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EFFECTS OF SEWERAGE ON THE DISTRIBUTION OF BENTHIC FAUNA
IN GOLDEN HORN

by
M. UNSAL *

RESUME

Lee effets de 1a pollution sur 1a distribution de la faune
benthique. oarticulibrement,sur les annélides polychetes, ont
dré dtudids de pecembre 1985 ) Septembre 1986 dans Corne d’0Or.
aui est un estuaire au milieu d’ 1stanbul.

Lee aradients de pollution ont dté basds sur les
diminutions de nombre des especes et les augmentat(ons de
nombre des individues par espece. ainsi aque sur les facteurs
nhveico—chimioues.

Trois especes indicatrices (Capitella capitata. Scololeris
fuligineosa. Polvdera riliata) ont étd dominantes dans toutes
jee stations de orélbvement en conetituant 8e 7 en abondance
et 86 7 en biomasse de toutes les especes recueillies.

A 1’excepntion d’une seule station A 1'entree de 1’estuaire
cl auelauves mol lusaques. echinodermes et crustacés ont dte
trouvde. lee autres etations sont peuolées presaque entiére—
ment Dar les annblides polychetes.

La cimilarite faunistiaue des polychetes aépassait

o0 7 dans les stations peu profondes, &0 % envlrén dans
celles plue profondes et basse (22 %) entre les stations
profondes et peu profondes.

ARSTFACT

Pollution effects oOnN benthic fauna distribution. especially
on polychaetous annel ids were studied between December 1983
and September 1986 in Golden Horn. estuary in the center of
Istanbul.

Follution gradients were based on decreases in the number
of species and increases in the number of individuals per
epecie=s. Three indicator species (Capitella capitata.
Scololeris fuliginosa. Polydora ciliata) were dominant at all
eampling etations constituting 89 % in abundance and 86 7% in
biomase of all species collected. Except a single gtation
si tuated at the mouth of the estuary, where few molluscs,
echeniderms and crustaceans were collected, the other stations
were populated almost exclusively by polychaetous annelids.

Faunal similarity of polychaetes was higher than 90 % at
shal low stations, about 60 7% at deeper ones, and low (22
between shallow and deep stations.
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INTRODUCTION

Benthic communities have been widely used in pollution
monitoring oroagrams for the reasons (1) most are sessile or
move over short distances. €2) they are vrelatively 1long
lived. easv to collect quantitatively, restricted to a very
limited vertical disribution {n or fust below sediment
surface. and thev can be ({dentified to species after
unlimited preservation (Leppalkoski.1975) and (X) they reflect
the dearee of pollution by showing spatial and temporal
variations in dietribution (Pearson and Fossenberg, 1978:
Rossenbero and Moller 1979: Gray and Mirza 1979: Pearson et
al.. 1982: Wardwiclk., 1984) and by accumulating of pollutants
in tissues above levels in the surrounding environment
(Fhillips., 1976: Unsal, 1978, 1983, 1984). Thus. changes in
the community  structure of benthic animals are indicators of
environmental changee in their areas and analyses of the
benthos can be used to assess the dearee of pollution {in an
area (Foesenberaq. 1976 a).

Al though come studies have been performed on the sources of
pollution in Golden Horn (Yuce., 1972: PRavkut., 1977; Samsunlu,
1977). onlv cne study deals with benthic species (Artuz and
Fortimaz,. 1975)and gave no data available on the distribution of
benthic craaniems and their relation to pollution {in this
estuary. Thie studv documents the seasonal distribution of
macrofauna. mainly polychaetaus annel {ds, since they
constituted. with the evception of nematodes and
oligochaetes, almost 100 % by number and biomass of all
organisme found during the sampling period in relation to the
degree of pollution in Golden Horn

The main obiective of this studvy is to determine the
seasonal variations in numbers of species, individuals and in
biomass of Folyvchaetous Annelids and to evaluate the degree
of pollution in thie estuary.

STUDY AREA

Golden Horn {e an estuary situated in the center of
Istanbul Citv (Fig.1) which is the most industrialized and so
most popul ated (about 6. 000, 000) center of Turkey. This
estuary receives significant amount of untreated sewage and
industrial inputs from sewer systems and factories established
41°.017- 41=.04” N on its either side. It 1l{es between and
28=.56’- 28°.59” E and has a length of approximately 7.5 km,
a maximum depth of 42m at the mouth and a sill depth of less
than 2 m at the inner part.
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Hydrographical factors, such as salinity, temperature,
dissolved orygen, currents etc. have recently been studied by
the Institute of Marine Sciences of Middle East Technical
University (METU, 198646) . These studies showed that, the
environmental conditions vary in short intervale, monthly or
weelly, in the estuary. It receives water inputs from
di fferent sources: the bottom layer is occupied up to the
middle part by Marmara Sea waters which are of Mediterranean
origin and the upper layer by PRlaclk Sea waters. In deep
sections, the Elacli Sea waterse occupy the upper 20-25m of the
water column and extends towards the end of the estuary. The
salinity varies between 15-20%0 in the upper layer, while it
it between T7-78.5%0 at the |nwer laver. Thus, these two
water masees are separated by an interface (halocline), which
varies in ite position and sharpness between 15-70m according
te the season: at 2S5-30m in March and 1Sm  in August (METU,
1°846) .

The dis=olved c:ygen content of the bottom waters changes
also according to their sources: the waters coming from

Marmara Sea have relatjvely low oxygen content while those
criginating from Rlacl Sea contain  much higher dissolved
o:vgen.

The conditione are different in the innermost part of

Golden Hcrn. Since., the currents do not reach this section to
renevw the waters and therefore. anovic conditions prevail in

this part of the estuary. However, there is no complete
depletion in dissolved oxygen concentrations at the
water-sediment interface although the sediments consist

mainly of blacl mud and have a foul smell during the sampling.

The bottom topography shows also variations from the
entrance to the end. The depth {s about 40 m as far as the
middle part,then rises steeply and becomes shallower than 2m
towards the inner parts of the estwary (Fig.1).

MATERIALS AND METHODS

Sediment samples were collected on bimonthly basis from
December 1985 to September 1986. Three replicate Hhauls were
talen at each of 6 preselected stations (Fig.1) by means of a
Van Veen grab having a sample area of 285 cm®. Thus. a total
of 20 samplees covering an area of 25.450 cm? ( >2.% m* )

249 have
bheen talen over S sampling times.
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A medium-<ize veasel (10m  in  length),
manually functioning winch, was used for sample collection.
Samples were then transferred fmmediately to the mother ship
(42m in length) and sieved on board through 0.5, { and 2 mm
mesh-size sieves. Only one additional sample was taken. at
each station for particule size analyses. The sieved residues
were fixed with 2% formalin in sea water buffered with
NaHCOs (pH = 8) and returned to the laboratory ¢or subsequent
examination. In the laboratory, the samples were stafined
with 1% Sudan Rl ack B according to the procedure described
by Wallker et al., (1974), to facil{tate the sorting of
organisms under binocular microscope. After sorting, the
animals were stored in 70% alcohol and then' identified to
species, i f possible, and counted. Fragments of polychaetes
were identified to family. Plomass (wet weight) of the
preserved animals were determined by blot dry
On paper towels for about three minutes befor

equipped with a

e weighing.

The salinfty, temperature and dissolved oxygen values were
obtained from the water closest (0.S-1m) to the bottom.

Species  diversity index., determined with the
Wiener ¢unction (Leppakosii, 1975
1979), was calcul ated asg

Shannon-
Rosenberg and Moller

1
H'= -C P{ 109a Pj
il

and its evenness aag

J= H® /H..... (Heaw= 10ga s ;

where P/ {s the proportion of the ab
(Pi=ni/N) = gpecies abaundance/total

undance of species ;
L]
the number of species,

abundance and g |

Sanders® (1948) rarefaction technique was also applied as an
alternative to species diversity index.

Faunal similarfity inde:x
stations was calculated ac
Sanders (1960) to
structure and the
stations.

(affinity index) at all pafrs o¢
cording to the method described by
Asseszs the differences in

communi ty
degree of differences

among sampling

Particule size of sediments was

analysed by the pipette
method described by Folk (1974),
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RESULTS

Population chanjyes at each station

The total number of species ‘found during the sampling
period, and the mean epecies number (S), abundance (A) and
biomass (R) of animals found over 5 sampllnq tlme, at each of
) pre-elected station are shown in Table 1.

There are fluctuations {n the population at each station
Thus, the total number of species was highest at the entrance
station (St.H2) but {t started to decrease towards the ‘inner
part and  reached ({ts lowest level at the last station
(St.H26). Station H14, located in the middle of the studied
area, was most-affected with lowest abundance and biomass
(Tab.2Y. Altheough the number of species at St.H2 was 10 times
thalt of at St.H2&. the mean number of individuals per species
vse 4 timee and the biomass was also quite high at this last
etalion. Theee high values of abundance (n St.H26 resulted
{rom auxtreme rise of the abundance of Caritella capitata
(62,000 ind/m2®) in  Hav,

Fig.2 zhowe the epecies—-area curve which {s a function of
inzreasing numher of species to increasing number of samples
eramined. Ar -an be eeen from this figure, 90% of species at
St HT? and about 190% at other three stations were found after
0.2Sm2 had been eampled. Thus, with the exception of St.HZ,
the repeated sampling did not contribute to the increased
numher nf epecies al other stations. This is because the
rommunity is composed of a very 1imited number of
particularl ., pollution resistant species. Therefore, the
currves chtajined for stations H6, H14 and HZ6 have a more or
lesz steep <lope for first wmsamplee and followed by an
rectangular tranajtion into a line parallel to the xy-auis for
further samples which {8 character{stic for heavily polluted
communi ties.

Three most abundant species at each station are listed in
Table %, together with the mean number of species per m® and
their dominancy in percent of the total number of individuals
o.er the sampling period.

As can be seen from Table 22, Capitalla capitats and
f:olelepis fuliginosca occurred at all sampling stations and
the, constituted at stations H14-H26 more than 999 in number
~f al! the faunna obtained during the sampling period. The
number of C.capitata was very low at St.H2 but {increased
tomprde the {nner part of the estuary. However Polydora
siliats wae most abundant at stations H2 and Hb, but it
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decreased. towards the fnner part. Nnother

polvchaete species was Exagon gemmifera at St.H2.

also 1n small numbers at St.HIB but was totallyv
other ctations. So. with the exception of stations H2Z and H6,
the other stations were populated by the same dominant
cpeciec. that is C.capitata and ©S.fuligipora. The dominancy
of C.rapitata and 5.fuliginosa increased from St.H2 to Bt.H2E

while that of P.~-iliata decreased. After St.Hb6

relationship was observed between C.capitata and &

the percentage of one epecies decreased when
other increased (Fia.3).

Diversity

)

dominant
It appeared
absent at

an inverse
.fuliginosa
that of the

The diversity of the benthic communities calculated by

Shannon-Wiener function and its evenness are shown

in Fig.A4.

The diversity H' was highest (2.02) at St.H2, relatively high

(1.58) at St.H&6. but lowest (0.11) at St.H14,

After this

station it was aleo moderately high in the inner part of the

estuarv. Evenness J showed about the same trend as

at all etations. The recsults of Sanders’

technique applied to three station (Fia.S5) were in
with thoese obtained by diversity i{nde:: hiagh

diversity
rarefaction
agreement
diversity

resulted from hiah number of species at St.H2 and low

divereity from low number of species at St.14.

Faunal affinity

The percentage similarity of the polvchaete fauna was studied

by comparing all pairs of stations according to
described by Sanders (1°60) and the stations were
by means of a dendoaram (Fiq.6) established byv

the method
classified
clustering

technique called "pair-qgroup method with arithmetic averages”

(Davis, 1973). Two separate group of stations

were

distinguished: statione H14, HIB., HZ2 and H26 <showed a
similarity of more than 907% (group A) and stations H2 and Hb

a similarity of 60% (group BE). The high similarity

found

among A group stations was due to the permanent occurence . of

C.-apitata and S.fuliyginocsa at those stations.

Station H2 had very low similarity t{ 2-12 %)

22 % (Fig.6).

Changes During the Zampling Period

and
moderate similarity ¢ 2B-3% %) with other stations.
similarity between two group of stations (group A and B)

St.H6 a
The
was

Variations in the species, abundance and biomass (S A R)
during the sampling period are illustrated in Fig.7. It can
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be <ceen from thie Fiaure that v bh the! euception of
September. the biomass ehowed the same pattern as abundance
throuqout the sampling perind. Theyv cetarted to increace N
March and reached their Hhigest values in May, but then
declined suddenly in July. A charp rice in abundance wae alcso
observed in September while the biomass remained low at this
time. These chanaes were reflected in the variatione of
biomass/abundance (E’A) and abundance’species (tA’S) ratios
which ehowed aleo peales in Mav (Fig.8). The only e:ception
was observed in December, where R/A was hiagh. because of
relatively hiaoh biomaes and low abundance in thie month,

All these fluctuations were in accordance with those
observed in the poopulations of dominant epecies that are
C.capitata, Z.fuliniross and P.cili1ata over the sampling
period (Fiq.©).

DISCUSSION

The changes in number of cepecies. abundance and biomasse
(S A B) occurring along transects originated at the effluent
diecharge pointe were described by Lepralosti (1975, Fearson
and Rosenberqg (1°978) and Fearson et al.,(1982). These authors
observed that after the diescharge point, the abundance showed
a hiagh peal due to few pollution-tolerant opportunistic
epecies (Feal of opportunists-FO), and the biomaess a emall
pealk, but the species encountered were few. The peals of
abundance and biomass were then declined te a minimum level
which is described as "ecotone point” by Fearcson and Fos=enberg
(1978) or as "prisary wsinisve” by Leppaloshi, (19275 cince the
benthic community at this point was poor in species abundance
and biomass., After thie minimum. a <econdary marximum was
observed 1n species and biomass values, while abundance
remained constant.

In the present study. the abundance was found to be high
and species number low at two inner stations (St.HZ46 and H18).
The biomass was aleo high at St.H26 but decreased towards the
middle stations (Fig.10).

The abundance at St.H22 was lower than that found at
stations H26 and H1IB which were situated at its either side
(Fig.1). During the last sampling in September 1986, there
was no benthic organisms at stations HI46 and HZ2., because the
location of these stations was dredged by Municipality of
Istanbul for cleaning purposes. Disturbance of benthic
organisms by dredging was reported by Rosenberg (1277 a). The
high biomass and abundance observed at St.HDT6 wae due to the
very high increase of C.caprtata (SR.8%6 1nd.’m?) in May. So.
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the abundznce ~alue at St.H22 <hould be at the same level

az that found for cstations H26 and HIB. Assuming that the
pollution has mostlv originated from the innermost part of
the estuary due to considerable inputs. An initial pealk or

primarv ma:ximum for abundance and biomass could cover the
=tatons H26. HZZ and HIB which were situated close to
pollution eourcees.

The S A B values were all low at estations H14 and H&4. These
stations constituted presumably the ecoton point or primary
minimum. The S A B values were then increased at the mouth
z=tation (HZ' which is considered to be less polluted than the
otter camplinag stations. Thus typical S A B curves described
b+ Leppal oslhi (l°75)) Fearson and Rosenberg (1978) and by
Feareon et al. (1982) along a decreasing gradient of organic
pollution were also observed in the present study (Fig.10).

The cumulative number of epecies was plotted against the
samplina area (Fio.Z) assuming that the larger the area of

eamplee will .ield a larger number of species found.According
to Stirn (1981 the curves, lile that obtained for St.H2, |is
a tvpical "Arrhenius” curve for communities in clean or only
zliohtly polluted environments and those obtained for the
cther <etatinone (H6-HZ8) are exclusively significant for
heavil. polluted communities. Of the species found after five

camplina time, ©O ¥ at St.HZ and about 100 % at other
cstations were obtained from three samples. Thus., it is
cunagecsted that three camples should be representative for the
stations H&E-HZS, but some additional samples should be
required for St.HZ.

Dominant epecies and their dominancy during study period at

a]l) sampling statione are listed in Table 3. It can be seen
from this Table that, C. capitata was the first and
2. fuliginocsa was the second species {in abundance at

etations H14-HZ6 throughout the sampling period. However, at
statations HZ and H6, C.capitata was replaced by P.ciliata.
The other dominant species, S.fuliginoca was always the
second in dominancy. Also, f.g9emmifera was quite abundant at
St.HZ. With the evxception of E.gemmifera, the other species
were bnown to be characteristic for heavily polluted areas
(Cognetti, 1972: Ergen, 19763 Fearson and Rosenberg, 1978:
Rosenberqg and Moller, 1979: Gray, 1981). Certain polluted
areas were also characterised by the existance of C.capitata-
S.fuliginosa or C.:-apitata-P.ciljata communities (Ragge,194%;
Foeenberqg.1°277: Leppaloshi . 1975). The abundance of C.capitata
increased from the mouth to the inner part of the estuary,
while that of P.zilaita decreased. The letter disappeared
at St.H14 but reappeared in small numbers at St.Hi4. However,
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E.7uligiros showed fluctuations in fte total abundance. Grav
(1981) pointed out that, C.:spritata is a classical ~-selected
epecies: it can reproduce both by planktonic larvae. hae a
short life-cvcle and reaches maturity from the egq in about 3
weeks. 1t can. therefore. continuously repopulate seediments
subiected to pollution from organic matter. According to the
same author. under normal conditions., without pollution
stress, ~-selected species are aradually outcompeted and
replaced by K-selected species. Thus, it is verw likely that,
the number of K-selected species decreases from the mouth to
inner parts of Golden Horn, while that of r-selected epecies
such ae C.capitata increases. The density of 2. ‘uligincsa was
highest at etatione H2 and Hb6. It ie probably due to the fact
that this species shows also A-selected character as well as
it ie a r-celected speciee. Although P.<iliata wae tnown
to be an opportunistic epeciee (Gra,.1981) snd so a pellution
indicator ‘Bagae, 1747 Cognetti, 12772 Leppalosli, 1°97%),
Its occurrance was restricted at statione HI and H& which
were eituated below interface. where hvdrological cenditionse
remain constant and the pollution is less pronounced.,
Although C.capi1tsts, Z.fuliginocsa and P.cili1ats are 'nown
to be ~-selected species. the difference in dominanc, between
P.ciliata and other two epecies at statione H2 and H6 and
between C(C.zcapitata and S.fuligincsra at etations HIA-H2S
suggest tHe exietance of a competition amonq theee epecies

Diversity inde:x used to characterize benthic communities in
Golden Horn has been estimated by Shannon-Wiener function as=
was applied by several authors (Rosenberg. 1972, 1977b, 1977b:
Leppakoslki, 19275: Feareon and Fosenberqg, 1978) to aesese the
degree of pollution. The same authors have alsc used Sanders’
(1968) rarefaction technique as an alternati-.e method. since
Sanders found g@ood agreement between his technique and
Shannon-Wiener function. From the results obtained by Shannon-
Wiener eypressfon, it was pointed out that the diversity was
low {f only one or few species are dominant, which is an
expected phenomenon for polluted areas Rosenbergq, l°7SJ Thus,
as the number of species 1increases, so does the diversity
index. But the diversity index will also 1ncrease as the
propotion of individuals per species becomes more constant
(Gray, 1981).

In the present study. the highest diversity (H') value

(2.02) was recorded at St.H2 where the number of species was
also highest compared with other sampling stations. According
to Rosenberg (1973) a high diversity is positivelsy correl ated
with richness of species.

Diversity decreased towards the inner partsz and reached
minimum value at St.H14 and then slightl, increased at
stations H18, H2Z and H246 (Fig.X). According to Leopaloski
(1975) the benthic diversity decreases with an 1increasing
degree of pollution.
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The diverei1ty has etrongly been dependent on the dominancy
(percentage) of C.capitata. In' other words, there was a
cignificant negative correlation (r-0,.99) between diversity
and dominancy of C. capitata (Fig. X). Rosenberq (1973)
indicated that the decrease in diversity has been caused by
one or two species, occurring in huge numbers and the
proportion of the two most common species at a station has
been neqatively correlated with the value of diversity.
Fearzon and Fosenberg (1978) found also a correlation between
diversity, its evenness and abundance of opportunistic
epecies.

As previouely mentioned., C.capitata was an opportunistic
zpecies and a good indicator of areas subjected to organic
pellution. This epecies was found to be dominant at St.H14
and resulted in the lowest diversity at this station ybut it
occurred in emall number at St.H2 where divereity was highest
(Fin.Z). [t was thus sugoested that, the St.H14 was most
atfected and St . H2 least. The other statione were also very
polluted but not as severly as St.H14., The lowest diversity
cauced bv unfavorable conditions at St.H14 are not only due
to the oraanic waste {nput, but also due to unstable
hvdrolcatcal conditione, because. this station was occupied
at certain times of vear e.a. in March, by Rlack Sea waters
having low salinity and low temperature but at most of  time
by Marmara Sea waters with high salinity and high
temperature. Fosenberg (19746 a) found that variations {n an
environment, e.a. through seasonal climate, are reflected by
tluctuatione in the ecoeystem. This meane low diversity
ecosvstems are associated with unstable environmental
factore. These changes in hydrological conditions are brought
about the alterations in the occurrence and dominancy of
benthic organisms 1iving {in that area, The possible
explanation of the dominancy of C.capitatae at this station
(St.H14) is that this species adapted to cont{nuous
disturbance by continuous reproduction (Gray, 1981).

The curves obtained by Sanders’ (1948) rarefaction techniaue
for stations H2,H6 and H14 (Fi19.S) were in ‘good agrement
vith the results obtained by Shannon-Wiener function. The
curve obtained for station H2 represent an area less affected
by pollution and that obtained for St.H14 was characteristic
for most affected areas.

The degree of similarity of the benthic fauna at six
stations in Golden Horn was assessed by faunal similarity
index and the results have been clustered by means of a
dendogram (Fig.6). From this dendogram, two group of stations
can be distiguished: Qroup A contains shallow stations
(H14-26) located above interface and gqroup B contains the
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deeper etatione (HZ and H6) below interface. The ¢aunal
compoeition amona A-aroup statjons ehowed ver: hiah ¢ onY )
percentage similarity, probablyv becavee nf the emall number
of species with few dominant as wasz also indicated by Fearson
and Foeenberq (1°278). Indeed., thece <tatinne above the
interface (halocline) were pooulated bv few and 2almost same
speciec e.qg. C.capitata and T.fulij)inota. whereae those belcw
interface contained more and di fferent speciee. Fosenberg and
Moller (1972) etudving the <calinity <etratified benthic
macrofaunal communities alona the west coast of Sweden
distinguished two group of etations below and above halecline.
They also observed a aroup of staticns above the halocline
and dominated by pollution tolerant species.

Relativelv weal similaritv (22%) wae found between agroup A
and aroup B. The highest €¢imilarity (°9°%) wae found between
St.H18 and H26 where C.capitata and &.fuligincsa viere dominant
and conetituted ©2% and 100% in number of all fauna at St HIB8
and H26 respectively. The lowest similarity (23) wae cbeerved
between most and leaest affected <tations (H14 and HD) by
unfavorable conditions.

Although the number of epeciees was found to be Hhigh in
December. when compared with other sampling times., the value
0f abundance wae quite low (Fig.8). Thie led to decreacse the
A/S and to increase R’A ratioe at thie sampling period
(Fig.®). The divereity wae aleo low becauce of the dominancy
of C.-apitata which constituted about 70% of al) epecies
collected during thie time.

An increase in abundance and biomaes, and a decreace in the
number of =pecies was observed in March (Fig.B8). But this
increase in biomase has not been ae significant a= in
abundance because. althouoh a rise of more than 1007 was
found {in abundance, it has been only 20% {in biomass,
Therefore, the R/A ratio was 1ow at this time. The low ratio
resulted also from the increment of the density of E.jemnifera
since, the abundance of this species increased in March and
constituted about 17.5% in number of all fauna obtained in
this month.The increase in number of this species had a
significant contribution to total abundance but much less to
total biomass, because, this species {s made up of small
individuals., The diversity increased slightly eince mor e
than one species were dominant at this time

In May, both, total biomass and abundance reached a peal
(Fig.8) which resulted especially #rom the increase in
abundance of C.capitata, S.fuligpinoca and P.-ilisata (Fig.10).
These species qrouped as “progressive species of 1*" order"”
by Leppakoskii, (197%) occurred {in qgrest numbers {n pclluted
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areas. ae wae previouelwv discussed, and e:pand their

distribution and densijty when dearee of pollution {ncreases
until inhibitory effects cet in. Flankton studiee carried out
by Uvsal (1986) in Golden Horn shoved that the Folychaete
larvae ehowed a eignrificant peal in March and a relatively
important peal {n May. These results sugoest that, al though
the reproduction of Folychaetes can be obseeved all over the
vear, it occurs mainly {n March and May. The increase {n

abundance of above epeciee ehould lead to the suggestion that
the input of organic matter {ncreased probably in this
period. There wae about no changes in the number of species
from March to Maw. The diversity was decreased to about
December level, because there was more than one dominant
species.

A sudden decrease in abundance. biomass and even in number
of =pecies was=z observed in July CFL @70 This decrease
retlected aleo on Asg and B/S ratjos. The most abundant
species was P.ciljata and followed bv  Nereic caudatsa. Also
C.:3p1tatas and E.fuligiroca occurred as the third and forth
species in dominancy. Rut the abundance of these species does
not differ much from each other., So, there was no species
erceeding So0v in abundance and therefore the diversity
reached to the higheet level in thie month,

Same faunal composition as May has been found in September.
An 1mportant riee {n total abundance which was due to
C.:apitats and slioht 1ncrease both in biomass and species
number (Fig.B8) was observed. This resulted in the 1low R/A
ratio and the high Arss ratio in this month (Fia.9). On the
other hand. the divereity decreased slightly because of the
dominancy of C.:-apitata. X

Finally the distribution of polychaetous annelids showed
variations in space and  time {n relation to difterent
environmental factors in Golden Horn. The studies are still
continuing in order to assess the recovery ot benthic tauna
since, the estuary is trying to be cleaned up by Municipality
of the City of Istanbul.
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