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Two marine areas (the northern Aegean Sea and southern part of the Sea of Marmara, Turkey) which have different trophic
and hydrodynamic characteristics were compared regarding diversities of bacteria, phytoplankton, zooplankton, benthos, fish
and cetaceans. During the study period (2006 -2007), a total of 27 taxa of aerobic heterotrophic mesophilic bacteria including
ten bacterial classes were reported for the first time from both seas. A total of 103 taxa from seven algal classes were deter-
mined. Copepod species in the northern Aegean Sea and southern part of the Sea of Marmara were recorded as 44 and 27,
respectively. A total of 523 underwater photographs were taken at ten stations and the benthic organism diversity were exam-
ined for the first time using the photo-quadrat technique. A total of 72 fish belonging to 36 families, were determined. During
the study, a total of 1548 nautical miles of survey effort were conducted for cetacean observation. Living individuals of the
Stenella coeruleoalba (striped dolphin) were recorded for the first time. This study is intended to be the first detailed descrip-
tion of the diversity of bacteria, phytoplankton, zooplankton, benthos, fish and cetaceans and comparison of two different
marine environments in order to put forth the situation of the ecosystem as it is today.
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INTRODUCTION

As a part of the Turkish Strait System, the Sea of Marmara is an
important biological corridor between the Black and
Mediterranean Seas (Oztiirk & Oztiirk, 1996; Oztiirk, 2002).
Therefore, biological diversity research is important for the
development of conservation strategies within the Sea of
Marmara together with the Aegean Sea. The Sea of
Marmara, an inner sea, is also of great economic importance
in the Turkish fishing industry. The sea is under the influence
of chemical and biological pollution due to the fact that the
adjacent land is heavily populated with respect to dwelling,
industrial activity and marine transportation (Erenturk et al,
1990; Esen et al, 1999; Kut et al., 2000; Topcuoglu, 2000;
Altug & Giler, 2002). Moreover, the pollution levels in the
Sea of Marmara have increased as a result of the effects of
the Black Sea due to opposite water currents between the
Black Sea and the Aegean Sea (Topcuoglu, 2000). Although
the eastern Mediterranean is characterized by one of the
most oligotrophic areas of the world’s oceans (Azov, 1986),
the northern Aegean Sea, as a part of the eastern
Mediterranean, has productive water characteristics due to
the influence of Black Sea waters (Ignatiades et al., 2002).
Heterotrophic bacteria play a key role in marine biogeo-
chemical cycling and food-webs because of the wide diversity
of their metabolic properties. Although culture independent
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studies have served as common applications in detecting bac-
terial diversity, there are also a number of studies in which it
has been shown that cultured strains of marine bacteria can
represent significant fractions of the bacterial biomass in sea-
water (Rehnstam et al., 1993; Pinhassi et al., 1997). There is
still no knowledge about culturable heterotrophic bacteria
diversity in the Aegean and the Marmara Seas of Turkey. In
this study, the composition of culturable heterotrophic bac-
teria was investigated and compared for the first time in
both seas.

Phytoplankton, as a significant component of the marine
ecosystem, occupies an important position in the primary pro-
ductivity within the aquatic systems. They play an important
role in the cycling of organic matter in the aquatic microbial
food web. The studies on phytoplankton diversity are an
important contribution to the understanding of the system
dynamics. A number of studies on phytoplankton assemblages
(Caroppo et al., 2006), community structure and dynamics
(Ignatiades et al., 2002) have been conducted in the northern
Aegean Sea. Although the physical and chemical oceanogra-
phy of the Sea of Marmara are well documented, there are
little data on the phytoplankton in this area. More detailed
phytoplankton studies in the Sea of Marmara were conducted
in the north and north-eastern part of the Sea of Marmara in
recent years (Uysal & Unsal, 1996; Balkis, 2003; Balks et al.,
2004; Aktan et al., 2005; Deniz & Tas, 2009). This study con-
tributes to the phytoplankton knowledge of the northern
Aegean and south of Marmara Sea waters.

The pelagic environments of the northern Aegean Sea and
the Sea of Marmara share some basic common features due to
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their connection through the Canakkale Strait. Water-mass
exchanges cause changes in planktonic fauna between the
Sea of Marmara and the Aegean Sea (Benli et al, 2001;
Isinibilir, 2009b). Although the majority of the Sea of
Marmara species are of Mediterranean origin, some zooplank-
ton groups are rare and generally zooplankton community
shows low diversity (Benli et al., 2001). The studies on the
zooplankton species of the Sea of Marmara and Aegean Sea
have been reported before (Tarkan & Ergiiven, 1988; Benli
et al., 2001; Tarkan et al., 2005; Svetlichny et al., 2006; Isari
et al., 2007; Isinibilir et al, 2008; Isinibilir, 2009a, b). In the
present study, an attempt has been made to compare the zoo-

plankton communities in both areas.

Benthic studies on the Aegean Sea are comparatively
limited (Morri et al., 1999). The earliest studies of the
Turkish Aegean coast were carried by Forbes (1848),
Colombo (1885) and Ostroumoff (1896) (Ergen et al., 1994).
Most studies in the Aegean Sea are limited to particular
taxa, gastropoda (Albayrak, 2001), teuthofauna (Salman
et al., 1997) and sponges (Voultsiadou, 2005). In this study,
benthic organism diversity was examined for the first time

using the photo-quadrat technique in both seas.

Fish species richness decreased from the Aegean Sea to the
Sea of Marmara due to the barrier effect of different topogra-
phy, morphology and hydrological conditions along the coloni-
zation route (Bilecenoglu et al., 2002). The ichthyofauna of the
northern Aegean Sea has been reported by Papaconstantinou &
Tsimenidis (1979, 1985), Papaconstantinou & Tortonese (1980)
and Papaconstantinou (1992). The coastal ichthyofauna of
Gokgeada has been studied from a systematic point of view
by Ulutiirk (1987) and Keskin & Unsal (1998). In this study,
it is intended to derive and compare the data on the ichthyo-
fauna of the northern Aegean Sea and the southern part of

the Sea of Marmara.

It is known that there are nine species of cetacean (whales
and dolphins) inhabiting the Aegean Sea, namely: Delphinus
delphis (common dolphin), Tursiops truncatus (bottlenose
dolphin)
Globicephala melas (long-finned pilot whale), Grampus
griseus (Grampus), Pseudorca crassidens (false killer whale),
Ziphius cavirostris (Cuvier’s beaked whale), Physeter macro-
cephalus (sperm whale) and Balaenoptera physalus (fin
whale) (Jefferson et al., 1993; Beaubrun, 1995; Oztirk &
Oztiirk, 1998; Reeves & Notarbartolo di Sciara, 2006).
However, only three species are known from the Sea of
Marmara: T. truncatus, D. delphis and Phocoena phocoena
(Jefferson et al., 1993; Beaubrun, 1995; Oztiirk, 1996). Few
studies have focused on the Cetacea in the Sea of Marmara
and the Aegean Sea. It is reported that three dolphin
species live in the Turkish Straits System and while D.
delphis and T. truncatus are widely distributed, P. phocoena
is rarely observed (Oztiirk & Oztiirk, 1997). In this study
the cetacean diversities were compared in the Aegean Sea

dolphin),  Stenella  coeruleoalba  (striped

and the Sea of Marmara.

The oceanographic characteristics, mentioned below, offer
us interesting opportunities for biological studies in the north-
ern Aegean Sea and the Sea of Marmara. In this study, marine
biodiversity assessment was performed on phytoplankton,
zooplankton, culturable aerobic heterotrophic bacteria, fish,
benthos and cetacean in the northern Aegean Sea and the
southern part of the Sea of Marmara, Turkey, from 2006 to
2007 and was conducted with the intention of collecting the

first main data in these seas.

MATERIALS AND METHODS

Four cruises were carried out seasonally in the southern part
of the Sea of Marmara and the northern Aegean Sea
between July 2006 and June 2007 by the Istanbul University
research vessel ‘Yunus-S’.

Study area: southern part of the Sea of Marmara to the
northern Aegean Sea

The Istanbul Strait connects the Sea of Marmara to the Black
Sea and the Canakkale Strait to the Aegean Sea. The less saline
waters of the Black Sea (7-24°C and 22-26 psu) reach the
Mediterranean while the concentrated saline waters of the
Mediterranean (38.5-38.6 psu) reach the Black Sea via the
undercurrents of the Canakkale and Istanbul = Straits
(Unliiata et al., 1990; Besiktepe et al, 1994). These massive
water bodies of 8.8-25°C and 31.8-38.3 psu affect the upper-
most layer (20-30 m depth) and are modified, moving west-
ward and southward, by mixing with the intermediate waters
of Levantine origin, warm and highly saline water originating
from the South Aegean to the Levantine basins, extending
down to 350-400 m depth (Theocharis & Georgopoulos,
1993; Tokat, 2006; Pazi, 2008).

Black Sea waters enter through the Istanbul Strait in the
upper layer (20-25m), with a renewal time of ~5-6
months. Below, there are the sub-halocline waters of the
Marmara basin, which possess nearly constant temperature
(14.5-15.0°C), with a renewal time of ~6-7 years, produced
by the Mediterranean inflow via the Canakkale Strait under-
current. Dissolved oxygen concentration declines depending
on depth, from saturated levels at 30-50 m, being nearly
exhausted in sub-halocline waters during August and
September (Besiktepe et al., 1993).

Biogenic and terrigenous sandy bottoms are dominant on
the shelf in the north-eastern Aegean Sea (Sar1 & Cagatay,
2001), while muddy bottoms are predominant on the shelf
in the south-western Sea of Marmara, given the detrital
inputs by rivers (e.g. Algan et al., 2004).

Bacteria

The seawater samples used in the bacteriological analysis were
collected (Figure 1) in a Nansen bottle that had been cleaned
with acid (10% HCI in distilled water), sterilized with alcohol
(50:50, v/v), and rinsed with sterile water. Samples were trans-
ferred into 250 ml sterile, brown glass bottles under aseptic
conditions and processed on-board the research vessel.
Serial dilutions of water samples were prepared to 10’ in
9-ml amounts of sterile seawater (artificial seawater, Sigma)
and were inoculated (0.2 ml) in duplicate on Marine Agar
(Difco). Colonies were tested after seven days of incubation
at 22°C (Bianchi et al., 1992; Joux & Lebaron, 1997). At the
end of the incubating period all the colonies were counted,
sub-cultured, Gram stained and characterized biochemically
using an automated microbiology system utilizing growth-
based technology: VITEK 2 Compact 30 (Biomereux, France).

Phytoplankton

For quantitative plankton sampling (Figure 1), phytoplankton
samples were placed in 1-1 jars and immediately fixed with
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Fig. 1. Locations of stations for sampling zooplankton, phytoplankton and bacteria.

formaldehyde solution in situ. Samples were stored in dark
and cool conditions until analyses. Sub-samples (10 ml)
were allowed to settle for 24 hours on HydroBios chambers,
using the deposited algae contained in the 1-1 samples.
Counting and identification of phytoplankton cells was
made at 400x magnification with a Nikon TE2000U inverted
microscope. Total phytoplankton density was calculated as
cells per litre (Uthermahl, 1958). Phytoplankton samples for
qualitative analyses were collected by plankton nets (with
30-pm mesh size). Identification was carried out according
to Cupp (1943), Hendey (1964), Kramer & Lange-Bertalot
(1986), Tomas (1996) and Hartley et al. (1996).

Zooplankton

Zooplankton was vertically sampled (Figure 1) using a WP2
closing net (200-pwm mesh, o.5-m mouth diameter). The
material was preserved in 4% buffered formalin and zooplank-
ton was enumerated under a stereo microscope with a zoo-
plankton counting apparatus (Bogorov Rass Chamber).
Quantitative analyses of common species were made on sub-
samples drawn from a 1-ml Stempel pipette (repeated at least
twice). Samples were identified at either the species or genus
level.

Benthos

Trawling and photo-quadrat sampling were used to under-
stand the characteristics of benthos in the study area
(Figure 2). In total, trawl sampling was conducted 39 times
in 16 stations, six of which are in the southern part of the
Sea of Marmara and ten are in the northern Aegean Sea.
The trawl samples were taken between 27 and 7o m in the
southern part of the Sea of Marmara and 45-320 m in the
northern Aegean Sea. The samples were sieved out by a
500-pwm mesh size sieve, fixed by 4% formalin, washed and
divided into taxonomic groups in the laboratory. The speci-
mens were identified, counted and weighed.

Dives using SCUBA were performed to determine the
benthic diversity at the stations and a total of 523 pictures
were selected for the photo-quadrat sampling. The pictures
were each divided into 100 squares (10 X 10), the main

coverage of major macrobenthic groups were counted, and
percentage coverage of macrobenthic groups for the main
cover was calculated seasonally for each station.

Fish

Sampling was carried out with a bottom trawl net, with a
16-mm mesh size cod-end (Figure 4). A total of 20 hauls
were carried out, 16 between 45 and 73 m in the Sea of
Marmara; 14 randomly taken between 65 and 100 m depth
in the northern Aegean Sea. All fish samples were sorted
and identified according to Whitehead et al. (1986).

Cetacea

Shipboard dolphin observations were recorded while the
research vessel cruised between sampling stations. For each
cetacean: sighting date, time, location, species, group size
and other sighting data (radial distance, movements and be-
haviour of animals etc.) were recorded by using ‘distance
sampling’ procedures (Buckland et al, 1993). Photographs
and films were taken for each encounter to eliminate dupli-
cation. Coordinates and track-log of the cruises were obtained
by Magellan Explorist XL GPS and these data were transferred
via additional software and stored in a Laptop PC.

RESULTS

Bacteria

The aerobic heterotrophic culturable bacteria species isolated
from the northern Aegean Sea and the southern part of the Sea
of Marmara, Turkey is listed in Appendix 1.

The species belonging to the Enterobacteriacea family were
the most prevalent in the southern part of the Sea of Marmara.
Escherichia coli has previously been reported from the north-
ern Aegean Sea (Altug & Erk, 2001). The presence of
twenty-five bacteria species belonging to ten different families
from the southern part of the Sea of Marmara and the north-
ern Aegean Sea were reported for the first time. Among all the
strains, Gram negative bacteria numbers were higher in the

Downloaded from https://www.cambridge.org/core. The University of British Columbia Library, on 14 Aug 2017 at 17:58:54, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/51755267211000662

3


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1755267211000662
https://www.cambridge.org/core

4 | GULSEN ALTUG ET AL.

41°N

40.5°N

25.5°E 26°E 26.5°E

2T°E 27.5°E 28°E

Fig. 2. Study area: trawl stations for sampling invertebrates and stations for photo-quadrat sampling.

Sea of Marmara than the northern Aegean Sea. While the bac-
teria species belonging to the Gamma-Proteobacteria class
were found to be the highest, the species belonging to
Actinobacteria and Bacilli classes closely followed, in the Sea
of Marmara. On the other hand, the most prevalent bacteria
species in the Aegean Sea was found to belong to the Bacilli
class, followed by Actinobacteria and Gamma-Proteobacteria.

Phytoplankton

Taxonomic composition of phytoplankton in the southern
part of the Sea of Marmara and the northern Aegean Sea is

shown in Appendix 2.

Fig. 3. A sample picture for photo-quadrat sampling (autumn, Station 8. Pic:

1/20): MA, Macroalgae; E, Echinodermata; P, Porifera.

During the study period, a total of 103 taxa from seven
algal classes, Dinophyceae (51%), Bacillariophyceae (37%),
Haptophyceae (7%), Dictyocophyceae (2%), Cyanophyceae
(2%), Euglenophyceae (1%) and Chrysophyceae (1%) were
determined. Dinophyceae and Bacillariophyceae were the
most important groups in terms of species number in com-
parison with the other taxonomic groups both in the southern
part of Marmara and the northern Aegean Seas.

Zooplankton

Taxonomic composition of zooplankton in the southern part
of the Sea of Marmara and the northern Aegean Sea is shown
in Appendix 3.

During the study period, while 44 Copepoda species were
recorded in the northern Aegean Sea, 27 Copepoda species
were observed in the southern part of the Sea of Marmara.

Benthos

In total, 11,353 specimens, sampled by means of trawling from
the southern part of the Marmara Sea, belonged to 71 taxa in
six stations. In total, 12,039 specimens, sampled by means of
trawling from the northern Aegean Sea, belonged to 75 taxa
in ten stations. The taxonomic composition of benthos in
the southern part of the Sea of Marmara and the northern
Aegean Sea is shown in Appendix 4.

During the study period, while 75 benthic species were
recorded in the northern Aegean Sea, 71 species were observed
in the southern part of the Sea of Marmara.

A sample picture for photo-quadrat is shown in Figure 3.

Different dominant echinoderm species in Station 4 at
10 m (A) and 25 m (B) depth are shown in Figure 5.
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Fig. 4. Location of trawl stations for sampling fish.

Fig. 5. Different dominant echinoderm species: (A) Marthasterias glacialis at

10 m; (B) Antedon mediterranea at 25 m depths at Station 4.
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Fish

A total of 72 fish belonging to 36 families were collected sea-
sonally from the Sea of Marmara and the northern Aegean Sea
in 2006 and 2007. Sixty-three species were found in the north-
ern Aegean Sea and 43 in the Sea of Marmara. Thirty-four
species were found both in the Sea of Marmara and the north-
ern Aegean Sea. The species list of two areas is shown in
Appendix 5.

During the study period, while 63 fish species were
recorded in the northern Aegean Sea, 72 species were observed
in the southern part of the Sea of Marmara.

Cetacea

For each seasonal cruise, a total of 387 nautical miles (n.m.) of
survey effort (193 n.m. in the Sea of Marmara, 194 n.m. in the
northern Aegean Sea) were conducted during this period.
While the encounter rate (sighting/10 n.m.) for the summer,
autumn, winter and spring periods was recorded to be 0.41,
0.82, 0.25 and 0.56, respectively in the Sea of Marmara, it
was recorded for the summer, autumn, winter and spring
periods to be 0.56, 0.41, 0.31 and 0.46, respectively in the
northern Aegean Sea. A significant peak was observed
(Figure 7) during the autumn period in the Sea of Marmara
and was linked to the wintering migration of pelagic fish
which attracted dolphins. Low rates, both on the group size
and encounters’ percentage were related to the difficult
winter observation conditions (decrease in visibility due to
the waves and rain). Average group sizes were calculated for
bottlenose dolphin, common dolphin and striped dolphin to
be 4.4, 13.1, and 11.2, respectively. Because of single or few
encounters, average group size for the others could not be
calculated.
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Fig. 6. Total effort and total observation during the study period for cetaceans.

In total, 74 observations: Tursiops truncatus (35),
Delphinus delphis (15), Stenella coeruleoalba (14), Phocoena
phocoena (5) and Grampus griseus (1) were performed while
four remain unidentified. Stenella coeruleoalba species were
monitored for the first time in the Sarkdy offshore area and
in the Kapidag Peninsula — Cape of Kapsul location in the
Sea of Marmara.

DISCUSSION

Due to their particular oceanographic features mentioned
above, the Sea of Marmara and the northern Aegean Sea
offer unique opportunities for comparing organism and
microorganism  composition, under different, poorly
described conditions. In this study, a total of 27 taxa of
aerobic heterotrophic mesophilic bacteria including ten bac-
terial classes were reported for the first time in both areas.
The taxonomic composition of culturable bacteria was
found clearly different in the northern Aegean Sea in compari-
son with the southern part of the Sea of Marmara. For

z: — Marmara Sea |

” / \ —— N. Aegean Sea
2 0 7T
i .- I A /
L A\ /[
£ 0.

0.2

0.1

0 i
Summer Autumn Winter Spring

Fig. 7. Encounter rate of cetaceans during the study period in the northern
Aegean Sea and the Sea of Marmara.

20 nm

example, the numbers of species of the Enterobacteriaceae
family belonging to the Gammaproteobacteria class, which
contain medically and scientifically important groups of bac-
teria, was recorded as the highest in the Sea of Marmara.
However, it was recorded as the least highest in the northern
Aegean Sea. The high numbers of enteric bacteria species iso-
lated from the Sea of Marmara are characteristic for influ-
enced areas by anthropological pollution. The data, which
were evaluated in this study relating to trophic status (levels
of nutrients, chlorophyll-a and indicator bacteria), were
obtained to be a part of this study and previously were
reported as a project report by the authors (Altug et al., 2007).

Actinobacteria, which play a vital role in organic matter
decomposition and carbon cycle, were the second group in
the Sea of Marmara. The Bacilli class, which includes the
species that is able to secrete large quantities of enzymes, fol-
lowed Actinobacteria in the Sea of Marmara. This situation
was evaluated to be a result of the anthropological pollution
input to which the Sea of Marmara is exposed. Shewanella
putrefaciens was more abundant in the northern Aegean Sea
than the Sea of Marmara. Staphylococcus hominis was
reported as a less-common species in clinical specimens but,
on the contrary, it was dominant in water samples collected
from unpolluted regions (Gunn et al, 1983). In this study,
S. hominis was not isolated in the southern part of the Sea
of Marmara, however, it was dominant in water samples col-
lected from the northern Aegean Sea. The differences of bac-
terial taxonomic composition may be strongly related to
unpolluted conditions of the northern Aegean Sea (Altug
et al., 2007) and existing different pollution inputs in the
Sea of Marmara (Topcuoglu, 2000; Altug et al., 2007).

The oligotrophic conditions in the Mediterranean Sea
could favour the richness of dinoflagellates, typical organisms
of oligotrophic waters (Gomez, 2003). The taxonomic struc-
ture of phytoplankton showed a difference between the north-
ern Aegean Sea and the southern part of the Sea of Marmara.
The northern Aegean Sea had high species numbers with pre-
dominance of dinoflagellates. The Ceratium is the most
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important group with 12 species in the dinoflagellates,
followed by the Protoperidinium with six species, the
Dinophysis with five species, and the Prorocentrum with
four species. Relatively lower species richness compared to
the northern Aegean Sea was found in the southern part of
the Sea of Marmara due to the high nutrient values as a
result of anthropogenic inputs.

Total numbers of zooplankton taxa increased from the
southern part of the Sea of Marmara towards the Aegean
Sea. The species composition of zooplankton in the northern
Aegean and the south Marmara Seas show differences and
similarities. The most taxonomic groups of zooplankton are
present in the northern Aegean Sea, but smaller quantities
of them have been found in the southern Marmara Sea.
This feature seems to be mainly due to differences in salinity
between the two seas. In the Marmara Sea, 19 Mediterranean
copepod species were found and among these, the dominant
species were Clausocalanus spp., Oncaea conifera and
O. minuta. This seems to be the result of strong deep currents
from the Aegean Sea to the Sea of Marmara. The Sea of
Marmara connects the Black Sea to the Aegean Sea via the
Straits. The less saline and cool water at the surface and the
more saline and warm water at the bottom allows the zoo-
plankton fauna of the Sea of Marmara to include many
species from neighbouring seas (Benli et al., 2001). The
species composition of zooplankton assemblages is affected
by several factors, such as the movements of seawater of
different origins and the level of pollution (Isinibilir et al.,
2008; Isinibilir, 2009a). Zooplankton assemblages are gener-
ally more abundant in the Sea of Marmara than in the
Aegean Sea due to their eutrophic characters (Benli et al,
2001; Siokou-Frangou et al, 2004). The species Acartia
clausi, Paracalanus parvus and Penilia avirostris are the
most common species in the Sea of Marmara (Isinibilir,
2009a). They could have been transported into the northern
Aegean Sea via the upper water current of the Canakkale
Strait. They could also have affected the zooplankton commu-
nity structure of the northern Aegean Sea. In this study,
typical stenohalin marine organisms such as Siphonophora
and Doliolida were not found in the southern Sea of
Marmara. Eutrophic species Aurelia aurita, Rhizostoma
pulmo and Chrysaora hysoscella were found only in the Sea
of Marmara.

The number of benthic specimens was higher in the north-
ern Aegean Sea than the Sea of Marmara. The most important
reason is the 8573 individuals of Parapenaeus longirostris
sampled from Station G2 in the northern Aegean Sea in the
winter season. With the exception of this extraordinary
reason, the number of taxa in the northern Aegean Sea is
usually higher than the Sea of Marmara. The taxa number
of Mollusca and Crustacea was slightly higher in the Sea of
Marmara (Appendix 5).

According to photo-quadrat sampling, macroalgae were
observed in the main cover of benthos for all stations through-
out all seasons except summer. Porifera were also found at the
same numbers with macroalgae in the spring and winter. The
high observation rate of the macroalgae may be a normal
result due to depth. Other observed species were Posidonia
oceanica for the northern Aegean Sea and Mytilus galloprovin-
cialis for the southern part of the Sea of Marmara. This is a
normal result due to the different oceanographic conditions
of the Marmara and Aegean Seas. Although they were not
found in high values, the members of phylum

BIODIVERSITY IN THE SEAS OFF NORTHERN TURKEY

Echinodermata were observed from all stations. The domi-
nant echinoderm was Marthasterias glacialis in Station 4
(Sea of Marmara) and the Echinoidae (sp.) (sea urchins) in
the Aegean Sea. The effects of the two layer current system
in the Sea of Marmara were also observed on the distribution
of benthos. Station 4 is a natural reef in the southern part of
the Sea of Marmara and Mytilus galloprovincialis was
observed mostly in the first 20 m which is typical for a domi-
nant species of the Black Sea. Furthermore, Caryophyllia
smithii, Antedon mediterranea and one of the typical
Mediterranean sponges Axinella sp. were observed at further
depths than 25 m in Station 4 (see Figure 2). This is clearly
due to the effects of the Black Sea and Mediterranean Sea ori-
ginated waters.

The composition of the fish fauna on the continental shelf
between the northern Aegean Sea and the Sea of Marmara
was attributed to both ecological factors and the same geo-
logical history. In relation to geological history, the northern
Aegean Sea and the Sea of Marmara were parts of the
southern Sarmatic Sea during the upper Miocene era,
extended from the Caspian Sea to Austria, and were con-
nected to the area which is now occupied by the North
Atlantic (Papaconstantinou & Tortonese, 1980). Merlangius
merlangus, Raja clavata, Squalus acanthias and Gobius
niger, which compose the affinity present in the Adriatic
and Black Seas, were also found in the Sea of Marmara and
the northern Aegean Sea. Also, a high number of common
species for both areas may be supporting proof for this affi-
nity. On the other hand, differences in both diversity and
species composition were observed between shelf assemblages
in the northern Aegean Sea and the Sea of Marmara. The dis-
tinct biogeographical, environmental characteristics (depth,
dissolved oxygen and temperature) and fishing pressure
were the main factors which could explain the differences
detected (Keskin et al, 2011).

Observations on Tursiops truncatus, Delphinus delphis,
Stenella coeruleoalba, Phocoena phocoena and Grampus
griseus species were also performed in the study areas. Even
though only stranded, dead individuals of the S. coeruleoalba
species have been observed in the Sea of Marmara (Oztiirk
et al., 1999); live individuals of the S. coeruleoalba species
were monitored for the first time in the Sea of Marmara, in
the Sarkéy offshore area and in the Kapidag Peninsula —
Cape of Kapsul location. Among all species P. phocoena was
only observed in the Sea of Marmara and G. griseus was
only observed in the Aegean Sea. Besides, other species were
observed both in the Aegean and Marmara Seas. It is
thought that D. delphis and S. coeruleoalba are distributed in
the Saroz Bay and Gokgeada during the year and it is
assumed that there may be local populations in this region.
Likewise, it is assumed that local populations of T. truncatus
inhabit the Straits, Bandirma Bay, Erdek Bay, South
Marmara islands, around Gokgeada-Bozcaada Islands and
Saroz Bay. The observation frequency for D. delphis species
which follows these pelagic fish, was high in the Marmara
Sea and near the Straits area. It is supposed that dolphin pres-
ence during the spring and autumn seasons’ monitoring in the
Sea of Marmara, Istanbul Strait and Canakkale Strait, were
related to the pelagic fish migration. Long term periodic
surveys on the dolphin population in the study site as well
as sampling studies by catch and stranded animals are essen-
tial for the future of these species. With the help of these long
term studies, we will collect more detailed data which will
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eventually help us to improve our knowledge on the changes

of their population and their distribution.

The taxonomic composition of bacteria, phytoplankton
and zooplankton showed differences related to trophic charac-
ter differences (Altug et al, 2007) between the northern
Aegean Sea and the Sea of Marmara. The taxonomic compo-
sitions of benthic communities were found to be different due
to the different oceanographic conditions of the Marmara and
Aegean Seas. The taxonomic structure of fish also showed
differences and this situation was evaluated as possible
affects of biogeographical, environmental characteristics and
fishing pressure in these areas as mentioned above.
Furthermore, the observations on dolphin species have pro-
vided the first main data especially for the Turkish part of

the northern Aegean Sea during the study period.

This study provides increased knowledge about the exist-
ence of identified species in Turkish marine environments.
The first detailed research was conducted to determine the
diversity of bacteria, phytoplankton zooplankton, benthic
species, fish and mammals to put forth the situation of the
ecosystem as it is today in these areas. However, there is a
need for long term and more detailed studies in these areas

for the development of conservation strategies.

ACKNOWLEDGEMENTS

The authors wish to thank the Scientific and Technological
Research Council of Turkey (TUBITAK, Project no.
105Y039) for their financial support. The authors also thank
Professor Dr Bayram Oztiirk for the support and the crew

of RV “Yunus-S for their help in sampling.

REFERENCES

Aktan Y., Tiifek¢i V., Tiifek¢i H. and Aykulu G. (2005) Distribution pat-
terns, biomass estimates and diversity of phytoplankton in Izmit Bay
(Turkey). Estuarine, Coastal and Shelf Science 64, 372-384.

Albayrak S. (2001) Prosobranch gastropods of the Imbros Island (NE

Aegean Sea). Acta Adriatica 42, 35-42.

Algan O., Balkis N., Cagatay M.N. and Sar1 E. (2004) The sources of
metal contents in the shelf sediments from the Marmara Sea,

Turkey. Environmental Geology 46, 932-950.

Altug G., Aktan Y., Oral M., Topaloglu B., Dede A., Keskin C.,
Isinibilir M., Cardak M. and Ciftci P.S. (2007) Evaluation of biologi-
cal diversity using biological and psycho-chemical data of the Northern
Aegean Sea and Southern Marmara Sea. The Scientific and
Technological Research Council of Turkey. TUBITAK 105Yo039

Technical Report.

Altug G. and Erk H. (2001) Level of coliform, Esherichia coli, Salmonella
spp. and Cu, Pb, Cd, Zn, Hg on the coastline of Gokgeada in water
body and some organisms. In Oztirk B. and Veysel A. (eds)
National Aegean Islands Meeting Proceedings Book. Gokgeada:

TUDAYV 7, pp. 142-151. [In Turkish.]

Altug G. and Giiler N. (2002) Determination of the levels of indicator
bacteria, Salmonella spp. and heavy metals in sea snails (Rapana
venosa) from the Northern Marmara Sea, Turkey. Turkish Journal of

Fisheries and Aquatic Sciences 2, 141-144.

Azov Y. (1986) Seasonal patterns of phytoplankton productivity and
abundance in nearshore oligotrophic waters of the Levant Basin

(Mediterranean). Journal of Plankton Research 8, 41-53.

Balkis N. (2003) Seasonal variations in the phytoplankton and nutrient
dynamics in the neritic water of Biiyiikgekmece Bay, Sea of
Marmara. Journal of Plankton Research 25, 703-717.

Balkis N., Ergor B. and Giresunlu M. (2004) Summer phytoplankton
composition in the neritic waters of the Sea of Marmara. Pakistan
Journal of Botany 36, 115-126.

Beaubrun P.C. (1995) Atlas préliminaire de distribution des Cétacés de
Meéditerranée. Monaco: CIESM et Musée Océanographique, 87 pp.

Benli H.A., Tarkan A.N. and Sever T.M. (2001) Comparison of the
mesozooplankton composition of the southwestern Black Sea, Sea of
Marmara, and eastern Aegean Sea. Turkish Journal of Marine
Sciences 7, 163—179.

Besiktepe S.T., Sur H.I., Ozsoy E., Latif M.A., Oguz T. and Unliiata U.
(1994) The circulation and hydrography of the Marmara Sea. Progress
in Oceanography 34, 285-334.

Bianchi M., Perfettini J. and Bianchi A. (1992) Marine heterotrophic
bacteria associated with enrichment culture of nitrifying bacteria
planned for closed aquaculture systems. Aquatic Living Resources 5,
137-144.

Bilecenoglu M., Taskavak E., Mater S. and Kaya M. (2002) Checklist of
the marine fishes of Turkey. Zootaxa 113, 1-194.

Buckland S.T., Anderson D.R., Burnham K.P. and Laake J.L. (1993)
Distance sampling: estimating abundance of biological populations.
London: Chapman & Hall, 446 pp.

Caroppo C., Turicchia S. and Margheri M.C. (2006) Phytoplankton
assemblages in coastal waters of the northern Ionian Sea (eastern
Mediterranean), with special reference to cyanobacteria. Journal of
the Marine Biological Association of the United Kingdom 86, 927 -937.

Cupp E.E. (1943) Marine plankton diatoms of the west coast of North
America. Berkeley: University of California Press, 237 pp. [Reprint
1977 by Otto Koeltz Science Publishers.]

Deniz N. and Tas S. (2009) Seasonal variations in the phytoplankton
community in the north-eastern Sea of Marmara and a species list.
Journal of the Marine Biological Association of the United Kingdom
89, 269-276.

Erenturk N., Saygi N., Kut D., Esen N., Bassar1 A., Seddigh E. and
Topcuoglu S. (1990) Halkimizin en cok tukettigi baliklardan olan
Istavrit, Kolyos ve Luferde toksik element miktari. III. Ulusal
Nukleer Bilimler Kongresi Bildiri Kitab: 2, 716-721. [In Turkish.]

Ergen Z., Kocatas A., Katagan T. and Cinar M.E. (1994) Benthic fauna
of Engeceli Harbour (Aliaga—Izmir). Journal of the Faculty of Science,
Ege University B 16/2, 1047-1059.

Esen N., Topcuoglu S., Egilli E. and Kut D. (1999) Comparison of trace
metal concentrations in sediments and algae samples from the
Kucukcekmece Lagoon and Marmara Sea. Journal of Radioanalytical
and Nuclear Chemistry 240, 673 -676.

Gomez F. (2003) Checklist of Mediterranean free-living dinoflagellates.
Botanica Marina 46, 215-242.

Gunn B.A., Keiser J.F. and Colwell R.R. (1983) Numerical taxonomy of
staphylococci isolated from clinical sources. International Journal of
Systematic Bacteriology 33, 738-750.

Hartley B., Barber H.G., Carter J.R. and Sims P.A. (eds) (1996) An atlas
of British diatoms. Bristol: Biopress Ltd, 601 pp.

Hendey N.I. (1964) An introductory account of the smaller algae of British
coastal waters. Part 5, Bacillariophyceae. London: HM Stationery
Office, 317 pp.

Ignatiades L., Psarra S., Zervakis V., Pagou K., Souvermezoglou E.,
Assimakopoulou G. and Gottis-Skretas O. (2002) Phytoplankton
size-based dynamics in the Aegean Sea (Eastern Mediterranean).
Journal of Marine Systems 36, 11-28.

Downloaded from https://www.cambridge.org/core. The University of British Columbia Library, on 14 Aug 2017 at 17:58:54, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms. https://doi.org/10.1017/51755267211000662


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1755267211000662
https://www.cambridge.org/core

Isari S., Psarra S., Pitta P.,, Mara P., Tomprou M.O., Ramfos A.,
Somarakis S., Tselepides A., Koutsikopoulos C. and Fragopoulu
N. (2007) Differential patterns of mesozooplankters’ distribution in
relation to physical and biological variables of the northeastern
Aegean Sea (eastern Mediterranean). Marine Biology 151, 1035-1050.

Isinibilir M. (2009a) Annual crustacean zooplankton succession
(Copepoda and Cladocera) in the upper layer of Ahirkapi coastal
waters (northeastern Sea of Marmara). Crustaceana 82, 669 —678.

Isinibilir M. (2009b) Summer mesozooplankton communities in the
Turkish coastal waters of North Aegean Sea. Journal

FisheriesScience.com 3, 237 —242.

Isinibilir M., Kideys A.E., Tarkan A.N. and Yilmaz I.N. (2008) Annual
cycle of zooplankton abundance and species composition in Izmit Bay
(the northeastern Marmara Sea). Estuarine, Coastal and Shelf Science

78, 739-747.

Jefferson T.A., Leatherwood S. and Webber M.A. (1993) FAO species
identification guide: marine mammals of the world. Rome: UNEP/

FAO, 319 pp.

Joux F. and Lebaron P. (1997) Ecological implications of an unproved
direct viable count method for aquatic bacteria. Applied and

Environmental Microbiology 63, 3643 —3647.

Keskin C., Ordines F., Guijarro B. and Massuti E. (2011) Comparison of
fish assemblages between the Sea of Marmara and the Aegean Sea
(north-eastern Mediterranean). Journal of the Marine Biological
Association of the United Kingdom. doi:10.1017/S0025315410002213

Keskin C. and Unsal N. (1998) The fish fauna of Gokgeada Island, NE
Aegean Sea, Turkey. Italian Journal of Zoology 65, Supplement 1,

299-302.

Kramer K. and Lange-Bertalot H. (1986) Siisswasserflora von
Mitteleuropa, Bacillariophyceae, Band 2/3. 3. Teil. Berlin: Gustav

Fisher Verlag, 576 pp.

Kut D., Topcuoglu S., Esen N., Kucukcezzar R. and Guven K.C. (2000)
Trace metal in marine algae and sediment samples from the

Bosphorus. Water, Air and Soil Pollution 118, 27-33.

Morri C., Bianchi C.N., Cocito S., Peirano A., De Biase A.M., Aliani S.,
Pansini M., Boyer M., Ferdeghini F., Pestarino M. and Dando P.
(1999) Biodiversity of marine sessile epifauna at an Aegean island
subject to hydrothermal activity: Milos, eastern Mediterranean Sea.

Marine Biology 135, 729-739.

Oztiirk B. (1996) Whales and dolphins. Istanbul: Anahtar Kitaplar

Yayinevi, 120 pp. [In Turkish.]

Oztiirk B. (2002.) The Marmara Sea, a link between the Mediterranean
and the Black Sea. In Leppekoski E., Gollasch S. and Olenin S. (eds)
Invasive aquatic species of Europe: distribution, impact and manage-
ment. Dordrecht, The Netherlands: Kluwer Academic Publishers.,

Netherlands; pp. 337-340.

Oztiirk B. and Oztiirk A.A. (1996) On the biology of the Turkish Strait
Systems. In Briand F. (ed.) Dynamics of Mediterranean straits and
channels. CIESM Science Series No. 2. Bulletin de [IInstitut

Océanographique, Monaco, No. Special 17, pp. 205-217.

Oztiirk B. and Oztiirk A.A. (1997) Preliminary study on dolphin occur-
rence in the Turkish Straits System. In Proceedings of the Eleventh
Annual Conference of the European Cetacean Society, Stralsund,

Germany, p. 79.

Oztiirk B. and Oztiirk A.A. (1998) Cetacean strandings in the Aegean
and Mediterranean coast of Turkey. Rapports Commission

Intérnationale Mer Méditerranée 35, 476 —-477.

Oztiirk B., Dede A. and Komut O. (1999) Cetacean strandings in the
Marmara Sea. In Thirteenth Annual Conference of European

Cetacean Society, Valencia, p. 258.

BIODIVERSITY IN THE SEAS OFF NORTHERN TURKEY

Papaconstantinou C. (1992) General remarks on the Greek Seas fish
fauna. Doriana. Volume VI-N. 274.

Papaconstantinou C. and Tortonese E. (1980) On a collection of fishes
from Termaikos Gulf (NE Greece). Thalassographica 3, 15-42.

Papaconstantinou C. and Tsimenidis N. (1979) Some uncommon fishes
from the Aegean Sea. Cybium 3, 3-14.

Papaconstantinou C. and Tsimenidis N. (1985) The fish fauna of the
Pagassitikos Gulf (Greece). Biologia Gallo—Hellenica, volume 10.

Pazi I. (2008) Water mass properties and chemical characteristics in the
Saros Gulf, northeast Aegean Sea (Eastern Mediterranean). Journal
of Marine Systems 74, 698 -710.

Pinhassi J., Zweifel U.L. and Hagstrom A. (1997). Dominant marine
bacterioplankton species found among colony-forming bacteria.
Applied Environmental Microbiology 63, 3359—3366.

Reeves R.R. and Notarbartolo di Sciara G. (2006) The status and distri-
bution of cetaceans in the Black Sea and Mediterranean Sea.
ACCOBAMS Workshop Report—Monaco 5-7 March 2006. ITUCN
Centre for Mediterranean Cooperation, Malaga, Spain, pp. 137.

Rehnstam A.S., Bickman S., Smith D.C., Azam F. and Hagstrom A.
(1993) Blooms of sequence-specific culturable bacteria in the sea.
FEMS Microbiology Ecology 102, 161-166.

Salman A., Katagan T. and Benli H.A. (1997) Bottom trawl teuthofauna
of the Aegean Sea. Archive of Fishery and Marine Research 15,
183-196.

Sar1 E. and Cagatay M.N. (2001) Distributions of heavy metals in the
surface sediments of the Gulf of Saros, NE Aegean Sea. Environment
International 26, 169-173.

Siokou-Frangou I., Shiganova T., Christou E.D., Kamburska L.,
Gubanova A., Konsulov A., Musaeva E., Skryabin V. and
Khoroshilov V. (2004) Mesozooplankton communities in the
Aegean and Black Seas: a comparative study. Marine Biology 144,
1111-1126.

Svetlichny L., Kideys A.E., Hubareva E.S., Isinibilir M. and Shmeleva A.
(2006) Zooplankton community state in the northeastern Marmara
Sea during early autumn with comments on mass mortality of the
Black Sea species due to the salinity gradient. Journal of the Black
Sea/Mediterranean Environment 12, 213-231.

Tarkan A.N. and Erguven H. (1988) The main copepod species of
Marmara Sea. Journal of Aquatic Products 2, 71-72.

Tarkan A.N., Isinibilir M. and Tarkan A.S. (2005) Seasonal variations of
the zooplankton composition and abundance in the Istanbul Strait.
Pakistan Journal of Biological Sciences 8, 1327-1336.

Theocharis A. and Georgopoulos D. (1993) Dense water formation over
the Samothraki and Limnos plateaux in the North Aegean Sea (Eastern
Mediterranean Sea). Continental Shelf Research 13, 919-939.

Tokat E. (2006) Saros Kérfezi Hidrolojik ve Biyolojik Su Ozellikleri
(Hydrological and Biological Water Properties of the Saros Bay). MSc
thesis. Dokuz Eyliil University, {zmir, Turkey. [In Turkish.]

Tomas C. (1996) Identifying marine diatoms and dinoflagellates. London:
Academic Press, 598 pp.

Topcuoglu S. (2000) Heavy metal concentrations in sediments and organ-
isms of the Marmara Sea. The Marmara Sea Symposium 2000.
TUDAV.

Ulutiirk T. (1987) Fish fauna, back-ground radioactivity of the
Gokgeada marine environment. Istanbul University Journal of
Fisheries 1, 95-119.

Unliiata U., Oguz T., Latif M.A. and 6zsoy E. (1990) On the physical
oceanography of the Turkish Straits. In Pratt L.J. (ed.) The physical

Downloaded from https://www.cambridge.org/core. The University of British Columbia Library, on 14 Aug 2017 at 17:58:54, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms. https://doi.org/10.1017/51755267211000662

9


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1755267211000662
https://www.cambridge.org/core

10

GULSEN ALTUG ET AL.

oceanography of sea straits. Dordrecht, The Netherlands: Kluwer
Academic Publishers, pp. 25-60.

Uthermél H. (1958) Zur vervolkommnung der quantitativen phytoplank-
ton methodic. Mitteilungen Internationale Vereiningung fiir
Theoretische und Angewandte Limnologie 9, 1-38.

Uysal Z. and Unsal M. (1996) Spatial distribution of net diatoms along
adjacent water masses of different origin. Turkish Journal of Botany

20, 519-525.

Voultsiadou E. (2005) Demosponge distribution in the eastern
Mediterranean: a NW -SE gradient. Helgoland Marine Research 59,
237-251.

and

Whitehead P.J.P., Bouchot M.-L., Hureau J].-C., Nielsen J. and
Tortonose E. (1986) Fishes of the north-eastern Atlantic and the
Mediterranean. Volumes 1, II, III. Paris: UNESCO.

Correspondence should be addressed to:
G. Altug
Department of Marine Biology
Fisheries Faculty
University of Istanbul, Istanbul, Turkey
email: galtug@istanbul.edu.tr

Appendix 1. Aerobic heterotrophic culturable bacteria species from the northern Aegean Sea and southern part of the Sea of Marmara, Turkey
(2006 -2007).

Species

Aegean Sea Marmara Sea

ENTEROBACTERIACEAE

Escherichia coli (T. Escherich, 1885)

Enterobacter cloacae (Jordan, 1890) Hormaeche & Edwards, 1960
Enterobacter sakazaki (Farmer et al., 1980)

Enterobacter aerogenes Hormaeche & Edwards, 1960

Enterococcus faecalis (Andrewes & Horder, 1906) Schleifer & Kilpper-Balz, 1984 +

Serratia marcescens Bizio, 1823

Serratia liquefaciens (Grimes & Hennerty 1931) Bascomb et al., 1971
Serratia odorifera Grimont et al., 1978

Citrobacter freundii Werkman & Gillen, 1932

Cedecea davisae Grimont et al., 1981

AEROMONADACEAE

Aeromonas hydrophila (Chester, 1901) Stanier, 1943
STAPHYLOCOCCACEAE

Staphylococcus epidermis (Winslow & Winslow, 1908) Evans, 1916
Staphylococcus hominis Kloos & Schleifer, 1975 emend. Kloos et al., 1998
Staphlococcus lentus Schlifer et al., 1983

Staphylococcus intermedius Hajek, 1976

BACILLACEAE

Bacillus vallismortis Roberts et al., 1996

PSEUDOMONADACEAE

Pseudomonas luteola (Kodama et al., 1985) Holmes et al., 1987
Pseudomonas aeruginosa (Schroeter, 1872) Migula, 1900
Pseudomonas oryzihabitans Kodama et al., 1985
MICROCOCCACEAE

Kocuria varians (Migula, 1900) Stackebrandt et al., 1995
Micrococcus luteus Lehmann & Neumann, 1896
STREPTOCOCCACEAE

Lactococcus lactis ssp. lactis (Lister, 1873) Schleifer et al., 1986
LACTOBACILLACEAE

Pediococcus pentosaceus Mees, 1934

Pseudomonas oryzihabitans Kodama et al., 1985
SHEWANELLACEAE

Shewanella putrefaciens (Lee et al., 1981) MacDonell & Colwell, 1986
DERMACOCCACEAE

Dermacoccus nishinomiyaensis (Oda, 1935) Stackebrandt et al, 1995
Total number of species

+

A+t

+

13 22
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Appendix 2. Taxonomic composition of phytoplankton in the northern Aegean Sea and southern part of the Sea of Marmara, Turkey (2006 -2007).

Species Marmara Sea Aegean Sea

DINOPHYCEAE

Alexandrium minutum Halim +
Amphisolenia bidentata Schroder

Ceratium carriense Gourret +
Ceratium candelabrum (Ehrenberg) Stein

Ceratium furca (Ehrenberg) Claparéde & Lachmann
Ceratium fusus (Ehrenberg) Dujardin

Ceratium horridum (Cleve) Gran

Ceratium macroceros (Ehrenberg) Cleve

Ceratium minutum Jorgensen

Ceratium pentagonum Gourret

Ceratium pulchellum Schroder

Ceratium trichoceros (Ehrenberg) Kofoid

Ceratium tripos (Miiller) Schiller

Ceratium teres Kofoid

Ceratocorys horrida Stein

Gonyaulax sp.

Dinophysis acuminata Claparede & Lachmann
Dinophysis caudata Saville-Kent

Dinophysis dens Pavillard

Dinophysis odiosa (Pavillard) Tai & Skogsberg
Dinophysis sacculus Stein

Goniodoma sphaericum Murray & Whitting

Gotius abei Matsuoka

Gyrodinium fusiforme Kofoid & Swezy

Gyrodinium spirale (Bergh) Kofoid & Swezy
Gyrodinium sp.

Gymnodinium sp. Stein

Heterocapsa triquetra (Ehrenberg) Stein
Heterodinium sp.

Lingulodinium polyedrum (Stein) Dodge

Noctiluca scintillans (Macartney) Kofoid
Ornithocercus magnificus Stein

Oxytoxum variable Schiller

Oxytoxum scopolax Stein

Prorocentrum compressum (Bailey) Abé
Prorocentrum micans Ehrenberg

Prorocentrum minutum Schiller

Prorocentrum scutellum Schiller

Prorocentrum triestinum Schiller

Pseliodinium vaubanii Sournia

Peridinium sp.

Phalacroma rapa Stein

Phalacroma rotundatum (Claparede & Lachman) Kofoid & Michener
Pyrophacus steinii (]. Schiler) Wall & Dale
Podolampas palmipes Stein

Protoperidinium sp.

P. divergens (Ehrenberg) Balech

P. grande (Kofoid) Balech

P. longipes Balech

P. pallidum (Ostenfeld) Balech

P. pentagonum (Gran) Balech

Pyrodinium sp.

Pyrocystis lunula (Schiitt) Schiitt

Scaphodinium sp. +
BACILLARIOPHYCEAE

Amphora sp.

Amphiprora sp.

Achnantes sp.

Bacillaria paxilifera (O.F. Miiller) Hendey

Cerataulina pelagica (Cleve) Hendey

Cocconeis sp.

Chaetoceros sp. +
Coscinodiscus radiatus Ehrenberg +

++ +
+ o+t

+A Attt
Lt

++ +
++++++++

+ A+t

+++
++ +

++++ + A+t +
t+H+ A+t

++ +
i e i

+
J’_

++ 4+t

Continued
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Appendix 2. Continued

Species Marmara Sea Aegean Sea

Cylindrotecha closterium (Ehrenberg) Reinmann & Lewin
Dactilosolen fragilissimus (Bergon) Hasle

Ditylum sp.

Diploneis sp.

Guinardia striata (Stolterfoth) G.R. Hasle

Guinardia deliatula (Cleve) Hasle

Gyrosigma sp.

Haslea sp.

Navicula sp.

Hemiaulus hauckii Grunow in Van Heurek

Licmophora sp.

Nitzschia sp. +
Nitzchia insignis Gregory

Nitzschia sigmoidea (Nitzsch) Ehrenberg +
Leptocylindrus sp. +
Leptocylindrus danicus Cleve

Leptocylindrus mediterraneus (H. Peragallo) Hasle
Leptocylindrus minimus Gran

Pinnularia sp.

Pleurosigma sp.

Proboscia alata (Brightwell) Sundstrém

Pseudosolenia calcaravis (Schultze) Sundstrém
Pseudonitzchia seriata (P.T. Cleve) H. Peragallo

P. delicatissima (Cleve) Heiden in Heiden & Kolbe
Rhizosolenia sp.

Thalassionema nitzschioides (Grunow) Mereschkowsky
Thalassotrix longissima Cleve & Grunow

Thallosiosira sp.

HAPTOPHYCEAE

Canaeosphaera sp.

Rhabdosphaera sp.

Calciosolenia sp. +
Calciosolenia murrayi Gran

Emiliana huxleii (Lohmann) Hay & Moller

Scyphosphera sp.

DICTYOCOPHYCEAE

Dictyocha fibula Ehrenberg +
Dictyocha speculum Ehrenberg +
CYANOPHYCEAE

Pseudanabaena sp. +
Shizotrix sp. +
EUGLENOPHYCEAE

Eutripsiella sp. +
CRYSOPHYCEAE

Ochromonas sp. +
Total number of species 64 86

A+t

e T e A

+ A+ ++ + o+ +
s +

+H A+t

++

Downloaded from https://www.cambridge.org/core. The University of British Columbia Library, on 14 Aug 2017 at 17:58:54, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/51755267211000662


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1755267211000662
https://www.cambridge.org/core

BIODIVERSITY IN THE SEAS OFF NORTHERN TURKEY 13

Appendix 3. List of zooplankton taxa in the northern Aegean Sea and the southern part of the Sea of Marmara.

Species Aegean Sea Marmara Sea

COPEPODA

Acartia clausi

Calanus spp.
Calocalanus spp.
Candacia varicans
Centropages ponticus
Centropages spp.
Centropages typicus
Clausocalanus arcuicornis
Clausocalanus furcatus
Clausocalanus paululus
Clausocalanus pergens
Clausocalanus spp.
Clytemnestra rostrata
Clytemnestra scutellata
Corycaeus clausi
Corycaeus flaccus
Corycaeus furcifer
Corycaeus giesbrechti
Corycaeus limbatus
Corycaeus spp.
Corycella rostrata
Corycella spp.
Ctenocalanus vanus
Eucalanus spp.
Euchaeta spp.
Euterpina acutifrons
Farranula rostrata
Lucicutia flavicornis
Mecynocera clausii
Metridia spp. +
Nannocalanus spp.
Neocalanus spp.
Oithana plumifera
Oithona nana
Oithona setigera
Oithona similis
Oncaea conifera
Oncaea minuta
Oncaea subtilis
Oncaea venusta
Paracalanus parvus
Pleuromma gracilis
Pseudocalanus elongatus
Sapphirina spp.
Spinocalanus magnus
Temora stylifera
CLADOCERA
Evadne nordmanni
Evadne spinifera
Evadne tergestina
Penilia avirostris
Podon intermedius
OTHERS
Appendicularia
Bivalvia larvae
Cirripedia larvae
Chaetognatha
Cnidaria

Ctenophora
Decapoda larvae
Doliolida
Echinodermata larvae
Gastropoda larvae

+ 4+ + 4+

o s

tH++ A+t
++++  ++

+++

+H+++ A+t
++++

4+ ++
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Appendix 3. Continued

Species Aegean Sea Marmara Sea
Polychaeta larvae + +

Pisces eggs + larvae + +

Rotatoria +
Siphonophora +

Total number of taxa 61 43

Appendix 4. Taxonomic composition of benthos in the southern part of the Sea of Marmara and the northern Aegean Sea.

Species Marmara Sea Aegean Sea

PORIFERA
Porifera indet. +
Axinella damicornis (Esper, 1794)

Axinella polypoides (Schmidt, 1862)

Axinella sp.

Ficulina ficus (Linnaeus, 1767)

Geodia cydonium (O.F. Miiller, 1798)

Tethya sp.

CNIDARIA

Alcyonium sp. +
Anemonia indet.
Caryophyllia sp.
Veretillium sp.
Pennatularia indet.
Hydrozoa indet.
Gorgonaria indet.
ANNELIDA
Laetmonice hystrix (Savigny, 1820) +
Hirudinea indet.

+ 4+t

++ +
+++++

+

Nemertini indet.
Nereis sp.
Sertalla sp.
Sternaspis sp.
MOLLUSCA
Aporrhais pespelecani (Linnaeus, 1758) +
Bullomorpha indet.

Bivalvia indet.

Brachyura indet.

Cardidae indet.

Cardium sp.

Cassidaria sp.

Dentalium dentale (Linné 1758)
Dentalium sp.

Eledone sp.

Gastropoda indet.

Loligo vulgaris

Loligo sp.

Mollusca indet.

Murex brandaris

Murex sp.

Mytilus galloprovincialis (Lamarck, 1819)
Nudibranchia indet.

Octopus defilippi (Verany, 1851)
Octopus vulgaris (Cuvier, 1797)
Octopus sp.

Opistobranchia indet.

Rossia macrosoma (Chiaie, 1830)
Scaphoda indet.

Sepia elegans (de Blainville, 1827)
Sepia officinalis (Linnaeus, 1758)
Sepia orbignyana (de Férussac, 1826)
Sepia sp.

Sepiola rondeletii (Leach, 1817)

++ 4+t

4+ttt
+ o+

++ +
++ 4+ +

++ 4+
J'_

++ 4+

++ 4+

++ 4+
++ 4+ ++
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Appendix 4. Continued

Species Marmara Sea Aegean Sea

Sepiola sp. +
Turitella sp. +
Ziziphium sp. +
CRUSTACEA

Anomura indet.

Brachyura indet.

Cirripedia indet.

Calappa granulata (Linnaeus, 1758)
Crustacea indet.

Dromia sp.

Decapoda indet.

Gonaplax sp.

Inachus sp.

Lepas sp.

Liocarcinus depurator (Linnaeus, 1758)
Liocarcinus sp.

Maia sp.

Munidae indet.

Natantia indet.

Nephrops norvegicus (Linnaeus, 1758)
Parapenaeus longirostris (Lucas, 1846)
Palaemon sp.

Parapenaeus sp.

Penaeus semisulcatus (De Haan, 1844)
Penaeus sp.

Plesionika narval (Fabricius, 1787)
Polycheles typhlops Heller, 1862

Portunus pelagicus (Linnaeus, 1758)

Squilla mantis (Linnaeus, 1758)

Rissoides desmaresti (Risso, 1816)
ECHINODERMATA

Anseropoda placenta (Pennant, 1777)
Antedon mediterranea (de Lamarck, 1816)
Antedon sp.

Asterias amurensis (Lutken, 1871)

Asterias rubens (Linnaeus, 1758)
Astropecten aranciacus (Linnaeus, 1758)
Astropecten sp.

Astropecten spinulosus (Philippi, 1837)
Brissopsis mediterranea (Mortensen, 1913)
Cidaris cidaris (Linnaeus, 1758)

Cucumaria planci (Brandt, 1835)
Cucumaria sp.

Crinoidea indet.

Echinaster sepositus (Retzius, 1783)
Echinoderma indet.

Echinus melo (Lamarck, 1816)

Luidia sp.

Marthasterias glacialis (Linnaeus, 1758)
Ophiura sp.

Ophiroidae indet.

Ophioderma indet.

Ophiotrix sp.

Peltaster placenta (Miiller & Troschel, 1842)
Parastichopus regalis (Cuvier, 1817)
TUNICATA

Tunicata indet. +
Microcosmus sp.

Ascidia indet.

Total number of taxa 71 75

+ +
+ +++++ o+
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Appendix 5. Fish species collected on the continental shelf in the Sea of Marmara and the northern Aegean Sea, Turkey (2006 -2007).

Species Marmara Sea Aegean Sea

BLENNIDAE

Blennius ocellaris (Linnaeus, 1758) + +
BOTHIDAE

Arnoglossus laterna (Walbaum, 1792) + +
Arnoglossus thori Kyle, 1913 + +
CALLIONYMIDAE

Callionymus lyra (Linnaeus, 1758)
Callionymus maculatus (Rafinesque, 1810)
Callionymus pusillus (Delaroche, 1809)
CAPROIDAE

Capros aper (Linnaeus, 1758) +
CARANGIDAE

Trachurus trachurus (Linnaeus, 1758) + +
CENTRACANTHIDAE

Centracanthus cirrus (Rafinesque, 1810) +
Spicara maena (Linnaeus, 1758) + +
Spicara smaris (Linnaeus, 1758) +
CEPOLIDAE

Cepola rubescens (Linnaeus, 1766) + +
CITHARIDAE

Citharus linguatula (Linnaeus, 1758) + +
CLUPEIDAE

Sprattus sprattus (Linnaeus, 1758) +

CONGRIDAE

Conger conger (Linnaeus, 1758) +
CYNOGLOSSIDAE

Symphurus nigrescens (Rafinesque, 1810) +
DALATIIDAE

Oxynotus centrina (Linnaeus, 1758) + +
DASYATIDAE

Dasyatis pastinaca (Linnaeus, 1758) + +
ENCRAULIDAE

Engraulis encrasicolus (Linnaeus, 1758) + +
GADIDAE

Phycis blennoides (Briinnich, 1768) +
Merlangius merlangus (Nordmann, 1840) + +
Trisopterus minutus (Linnaeus 1758) +
GOBIIDAE

Deltentosteus quadrimaculatus (Valenciennes, 1837) +
Gobius niger (Linnaeus, 1758) + +
Lesueurigobius friesii (Malm, 1874) +

LOPHIIDAE

Lophius budegassa (Spinola, 1807) + +
LOTIDAE

Gaidropsarus biscayensis (Collette, 1890) +

Merluccius merluccius (Linnaeus, 1758) + +
MULLIDAE

Mullus barbatus (Linnaeus, 1758) + +
MYLIOBATIDAE

Myliobatis aquila (Linnaeus, 1758) + +
OPHIIDAE

Ophidion barbatum (Linnaeus, 1758) +
POMATOMIDAE

Pomatomus saltatrix (Linnaeus, 1766) +
RAJIDAE

Dipturus oxyrinchus (Linnaeus, 1758)

Raja asterias (Delaroche, 1809)

Raja clavata (Linnaeus, 1758) +
Raja miraletus (Linnaeus, 1758) +
Raja radula (Delaroche, 1809)

SCOMBERIDAE

Scomber scombrus (Linnaeus, 1758)

SCORPAENIDAE

Scorpaena porcus (Linnaeus, 1758) +

++ +

++ 4+ ++
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Appendix 5. Continued

Species Marmara Sea Aegean Sea
Helicolenus dactylopterus (Delaroche, 1809) +
Scorpaena notata (Rafinesque, 1810) +
SCYLIORHINIDAE

Scyliorhinus canicula (Linnaeus, 1758) + +
SERRANIDAE

Serranus cabrilla (Linnaeus, 1758) +
Serranus hepatus (Linnaeus, 1758) + +
Serranus scriba (Linnaeus, 1758) +
SOLEIDAE

Solea solea (Linnaeus, 1758) + +
Buglossidium luteum (Risso, 1810) +

Microchirus variegatus (Donovan, 1808) +
Monochirus hispidus (Rafinesque, 1814) +

SPARIDAE

Boops boops (Linnaeus, 1758) +
Dentex dentex (Linnaeus, 1758) +
Dentex macrophthalmus (Bloch, 1791) +
Dentex maroccanus (Valenciennes, 1830) +
Diplodus annularis (Linnaeus, 1758) +

Pagellus acarne (Risso, 1826) +
Pagellus bogaraveo (Briinnich, 1768) +
Pagellus erythrinus (Linnaeus, 1758) +
Pagrus pagrus (Linnaeus, 1758) +
SQUALIDAE

Squalus acanthias (Linnaeus, 1758) + +
Squalus blainville (Risso, 1827) +
TORPEDINIDAE

Torpedo marmorata (Risso, 1810) + +
TRACHINIDAE

Echiichthys vipera (Cuvier, 1829) +
Trachinus draco (Linnaeus, 1758) +
TRIGLIDAE

Eutrigla gurnardus (Linnaeus, 1758) + +
Trigloporus lastoviza (Bonnaterre, 1788) + +
Chelidonichthys lucernus (Linnaeus, 1758) + +
Trigla lyra (Linnaeus, 1758) + +
Lepidotrigla cavillone (Lacepede, 1801) + +
URONOSCOPIDAE

Uranoscopus scaber (Linnaeus, 1758) + +
ZEIIDAE

Zeus faber (Linnaeus, 1758) + +
Total number of species 72 63
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