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ABSTRACT: The untreated domestic sewage of 650,000 people and wastes from industries and 
ships are discharged into the inner Bay of Izmir daily. Since May 1977 physico-chemical and 
biological effects of pollution in the bay have been examined at 10 stations. The hydrographic 
studies included measurements of temperature, transparency, seston, salinity, nitrate, phosphorus 
and dissolved oxygen. The benthic animals collected belong to 108 species~ most of them were 
polychaetes. Comparison of the stations reveals that species richness increases from very polluted 
regions towards cleaner waters. 

INTRODUCTION 

More  than  650,000 p e o p l e  l ive a round  the inner  Bay of Izmir at  the  wes te rn  end  of 
Anatol ia .  The i r  da i ly  domes t ic  was tes  f low un t r ea t ed  into the  sea  v ia  many  canals  and  
smal l  s t reams.  In addi t ion ,  the  dock of Izmir  is a busy  commerc ia l  centre.  For these  
reasons,  the  po l lu t ion  spec i f ica l ly  caused  by  domes t ic  s e w a g e  in the  b a y  increases  
rapid ly ,  and  p roduces  nega t ive  changes  in abiot ic  and  biot ic  factors of the  b a y  waters .  

Previous fauna l  s tudies  conduc ted  in the  bay  were  conce rned  wi th  crabs (Kocata~, 
1971) and  po lychae te s  (Ergen, 1976). The ben th ic  communi t i e s  of soft subs t ra ta  were  
e x a m i n e d  by  G e l d i a y  & Kocataw (1972) and  those  of ha rd  subs t ra ta  by  Kocata~ (1978b). 
Besides  this  research,  the  phys i co -chemica l  character is t ics  of the  po l lu t ed  inner  b a y  
wa te r s  and  the effects on ben th i c  spec ies  were  s tud ied  by  Kocata~ (1978a); further,  the  
d i s t r ibu t ion  of ben th ic  forms affected b y  po l lu t ion  was  r epor t ed  by  G e l d i a y  et  al. (1979). 
In this  presenta t ion ,  phys ico~chemica l  a n d  ben th ic  p roper t i e s  obse rved  dur ing  a two- 
yea r  study,  from M a y  1977 to M a y  1979, are  repor ted .  

STUDY AREA AND METHODS 

The Bay of Izmir may  be  topograph ica l ly  d iv ide d  into an  inner  b a y  (harbour  area)  
and  an  outer  b a y  (Fig. 1). These  two par ts  a re  l i n k e d  by  a na r row channel .  The  outer  b a y  
l eads  into the  A e g e a n  Sea  th rough  a w ide  opening .  Since only a few thousand  p e o p l e  
l ive on these  shores,  the  inner  b a y  - which  r e semble s  a l agoon  - was  chosen  as s tudy 
area.  Ten  stat ions were  se l ec t ed  on the bas is  of the i r  p r e s u m e d  deg ree  of pol lut ion.  
Stat ions 1, 2 and  3 are  loca ted  in the  p r e s u m a b l y  most  po l lu t ed  eas t e rn  end  of the  bay;  
Sta t ions  4, 5, 6, 7, and  8 are  in  re la t ive ly  po l lu t ed  waters ;  Sta t ion 9 is in  waters  wi th  only 
a few domes t ic  s e w a g e  canals ;  Sta t ion 10 is in  the  open  waters  of Yen ika l e  which  a re  
r e l a t ive ly  clean.  

Phys ico-chemica l  da t a  were  d e t e r m i n e d  month ly  and  ben th ic  s ampl ing  was  done  
s imul t aneous ly  at  the  10 stat ions chosen  in  the  inner  bay.  
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Fig. 1. Sampling stations and pollution zones in the Bay of Izmir 

The fol lwing pa r ame te r s  were  measu red :  t empe ra tu r e  and sa l in i ty  (portable  t empe-  
ra tu re -sa l in i ty  br idge);  t r anspa rency  (Secchi-disc);  ses ton (Mil l ipore  H A  0A5-#m fi l ter  
p a p e r  after p rocess ing  at 60 ~ in oven); oxygen  (Winkler  method);  p H  (pH meter) ,  
n i t ra te  and  phospha t e  (portable  l abora tory  kit). 

Benthic  samples  were  t a k e n  month ly  wi th  an orange  pee l  grab  (capacity:  4.5 1 
sediment) .  Two samples  (9 l) of mud  were  s t ra ined  th rough  a s ieve wi th  2 -mm mesh  size. 
In the  labora tory  the  sample  contents  were  s epa ra t ed  into sys temat ic  groups.  Later, the  
spec ies  of each  group were  de te rmined .  

In order  to de t e rmine  and  to compare  the  d ivers i ty  of macrofauna,  the  formula  
d -- I S-o~ 1~1 "(Margalef '  1958) was  used  (where S = n u m b e r  of spec ies  and  N = n u m b e r  of 

indivi~ffals).  

RESULTS AND DISCUSSION 

P h y s i c o - c h e m i c a l  r e s u l t s  

T e m p e r a t u r e. The seasona l  t empera tu re s  of the bay  surface waters  vary  be-  
t w e e n  9 ~ and  27.5 ~ (Fig. 2). There  are  no s ignif icant  d i f ferences  (___ 0.5 ~ b e t w e e n  the 
stat ions examined .  The annua l  ave rage  t empera tu re  is about  19 ~ (Fig. 6). 
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Fig. 2. Seasonal variations of surface temperature and sal ini ty 
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T r a n s p a r e n c y. The great  var iabi l i ty  of this characteris t ic  b e t w e e n  stations 
reflects the vary ing  deg ree  of pol lu t ion  (at Station 1 b e t w e e n  54 and 265 cm, at Stat ion 10 

b e t w e e n  200 and 425 cm; Fig. 3}. In genera l  the inner  bay waters  are more  turbid in 
spring and summer  but  changes  in t ransparency can also be observed  dur ing the course 

of one day. Transparency  tends to increase  from the inner  to the outer  regions.  For 
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example,  the m e a n  values  at Stations 1 and  10 were 130 cm and  307 cm, respectively 

(Fig. 6). : \  
8-  - -  0 2 (Sta t ion I) " 

A . . . .  0 2 ( S t a t i o n  10) i l pH 
. . . . .  pH (S ta t i on  1) I I I ~ I I -8.8 

~ -- l \ .......... pH ( S t a t i o n  I0) I l 

Q.--"" ~ ~V./ E - " �9 I I 8.4 

,- I i 

�9 -k:" i.]i 
o~ .... ~. F. :  ,- };~' I~:':.,. 1,.~./', . '.. ~ I ,,~..~ .~ 
| " '  " " ' '  ' :  l , '  !~ I ' I  �9 " 0" :o~ 8.0 > '~ ! "" ~' " "  ~ V  . ~ . - ' /  i i  >, �9 , , *  ".% -~ ,.~ ~ ..., .- ,..,,{. . ~ ]  ~.~ ,, ., 

"" " " ~ "  "' k. " "  

',i /..--" .... t" , ,  " 
V i.' " ; ' "  " % I~ " "  ." ~ " .  

. . . . .  iJ " /  ", \ .~6 i "...'. - i ":~ . :  ,, 
I t  ~.'q "/ "..:~., . ,... 

'. 
�9 ,.. I "~ "'" . /  

M J J A S 0 N D J F M A M J J A S 0 N D J F M A 

Fig. 4. Seasonal variations of surface oxygen and pH 
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Fig. 6. Variations in the mean values of the physico-chemical parameters at each station (over 2 
years) 

S e s t o n. The amount  of seston varies with respect to season and  station. Seasonal  
variat ions range  b e t w e e n  4 mg/1 and 100 mg/1. In general ,  the quant i ty  of seston in  
winter  and  spr ing is greater  than  in  summer  and  a u t u m n  due to the addi t ion  of soil 
dra inage  waters to the domestic waste flow (Fig. 3). When  the stations are compared as to 
their  average seston values,  a decrease is noted  from t h e i n n e r  to the outer bay (39 mg/1 
at Station 1, 25.2 mg/1 at Station 10) (Fig. 6). 

S a 1 i n i t y. The surface sal ini ty of bay waters varies seasonal ly  be t w e e n  30.4 %o 
and  40.1%o. Surface tempera ture  and  precipi ta t ion cause ma x i mum sal ini t ies  in  summer  
(Fig. 2). A small  average increase has b e e n  observed from the inner  to the outer regions 
(Fig. 6). 

O x y g e n. The quant i ty  of oxygen dissolved in  surface water  shows important  
seasonal  changes  (between 0.70 mg/1 and  8.9 mg/1; Fig. 4) which are due to temperature ,  
f luctuations of organic  material ,  and  changes  in  phytoplankton  populat ions.  There is an 
average increase  from the inne r  to the outer areas (e. g. 4.8 rag/1 at Station 1, 5.5 mg/1 at 
Station 10; Fig. 6). 

p H. Bay waters are slightly basic and  the pH value  varies seasonal ly  be t w e e n  6.9 
and  8.6 (Fig. 4). The average pH values  of all stations are about  7.7 (Fig. 6). 

N i t r a t e. This nu t r ien t  changes  seasonal ly  be tween  3.0 and  32.0 #g-at/1 in  bay 
waters (Fig. 5). The average values  from the stations did not show major  differences (Fig. 
6). 

P h o s p h a t e. Phosphate varies seasonal ly  in the bay be tween  0.05 and  1.9/~I-at/I 
(Fig. 5). From the inne r  areas to the outer a decrease has b e e n  observed (Fig. 6). 
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B i o l o g i c a l  o b s e r v a t i o n s  

Only  benth ic  species of the inne r  bay were invest igated;  their dis t r ibut ion is closely 
related to the degree of pollution. Benthic sampl ing  a[ the 10 stations comprised 15,653 
indiv iduals  be long ing  to 108 species (Table 1). The mussel  Arca (Scapharca) amyg- 
dalum, which immigra ted  to the bay  several years ago, has an  increas ingly  wide 
distribution. Of the 9119 molluscs found, 5735 individuals  be long  to this species. The 
number s  of mollusc and  polychaete species increase from the inner  towards the outer 
bay  but  the increase in  crustacean species numbers  is not as regular  (Fig. 7). In contrast, 

Table 1. Species distribution of major invertebrate taxa and individuals in Izmir Bay 

Taxa Number Percentage Number Percentage 
of species of species of individuals of individuals 

Polychaeta 52 48 5179 
Crustacea 25 23 1231 
Mollusca 21 19 9118 
Echinodermata 4 4 113 
Ascidiacea 2 2 - 
Nemertini 2 2 7 
Plathelminthes I 1 2 
Cephalochordata 1 1 3 
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the number s  of Mollusca and  Polychaeta indiv iduals  vary greatly from station to station. 

These f luctuations are due to the na ture  of the substrata at the stations examined.  

When  the stations are compared as to total species richness, an  increase is seen from 
the pol lu ted  to the c lean zones (Fig. 8). While  only 9 species were found at Station 1, 77 
species were collected at Station 10. 
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This effect of pol lu t ion on the r ichness of fauna  is also indica ted  by the diversity 
indices of the stations (Fig. 8). They increase from 1.18 at Station 1 to 10.0 at Station 10. 

The degree of pol lut ion can be described in  terms of zones by compar ing the n u m b e r  
of ben th ic  species and  the type of subst ra tum (see Reish, 1955, 1959, 1972; Bellan, 1967; 
Lepphkoski, 1975). In this region four zones can be dis t inguished:  

(1) V e r y p o 11 u t e d b o t t o m : No macrobenth ic  species have b e e n  found in  this 
region, which  encompasses  areas in  the harbour,  the vicini ty of Station 3, and  the mouth  
of Ha lkapmar  stream. 

(2) P o 11 u t e d b o t t o m : This zone sur rounding  the vicinit ies of Stations 1 and  2 
is characterised by the polychaete  Capitella capitata, the total n u m b e r  of species varying  
be tween  5 and  6. 

(3) S e m i - p o l l u t e d  b o t t o m :  This zone is located around the vicinit ies of 
Stations 4, 5, 6, 7 and  8 with species numbers  of 16 to 28. The characteristic species is the 
mollusc Corbula gibba. 

(4) H e a 1 t h y b o t t o m : This zone is found in  the vicini ty of Stations 9 and  10 and  
the average n u m b e r  of species has b e e n  found to be about  70. 
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As  fo l l ows  f r o m  t h i s  s i t u a t i o n ,  t h e  v e r y  p o l l u t e d  b o t t o m  i n  I z m i r  B a y  is a n a r r o w  a rea ,  

t h e  p o l l u t e d  b o t t o m  is a w i d e r  a r ea ,  a n d  t h e  s e m i - p o l l u t e d  b o t t o m  c o v e r s  a l a r g e  r e g i o n  

of t h e  i n n e r  b a y  {Fig. 1}. 

T h e  c o n t i n u o u s  f l ow  of u n t r e a t e d  s e w a g e  f r o m  d o m e s t i c  a n d  c o m m e r c i a l  s o u r c e s  

i n to  t h e  l a g o o n - l i k e  i n n e r  b a y  is e x p e c t e d  to t r a n s f o r m  th i s  r e g i o n  i n to  a n  azo i c  z o n e  i n  

t h e  n e a r  fu tu re .  T h e  c o n s e q u e n c e s  of t h i s  p r o c e s s  w i l l  b e  f a t a l  for  t h e  f u t u r e  e x i s t e n c e  of 

m a r i n e  l i fe  i n  t h i s  a rea .  

L ITERATURE CITED 

Bellan, G. 1967. Pollution et peup lement  ben th iques  sur substrat  meuble  darts la ragion de 
Marseille.  - Revue int. Oc~anogr. m~d. 6-7, 53-87. 

Ergen, Z., 1976. Investigations on the taxonomy and  ecology of Polychaeta from h m i r  Bay and  its 
adjacent  areas. - Scient. Rep. Fac. Sci. Ege Univ. 209 (135), 1-73. 

Geldiay, R. & Kocata~, A., 1972. Note pr~liminaire sur les peuplements  ben th iques  du Golfe d'Izmir. 
- Scient. Monogr. Fac. Sci. Ege Univ. 12, 1-34. 

Geldiay, R., Kocata~, A. & Ergen, Z., 1975. Izmir K6rfezinin Genel  Hidrografi i izerinde ilk g6rii~ler. 
TBTAK V. Bilim Kongresi, Ankara,  315-327. 

Geldiay, R., Ergen, Z. & Kocata~, A., 1979. Some effects of pollut ion on the benth ic  communit ies  of 
the  soft substrate in the Bay of Izmir (Turkey). - Rapp. P. v. R~un. Comun. int. Explor. Scient. Mer  
M~diterr. 25-26 (4), 195-196. 

Kocata~, A., 1971. Investigations on the  taxonomy and  ecology of crabs "Brachyura" from h m i r  Bay 
and  its adjacent  areas. - Scient. Rep. Fac. Sci. Ege Univ. 121 (76), 1-77. 

Kocata~, A., 1978a. Distribution et 6volution des peuplements  ben th iques  du Golfe d'Izmir soumis 
des mult iples  pollutions. C. I. E. S. M., Antalya, 417-421. 

Kocata~, A., 1978b. Contr ibut ion h l '~tude des peuplements  des horizons sup6rieurs de substrat  
rocheux du Golfe d'Izmir (Turquie). - Sc ien t  Monogr. Fac. Sci. Ege Univ. 12, 1-93. 

Leppakoski,  E., 1975. Assessment  of degree  of pollut ion on the basis  of macrozoobenthos in mar ine  
and  brackish-water  environments .  - Acta Acad. ~bo. B 35 (2), 1-90. 

Margelef,  R., 1958. Temporal  succession and  spatial  he terogenei ty  in phytoplankton.  In: Perspecti- 
ves in  mar ine  biology. Ed. by A. A. Buzzati-Traverso. Univ. of California Press, Berkely, 
323-349. 

P~r~s, J. M., 1976 (Ed.). La pollut ion des eaux marines.  Gauthier-Villars,  Paris, 227 pp. 
Reish, D. J., 1955. The relat ion of polychaetous annel ids  to harbor  pollution. - Pub1. Hlth  Rep. 70, 

1168-1174. 
Reish, D. J., 1959. An ecological study of pollut ion in Los Angeles  - Long Beach Harbors, California. 

- O c c .  Pap. Al lan  Hancock Fdn 22, 1-119. 
Reish, D. J., 1972. The use of mar ine  inver tebrates  as indicators of varying degrees  of mar ine  

pollution. In: Marine  pollut ion and  sea life. Ed. by M. Ruivo. Fishin 9 News Books, London, 
203-207. 


