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Abstract

This study was carried out to explore the effectiveness of different biotic indexes in the Marmara Sea. The assessment of eco-
logical quality status (EQS) was performed by applying the biotic indexes BENTIX, AMBI, BOPA, BO2A and Shannon-Wiener
diversity, in combination with the estimation of total organic carbon (TOC) content of sediments. BOPA and BO2A indexes ten-
ded to overestimate the EQS of the stations. BENTIX was the most efficient index as it demonstrated conceivable EQS results with
respect to TOC load and successfuly determined “acceptable” or “not acceptable” status of the stations. TOC content of sediment,
which significantly correlated with several benthic measures (S, N, AMBI, BENTIX), proved to be a valuable proxy measure in
evaluating the likelihood of benthic impairment. When overall EQS of northern Marmara Sea was discussed, the region was de-
signated as ecologically disturbed with only 25.7% of the stations in acceptable status.
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Introduction

Large amounts of pollutants have been introduced
into the Marmara Sea because of increasing settlement,
agricultural runoff, industrial activities and maritime
transport. In addition to these, Black Sea originated pol-
lutants are also transported to the Marmara Sea via the
Bosphorus. Istanbul alone contributes about 40-65% of
total anthropogenic discharges (Polat, 1995; Tugrul &
Polat, 1995). Kiiclikcekmece Bay is located on the north-
ern coast of the Marmara Sea. The Bay, within the west
border of Istanbul is inevitably influenced by pollution
pressure.

Aquatic environments are subjected to pollution and
they are the most severely affected compartments of the
world because of the dense human settlement close to
coasts (Diaz et al., 2004). Negative impacts of industry,
tourism, maritime transport, fisheries, aquaculture etc.
on biodiversity are most prominently observed in coastal
ecosystems (Simboura & Zenetos, 2002). Sediments are
eventual recipients of human-based pollutants, and sedi-
ments can accumulate great amounts of organic matter.
There is a correlation between amounts of organic carbon
and pollutants in coastal sediments. Organic carbon con-
tent of sediment can be used as an indicator of pollution.
Contamination concentrated at sediment will firstly and
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mostly affect benthic organisms that are living dependent
on the sea bottom (Shine & Wallace, 2000; Venturini et
al., 2004; Hyland et al., 2005). Macrofaunal communiti-
es and associated environmental variables, such as orga-
nic carbon of sediment, are important tools for detecting
the health of coastal marine ecosystems (Magni, 2003).

European Water Framework Directive (WFD 2000/
60/EC) established a framework for protecting and en-
hancing all the water bodies of Europe, including coastal
waters. WFD developed the term Ecological Quality Sta-
tus (EQS), which is assessed as High, Good, Moderate,
Poor and Bad, to understand the actual condition of water
bodies, and aimed that all water bodies should achieve
Good quality status by the year 2015. The EQS would be
attributed especially to biological elements as well as hy-
dromorphological and physicochemical elements (Borja
et al., 2004; Marin-Guirao et al., 2005).

To determine the EQS, there was a need for devel-
oping new methods using different compartments of
ecosystem such as phytoplankton, zoobenthos and fish
(Borja et al., 2003). AMBI (Borja et al., 2000), BENTIX
(Simboura & Zenetos, 2002), BOPA (Dauvin & Ruellet,
2007) and BO2A (Dauvin & Ruellet, 2009) biotic inde-
xes, which are based on sensitivity/tolerance of zoobent-
hic species or taxa, were proposed for application wit-
hin the scope of the WFD. Macrozoobenthic communi-
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ties are commonly utilised in ecological monitoring stu-
dies because they include different species showing to-
lerance to environmental stress at different levels (Hily,
1984; Dauer, 1993). Benthic invertebrates, utilised as
bioindicator, take the first place among biological groups
for the purpose of inspecting marine ecosystems because
macrobenthos respond to anthropogenic or natural pres-
sure. As most benthic organisms are sessile or sedentary,
changes in their populations emerge directly due to the
effect of ambient pressure, not due to migration or move-
ment. Assessing the benthic communities gives impor-
tant clues to determining the extent of environmental
stress, whether it is natural or man-mediated (Pearson
& Rosenberg, 1978; Pocklington & Wells, 1992; Dauer,
1993; Pancucci-Papadopoulou ef al., 1999).

Although many studies were performed throughout
European coastal waters with respect to WFD, there are
only two research studies carried out in the Marmara
Sea using macrozoobenthic communities. Albayrak et
al. (2006) studied the northern part of this area, between
Biiylikcekmece Bay and Hoskdy, whereas Albayrak et al.
(2010) studied only the Golden Horn estuary. This study
utilises macrozoobenthic communities and related biotic
indexes as well as total organic carbon (TOC) content of
the sediment.

The objective of this study is to explore and compare
the effectiveness of different biotic indexes and availabil-
ity of using the TOC in evaluating the benthic impair-
ment in the northern Marmara Sea by determining the
status of the ecological quality of Kiicliikcekmece Bay
and by using historical dataset from previous studies (Al-
bayrak et al., 2006; 2010) in combination with the TOC
content of the sediment.

Materials and Methods

This study was carried out at Kiigiikcekmece Bay
(northern Marmara Sea) in June 2007 (Fig. 1). Sampling
of benthic fauna occurred at ten stations, representing the
depth transects of the Bay. Benthic material was collec-
ted in triplicate with a van Veen grab (surface area: 0.1
m?). Samples were sieved through a 1-mm mesh. Sub-
sequently macrozoobenthic organisms were sorted out
and preserved in 4% formalin-seawater solution. Spe-
cimens were identified to the lowest possible taxon and
their individuals were enumerated per unit sample (0.1
m?). Mean values for 0.1 m? of biotic variables and inde-
xes were calculated for each sampling station. The frequ-
encies of species in the study area were determined using
Soyer’s (1970) Frequency Index (F) and the results were
evaluated as constant (F>50%), common (50%>F>25%)
and rare (F<25%).

Ecological quality assessment of the Bay was per-
formed by applying Shannon-Wiener (Shannon & We-
aver, 1949) community diversity (H’log,) as well as
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Fig. 1: The map showing sampling regions from Albayrak et
al. (2006; 2010) and sampling stations in the Kiigiikgekmece
Bay of this study.

AMBI (Borja et al., 2000) (AMBI version 4.1 with the
species list version of February 2010), BENTIX (Simbo-
ura & Zenetos, 2002), BOPA (Dauvin & Ruellet, 2007)
and BO2A (Dauvin & Ruellet, 2009) [new thresholds for
BOPA and BO2A values are due to Ossa-Carretero &
Dauvin (2010)] biotic indexes and by considering Weis-
berg et al. (2008). AMBI and BENTIX assess the respon-
se of soft-bottom macrozoobenthic communities to en-
vironmental stress. Both indexes are based on the relati-
ve individual percentages of species classified into gro-
ups according to their sensitivity or tolerance to stress.
BOPA index uses relative frequencies of polychaetes (all
species are accepted as tolerant) and amphipods (all spe-
cies except Jassa are accepted as sensitive). BO2A index
is an adaptation of BOPA index for use in the freshwater
zones of transitional waters. The formula uses Annelida
(including Polychaeta and Clitellata) instead of Polycha-
eta which is used in BOPA. Shannon-Wiener diversity in-
dex (H’) is not a biotic index, but it is a measure of speci-
es diversity of a particular site and has been widely used
by marine biologists. Simboura & Zenetos (2002) indica-
ted a classification scheme for soft-bottom benthic com-
munities based on H’ values in response to five quality
status classes of WFD.

Five EQS classes were aggregated into two groups,
“acceptable” and “not acceptable”, to determine agree-
ment/disagreement between the above-mentioned five
indexes. Acceptable status was assigned to “High” or
“Good” EQS and scored as 1, whereas not acceptable sta-
tus was given to “Moderate”, “Poor” or “Bad” EQS and
scored as 0. The scores of each index were summed for
each station (range: 0-5). The sum of scores was used to
determine agreement/disagreement between indexes. Full
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agreement was measured as 0 or 5, partial agreement as
1 or 4 and disagreement as 2 or 3 (Blanchet et al., 2008).

Mud percentage and TOC content of the sediment
and salinity, temperature and dissolved oxygen of sea-
water at sampling stations were measured. An additional
sediment sample was taken by grab and kept under +4°C
until analysis. TOC content of the sediment (Loring &
Rantala, 1992) and mud percentage (Folk, 1974) were
determined. A 3-1 Ruttner bottle with thermometer was
utilised to measure the salinity, temperature and dissol-
ved oxygen of seawater just above the bottom. Dissolved
oxygen content of seawater was analysed using Winkler
method (Winkler, 1888). Spearman’s rank correlation co-
efficient (Siegel, 1956) was used to detect the correlation
between biotic and abiotic parameters.

Results

Physico-chemical variables

The maximum seawater temperature was 23 °C at
station 1 (4 m). Temperature was between 18.3 and 21.8
°C at the stations with 10 m depth, between 11.9 and 13.5
°C at the stations with 20 m depth, but it slightly increa-
sed to 14.9-15 °C at the stations with 30- and 36-m depth
(Table 1). Temperature significantly decreased with inc-
reasing depth (r = -0.628; p<0.05).

Salinity varied between 20.4 psu (st. 1; 4 m) and 36.5
psu (sts. 4, 5 and 8; 30—36 m). Stations with 10 m depth
had salinities between 21.2 and 22.7 psu, and stations
with 20 m depth had salinities between 26.9 and 29 psu.
Salinity significantly increased with increasing depth (r=
0.966; p=0).

The highest dissolved oxygen value was 12.8 mg-1"!
at station 1 (4 m). The values gradually decreased with
depth. It was between 11.4 and 12.2 mgl!' at 10 m
depths, around 8 mg-1"' at 20 m depths, between 4.8 and

Table 1. Environmental measures at stations.

5.9 mgl! at 30 m depths and less than one-third of the
highest value at 36 m depth (3.8 mg-1"). Dissolved oxy-
gen of the seawater significantly decreased as depth inc-
reased (r=-0.972; p= 0).

Mud percentage of the sediment differed from 3.3%
(st. 1; 4 m) to 93.3% (st. 3; 20 m), and significantly inc-
reased with depth (r = 0.623; p<0.05).

TOC of the sediment varied between 1.9 mg-g' (st. 1;
4 m) and 24.4 mg-g' (st. 5; 30 m). The lowest value was
5.4 mg g at 10-meter stations, 10.4 mg-g! at 20-meter sta-
tions, 17.8 mg-g"' at 30-meter stations, and 22 mg-g' at
36-meter station. TOC significantly increased with depth
(r=10.779; p<0.01) and with mud percentage of the sedi-
ment (r= 0.770; p<0.01), but a significant decrease was
detected in dissolved oxygen content of the seawater as
TOC of the sediment increased (r = -0.661; p<0.05).

Faunistic composition

A total of 8221 specimens identified to 143 macrozo-
obenthic species were collected. Polychaeta was the ric-
hest group in terms of species number (70 species- 48.9%
of total number of species), followed by Crustacea (36
species- 25.2%) and Mollusca (24 species-16.7%). Mol-
lusca accounted for 48.4% (3897 ind.) of the total indi-
viduals in the area, followed by Polychaeta (24.4%-2011
ind.) and Crustacea (22.6%-1861 ind.).

The most dominant species were Corbula gibba (Oli-
vi, 1792) (2936 ind.), Spisula subtruncata (da Costa,
1778) (714 ind.), Microdeutopus versiculatus (Bate, 1856)
(653 ind.), Apseudes latreillii (Milne-Edwards, 1828) (529
ind.), Pomatoceros triqueter (Linnaeus, 1758) (473 ind.),
Heteromastus filiformis (Claparede, 1864) (463 ind.), Si-
gambra tentaculata (Treadwell, 1941) (373 ind.) and Co-
rophium acherusicum Costa, 1851 (273 ind.).

Six species (H. filiformis, Nephtys hombergii Savi-

Station No Depth Temperature Salinity DO TOC Mud
(m) 0 (psu) (mg'l") (mg-g”) percentage

1 4 23 20.4 12.8 1.9 33
2 10 21.8 21.2 12.1 5.7 62.4
3 20 12.8 29 8.3 21.6 933
4 36 14.9 36.5 3.8 22 81.1
5 30 15 36.4 59 24.4 67.3
6 20 11.9 28.4 8.1 10.4 4422
7 10 20.7 22.7 11.4 5.4 6.6
8 30 14.9 36.5 4.8 17.8 90.6
9 20 13.5 26.9 8.5 14.4 32.7
10 10 18.3 22.3 12.2 20 68.6

DO: Dissolved oxygen, TOC: Total organic carbon
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gny in Lamarck, 1818, Owenia fusiformis Delle Chiaje,
1844, C. gibba, Sphaeroma serratum (Fabricius, 1787),
Jassa marmorata (Holmes, 1903)) were constant, 18
species (Capitella capitata (Fabricius, 1780), Melinna
palmata Grube, 1870, Pholoe inornata Johnston, 1839,
Polydora caeca (Orsted, 1843), P. triqueter, S. tenta-
culata, Syllis gracilis Grube, 1840, Heteronemertea sp.,
Nemertina sp., Aspidosiphon muelleri Diesing, 1851,
Abra alba (Wood W., 1802), Mytilus galloprovincialis
Lamarck, 1819, Pitar rudis (Poli, 1795), S. subtrunca-
ta, Calyptraea chinensis (Linnaeus, 1758), Nassarius
reticulatus (Linnaeus, 1758), Diogenes pugilator (Roux,
1829) and Iphinoe elisae Bacescu, 1950) were common

and other 119 species were rare.

Percentages of individuals of the most dominant spe-
cies at stations are given in Table 2. Individuals belon-
ging to one species constituted more than half of total in-
dividuals of the relevant station at six stations and S. ser-
ratum formed 100% at station 4 because this station inc-
luded only one species.

Mean values of univariate indexes (species num-
ber, individuals number, H’) and biotic indexes (AMBI,
BENTIX, BOPA, BO2A) at stations have been summari-
sed in Table 3. BENTIX, BOPA and BO2A were not cal-
culated for stations 4 and 8 because of the operational li-
mits of the indexes.

Table 2. Dominant species and their individuals’ percentage at stations.

1 2 3 4 5 6 7 8 9 10
S. subt- O. fu- C. gib- S.serra- C. gibba 82 H. filifor- M. versi-  S. serratum 31 C. gib- N. homber-
runca- siformis  ba 94  tum 100 mis 52 culatus 18 ba 95 gii 51
ta 89 45
C. galli- N. reticu- Malacoceros S. tenta- A. latreil- Corophium M. gallopro-
na 6 latus 13 fuliginosus 13 culata 17 lii 15 insidiosum 19 vincialis 8
D. filum Aonides P, trique- C. gibba 19
11 oxycepha- ter 13
la 10
Table 3. Mean values (for 0.1 m?) of some biotic measures and indexes. S: Species number, N: Individuals number.
1 2 3 4 5 6 7 8 9 10
S 6 5 3 1 5 18 66 3 13 11
N 253 16 92 4 77 193 1203 5 870 30
H’ 0.8 1.9 0.5 0 0.9 2.3 39 1.1 0.4 2.5
AMBI 0.1 1.9 4.4 3.0 4.6 3.8 1.9 3.5 4.4 1.9
BENTIX 5.9 4.7 23 - 22 24 3.6 - 2.1 3.0
BOPA 0.00380  0.19629  0.00742 - 0.04595  0.27674  0.09577 - 0.01246  0.23856
BO2A 0.00380  0.19629  0.00742 - 0.04595  0.27674  0.10240 - 0.01246  0.23856
Table 4. Spearman’s rank-correlation coefficient (r) between biotic and abiotic parameters.
S N s i AMBI BENTIX BOPA BO2A
Denth r, -0.571 -0.524 -0.486 0.703 -0.831 0.075 0.075
P p 0.042 0.060 0.077 0.012 0.011 0.430 0.430
Mud percentage r, -0.762 -0.733 -0.248 0.406 -0.521 0.214 0.214
P g p 0.005 0.008 0.244 0.122 0.185 0.305 0.305
DO r, 0.518 0.479 0.382 -0.640 0.807 -0.143 -0.143
P 0.062 0.081 0.138 0.023 0.015 0.368 0.368
TOC r, -0.598 -0.552 -0.406 0.665 -0.786 0.048 0.048
0.034 0.049 0.122 0.018 0.021 0.455 0.455
S: Species number, N: Individual number, DO: Dissolved oxygen. Statistically significant correlations are in bold.
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According to Spearman’s rank correlation coefficient
(Table 4), species and individual numbers negatively cor-
related with TOC (p<0.05) and mud percentage (p<0.01).
AMBI positively correlated with TOC and depth, nega-
tively with dissolved oxygen, whereas, BENTIX negati-
vely with TOC and depth, positively with dissolved oxy-
gen (p<0.05). Another negative correlation was between
depth and species number (p<0.05). A statistically signi-
ficant correlation could not be determined between abio-
tic parameters and H’, BOPA and BO2A (p>0.05).

Assessment of ecological quality status

Station 1 was assessed as “High”, station 7 as
“Good”, stations 2 and 6 as “Moderate”, stations 9 and
10 as “Poor” and stations 3, 4, 5 and 8 as “Bad”.

All biotic indexes (AMBI, BENTIX, BOPA and
BO2A) agreed with final assessment at stations 1 and 7.
However, some disagreements were observed. Especi-
ally, BOPA and BO2A tended to overestimate the EQS of
the stations. Both indexes indicated “High” EQS at stati-
ons 3 and 9, “Good” EQS at station 5, whereas final as-
sessment was “Bad” for stations 3 and 5 and “Poor” for
station 9. Individuals of tolerant bivalve C. gibba formed
from 82% to 95% of total abundance at those stations,
and BOPA and BO2A overestimated such stations becau-
se they accept only polychaetes and amphipod genus Jas-
sa as tolerant. AMBI and BENTIX showed more conce-
ivable results with final assessment. However, they had
different scores at some stations due to placing some spe-
cies in contrary ecological groups. For example, N. hom-
bergii, the most dominant species (51%) at station 10,
was placed in group II by AMBI, but it was accepted as
tolerant by BENTIX, so AMBI classified as “Good” and
BENTIX as “Moderate” the station 10 where the TOC of
sediment was high as 20 mg-g! and of which final assess-
ment was “Poor”.

Level of agreement/disagreement between indexes
was calculated according to the sum of scores (Table 5).
All indexes indicated “not acceptable” status for station
6, and full agreement was observed only at this station.

Partial agreement was seen for the stations 1, 7 and 10,
and disagreement for the stations 2, 3, 5 and 9. Stations
4 and 8 were not taken into account because BENTIX,
BOPA and BO2A were not calculated for these two sta-
tions. There was a significant agreement between only
AMBI and BENTIX (p<0.001).

Shannon-Wiener diversity index (H’) classified all
stations as “not acceptable”, 60% being in “Bad” EQS.
AMBI classified half of the stations as “acceptable”
and half as “not acceptable”, BENTIX classified 37.5%
as “acceptable” and 62.5% as “not acceptable”. Howe-
ver, AMBI evaluated only 10% of the stations in “High”
EQS, whereas BENTIX did the same for just 25%. Both
BOPA and BO2A indexes classified 62.5% of the stations
as “acceptable” (37.5% in “High” and 25% in “Good”
EQS) and 37.5% as “not acceptable”.

TOC and benthic variables/indexes relations

Figure 2 demonstrates relationships between benthic
measures/biotic indexes and TOC content of sediment.
The distribution of species number, Shannon-Wiener
community diversity, AMBI, BENTIX and BO2A signi-
ficantly (p<0.05) indicated deterioration of benthic life
with increasing organic matter load. Individuals’ number
exhibited an insignificant (p>0.05) bimodal curve with
first peak around 8 mg-g! TOC and second peak around
43 mg-g!' TOC while BOPA exhibited an insignificant
(p>0.05) sigmoid curve.

Hyland et al. (2005), Albayrak et al. (2006) and Mag-
ni et al. (2009) indicated TOC thresholds for assessing
the risk of benthic impairment in relation to organic mat-
ter load. TOC and benthic variables/indexes data from
Albayrak et al. (2006) and (2010), both from different
parts of Northern Marmara Sea including 20 and 5 stati-
ons respectively, were merged with data of this study inc-
luding 10 stations. And mean values from totally 35 stati-
ons were summarised in Table 6 in accordance with those
thresholds. At all three thresholds, BENTIX showed the
most compatible EQS assessment for TOC load levels.
At Albayrak et al. (2006) thresholds, BENTIX indicated

Table 5. Levels used for measurement of agreement/disagreement between indexes (after Blanchet et al., 2008).

Sum of scores Interpretation

0 Full agreement of the five indexes on “Moderate” or worse EcoQ status (not acceptable)

1 Partial agreement (four agreements out of five indexes) of the five indexes on “Moderate” or worse
EcoQ status (not acceptable)

2 Disagreement between the five indexes on the EcoQ status of the station

3 Disagreement between the five indexes on the EcoQ status of the station

4 Partial agreement (four agreements out of five indexes) of the five indexes on “Good” or higher
EcoQ status (acceptable)

5 Full agreement of the five indexes on “Good” or better EcoQ status (acceptable)
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Table 6. Mean values of biotic variables and indexes, from merged dataset of Albayrak et al. (2006; 2010) and this study, within
TOC thresholds in accordance with Albayrak et al. (2006), Hyland et al. (2005) and Magni et al. (2009) thresholds.

S N H’ AMBI BENTIX BOPA BO2A
Albayrak et al. (2006) thresholds
Low (1-5.9 mg-g™) 19 185.7 2.9 0.9 4.2 0.10018 0.10084
Moderate (6-11.9 mg-g™) 21.1 114.2 33 1.5 29 0.13782 0.13782
High (12-21.9 mg-g™) 9.2 150.1 1.9 2.7 2.3 0.13319 0.13319
Very high (>22 mg-g") 53 118.4 1 44 1.8 0.17521 0.21646
Hyland et al. (2005) thresholds
Low (<10 mg-g™) 20.2 169.4 3 0.9 4 0.09618 0.09674
Intermediate (10-35 mg-g™) 10.8 135.8 2 2.7 24 0.15608 0.15608
High (>35 mg-g™") 3 108 0.7 5.9 1.5 0.15666 0.26666
Magni et al. (2009) thresholds
Low (<10 mg-g™) 20.2 169.4 3 0.9 4 0.09618 0.09674
Intermediate (10-28 mg-g™) 10.9 127 2.1 2.6 24 0.14821 0.14821
High (>28 mg-g™") 4.5 156.7 0.8 5.5 1.6 0.19000 0.27250

S: Species number, N: Individuals number.

“Good” EQS at Low TOC, “Moderate” EQS at Mode-
rate TOC, “Poor” EQS at High TOC and “Bad” EQS at
Very High TOC. At both Hyland et al. (2005) and Magni
et al. (2009) thresholds, it indicated “Good” EQS at Low
TOC, “Poor” EQS at Intermediate TOC and “Bad” EQS
at High TOC. However, all other biotic indexes also indi-
cated deteriorating EQS with increasing TOC load, des-
pite not being gradually as BENTIX showed.

Discussion

Reaching a final assessment for EQS of a particu-
lar site should not be subjective or arbitrary. Biotic in-
dexes provide numerical data to minimise the subjecti-
ve judgment; however, they also involve subjectivity
at least when selecting species as sensitive or tolerant
(Marin-Guirao et al., 2005; Weisberg et al., 2008). One
of the main problems about applying these biotic inde-
xes 1s classifying some species into different ecologi-
cal groups. Many species in this study such as polychae-
tes Amphicteis gunneri (M. Sars, 1835), Eumida sangu-
inea (Orsted, 1843), bivalves Anodontia fragilis (Philip-
pi, 1836), Myrtea spinifera (Montagu, 1803), crustaceans
Ampelisca diadema (Costa, 1853) and Sphaeroma serra-
tum (Fabricius, 1787) were placed in contrary ecological
groups by BENTIX and AMBI. The case of Sphaeroma
serratum is remarkable at Station 4, with 22 mg-g! TOC
in its sediment. BENTIX accepted this species as sensi-
tive (EGI), but AMBI placed it in Group III, which inc-
luded species tolerant to excess organic matter enrich-
ment. In our opinion, S. serratum, surviving alone under
such high TOC content, should also be accepted as tole-
rant by BENTIX. Marin-Guirao et al. (2005) and Prato
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et al. (2009) also presented some examples on this prob-
lem and recommended a consensus for placing the speci-
es to a particular ecological group. The same problem is
in question for BOPA and BO2A methods. Both of these
indexes accept all polychaetes as tolerant and all amphi-
pods except the genus Jassa as sensitive. However, many
polychaeta species in this study such as Haplosyllis spon-
gicola (Grube, 1855) and Magelona alleni Wilson, 1958
were accepted as sensitive, and many amphipods such
as Corophium acutum Chevreux, 1908 and Gammarel-
la fucicola (Leach, 1814) were accepted as tolerant by
BENTIX and AMBI. Ossa-Carretero et al. (2009) also
denoted that Polychaeta contains both sensitive and to-
lerant species. Such different classification of species or
higher taxa caused biotic indexes to give discrete results.
Moreover, some taxonomical problems are also present
and must be solved. For example, Pholoe synophthal-
mica Claparede, 1868 is a synonym of Pholoe inornata
Johnston, 1839, but AMBI accepts them as separate spe-
cies and places the former species into Group II and the
latter species into Group IV.

H’ showed 50% agreement with final assessment,
four of these five stations included only a few species
and H’ indicated bad quality status because it is extre-
mely sensitive to species number. BOPA and BO2A sho-
wed 50%, AMBI showed 40%, BENTIX showed 37.5%
agreement with final assessment. Success of AMBI and
BENTIX methods at identifying the effect of organic pol-
lution has been exhibited by many studies. However, ne-
ither these two biotic indexes nor the BOPA and BO2A
indexes could successively detect the ecological quality
where less number of species was encountered, similar
to the case of six stations in this study. When the remai-
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ning four stations (6, 7, 9 and 10) were considered, inclu-
ding at least eleven species/0.1 m?, it was seen that AMBI
showed 75% while BENTIX, BOPA and BO2A showed
50% agreement with final assessment. Especially at sta-
tion 7, including 66 species/0.1 m?, all four biotic inde-
xes successively detected the ecological quality. Altho-
ugh BOPA and BO2A have the advantage of reducing ta-
xonomical effort, they have some disadvantages as well.
One of them is that they accept all polychaetes as tolerant
and all amphipods (except the genus Jassa) as sensitive.
Another one is that only polychaetes (or annelids) and
amphipods (except Jassa) directly affect the calculation,
and other species are not sufficiently taken into account.
These indexes must be carefully used when “other speci-
es” have important relative frequency. Dauvin & Ruellet
(2007) also denoted that it could be difficult, if not im-
possible, to interpret the results in a poor ecosystem whe-
re these two categories of organisms are rare or absent.
All biotic indexes tended to overestimate the EQS of
the stations in this study. Especially BOPA and BO2A in-
dexes classified more stations as “High” quality status.
Biotic indexes are not very efficient in transitional ecosy-
stems because these ecosystems naturally host many to-
lerant and opportunistic species adapted to the natural
stress of the environment. AMBI works better only for
slightly and moderately polluted lagoons, but BENTIX
is more effective than AMBI for heavily polluted lago-
ons with poor quality (Simboura & Reizopoulou, 2008).
Pranovi et al. (2007) cited that biotic indexes seem to
generally overestimate the EQS of not strictly marine
ecosystems, partially such as our study area. These inde-
xes mostly showed “High” or “Good” conditions in Veni-
ce lagoon. Especially BOPA showed low discrimination
by classifying nearly all the samples in the “High” cate-
gory. However, BENTIX was more sensitive than AMBI
to the organic matter content increase in the sediment and
related changes in macrobenthic assemblage, and BEN-
TIX was better than AMBI in discriminating the stations.
BOPA classified a station in the extremely polluted Gol-
den Horn estuary (Albayrak et al., 2010) as “High” be-
cause the station did not include any polychaete species,
but more than 80% of the individuals belonged to tole-
rant Oligochaeta. On the other hand, BO2A classified the
same station as “Poor”. This was why BO2A was develo-
ped especially as an adaptation of BOPA for oligohaline
environments. Ossa-Carretero et al. (2009) denoted that
BOPA overestimated the status in their study area and in-
dicated a need to calibrate the thresholds between EQS
classes. Prato et al. (2009) have indicated that BENTIX
tends to reveal extreme values in EQS because species
are ascribed only to two ecological groups rather than
five ecological groups of AMBI. Moreover, AMBI sets a
wider “Good” class (1.2-3.3) compared to “High” (0-1.2)
and “Moderate” (3.3-4.3) classes, while BENTIX sets a
wider “High” class (4.5-6) compared to its “Good” (3.5-
4.5) and “Moderate” (2.5-3.5) classes. However, Simbo-
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ura & Argyrou (2010) indicated that a large number of
sites were classified as “Good” by AMBI, as “Modera-
te” by BENTIX in Greece (Eastern Mediterranean), and
AMBI overestimates the EQS in Eastern Mediterranean
areas. Boundary among “Good” and “Moderate” classes
is critical for the evaluation of an index, and ability of an
index is to indicate “Moderate” status. Pinedo & Jordana
(2008) denoted that the tolerant groups in the pollution
succession model are more closely related to the oppor-
tunistic taxa in the Mediterranean. The succession mo-
del has a closer association and shows a greater variety
of combinations between the tolerant and opportunistic
groups in the “Moderate” class in the Eastern Mediterra-
nean. Simboura & Argyrou (2010) demonstrated that the
tolerant group is not only more associated with the op-
portunistic taxa, both groups are equally important in the
“Moderate” class in the Eastern Mediterranean. BENTIX
gives equal weight to the tolerant group GIII and to op-
portunistic groups GIV and GV, while AMBI gives less
weight to the tolerant group than opportunistic groups.
Accordingly, BENTIX gathered tolerant and opportunis-
tic groups in the “Moderate” class. BENTIX captured
this close association between tolerant and opportunistic
groups in the Mediterranean ecosystems by its structu-
ral features, assigning cases, where tolerants and oppor-
tunists combine at a cumulative percentage of more than
60%, to the “Moderate” class. By correlating the tolerant
and opportunistic groups with giving equal weight, BEN-
TIX seems to be more successful in detecting EQS in the
Eastern Mediterranean, where tolerant and opportunistic
groups have an equally important role in the response of
benthic communities to stressors.

BENTIX agreed on the “acceptable” or “not accep-
table” status in 87.5% of the stations, Shannon-Wiener
diversity index in 80%, AMBI in 70%, BOPA and BO2A
in 62.5%. Although these biotic indexes generally failed
to detect the final assessment at five classes of EQS, they,
especially BENTIX, were more successful in determi-
ning the “acceptable” or “not acceptable” status.

Although organic matter in surface sediments is an
important food source for benthic fauna, excessive amo-
unts of organic enrichment, often accompanied by other
chemical stressors, may cause oxygen depletion and an
increase in toxic by-products resulting in reduction in
species richness, abundance and biomass of benthic fau-
na which are in close association with bottom sediments
(Hyland et al., 2005). Data from Figure 2 and Table 6
clearly exhibited degrading EQS and decreasing speci-
es richness as TOC increased. Therefore, TOC content of
sediment was considered as a valuable proxy measure by
evaluating the benthic impairment and by significantly
correlating to several benthic measures.

A successful biotic index should assign worsening
benthic life with organic matter load. Mean values of all
biotic indexes (AMBI, BENTIX, BOPA and BO2A) de-
monstrated deteriorating EQS as TOC level increased
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(Table 6). However, BENTIX was the most efficient in-
dex showing conceivable EQS results with increasing
TOC load. Pranovi et al. (2007) also indicated that BEN-
TIX was more sensitive than AMBI to increases in the
organic matter content in the bottom sediments and to
related changes in the macrobenthic assemblages of Ve-
nice lagoon. Albayrak et al. (2006) studied the EQS of
northern Marmara Sea and indicated that AMBI failed
to detect the spatial differentiation of EQS, but BENTIX
succeeded in 70% of the cases in producing an ecolo-
gically relevant classification reflecting the environmen-
tal pressures. Albayrak et al. (2010) studied the ecologi-
cal quality status of the extremely polluted Golden Horn
Estuary in Istanbul and stated both AMBI and BENTIX
showed 80% agreement with final assessment whereas
BOPA showed 20% and BO2A showed 40% agreement.
In this study, AMBI and especially BENTIX were more
successful in identifying the ecological quality.

Although the whole northern Marmara Sea was de-
signated as ecologically disturbed with only 25.7% of
the stations in “acceptable” status, a decreasing pattern
of TOC and healing EQS were determined from east to-
wards west. Only 2 stations out of 25 stations (8%) at
Golden Horn, Kii¢iikcekmece, Biiylikgekmece and Siliv-
ri were in “acceptable” status, whereas 7 stations out of
10 stations (70%) at Tekirdag and Hoskdy were in “ac-
ceptable” status (Albayrak et al., 2006; 2010 and this
study).
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