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Abstract

As part of its policy, Mediterranean Marine Science started from 2014 to publish a new series of collective article with fisheries-
related data from the Mediterranean Sea. In this first collective article we present length frequencies and weight-length relationships for 
the northern brown shrimp Farfantepenaeus aztecus in the Eastern Mediterranean, weight-length relationships for 10 fish species in the 
North Aegean Sea, the feeding habits for 11 sparid fishes in the North Aegean Sea, a review of the existing literature on the feeding and 
reproduction of common carp Cyprinus carpio in Anatolia (Turkey) and mouth dimensions and the relationships between mouth area and 
length for seven freshwater fishes from Lake Volvi (Northern Greece).
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Introduction

As part of its policy, Mediterranean Marine Science 
started from 2014 to publish a new series of collective 
article, twice a year, with fisheries-related data from the 
Mediterranean Sea, notably contributions on topics such 
as weight-length relationships, length-length relation-
ships, length-frequency distributions, age and growth 
information, spawning and reproduction, diet, feeding 
habits and trophic level of fish and other marine animals 
in the Mediterranean Sea. 

This decision was taken because in the last two dec-
ades there is a drastic decline in the number of fish and 
fisheries related journals that consider for publication 
articles with such basic data. It is worthy to point out 

that the relative frequencies of occurrence of fish-related 
2-word phrases in the corpus of digitized books1 such as 
‘fish growth’, ‘fish feeding’, ‘fish spawning’, ‘fish repro-
duction’, ‘fish biology’, ‘fish ecology’, ‘fish physiology’, 
‘fish genetics’ ‘fish taxonomy’ ‘fish biogeography’ and 
‘fish biochemistry’ all increase from 1800 to a peak in 
about 1980-1990 and decline thereafter, with the rela-
tive frequencies of ‘fish growth’, ‘fish feeding’ and ‘fish 
spawning’ being higher than those of the remaining ones 
(Fig. 1).

Yet, such basic data are essential for fish and fisher-
ies biology and ecology for a plethora of reasons. For 
instance, such data are useful for: (i) studying patterns 
and propensities in the life-history of marine animals 
(e.g. trade-offs); (ii) testing whether life histories change 

1Michel et al. (2010) constructed a corpus of digitized books 
(nowadays making up about 6% of all books ever printed: Lin et 
al. 2012) and, using the percentage of times a word/phrase appears 
in the corpus of books, investigated cultural and other trends. The 
corpus of books is available in eight languages: English, Spanish, 
German, French, Russian, Italian, Hebrew and Chinese. Michel’s 
et al. (2010) computational tool (see also Lin et al., 2012), the 
Google Ngram viewer, is available online (http://books.google.

com/ngrams). This tool estimates the usage of small sets of phrases 
and produces a graph the y axis of which shows how a phrase 
occurs in a corpus of books during a particular period relatively to 
all remaining phrases composed of same number of words (Lin et 
al., 2012). A detailed account of the Ngram technique is provided 
in Michel et al. (2010) and Lin et al. (2012) whereas a step-by-step 
guide for its application using examples is available online (http://
books.google.com/ngrams/info#advanced).
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spatio-temporally or not (e.g. bigger-deeper hypothesis, 
shifting baselines, nanism); (iii) estimating the position 
of marine animals in the ecosystems (i.e. trophic level) as 
well as other ecological indices (e.g. resilience, vulner-
ability to fishing); (iv) estimating the productivity of spe-
cies; (v) estimating year class strength, which can then 
be used for studying variations in abundance and, thus, 
recruitment to the fishery; (vi) developing empirical rela-
tionships between life-history parameters with maximum 
length in order to estimate the former for less studied, 
rare, non-commercial species for which maximum length 
is available; (vii) stock structure identification (based on 
life –history traits); (viii) stock assessment; (ix) develop-
ing ecological models (e.g. Ecopath with Ecosim); and 
eventually (x) for management.

In this collective article we present length frequencies 
and weight-length relationships for the northern brown 
shrimp Farfantepenaeus aztecus in the Eastern Mediter-
ranean, weight-length relationships for 10 fish species in 
the North Aegean Sea, the feeding habits for 11 sparids in 
the North Aegean Sea, a review of the existing literature 
on the feeding and reproduction of common carp Cyprinus 
carpio in Anatolia (Turkey) and mouth dimensions and 
the relationships between mouth area and length for seven 
freshwater fishes from Lake Volvi (Northern Greece).

The contributors are co-authors in this collective ar-
ticle, their names appearing in alphabetical order. The 
contributing authors are cited at the beginning of each 
section of the collective article.

1. �Biological data on northern brown shrimp Farfan-
tepenaeus aztecus (Ives, 1891) (Decapoda: Penaei-
dae) in the Eastern Mediterranean Sea

By Y. Özvarol and M. Gökoğlu

The northern brown shrimp Farfantepenaeus aztecus 

(Ives, 1891) is a Mediterranean penaeid shrimp of Atlan-
tic origin. It reaches sexual maturity at about 14 cm total 
length and can reach maximum standard length 22 cm 
(=23.6 cm total length) (Cook and Lindner, 1970; Saoud 
& Davis, 2003). This study provides biological data on F. 
aztecus in the Eastern Mediterranean. The study was car-
ried out in the Gulf of Finike (36°13.21′N, 33°48.225′E), 
Antalya (36°50′N, 30°34′E - 36°45′N, 30°55′E), Mersin 
(36°10′N, 33°55′E) and Adana - İskenderun (36°28’N, 
35°23’E - 36°45’N, 35°53’E) during June 2011 - Janu-
ary 2013. Monthly trawling operations (mesh size 22 
mm, knot-to-knot) were performed at depths ranging 
from 25 to 150 m, for 1-3 hours using commercial and 
research vessels. Female and male individuals were iden-
tified by visible thelycum or petesma. All individuals 
were weighed to the nearest 0.1 g and measured for total 
length (i.e. from tip of the rostrum to end of the telson). 

A total of 1271 individuals were caught of which 834 
(65%) were females and 437 (35%) males. The sex ratio 
differed significantly (P < 0.05) from the theroretical 1:1. 
The mean length was 19.3 ± 1.7 cm (range 11.5-30 cm) 
for females and 15.6 ± 1.3 cm for males (range: 12.2-
20.7 cm) (Fig. 2). The mean length of females was sig-
nificantly (t test, P < 0.05) larger than that of males. The 
mean weight of females (67.2 ± 19.4 g, range: 12-240 
g) was significantly (t test, P < 0.05) larger than that of 
males (30.68 ± 8.7 g range: 14-66 g). The weight-length 
relationship did not significantly (t test, P < 0.001) differ 
between males and females and thus the weight-length 
relationship was estimated for sexes combined (Fig. 3). 

Holthuis (1980) reports that the maximum observed 
total length of males and females was 19.5 and 23.6 cm, 
along the Atlantic coasts of USA and Mexico, respective-
ly, which are both smaller than those found in the present 
study. Although this species has been recently established 
off the Mediterranean coasts of Turkey (Deval et al., 2010), 
it appears that it can reach a larger size than in the Atlantic.

Fig. 1: Relative frequencies of different 2-word phrases in the corpus of digitized books using the Google Ngram viewer tool (see 
https://books.google.com/ngrams).
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2. �Weight-length relationships for ten commercial fish 
from the North Aegean Sea, Greece

By G. Minos

Weight–length relations are very useful to fisher-
ies biology research since they are used for converting 
lengths into biomass, determining fish condition and 
comparing fish growth among areas (Froese et al., 2011). 
In the present study, weight-length relationships were es-
tablished for 10 commercial fish in the North Aegean Sea. 
Samples were collected from one commercial bottom 
trawler (monthly samples, during October 2004-April 

2005) and longlines (for the large pelagics Thunnus ala-
lunga and Thunnus thynnus; monthly samples, during 
September 2003 - February 2004). Total length (TL), or 
fork length (FL), was measured to the nearest 0.1 cm and 
total body weight (W) to the nearest g. t-test was used to 
identify isometric or allometric growth. 

Overall, 2629 individuals were measured for length 
and weight. The number of individuals ranged from 48 
individuals, for T. thynnus, to 383, for Merluccius mer-
luccius. All r2 values of the weight-length relationships 
were greater than 0.90, and all regressions were highly 
significant (P<0.001). The values of the exponent (b) 
ranged between 2.53, for T. alalunga, to 3.24, for Micro-
mesistius poutassou. For Lophius budegassa and Phycis 
blennoides, growth was isometric (P>0.05) (Table 1). 
For all remaining species b values differed significantly 
(P<0.05) from 3, implying allometric growth (Table 1). It 
is worthy of mention that the maximum length (52.5 cm 
TL) recorded in this study for Lepidorhombus boscii is 
higher than that (i.e. 40 cm SL≈ 47.3 cm TL) reported in 
Fishbase (Froese & Pauly, 2013). 

For five species (L. piscatorius, L. budegassa, M. 
poutassou, Z. faber and T. trachurus) the parameters b of 
the weight-length relationships presented here are gener-
ally similar with those reported by other authors (Stergiou 
& Moutopoulos, 2001; Moutopoulos & Stergiou, 2002; 
Froese & Pauly 2013) for the Aegean Sea. 

Fig. 2: Monthly length frequency distribution of female (upper, n=437) and male (lower, n=834) Farfantepenaeus aztecus, during 
June 2011 - January 2013.

Fig. 3: Weight-length relationship of Farfantepenaeus aztecus, 
sexes combined. 
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3. �Natural diet of common carp (Cyprinus carpio L., 
1758) in Anatolia (Turkey): a review

By L. Vilizzi, F.G. Ekmekçi and A.S. Tarkan

Freshwater fish affect several components of the 
aquatic ecosystems (e.g. nutrients, primary and second-
ary production; Matthews, 1997). This is especially true 
of omnivorous species such as the common carp (Cypri-
nus carpio L., 1758), whose ‘middle-out’ role in the 
aquatic ecosystems has been widely documented (Weber 
& Brown, 2009). Herein we provide a review of the natu-
ral diet of common carp in Anatolia (Turkey), where the 
species is widely distributed following translocation for 
fisheries and aquaculture (Çetinkaya, 2010).

We obtained data from the literature and assigned indi-
vidual food items into three general taxa (i.e. phytoplank-
ton, zooplankton, benthic invertebrates) and three ‘generic’ 
groups (i.e. detritus, plant material, fish eggs and parts). Be-
cause of the different reporting formats of the feeding data 
in the original studies, we present food items in the form of 
a presence/absence matrix. For the studies providing food 
items at the genus level, we also tested for any differences in 
diet composition between waterbody types (details in online 
Supplement 1), and estimated trophic level following Ster-
giou & Karpouzi (2002).

In total, 12 studies covering 16 waterbodies were 
collected (Table S1, in online Supplement 2). Eight out 
of the 12 studies provided taxon-level data (Table 2) and 
four studies only summary data (Table S1 in online Sup-
plement 2). Monthly and seasonal diet data were reported 
in ten and two studies, respectively (Table 2). With the 
exception of 0+ fish, feeding mainly on zooplankton 
(Gelingüllü Reservoir: mirror carp), no other age/length-
related difference in diet was found in the remaining stud-
ies. Diet composition did not differ significantly (F1,7

# = 
1.42; p# = 0.136: # = permutational value) between water-
body types (Fig. 4). Trophic level was generally similar 

across waterbody types, ranging from 2.2 to 2.6 (mean 
2.39 ± 0.05). Thus, common carp can be characterized 
as an omnivore with a preference for vegetable material 
(see Stergiou & Karpouzi, 2002).

Fig. 4: (a) Non-metric multi-dimensional scaling (NMDS) plot 
and (b) dendrogram plot showing the waterbodies of Anatolia 
for which taxon-level data (presence/absence) on common carp 
natural diet were available. Black dots: man-made reservoirs; 
open dots: natural lakes (see Table 2). Baf = Bafra Balık Lakes; 
Gel = Gelingüllü Reservoir (mirror and scale carp); Göl = Lake 
Gölköy; Hir.95 = Hirfanlı Reservoir (1995); Hir.04 = Hirfanlı 
Reservoir (2004); Hir.10 = Hirfanlı Reservoir (2010); Keb = 
Keban Reservoir; Mog.91 = Lake Mogan (1991). Year in pa-
rentheses indicate year of source study.

Table 1. Sample size (n), length range (minimum-maximum) and parameters of the total weight (g) - total length (cm) 
relationship (W=aLb) for 10 fish species, Northern Aegean Sea. SE(b)= Standard error of slope b; r2= coefficient of determination; 
Growth= A+, positive allometry; A-, negative allometry; I, isometry; P= P-value.

Species n
Length

a b SE(b) r2 Growth (P)
min max

Lepidorhombus boscii 322 16.5 52.5 0.015 2.82 0.053 0.90 A- (<0.05) 
Lophius budegassa 121 19.7 66.5 0.0156 2.96 0.047 0.97 I  (>0.05) 
Lophius piscatorius 179 20.0 47.2 0.026 2.82 0.037 0.97 A- (<0.05) 
Merluccius merluccius 383 19.2 81.0 0.016 2.77 0.030 0.96 A- (<0.05) 
Micromesistius poutassou 298 15.3 32.0 0.0034 3.24 0.049 0.94 A+ (<0.05) 
Phycis blennoides 333 15.8 45.0 0.0087 2.97 0.040 0.94 I  (>0.05) 
Thunnus alalunga* 371 70.5 92.4 0.0001 2.52 0.040 0.91 A- (<0.05) 
Thunnus thynnus* 48 72.7 171.0 4.5×10-5 2.80 0.045 0.99 A- (<0.05) 
Trachurus trachurus 367 16.0 30.2 0.006 3.11 0.045 0.93 A+ (<0.05) 
Zeus faber 207 14.2 59.2 0.023 2.84 0.046 0.95 A- (<0.05) 

* Fork length 



Medit. Mar. Sci., 15/1, 2014, 213-224	 217

Ta
bl

e 2
. D

at
a o

n 
th

e n
at

ur
al

 d
ie

t o
f c

om
m

on
 ca

rp
 in

 w
at

er
bo

di
es

 o
f A

na
to

lia
 (t

ax
on

-le
ve

l s
tu

di
es

 o
nl

y)
. F

or
 ta

xo
n-

le
ve

l g
ro

up
s, 

th
e n

um
be

r o
f t

ax
a i

s i
nd

ic
at

ed
; f

or
 g

en
er

ic
 g

ro
up

s, 
pr

es
en

ce
 

(+
) o

r a
bs

en
ce

 (−
) i

s 
pr

ov
id

ed
, a

lo
ng

 w
ith

 th
e 

so
ur

ce
 re

fe
re

nc
e 

(T
ab

le
 S

1 
in

 o
nl

in
e 

Su
pp

le
m

en
t 2

). 
Su

m
m

ar
y 

da
ta

 a
re

 a
ls

o 
pr

ov
id

ed
, i

.e
. n

um
be

r o
f fi

sh
 e

xa
m

in
ed

, s
iz

e 
an

d 
ag

e 
ra

ng
e,

 
re

po
rte

d 
m

on
th

ly
 (M

) o
r s

ea
so

na
l (

S)
 a

nd
 o

nt
og

en
et

ic
 d

iff
er

en
ce

s i
n 

di
et

 (Y
es

 =
 d

iff
er

en
ce

; N
o 

= 
no

 d
iff

er
en

ce
) a

nd
 tr

op
hi

c 
le

ve
l (

co
m

pu
te

d 
af

te
r S

te
rg

io
u 

&
 K

ar
po

uz
i, 

20
02

). 
n/

a 
= 

da
ta

 
no

t a
va

ila
bl

e.
 T

ax
on

om
y 

of
 g

ro
up

s a
fte

r h
ttp

://
w

w
w.

iti
s.g

ov
 (a

cc
es

se
d 

08
/0

1/
20

14
). 

C
om

pl
et

e 
lis

t a
lo

ng
 w

ith
 so

ur
ce

 re
fe

re
nc

es
 in

 T
ab

le
 S

1 
in

 o
nl

in
e 

Su
pp

le
m

en
t 2

.

M
an

-m
ad

e 
re

se
rv

oi
rs

N
at

ur
al

 la
ke

s

 
G

el
in

gü
llü

 
R

es
er

vo
ir

 
(m

ir
ro

r)

G
el

in
gü

llü
 

R
es

er
vo

ir
 

(s
ca

le
)

H
ir

fa
nl

ı 
R

es
er

vo
ir

 
(1

99
5)

H
ir

fa
nl

ı 
R

es
er

vo
ir

 
(2

00
4)

H
ir

fa
nl

ı 
R

es
er

vo
ir

 
(2

01
0)

K
eb

an
 R

es
er

vo
ir

B
af

ra
 B

al
ık

 
L

ak
es

 
L

ak
e 

G
öl

kö
y 

L
ak

e 
M

og
an

 
(1

99
1)

N
um

be
r o

f fi
sh

 (f
ul

l g
ut

/to
ta

l)
16

7/
17

9
92

/9
7

11
6/

11
6

17
4/

25
2

12
7/

20
6

50
/5

0
12

2/
12

2
49

/6
0

67
/9

1
Si

ze
 ra

ng
e 

(m
m

)
n/

a
n/

a
n/

a
76

–6
00

13
8–

38
9

n/
a

n/
a

15
0–

26
0

24
0–

69
0

A
ge

 ra
ng

e 
(y

ea
rs

)
0–

6
1–

7
n/

a
0–

9
n/

a
n/

a
0–

6
n/

a
n/

a
M

on
th

ly
/s

ea
so

na
l v

ar
ia

tio
n

M
M

M
M

M
S

S
M

M
O

nt
og

en
et

ic
 v

ar
ia

tio
n

Ye
s

N
o

n/
a

N
o

n/
a

n/
a

N
o

n/
a

n/
a

Tr
op

hi
c 

le
ve

l (
±S

E)
2.

60
 ±

 0
.1

9
2.

40
 ±

 0
.1

5
2.

30
 ±

 0
.0

6
2.

3 
± 

0.
18

2.
30

 ±
 0

.1
1

2.
30

 ±
 0

.1
3

2.
20

 ±
 0

.1
5

2.
50

 ±
 0

.2
2

2.
60

 ±
 0

.2
1

Ta
xo

n-
le

ve
l g

ro
up

s
Ph

yt
op

la
nk

to
n

B
ac

ill
ar

io
ph

yt
a

13
12

17
20

14
15

16
5

7
C

ha
ro

ph
yt

a
1

2
1

5
3

1
6

3
3

C
hl

or
op

hy
ta

3
4

4
7

5
4

6
3

3
C

ya
no

ph
yc

ot
a

1
1

3
8

6
10

4
4

2
Eu

gl
en

op
hy

co
ta

1
1

2
2

1
0

1
1

1
Py

rr
hy

ph
yc

ot
a

0
0

0
2

1
0

1
0

0
R

ho
do

ph
yt

a
0

1
0

0
0

0
0

0
0

X
an

th
op

hy
ta

0
0

0
0

0
0

1
0

0
Zo

op
la

nk
to

n
C

la
do

ce
ra

5
5

5
4

5
2

1
3

5
C

op
ep

od
a

2
2

2
2

2
1

0
2

2
M

al
ac

os
tra

ca
0

0
0

0
0

0
1

3
0

O
st

ra
co

da
1

1
1

1
1

0
0

2
1

R
ot

ife
ra

3
2

0
3

3
9

1
0

4
Be

nt
hi

c 
in

ve
rt

eb
ra

te
s

C
ol

eo
pt

er
a

0
0

0
0

0
0

1
0

0
D

ip
te

ra
1

1
2

2
2

0
1

1
2

G
as

tro
po

da
0

0
0

1
1

0
0

2
0

N
em

at
od

a
0

1
0

0
0

0
1

0
0

O
lig

oc
ha

et
a

0
0

0
1

1
0

0
0

1
G

en
er

ic
 g

ro
up

s
D

et
ri

tu
s

−
−

−
−

+
−

−
+

−
Pl

an
t m

at
er

ia
l

+
−

−
−

+
−

−
+

+
Fi

sh
+

+
−

+
−

−
−

−
−

Eg
gs

+
+

−
−

−
−

+
−

−
Va

rio
us

 p
ar

ts
−

−
−

−
+

−
−

+
−



218	 Medit. Mar. Sci., 15/1, 2014, 213-224

The present findings confirm the opportunistic feed-
ing of common carp, with spatial variation (i.e. water-
body level) indicating flexible dietary requirements, and 
temporal variation (i.e. monthly/seasonal) most probably 
related to overwintering and spawning movements (Nu-
mann, 1958). The presence of detritus and plant material 
reflects its typical bottom-feeding behaviour, i.e. mouth-
fuls of sediment are sucked into the oral cavity and sepa-
rated from food in the pharyngeal slits, with food items 
retained and other particles expelled (Sibbing, 1988). 
The presence of fish eggs in its diet suggests that com-
mon carp indirectly feeds upon other fish when burrow-
ing through the sediment in search for food. 

4. Feeding habits for eleven sparids from the  
N-NWAegean Sea

By P.K. Karachle

Feeding habits of fishes in the Mediterranean Sea 
have been reviewed by Stergiou & Karpouzi (2002). In 
this study, information on the feeding habits of 11 spe-
cies of Sparidae, in N-NW Aegean Sea, are presented. 
For four species, namely Diplodus vulgaris, Oblada 
melanura, Sarpa salpa and Spondyliosoma cantharus, 
there is no information on their feeding habits from the 
Hellenic seas.

Sampling was conducted on a seasonal basis (spring 
2001-winter 2006), using professional fishing vessels 
(see Karachle & Stergiou 2008, for a detailed account on 
sampling and stomach content analyses). 

In total, 960 individuals were examined. The number 
of individuals ranged from 10, for Dentex dentex and 
Pagrus pagrus, to 427 for Diplodus annularis (Table 
3). The feeding habits and trophic level of Pagrus pa-
grus differed from those previously reported (data from 
Stergiou & Karpouzi, 2002; Froese & Pauly, 2013), a 
fact that could be attributed to the smaller lengths of the 
individuals examined here (Table 3). For Boops boops, 
Pagellus acarne and Pagellus bogaraveo, the differences 
found may be attributed the high percentages of fishes 
as prey of the individuals examined in the present study, 
compared to those in other studies. In general, no differ-
ences were found in the feeding habits of the remaining 
species with those reported in the literature.

Based on the results presented here, the 11 sparids 
prey on a great variety of food items and their trophic 
levels span over a wide range of values, from 2.0 to 4.5 
(Karachle & Stergiou, 2008). Indeed, the 11 species prey 
on algae (herbivores: S. salpa) and invertebrates (omni-
vores: B. boops, D. annularis, D. vulgaris, O. melanura, 
Pagellus erythrinus, P. bogaraveo, S. cantharus), to fish 
and cephalopods (carnivores: D. dentex, P. acarne, P. pa-
grus) (Table 3), a fact indicating their high adaptability 
and competent exploitation of resources.

5. �Reproductive biology of common carp (Cyprinus 
carpio L., 1758) in Anatolia (Turkey): a review

By L. Vilizzi, A.S. Tarkan and F.G. Ekmekçi

This study provides a synopsis of the reproductive 
biology of common carp (Cyprinus carpio L., 1758) in 
Anatolia (Turkey). Common carp is a native species to 
the northernmost areas of the region that was ‘natural-
ised’ elsewhere in Turkey following translocation for 
fisheries and aquaculture (Çetinkaya, 2010).

We obtained data from the literature. We evaluated 
the relationships of mean age at maturity, spawning pe-
riod duration, absolute fecundity, relative fecundity and 
egg diameter with mean annual water temperature using 
linear regression. We tested for differences in the above 
mentioned parameters with waterbody types (i.e. man-
made reservoirs and natural lakes) using permutational 
univariate analysis of variance (PERMANOVA). We 
also evaluated trends in the monthly gonadosomatic in-
dex (GSI) data using dynamic factor analysis (DFA) in 
order to identify the waterbodies where GSI was highest 
in a certain month (all tests at α = 0.05; details in online 
Supplement 3).

In total, 30 studies covering 26 waterbodies were col-
lected (Table 4). Mean sex ratio was 1.01 ± 0.06 SE and 
age at maturity ranged between 2 and 4 years. Spawning 
began between March and June, and the spawning period 
lasted for 2–7 months. Mean absolute and relative fe-
cundity were 306,124 ± 57,645 eggs/fish and 132,782 ± 
10,379 eggs/kg, respectively, and mean egg diameter 
was 1.151  ± 0.042  mm. No significant relationships 
were found between mean age at maturity (n = 24, r2 = 
0.001, p = 0.934), spawning period duration (n = 19, r2 = 
0.168, p = 0.081), absolute fecundity (n = 18, r2 = 0.017, 
p  = 0.608), relative fecundity (n  = 17, r2  = 0.085, p  = 
0.255) and egg diameter (n = 25, r2 = 0.066, p = 0.214) 
with mean annual water temperature. In addition, no sig-
nificant differences were found in mean age at maturity 
(F#

1,22 = 0.01, p# = 1.000: # = permutational), spawning 
period duration (F#

1,17 = 0.53, p# = 0.632), absolute fecun-
dity (F#

1,16 = 0.33, p# = 0.566), relative fecundity (F#
1,15 = 

0.06, p#  = 0.810) and egg diameter (F#
1,23  = 3.44, p#  = 

0.080) with waterbody types. However, there was a peak 
in GSI in July in theAlmus Reservoir (Fig. 5a: Trend 1), 
and a peak in May in all remaining waterbodies with the 
exception of Altınkaya, Bayramiç and Çamlıdere Reser-
voirs as well as Bafra Balık Lakes (1993 study) (Fig. 5b: 
Trend 2), where GSI remained relatively high also in late 
summer and/or autumn (Table 4).

The present findings indicate that the reproductive 
features of common carp are largely homogeneous across 
Anatolia, as has been found for the condition factor (Vi-
lizzi et al., 2014). Although spawning occurred mainly 
in late spring, relatively high GSI values in other months 
indicate potential for protracted spawning (cf. Smith & 
Walker, 2004).
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6. Mouth dimensions for seven freshwater fishes 

By P.K. Karachle, I. Salvarina and D. C. Bobori 

Feeding habits, diet composition and food consump-
tion in fishes have been related to various morphological 
characteristics, with mouth being of primary importance 
for understanding predator-prey interactions (e.g. Kar-
pouzi & Stergiou, 2003; Karachle & Stergiou, 2011; and 
references therein). In this report, we present relation-
ships of horizontal (HMO) and vertical (VMO) mouth 
opening, and mouth area (MA) with total length (TL) for 
seven freshwater species, two of which, Alburnus vol-
viticus Freyhof & Kottelat, 2007 and Vimba melanops 
(Heckel, 1837) are endemics to Greece and the Balkan 
Peninsula, respectively. 

Samples were collected seasonally (summer 
2005-summer 2006) in Lake Volvi (Northern Greece), by 
deploying gillnets (mesh sizes 12-60 mm; knot-to-knot) 
at sunset until next sunrise. Specimens were directly pre-
served in 10% formalin solution. All individuals were 

identified and total body length (TL, in cm), horizontal 
(HMO, in cm) and vertical (VMO, in cm) mouth open-
ings were measured. Consequently HMO and VMO were 
used for estimating mouth area (MA, in cm2), based on 
the assumption that MA shape could be that of an ellipse 
(Erzini et al., 1997):

ΜΑ = π , where π = 3.14.ΗΜΟ
2

VMO
2( () )

The relationships of HMO, VMO and MA with TL 
were described using power regression (Y=a Xb), which 
is appropriate for describing morphometry relationships 
(Lleonart et al., 2000). 

Overall, 754 individuals were examined, covering, 
per species, a wide length range (Table 5). Sample size 
ranged from 16, for the Greek endemic A. volviticus, to 
203 for Perca fluviatilis Linnaeus, 1758 (Table 5). All re-
lationships were significant (p < 0.01; Table 5). For the 
same TL, MA was higher for P. fluviatilis, which is a pis-
civorous species (Bobori et al., 2013). The remaining six 
species that generally have an omnivorous diet (Bobori et 
al., 2013) showed similar MA for the same TL and lower 
than that of P. fluviatilis (Fig. 6). This agrees with the 
findings of Karachle & Stergiou (2011), who report that 
for the same TL piscivores have bigger MA than omni-
vores, and the latter bigger MA than herbivorous species. 
For the species examined here no such information is 
available, as is generally the case for freshwater species 
for which such relationships are generally scarce. Mouth 
area relationships will contribute to the quantification of 
prey-size related feeding patterns and interpretation of 
the high interspecific and intraspecific dietary diversity 
observed in Lake Volvi (Bobori et al., 2013)

Fig. 5: Dynamic factor analysis (DFA) trends (A) and factor 
loadings (B) for gonado-somatic index (GSI) monthly values 
of female common carp in 14 waterbodies of Anatolia. Alm = 
Almus Reservoir; Alt = Altınkaya Reservoir; Apa = Apa Res-
ervoir; Baf.92  = Bafra Balık Lakes (1992); Baf.93  = Bafra 
Balık Lakes (1993); Bay = Bayramiç Reservoir; Bey = Lake 
Beyşehir; Çam = Çamlıdere Reservoir; Cav = Lake Çavuşcu; 
Eğr = Lake Eğridir; Hir = Hirfanlı Reservoir; Kap = Kapulu-
kaya Reservoir; Keb = Keban Reservoir; Mog = Lake Mogan; 
Sak  = Sakarya River. Factor loadings for Altınkaya and 
Bayramiç Reservoirs are in italics because they are averages 
also including non-mature individuals.

Fig. 6: Regressions between total length (cm) and mouth area 
(cm2) for seven fish species from Lake Volvi, Greece. Equations 
are given in Table 1. Ab: Abramis brama; Av: Alburnus volviti-
cus; Cg: Carassius gibelio; Cc: Cyprinus carpio; Pf: Perca flu-
viatilis; Se: Scardinius erythrophthalmus; Vm: Vimba melanops.



Medit. Mar. Sci., 15/1, 2014, 213-224	 223

Acknowledgements

The authors L. Vilizzi, A.S. Tarkan and F.G. Ekmekçi 
are grateful to Baran Yoğurtçuoğlu and Fatma Kübra for 
assistance with literature retrieval and organisation. P.K. 
Karachle thanks Dr Anastasia Tsirika for the identifica-
tion of algae. Y. Özvarol and M. Gökoğlu thank the crew 
of the fishing vessels of “Ece, Nuh Kaptan, Hevesim 1 
and Akdeniz Su” for their invaluable help.

References 

Bobori, D.C., Salvarina, I., Michaloudi, E., 2013. Fish dietary 
patterns in the eutrophic Lake Volvi (East Mediterranean). 
Journal of Biological Research, 19, 139-149.

Çetinkaya, O., 2010. Distribution, ecology and use of common 
carp (Cyprinus carpio) in Turkey. pp. 173-188. In: 1st In-
ternational Symposium of Fisheries and Fishing Tourism, 
Zbornik Radova Proceedings, Boračko Lake, 23-24 June 
2010. Center for Fisheries “Neretva” Konjic, Boračko 
Lake, Bosnia and Herzegovina.

Cook, H. L., Lindner, M.J., 1970. Synopsis of biological data 
on the brown shrimp Penaeus aztecus aztecus lves, 1891. 
FAO Fisheries Reports, 57 (4), 1471-149.

Deval, M.C., Kaya, Y., Güven, O., Gökoğlu, M., Froglia, C. 
2010. An unexpected finding of the western Atlantic 
shrimp Farfantepenaeus aztecus (Ives, 1891) (Decapoda, 
Penaeidae) in Antalya Bay, Eastern Mediterranean Sea. 
Crustaceana, 83, 1532-1537.

Erickson, T.R., Stephan, H.G., 1996. Correlations of Oklahoma 
stream temperatures with air temperatures. University of 
Minnesota, St. Anthony Falls Laboratory, Project Report 
No. 398, 64 pp.

Erzini, K., Gonçalves, J.M.S., Bentes, L., Lino, P.G., 1997. Fish 
mouth dimensions and size selectivity in a Portuguese lon-
gline fishery. Journal of Applied Ichthyology, 13, 41-44. 

Froese, R., Tsikliras, A.C., Stergiou, K.I., 2011. Editorial note 
on weight–length relations of fishes. Acta Ichthyologica et 
Piscatoria, 41 (4), 261-263.

Froese, R., Pauly, D., 2013. ������������������������������FishBase. World Wide Web elec-
tronic publication. http://www.fishbase.org, version 
(12/2013).

Holthuis, L.B., 1980. FAO Species Catalogue. Shrimps and 
prawns of the world. An annotated catalogue of species 
of interest to fisheries. FAO Fisheries Synopsis, 1 (125), 
1-271. 

Karachle, P.K., Stergiou, K.I., 2008. The effect of season and 
sex on trophic levels of marine fishes. Journal of Fish Biol-
ogy, 72, 1463-1487.

Karachle, P.K., Stergiou, K.I., 2011. Mouth allometry and feed-
ing habits in fishes. Acta Ichthyologica et Piscatoria, 41 
(4), 255-275.

Karpouzi, V.S., Stergiou, K.I., 2003. The relationships between 
mouth size and shape and body length for 18 species of 
marine fishes and their trophic implications. Journal of 
Fish Biology, 62 (6), 1353-1365. 

Lin, Y., Michel, J.-B., Aiden, E.L., Orwant, J., Brockman, 
W., Petrov, S. 2012. Syntactic annotations for the Goog-
le Books Ngram corpus. Proceedings of the 50th Annual 
Meeting of the Association for Computational Linguistics, 
Volume 2, Demo Papers (ACL ‘12).

Ta
bl

e 
5.

 R
el

at
io

ns
 b

et
w

ee
n 

ho
riz

on
ta

l m
ou

th
 o

pe
ni

ng
 (H

M
O

), 
ve

rti
ca

l m
ou

th
 o

pe
ni

ng
 (V

M
O

) a
nd

 m
ou

th
 a

re
a 

(M
A

) w
ith

 to
ta

l b
od

y 
le

ng
th

 (T
L)

 fo
r s

ev
en

 fi
sh

es
 fr

om
 th

e 
La

ke
 V

ol
vi

 
(N

or
th

 G
re

ec
e)

. n
 =

 n
um

be
r o

f i
nd

iv
id

ua
ls

; S
E b =

 st
an

da
rd

 e
rr

or
 o

f s
lo

pe
 b

; r
2  =

 c
oe

ffi
ci

en
t o

f d
et

er
m

in
at

io
n.

 A
ll 

re
la

tio
ns

hi
ps

 w
er

e 
hi

gh
ly

 si
gn

ifi
ca

nt
 (p

<0
.0

1)
.

Sp
ec

ie
s

T
L 

ra
ng

e 
(c

m
)

n
H

M
O

=a
T

L
b  

SE
b

r2
V

M
O

=a
T

L
b  

SE
b

R
2

M
A

=a
T

L
b  

SE
b

r2

Ab
ra

m
is

 b
ra

m
a

19
.7

-4
4.

0
17

4
y 

= 
0.

01
12

x1.
46

76
 

0.
06

9
0.

73
y 

= 
0.

02
24

x1.
29

25
0.

08
9

0.
55

y 
= 

0.
00

02
x2.

76
01

 
0.

14
1

0.
69

Al
bu

rn
us

 v
ol

vi
tic

us
13

.2
-1

9.
8

16
y 

= 
0.

17
93

x0.
54

35
 

0.
19

3
0.

36
y 

= 
0.

11
04

x0.
81

58
 

0.
43

6
0.

20
y 

= 
0.

01
55

x1.
35

93
0.

60
3

0.
27

C
ar

as
si

us
 g

ib
el

io
12

.9
-3

2.
3

14
1

y 
= 

0.
09

56
x0.

83
99

0.
05

9
0.

60
y 

= 
0.

24
05

x0.
56

29
0.

09
3

0.
21

y 
= 

0.
01

8x
1.

40
27

 
0.

14
0

0.
42

C
yp

ri
nu

s c
ar

pi
o

14
.4

-4
9.

0
23

y 
= 

0.
35

43
x0.

52
71

0.
17

0
0.

32
y 

= 
0.

39
51

x0.
51

17
0.

16
2

0.
32

y 
= 

0.
10

99
x1.

03
87

0.
32

2
0.

33

Pe
rc

a 
flu

vi
at

ili
s

8.
9-

36
.0

20
3

y 
= 

0.
02

53
x1.

49
36

0.
04

6
0.

84
y 

= 
0.

07
96

x1.
10

22
0.

04
4

0.
76

y 
= 

0.
00

16
x2.

59
58

0.
08

3
0.

83

�Sc
ar

di
ni

us
 e

ry
th

ro
ph

th
al

m
us

15
.0

-2
5.

5
56

y 
= 

0.
01

83
x1.

36
5

0.
13

1
0.

67
y 

= 
0.

01
53

x1.
51

08
 

0.
27

6
0.

36
y 

= 
0.

00
02

x2.
87

58
0.

37
0

0.
53

Vi
m

ba
 m

el
an

op
s

16
.0

-2
9.

6
14

1
y 

= 
0.

04
25

x1.
11

32
 

0.
08

0
0.

58
y 

= 
0.

09
62

x0.
90

39
 

0.
13

8
0.

23
y 

= 
0.

00
32

x2.
01

71
 

0.
19

6
0.

43



224	 Medit. Mar. Sci., 15/1, 2014, 213-224

Lleonart, J., Salat, J., Torres, G.J., 2000. Removing allometric 
effects of body size in morphological analysis. Journal of 
Theoretical Biology, 205, 85-93.

Matthews, W.J., 1997. Patterns in freshwater fish ecology. 
Chapman & Hall, USA, 756 pp.

Michel, J.-B., Shen, Y.K., Aiden, A.P., Veres, A., Gray, M.K. et 
al., 2010. Quantitative analysis of culture using millions of 
digitized books. Science, 331, 176-182.

Moutopoulos, D.K., Stergiou, K.I., 2002. Length-weight and 
length-length relationships of fish species from the Aegean 
Sea (Greece). Journal of Applied Ichthyology, 18, 200-203.

Numann, W., 1958. Anadolu’nun muhtelif göllerinde limnolojik 
ve balıkçılık ilmi bakımından araştırmalar ve bu göllerde 
yaşayan sazanlar hakkında özel bir etüd [Limnological 
and fisheries science related investigations on various 
lakes of Anatolia and a special study on carp living in these 
lakes]. İstanbul Üniversitesi Fen Fakültesi, Hidrobiyoloji 
Araştırma Enstitüsü Yayınlarından, Monografi 7, 114 pp. 
[In Turkish.]

Saoud, P., Davis, D.A., 2003. Salinity tolerance of Brown 
shrimp, Farfantepenaeus aztecus as it relates to post larval 
and juvenile survival, distribution and growth in estuaries. 
Estuaries, 26, 970-974.

Sibbing, F.A., 1988. Specializations and limitations in the uti-
lization of food resources by the carp, Cyprinus carpio – a 
study of oral food-processing. Environmental Biology of 
Fishes, 22 (3), 161-178.

Smith, B.B., Walker, K.F., 2004. Spawning dynamics of com-
mon carp in the River Murray, South Australia, shown by 
macroscopic and histological staging of gonads. Journal of 
Fish Biology, 64 (2), 336-354.

Stergiou, K.I., Karpouzi, V.S., 2002. Feeding habits and trophic 
levels of Mediterranean fish. Reviews in Fish Biology and 
Fisheries, 11 (3), 217–254.

Stergiou, K.I., Moutopoulos, D.K., 2001. A review of length-
weight relationships of fishes from Greek marine waters. 
Naga (the ICLARM Quarterly), 24 (1-2), 23-39.

Vilizzi, L., Tarkan, A.S., Ekmekçi, F.G., 2014. Stock character-
istics and management insights for common carp (Cyprinus 
carpio) from Anatolia: a review of weight–length relation-
ships and condition factors. Turkish Journal of Fisheries 
and Aquatic Sciences (doi: 0.4194/1303-2712-v13_4_22).

Weber, M.J., Brown, M.L., 2009. Effects of common carp on 
aquatic ecosystems 80 years after “carp as a dominant”: 
ecological insights for fisheries management. Reviews in 
Fisheries Science, 17 (4), 524-537.


