
Spatio-temporal distributions of zoobenthos
in soft substratum of Izmir Bay (Aegean Sea,
eastern Mediterranean), with special
emphasis on alien species and ecological
quality status
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The soft-bottom zoobenthic community structure of Izmir Bay was examined seasonally at eight stations (depth-range:
19–67 m) in 2009. A total of 427 species were found. Polychaeta had the highest number of species (50% of total species)
and individuals (75%), whereas Echinodermata possessed the highest biomass (47%). The number of species varied from 3
to 79 (0.1 m22), the density from 60 to 5360 ind.m22, and the biomass from 1 to 530 g.m22. The most numerically dominant
species were the polychaetes Aricidea claudiae, Streblospio gynobranchiata, Levinsenia demiri and Sternaspis scutata. The
distribution of zoobenthos was strongly related to spatial differences in total organic carbon, sediment texture and depth
among different regions of the bay rather than temporal differences among seasons. However, significant seasonal variability
in community structure (mainly differences in the relative abundance of species) was present. The inner region of the bay can
be classified as ‘poor’ or ‘bad’ based on the results of biotic indices (H′, AMBI, m-AMBI and BENTIX). Among biotic indices,
only H′ and m-AMBI appeared to be capable of explaining the bay’s benthic quality status. Thirteen alien species were also
found. Streblospio gynobranchiata, Prionospio pulchra, Pseudopolydora paucibranchiata and Polydora cornuta formed
dense populations in the inner most polluted part of the bay and are considered to be new pollution indicator species in
the eastern Mediterranean Sea.
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I N T R O D U C T I O N

Izmir Bay has suffered from intense pollution due to untreated
industrial and domestic waste discharged into the inner region
of the bay from the 1970s to early 2000 (Geldiay & Kocataş,
1979; Kocataş et al., 1984; Ergen et al., 2006). From the faunis-
tic and hydrographical points of view, Kocataş (1978, 1980)
divided Izmir Bay into 3 regions including the inner, middle
and outer parts (Figure 1). The inner part is located in the
most populated region of Izmir city, close to the discharge
points, which received high levels of sedimentation due to
weak circulation and excessive suspended material. The
middle part was considered as a transitional area (semi-
polluted zone) between polluted and unpolluted sectors. The
outer bay, which covers the largest region of the bay, is charac-
terized by having many species sensitive to any kind of

pollution, and is therefore regarded as relatively unpolluted.
However, the Gediz River is a source of farming and industrial
wastes to this part of the bay (Ergen et al., 2002). Due to eutro-
phication, the primary production of Izmir Bay was estimated
to be 6–8 times higher than that of the Aegean Sea (Balci et al.,
1995). After the compilation of the Grand Canal Project
(GCP) in 2000, which aimed to collect, and discharge biologi-
cally treated waste to a single deep water location, a recovery
in the sediment and water quality was reported. However,
Kontaş et al. (2004) pointed out that although the capacity
of the wastewater plant was sufficient for removal of nitrogen
from waste, it was inadequate for the removal of phosphate.
This finding was also confirmed by Çinar et al. (2006) who
showed that the nitrogen concentration in 2004 was 3-fold
lower than that reported prior to the opening of GCP,
whereas the phosphate concentration remained fairly con-
stant. Parallel with the increase in the sediment and water
quality, soft and hard bottom faunal communities in the
inner part of the Bay, where azoic conditions and an intense
sulphurous odour had been previously reported (Doğan
et al., 2005), became more diverse (Çinar et al., 2006; 2008).
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Çinar et al. (2005; 2006) also reported that new invasions of
ship-mediated species had increased following the disappear-
ance of azoic conditions; many of which became a dominant
component of benthic communities in the bay.

Benthic invertebrates with a variety of feeding and repro-
duction modes are known to act as a bridge between predators
inhabiting benthic and pelagic ecosystems (Wilson, 1991).
They constitute food for demersal fish and large invertebrates.
As most benthic invertebrates are sessile or sedentary, their
spatio-temporal distributional patterns have been used in
assessing environmental stress (natural or pollution) and
their sources (Pearson & Rosenberg, 1978). Some species of
polychaetes belonging to families such as Capitellidae and
Spionidae, which are r-selected (small-sized, population
grows fast, reproduces quickly), are often opportunistic and
can build up dense populations in polluted environments
(Ergen et al., 2006; Van Hoey et al., 2010). These species
have been used as indicators of organically polluted waters
worldwide (Pearson & Rosenberg, 1978; Pocklington &
Wells, 1992). The ecological quality of an area has also been
assessed by using indices based on the presence/absence of
benthic invertebrates, and their abundance or biomass.

After the statement of the European Union Water
Framework Directive (EU WFD) that all inland and coastal
waters must achieve ‘good ecological quality status’ by 2015,
a number of different classification methods have been devel-
oped and used to assess the ecological status of benthic
environments. The best-known index for defining benthic
quality status is the Shannon –Weiner diversity index (H′)
that is still being widely used for pollution monitoring
studies in benthic and pelagic environments. Recently, some
biotic indices such as BENTIX (Simboura & Zenetos, 2002),
AMBI (Borja et al., 2000) and m-AMBI (Borja et al., 2008)
were evaluated and have been used in the European coastal
waters. These indices, except for H′, are mainly based on the
classification of species according to their sensitivity to pol-
lution. However, the use of these biotic indices requires a
deep knowledge about the life history pattern of each

species within benthic communities, but the existing
bio-ecological data for the Mediterranean invertebrates are
scarce and the taxonomic positions of some so-called cosmo-
politan species (i.e. Chaetozone setosa) have still not been
clarified in the area (Çinar & Ergen, 2007).

The aims of this study were to: (1) determine the species
composition, abundance and distribution of the zoobentos
in Izmir Bay in order to characterize species assemblages;
(2) address the main environmental factors affecting the dis-
tribution of the species; (3) assess the contribution of alien
species to benthic community structure; and (4) evaluate the
ecological quality status of the bay using different biotic
indices.

M A T E R I A L S A N D M E T H O D S

Sampling
Field sampling for the present study was conducted at 8
stations in Izmir Bay including one station in the polluted
inner part of the bay (Station 24), another in the middle
part (Station 22), and 6 stations (Stations 4, 6, 11, 17, 20
and 26) in the outer part (Figure 1; Table 1). Samples were col-
lected using a van Veen grab (sampling an area of 0.1 m22)
during four months (February, April, July and November)
in 2009 by RV ‘K. Piri Reis’. At each station, three replicates
were taken for benthic community analysis and one additional
sample for the granulometric and chemical analysis of sedi-
ment. Due to bad weather conditions, samples at Station 4
in the summer could not be taken. Benthic samples were
sieved with a 0.5-mm mesh on-board the RV ‘K. Piri Reis’,
and the retained fauna were transferred to jars containing
10% seawater–formalin solution. Bottom-water samples
were also taken with a CTD bottle at each grab station
during the sampling period. Temperature, salinity and dis-
solved oxygen concentration were determined in the field.

Fig. 1. Map of the investigated area with the location of sampling sites.
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Laboratory procedures
Water samples for analysing nitrite, nitrate, ammonia, phos-
phate phosphorus and silicate were pre-filtered, frozen and
immediately transferred to the laboratory. Nutrients and
chlorophyll-a were analysed using spectrophotometer
(Parsons et al., 1984). The percentage of carbon in each sedi-
ment sample was estimated according to the modified
Walkley –Black titration method (Gaudette et al., 1974).
Granulometric analyses were conducted according to
Erguvanli (1995). Three particle size fractions were deter-
mined including sand (2 mm–0.063 mm), silt (0.063 mm–
0.002 mm) and clay (,0.002 mm). The physical–chemical
properties of the stations will be presented in detail by
Kucuksezgin et al. (in preparation).

Benthic samples were sorted according to major taxonomic
groups under a stereomicroscope and preserved in 70%
ethanol. Specimens were then identified, counted, and the
total wet weight of each systematic group was estimated
using a balance of 0.0001 sensitivity. Specimens identified
were deposited at the Museum of Faculty of Fisheries, Ege
University (ESFM).

Data analysis
The number of species (S), the number of individuals (N),
Shannon –Wiener diversity index (log2 base) (H′), Bentix,
AMBI, m-AMBI, Pielou’s evenness index (J′) and total
biomass (wet weight) (B) were calculated for each sample
(N ¼ 93). Temporal variation in species composition and
abundance at each station was analysed using one-way
analysis of variance. Prior to the analysis, data were tested
for normality by the Kolmogorov–Smirnov test, whereas

homogeneity of variance was tested with Cohran’s C test.
Pearson correlation analysis was used to determine the corre-
lation between the community and environmental par-
ameters. Canonical correlation analysis (CCA), a canonical
extension of principal component analysis (Teer Braak &
Smilauer, 2002), was performed to analyse the relationship
between the zoobenthic assemblages and environmental
factors. Prior to the analysis, the raw data (number of individ-
uals) were transformed using the log transformation [y ¼
log(x + 1)]. Monte Carlo permutations were used to test the
significance of the ordination axes.

Distance-based permutational multivariate analysis of var-
iance (PERMANOVA: Anderson et al., 2008) was used to test
two null hypotheses of no differences among the zoobenthic
assemblages: (i) between the stations; and (ii) among four
sampling seasons. The experimental design has two factors:
stations (with seven levels) and season (with four levels and
crossed with stations). All factors were random. For each
pseudo-F test, post-hoc tests for significant effects (pair wise)
were also estimated. Prior to analysis, the data were subjected
to the log (x + 1) transformation.

The ecological quality status (EcoQ) at each station was
determined using different biotic indices such as diversity
index (H′) (Shannon & Weaver, 1949; Labrune et al., 2006),
BENTIX (Simboura & Zenetos, 2002), AMBI (Borja et al.,
2000) and m-AMBI (Muxika et al., 2007; Borja et al., 2008).
Based on their sensivity to an increasing stress gradient,
each species was classified into two (tolerant or sensitive for
BENTIX) or five categories (AMBI and m-AMBI)
(Simboura & Argyrou, 2010; Borja et al., 2000; Muxika
et al., 2007). EcoQ of an area can be classified as ‘high’,
‘good’, ‘moderate’, ‘poor’ and ‘bad’ based on the results of
these indices. The ecological quality ratio (EQR) or range of
values for each index are presented in Table 2. For AMBI
and m-AMBI calculations, the software at http://www.azti.es
was used. For BENTIX calculation, the software at http://
www.hcmr.gr/listview3.php?id¼1195 was used. Diversity
index value (H′) of each sample was calculated using the
package PRIMER 6. All statistical analyses were performed
by using PRIMER 6 & PERMANOVA + , STATISTICA 7.0
and CANOCO 4.5.

R E S U L T S

Distribution of zoobenthos
A total of 417 zoobenthic species and 15,640 individuals
belonging to 11 systematic groups were determined in seaso-
nal samples taken in Izmir Bay (Table 3). Some specimens
were identified to genus or family levels. They were specimens
that were poorly preserved or belonged to undescribed species.

Table 1. Coordinates, depth and dominant species of each station.

Stations Coordinates Depth (m) Dominant Species (%)

4 38841.00′N 59 Turritella communis (14)
26842.05′E Sternaspis scutata (12)

6 38838.18′N 67 Levinsenia demiri (23)
26839.08′E Monticellina heterochaeta (10)

11 38835.11′N 38 Hyala vitrea (10)
26846.01′E Sternaspis scutata (10)

17 38825.95′N 28 Lumbrineris geldiayi (14)
26839.13′E Aricidea claudiae (14)

20 38826.00′N 50 Levinsenia demiri (13)
26851.08′E Sternaspis scutata (9)

22 38825.23′N 26 Cossura soyeri (16)
26858.88′E Sternaspis scutata (14)

24 38825.76′N 19 Streblospio gynobranchiata (61)
2787.11′E Polydora cornuta (6)

26 38823.32′N 25 Aricidea claudiae (17)
26846.62′E Levinsenia demiri (8)

Table 2. The ecological quality ratio (EQR) value of each index in the class boundaries.

EQR High
(undisturbed)

Good (slightly
disturbed)

Moderate (moderately
disturbed)

Poor (heavily
disturbed)

Bad (extremely
disturbed)

Reference

H′ .4 3–4 2–3 1–2 ,1 Labrune et al. (2006)
BENTIX 4.5–6 3.5–4.5 2.5–3.5 2–2.5 ,2 Simboura & Zenetos (2002)
AMBI 0–1.2 1.2–3.3 3.3–4.3 4.3–5.5 5.5–7 Borja et al. (2000)
m-AMBI .0.83 0.62–0.83 0.41–0.62 0.20–0.41 ,0.20 Borja et al. (2008)
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Table 3. List of species collected during the study and their maximum densities (individuals.m22) at each station. W, winter; Sp, spring; S, summer, F,
autumn. Highlighted species in the list are alien species.

Stations

4 6 11 17 20 22 24 26

Anthozoa
Edwardsia claparedii (Panceri, 1869) – 10/S 10/W 40/Sp 30/Sp 10/F 30/Sp 60/Sp
Sagartia sp. – – 10/W – – – – –
Nemertini
Cerebratus sp. – – 10/F – 20/F – – –
Lineus cf. ruber (Müller, 1774) – – – 10/S – 10/Sp – –
Lineus sp. 10/S 20/S 20/S 10/Sp 60/Sp 30/Sp – 10/F
Nemertopsis bivittata (Delle Chiaje, 1841) – – – 10/F 10/Sp – – –
Tubulanus linearis (McIntosh, 1874) 20/S 30/S 30/W 100/Sp 90/S 120/Sp 10/F 90/F
Tubulanus polymorphus Renier, 1804 – 80/F 10/W 10/Sp 160/F 80/S – 10/Sp
Tubulanus sp. 10/S 30/Sp 30/S 30/S 10/W 10/F – 50/S
Nemertini (spp.) 10/Sp 10/Sp 100/F 20/Sp 100/F 20/Sp 10/Sp 160/F
Nematoda
Nematoda (sp.) 10/W – – 10/F – – – 30/F
Sipuncula
Onchnesoma steenstrupii steenstrupii

Koren & Danielssen, 1875
20/W 20/S – 320/W – – – 40/W

Aspidosiphon (Akrikos) mexicanus (Murina, 1967) 10/Sp 10/W – – – – – 10/S
Aspidosiphon (Aspidosiphon) muelleri Diesing, 1851 – 10/F – – – – – 20/W
Phascolion (Phascolion) strombus strombus

(Montagu, 1804)
– – – 10/Sp – – – 10/S

Thysanocardia procera (Moebius, 1875) – – – 10/Sp – – – 10/Sp
Platyhelminthes
Turbellaria (sp. 1) – – – – – 10/F – 20/F
Turbellaria (sp. 2) – – – – – 10/F – –
Oligochaeta
Tubificoides sp. – – 50/S – 20/S 70/S – 90/F
Polychaeta
Harmothoe antilopes McIntosh, 1876 – – – 40/W – – – –
Harmothoe goreensis Augener, 1918 – – – – – – – 10/S
Harmothoe sp. – – – – – – 10/S
Malmgreniella lilianae Pettibone, 1993 – 10/W 20/Sp 40/S 30/Sp 20/F – 10/Sp
Malmgreniella lunulata (Delle Chiaje, 1830) 10/Sp – 60/W 10/W 10/W 20/W – –
Malmgreniella polypapillata Barnich & Fiege, 2001 – 10/Sp 10/W 10/Sp 10/F – 10/F 20/Sp
Subadyte pellucida (Ehlers, 1864) – – – 10/Sp – 30/F – –
Labioleanira yhleni (Malmgren, 1867) 10/W – – – – – – –
Pholoe inornata Johnston, 1839 – – 10/W – – – – –
Eulalia clavigera (Audouin & Milne Edwards, 1834) – – 10/W – – – – –
Eumida sanguinea Oersted, 1843 – – 10/W 10/W – – – –
Eumida sp. – – – – – 10/Sp – –
Mysta picta (Quatrefages, 1865) – – – 10/W – – – 10/W
Phyllodoce lineata (Claparède, 1870) – – – 20/W – – – –
Phyllodoce maculata (Linnaeus, 1767) – – – – – 10/F – –
Phyllodoce mucosa Oersted, 183 – – – – 10/W – – –
Phyllodoce rosea (McIntosh, 1877) – – – – – – 10/W –
Pseudomystides spinachia Petersen & Pleijel in Pleijel, 1993 – – – 20/Sp – – – 10/Sp
Pterocirrus macroceros (Grube, 1860) – – 10/W – – – – –
Sphaerodoridium claparedeii (Greeff, 1866) – – – 10/Sp – – – –
Sphaerodoropsis minuta (Webster & Benedict, 1887) – – – 10/Sp – – – –
Paralacydonia paradoxa (Fauvel, 1913) 10/Sp 10/Sp 20/Sp 50/F – – – 10/Sp
Gyptis cf. mediterranea Pleijel, 1993 20/Sp – – – 10/S – – –
Gyptis propinqua Marion & Bobretzky, 1875 – 10/S – – – – – –
Ophiodromus flexuosus (Delle Chiaje, 1825) – – – – – 10/Sp 10/Sp 10/S
Ophiodromus pallidus (Claparède, 1864) – – – – – 10/S 10/Sp 10/F
Podarkeopsis galangaui Laubier, 1961 10/S 30/S 20/S 20/Sp 40/Sp 40/S – –
Syllidia armata Quatrefages, 1866 – – – – – – 30/Sp –
Ancistrosyllis hamata (Hartman, 1960) 10/S 10/S 10/S 50/F – 10/W – 50/F
Ancistrosyllis groenlandica McIntosh, 1879 10/W – – 10/S 10/S 10/S – 20/S
Ancistrosyllis sp. – 10/Sp – – – – – –
Litocorsa stremma Pearson, 1970 10/S 60/S 20/F 10/S 250/S – – 10/Sp
Pilargis verrucosa Saint-Joseph, 1899 20/Sp 20/W 20/F 30/Sp 20/W 80/Sp 10/F 60/W

Continued
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Table 3. Continued

Stations

4 6 11 17 20 22 24 26

Sigambra tentaculata (Treadwell, 1941) 10/S 10/W 40/S 260/S 120/F 440/Sp 80/F 290/F
Exogone caribensis San Martı́n, 1991 – – – 30/S – – – –
Exogone cognettii Castelli, Badalamenti & Lardici, 1987 – – – 10/W – – – –
Exogone dispar (Webster, 1879) – – – 10/Sp – – – –
Exogone hebes (Webster & Benedict, 1884) – – – 20/W – – – –
Exogone naidina Oersted, 1845 – – – 30/Sp – – – 10/W
Exogone verugera (Claparède, 1868) 10/W 10/W – 20/W 20/F – – 20/F
Myrianida brachycephala (Marenzeller, 1874) – – – 10/S – – – –
Parapionosyllis elegans (Pierantoni, 1903) – – – 10/S – – – –
Parapionosyllis minuta (Pierantoni, 1903) – – – 10/S – – – –
Prosphaerosyllis xarifae (Hartmann-Schröder, 1960) – – – 70/Sp – – – 20/Sp
Prosphaerosyllis sp. – – – 10/S – – – –
Sphaerosyllis glandulata Perkins, 1981 – – – 20/Sp – – – –
Sphaerosyllis hystrix Claparède, 1863 – – – 10/S – – – 10/S
Sphaerosyllis taylori Perkins, 1981 – – – 160/Sp – – – 10/Sp
Sphaerosyllis thomasi San Martı́n, 1984 – 10/S – 50/S 10/Sp – – 10/W
Sphaerosyllis sp. – – – 10/W – – – –
Syllis armillaris (O.F. Müller, 1776) – – – 10/W – – – –
Syllis ergeni Çinar, 2005 – – – – 40/Sp – – –
Syllis hyalina Grube, 1863 – – – 10/S – – – –
Syllis garciai (Campoy, 1982) – – – 90/S – – – 50/W
Syllis gerlachi Hartmann-Schroeder, 1960 – – 10/W – – – – –
Syllis gracilis Grube, 1840 – – 10/W – – – – –
Syllis krohni Ehlers, 1864 – – 10/W 10/W – – – –
Syllis pontxioi San Martı́n & López, 2000 – – – – – – – 40/W
Syllis prolifera Krohn, 1852 – – 20/W – – – – –
Syllides japonicus Imajima, 1966 – – – 10/S 10/S – – –
Composetia hircinicola (Eisig, 1870) – – – 230/W – – – 40/W
Eunereis longissima Johnston, 1840 – – – 10/Sp – – – –
Alitta succinea (Frey & Leuckart, 1847) – – – – – 10/F 40/F –
Leonnates persicus Wesenberg-Lund, 1949 – – 20/W 10/F 20/S 10/F – 20/F
Leonnates sp. – – – 20/F 10/F – – –
Nereis zonata Malmgren, 1867 – – 10/W – – – –
Nereis sp. – – – 40/S – – – –
Rullierinereis anoculata Cantone, 1983 – – – 10/Sp 10/Sp – – –
Websterinereis glauca (Claparède, 1870) – – – 10/F – –
Micronephthys maryae San Martin, 1982 – 10/Sp 20/S 90/Sp 20/S 10/S 20/F 140/Sp
Nephthys caeca (Fabricius, 1780) – – – – – – – 10/W
Nephtys hystricis McIntosh, 1900 10/W – 20/W 10/W 10/W 10/W – 50/W
Nephtys hombergii Savigny in Lamarck, 1818 – – – – – – – 40/Sp
Nephthys incisa Malmgren, 1865 10/Sp – 10/Sp 20/F 20/F 60/F 10/Sp 70/Sp
Glycera alba (O.F. Müller, 1776) – – – 40/W – 10/Sp – –
Glycera fallax Quatrefages, 1850 10/Sp 10/Sp 20/F 40/Sp 10/Sp 30/Sp 10/F 20/W
Glycera unicornis Savigny, 1818 – 10/F – – 10/W 20/W 10/Sp –
Glycinde bonhourei Gravier, 1904 – – – – – – 10/F –
Glycinde nordmanni (Malmgren, 1866) – – – 20/Sp – – – –
Goniada maculata Oersted, 1843 – – – 20/S – – – –
Aponuphis brementi (Fauvel, 1916) – – – 10/Sp – – – 10/S
Aponuphis fauveli Rioja, 1918 – – – 60/W – – – 10/F
Nothria conchylega (Sars, 1835) 10/W – – – – – –
Eunice vittata (Delle Chiaje, 1829) – – – 280/W 10/W 10/W – 140/W
Marphysa bellii (Audouin & M. Edwards, 1833) – – 10/W 80/W – – – 30/W
Marphysa sanguinea (Montagu, 1815) – – – – – – – 10/Sp
Nematonereis unicornis (Grube, 1840) – – – 50/S – – – –
Lumbrineris geldiayi Carrera-Parra, Çinar & Dagli, 2011 40/S 110/F 80/S 740/Sp 130/Sp 240/F 10/W 160/F
Lumbrineris latreillii Audouin & Milne Edwards, 1834 – – – 20/Sp – – – 10/W
Lumbrineris nonatoi Ramos, 1976 60/W 60/W 200/ 60/Sp 30/W – – 40/W
Ninoe armoricana Glémarec, 1968 10/Sp 20/Sp – – – – – –
Scoletoma emandibulata mabiti (Ramos, 1976) 40/W 50/Sp 10/W 10/W 30/W – – –
Scoletoma impatiens (Claparède, 1868) – 10/F 20/S – – 10/Sp – –
Drilonereis filum (Claparède, 1868) – 20/F 10/S 10/SiF 10/W 10/W – –
Ophryotrocha labronica Bacci & La Greca, 1961 – – – – – 10/Sp – –

Continued
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Table 3. Continued

Stations

4 6 11 17 20 22 24 26

Ophryotrocha cf. puerilis Claparède & Metschnikow, 1869 – – – – – – 10/Sp –
Protodorvillea kefersteini (McIntosh, 1869) – – – 30/W – – – –
Schistomeringos cf. caeca (Webster & Benedict, 1887) – – – 10/W – – – –
Schistomeringos rudolphii (Delle Chiaje, 1828) – – – 30/W 10/F – – –
Phylo foetida (Claparède, 1869) – – – – – 10/S – –
Scoloplos chevalieri candiensis Harmelin, 1969 – – – 20/F – – – –
Aedecira sp. – – 10/W – – – – –
Aricidea annae Laubier, 1967 (sp. 2) – 10/F – – – – – –
Aricidea assimilis Tebble, 1959 – 10/Sp – 10/W 10/W – – –
Aricidea cerrutii Laubier, 1967 – 10/S – – – – – –
Aricidea claudiae Laubier, 1967 120/Sp 150/S 50/S 840/Sp 390/S 710/F 20/Sp 680/Sp
Aricidea cf. fauveli Hartman, 1957 – – – 10/Sp 10/Sp – – 10/Sp
Aricidea pseudoarticulata Hobson, 1972 – – – – – 170/S 10/Sp –
Aricidea simonae Laubier & Ramos, 1974 – – – – 20/Sp – – 10/S
Aricidea suecica meridionalis Laubier & Ramos, 1974 – – – – – 10/F – –
Aricidea sp. 1 – – 10/F 80/F 50/F 20/F – 60/F
Aricidea sp. 2 – – 20/Sp 130/S 20/S 10/S 10/S
Cirrophorus branchiatus Ehlers, 1908 – 10/Sp – 110/Sp 10/Sp – – 20/W
Cirrophorus furcatus (Hartman, 1957) – – – 10/W 10/W 50/Sp – 10/F
Cirrophorus cf. lyriformis (Annenkova, 1934) – 10/Sp – – – – – –
Levinsenia demiri Çinar, Dagli & Açik, 2011 130/Sp 570/S 170/S 450/F 610/S 140/S 10/Sp 270/F
Paradoneis lyra (Southern, 1914) – 10/Sp – 80/W 10/W 50/F – 20/W
Paraonis tenera Grube, 1872 10/Sp – – – – – – –
Aonides oxycephala (Sars, 1862) – – – 20/W – – 10/Sp –
Laonice bahusiensis Söderström, 1920 – – 160/Sp 30/Sp 50/Sp 20/Sp – –
Laonice cirrata (Sars, 1851) – – 140/W 10/W 50/S 40/W – 10/W
Laonice sp. – – 10/W 20/W 10/W 10/Sp – 10/Sp
Microspio mecznikowianus (Claparède, 1869) – – – 10/S – – – –
Paraprionospio coora Wilson, 1990 50/Sp 20/W 50/W – 30/W 10/W – –
Polydora coeca (Oersted, 1843) – – – 20/Sp 100/Sp – – –
Polydora cornuta Bosc, 1802 – – – – – 10/F 730/Sp –
Prionospio maciolekae Dagli & Çinar, 2011 40/S 50/Sp 70/Sp 80/Sp 190/S 50/F – 80/F
Prionospio pulchra Imajima, 1990 10/Sp – – – – – 260/F 40/Sp
Prionospio depauperata Imajima, 1990 – – – – – 40/Sp –
Prionospio dubia Day, 1961 20/W 50/S – 20/S – – –
Prionospio ehlersi Fauvel, 1928 – 10/S – 10/Sp – – – –
Prionospio fallax Söderström, 1920 20/Sp 60/Sp 10/Sp 150/Sp 40/Sp 60/Sp 160/Sp 570/Sp
Prionospio steenstrupi Malmgren, 1867 10/W 100/S 40/W 50/F 460/S 70/S 40/Sp 40/Sp
Prionospio sp. 10/W 20/W – 10/W 20/W – 30/Sp –
Pseudopolydora paucibranchiata (Okuda, 1937) – – – 10/Sp – – 810/Sp 10/Sp
Pseudopolydora pulchra (Carazzi, 1895) – – – 10/Sp 10/S 30/S 20/Sp 10/F
Scolelepis tridentata (Southern, 1914) 10/S 10/S – 10/S 10/Sp – 10/Sp
Scolelepis sp. 10/W – – 10/Sp – – – –
Spio decoratus Bobretzky, 1870 – – – – – – 50/W –
Spio sp. – 10/W – – – – – –
Spiophanes afer Meissner, 2005 – – – 10/S – – – –
Spiophanes bombyx (Claparède, 1870) – – – 10/F – – – –
Spiophanes kroyeri Grube, 1860 – – – 10/W 10/Sp – – 20/W
Streblospio gynobranchiata Rice & Levin, 1998 – – – 10/F – 4710/F 10/F
Magelona alleni Wilson, 1958 10/W – – 40/Sp 70/W 10/W – 20/F
Magelona minuta Eliason, 1962 50/Sp 50/S 70/F 100/Sp 90/S 110/F 10/Sp 270/Sp
Poecilochaetus fauchaldi Pilato & Cantone, 1976 30/S – 30/F 10/Sp 30/Sp 70/S – –
Poecilochaetus serpens Allen, 1904 – – 10/W – 20/W 40/W – 10/S
Poecilochaetus sp. – – – 10/S – 10/F – –
Spiochaetopterus costarum (Claparède, 1870) 10/W – – 10/Sp 10/W 40/F 10/W 10/W
Aphelochaeta filiformis (Keferstein, 1862) – 20/Sp 10/W 10/W – – – 50/Sp
Aphelochaeta sp. – – – 10/F 10/F 10/F – 10/Sp
Chaetozone corona Berkeley & Berkeley 1941 10/Sp – 10/Sp 20/Sp 20/W 10/W – 10/W
Chaetozone gibber Woodham & Chambers, 1994 – 10/F 10/Sp 10/W 10/S 10/S 10/F 10/S
Chaetozone sp. 1 30/W 40/S – 10/S 10/F 10/S – 10/Sp
Chaetozone sp. 2 – 10/W – – – – – –
Monticellina heterochaeta Laubier, 1961 50/Sp 240/Sp 220/S 100/Sp 210/S 230/F 10/W 80/Sp
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Cirratulidae (sp.) – 10/W – – – – – –
Fauveliopsis adriatica Katzmann & Laubier, 1974 – – – 90/Sp – – – 100/S
Fauveliopsidae (sp.) – – 20/W – 30/W – – 10/W
Diplocirrus glaucus (Malmgren, 1867) 60/W 90/S 30/S 40/Sp 20/W – – 60/F
Piromis sp. – – 40/W 10/W – – – –
Ophelina acuminata Örsted, 1843 20/S – – – – – – 10/S
Ophelina cylindricaudata Jirkov, 2001 – 50/S 10/W 20/W 40/W – – 20/W
Ophelina modesta Støp-Bowitz, 1958 10/Sp 10/Sp – 30/Sp – – 20/Sp 140/Sp
Polyophthalmus pictus (Dujardin, 1839) – – 10/W – – – – –
Cossura soyeri Laubier, 1963 60/S 170/S 80/S 20/Sp 350/S 820/S 20/Sp 50/S
Capitella telata Blake, Grassle & Eckelbarger, 2009 – – – – – – 300/W –
Heteromastus filiformis (Claparède, 1864) – – 10/F – 10/F 40/Sp – –
Mediomastus cf. cirripes Ben-Eliahu, 1976 – – – 40/F – 10/F – 50/F
Mediomastus sp. 10/Sp – 10/S 10/S 10/S 20/S – 20/S
Notomastus aberans Day, 1957 10/Sp 10/S 20/W 10/Sp 10/W – 20/Sp
Notomastus latericeus M. Sars, 1851 30/W 30/W – – – – 10/Sp 10/Sp
Pseudoleiocapitella fauveli Harmelin, 1964 – – – 30/W 20/W 50/W – 30/F
Capitellidae (sp.) – – – – 10/S – – –
Galathowenia oculata (Zachs, 1922) – 10/Sp 10/S 20/S – 10/S – 10/F
Owenia fusiformis Delle Chiaje, 1842 – – – 10/S – – – –
Clymenura clypeata (Saint-Joseph, 1894) – – – 30/S – – – –
Euclymene lumbricoides (Quatrefages, 1865) – – – 30/W – – – 10/W
Euclymene oerstedi (Claparède, 1863) – – – 10/W – – – –
Euclymene sp. – – – 40/S – – – –
Maldane glebifex (Grube, 1860) – – – 10/W – – – –
Praxillella gracilis (M. Sars, 1861) – – – 10/W – – – –
Praxillella praetermissa (Malmgren, 1866) – – – 80/W – – – 10/F
Rhodine loveni Malmgren, 1865 10/Sp 10/F – 70/W – 60/F – 30/Sp
Sternaspis scutata (Renier, 1807) 270/Sp 100/S 200/W 50/Sp 400/W 930/S – 210/Sp
Pectinaria koreni (Malmgren, 1866) – – – 10/S – 10/F – 10/Sp
Ampharete acutifrons (Grube, 1860) – – – – 10/Sp – – 10/Sp
Amphicteis gunneri (M. Sars, 1835) 10/Sp – – – – – – –
Amphictene auricoma (O.F. Müller, 1776) – – – – – – – 10/W
Anobothrus gracilis (Malmgren, 1866) 60/S 60/S 30/W 10/Sp 120/W – – 50/F
Melinna palmata Grube, 1870 10/S – 90/W – 40/F – 50/F
Ampharetidae (sp.) – 10/Sp – – – – – –
Lanice conchilega Pallas, 1766 10/S – – – – – 30/Sp –
Pista cristata (Müller, 1776) 20/Sp – – – – – – –
Pista unibranchiata Day, 1963 10/W – – 20/W – – – –
Polycirrus sp. – 10/S – 10/W – – – –
Terebella sp. – – – 10/S – – – –
Terebellides stroemi M. Sars, 1835 20/W 20/Sp 20/Sp 20/Sp 10/W – – 30/Sp
Amphicorina sp. – – – 10/Sp – – – –
Chone collaris Langerhans, 1880 – – – 20/S – – – 20/F
Chone filicaudata Southern, 1914 – 10/S – 40/W – – – 60/W
Chone sp. – – – 30/S 10/S – – 10/F
Euchone rosea Langerhans, 1884 – – – – – – – 10/W
Fabricia sabella (Ehrenberg, 1836) – – – 20/F – – – –
Pseudofabriciola longipyga Fitzhugh, Giangrande

& Simboura, 1994
– – – – – – – 20/S

Sabellidae (sp.) – – – 20/Sp – – – –
Polygordius appendiculatus Fraipont, 1887 – – – 20/W 10/W – – 30/W
Polygordius lacteus Schneider, 1868 – 20/S 10/F 190/S 10/F 10/S – –
Polygordius sp. – 50/Sp – 40/Sp – – –
Crustacea
Paramysis helleri (G.O. Sars, 1877) 20/S – – – – – – 10/W
Gastrosaccus sanctus (van Beneden, 1861) – – – 10/Sp – – – –
Ampelisca diadema (Costa, 1853) – – 40/W – – – – –
Ampelisca jaffaensis Bellan-Santini & Kaim-Malka, 1977 – – – – 110/S – – –
Ampelisca pseudospinimana Bellan-Santini

& Kaim-Malka, 1977
– – – – 10/F – – –

Ampelisca sarsi Chevreux, 1888 – – – – 10/W – – –
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Ampelisca sp. 20/W 20/F – – 60/Sp 120/W – 30/W
Ampelisca tenuicornis Liljeborg, 1855 – – – 60/F 190/F 60/F – –
Ampelisca typica (Bate, 1856) 20/Sp – 30/S 50/Sp 30/Sp 90/Sp – 50/S
Ampithoe ramondi Adouin, 1826 – – – 40/S – – – –
Caprella sp. – – – 80/S – 10/S – –
Carangoliopsis spinulosa Ledoyer, 1970 – 30/Sp – – – – – –
Corophium acherusicum Costa, 1851 – – – – – – 50/Sp 10/W
Corophium aculeatum Chevreux, 1908 – – – – – – – 100/Sp
Corophium acutum Chevreux, 1908 – – – – – 10/S – –
Corophium runcicorne Della Valle, 1893 – – – 10/S 50/S – – –
Corophium sp. – – 20/W – 10/W 10/F – –
Dexamine spinosa (Montagu, 1813) – – – 10/S – – – –
Ericthonius punctatus (Bate, 1857) – – – 170/S – – – –
Eriopisa elongata (Bruzelius, 1859) – 30/F – – – – – –
Guernea coalita (Norman, 1868) – – – 60/Sp – – – –
Harpinia crenulata (Boeck, 1871) 70/W 80/Sp 50/W 30/W 30/W – – –
Harpinia dellavallei Chevreux, 1910 20/S 90/F 100/Sp 70/F 100/S 10/Sp – 20/F
Harpinia truncata Sars, 1891 – – – 20/Sp – – – –
Hippomedon bidentatus Chevreux, 1903 10/Sp – – – – – – –
Jassa marmorata (Holmes, 1903) – – – – 10/S – – 10/F
Leptocheirus mariae Karaman, 1973 20/S – 40/S – 30/F 20/W – 10/Sp
Leptocheirus pectinatus (Norman, 1869) – – 60/W – – – – –
Leptocheirus sp. – 10/F – – – – – –
Leucothoe lilljeborgi Boeck, 1861 20/W 20/F 30/F 10/W 20/W 30/F – 10/W
Leucothoe sp. – 10/Sp – – – 10/Sp – –
Liljeborgia dellavallei Stebbing, 1906 – – 10/F – 30/S – – –
Maera schmidti Stephensen, 1915 20/Sp – 10/S – 10/Sp – – –
Metaphoxus simplex (Bate, 1857) – – – 30/W – – – 10/W
Monoculodes gibbosus Chevreux, 1888 – – – 10/W – – – –
Orchomene humilis (Costa, 1853) – – – 10/S – – – 70/S
Orchomenella nana (Krøyer, 1846) – – 10/W 10/Sp 50/F 10/W – –
Paraphoxus oculatus (Sars, 1879) – 10/S – 10/S – – –
Perioculodes aequimanus (Korssman, 1880) – – 10/W – – – – –
Perioculodes longimanus (Bate & Westwood, 1868) – – – 50/Sp – – – 10/W
Phoxocephalus aquosus Karaman, 1985 – 70/Sp – – – – – –
Phtisica marina Slabber, 1769 – – – – – – 10/Sp –
Stenothoe sp. – – – 10/S – – – –
Synchelidium haplocheles (Grube, 1864) – – – – – 10/S – –
Westwoodilla rectirostris (Della Valle, 1893) – 10/S – – – – – –
Cirolana neglecta Hansen, 1890 – – – 10/S – – – 70/F
Gnathia vorax (Lucas, 1849) – – 20/Sp 10/Sp – – – 10/Sp
Apseudes latreillii (Milne-Edwards, 1828) – – – 90/F – – – 200/S
Leptochelia savignyi (Krøyer, 1842) – – – 30/W 30/F – – –
Tanais dulongii (Audouin, 1826) – – – – 10/W – – –
Ekleptostylis walkeri (Calman, 1907) – – – 10/W – – – –
Eudorella truncatula (Bate, 1856) – 10/F 10/W – – – 20/F
Iphinoe douniae Ledoyer, 1965 – – – 40/F – 80/F – 40/Sp
Iphinoe tenella Sars, 1878 – – – 30/Sp – 60/S 10/S 90/Sp
Leucon sp. – 20/S – – – – – –
Alpheus glaber (Olivi, 1792) 10/W – – – 10/Sp – – –
Athanas nitescens (Leach, 1814) – – 10/F – – – –
Lucifer typus H. Milne-Edwards, 1837 – – – – 10/F – – –
Processa nouveli Al-Adhub & Williamson, 1975 – – 10/W 30/F 10/Sp 10/S – 70/F
Gourretia denticulata (Lutze, 1937) – 10/Sp – 10/W – – – 10/W
Upogebia pusilla (Petagna, 1792) – – – – – – – 10/W
Upogebia tipica (Nardo, 1868) – – – – – – – 30/F
Anapagurus bicorniger A. Milne-Edwards & Bouvier, 1892 – – – 10/W – – – –
Anapagurus petiti Dechancé & Forest, 1962 – – – – – – – 10/F
Pagurus sp. – – 10/Sp – – – – 10/W
Pisidia bluteli (Risso, 1816) – – – – 10/Sp – – –
Pisidia longimana (Risso, 1816) – – – – – – 10/S –
Goneplax rhomboides (Linnaeus, 1758) 10/Sp 10/S 10/Sp – 20/W – – –
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Inachus parvirostris (Risso, 1816) – – – 10/S – – – –
Liocarcinus maculatus (Risso, 1827) – – 10/W – – – – –
Mollusca
Calliostoma sp. – – – 20/W – – – –
Gibbula ardens (Von Salis, 1793) – – – – 10/S – – –
Gibbula divaricata (Linnaeus, 1758) – – – – – 20/F – –
Jujubinus exasperatus (Pennant, 1777) – – – – – – – 10/S
Bittium latreillii (Payraudeau, 1826) – – – – – – – 10/W
Bittium reticulatum (Da Costa, 1778) – – – 20/W 170/S 40/S – 40/S
Turritella communis Risso, 1826 230/W 120/W 80/S 120/W 80/S 280/S 10/S 80/Sp
Alvania geryonia (Nardo, 1847) – – – – 10/S – – 10/Sp
Manzonia crassa (Kanmacher, 1798) – – – – 10/S – – –
Pusillina inconspicua (Alder, 1844) – – – – – – – 10/W
Pusillina lineolata (Michaud, 1832) – – – – – 10/Sp 60/S –
Pusillina sp. – – – – 30/S 30/S 60/F 30/S
Ceratia proxima (Forbes & Hanley, 1850) – – 40/S – – – – –
Hyala vitrea (Montagu, 1803) 10/Sp 20/S 620/F 40/F 100/F 80/S – 80/S
Aporrhais pespelecani (Linnaeus, 1767) – 10/Sp – 10/W – – 30/F 10/W
Calyptraea chinensis (Linnaeus, 1758) – – – 10/S – – – 10/Sp
Euspira pulchella (Risso, 1826) – – – 40/W – 10/W – 20/W
Marshallora adversa (Montagu, 1803) – – – – 10/Sp – – 10/F
Cerithiopsis tubercularis (Montagu, 1803) – – – 10/W – – – –
Epitonium clathrus (Linnaeus, 1758) – – – – – – – 10/S
Epitonium turtoni (Turton, 1819) – – – 10/W – – 10/F –
Eulima glabra (Da Costa, 1778) – – – 20/W – – 30/F 10/F
Vitreolina philippi (Rayneval & Ponzi, 1854) – – – – – 10/S – –
Hexaplex trunculus (Linnaeus, 1758) – – – – 10/Sp – – –
Ocinebrina aciculata (Lamarck, 1822) – – – – 10/W – – –
Fusinus rostratus (Olivi, 1792) – – – 10/S – – – –
Nassarius corniculum (Olivi, 1792) – – – – 10/W – – –
Nassarius incrassatus (Stroem, 1768) – – – – – – 120/Sp –
Nassarius pygmaeus (Lamarck, 1822) 10/W – 10/W 70/W 20/W 110/Sp 60/S 60/W
Nassarius reticulatus (Linnaeus, 1758) – – – – – – 10/F –
Vexillum granum (Forbes, 1844) – – – – – – – 10/Sp
Granulina marginata (Bivona, 1832) – – – – – – – 10/Sp
Bela brachystoma (Philippi, 1844) 80/W 20/Sp 30/W 50/F 40/F 80/W 10/S 20/W
Bela nebula (Montagu, 1803) – – – 10/w – – – –
Mangelia attenuata (Montagu, 1803) 10/W – 20/S 10/W 10/W 10/F –
Mangelia costulata (Blainville, 1829) – – – 10/W 107Sp 10/Sp 50/F
Mangelia unifasciata (Deshayes, 1835) – – – 20/S – – 10/Sp 10/Sp
Raphitoma echinata (Brocchi, 1814) – – – – – – – 10/W
Raphitoma linearis (Montagu, 1803) – – – – – – – 10/F
Chrysallida dollfusi (Kobelt, 1903) – – – 10/W – – – –
Chrysallida emaciata (Brusina, 1866) – – – – 10/S – 10/S –
Chrysallida incerta (Milaschewitsch 1916) – – – – 20/S – 100/F –
Chrysallida interstincta (Adams J., 1797) – – – – – – 30/F –
Chrysallida juliae (de Folin, 1872) – – 10/S – – – – 10/S
Chrysallida palazzii Micali, 1984 – – – – – – – 10/F
Chrysallida terebellum (Philippi, 1844) – – – – – – 20/S 10/F
Chrysallida sp. – – – 30/Sp – – 10/S –
Eulimella acicula (Philippi, 1836) – 10/W – – 10/S 10/F 30/S 10/W,S
Ebala sp. – – – – – – 40/F –
Odostomia conoidea (Brocchi, 1814) 50/W 10/S 50/S 10/W 280/S 20/Sp – 130/S
Odostomia eulimoides Hanley, 1844 10/W – – – – – –
Liostomia sp. – – – – – – – 10/F
Ondina vitrea (Brusina, 1866) – – – – 20/S – – –
Turbonilla acuta (Donovan, 1804) – – – – 10/S – – –
Turbonilla gradata Bucquoy, Dautzenberg & Dollfus, 1883 – – – 10/W 10/S – – 10/S
Turbonilla hamata Nordsieck, 1972 – – – – – – – 10/Sp
Turbonilla jeffreysii (Thompson, 1850) – – – – – – – 10/S
Turbonilla rufa (Philippi, 1836) – – – 10/W – – – 10/F
Turbonilla sp. – 10/S – – – – – –
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Acteon tornatilis (Linnaeus, 1758) – – – – – – – 10/W
Japonacteon pusillus (MacGillivray, 1843) – – – 10/Sp – – – –
Retusa minutissima (Monterosato, 1878) – – – 20/Sp – – – –
Retusa truncatula (Bruguière, 1792) – – – – – – 10/S –
Cylichnina umbilicata (Montagu, 1803) – – – – – – – 10/S
Ringicula auriculata (Menard de la Groye, 1811) – – 20/S – – – 10/S –
Ringicula conformis Monterosato, 1877 – – – 40/W – 20/F – 130/W
Philine sp. – – – – 10/F – – –
Cylichna cylindracea (Pennant, 1777) 40/W 10/W 130/S 10/Sp 60/Sp – – 20/S
Nucula nitidosa Winckworth, 1931 – – – 10/W – 50/Sp 10/W 10/W
Nucula nucleus Linnaeus, 1758 – – – 20/F – 40/F – 10/F
Nucula sulcata Bronn, 1831 – 10/S – – – – – –
Nucula sp. – 10/S – – – – – 10/S
Nuculana pella (Linnaeus, 1767) – – – – – – – 10/F
Lucinella divaricata (Linnaeus, 1758) – – – – – – – 10/S
Anadontia fragilis (Philippi, 1836) – – – 10/W 10/W 10/F – 10/S
Myrtea spinifera (Montagu, 1803) 10/W 20/W 30/Sp 20/W 20/F – – 30/W
Fulvia fragilis (Forsskål in Niebuhr, 1775) – – – – – – 10/F –
Thyasira flexuosa (Montagu, 1803) 10/W 10/W 30/S 30/Sp 20/Sp 10/Sp – 20/Sp
Thyasira sp. 40/S – 10/S 10/S – 50/S
Kurtiella bidentata (Montagu, 1803) – – 150/S 40/F 70/F 340/F – 50/F
Acanthocardia paucicostata (Sowerby, G.B., 1841) – – – – – – 10/Sp –
Plagiocardium papillosum (Poli, 1791) – – – 10/W – – – –
Spisula subtruncata (da Costa, 1778) – – – – 10/Sp – 20/Sp –
Phaxas pellucidus (Pennant, 1777) 30/S 10/S 10/W – 10/W 10/W – –
Tellina distorta Poli, 1791 – – – 10/S 10/F 50/Sp – 80/S
Tellina nitida Poli, 1791 – – 10/F – – 10/Sp – –
Tellina pulchella Lamarck, 1818 – – 10/F 30/Sp 20/W 50/Sp – 20/W
Tellina serrata Brocchi, 1814 – – – 10/S – – – –
Scrobicularia plana (da Costa, 1778) – – – 10/Sp – – – –
Abra alba (Wood W., 1802) 30/S 30/S – 30/S 20/F 10/F 580/Sp 10/S
Abra nitida (O.F. Müller, 1776) 20/Sp 10/S 40/S – – 40/F 50/Sp 20/F
Clausinella fasciata (da Costa, 1778) – – – 10/W – – – –
Timoclea ovata (Pennant, 1777) – – – 20/Sp – – – –
Gouldia minima (Montagu, 1803) – – – 10/Sp – – – –
Dosinia lupinus (Linnaeus, 1758) – – – – – – 10/Sp –
Mysia undata (Pennant, 1777) – – – – – 10/Sp – –
Corbula gibba (Olivi, 1792) 10/W 10/S 20/S 30/S 70/S 40/F 150/W 40/W
Thracia papyracea Poli 1791 – – – – – 10/F – –
Antalis dentalis (Linnaeus, 1758) 10/W 10/W – 70/W 30/W 80/W 20/S 90/W
Antalis inaequicostata (Dautzenberg, 1891) – 50/Sp 10/Sp 40/S 30/F 40/F – 10/Sp
Phorinida
Phoronis psammophila Cori, 1889 – – – – – 10/Sp 10/Sp 40/Sp
Phoronis sp. – – – 10/W – 20/F 30/Sp 100/Sp
Echinodermata
Amphipholis squamata (Delle Chiaje, 1828) – – 10/S 20/S 10/S – – 10/S
Amphiura chiajei Forbes, 1843 – 10/F – 50/W 20/Sp 40/W – 10/F
Amphiura filiformis (O.F. Müller, 1776) 20/S – 10/S 10/F 50/Sp – – –
Astropecten bispinosus (Otto, 1823) – – – – – 10/S – –
Asterina sp. – – – 20/Sp – – – –
Astropecten sp. – – – 10/S – – – 10/W
Brissopsis lyrifera (Forbes, 1841) 10/Sp – 10/W – 10/F 10/F – –
Echinoidea (sp.) – – – – – – – 20/Sp
Labidoplax digitata (Montagu, 1815) – 20/S 70/Sp – 240/F 70/S – 20/Sp
Ophiactis sp. – – – – – 10/W – –
Ophiura albida Forbes, 1839 – – – – – 40/F – –
Ophiura texturata Lamarck, 1816 – – – – – 10/F – –
Ophiura sp. – – – 30/Sp – 20/W – 20/Sp
Ophiuroidea (sp.) 20/S 10/S 10/Sp 90/Sp 20/W 90/F – 50/F
Spatangus purpureus (O.F. Müller, 1776) – – – – – 10/S – 10/S
Trachythyone elongata (Düben & Koren, 1846) – – – 10/S – – – –
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The taxonomic status of these species will be determined in
future studies. The majority of species (91%) belonged to
three groups, namely Polychaeta (210 species, 50% of total
number of species), Mollusca (100 species, 24%) and
Crustacea (70 species, 17%). Polychaeta represented the
highest number of individuals (75% of total specimens),
followed by Mollusca (13%) and Crustacea (6%).
Echinodermata, Mollusca and Polychaeta comprised 47%,
35% and 15% of total biomass in the area, respectively. The
density of Nemertini, Polychaeta and total fauna differed sig-
nificantly among seasons (P , 0.05).

Based on all samples, the dominant species in soft sub-
strates of Izmir Bay were Aricidea claudiae (8.7% of total
number of specimens), Streblospio gynobranchiata (8.2%),
Levinsenia demiri (7.8%), Sternaspis scutata (6.2%) and
Lumbrineris geldiayi (5.2%). The percentage total abundance
of dominant species varied among seasons. For example,
Levinsenia demiri (8.1%), S. scutata (6.5%) and L. geldiayi
(6.1%) were more dominant in the winter; A. claudiae
(10.6%), L. demiri (6.6%) and L. geldiayi (6.4%) in the
spring; L. demiri (10.6%), S. scutata (8.5%) and Cossura
soyeri (8%) in the summer; and S. gynobranchiata (21.7%),
A. claudiae (10.4%) and L. demiri (6.1%) in the autumn. A
different assortment of species also dominated communities
in the outer, middle and inner parts of the bay (see
Table 1). Streblospio gynobranchiata (61%) and Polydora
cornuta (6.3%) were most dominant in the polluted inner
bay (Station 24); Cossura soyeri (16.2%) and S. scutata
(14.2%) dominated the middle part (Station 22); and Hyala
vitrea (10.5%) and S. scutata (9.9%) were especially abundant
at Station 11 located near the mouth of Gediz River. Among
the dominant species, L. demiri formed dense populations at
Stations 20 (610 ind.m22, summer), 6 (570 ind.m22,
summer) and 17 (450 ind.m22, autumn); S. scutata at
Stations 20 (400 ind.m22, winter), 4 (270 ind.m22, spring)
and 22 (930 ind.m22, summer); A. claudiae at Stations 17
(840 ind.m22, spring) and 26 (680 ind.m22, spring); S. gyno-
branchiata at Station 24 (4710 ind.m22, autumn); Lumbrineris
geldiayi at Station 17 (740 ind.m22, spring); and C. soyeri at
Station 22 (820 ind.m22, summer) (Table 3).

The most common species were Lumbrineris nonatoi
(present in 71% of samples), A. claudiae (71%), L. demiri
(71%), S. scutata (71%) and T. communis (71%) in winter
samples; L. demiri (88%), Monticellina heterochaeta (83%),
Prionospio fallax (83%) and A. claudiae (83%) in spring
samples; A. claudiae (88%), Lumbrineris geldiayi (88%) and
L. demiri (83%) in summer samples; and L. demiri (86%),
Prionospio steenstrupi (81%) and A. claudiae (81%) in
autumn samples.

Among samples, the number of species per grab (0.1 m22)
ranged from 3 (Station 24, summer) to 77 (Station 17,
summer); the density from 60 ind.m22 (Station 24,
summer) to 5360 ind.m22 (Station 24, autumn); and
biomass from 1 g.m22 (Station 24, winter) to 530 g.m22

(Station 11, summer). Stations 11 and 24 had the highest
and lowest mean number of species in all seasons, respectively
(Figure 2). Seasonality was significant at three stations (6, 11
and 22) (P , 0.05). Stations in the outer bay (in particular
Stations 4 and 6) had the lowest mean densities of zoobenthos
that were similar among seasons. Relatively high fluctuations
in density were noted among samples collected from Stations
24 and 26 (high standard errors), and the seasonality played
an important role at Stations 20 and 22 (P , 0.01)

(Figure 2). Station 11, located near the mouth of Gediz
River, had the highest mean biomass, due to the presence of
large individuals of Brissopsis lyrifera, Goneplax rhomboides
and Lapidoplax digitata. Mean biomass values were lower
than 100 g.m22 at all stations with the exception of Station
11. Seasonal variability in biomass was not significant
among stations (P . 0.05), however, biomass generally
reached a maxima in the spring. Mean evenness values were
higher than 0.7 at all stations with the exception of Station
24, and significant seasonal variations occurred at Stations
17, 20, 22 and 24. Due to the high population of Streblospio
gynobranchiata, evenness values sharply dropped to a mean
of 0.29 at Station 24 in the autumn (Figure 2).

Ecological quality status (EcoQ) of stations
Diversity was highest (H′ ¼ 5.2) at Stations 17 (winter and
summer) and 26 (summer), and the lowest (H′ ¼ 0.9) at
Station 24. Mean diversity was always higher than 4 at
Stations 17, 20 and 26, indicating ‘high’ benthic ecological
status (Figure 3). In the polluted inner part of the bay, mean
diversity was always lower than 3 in winter, spring and
summer, and lower than 1 in autumn, indicating ‘moderate’
and ‘bad’ benthic ecological status. Seasonal variations in
diversity were significant at Stations 6, 17 and 24 (P , 0.01).
According to the results of AMBI, only samples taken from
Station 24 in winter, spring and autumn could be classified
as ‘poor’ and ‘bad’, whereas the other stations were classified
as ‘good’. No ‘high’ benthic quality status was determined
for the bay based on this index and AMBI values at 4 stations
(4, 17, 24 and 26) significantly differed with respect to seasons
(P , 0.05). M-AMBI detected ‘moderate’ benthic quality at
Stations 6 (winter), 11 (autumn) and 24 (spring and
summer). Only samples from Station 17 were given a ‘high’
benthic quality status. The remainder of stations (with the
exception of Station 24) were classified as ‘moderately’,
‘poorly’ and ‘badly’ disturbed. According to BENTIX, only
samples taken from Stations 4 and 26 in the winter contained
‘high’ benthic quality status, and Station 24 had the most
impacted benthic environment (Figure 3).

Correlations between biotic indices and
environmental variables
Correlations between the community parameters and
environmental variables, as well as correlations among the
community parameters are presented in Table 4. The concen-
tration of nutrients (Si, P and N) and TOC were negatively
correlated with the community parameters, except for
AMBI, the value of which increases with increasing disturb-
ance. The number of species and abundance decreased with
depth; however, evenness values indicated that species distri-
bution were relatively uniform. Coarse sandy sediment also
favoured high species richness (number of species) and diver-
sity (H′).

The relationship between sedimentary TOC concentration,
and the number of species, H′, J′, AMBI, m-AMBI and
BENTIX were found to be parabolic. These parameters
increased at low concentrations of TOC in the sediment but
when TOC reached 15 mg.g21, these parameters tended to
decrease with the lowest values estimated at concentrations
of 30–40 mg.g21 (Figure 4). Total organic carbon was most

zoobenthos in izmir bay 1467

https://doi.org/10.1017/S0025315412000264 Published online by Cambridge University Press

https://doi.org/10.1017/S0025315412000264


Fig. 2. Temporal fluctuations of the mean number of species, densities (number of individuals.m22), biomass (wet weight g.m22) and evenness index values
at stations, with + standard error. One-way analysis of variance was used to find out if the mean scores are significant or not with regard to seasons at each
station (∗P , 0.05; ∗∗P , 0.01, ns, not significant). W, winter; Sp, spring; S, summer; F, autumn.

1468 meli
.

h ertan c‚inar et al.

https://doi.org/10.1017/S0025315412000264 Published online by Cambridge University Press

https://doi.org/10.1017/S0025315412000264


Fig. 3. Temporal fluctuations of the diversity index (H′), AMBI, m-AMBI and BENTIX at stations, with + standard error. One-way analysis of variance was used
to find out if the mean scores are significant or not with regard to seasons at each station (∗P , 0.05; ∗∗P , 0.01, ns, not significant). W, winter; Sp, spring;
S, summer; F, autumn.
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strongly correlated with H′ (r ¼ –0.75) and m-AMBI (r ¼
–0.64).

Among the biotic indices examined, the strongest corre-
lation (r ¼ 0.94) was between H′ and m-AMBI, whereas the
lowest (r ¼ 0.65) was between J′ and BENTIX. The number
of species (S) was strongly correlated with H′ (r ¼ 0.79) and
m-AMBI (r ¼ 0.81) (Table 4).

Zoobenthic community structure among
seasons and stations
The analysis of two-way PERMANOVA indicated that there
were significant differences in the distributions of zoobenthos

with stations and seasons (P , 0.001) (Table 5). Pair-wise
analysis showed that all comparisons among stations and
seasons were significant (P , 0.001).

Species associations and environmental
variables
Canonical correspondence analysis detected three main
groups of samples/stations (Figure 5). The first group includes
seasonal samples collected at Station 24, the second group is
composed of seasonal samples collected at Stations 17 and
26, and the last group contains seasonal samples of all other
stations. Samples collected at Station 22 are placed in a line

Table 4. Pearson’s correlation coefficients between community parameters and environmental variables as well as among community parameters. Bold
numbers are statistically significant (P , 0.05).

S N B J′ H′ BENTIX AMBI m-AMBI

Depth 20.16 20.41 20.03 0.38 0.22 0.22 20.26 0.12
Temperature 20.01 0.13 20.13 20.07 20.10 20.32 20.21 20.11
Salinity 0.12 0.09 20.08 20.01 0.09 0.01 20.36 0.07
Phosphorus 20.48 20.07 20.22 20.33 20.64 20.50 0.20 20.50
TIN 20.49 0.19 20.24 20.77 20.83 20.63 0.63 20.75
Silica 20.48 0.20 20.23 20.60 20.75 20.69 0.55 20.66
Oxygen 0.31 20.07 0.15 0.17 0.40 0.52 20.07 0.31
Chlorophylla 20.42 20.07 20.05 20.49 20.58 20.20 0.49 20.47
Sand 0.68 0.33 20.43 0.06 0.37 0.21 20.22 0.44
Silt 20.62 20.23 0.36 20.07 20.35 20.28 0.28 20.37
Clay 20.42 20.31 0.31 20.00 20.22 0.01 0.03 20.32
TOC 20.43 0.17 20.14 20.62 20.75 20.53 0.60 20.64

Correlations between community parameters
S 1.00 0.54 0.05 0.28 0.79 0.44 20.41 0.81
N 0.54 1.00 20.00 20.54 0.03 20.23 0.34 0.06
B 0.05 0 1.00 0.19 0.23 0.20 20.08 0.18
J′ 0.28 20.54 0.19 1.00 0.77 0.57 20.81 0.71
H′ 0.79 0.03 0.23 0.77 1.00 0.65 20.72 0.94
BENTIX 0.44 20.23 0.20 0.57 0.65 1.00 20.68 0.72
AMBI 20.41 0.34 20.08 20.81 20.72 20.68 1.00 20.79
m-AMBI 0.81 0.06 0.18 0.71 0.94 0.72 20.79 1.00

Fig. 4. Relationships between the concentrations of total organic carbon (TOC), and S, H′ , m-AMBI, BENTIX, AMBI and J′ .
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between the groups, suggesting that the community at this
station may represent a transitional one among the main
groups. These groups were influenced by environmental vari-
ables such as the concentration of nutrients and TOC, sedi-
ment texture, and depth (Figure 5). All four canonical axes
together explained 63.7% of the variability, but the first
two axes contributed 40.1%. The Monte Carlo test indicated
that all canonical axes were statistically significant (F ¼ 1.57,
P ¼ 0.002) (Table 6). Nutrient and TOC concentrations had
the strongest correlations with the first axis, whereas sediment
granulometry and depth were highly correlated with the
second axis (Figure 6). Fourteen species were most important
in explaining community differences among stations
(Figure 7). Monticellina heterochaeta, Levinsenia demiri,
Hyala vitrea, Sigambra tentaculata, Sternaspis scutata,
Lapidoplax digitata, Cossura soyeri and Turritella communis
generally preferred sediments composed of high amounts
of silt and clay. Aricidea claudiae, Lumbrineris geldiayi,
Magelona minuta and Prionospio fallax were common in sedi-
ments with a high percentage of sand. Streblospio gynobran-
chiata and Poydora cornuta formed dense populations in
organically polluted sediment (Station 24). These species
attained their maximum abundances in different seasons.
For example, P. fallax, with the exception of two samples,

only appeared in the spring. Hyala vitrea, S. gynobranchiata,
M. minuta and L. digitata had their highest abundances in
the autumn, whereas C. soyeri, S. tentaculata and M. hetero-
chaeta were most abundant in the summer.

Alien species in Izmir Bay
A total of 13 alien species were recorded in Izmir Bay
(see Table 3). Polychaeta had the highest number of species
(11 species), followed by Sipuncula (1 species) and Mollusca
(1 species). One species (Prionospio depauperata) is being
reported for the first time in the Aegean Sea. Four species,
namely, Streblospio gynobranchiata, Polydora cornuta,
Prionospio pulchra and Pseudopolydora paucibranchiata
abundantly occurred in the inner part of Izmir Bay, compris-
ing almost 77% of total number of individuals. Glycinde
bonhourei and Fulvia fragilis were represented by only one
specimen in the area. A total of 6 alien species were found
at deep-water stations (Stations 4 and 6) (Table 3).
Correlation analysis showed that Aspidosiphon mexicanus
(r ¼ 0.71) and Paraprionospio coora (r ¼ 0.44) were signifi-
cantly and positively correlated with depth; G. bonhourei
(r ¼ 0.77), P. pulchra (r ¼ 0.77), S. gynobranchiata (r ¼
0.77) and F. fragilis (r ¼ 0.77) with the concentrations of
total nitrogen; G. bonhourei (r ¼ 0.50), P. cornuta (r ¼
0.44), P. pulchra (r ¼ 0.51), P. depauperata (r ¼ 0.43), P. pau-
cibranchiata (r ¼ 0.38), S. gynobranchiata (r ¼ 0.61) and F.
fragilis (r ¼ 0.50) with the concentrations of total organic
carbon in sediment; Chaetozone corona (r ¼ 0.37),
Notomastus aberans (r ¼ 0.55) and Pista unibranchiata (r ¼
0.44) with the sand percentage in sediment; and P. coora
(r ¼ 0.46) with the clay percentage in sediment.

D I S C U S S I O N

The present study indicates that the soft-bottom benthic com-
munities of Izmir Bay are diverse, containing a total of 417
zoobenthic species belonging to 11 systematic groups. Soft
substrates in Izmir Bay seem to support a number of

Table 5. Results of permutational multivariate analysis of variance.
Stations and seasons are fixed.

Source of variation df MS F Pperm Pairwise

Stations 7 14814 11.9 0.001 4 = 6 = 11 = 17 =

20 = 22 = 24 = 26
Seasons 3 8026 6.4 0.001 winter = spring =

summer = autumn
Stations × seasons 20 3129 2.5 0.001
Residual 62 1242

Fig. 5. Biplot of canonical correspondence analysis performed on abundance
of species and environmental variables (arrows) of seasonal samples. Chla,
chlorophyll-a; TOC, total organic carbon in sediment; P, phosphate
phosphorus; TIN, total inorganic nitrogen (nitrite, nitrate and ammonium);
Si, silicate.

Table 6. Summary of statistical measures of zoobenthos and environ-
mental variables for canonical correspondence analysis. Strongest corre-

lations are indicated in bold.

Environmental variables Axis 1 Axis 2

Depth 20.470 20.527
Temperature 20.039 20.131
Salinity 20.369 20.148
Phosphorus (P) 0.689 20.199
Total inorganic nitrogen (TIN) 0.703 20.237
Silicate (Si) 0.749 20.338
Oxygen 20.335 0.399
Chlorophyll-a 0.414 0.024
Sand 0.068 0.859
Silt 20.016 20.734
Clay 20.114 20.627
Total organic carbon (TOC) 0.856 0.041

Eigenvalues 0.378 0.255
Species2environment correlations 0.965 0.962
Cumulative percentage variance
of species data 13.2 22.1
of species2environment relation 24.0 40.1
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microhabitats for zoobenthic species. The number of species
found in the present study is higher than that encountered
on the coast of Israel (401 species) at depths of 18–80 m
(Tom & Galil, 1991); in the central Mediterranean (351
species) at 10–100 m (Zenetos et al., 1997); in the north-east
part of the Aegean Sea (139 species) at 1–30 m (Albayrak
et al., 2007); in the southern Aegean Sea (Rhodos) (382
species) at 30–250 m (Pancucci-Papadopoulou et al., 1999);
and in the western Aegean Sea (404 species) at 31–69 m. In
their study performed along the coast of Crete between 40
and 190 m depths (99 stations), Karakassis & Eleftheriou
(1997) reported a total of 547 zoobenthic species, 44% of
which belonged to Polychaeta.

This present study also depicted that soft substrates in
Izmir Bay included more diversified fauna than previously
encountered in the area. Doğan et al. (2005) listed a total of
298 zoobenthic species collected seasonally at 15 stations in
1995. Ergen et al. (2006) reported a total of 396 polychaete
species collected seasonally at 29 stations in Izmir Bay
between 1997 and 2002, whereas we identified 210 polychaete
species in the present study. The difference in the species
number is attributed to the fact that Ergen et al. (2006) exam-
ined more materials at different stations (including a station
with Posidonia oceanica) than we did in this study. Due to pol-
lution, the inner part of Izmir Bay has been periodically mon-
itored. Based on the material collected in 1974, Kocataş (1980)
found a total of 88 species, and reported that pollution was sig-
nificantly affecting communities in the inner part. Later, Palaz
(1989) and Doğan et al. (2005) encountered 23 species and 9
zoobenthic species, respectively. The fauna were only com-
posed of the species tolerant to heavy pollution such as
Capitella telata (cited as C. capitata), Ophiodromus pallidus,
Malacoceros fuliginosus and Alitta succinea. Doğan et al.
(2005) and Ergen et al. (2006) also reported azoic conditions,
especially developing in the polluted inner part during the
summer with the release of sulphurous gases. When Grand

Canal Project (GCP) went into effect in 2000, the azoic con-
ditions in the inner part of Izmir Bay appeared to disappear
after 2001 (Ergen et al. 2006). Based on the material collected
in 2004, Çinar et al. (2006) outlined that the area had diversi-
fied (231 species) greatly, and a few species sensitive to pol-
lution were observed. They reported that GCP has been very
effective in reducing pollution in the bay. In this study, 77
species were found in the inner bay, but the winter and
summer samples indicated a poor faunal component, with
the presence of some pollution indicator species such as
Capitella telata. However, the population density of this indi-
cator species (C. telata) had greatly diminished since 2002. It
had a maximum population density of 6820 ind.m22 in
February 2002 (Ergen et al. 2006), 4940 ind.m22 in April
2004 (Çinar et al. 2006) and 300 ind.m22 in February 2009
(present study). Apart from the previous studies (Ergen,
1976; Doğan et al., 2005; Ergen et al., 2006), Malacoceros fuli-
ginosus, which is a dominant component of the polluted soft
bottom of the Mediterranean (Bellan, 1984; Cardell et al.,
1999), was not found in the present study. The other pollution
indicator species, Corbula gibba, formed relatively a dense
population at Station 24 in the winter (150 ind.m22) and
spring (90 ind.m22). Çinar et al. (2006) reported its popu-
lation density as 15,860 ind.m22 near Alsancak Harbour
(located in the inner-most part of Izmir Bay).

The mean density of soft-bottom zoobenthos in Izmir Bay
was calculated as 1680 ind.m22. In the south Aegean Sea, the
mean zoobenthic density was determined as 4250 ind.m22 at
40 m (Karakassis & Eleftheriou, 1997), which is almost four
times higher than the density (mean: 1040 ind.m22 at 38 m
(Station 11)) found at the same depth in Izmir Bay. The
zoobenthos density in the shallow-water of the western
Mediterranean, which has almost three times higher pro-
ductivity than the eastern part (Moutin & Raimbault, 2002),
is much higher than that found in Izmir Bay, reaching up to
40,000–52,000 ind.m22 (Sardá et al., 1995; Pinedo et al.,

Fig. 6. Biplot of canonical correspondence analysis with some important environmental variables superimposed. Circle diameters related to increasing values. For
abbreviations, see Figure 5.
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1996). The zoobenthos density diminishes from the west to
the east in the Mediterranean. Zenetos et al. (1997) reported
that the zoobenthos density on the Ionian coast of Greece
(middle Mediterranean) between 10 and 104 m depths
varied between 500 and 7830 ind.m22, with the mean
density of 1903 ind.m22. In the Thermaı̈kos Gulf (north
Aegean Sea), the density of zoobenthos ranged fom 540 to
2992 ind.m22 (Zarkanellas & Kattoulas, 1982). However, the
density greatly increased in the polluted areas of the eastern

Mediterranean, reaching up to 81,700 ind.m22 in Izmir Bay
(Çinar et al., 2006).

In most stations, seasonality significantly changed the
number of species and abundance, generally having peaks in
the spring and summer, decreasing in the winter. Although
biomass generally attained their maxima in spring or
summer, no significant difference was estimated at stations.
It is known that spring is a reproductive period of many
species in subtropical regions and recruitment occurs during

Fig. 7. Biplot of canonical correspondence analysis with some dominant species superimposed. Circle diameters related to increasing abundances of species.
For abbreviations, see Figure 5.
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this time or in summer, therefore an increase in species
number and abundance could be expected (Sardá et al.,
1999; Çinar et al., 2006). However, the influence of seasonality
seems to be stronger in polluted waters. The highest seasonal
fluctuations of abundance and diversity were encountered in
the polluted inner part of the Bay.

The ecological quality status (EcoQ) of the inner part of
Izmir Bay can be classified as ‘poor’ or ‘bad’. No consistent
trends in EcoQ status were determined for the other stations
which were classified differently depending on the biotic
index used. For example, no ‘high’ EcoQ existed in the area
according to AMBI, whereas 75% of seasonal samples had
‘high’ EcoQ according to H′. Due to the low number of
species and individuals, m-AMBI categorized only the
summer samples collected at Station 24 as ‘high’ EcoQ,
whereas this station is highly disturbed based on the results
of other biotic indices and species composition. This shows
that the interpretations of the results of biotic indices should
be made with reservation, and more than one index should
be used for classifying an area. The highest, negative corre-
lation was between H′, and the TOC in sediment, and the con-
centrations of nutrients in ambient waters, indicating that it is
well suited for the determination of pollution in sediments
with relatively high amounts of silty clay. According to the
present data, H′ proved efficient in detecting the effects of
organic enrichment on the composition of soft-bottom
fauna of Izmir Bay. M-AMBI, partly using H′ scores in the
estimation, also seems to be capable of explaining the
benthic quality status in the area. Our results support the
applicability of H′ and m-AMBI in view of the assessment
of habitats in Izmir Bay within the EU WFD. However,
Albayrak et al. (2006) indicated that BENTIX was an appro-
priate tool to classify benthic environments in the Sea of
Marmara. The main obstacles in the usage of the biotic
indices (other than H′), which are based on the bio-ecological
features of species in samples are: (1) the difficulties in identi-
fying specimens to the species level due to the lack of updated
studies on the benthic biodiversity of the Mediterranean (i.e.
Polychaeta and Nemertini); and (2) the lack of bio-ecological
features of all species present in benthic communities. For
example, Chaetozone setosa was previously used as a pol-
lution-indicator species in the Mediterranean (i.e. Ergen,
1992; Zenetos et al., 1994), but we know today that this
species does not exist in the Mediterranean and three or
four other distinct species (may be more), some of which
are pollution-sensitive species, in fact do occur in the region
(Çinar & Ergen, 2007). In addition, some species such as
Paraprionospio coora (as P. pinnata), Prionospio ehlersi,
P. banyulensis, P. caspersi, Neanthes irrorata, most species of
Chaetozone, Caulleriella, Polydora and Monticellina, and all
species of Polycirrus were considered as pollution-tolerant
species in BENTIX and AMBI. However, according to our
knowledge and the past–present studies in the region, all
these species cannot be evaluated under this category. In
addition, the species such as Nassarius pygmaeus, N. incrassa-
tus and Malacoceros fuliginosus forming dense populations in
organically polluted bottoms (Station 24) were considered as
sensitive species in the species lists of BENTIX and AMBI.
These findings show us the prerequisite to reconsider the
status of these species in the indices and to develop local
lists on which indices should be based.

The common and abundant species in the area were
Aricidea claudiae, Levinsenia demiri and Sternaspis scutata.

These detritivores formed dense populations especially
in the outer bay (relatively undisturbed area) and were
greatly affected by the concentration of TOC and sediment
grain size (Figure 7). Sediments with high concentrations of
sedimentary organic matter attracted the settlement of
Streblospio gynobranchiata, Polydora cornuta, Prionospio
pulchra, P. depauperata and Pseudopolydora paucibranchiata.
They are new components of the Mediterranean Sea that were
possibly introduced from the west Atlantic (the former two
species) or Pacific Ocean (the latter three species) via ballast
waters of ships (Çinar et al., 2011). The replacement of the
opportunistic species (C. capitata and M. fuliginosus) with
these invasive species was reported in the area (Çinar et al.,
2005), and thus they could be accepted as new pollution indi-
cator species in the eastern Mediterranean. The former two
species were also reported as dominant species in the polluted
soft-bottom of the Golden Horn (Sea of Marmara) (Çinar
et al., 2009).

Canonical correspondence analysis showed that the distri-
bution of the zoobenthos was spatial rather than seasonal in
the area. Samples/stations grouped seperately along the ordi-
nation axes and were mainly affected by the concentrations
of TOC and nutrients, sediment grain size and depth.
Diversity decreased with increasing TOC and nutrients. In
contrast, increasing sand percentage in substratum (at
Stations 17 and 26) caused a significant increase in species
number and diversity index values, possibly due to providing
them with more microhabitats and dimensions for settlement.
In addition, organic enrichment can influence the compo-
sition of bottom sediment (Papageorgiou et al., 2010), by
becoming a more fine-grained structure (Hyland et al,
2005), which may explain the higher diversity observed at
Stations 17 and 26 compared to other stations with similar
depth. Pancucci-Papadopoulou et al. (1999) also found that
coarser substrata had high diversity values. However,
Covazzi Harriague & Albertelli (2007) indicated that the
increase in particle diameter of sediment negatively affected
the number of species but abundance of species were more
or less constant in all particle sizes, which was only related
to the food quality. Ellingsen (2002) regarded depth, median
grain size and silt–clay content as the major environmental
variables influencing the faunal patterns. Hoey et al. (2004)
found that fine and medium sandy sediments supported
high species richness at the Belgian Continental Shelf.
Station 11, which is under the influence of the Gediz River
and has high silt and clay percentages in sediment, had
more or less a different community from other stations,
with the high abundances of Laonice spp., Hyala vitrea and
Lapidoplax digitata. The community near this station was pre-
viously termed as a ‘Lapidoplax digitata-community’ (Doğan
et al., 2005). The present study showed that L. digitata also
became a dominant component (maximum 240 ind.m22) of
the middle part of the bay (Station 22) where this species
was previously represented by 1 or 2 specimens per grap
(0.1 m22) (Doğan et al., 2005). CCA also detected a faunal
affinity between Stations 11 and 22. The deep-water stations
(Stations 4, 6 and 20) somewhat represented a high commu-
nity similarity, mainly characterized by relatively high abun-
dances of Scoletoma emandibulata mabiti, Levinsenia demiri,
Paraprionospio coora and Anobothrus gracilis. However,
PERMANOVA indicated that community structures at
stations and seasons were significantly different. The effect
of TOC in sediment on the diversity of zoobenthos is depicted
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in Figure 4. The general pattern is parabolic. TOC increased
the diversity to a certain point but was adversely affected
when it reached 15–20 mg.g21. Hyland et al. (2005) found
that the species richness peaked at TOC concentrations
between 2.5 and 5 mg.g21, began declining between 5 and
10 mg.g21, and then reached a minimum of around 35 to
40 mg.g21. Our result is also parallel with his finding. The cor-
relation between TOC and AMBI was moderate (r ¼ 0.60) in
this study, whereas higher correlations were reported by
Muniz et al. (2005) (r ¼ 0.71) and Albayrak et al. (2006)
(r ¼ 0.75). At high TOC concentrations (Station 24 in this
study), the percentage of detritivores or suspensivores in the
community tended to increase. However, not all of the
benthic community patterns observed could be solely
expained by the abiotic factors examined in the present
study since the biotic factors such as the availability of food,
larval recruitment and predation also likely played a role in
influencing the benthic community structure in the bay
(Woodin, 1978; Ambrose, 1991; Wilson, 1991).

The inner part of Izmir Bay with its large international
harbour is known to have been invaded by ship-mediated
species such as Streblospio gynobranchiata, Polydora
cornuta, Pseudopolydora paucibranchiata and Prionospio
pulchra (Çinar et al., 2005; 2006; Dagli & Çinar, 2008; Dagli
et al., 2011). This area also contains many lessepsian species
(i.e. species that had migrated from the Red Sea to the
Mediterranean via the Suez Canal) such as Leonnates persicus
and Pseudonereis anomala (Çinar et al., 2002; Çinar & Ergen,
2005). The present study added one species (Prionospio
depauperata) to the alien species list for the Aegean Sea
which was previously reported only from the Levantine
coast of Turkey (Dagli & Çinar, 2009). Around Alsancak
Harbour (inner-most part of Izmir Bay), Çinar et al. (2006)
and Dagli & Çinar (2008) found higher densities of S. gyno-
branchiata (60,480 ind.m22), P. cornuta (3170 ind.m22),
P. paucibranchiata (6180 ind.m22) and P. pulchra (as P. mul-
tibranchiata) (4300 ind.m22) than those (as 4710, 730, 810
and 260 ind.m22, respectively) we found at Station 24, rela-
tively far from Alsancak Harbour. The majority of alien
species (12 species) found in the present study belonged to
Polychaeta, and two species to Mollusca and Sipuncula.
In previous studies, 9 alien polychaetes, 1 mollusc (Fulvia
fragilis), 4 crustaceans (Paradella dianae (Menzies, 1962),
Stenothoe gallensis Walker, 1904, Hamimaera hamigera
(Haswell, 1879) and Metapenaeus affinis (H. Milne Edwards,
1837)) and 1 sipunculan (Aspidosiphon mexicanus) were
reported from Izmir Bay (Çinar et al., 2011). The distribution
of alien species in the area seems to be mainly controlled by
pollution, depth and sediment structure. Çinar et al. (2006)
also indicated the importance of TOC and nutrient concen-
trations on the distribution and densities of S. gynobranchiata
and P. cornuta.

The present study presents the recent status of the zoo-
benthic communities in Izmir Bay and major factors influen-
cing community structure. Alien species were found to be
main components of benthic ecosystems in polluted waters
of the bay.
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and Özcan T. (2008) Faunal assemblages of the mussel Mytilus

zoobenthos in izmir bay 1475

https://doi.org/10.1017/S0025315412000264 Published online by Cambridge University Press

https://doi.org/10.1017/S0025315412000264


galloprovincialis in and around Alsancak Harbour (Izmir Bay, eastern
Mediterranean) with special emphasis on alien species. Journal of
Marine Systems 71, 1–17.
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Sardá R., Martı́n D., Pinedo S., Dueso A. and Cardell M.J. (1995)
Seasonal dynamics of shallow soft-bottom communities in western
Mediterranean. In Eleftheriou A., Ansell A.D. and Smith C.J. (eds)
The biology and ecology of shallow coastal waters. Fredensborg:
Olsen and Olsen, pp. 191–198.

Shannon C.E. and Weaver W. (1949) The mathematical theory of
communication. Urbana, IL: University Press Illinois.

Simboura N. and Zenetos A. (2002) Benthic indicators to use in
ecological quality classification of Mediterranean soft bottom marine
ecosystems, including a new Biotic Index. Mediterranean Marine
Science 3, 77–111.

Simboura N. and Argyrou M. (2010) An insight into the performance of
benthic classification indices tested in eastern Mediterranean coastal
waters. Marine Pollution Bulletin 60, 701–709.

Teer Braak C.J.F. and Smilauer P. (2002) Canoco 4.5. Canoco Reference
Manual and CanoDraw for Windows User’s Guide. Software for
Canonical Community Ordination (version 4.5). Ithaca, New York:
Microcomputer Power.

Tom M. and Galil B. (1991) The macrobenthic associations of Haifa Bay,
Mediterranean coast of Israel. Pubblicazioni della Stazione Zoologica di
Napoli I: Marine Ecology 12, 75–86.

Van Hoey G., Borja A., Birchenough S., Buhl-Mortensen L., Degraer S.,
Fleischer D., Kerckhof F., Magni P., Muxika I., Reis H., Schröder A.
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