
R.E.Norris, 1992

2003 Batteli & Rindi 2008

Phylum: Porifera 

Paraleucilla magna 
Klautau, Monteiro & 
Borojevic, 2004

2016 Mačić & Petović 2016

Phylum: Mollusca

Aplysia dactylomela 
Rang, 1828

2011 Mačić & Kljajić 2012

Bursatella leachii 
Blainville, 1817

2009 Zenetos et al. 2011

Melibe viridis 
(Kelaart, 1858)

2003 Jančić 2004

Anadara transversa 
(Say, 1822)

2015 Petović et al. 2017

Arcuatula senhousia 
(Benson, 1842)

2014 Petović et al. 2017

Ruditapes 
philippinarum 
(Adams & Reeve, 
1850)

2015 Petović et al. 2017

Teredo navalis 
Linnaeus, 1758

1967 Stjepčević 1967

Pinctada imbricata 
radiata (Leach, 1814)

2016 Petović & Mačić 2017

Magallana gigas 
(Thunberg, 1793)

1977 Stjepčević et al. 1977

Pteria hirundo 
(Linnaeus, 1758)

1967 Stjepčević 1967

Phylum:Arthropoda 

Penaeus aztecus Ives, 
1891

2013 Marković et al. 2014

Callinectes sapidus 
Rathbun, 1896

2006 Zenetos et al. 2011

Amphibalanus 
eburneus (Gould, 
1841)

2014 Igić 1983

Phylum:Anellida 

Hydroides dirampha 
Mörch, 1863

2014 Spagnolo et al. 2018

Palola valida 
(Gravier, 1900)

2014 Spagnolo et al. 2018

Phylum:Tentaculata 

Bugula neritina 
(Linnaeus, 1758)

2014 Spagnolo et al. 2018

Subphylum:Tunicata 

Botryllus schlosseri 
(Pallas, 1766)

2016 Personal data

Styela plicata 
(Lesueur, 1823)

2016 Personal data

Superclass: Pisces

Caranx crysos 
(Mitchill, 1815)

2013 Dulčić et al. 2014

Fistularia 
commersonii Rüppell, 
1838

2008 Joksimović et al. 2008

Tylosurus imperialis 
(Rafinesque, 1810)

2007 Dulčić et al. 2014

Lagocephalus 
sceleratus (Gmelin, 
1789)

2015 Joksimović & Dulčić 2015

Siganus luridus 
(Rüppell, 1829)

2014 Joksimović et al. 2015

Siganus rivulatus 
Forsskål & Niebuhr, 
1775

Pešić et al. 2018

Sphyraena 
chrysotaenia 
Klunzinger, 1884

2012 Joksimović et al. 2016

Sphoeroides 
pachygaster (Müller 
& Troschel, 1848)

2008 Joksimović et al. 2015

Stephanolepis 
diaspros Fraser-
Brunner, 1940

2002 Dulčić & Pallaoro 2003

Cheilopogon furcatus 
(Mitchill, 1815)

2012 Joksimović et al. 2016

Iniistius pavo 
(Valenciennes, 1840)

2012 Joksimović et al. 2016

Balistes capriscus 
Gmelin, 1789

2016 Joksimović et al. 2016

Study of the Montenegrin marine biodiversity, mostly upper infralitoral zone, resulted with 23 benthic 
non indigenous species. Majority of that species such as algae, sponges, mollusks and tunicates are recorded in 
ports (Marina Porto Montenegro-Tivat and Port of Bar) as fouling organisms from berths (Spagnollo et al.,
2017).

Data on non-native crustacean and fish species are mostly obtained by fisherman. Usually, they find 
specimen during fishing and then inform scientists. Number of alien species is variable and constantly increase 
due to new arrivals. Pećarević et al. (2013) reported 22 non-indigenous fish species that had been recorded in the 
eastern Adriatic, while analyzing non-indigenous, rare and less known fishes in the eastern Adriatic Dulčić et al.
(2014) added five new to this list. Of that number 12 is registered for Montenegrin marine waters. Among them 
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1. Introduction
For the last two centuries biodiversity of the Mediterranean Sea has been changed by the arrivals of new 

species (Katsanevakis et al. 2013; Zenetos et al. 2017). Intensive shipping traffic, aquaculture as well as
development of the aquarium trade formed additional pathways for new species introduction, via fouling and 
ballast water (Spagnolo et al. 2017). The introduction of non-native species is a permanent and complex process, 
with numbers increasing at a rate of one new record every 2 weeks (Zenetos et al. 2012). So far, 837 non-native 
species are recorded for the Mediterranean (Zenetos et al. 2017) with already registered impact (Katsanevakis et 
al. 2016).

As part of the Mediterranean, the Adriatic Sea is an elongated, 800 km long, semi-closed basin 
connected with the Ionian Sea by the Strait of Otranto. It is characterized by complex combination of depth, 
substrate type and temperature, based on which it can be divided into 3 distinct sectors (northern, middle and 
southern). The southern sector is the deepest, with the coast very steep in places.    

Although the problem of introduced marine species affects the entire Adriatic, the middle and northern 
sectors are considerably better studied (Dulčić & Dragičević 2011, Lipej et al. 2012, Pećarević et al. 2013) 
compared to the south. Considering available data from the south Adriatic as fragmented and scarce 
(Katsanevakis et al. 2011, Mačić et al. 2014, Dulčić et al. 2014, Petović & Mačić 2017) the basic aim of this 
study is present a comprehensive list of the non-native species of this part of the Adriatic Sea. 

2. Material and Methods
To prepare this article we collected all available data regarding non-native species from the 

southeastern part of the Adriatic Sea - Montenegro coast (Figure 1), both published scientific papers and 
technical reports, as well as personal and unpublished data. 

Figure 1. Montenegrin coastal zone where non-native species are recorded

3. Results and Discussion
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Lagocephalus sceleratus and Sphoeroides pachygaster are considered as very dangerous because they contain 
poison tetrodotoxin.  

Monitoring of benthic communities confirmed presence of non-native species and their spreading into 
the area. Very successful reproduction and size of specimen indicates favorable conditions in the Montenegrin 
waters (VA 2017). Intensive marine traffic which is a characteristic of the area of the Boka Kotorska Bay 
(situated in the northwest part of the Montenegrin coast) as well as aquaculture activities are the main vectors for 
introduction of non-native species in the SE Adriatic Sea.

Additional records of the fish and crustacean species, after their first finding, indicate to constant 
presence along the southeastern Adriatic coast. Establishment of blue crab Callinectes sapidus and their very 
abundant population points out the impact on ecosystems (Marković et al., 2017). Blue crab as a big competitor, 
is in competition for the habitat and food with many other species of crustaceans. Area of Tivat salts (Boka 
Kotorska Bay), is populated by an autochthonous crab, called estuarine crab (Carcinus aestuarii). However, 
from the moment when the presence of blue crab was detected in the Tivat salt region, the number of individuals 
of this autochthonous crab drastically decreased. Is it a competition, or not, but blue crab has pushed a domestic 
crab (Pešić et al. 2018). Fish trumpet, Fistularia commersonii (Rüppell, 1838) is a species native to the Indian 
and Pacific oceans, including the western coasts of Central and South America. The species was caught in 
February 2008 for the first time along the Montenegrin coast (Joksimović et al. 2008). This species is a predator 
of smaller species of economically importance, such as bogue, red mullet, sardine, anchovy, and can have 
negative effects on the local populations of these fish.

All alien species reporting here increase their population and distribution along to the Montenegrin 
coast, so, for the moment we can understand their impact to the native marine organisms only from the 
fishermen experience but further comprehensive monitoring will show their relation with the autochthonous 
species and possible changes in marine ecosystem of south Adriatic.
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Abstract 
Distribution patterns in settlement of juvenile sparids were studied in shallow coastal areas along the Adriatic 
Sea in Croatia from 1988 till nowdays. Total of 13 species was identified from beach seine collections; the most 
abundant were Boops boops with more than 85% of the total catch. Sizes were variable through the sampling 
period, with over 95% of the species collected were 0+. Sparids settled at different times of the year, but mostly 
during summer to well defined habitats. Settlement intensity varied among species and exhibited high year-to-
year variations at both spatial and temporal scales. Species with similar habitat requirements show a clear 
seasonal segregation. The dominance of juveniles in the catches indicate that these areas serve as nursery and 
feeding grounds. The implications of this study are important not only for better understanding the patterns of 
sparids recruitment dynamics, but also in terms of management of these resources in the Adriatic Sea. 
Keywords: infrallitoral fish assemblages, nursery areas, juveniles, distribution, habitat. 
*Corresponding author: Tutman Pero (tutman@izor.hr) 
 
1. Introduction 

Shallow marine coastal areas are diverse in habitats topography comprising rich and complex biotic 
communities. They also have significant role in the life stages of many coastal fishes, especialy in early phase 
which is critical to ensure adequate settlement and recruitment as factors that generally impact the size and 
condition of the parental stock. Numerous members of Sparidae inhabits the Adriatic Sea nearshore and are of 
great importance to artisanal fisheries. Despite the growing interest, many aspects of their biology remain 
unknown, particularly spatial and temporal patterns of settlement into benthic habitats. Fluctuations in settlement 
and recruitment may influence the population dynamics of species and are potential determinants of the sizes of 
local populations and exploitable fish stocks (Garcia-Rubies & Macpherson 1995). The object of the present 
study was to analyse the characteristics of spatio-temporal patterns of settlement and habitat use of juvenile 
sparids as the main littoral species in the eastern Adriatic Sea. 
 
2. Material and methods 

Samples were collected with small beach seine (mesh size 8 mm at outer wings and 4 mm at the bag 
end) from May 1998 to the present days along the eastern Adriatic Sea coastline in Croatia. Sampling depth 
ranged from 5.0-0.0 m; locations were designed to cover different habitats (seagrass meadows, sand only areas, 
sandy areas with rock outcrops, rock areas, mudd areas, etc...). The smallest specimens of the species observed 
were taken as settlers, and were generally smaller than 3 cm. The fish data were analysed using the PRIMER 
software package. Data were transformed for presence/absence and the Bray-Curtis similarity matrix was used to 
generate 2-dimensional ordination plots with the non-metric multidimensional scaling (nMDS) technique. 
 
3. Results 

Over the study a total of 13 sparid species were collected and identified (Table 1). The dominant species 
with respect to both numbers and weight were Boops boops with 85,13%, followed by Sarpa salpa (8,40%), and 
Pagellus bogaraveo (2,08%). Most fish were juveniles, mainly young-of-the-year, amounting a total of 95,77%. 

Differences in fish assemblages were observed with respect to dates and areas mostly due different 
temporal and spatial distribution of settlers. Generally, settlement showed consistent interannual variation, which 
also differed among sites and species, as well. They settle at different times of the year, but mostly during the 
spring and summer months, from March to June, mostly in May. Temporal patterns were observed for several 
taxa: B. boops and Spondyliosoma cantharus were more abundant from March to June, Diplodus species in May 
and June, Lithognathus mormyrus and Oblada melanura were more common in July and August (Table 1). The 
nMDS plot show differences in fish abundance with respect to sampling habitat (Figure 2). 
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Table 1. Seasonality of settlement. Dark squares indicate months when  
new settlers (up to 3 cm) were observed. Bright squares indicate months  
when juveniles occurred in shallow waters. 

 
                                                                                                                           Figure 1. MDS ordination method for comparing spatial 
                                                                                                                           and temporal fish patterns according to different habitat.  
   

Studied species settled primarily in the shallowest zone (0 to 3 m), to well defined habitats with 
characteristically distinctive substrate types (sand, gravel or rocky; vegetated or unvegetated). Members of genus 
Diplodus have similar preferences for habitat and settled in gravel substrate with small blocks covered by algae; 
P. pagrus and L. mormyrus was associated with sandy bottoms, S. salpa and S. cantharus with substrate  
consisting of a large proportion of sand, and the latter species was also clearly correlated with Posidonia 
oceanica beds. The remainder of the species exhibited an affinity mainly for mixed sandy-rocky bottoms, 
partially with algal cover, while Boops boops Oblada melanura has shown no clear connection with habitat type. 

Depth was one of the main factors regulating the distribution of settlers. The spatial variability of 
settlement at a small scale was high for each species; the highest settlement intensity for most species was 
observed in the May-June period. A significant difference in settlement was also observed between sites for each 
species. Settlement intensity to nearshore habitats exhibited high year-to-year variations at both local and 
regional scales. Most of them show a high degree of seasonal and spatial co-occurrence. Species with similar 
habitat requirements show a clear seasonal segregation, with each species occupying successively the same 
zones at a different time of the year. Observed temporal staggering of recruitment was probably a mechanism for 
reducing possible interspecific competition. Species richness was significantly higher in well structure habitats 
(i.e. vegetated areas), as well as differences in abundance and biomass between vegetated and unvegetated 
habitats depended on the location of sampling. In general, abundance and biomass in the vegetated areas were 
higher than in unvegetated habitats. The major disruptions occur when the assemblage undergoes restructuring 
through periods of recruitment and when switches from an overwintering to a spring/summer structure.  

 
4. Discussion 

The assemblage of juvenile sparids in shallow nearshore area in the Croatia was generally similar to 
other regions of the Mediterranean (Garcia-Rubies & Macpherson 1995), showing also similarly habitat 
preference (Vigliola et al. 1998). At a small scale, time was more important than space for explaining the high 
variability in sparid settlement, while at a large scale, their settlement was also highly variable, but differences 
between sites predominated over differences between years. These data implied that topographic microhabitat 
characteristics were not the only factor explaining small-scale variability in settlement. Our study showed that 
the settlement of sparids along the Croatian coast was highly variable in space and time, but presented some 
consistent patterns, probably related to local hydroclimatic conditions acting on spatial and temporal scales. 
Observed species exhibited similar habitat requirements at settlement, but were segregated on a clear seasonal 
basis, as adaptive mechanism for reducing possible interspecific competition. In general, the sparidae fish 
assemblage were dominated by juveniles suggesting shallow coastal areas as nurserv grounds. Identification and 
conservation of essential fish habitat is needful for healthy and sustainable fisheries (Rosenberg et al. 2000). 
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TEMPORAL TRENDS IN THE STRUCTURE OF JUVENILE 
ICHTHYOCOMMUNITIES IN THE EASTERN MIDDLE ADRIATIC 
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Abstract 
Coastal nursery habitats are essential for the renewal of adult fish populations. Temporal trends in the structure of 
juvenile fish communities were examined in the middle Adriatic (Duce-Glava). The individuals were caught using 
a small shore seine on monthly basis in 2000 and from March, 2017 to February 2018 on seasonal basis. A total 
of 19 fish families and 52 species were recorded in 2000 while a decline of 26% and 21% in number of families 
and species were obtained in 2018. Most diverse family were Sparidae comprising 8 species in 2000, and 7 species 
in 2018. The most abundant and frequently observed species was the big-scale sand smelt, Atherina boyeri while 
the striped seabream, Lithognathus mormyrus showed the most significant decline of 99,81 % after 18 years.
Trends in abundance and biomass indicated significant decline overtime 44.4 % and 62.8 % in the study period,
respectively, probably as response to human-induced factors such as fisheries and habitat modification due climate 
changes. 
Keywords: temporal changes, fish juveniles, coastal communities, Adriatic Sea
*Corresponding author: Vrdoljak Dario (vrdoljak@izor.hr)

1. Introduction
Estuaries and coastal areas are commonly acknowledged as highly productive and valuable ecosystems 

which provide numerous habitats for fish and support fundamental ecological links with other environments (Beck 
et al. 2001). Their role as nurseries for early life stages of many species, as well as foraging and spawning grounds 
has been highlighted. Knowledge of the role of habitat use is particularly valuable from a conservation and 
management perspective, since the vulnerability of coastal habitats to anthropogenic stressors is increasing 
(Halpern et al. 2007). Marine ecosystems have been degraded in many areas such that critical coastal habitats are 
no longer available or adequate to provide nursery, feeding, or reproductive functions, with negative consequences 
on production and renewal of populations (Barbier et al. 2011). Climate change has driven significant changes in 
marine ecosystems, particularly in coastal areas. It is logical to expect that nursery grounds also undergoing 
through compositional and structural changes in last decades. Fisheries can modify coastal communities in term 
of distribution, abundance and biomass of marine organisms, and with the most far-reaching consequences (Pauly 
et al. 1998). High fishing pressure, leading to ecological changes, decreasing fish stocks and modifying their 
demographic structure (Hutchings et al. 2010), can impair the capacity of fish resources to grow and renew 
themselves.

The aim of the study is to investigate temporal changes in the composition and structure of littoral juvenile 
fish assemblages through their response to environmental factors, such as sea water temperature and salinity 
fluctuations as important causal factors of habitat modifications due climate changes, as well as anthropogenic 
factor like fisheries effort. 

2. Material and Methods
Sampling on monthly basis was carried from March, 2017 to February, 2018 in area of cove Duće-Glava 

near Split. Since 2000, this area has long data series that can be compare with current state. Sampling was 
conducted by special constructed small shore seine (L=25m; minimum mesh size 4mm) of same construction and 
technical features that used in sampling before. For each of the shore seine catches all fish individuals was 
identified to species level, measured (total length, to the nearest 0.1 cm) and weighed (total body weight, to the 
nearest 0.1 g). Simultaneously with fish sampling, the depth, slope, substratum type, biotic cover and exposure of 
the microhabitats were recorded using the methodology previously described by Harmelin-Vivien et al. (1995). 

From the catch data a number of indices was calculated and a variety of approaches use in order to assess 
the changes in littoral juvenile fish assemblages over the study period. Shannon-Wiener diversity index H’ was 
used for species diversity, Pielou’s evenness index J’ for evenness, diversity indices Δ* (quantitative) and Δ+ 
(presence/absence) based on taxonomic distinctness. All the statistical analyses were performed using the PRIMER 
7 and PERMANOVA (Clarke and Gorley, 2015; Clarke et al. 2014) according to a two-factor crossed experimental 
design using per mutational analysis of variance (PERMANOVA) based on Euclidian distance measure.  

3. Results and discussion
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A total of 7363 fish weighing 12.442 kg, comprising 19 families and 52 species were recorded in 2000 
and a total of 3268 fish weighing 7.818 kg, comprising 14 families and 41 species were recorded in 2018. The 
Sparidae were the most important families, represented by 8 and 7 species, in 2000 and 2018 respectively. During 
the study the most  abundant and frequently observed species was the big-scale sand smelt, Atherina boyeri, which 
was present with 20% in 66.6 % of catches (2000) and with 74% in 83 % catches (2018) of shore seine sampling. 
In total 5 (9.0 %) and 17 (41.0%) species  were caught only once in 2000 and 2018, respectively. Our results 
clearly indicate that the littoral fish assemblages in Duće-Glava changed continuously during the study period. 
PERMANOVA analysis on univariate measures, revealed spatially consistent temporal variation in total fish 
abundance (NCPUE) and biomass (BCPUE). Trends in NCPUE and BPUE indicated significant decline overtime 
44.4 % and 62.8 % in 18 years, respectively. Of the diversity indices analysed, the same pattern of variability was 
observed for ShannoneWiener diversity, Pielou evenness and average taxonomic distinctness. 

In total 12 species, Coris julis, Dentex dentex, Gobius couchi, Monochirus hispidus, Mullus barbatus, 
Pagellus acarne, Sepia officinalis, Serranus scriba, Solea solea, Symohodus tinca, Synghnatus tenuirostris and 
Trigla lyra  have occurred only in 2018, while 20 species were not recorded later (Diplodus puntazzo, Diplodus 
sargus, Gobius cobitis, Gobius geniporus, Hippocampus guttalatus, Knipowitschia panizzae, Labrus viridis, 
Lepidotrigla cavillone, Lichia amia, Lipophrys pavo, Mugil cephalus, Ophidion rochei, Parablennius incognitus, 
Parablennius tentacularis, Pomatoschistus canestrini, Sparus aurata, Symphodus roissali, Symphodus rostratus 
and Sygnathus abaster). More or less the same fish species that were only incoherently present in the early years, 
are also rare nowadays. On the other side, previously ubiquitous species like Lithognathus mormyrus and 
Pomatoschistus marmoratus become rare. Namely, 1078 specimens of L. mormyrus were recorded in 2000, while 
nowadays just 2 individuals were sampled. 

Similarity in patterns of interannual assemblage change seen in MDS ordinations has proven to be 
significant by a one-way ANOSIM test carried out on a second-stage similarity matrix (R=0.41; p < 0.01). 
Temporal pattern of assemblage change was general and attribut able to a relatively large and different pool of 
species. 

Over the past 18 years data on juvenile fish assemblages in the Adriatic Sea have been collected in a 
framework of several projects, but have not been analysed sufficiently. Multivariate community analysis of these 
data may shed light on temporal changes of fish species through response to human-induced factors such as 
fisheries and habitat modification due climate changes. Such analysis allows partitioning variability according to 
one or more explanatory variables or factors, measuring or testing interactions among factors and developing 
explicitly quantitative models with explanatory, discriminatory or predictive uses. Also, fish are capable of 
reflecting both natural and anthropogenic alterations of the environment and are therefore considered as valuable 
biological indicators (Whitfield and Elliott, 2002) and that analyses may have revealed species that have some 
relevant characteristics of indicators. The monitoring of such easily accessible and widely distributed species may 
represent a time- and cost-effective ecosystem monitoring method, overcoming the time and funding constraints 
of wider scientific surveys. 
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TEMPORAL TRENDS IN THE STRUCTURE OF JUVENILE 
ICHTHYOCOMMUNITIES IN THE EASTERN MIDDLE ADRIATIC 

Vrdoljak D.*, Matić-Skoko S., Tutman P., Bojanić Varezić D., Uvanović H., Pavičić 
M.

Institute of Oceanography and Fisheries, Meštrovićevo šetalište 63, 21000 Split, Croatia

Abstract 
Coastal nursery habitats are essential for the renewal of adult fish populations. Temporal trends in the structure of 
juvenile fish communities were examined in the middle Adriatic (Duce-Glava). The individuals were caught using 
a small shore seine on monthly basis in 2000 and from March, 2017 to February 2018 on seasonal basis. A total 
of 19 fish families and 52 species were recorded in 2000 while a decline of 26% and 21% in number of families 
and species were obtained in 2018. Most diverse family were Sparidae comprising 8 species in 2000, and 7 species 
in 2018. The most abundant and frequently observed species was the big-scale sand smelt, Atherina boyeri while 
the striped seabream, Lithognathus mormyrus showed the most significant decline of 99,81 % after 18 years.
Trends in abundance and biomass indicated significant decline overtime 44.4 % and 62.8 % in the study period,
respectively, probably as response to human-induced factors such as fisheries and habitat modification due climate 
changes. 
Keywords: temporal changes, fish juveniles, coastal communities, Adriatic Sea
*Corresponding author: Vrdoljak Dario (vrdoljak@izor.hr)

1. Introduction
Estuaries and coastal areas are commonly acknowledged as highly productive and valuable ecosystems 

which provide numerous habitats for fish and support fundamental ecological links with other environments (Beck 
et al. 2001). Their role as nurseries for early life stages of many species, as well as foraging and spawning grounds 
has been highlighted. Knowledge of the role of habitat use is particularly valuable from a conservation and 
management perspective, since the vulnerability of coastal habitats to anthropogenic stressors is increasing 
(Halpern et al. 2007). Marine ecosystems have been degraded in many areas such that critical coastal habitats are 
no longer available or adequate to provide nursery, feeding, or reproductive functions, with negative consequences 
on production and renewal of populations (Barbier et al. 2011). Climate change has driven significant changes in 
marine ecosystems, particularly in coastal areas. It is logical to expect that nursery grounds also undergoing 
through compositional and structural changes in last decades. Fisheries can modify coastal communities in term 
of distribution, abundance and biomass of marine organisms, and with the most far-reaching consequences (Pauly 
et al. 1998). High fishing pressure, leading to ecological changes, decreasing fish stocks and modifying their 
demographic structure (Hutchings et al. 2010), can impair the capacity of fish resources to grow and renew 
themselves.

The aim of the study is to investigate temporal changes in the composition and structure of littoral juvenile 
fish assemblages through their response to environmental factors, such as sea water temperature and salinity 
fluctuations as important causal factors of habitat modifications due climate changes, as well as anthropogenic 
factor like fisheries effort. 

2. Material and Methods
Sampling on monthly basis was carried from March, 2017 to February, 2018 in area of cove Duće-Glava 

near Split. Since 2000, this area has long data series that can be compare with current state. Sampling was 
conducted by special constructed small shore seine (L=25m; minimum mesh size 4mm) of same construction and 
technical features that used in sampling before. For each of the shore seine catches all fish individuals was 
identified to species level, measured (total length, to the nearest 0.1 cm) and weighed (total body weight, to the 
nearest 0.1 g). Simultaneously with fish sampling, the depth, slope, substratum type, biotic cover and exposure of 
the microhabitats were recorded using the methodology previously described by Harmelin-Vivien et al. (1995). 

From the catch data a number of indices was calculated and a variety of approaches use in order to assess 
the changes in littoral juvenile fish assemblages over the study period. Shannon-Wiener diversity index H’ was 
used for species diversity, Pielou’s evenness index J’ for evenness, diversity indices Δ* (quantitative) and Δ+ 
(presence/absence) based on taxonomic distinctness. All the statistical analyses were performed using the PRIMER 
7 and PERMANOVA (Clarke and Gorley, 2015; Clarke et al. 2014) according to a two-factor crossed experimental 
design using per mutational analysis of variance (PERMANOVA) based on Euclidian distance measure.  

3. Results and discussion
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CRAB NORTHERNMOST OBSERVATION OF THE INVASIVE BLUE 
Callinectes sapidus RATHBUN, 1896 IN THE AEGEAN SEA, TURKEY 

                                                     Yapıcı S.*, Filiz H., Bilge G. 
Muğla Sıtkı Koçman University, Faculty of Fisheries, 48000, Muğla, Turkey 

Abstract
The present study reported the occurrence of a invasive blue crab (Callinectes sapidus Rathbun, 1896), in the 
Turkish Aegean Sea. The specimen was found and photographed by SCUBA diver. This report includes 
northernmost observation in the Turkish Aegean for the C. sapidus. 

Keywords: Callinectes sapidus, the blue crab, Aegean Sea
*Corresponding author: Yapıcı Sercan (sercanyapici@mu.edu.tr)

1. Introduction

The alien brachyuran Callinectes sapidus Rathbun, 1896 is an invasive species naturally distributed in 
the Atlantic Ocean, from Nova Scotia to Argentina. Its first Mediterranean record was given from Venice in 1949 
(Izquierdo-Gómez & Izquierdo-Muňoz in Karachle et al. 2016) thereafter it established successful abundant 
populations in the South Aegean and eastern Mediterranean coasts (for details see Kapiris et al. 2014, Dailianis et 
al. 2016 and Karachle et al. 2016). In recent years the species were reported to occasionally from the coasts of 
northern Aegean Sea, Dardanelles and even Black Sea (Yağlıoğlu et al. 2014, Daban et al. 2016) 

2. Material and Methods

On 16 January 2017, a specimen of C. sapidus (Fig. 1) was observed and photographed by SCUBA diver 
from the off İbrice Cape (40°.3534ʹ N, 26°.3046 ʹ E) at a depth of 9 m on a rocky-sandy bottom. 

3. Results and Discussion

Northward expansion of C. sapidus is not perplexing because most of crustacean taxa could adapt neccessary 
biotic and/or abiotic conditions for successful dispersal. In addition, marine/estuarine decapods have more ability 
via all human-mediated vectors/corridors and so they, in particular C. sapidus, carries out negative impacts on 
several ecosystem functions, such as in food web, within both marine and estuarine environments. In conclusion, 
this northernmost record and other reports could be considered as prewarning that C. sapidus reachs settled 
populations in the northern Aegean coasts of Turkey. However, further investigation on determination of its 
colonization level is required. 

NORTHERNMOST OBSERVATION OF THE INVASIVE BLUE CRAB 
Callinectes sapidus RATHBUN, 1896 IN THE AEGEAN SEA, TURKEY
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Figure 1. Underwater view of Callinectes sapidus from northern Aegean Sea (Turkey) 
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MONITORING OF THE MANAGED AQUIFER RECHARGE (MAR) SYSTEM BY 
TREATED WASTEWATER REUSE IN AKROTIRI LIMASSOL CYPRUS 

 
Achilleos M.1, 2*, Tzoraki O.2 

 
1Water Development Department, Ministry of Agriculture, Rural Development and Environment, 100 - 110   
Kennenty Avenue, 1047 Pallouriotissa, Nicosia, Cyprus 
2Marine Sciences Department, School of Environment, University of the Aegean, 811 00, Mytilene, Greece  

 
Abstract 
Managed Aquifer Recharge (MAR) is becoming an attractive water management option, with more than 230 
sites operating in Europe. MAR can play an important role as a measure to control over-abstraction and to 
restore the groundwater balance. It can be used to recharge aquifers subject to declining yields, to control 
saltwater intrusion or to prevent land subsidence. MAR may also be applied to sustain or improve the 
functioning of ecosystems and the quality of groundwater. The quality of the produced water for irrigation 
processes is strongly depended on the aquifers hydrogeochemical characteristics and on the MAR design and 
operation. 1Two MAR systems in two different sites are currently in operation in Cyprus. The first one is located 
in Paphos area and enriches the Ezousa aquifer with tertiary treatment water from February 2004, while and the 
other one is in Limassol. The second recharges the Akrotiri aquifer and specifically the Kouris Delta region from 
February 2016 with tertiary treated water from the Sewerage Board of Limassol Amathus in order to improve 
both quantitative and qualitative parameters of the aquifer water. In particular, with regard to the Akrotiri 
Aquifer the tertiary treated water recharges during the winter the aquifer through artificial ponds along the 
riverbed. However, during the irrigation period groundwater is pumped for irrigation purposes from wells 
located nearby. The quantities of recycled water discharged so far in the aquifer were 847,340 m3 in 2016 and 
1,566,520 m3 in 2017 and the results of the monitoring of the last years shows than the enrichment inhibited the 
saltwater intrusion head and decreased the pollutants (for Chlorides’ and other substances) of groundwater at 
some points in the aquifer. Nitrate content increased in some specific wells, mainly due to the impact of the 
intensive farming in the region. A slight improvement on the quality and on the quantity of groundwater is 
observed but in the future we expect to have even better results. 
Keywords: over- pumping, sea intrusion, quantitative and qualitative degradation, enrichment, 
*Corresponding author: Achilleos Maria (axilleosmaria@gmail.com) 
 
 
1. Introduction 

The enrichment of groundwater with recycled water is considered a sustainable way to avoid 
groundwater scarcity and saline water intrusion. The geochemical processes involved during the enrichment 
flowpath can also improve the quality of the recycled water. To date, many studies have appeared in the 
literature on how the use of water from an enrichment lake and its intrusion to the underground aquifer can affect 
its chemical composition. C.M. Schmidt, A.t Fisher et al in 20113 in California observed a decrease in the 
concentration of nitrates with the intrusion of the water about a meter below the surface of the soil. Elise Bekele, 
Simon Toze et al in 20114 observed that the quality of the water improved with the enrichment, because the 
average values of several chemical elements, e.g. 30% of phosphorus, 60% of fluorine, 62% of Fe and 51% of 
TOC decreased with respect to the initial concentration, with an intrusion of about 17 L / min and residence time 
of about 4 days in the unsaturated zone and about 2 days in the aquifer. Emanuel idelovitch in 20035 presented 
the results of SAT (Soil Aquifer Treatment) activity after enrichment from lakes with secondary effluent in the 
Dan region in Israel. With the SAT procedure, there was effective removal of various organic and other 
substances. It also refers to SAT's ability to effectively remove a wide range of heavy metals and toxic elements 
by chemical precipitation and adsorption. Herman Bouwer in 20026 studied SAT's procedure during enrichment 
with recycled water, and he concluded that a large amount of organic and other substances was effectively 
removed. The recovered groundwater (after the SAT) meets the conditions of public and all agricultural 
constraints for unlimited irrigation.  

MONITORING OF THE MANAGED AQUIFER RECHARGE (MAR) SYSTEM BY 
TREATED WASTEWATER REUSE IN AKROTIRI LIMASSOL CYPRUS

788788E-POSTERS | 8th Field-Environmental Management HydromediT 2018 | Book of Proceedings

8-11 November 2018
 Volos, Greece

www.hydromedit.gr

3rd International Congress on
Applied Ichthyology

& Aquatic Environment



Barber et al in 19887 studied the transfer and fate of more than 50 volatile organic compounds, and 
proved that they remain in the water for more than 50 years and can travel up to more than 10 km. Ο Robert C. 
Rise in 19748 observed that clogging by suspended solids deposited on the surface of the soil was the main cause 
of penetration reduction. The concentration of suspended solid should be kept below 10 mg / l for maximum 
intrusion. S.K. Sharma et al in 2008 9 reported that with adequate purification of the bottom of the enrichment 
ponds, the intrusion ability can be almost completely restored. 

Cyprus is one of the “water poor” countries of Europe with limited water resources and frequent 
occurrences of droughts. The climate models predict rise in temperature and increase in the intensity and 
frequency of extreme drought events. The Republic of Cyprus, during the late sixties started the implementation 
of a Water Master Plan Objective in order to satisfy in a sustainable way the different users of water and 
safeguard human & other life. The Measures implemented was to increase water availability and decrease water 
demand. One of the measures is the reuse of Treated Effluent from the Urban Waste Water Treatment Plant in 
irrigation and recharge of the aquifers.  Aquifers are used as storage reservoirs mainly in winter. The water from 
the aquifers is extracted and used for irrigation, such aquifers which are enriched with tertiary treated water and 
then the water is pumped out to be used for irrigation are Akrotiri Aquifer and Ezousa Aquifer in Limassol and 
Paphos area respectively 2. 

In order to use recycled water, produced by the existing Wastewater Treatment Plant of the Council of 
Sewerage Board of Limassol - Amathus (SALA) in the Moni area, various alternative solutions have been 
examined in the winter period where the needs for irrigation are redundant. The best solution was the storage of 
water in the Akrotiri aquifer and specifically in the area of Kouris Delta. This particular scenario predominated, 
as an effort to improve the overpumping and the resulting severe deficiency of the water balance, which is 
driving the salinization of big regions of the Akrotiri aquifer due to seawater intrusion (see Figure 1) 2. The 
objective of the current study is the quantitative and qualitative monitoring of the enrichment ponds and the 
aquifer. 
 

 
 
Figure 1: The Akrotiri aquifer. The red area represents the parts of the aquifer where the water level is 
below the mean sea level and the blue area represents the parts above sea level. The blue line defines the 
area affected by the intrusion of seawater. 
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2. Material and Methods 
General Hydrogeological Context of the Akrotiri Aquifer – Site description -  The Akrotiri aquifer 

is the third largest continuous and most important porous aquifer of Cyprus and is located in the southern most 
part of Cyprus. The southern boundary of the aquifer runs along the edge of a large saltlake (Akrotiri lake). The 
Akrotiri aquifer has an approximate surface area of 45 km2 and consists of deltaic sediments, deposited in two 
big fan deltas, coming from the Garyllis River in the east and the Kouris River in the west. The Kouris River is 
the largest river in Cyprus and drains a catchment area of 300 km2, extending far up into the Troodos mountains. 

The Akrotiri aquifer is an unconfined aquifer composed of gravels, sands and boulders of high 
permeability, which intercalate with thin lenses of silt and clay. Its thickness ranges from a few meters in the 
north to over 115 m in the south. The Kouris Delta area consists of coarse-bed deposits, sand and gravel with a 
high permeability coefficient. The area of the Delta and especially the river bed of Kouris has been chosen 
because it offers a number of favorable conditions. The lithology of the aquifer in the Kouris Delta area allows 
satisfactory infiltration rates and flow rates in the aquifer. Large quantities of groundwater can be stored as well.  

In this project, two sets/systems of enrichment ponds are used to store the recycled water that are 
located in the Kouris basin. More specifically, 17 enrichment ponds (or lakes) have been constructed in the 
Kouris River, comprising a total area of 56,000 m2. The 7 downstream ponds (lakes) have a total area of 
approximately 21,000 m2 and are located at a distance of about 1km from the sea, aiming not only to enrich the 
aquifer but also to prevent the intrusion of the sea. Another 10 ponds (lakes) have been built upstream, south of 
the M1 road, and have an area of approximately 35,000 m2. In the region of the 10 upstream ponds (lakes) of 
enrichment, the unsaturated zone depth is big enough (20m) so that it would allow in a very satisfactory degree 
the development of the natural, chemical and mainly biological activities that will improve the quality of the 
recycled water (see Figure 2). 

Monitoring - For the satisfactory monitoring of the quantitative and qualitative characteristics of the 
studied aquifer, a network of monitoring stations, included groundwater from the aquifer and recycled water 
from the enrichment ponds, have been defined for the assessment of the quality and quantity status of water 
before, during and after the enrichment. The quantitative characterisation includes water level measurements in 
order to monitor the inflows and outflows to and from the aquifer over time, in an enrichment pond, in a 
borehole upstream of the first ten enrichment ponds, where enrichment is currently taking place and in other four 
boreholes located downstream of the first ten enrichment ponds. It is recommended that level-loggers are going 
to be installed to continuously record water level at all points in both 5 monitoring borehole and 1 enrichment 
pond. 
 

  
 Figure 2:  Monitoring Points in Kouris Delta Area. 
 
 
 
 

The Kouris Delta enrichment started in February of 2016 
with tertiary treated water from the Sewerage Board of Limassol 
Amathus. The quantities of recycled water discharged so far in the 
aquifer were 847,340 m3 in 2016 and 1,566,520 m3 in 2017. In the 
context of this project, besides the quantitative status, the quality 
status of the aquifer is monitored, four times per year, from October to 
April, taking a sample of water from 6 different monitoring points. 
The monitoring points at this stage from which water samples are 
taken comprises of one enrichment pond and five boreholes. As 
regarding as the monitoring period, samples are taken before the 
enrichment start, two in the time between and once after the 
enrichment. One from the five boreholes (1960/115) is located 
upstream of the first ten enrichment ponds, and the remaining 
downstream (see Figure 2) 2. 
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3. Results 
The water level of aquifer fluctuates between winter and summer period because of enriched with 

recycled water. In the winter period the water level increases due to enrichment and in the summer period the 
water level decrease due to use of the water for irrigation. Before the started of enrichment there were no 
particular important fluctuations in the water level of the aquifer but it was even more below sea level. 

The current situation of these boreholes according to the latest water level measurements for July and 
September 2017, shows that has been an improvement after the enrichment, but there is still a quantitative 
degradation in the area, since three of five boreholes were -1.39 m, -0.55 m, and -0.3 m below sea level. The 
borehole with hydrological number 1997/047 remained approximately at the same levels (see Figure 3).  From 
all the boreholes, the borehole with hydrological number 1998/001 has the biggest distance from the sea and the 
smallest distance from the first 10 enrichment ponds which enrichment take place from February 2016 until 
today, for this reason the water level in  this borehole had the biggest fluctuate compared with the rest.  Instead 
the borehole with hydrological number 1997/047  has the biggest distance from the sea and the smallest distance 
from the first 10 enrichment ponds where enrichment take place from February 2016 until today (see Figure 3) 2. 

 

                                 

Figure 3:  Water levels data’s from 2014 to February 2018, as a function of time for the 2 of the 5 
monitoring stations (boreholes). The narrow shows the started of enrichment. 

 
The Water Framework Directive (2000/60 / EC) requires Member States to achieve good chemical 

status and good quantitative status for groundwater. Regarding Directive 2000/60 / EC and Directive 2006/118 / 
EC, and with the main objective of identifying the quality of the Akrotiri aquifer and monitoring the impact of 
enrichment with recycled water, specific indicative parameters are analyzed in various accredited chemical 
laboratories related to the protection of groundwater from pollution and degradation. It also analyzes additional 
parameters that show that there is no danger to people's health from using this water for irrigation purposes (E 
coli etc.), as well as identifying negative impacts on the natural environment at the given moment and attempting 
to improve them. In addition, the measurement of some physicochemical parameters, such as electrical 
conductivity (EC) where it is a sign of salinity and sea intrusion, as well as the measurement of the total 
phosphorus (TP) and total nitrogen (TN) parameters, which are indicative eutrophication parameters. 

Moreover, as shown from the results so far, the Akrotiri aquifer has not been chemically burdened by 
the enrichment since almost all average values of the parameters measured for the period February 2016 to 
December 2017 in the monitoring boreholes were below the Highest Acceptable Values established for the CY9 
aquifer (see Table 1). The exception is chlorine, sulphates and conductivity with average values 263, 23 mg/l and 
4060,25 mg/l for chlorines, 1351,02 mg/l for sulphates and 18501,50 μS/cm for conductivity (see Table 1). 
These exceedances have been observed for some of the boreholes due to the quantitative degradation and 
intrusion of seawater in them. Specifically, chlorine exceedances from the boreholes with hydrological number 
1998/001 and 1997/047 were measured to be above the 250 mg/l Highest Acceptable Value established for CY9 
aquifer due to the quantitative degradation and intrusion of seawater. The largest quantitative degradation of all 
boreholes was observed for the borehole with hydrological number 1997/047, in which in addition to chlorides, 
there was an excess in the Higher Acceptable Values established for sulphates and Conductivity. This particular 
borehole has the smallest distance from the sea and the specific values are justified because of greater sea 
intrusion 2. 
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Table 1: Highest Acceptable Values established for the CY9 aquifer and the Average Measured Values  
in the six monitoring points for the period February 2016 to December 2017. 

 
4. Conclusions 

The MAR system is operating in a fragile area, suffering already by nitrification and salinization. It is 
observed still a server sea intrusion and increase in the salinity of the coastal aquifer and increased values in 
some cases of nitrates due to intensive farming in the region. The short period of time in which enrichment has 
been taking place (February 2016 - today) and the insufficient data make it impossible to draw any conclusions 
with certainty at the moment. Continuous monitoring, and the recording of specific parameters over the next few 
years, will help to draw important and more accurate conclusions 2..The monitoring is suggested to be improved 
by the installation and operation of sensors, because the monitoring of the way that the enrichment is done is 
decisive for the final result and the charge of the aquifer. 

 
 

 
Chemical  

Parameters 
Total 

Pesticide
s 

Conductivity 
(EC) 

Ammonium 
(ΝΗ4) 

Chlorine 
(Cl) 

Sulfate 
(SO4) 

Trichloroethyle
ne (C2HCl3) 

Tetrachloroet
hylene 
(C2Cl4) 

- 

 
Highest Acceptable 

Values (GWD limit CY 9) 
0,5 μg/l 2500 μs/cm 0,5 mg/l 250 mg/l 250 mg/l 5 μg/l 2 μg/l - 

 
 
 
 
 

Average 
Measured 

Values  

RCP-1 0,04 1461,00 0,03 280,00 125,00 0,00 0,00 - 

1983/153 0,00 910,63 0,01 105,49 72,73 0,01 0,00 - 

1985/076 0,00 872,50 0,01 95,53 58,91 0,00 0,00 - 

1998/001 0,00 1620,50 0,01 263,23 119,95 0,00 0,00 - 

1997/047 0,00 18501,50 0,02 4060,25 1351,02 0,00 0,00 - 

1960/115 0,00 1072,50 0,24 145,00 86,94 0,00 0,00 - 

 
Chemical Parameters Arsenic 

(As) Cadmium (Cd) Lead   
(Pb) 

Mercury 
(Hg) 

Nitrates 
(ΝΟ3-)  Nickel  (Ni) Copper (Cu) Chromi

um (Cr) 

 
Highest Acceptable 

Values (GWD limit CY 9) 10 μg/l 5 μg/l 10 μg/l 1 μg/l 50 μg/l 20 μg/l 2000 μg/l 50 μg/l 

 
 
 
 
 

Average 
Measured 

Values 

RCP-1 0,00 0,00 0,06 0,00 13,18 3,18 0,18 5,67 

1983/153 0,00 0,00 0,45 0,00 24,05 1,35 0,38 6,60 

1985/076 0,29 0,00 0,45 0,00 10,24 1,10 0,00 12,50 

1998/001 0,00 0,00 0,45 0,00 39,60 7,03 10,48 4,45 

1997/047 3,93 0,00 0,45 0,00 14,91 5,44 1,66 24,67 

1960/115 0,00 0,00 0,90 0,00 1,99 3,03 0,00 3,80 
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EFFECTS OF SEA CUCUMBER HOLOTHURIA TUBULOSA ON ORGANIC LOAD 
REDUCTION FROM FISH FARMING OPERATION IN LABORATORY 
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, Karapanagiotidis I. , Skordas K. , Vafidis D.
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Abstract
The aim of this study was to minimize the environmental impact of aquaculture on sediments by the use of sea 
cucumber Holothuria tubulosa. For this purpose, a laboratory experiment was carried out in specially formed 
aquaria under controlled conditions similar to aquatic environment. Totally, 9 sea cucumbers were used and the 
percentage of organic matter and organic carbon consumed during a month-period was estimated. The maximum 
OM and OC reduction rate reached 55.89% and 77.04%, respectively. The results of this study showed that the 
feeding activity of H. tubulosa seemed to reduce the total organic matter and organic carbon concentration of the 
fish farm biodeposits, demonstrating their potential as an important organic-reducing component.
Keywords: aquaculture, environment, Holothuria tubulosa, organic load, consumption. 
*Corresponding author: Ballios Ioannis (giannismpallios@gmail.com)

1. Introduction
The exponential growth of human population has boosted the global demand of fish and seafood. 

Nevertheless, the extractive fisheries are more and more reduced and the aquaculture is gaining importance 
accounting for more than 40% of human consumption of fish and sea (FAO 2009). Fish farming produces 
wastewater that usually contains high concentrations of organic matter and organic carbon (waste products and 
uneaten pellets). Therefore, a sustainable aquaculture with effluents of low environmental impact is a global 
challenge for both scientists and food producers. This study was designed to explore the efficiency of sea cucumber 
Holothuria tubulosa to the reduction of the organic load from aquaculture on the substrate.

2. Materials and methods
A laboratory experiment was taken place in specially designed aquaria, which were manufactured in order 

to approach environmental conditions of aquaculture. In this experiment, there were used three double systems of 
sea water aquaria (250ℓ per aquarium). Three individuals of Holothuria tubulosa were placed in the first aquarium 
of each system, while the second was used as a control (Fig. 1). Furthermore, individuals of sea bream were placed 
and fed in these systems. The experiment lasted thirty days. Sediment samples were collected from the bottom of 
holothurians aquaria and control, at the beginning and at the end of the experiment, for analysis of organic matter
(Byers et al. 1978) and organic carbon (Walkey & Black 1934). The organic matter and organic carbon reduction 
were estimated by the equation:

𝑅𝑅(%) = (𝐶𝐶2 − 𝐶𝐶1) − (𝐻𝐻2 − 𝐻𝐻1)
𝐶𝐶2 − 𝐶𝐶1

𝛸𝛸 100
where:
C2= final percentage of OM or ΟC in control
C1= initial percentage of OM or ΟC in control
Η2= final percentage of OM or ΟC in Holothuria
Η1= initial percentage of OM or ΟC in Holothuria

Data for statistical analysis were evaluated for normal distribution by employing the Aderson-Darling 
test for normality and homogeneity of variance by assessing residual plots and employing Bartlett’s and Levene’s 
tests when necessary row data transformation was performed. One-way ANOVA was carried out in order to 
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determine differences on OM and OC reduction rate among aquariums with holothuria and control (MINITAB) 
(Zar 1996). 
3. Results and discussion 
 The survivorship was 88,89%, while the mean reduction of organic matter and organic carbon on the 
sediment was 30,50% and 55,40%, respectively (Fig. 2). Statistical analysis showed significant differences only 
for organic matter between the holothurians aquaria and control. 

 
Figure 1. Three double systems of sea water aquaria, where the experiment took place. 

 

 
 

Figure 2. Reduction (Mean±SD) of organic matter (OM) and organic carbon (OC) at the sediments of 
aquaria. 

 
Syvri et al. (2016), which carried out a similar experiment with more holothurians per aquarium (5 inds), 

found higher reduction rates for OM and OC (143% and 80%, respectively). In any case, the results of this study 
showed that sea cucumber H. tubulosa contributes significantly to the reduction of organic matter and organic 
carbon and could be used as a management tool in order to minimize the impact of aquaculture to the substrate. 
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ENVIRONMENTAL DNA (eDNA) APPLICATION IN FRESH AND MARINE 
WATER ECOSYSTEM

Doğdu S.A.*, Turan C.

Molecular Ecology and Fisheries Genetics Laboratory, Faculty of Marine Sciences and Technology, Iskenderun 
Technical University, Iskenderun, Turkey

Abstract.
Environmental DNA is a illustrative method for detection and identification of a species from DNA found in the 
air, water and soil. Organisms leave short DNA fragments in their habitat (i.e., water, air or sediments) through 
skin, urine, feces or mucus. eDNA is derived from cellular DNA present in epithelial cells released by organisms 
to the environment. eDNA is homogeneously distributed within freshwater systems and can be effectively used to 
detect a targeted species. However, marine water has larger body, strong tide and wave which make eDNA analysis 
more difficult. eDNA from marine and freshwater environment can be used to detect target species for monitoring 
endangered and/or indigenous species. Applications, advantages and drawbacks of eDNA methods in marine and 
freshwater environments are reviewed here.
Keywords: Environmental DNA (eDNA), comparison, freshwater ecosystem, marine ecosystem
*Corresponding author: Servet A. Doğdu (servetdogdu@yandex.com)

Introduction
Genetic markers are commonly used for monitoring biodiversity and detecting to species. Population 

genetic parameters can provide valuable information for the management and protection for the freshwater and 
marine species (Foote et al. 2012).  Species detection is fundamental for scientific disciplines such as phylogeny, 
conservation biology and ecology. However, species detection is sometimes extremely difficult especially in 
marine and aquatic environments (Ficetola et al. 2008). Environmental DNA is a illustrative method for detection 
and identification of a species from DNA found in the air, water and soil. Organisms leave short DNA fragments 
from cellular DNA present in epithelial cells in their habitat (i.e., water, air or sediments) through skin, urine, feces 
or mucus (Foote et al. 2012; Taberlet et al. 2012a,b; Doğdu & Turan 2016). In freshwater aquatic environments 
the use of eDNA for genetic monitoring has been tested by a number of recent studies (Dejean et al. 2011; Thomsen 
et al. 2012a). eDNA is homogeneously distributed within freshwater systems and can be effectively used to detect 
a targeted species. The use of marine water samples for eDNA analysis is more challenging than freshwater 
because of the larger body, strong tide and wave (Díaz-Ferguson et al. 2014). Methodologically, eDNA 
applications requires the development of genetic markers specific to that target species. Primarily, genetic markers 
are developed for detecting target eDNA fragments by using different molecular methods including conventional
or End-Point PCR, visualization of the PCR product through electrophoresis, quantitative or Real Time PCR 
(qPCR), Sanger sequencing or more recent next-generation DNA sequencing (Taberle et al. 2012b; Yoccoz 2012). 
Moreover, recent studies are conducted for stock assessment of a species from eDNA concentration of marine and 
fresh water samples (Thomsen et al. 2016). We review the applications, advantages and drawbacks of eDNA
analysis in marine and freshwater environments.

Extraction of eDNA and PCR application
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 Environmental DNA is generally isolated from 2 liter water samples which are vacuum-filtered onto 
0.45-mm membrane filters. The filters are then folded inwards, placed in 2 ml tubes and stored at -20oC until DNA 
extraction (Figure 1). eDNA is extracted from the water sample filters using the DNeasy Blood and Tissue Kit 
(Qiagen, USA). During eDNA analysis, target species template DNA is amplified via PCR, qPCR, or dPCR using 
the forward and reverse primer sets (Evans & Lamberti 2017). 

Figure 1. A) eDNA samples collected from water. B) Samples were vacuum-filtered onto 0.45-mm 
membrane filters.  C) Picture showing extraction of eDNA from marine and freshwater. 
 
Comparison of eDNA from Fresh and Marine Waters  

Fresh and marine water ecosystems compose major storage of eDNA. eDNA detection is linked with 
abundance of the target species and the rate by which DNA is released (Thomsen et al., 2012a, b). In freshwater 
systems, eDNA is usually homogeneously distributed, and the successful use of this technology has been proven 
in a number of studies include a range of taxa (Lodge et al. 2012; Thomsen et al. 2012a). For marine waters, the 
detection of eDNA is possible but less confident than in freshwater systems (Jones 2013). Despite of the high 
intensity of marine ecosystem, the vast capacity of marine water in relation to biomass promotes eDNA dilution. 
The increased interference of next molecular process due to the high salinity of environments make eDNA 
detection more challenging when compared to freshwater systems. Recently, eDNA studies conducted in the 
marine environment are limited to detection of fishes (Doğdu & Turan 2016). There are major constrains on the 
success of eDNA detection of a species in the marine systems that eDNA is degraded and reduced quickly in 
marine water and detection of marine species is restricted to be regional (Thomsen et al. 2012b). For these reasons, 
the use of eDNA in marine waters are still a developing stage, especially in the applications such as distribution, 
abundance and biomass of species (Barnes et al., 2014). Therefore, the selection of the proper detection method, 
preliminary laboratory and aquarium eDNA assays, species type and distribution, current or water flow and 
degradation rates are required before the beginning of species detection (Díaz-Ferguson et al. 2014). Sensitivity, 
high specificity, low costs and rapid reporting features of eDNA can be given as its advantages, and it can also be 
very useful for counting migrant and endangered species. There are also drawbacks of using eDNA that great 
water-volume to biomass ratio in marine habitats, effects of sea currents and wave action on dispersion and dilution 
of eDNA, salinity impacts for preservation and extraction of eDNA, low possibility of occurrence of target species 
in study area, degradation of DNA over time. On the other hand, negative results on finding targeted eDNA does 
not imply that organism was not in area and eDNA cannot give real-time information on an organism's location.  
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an "Early Warning Systems" 
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Abstract
Pollution is a serious and growing problem in aquatic ecosystem. Discharging a variety of industrial, agricultural and 
commercial chemicals to aquatic environment results harmful effect on aquatic organisms (Yohannes ve ark., 2013).  
Biological systems in aquatic environments are exposed to pollutants, and therefore, danger and risk analysis of toxic 
substances must be analyzed. Analysis of toxic chemicals created genetic damage effects on creatures are called eco-
genotoxicology which has increasing importance in the world. This review summarizes the use of aquatic organisms 
as an early warning system in determining the genotoxic potential in water pollution.
Key words: Water pollution, genotoxicity, early warning system, Aquatic organisms, eco-genotoxicology
*Corresponding author: Eken Meltem (duralmeltem@yahoo.com)

Introduction
Increasing world population, uneven urbanization, industrialization and environmental pollution caused by the 

excessive and unconscious use of chemical medicines and fertilizers in agricultural areas has gradually destroyed the 
quality of water resources. Biological systems in the aquatic environment are also the target of toxic substances, and 
therefore hazard and risk analyzes of the pollutants they are exposed to need to be done in detail. Although toxic 
chemicals can be detected in their environment or in biological specimens, this is not sufficient as long as biological 
or ecological impact assessments are not performed correctly and poses a risk to the environment. For example, 
potentially complex interactions of pollutants (toxic substances) in the environment may create different risks that 
cannot be predicted relative to individual situations. Since biological systems are targets for toxic substances, they 
provide important information in the study of environmental samples and thus can be used as diagnostic tools for 
integrated environmental management. Assessment of natural biota biologic responses is crucial for establishing an 
integral part of hazard and risk analysis (Moore et al., 2004).

Environmental Genotoxicity
Currently, genetic ecotoxicology or eco-genotoxicology studies, which are interdisciplinary research areas in 

order to investigate in detail the genotoxic effects of environmental toxic components in living organisms, have started 
to be carried out in many countries. The main purpose of eco-genotoxicological studies is to maintain sustainability of 
populations in terms of growth, development and productivity and to investigate existing risks in terms of populations 
and ecological environment. Eco-genotoxicology is a multidisciplinary and interdisciplinary field of study. The toxic 
agents being examined may be cytotoxic, genotoxic, teratogenic and immunotoxic and may be cell, tissue, organism 
specific, and the effects may vary according to the exposure duration and dose of the organism. Important in genetic 
ecotoxicology studies is to evaluate the physico-chemical factors (temperature, salinity, pH) of the environment in 
which the different species and / or tissues are selected and monitored if possible (Jha, 2008; Valverde and Rojas, 
2009; Ahmed et al., 2013). Studies conducted over the last 20 years have shown that changes in the gene pool resulting 
from environmental pollutants (eg, tolerance to heavy metals and pesticides) cause genetic damage in species and that 
the increase in genetic instability causes a decrease in population health. DNA damage in reproductive cells is also 
important because the productivity of organisms due to unrepaired or misaligned genetic material affects the long-term 
population stability, quality of life and ecosystem quality (Jha, 2008, Frenzili et al., 2009, Bhuvaneshwari et al., 2013).

Early Warning Systems
Genotoxicity studies; including DNA attachments, DNA breaks, gene mutations, chromosome abnormalities 

that occur in the nucleus, chromosome and DNA structure. Genotoxic effect is defined as genotoxic substances that 
interfere with the mutagenizing enzymes that cause the replication of the DNA or genome, causing damage to the DNA 
or causing some alterations. Agents or mutagens that cause mutations in the DNA molecule show their effects on DNA 
either indirectly or indirectly by binding to proteins synthesized according to genomic information. The key molecules 
and pathways involved in DNA damage lead to tissue damage, aging, cancer, infertility and some genetic and 
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multifactorial diseases (Şekeroğlu and Şekeroğlu, 2011). The main research areas of genetic toxicology were gathered 
under three articles by OSPAR Commission (2002) and their main areas of study were determined. Surveillance studies 
of genotoxic potency are carried out by investigating environmental pollutants with mutagenicity tests of in vivo 
organisms exposed in situ and in laboratory conditions. Genetic toxicity tests have been applied to many areas, and the 
relationship between genotoxicity and carcinogenicity has been studied in many studies and many compounds that are 
carcinogenic to living organisms have been found to be genotoxic. Currently, most of the methods used to determine 
the genotoxic potential of environmental pollutants are in the chemical research protocol in OECD (2004) and EC 
(OSPAR, 2002). Generally speaking, the genotoxicity tests applied in the aquatic environment are divided into two 
main sections. The second group is bacteriostatic tests and the second group is eukaryotic tests. Screening tests such 
as Ames Test, Chromosome Abnormalities (KA) Test, Siblings Chromatitis Exchanges (KKD) Test, Micronucleus 
(MN) Test and Komet Test are applied in the eukaryotic test group to investigate the risks of chemical substances 
(Parlak et al., 2011). The most common use of these tests in recent years is the Komet Analysis, which does not require 
dividing cells such as many other methods (KKD, MN tests) (Kleinjans and Van Schooten, 2002). Initially developed 
by Östling and Johanson in 1984, the method has been developed by Östling and Johanson for accurate, precise, fast, 
and less accurate single- or double-strand breaks on DNA strands of various agents such as toxic heavy metals, 
polyaromatic hydrocarbons, chemical agents such as pesticides, polychlorinated biphenyls, drugs, cosmetics and 
ultraviolet (Parlak et al., 2011; Güner and Gökalp Muranlı, 2013). It is a method that enables to work with different 
cell and tissue groups, measuring using sample volume, and is widely used in aquatic organisms such as algae, 
crustaceans, amphibians and fish.

Briefly, this method is an important method used both in terms of environmental health monitoring efforts 
and in providing information on the cell damage / repair and defense mechanisms of the target organisms and future 
risk situations. The DNA of single cells isolated by the Komet method is examined under a fluorescence microscope 
to determine the damage to the DNA according to the chemical exposure rate. The method is called "Komet Analysis" 
which means "Comet Analysis" (Frenzili et al., 2009; Şekeroğlu ve Şekeroğlu, 2011, Parlak et al., 2009), because
DNA forms images at various grades from circular to comet-like shapes according to the degree of damage. Many 
different tissues in fish are suitable for comet assay. However, the selected tissue must contain mitotically inactive live 
cells (Da Rocha et al., 2009). In fish, the liver is frequently used in suspensions of sperm cells (Zhou et al., 2006, 
Dietrich et al., 2007) and in gill-epic single cell gel electrophoresis (Comet assay) studies (Bony et al., 2010, Güner 
and Gökalp Muranlı, 2013) .

In the European Union countries, research on the development and applicability of the monitoring tools in the 
vicinity together with the "Water Framework Directive" continues intensively and the research focuses on aquatic 
biological indicators. For this reason, in many countries, studies on the distribution and effects of genotoxic chemicals 
in the aquatic environment continue in the ecosystem. In ecotoxicological studies it is important to investigate the toxic 
response in the domestic fauna as an indicator of environmental pollution. As the most common bioindicator organisms 
in literature studies; double shells (mussels, oysters, sea fronds, etc.), polyketries, crabs, fishes, algae. Biomarkers are 
used as "Early Warning Systems" of pollution with ecological harmonization and rapid response to pollutants in vital 
issues such as growth, development, survival before the damage in the surrounding area becomes irreversible (Jha, 
2008, Bhuvaneshwari et al., 2013).
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