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ABSTRACT: Some aspects of the biology and ecology of the goby Knipowitschia caucasica were 
studied over a period of 13 months in a poly- to euhaline area in the Evros Delta (North Aegean Sea). 
This fish grows rapidly in the summer and autumn after hatching, matures after its first winter, 
breeds from the end of April to the end of July, and grows rapidly again in July - September. The 
older males perish after their second February, whereas some females have a second breeding 
season at the end of April/beginning of May, shortly before their death. The fish grows to about 
40 mm in total length. There is a positive correlation between the total length (TL) and the standard 
length (SL) or the cleaned body weight (CW). SL increases slower than TL, whereas CW increases 
slower than TL in immature individuals and faster in males and females. There is no difference 
between immature individuals, males and females, in the growth rate of SL, TL and CW, TL. The 
mean monthly values of the condition factor varies from 0.289 to 0.576 in females and from 0.313 to 
0.548 in males. The overall sex ratio of females to males is 1 : 1.46. ~ecundity ranges from 60 to 217 
eggs with a mean value of 109.8 and depends upon size, whereas relative fecundity varies between 
968 and 2170 with a mean of 1558. The fish feeds predominantly on benthic amphipods and 
polychaetes. 

I N T R O D U C T I O N  

Knipowitschia Iljin, 1927, a gob i id  g e n u s  of P o n t o - C a s p i a n  origin,  is of spec ia l  

b i o g e o g r a p h i c a l  in te res t  due  to the  w a y  it is d i s t r ibu ted  in the  M e d i t e r r a n e a n  S e a  (Miller, 

1972). This  g e n u s  is r e p r e s e n t e d  by two spec ies  in the  M e d i t e r r a n e a n  Sea:  t he  na t ive  
spec ies  K. panizzae (Verga,  1841), the  p r e s e n c e  of w h i c h  is l imi t ed  ma in ly  to t he  coasts  

and  the  i n l and  wa te r s  of the  I tahan  P e n i n s u l a  (e.g. Miller ,  1972; Tor tonese ,  1975; 
Z e r u n i a n  & Gandolf i ,  1986) and  to the  is lands  of t he  Ion ian  Sea  (Papacons tan t inou ,  1988), 

and  K. caucasica (Kawrajsky,  in Berg,  1916) w h i c h  is w i d e s p r e a d  in the  P o n t o - C a s p i a n  

region.  K. caucasica is also k n o w n  from o ther  r e g i o n s ' s u c h  as the  Ara l  Sea  (e.g. Baimov,  
1963), the  Sea  of M a r m a r a  (e.g. Gheo rgh i ev ,  1964), t he  Nor th  A e g e a n  Sea  (e.g. Gheor -  

gh iev ,  1964; P a p a c o n s t a n t i n o u  & Tor tonese ,  1980), the  i n l a n d  wa te r s  of the  W e s t e r n  

T h r a c e  (e.g. Economidis ,  1974) and  M a c e d o n i a  (Economidis  & Sinis, 1982; Economid i s  & 
Voyadj is ,  1985), as we l l  as from the  Adria t ic  S e a  (e.g. Miller ,  1972). This  d is t r ibu t ion  of K. 

caucasica in t he  M e d i t e r r a n e a n  Sea  s eems  to b e  a resu l t  of its e u r y h a l i n e  charac te r ;  it c an  

l ive  bo th  in f resh  and  in h y p e r h a h n e  waters ,  a l t h o u g h  it p re fe r s  the  sha l low w a t e r s  of the  
m e s o h a l i n e  a n d  h y p e r h a h n e  coastal  l akes  and  l a g o o n s  (Gheorgh iev ,  1964, 1966; Troi tsk i i  

& Tsun ikova ,  1978). 
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Information on the biology of K. caucasica is restr icted,  and  concerns  exclusively the 
populat ions  of the Ponto-Caspian  reg ion  and the Ara l  Sea. This informat ion has usual ly  
been  p u b h s h e d  in the  form of brief  notes, main ly  by  Kobhtskaya  (1961) (cited in Baimov, 
1963), Baimov (1963), Gheorghiev  (1964, 1966), Troitskii  & Tsunikova  (1978), Ragimov 
(1986), etc. No information exists on the Med i t e r r anean  popula t ions  of this species.  

The information on the biology of the other species  of this genus  is also very  poor and 
has  been  g iven  mainly  by  Gheorghiev  (1966), Gandolf i  (1972), Ze len in  & Vladimirov 
(1975), Ragimov (1986). In the p resen t  paper ,  an  a t t empt  is m a d e  to compare  the  above  
information with  that  col lected from the s tudy of the K. caucasica popula t ion  in the a rea  
of the Evros Delta.  

THE ECOSYSTEM OF THE STUDIED POPULATION 

The sampl ing  area,  a natura l  channe l  about  2 km long, 60 m wide  and  3 m deep,  is 
represen ta t ive  of the inner  regions of the Evros Del ta  (north eas te rn  Greece  ). The channel  
is i sola ted from an ad jacent  lagoon by  an e m b a n k m e n t  which preven ts  direct  communi-  
cation. Along the channel  banks  and in dep ths  seasonal ly  vary ing  b e t w e e n  0.3 and  1.0 m, 
there  exist two zones with formations of the po lychae te  Ficopomatus enigmaticus 
(Fauvel). These  zones are both 0.7 m wide. Accord ing  to observat ions  m a d e  b y  Kev- 
rekidis  (1988) and  Kevrekidis  & Koukouras  (1989, in press) dur ing  the s a m p h n g  per iod  
(Feb. 1983 - Feb.  1984), the gas t ropod Hydrobia salaria (Radoman),  the  a m p h i p o d  
Gammarus aequicauda (Martynov), the bivalve Abra ovata (Philippi) and  the polychae te  
Hediste diversicolor (O. F. Mfiller) were  the dominan t  species  of the  ben th ic  macrofauna  
associa ted  with the F. enigmaticus formations on the southeas tern  b a n k  of the  c h a n n e l  
On the substrate,  a round  the F. enigmaticus formations, numerous  e m p t y  shells were  
found be long ing  to the  bivalve Cerastoderma glaucu'm (Brugui~re). 

In the channel ,  wa te r  sahnity var ied  b e t w e e n  32.5 %0 and 36.0 %0 dur ing  the per iod  
Februa ry  - October  I983, and  be tween  24.0 %0 and  27.0 %0 dur ing  the pe r iod  November  
1983 - Februa ry  1984; water  t empera tu re  var ied  from 3.4 ~ (Dec. 1983) to 26.9 ~ (Jul. 
1983}; dissolved 02 from 5.3 ppm (Oct. 1983} to 8.4 p p m  {Dec. 1983); pH from 7.3 to 8.3; 
med ian  d iamete r  of the sed iment  (Md} from 63 btm to 104 ~tm (very fine sand}, and  
sed iment  organic  mat ter  from 0.90% to 1.30% (Kevrekidis 1988; Kevrekidis  & 
Koukouras,  1989, in press). 

MATERIAL AND METHODS 

From Feb rua ry  1983 to Februa ry  1984, monthly  samples  of Knipowitschia caucasica 
were  t aken  from the southeastern  zone of the Ficopomatus enigmaticus formations.  Each 
t ime, a 1-mm mesh  special  ne t  (with a square opening,  each  side measu r ing  40 cm) was 
pu l l ed  twice in the polychaete  zone over a d i s tance  of 10 m. All  fish col lected were  
p rese rved  in a 5 % formalin solution immedia te ly  after capture.  

In the  laboratory,  the fish were  measu red  to the neares t  0.1 mm, w e i g h t e d  to the  
neares t  mg  and sexed.  Gonad  and guts were  removed,  and  the fish r e w e i g h t e d  to the  
neares t  mg after that  removal.  The gonads  and  the gut  contents  we re  e x a m i n e d  under  
microscope.  Each r ipe  ovary was damp-d r i ed  on  filter paper ,  and  the  n u m b e r  of oocytes  it 
con ta ined  were  counted  (Bagenal  & Braum, 1971). All  the  individuals  we re  g rouped  in 2- 
m m  size classes; the inter-class in terval  was se lec ted  by  the me thod  of G o u l d e n  (1952), 
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repor ted  by  Cance la  da  Fonseca  (1965). The fish popula t ion  was ana lysed  by  the 
graphica l  analysis  of po lymodal  f requency distr ibutions (Harding, 1949}. This me thod  is 
convenien t  for the age  determinat ion  of the younges t  age -groups  of fish in gene ra l  
{Tesch, 1971}, and  consequent ly  of the whole  of the age-groups  of fish hav ing  a short  life 
span. Moreover,  the small  and ctenoid scales of many  individuals  of K. caucasica were  
examined  under  the microscope (Lagler, 1972} to confirm the graphica l  analysis  results. 

RESULTS 

Population s t r u c t u r e  

A total  of 397 individuals  of Knipowitschia caucasica were  e x a m i n e d  dur ing  this 
study. The popula t ion  composit ion of each  sample  over the per iod  Feb rua ry  1983 to 
Februa ry  1984 is i l lustrated in Figure 1 by  his tograms b a s e d  on f requency  distr ibutions 
showing the demograph ic  deve lopment  of the popula t ion  in this species.  The  composi-  
tion of the March  and  June  samples  is not  represented ,  since just a few indiv iduals  were  
col lected during these  months.  Total  length  is used  in f requency distr ibutions;  total 
l ength  as well  as s tandard  length  could be  used, because  there  is no difference in the 
relat ive growth of s tandard  length/ to ta l  l ength  b e t w e e n  immature  individuals ,  males  and 
females  (see below}. 

By means  of the graphic  analysis  of the f requency distributions,  we  de l imi ted  three  
size groups  dur ing the s tudy period, which we cal led A, B and C (Fig. 2}. From Figure  2, 
we  can say that  young  fish appea r  in June  - August  and  have  a ma x imum life span  of 
about  two years. Examinat ion  of scales from individuals  of A and B size groups  t aken  by  
random sampling,  and  from all individuals  of C size g r o u p / r e v e a l e d  that  A, B and  C size 
groups can be  charac te r ized  as 0, "I and  II age  groups, respect ively.  Young fish a p p e a r e d  
in June  - Augus t  in two parts (A1 and A2), pe rhaps  due  to successive spawnings  in the 
same year.  Such observat ions  have been  made  on other  gobi id  species  by  Clar idge  et al. 
{1985}; moreover,  it is known that  K. caucasica populat ions  are charac te r ized  by  two 
ba tch  spawning  (Troitskii & Tsunikova,  1978; Ragimov, 1986). At  and  A2 parts  un i ted  in 
November ,  since the growth of the smal ler  par t  was faster (Fig. 2). The  par t ic ipat ion  
pe rcen tages  of the size group A p resen ted  an unexpec ted  decrease  dur ing  D e c e m b e r  
1983 - Februa ry  1984 (Fig. 2j. This event  may  be  a t t r ibuted  to a g rea te r  migra t ion  of the  
young  fishes to deepe r  waters  of the channel;  it is known that  other  popula t ions  of K. 
caucasica descend  to deepe r  waters  (1.5 - 2.0 m) dur ing the winter  per iod  (Baimov, 
1963}. Size group C in Apri l  1983 and size group B in Februa ry  1984, short ly before  their  
d i sappearance ,  s eemed  to be  d ivided in two parts.  This separa t ion  may  be  a t t r ibuted  to 
the dea th  of some individuals  of the in te rmedia te  size classes; these  indiv iduals  are 
p robab ly  males  (see below}. 

G r o w t h  

Size 

The largest  indiv idual  ob ta ined  was  a female of 41.1 mm total  l eng th  (34.8 m m  
s tandard  length); the larges t  male  had  a total length  of 29.1 mm (24.3 mm s tandard  
length).  These fishes b e l o n g e d  to C and B size group, respect ively.  Moreover ,  the m e a n  
total length  as well  as the mean  s tandard  length  of females  were  grea te r  than  those of 



176 T. Kevrekidis, A. K. Kokkinakis & A. Koukouras 

A 

. u  

i -  
. m  

o f 22 40 n:18 

20 

o I"-1 

n = 5 2  

2 O  

0 . . . . .  

12.7.83 
n=17 

2o 

0 

206:' f ~ 17.8.83n=44 

0 

f 18.9.83 n=46 

0 

t | i ~ i i i i i i i �9 i i | ! 

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 4.2 44 
T o t a l  l e n g t h  ( r a m )  " 

14.10.83 
n=43 

13.11.83 
n=33 

16,12.83 
n = 2 6  

25.1.84 
n=32 

2g.2,84 
n=35 

121416182022242528303234363840 42 44 
T o t a l  l e n g t h  ( r a m )  

Fig. 1, Length-frequency histograms of Knipowitschia caucasica from 12 February 1983 to 29 Fe- 
bruary 1984 in the Evros Delta (North Aegean Sea) 

males  (Table 1). The smallest mature fish measured  14.5 mm total l eng th  (12.0 mm 
standard length). The size of immature  individuals varied be tw een  12.8 m m  and 17.0 mm 

total length (or be tween  10.6 mm and 13.4 mm standard length). The m a x i m u m  total and 

c leaned  weight  of females reached  0.624 g and 0.474 g respectively,  w he rea s  the maxima 

for males were  0.169 g and 0.138 g respectively.  
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Fig. 2. Development in time of the size groups of Km'powitschia caucasica; dots = mean total length; 
bar hnes = standard deviation; numbers = percentages of size groups in the total population; N. S. = 

no sample 

Total length (TL) - standard length (SL) relationship 

The dispersion diagram of SL in relation to TL for, the whole  fish populat ion is 
illustrated in Figure 3A. Searching for the best  description of the relation SL/TL, we 

arrived at the hnear  relation SL = b + ~ �9 TL (where ~, b are constants) which additionally 

showed the highest  positive coefficient of correlation. 
A positive correlation was found to exist be tw een  the criterions SL and TL (r = 0.935; 

N = 397) (Table 1) for the whole fish populat ion (Fig. 3A); a nega t ive  allometry was found 

for the relations SL, TL since ~ < 1 (~ = 0.847) (Table 1), i.e. the s tandard length  increases 
more slowly than the total length. Tests were  carried out for any statistical differences in 

the relative growth of SL, TL be tween  immature  individuals, males  and females;  in all 
these cases the morphometr ic  criterions SL, TL showed a negat ive  allometry since ~ < 1 

(Table 1). Compar ing  the slopes of males  and females, and those of immature  and mature  

fish (males or females) (Table 1) using the method  of Mayrat  (1965), it was found that 

there  were  no statistical differences. 

Total length (TL) - cleaned weight (CW) relationship 

Searching for the best  description of the relation, c leaned weigh t  (weight of the body 

less gut  and gonad) - total length, we arrived at the equat ion CW = b .  (TL) ~ (Le Cren, 

1951) which additionally showed the highest  positive coefficient of correlation; this is 
clearly shown in the dispersion diagram (Fig. 3B). That  formula, which was t ransformed 

to: LogloCW = ~ �9 (Log10 TL) + LOgl0b (where c~, b are constants), was used according to 

Tesch (1971). 
A positive correlation exists b e t w e e n  the criterions LogloCW and LogloTL (r = 0.826; 
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Fig. 3. A: Dispersion diagram of SL (standard length in mm) in relation to TL (total length in mm) in 
397 animals of Knipowitschia caucasica; B: Dispersion diagram of CW (cleaned weight in g) in 

relation to TL (total length in mm) in 397 animals of K. caucasica 

N = 397) (Table 2) for the whole populat ion of Knipowitschia caucasica (Fig. 3B); those 
morphometric criterions showed a positive allometric growth since (~ > 3 ((~ = 3.456) 
(Table 2), which means  that "the fish becomes heavier  for its length  as it grows larger" 
(Tesch, 1971). 

It was tested whether  there existed a statistical difference in  the relat ive growth of 
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Table 1. Estimation of statistical parameters  of the population of Knipowitschia caucasica, c~, b = 
constants; TL = total length  in ram; SL = standard length in mm; s = s tandard deviation; r = 

coefficient of correlation; N = number  of animals 

Whole population Immature fish Males Females 

• s~ 0.847 + 0.011 0.686 • 0.164 0.837 • 0.020 0.853 + 0.012 
b • sb -0 .032 • 0.250 2.063 + 2.385 0.224 _+ 0.441 -0 .198  • 0.280 
TL • sTL 21.930 • 3.440 14.480 _'!- 1.350 21.560 • 2.940 22.890 • 3.590 
SL • sSL 18.540 + 3.020 12.000 • I , I00 18.250 • 2.620 19.340 • 3.110 
r 2 0.935 0.714 0.882 0.970 
N 397 9 230 158 

Table 2. Estimation of statistical parameters  of the population of Knipow~tschia caucasica, c~, b = 
constants; Log = Loglo; TL = total length in mm; CW = cleaned weight  in g; s = s tandard deviation; 

r = coefficient of correlation; N = number  of animals 

Whole population Immature fish Males Females 

~ •  3,456__.0.080 2 .790•  3.246__.0.126 3.430___0.112 
Logb • sLogb -5 ,928 __ 0.107 -5 .297 _ 1.342 -5 .641 • 0,168 -5 ,896 • 0.152 
LogTL • sLogTL 1.336 • 0.069 1.159 __. 0.040 1.329 _ 0.061 1,355 • 0,067 
LogCW • sLogCW -1.313 ___ 0.263 -2 ,063 • 0.164 -1 .327 • 0.229 -1 ,250 __. 0.246 
ZLogTL 2 710.020 12,104 407.340 290,580 
ELogTL.LogCW -689.530 -21.489 -402.920 -265.120 
~LogCW 2 711,760 38.515 416,890 256,350 
r 2 0.826 0.454 0.745 0.858 
N 397 9 230 158 

L o g l o C W  in  r e l a t i o n  to LogloTL b e t w e e n  i m m a t u r e  fish, m a l e s  a n d  f ema les .  In m a t u r e  f ish 

(ma le s  or f emales ) ,  t h e  c l e a n e d  b o d y  w e i g h t  i n c r e a s e s  f a s t e r  t h a n  t h e  to ta l  l e n g t h ,  s ince  

> 3 (Tab le  2). C o m p a r i n g  t he  r e g r e s s i o n  e q u a t i o n s  of m a l e s  a n d  f e m a l e s  ( T a b l e  2) w i t h  

t h e  u s e  of a t - t e s t i n g  p r o c e d u r e  (Zar, 1984), i t  w a s  f o u n d  t h a t  t h e y  h a d  n e i t h e r  d i f f e r en t  

s lopes  (~) n o r  d i f f e r en t  e l e v a t i o n s  {Loglob), w h i c h  m e a n s :  (I)  t h e  g r o w t h  r a t e  in  f e m a l e s  is 

s imi la r  to t h a t  of m a l e s ,  (2) t h e  f e m a l e s  a r e  as  h e a v y  for t h e i r  l e n g t h  as  t h e  m a l e s .  In 

i m m a t u r e  i nd iv i dua l s ,  o n  t he  con t ra ry ,  t h e  c l e a n e d  b o d y  w e i g h t  i n c r e a s e s  m o r e  s lowly  

t h a n  t h e  to ta l  l e n g t h ,  s i nce  ~ < 3 ( T a b l e  2). N e v e r t h e l e s s ,  o n  c o m p a r i n g  t h e  s lopes  of 

i m m a t u r e  a n d  m a t u r e  f i sh  (ma les  or f ema les ) ,  n o  s t a t i s t i ca l  d i f f e r e n c e  w a s  found .  A 

d i f f e r e n c e  w a s  on ly  f o u n d  b e t w e e n  t he  e l e v a t i o n s  (p < 0.001). 

Seasonal  variation o f  g r o wt h  

Kn ipowi t sch ia  caucasica exh ib i t s  a s e a s o n a l  v a r i a t i o n  in  g r o w t h  ra te .  T h e  g r o w t h  

c u r v e  of t he  s ize  g r o u p s  (Pig. 2) r e v e a l s  t h a t  t h e  m a i n  g r o w i n g  p e r i o d  for t h e  B g r o u p  las ts  

f rom J u l y  u n t i l  S e p t e m b e r ,  a n d  for t h e  A g r o u p  f rom J u l y  - A u g u s t  u n t i l  O c t o b e r  - 

N o v e m b e r ;  t h e  m e a n  to ta l  l e n g t h  (___ s t a n d a r d  d e v i a t i o n )  of t h e  A g r o u p  in  J u l y  a n d  

N o v e m b e r  w a s  13.8 ( •  1.5) m m  a n d  20.4 {+ 1.3) m m  r e s p e c t i v e l y ,  a n d  t h a t  of t h e  B g r o u p  

in  J u l y  a n d  S e p t e m b e r  w a s  19.6 ( •  m m  a n d  25.3 ( •  1.6) m m  re spec t i ve ly .  D u r i n g  t h e  
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rest of the year, little increase in length takes place; the indiv iduals  which have 

overwintered  are almost the same size as the autumn ones. 

Condition factor 

The condition factor was calculated on the basis of c leaned we igh t  f rom the relation- 

ship 

C W .  10 s 
k = TL 3 

(Nikolsky, 1963), where  k = condition factor, CW = c leaned weight  in g and TL = total 
l ength  in rnm. The seasonal variation in condition factor of males  and f ema le s  throughout  

the year  is almost similar and is shown in Figure 4. The mean  monthly k values  var ied 

from 0,289 (Feb. 1983) to 0.576 (Aug. 1983) in females and from 0.313 (Feb. 1983) to 0.548 

(Aug. 1983) in males. No statistical difference was found be tw een  m e a n  month ly  k values 

of females and males  (5 % leveI Mann-Whi tney  U-test); i.e. females are as heavy  for their 

length  as males. Males  k values actually exceed  those of females  in April  - May only. The 
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seasona l  variat ion of k values is charac ter ized  by  a g radua l  increase  from Februa ry  to 
April,  a dec rease  until  June,  which is to be  expec ted  as it coincides with the  ma in  
reproduct ive  per iod  (see below) (Lagler, 1972), an d following this, there  is a n e w  increase  
in Ju ly  - August .  A decrease  in k values  follows until  October,  and  a successive increase  
and  dec rease  until the end of the per iod of study. 

R e p r o d u c t i o n  a n d  f e c u n d i t y  

The  overall  sex ratio of females to males  is 1 : 1.46. This p reponde rance  of males  is 
h igher  in the A size group (1 : 1.48) than it is in the B size group (1 : 1.44); in the C size 
group ( two-year  old individuals) there  are only females.  Consequent ly ,  it seems that  
females  live sl ightly longer  than males  do. 

Immature  fish were  collected dur ing  August  - Sep t ember  only. After  April, a lmost  all 
indiv iduals  were  found in a s tage of maturi ty  with reproduct ion  imminent ,  according to 
the classifications of Nikolsky (1963) and Kesteven (1960) (cited in Bagenal  & Braum, 
i971). Ripe females  and  males were  ob ta ined  from Apri l  to July. The  reproduct ion per iod  
begins  at the  end of Apr i l /beginning  of May  and continues unti l  the end of July. Almost  
all of the thir teen ripe females collected be long  to the B size group except  a 2-year  old 
one which  was col lected in April; that  r ipe female was the  la rges t  and  heavies t  (29.4 mm 
total  length,  0.198 g total weight  and  0.116 g c leaned  weight).  The  min imum va lue  of 
total  l eng th  (TL), total weight  (TW) and c leaned  weight  (CW) of the r ipe females  was  
21.0 ram, 0.074 g and 0.042 g, respectively.  

The fecundity (F) of the thir teen ripe females  r anged  from 60 to 217 eggs  with a mean  
of 109.8 ( +  56.3 s tandard  deviation). There  is a posit ive correlat ion be tw e e n  LogloF and 
LogtoTL (r 2 = 0.545) (Fig. 5A), Log~oF and  LogloTW (r 2 = 0,.835) (Fig. 5B), and F and  CW 
(r 2 = 0.771) (Fig. 5C). The regression equat ions  for the  da ta  are  the following: LogloF = 
3 .69-LogloTL - 3.04, LogloF = 1.33. LogTW + 3.28, and  F = 2028.  CW - 30.0, 
respect ively.  In the relat ion F: CW, the l inear  and  not the  exponent ia l  equat ion was  used 
because  it showed the highest  coefficient of correlation. We should ment ion that  fecun- 
dity shows the h ighes t  correlation with total we igh t  and  a re la t ively lower correlat ion 
with total  length,  something ascer ta ined  also by  Nikolsky  (1969). 

The relat ive fecundi ty  (RF), which expressed  the number  of oocytes pe r  g c leaned  
we igh t  of a female (Nikolsky, 1969), r anged  from 968 to 2170 with a mean  of 1558 (__395 
s t andard  deviation). However ,  no correlat ion was found b e t w e e n  relat ive fecundi ty  and 
the morphometr ic  criterions TL, TW and CW (p > 0,05). 

F o o d  

The diet  of Knipowitschia caucasica was ana lysed  for each  size group separa te ly  
(Table 3). Food organisms were  recorded  accord ing  to the  number  and  pe rcen t age  of 
s tomachs  conta ining one or more individuals  of each  food ca tegory  (occurrence method),  
and  number  and pe rcen tage  of individuals  in each  food ca tegory  for all s tomachs 
(numerical  method) (Hyslop, 1980). The pe rcen tage  of emlSty s tomachs in the A size 
group (60.7 %) is h igher  than it is in the B size group (43.7 %). Three  specimens  of the C 
size group examined  did not contain inges ted  material .  The fish diet  is charac ter ized  by  a 
res t r ic ted variety, including only six food categories.  In the  B size group the p redominan t  
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food organisms, in both number  and occurrence, and given here  in the order of predomi-  

nance, are Ficopomatus e_uigmaticus, Hediste diversicolor and Gammarus aequicauda; 
the part icipation of planktonic Crustacea and Abra ovata is very restricted. The  predo-  

minant  food organism in the A size group is G. aequicauda. 1:. enigmaticus is the most 

significant one in the rest of the food items; A. ovata, larvae of Diptera, H. diversicolor 
and planktonic Crustacea participate with small percentages.  A higher  pe rcen tage  of 

unidentif ied organic material  occurs in the A size group than it does in the B size group. 

Table 3. Stomach contents of A and B size groups of Knipowitschia caucasica in the Evros Delta. Nf, 
% = number and percentage of fishes; N, % = number and percentage of individual items; nr = not 

recorded 

Food items 

Size group A Size group B 

Frequency of No. of items Frequency of No. of items 
occurrence occurrence 

Nf % N % Nf % N % 

Gammarus aequicauda 32 15.2 34 57.6 20 12.0 24 18.1 
Planktonic Crustacea 1 0.5 1 1.7 3 1.8 8 6.0 
Picopomatus enigmaticus 7 3.3 12 20.3 38 22.8 72 54.1 
Hecfiste cfiversicolor 1 0.5 1 1.7 27 16.2 27 20.3 
Abra ovata (juv.) 2 1.0 7 11.9 1 0.6 2 1.5 
Larvae of Diptera 4 1.9 4 6.8 . . . .  
Unidentified organic matter 39 18.5 nr - 17 10.2 nr - 
Empty stomachs 128 60.7 73 43.7 
Number of fish examined 211 167 

The monthly analysis of stomach contents of the whole K. caucasica populat ion 
during the samphng period (Feb. 1983 - Feb. 1984) based  on the occurrence me thod  has 

been  given by Kevrekidis & Koukouras (1989, in press). 
During the study period, the density of H. diversicolor in the sampling area  exhibi ted 

a gradual  decline from February (mean value 335.4 ind./400 cm 2) to May (mean va lue  
99.4 ind./400 cm 2) and June .  1983 (mean value  6.2 ind./400 cm 2) (Kevrekidis, 1988); 

in June  1983 - February 1984 its mean  values varied be tw een  6.2 ind./400 cm 2 and 

42.6 ind./400 cm 2. The seasonal variation of the abundance  of G. aequicauda in the study 

area is character ized by three phases: In February - June  1983 it had low values  (mean 
values 1.4 - 5.2 ind./400 cm2), in August  - November  1983 it peaked  (mean values  258.6 - 

348.2 ind./400 cm 2) and in November  1983 - Februa.ry 1984 it decreased  (mean values  

93.2 - 107.4 ind./400 cm 2) (Kevrekidis, 1988; Kevrekidis & Koukouras, 1989, in press). 

DISCUSSION 

In the Evros Delta, Knipowitsctn'a caucasica grows rapidly in the summer  and 

autumn after hatching. It matures after its first winter, breeds  from the end of April  to the 
end of July and grows rapidly again in July - September.  The older males perish after 

their second February, whereas  some females have  a second b reed ing  season at the end 

of Apr i l /beginning  of May, shortly before their death. 
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It has been  h in ted  that some other  popula t ions  of K. caucasica have  a life span  of 
about  one yea r  (Iljin, 1927, ci ted in Gheorghiev,  1964; Suvorov, 1948, c i ted  in Baimov, 
1963; Berg, 1949, c i ted in Gheorghiev ,  1964;. Kobli tskaya,  1961, ci ted in Baimov, 1963); in 
the Aral  Sea, it had  a life cycle of one yea r  with a small  number  of ind iv idua ls  surviving 
for a few months  more (Baimov, 1963), while  some individuals  t aken  from the Bulgar ian  
coasts of the Black Sea l ived in an aquar ium for from one yea r  and  half  to two years  
(Gheorghiev,  1964). A short hfe span  and ear ly  matura t ion  may  charac te r ize  all the  
K_nipowitschia species  (e.g. Gheorghiev ,  1966; Gandolfi ,  1972), as wel l  as the Pomato- 
schistus species  (e.g. Miller, 1961; Muus, 1967; Clar idge  et  al., 1985), w h e r e a s  a long life 
span  and la te  matura t ion  character izes  the genus  Gobius (e.g. Miller, t961; Gibson, 
1970). 

Information given on the popula t ions  of K. caucasica from different  geograph ica l  
areas,  as far as growth rate is concerned  (e.g. Kobhtskaya,  1961, ci ted in  Baimov, 1963; 
Baimov, 1963) seems  to agree  with the annua l  cycle of K. caucasica in the  Evros Delta. 

The beg inn ing  and the dura t ion of the reproduct ive  per iod  seem to more  or less vary  
among  the popula t ions  of K. caucasica. Thus, K. caucasica in the  Casp ian  Sea,  at the pre-  
es tuary  of the Volga, b reeds  from the middle  of Apri l  to the end of May  a n d  only rare ly  to 
June  (Koblitskaya, 1957, 1961, ci ted in Baimov, 1963); in the Aral  Sea from the beg inn ing  
of May  to the beg inn ing  of Augus t  (Baimov, 1963); in the Black Sea, on  the  Bulgar ian  
coasts, from March  to the end of July  (Gheorghiev,  1964, 1966); in the Nor th  A e g e a n  Sea, 
at the Evros Delta, from the end of Apri l  to the end  of July. 

The above  observat ions  that  K. caucasica exhibi ts  an annual  cycle in g rowth  rate  and  
b reeds  during spr ing and summer  having  a 2 - 5 month b reed ing  season  is common for 
many  nor thern and  t empera te -zone  gobi ids  (e.g. Miller, 1961; Muus, 1967; Gibson & 
Ezzi, 1978). As far as the  reproduct ive  per iod  is concerned,  similar observa t ions  have  also 
been  made  for the other species  of the genus  Knipowitschia (e.g. Gheorgh iev ,  1966; 
Gandolfi ,  1972; Zelenin  & Vladimirov,  1975; Ragimov, 1986). 

Knipowitschia species  are  small  fish, their  max imum length  usual ly  not  exceed ing  
50 mm (e.g. Baimov, 1963; Miller, 1972; Pinchuk,  1978; Ragimov, 1986). The  ma x imum 
weight  of K. caucasica female recorded  by  Baimov (1963) in the Aral  S e a  (430 rag) is 
lower  than it is in the Evros Del ta  (624 mg total  weight ,  474 mg c leaned  weight) ,  but  the  
max imum weigh t  of males  in the Aral  Sea (406 rag) is h igher  than tha t  in our s tudy 
(169mg total weight ,  138 mg c leaned  weight).  The max imum w e i g h t  r epor ted  by  
Sat tarov (1972) in the S u k h a n d a r y a  river bas in  is 295 rag, and  by  Troitskii  & Tsunikova  
(1978) in the Kuban Estuaries 980 rag. 

The condit ion factor values  ca lcula ted  on the basis  of c leaned  we igh t  in the  popula -  
tion of the Aral  Sea, which var ied  from 0.90 to 1.35 in juveniles,  from 1.20 to 1.55 in 
mature  males  and  from 1.23 to 1.34 in mature  females  (Baimov, 1963), a r e  h igher  than  
those in the popula t ion  of the Evros Delta. This sugges ts  that  in the Aral  S e a  the habi ta t  
offered bet ter  condit ions for the  K. caucasica popula t ion  and the fish w e r e  heav ie r  for 
their  length  than in the Evros Delta. 

The condit ions prevai l ing  in the s tudy a rea  should be  cons idered  as f avorab le  for K. 
caucasica spawning,  according to the  re levant  l i terature.  According  to Ba imov  (1963), 
Ragimov (1986) and other authors,  its spawning  usual ly  takes  p lace  in s l ight ly  moving  
shal low waters  having  a depth  of 0.15 m to 1.5 m, t empera tu re  from 15 ~ to 27 ~ sahni ty  
that  may  fluctuate within wide limits. Its eggs  are  usual ly  a t tached  to t he  unders ide  of 



Biology and ecology of Knipowitschia 185 

small gravels, dead bivalve shells, dead roots of reeds, etc. {e.g. Koblitskaya, 1961, cited 
in Baimov, 1963; Baimov, 1963; Gheorghiev, 1964, 1966; Ragimov, 1986). 

In the Evros Delta, the ripe females of K. caucasica were generally shorter and hghter 
than those in other waters. The length of the ripe females in the Black Sea, on the 
Bulgarian coasts, ranged from 25 mm to 39 mm (Gheorghiev, 1964, 1966}; in the Kuban 
estuaries generally from 24 mm to 38 mm (Troitskii & Tsunikova, 1978); in the Aral Sea 
from 20.1 mm to 35.0 mm (Baimov, 1963); at the estuary and the Volga Delta from 
20.1 mm to 45.0 mm {Kobhtskaya, 1961, cited in Baimov, 1963}. In the Caspian Sea also, 
Ragimov (1986} reported ripe females having a standard length of 27 mm to 31 mm and a 
weight of 0.462 g to 0.650 g. Our observation that the mean fecundity of female K. 
caucasica generally increases with the size of the fish seems to be true also for other 
populations of this species (e.g. Koblitskaya, 1961, cited in Baimov, 1963; Baimov, 1963; 
Ragimov, 1986}, as well as for other species of the genus Knipowitschia (e.g. Ragimov, 
1986}. Consequently, it is expected that the fecundity we recorded for K. caucasica is 
lower than it is in other areas. The fecundity of K. caucasica in the Black Sea varies from 
358 to 1389 eggs (Gheorghiev, 1964, 1966}; in the Kuban estuaries from 310 to 1083 with 
a mean of 702 eggs (Troitskii & Tsunikova, 1978}; in the Aral Sea from 97 to 343 with a 
mean of 186 eggs (Baimov, 1963}; in the Caspian Sea, from 209 to 786 with a mean of 423 
eggs (Sawaitova, 1959, cited in Baimov, 1963; Koblitskaya, 1961, cited in Baimov, 1963), 
from 209 to 382 with a mean of 285 eggs {Berg, 1949, cited in Baimov, 1963) and from 527 
to 863 eggs with a mean of 715.6 (Ragimov, 1986). Nevertheless, the relative fecundity 
{RF) of K. caucasica in the Evros Delta is higher than that in the Caspian Sea, where 
Ragimov (1986) recorded a mean RF in different size groups ranging from 1249.38 to 
1497.64. 

The results of this study and the revision of the relevant literature show that the 
maximum individual fecundity of K. caucasica ranges from 217 to 1389 eggs. In K. 
longecaudata {Kessler, 1877), the corresponding values observed are from 350 to 2045 
eggs (Zelenin & Vladimirov, 1975; Ragimov, 1986}, while in K. fljini {Berg, 1931) 2240 
eggs (Ragimov, 1986). Values of individual fecundity analogous to that found in the 
present study have been recorded for other gobiids {e.g. Ragimov, 1986}; however, in 
many species {mainly large-sized ones}, very high maximum values have been recorded 
{e.g, up to 9-12 000) (e.g. Miller, 1961; Gibson, 1970; Gibson & Ezzi, 1978}. Finally, in the 
Caspian Sea, Ragimov {1986} reported a high relative fecundity for K. iljini {mean value 
1932.53), and a generally lower RF for K. longecaudata (1037.04-1376.14} than for K. 
ca u casica. 

The analyses of the stomach contents showed that in the Evros Delta K. caucasica 
appears to be almost exclusively a bottom-feeder, preying predominantly on benthic 
amphipods and polychaetes. In other regions, the fish appears to eat both benthic and 
planktonic organisms; its food was composed mainly of amphipods, chironomid larvae, 
copepod crustaceans, cladoceran crustaceans, etc. {e.g. Kobhtskaya, 1961, cited in 
Baimov, 1963; Baimov, 1963; Gheorghiev, 1964; Troitskii & Tsunikova, 1978). The diet of 
K. 1ongecaudata in the Danube basin consisted predominantly of chironomid larvae, 
corophiid amphipods and other crustaceans (Zelenin & Vladimirov, 1975). Benthic 
amphipods and polychaetes are usually important prey organisms for many inshore and 
estuarine gobiids (Muus, 1967; Miller, 1969; Gibson, 1970; Claridge et al., 1985). In the 
study area, the smaller individuals of K. caucasica {size group A) consumed the amphipod 
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Gammarus aequicauda m o r e  t h a n  a n y  o t h e r  p rey ,  w h e r e a s  in  t h e  l a r g e r  o n e s  (size g r o u p  

B) p o l y c h a e t e s  (Picopomatus enigmaticus, Hediste diversicolor) d o m i n a t e d .  T h i s  s h o u l d  

n o t  b e  m a i n l y  a t t r i b u t e d  to d i f f e r e n t  p r e f e r e n c e s  a m o n g  t h e  l a r g e r  a n d  s m a l l e r  i n d i v i d u -  

als, b u t  r a t h e r  to a c o m b i n a t i o n  of t h e  fo l lowing :  (1) T h e  p r e f e r e n c e  of a l l  i n d i v i d u a l s  for 

t h e  m o r e  a c t i v e  a m p h i p o d s  ( M a g n h a g e n  & W i e d e r h o l m ,  1982), a n d  (2) t h e  s h a r p  i n c r e a s e  

of G. aequicauda d e n s i t y  a n d  t h e  s h a r p  d e c h n e  of t he  p o l y c h a e t e  H. diversicolor d e n s i t y  

r e c o r d e d  in  t h e  s t u d y  a r e a  d u r i n g  t h e  p e r i o d  of t h e  A s ize  g r o u p  a p p e a r a n c e  ( J u n e  - 

A u g u s t  1983) (Kevrek id i s ,  1988; K e v r e k i d i s  & K o u k o u r a s ,  1989, in  p r e s s ) .  

Final ly ,  t a k i n g  in to  a c c o u n t  all  t h e  a b o v e ,  a n d  in  a c c o r d a n c e  w i t h  B a i m o v  (1963), w e  

c a n  say  t h a t  Knipowitschia caucasica has ,  b e s i d e s  i ts e u r y h a l i n e  n a t u r e ,  a lso  o t h e r  

c h a r a c t e r i s t i c  p r o p e r t i e s  s u c h  as  e a r l y  m a t u r i t y  a n d  p o l y p h a g o u s  n u t r i t i o n ,  w h i c h  c o u l d  

a c c o u n t  for i ts  w i d e  g e o g r a p h i c a l  a n d  e c o l o g i c a l  d i s t r i bu t ion .  
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