
Introduction

The European anchovy (Engraulis encrasicolus) is the
most abundant fish species in the Black Sea, and is
represented by 2 species, E. encrasicolus ponticus and E.
encrasicolus maeoticus. The first is of commercial interest
for all Black Sea countries (1). Most E. encrasicolus have
been caught by Turkey and former USSR countries in the
eastern part of the Black Sea. Fishing is carried out from
October to April, but mostly (96.03%) from December to
March (2). The fishing of E. encrasicolus from 1938 to
1960 was less than one quarter of the total catch in the

Azov-Black Sea and Sea of Marmara; in the 1970s it
accounted for more than half, and even as much as two-
thirds, of the total (3). Since 1981, the highest annual
fish catches among all the Mediterranean and Black Sea
countries has been achieved by Turkey. Black Sea has an
important place in Turkish fisheries. E. encrasicolus is the
major fish production of the Black Sea (69% of the total
in 2001) (4). 

Until recently, there had been a gradual increase in the
catches of E. encrasicolus and other plankton-feeding
pelagic fishes. However, there has been a sudden
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Abstract: This study was conducted during the Engraulis encrasicolus fishing seasons of 1998-1999 and 1999-2000, and some
basic characteristics of this population off the Turkish coast of the Black Sea were examined. Weight-length relationships and von
Bertalanffy growth equations were estimated as W = 0.0083 L 2.872 and Lt = 15.66[1 - e -0.3368 (t+2.526)] and W = 0.0076 L 2.919 and
L t = 17.07 [1 - e –0.2836 (t+2.1047)] for the 1998-1999 and 1999-2000 fishing seasons, respectively. For the 1998-1999 fishing season
total (Z), natural (M), and fishing (F) mortality rates were Z = 1.44 year-1, M = 0.49 year-1 and F = 0.95 year-1 and for the 1999-
2000 season they were Z = 1.60 year-1, M = 0.46 year-1 and F = 1.44 year-1, respectively. The exploitation rates (E) of 0.66 and
0.71 for each season indicate that the population is being heavily exploited.
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Türkiye’nin Karadeniz Sahillerindeki Hamsi Bal›¤›n›n (Engraulis encrasicolus L. 1758) Yafl,
Büyüme ve Ölüm Oranlar›

Özet: Bu çalıflma Karadeniz’in Türkiye sahilinde 1998-1999 ve 1999-2000 av sezonlarında avlanan hamsi balı¤ının bazı temel
özelliklerini incelemek için yürütülmüfltür. Uzunluk-a¤ırlık iliflkisi ve von Bertalanffy büyüme parametreleri 1998-1999 ve 1999-
2000 av sezonunda W = 0.0083L 2.872, Lt = 15.66[1-e -0.3368 (t+2.526)] ve W = 0.0076 L 2.919, Lt = 17.07 [1-e –0.2836 (t+2.1047)] olarak
hesaplanmıfltır. Toplam (Z), do¤al (M) ve avcılık (F) ölümleri sırasıyla, 1998-1999 av sezonu için Z = 1,44 yıl-1, M = 0,49 yıl-1, F =
0,95 yıl-1 ve 1999-2000 sezonu için Z = 1,60 yıl-1, M = 0,46 yıl-1, F = 1,44 yıl-1 olarak hesaplanmıfltır. Her iki sezon için sırasıyla
0,66 ve 0,71 olarak hesaplanan stoktan yararlanma oranı (E), populasyonun yo¤un bir flekilde av baskısı altında oldu¤unu
göstermektedir.

Anahtar Sözcükler: Hamsi, Engraulis encrasicolus, Karadeniz, yafl, büyüme ve ölüm oranları

Research Article

* E-mail:osamsun@yahoo.com



decrease in E. encrasicolus landings since 1988: from
295,000 t in 1988 to 97,000 t in 1989 and to 66,000
t 1990 (5). In the last few years, dramatic reductions
have been reported not only for Turkish Black Sea
fisheries, but also in the fisheries of other riparian
countries (6). However, some increase is seen due to
largely new fishing technology and also some important
factors such as increased nutrients, particularly on the
north-western shelf (7). However, eutrophication
(particularly in the shallow north-western region) in
combination with overfishing and the recent appearance
of the competing invader Mnemiopsis leidyi (Ctenophora)
appears to be the reason for an abrupt decrease to
60,000 t in E. encrasicolus catches at the end of the
1980s (6). After the sudden decline in Mnemiopsis leidyi
(Ctenophora), the E. encrasicolus fishing in Turkey has
again consistently increased to a maximum of 374,000 t
in 1995 (8) (Figure 1). E. encrasicolus is the most
important commercial fish in Turkey, constituting 77%
of the total sea fish catch. E. encrasicolus constituted 24-
70% of the total sea fisheries production between 1988
and 2001 in Turkey (5) (Figure 1). E. encrasicolus is not
only an important species for commercial fishing; it is also
a major food source for other economically important
fishes such as bonito, bluefish and tuna in the Black Sea
(9). Therefore, studies on E. encrasicolus are increasing
year by year in Turkey (9-20).

Since E. encrasicolus is being caught and consumed in
large amounts in the Black Sea the monitoring of anchovy
stocks by year is essential for Turkey as well as other
countries around the Black Sea.. The objective of the
current study was to examine the biological
characteristics of E. encrasicolus to obtain basic
information necessary for the introduction of an
appropriate management system for E. encrasicolus
populations in the Black Sea.

Materials and Methods

Monthly samples of E. encrasicolus were collected by
purse-seine fishing boats from November to March
(1998-1999 and 1999-2000) during its fishing seasons
along the Turkish coast (Sinop) in the Black Sea (Figure
2). From the fresh samples, total length (Lt) and body
weight (W) were measured to the nearest 0.1 cm and
0.01 g, respectively. 

Otoliths were removed and dried in the laboratory
and stored in labeled envelopes. Age was determined by
stereoscopic microscope (21) and recorded as group 0, 1,
2 and 3. Sex was determined by gonad examination. The
length-weight relationship was determined according to
Gulland’s equation (22): W = a L b , where W = body
weight (g), L = total length (cm) and a and b are
constants. The von Bertalanffy growth equations were
determined (23):

Lt = L∞ [1 - e-k(t-to)] and Wt = W∞ [1 - e-k(t-to)]b where
Lt and Wt = total length (cm) and weight (g) at age t, L∞
and W∞ = asymptotic length and weight, k = the growth
coefficient, to = time (age) at which length and weight
equal zero and b = the exponent of the length-weight
relationship.

Condition factors were computed for each sex as
follows: CF = (W/L3) * 100, and CF = (W/Lb) * 100 were
calculated for each sex, where W is weight (g), L is total
length (cm), and b is the exponent of the length-weight
relationship for females, males, and overall. According to
Ricker (24) the rate of growth was calculated by mean
total length and weight at age. The index of growth
performance was calculated according to Sparre and
Venema (25) as follows: Ø = Ln k + 2 Ln L∞ where k and
L∞ are von Bertalanffy growth equation parameters.

The natural mortality coefficient (M) was estimated
using Pauly’s equation (26):
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M = 0.8 [10 (-0.0066-0.279log L∞+0.6543log k+0.4634 logT)] where T
is the mean annual water temperature (10 °C in this
study). L∞ and k are the parameters of the von
Bertalanffy growth equation. The last method was (27)
M = (lnxd - lnxm)/(xd - xm) where xm is the age at sexual
maturity and xd is the life span, taken as 1 and 4 years,
respectively. The total mortality coefficients were
estimated by 4 different methods in order to compare the
confidence of the estimation. The first method for the
length-converted catch curve was applied as follows (26):
Ln(N/∆t) = a + bt where N is the number of fish in a
sample versus respective length class, a and b are
constants of the regression equation, ∆t is the time
needed to grow from the lower (t1) to the upper (t2) limit
of a given length class and t is the relative age
corresponding to the mid-range of the length class in
question. The total mortality coefficient (Z) is defined as
equal to “-b” in the regression line. The second method
for estimating the mortality coefficient was (28) Z = k
(L∞ - LL

–
)/(L

–
- L’) where K and L∞ are the growth

coefficient and asymptotic length (cm), respectively. L
–

is
the mean length of all fish ≥ L’ and L’ is the smallest
length at full recruitment based on the other methods
(29,30).

The fishing mortality coefficient (F) and the
exploitation ratio (E) were calculated (31,32) in order to
judge whether the stock is over fished or not. Annual
survival rate (S), mortality rate (A), natural mortality rate
(v), and fishing mortality rate (u) were estimated (24): F
= Z - M, E = F/Z, S = e-z, A = 1 - S, v = (M * A)/Z, u =
(F * A)/Z.

Observed differences (mean ± SE) were evaluated
statistically using ANOVA and Student’s t-test.

Results

Age and sex composition

The mean length and weight of each age group are
presented for the 2 fishing seasons (Table 1).. The E.
encrasicolus population in the Black Sea consisted of 4
different age groups (0, 1, 2 and 3). Age 0 indicates fish
younger than 1 year old. The results show that age group
1 was the most abundant at 58.52% and 69.07% and
age group 3 was the least abundant at 3.56% and
3.18%, respectively, in the 2 fishing seasons (1998-
1999 and 1999-2000) (Table 1). The sex distributions
were 67% and 55% female in the 1998-1999 and
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1999-2000 fishing seasons, respectively. Females were
dominant in each age group. 

Size composition

It was found that 81.21% and 85.8%, respectively,
of fish were between 8 cm and 12 cm in the 2 fishing
seasons (Table 2). The mean total length values for the

first and second seasons and the average of the 2 were
10.82 ± 0.03 cm, 10.53 ± 0.04 cm and 10.70 ± 0.03
cm, respectively. There were significant differences
between female and male E. encrasicolus in terms of
length and weight for each fishing season (P < 0.05).
Mean total length was reduced throughout the end of
both fishing seasons (Figure 3).
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Table 1. Age composition and mean length and weight, including standard error, of the E. encrasicolus population
in the Black Sea in 1998-1999 and 1999-2000.

Fishing Age N % Mean Length  ± SE Mean Length  ± SE
Seasons groups % total % Female (cm) (g)

1998-1999
0

20.39 13.1 8.97 ± 0.03 4.49 ± 0.06

1999-2000 10.49 4.56 8.19 ± 0.04 3.42 ± 0.06

1998-1999
1

58.52 38.28 10.91 ± 0.02 8.11 ± 0.06

1999-2000 69.07 36.55 10.40 ± 0.03 7.32 ± 0.06

1998-1999
2

17.53 12.13 12.20 ± 0.02 10.74 ± 0.07

1999-2000 17.27 11.02 12.02 ± 0.03 10.74 ± 0.10

1998-1999
3

3.56 3.51 13.23 ± 0.06 13.45 ± 0.30

1999-2000 3.18 2.97 13.29 ± 0.09 13.33 ± 0.30

Table 2. The length-frequency distribution of  E. encrasicolus for 2 fishing seasons.

Length class limits (cm) Fishing Season

Lower Upper Mid-point (cm) 1998-1999 1998-1999 1999-2000 1999-2000
N % N %

6.05 6.55 6.3 1 0.07 0 0.00

6.55 7.05 6.8 0 0.00 2 0.21

7.05 7.55 7.3 3 0.21 7 0.74

7.55 8.05 7.8 14 0.98 24 2.54

8.05 8.55 8.3 30 2.09 46 4.87

8.55 9.05 8.8 107 7.47 60 6.36

9.05 9.55 9.3 132 9.22 66 6.99

9.55 10.05 9.8 128 8.94 103 10.91

10.05 10.55 10.3 110 7.68 139 14.72

10.55 11.05 10.8 182 12.71 162 17.16

11.05 11.55 11.3 287 20.04 151 16.00

11.55 12.05 11.8 187 13.06 83 8.79

12.05 12.55 12.3 166 11.59 55 5.83

12.55 13.05 12.8 52 3.63 26 2.75

13.05 13.55 13.3 22 1.54 10 1.06

13.55 14.05 13.8 9 0.63 8 0.85

14.05 14.55 14.3 2 0.14 2 0.21

1432 944



Growth rate

The von Bertalanffy growth equations and growth
performances were estimated using mean length and
weight at different ages for each sex in 2 seasons. 

1998-1999 fishing season

Female

Ltf = 21.31[1 - e-0.1375(t+3.5746)] 

W = 53.40 [1 -e -0.1375 (t+3.5746)] 2.8156

Growth performance (Ø) = 4.13

Male

Lt = 17.88[1 - e-0.2456(t+2.4747)]

W = 37.50[1 - e-0.2456(t+2.4547] 3.0549

Growth performance (Ø) = 4.36 

Female and Male

Lt = 15.66 [1 - e -0.3368 (t+2.526)] 

W = 22.28 [1 - e -0.3368 (t+2.526)] 2.872

Growth performance (Ø) = 4.41

1999-2000 fishing season

Female

L t= 22.93[1 - e-0.1505(t+3.066)]

W = 65,63 [1 - e -0.2675 (t+2.4729)] 2.8156

Growth performance (Ø) = 4.38

Male

Lt = 19.03[1 - e-0.2203(t+2.5347)]

W = 45,37[1 - e-0.2203(t+2.5347] 3.0549

Growth performance (Ø) = 4.37

Female and Male

Lt = 17.07 [1 - e –0.2836 (t+2.1047)]

Wt = 30.04 [1 - e –0.2836 (t+2.1047)] 2.919

Growth performance (Ø) = 4.41

The weight of E. encrasicolus varied between 1.2 g
and 22.3 g in the 1998-2000 fishing season. Mean
weight was 8.02 ± 0.07 g, 7.69 ± 0.09 and 7.89 ± 0.05
g in the 1998-1999, 1999-2000 and 1998-2000 fishing
seasons, respectively. There were significant differences
between length and weight in 2 fishing seasons.

There was no significant difference between the
measured and estimated lengths and weights. 

Weight-length relationship and condition factors

Since there are important differences between
females and males in terms of length and weight, it was
considered that the length-weight relationships could be
calculated from their sexual conditions (Table 3).

In the 1998-1999 fishing season it was observed that
female growth was allometric and male growth isometric.
However in 1999-2000 the growth of both sexes was
close to isometric.

As shown in Table 4, Fulton’s condition factor varied
significantly with the b factor (P < 0.05). Generally b is
assumed to be 3 for calculating the condition factor.
However b values varied between male and female fish.
Therefore, it was thought convenient to use calculated b
values instead of the constant 3 for condition factor
calculations. In the first season, the condition of the
females and males according to Fulton, a  and b were
0.64 ± 0.04 and 3.38 ± 0.19 for females and 0.61 ±
0.002 and 0.88 ± 0.003 for males. In the second season
these values were, in the same order, 0.63 ± 0.003 and
0.97 ± 0.005 for females and 0.64 ± 0.004 and 0.56 ±
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Figure 3. Monthly values of total length for 2 fishing seasons.

Table 3. The length-weight relationships of E. encrasicolus in 2 fishing
seasons.

Fishing seasons

1998-1999 1999-2000

Female W = 0.0317 L2.3042 W = 0.0097 L2.8156

Male W = 0.0088 L2.8404 W = 0.0056 L3.0549

Female + Male W = 0.0083 L2.872 W = 0.0076 L2.919



0.003 for males. The mean condition factors were
reduced throughout the end of both fishing seasons
(Figure 4).

Mortality parameters

The values of mean Z, M, and F were calculated as Z
= 1.44 year-1 (1.86, 1.8, 0.8 and 1.31 according to
references 25-29, respectively) M = 0.49 year-1 (0.52
and 0.46 according to references 25, 26, respectively), F
= 0.95 year-1 in the 1998-1999 fishing season and Z =
1.60 year-1(1.9, 2.0, 1.02 and 1.42 according to
references 25-29, respectively), M = 0.46 year-1 (0.46
according to references 25, 26, respectively) and F =
1.14 year-1 in the 1999-2000 fishing season,
respectively. Annual survival rates (S) were (24%) and
(20%) for each season. The exploitation rate (E) was
higher (0.71) in 1999-2000 than that (0.66) in 1998-
1999. Fishing mortality rate (u) increased from 50% in
1998-1999 to 57% in the 1999-2000. Due to increased
fishing mortality rates, the natural mortality rate (v)
decreased from 26% in 1998-1999 to 23% in 1999-
2000.

Discussion

The results of mean length, mean weight, condition
factors, von Bertalanffy growth values and weight-length
relationship values of E. encrasicolus off the Turkish coast
of the Black Sea are shown in Table 5. Although the
female and male ratios determined in this study are
similar to those reported previously, the female ratio of
67% was the highest value observed during the 1998-
1999 fishing season. The female ratio decreased to 55%
in 1999-2000. As shown in Table 5 results of length and
weight values previously reported are similar to this
study. Statistical differences between weight and length
of the female and male E. encrasicolus were observed (P
< 0.05). The females were larger than the males in many
species of the order Mugulidae (33), Pacific whiting (34),
whiting Merlangius merlangus euxinus (35) and
Psettodidae (36), as well as Engraulis spp. The
mathematical models emphasize that these correlations
are the result of evolutionary adjustments due to the
trade-off between reproduction, growth and survival
(37-40).

There was an increase in stock of E. encrasicolus in
comparison with previous values (Figure 1). There are 2
possible reasons for this: first the ctenophore, Beroe
ovata, which arrived in the Black Sea in the late 1990s,
seemed to be a very effective predator of Mnemiopsis.
When the Mnemiopsis population crashed, it led to
increases in nongelatinous zooplankton, E. encrasicolus
landings and egg density of E. encrasicolus (41); and
second, dust storms from the Sahara desert come during
the day with rain and increase the amounts of the alga

Age, Growth, and Mortality Rates of the European Anchovy (Engraulis encrasicolus L. 1758) off the Turkish Black Sea Coast

906

Table 4. The monthly variation of condition factor parameters in the E. encrasicolus population.

Fishing seasons

1998-1999 1999-2000

Months Sample CF ± SE CF ± SE Sample CF ± SE CF ± SE
Size (Fulton) (constant b) Size (Fulton) (constant b)

November 308 0.6252 ± 0.004 2.8254 ± 0.006 196 0.6812 ± 0.006 0.8118 ± 0.009

December 366 0.6154 ± 0.003 2.4253 ± 0.007 127 0.6713 ± 0.007 0.7941 ± 0.005

January 298 0.5950 ± 0.004 2.2360 ± 0.005 218 0.6572 ± 0.006 0.7498 ± 0.006

February 276 0.6114 ± 0.003 2.2157 ± 0.009 205 0.6483 ± 0.005 0.7374 ± 0.004

March 184 0.5912 ± 0.003 2.1400 ± 0.001 198 0.6245 ± 0.006 0.7252 ± 0.005

0

1

2

3

November December January February March
Mounths

Co
nd

iti
on

 F
ac

to
r 1998-1999

1999-2000

Figure 4. Monthly values of condition factors for 2 fishing seasons.



Emilialina huxleyi (Ehux) (42-44). It is also pointed out
that, E. encrasicolus larvae emerge from the eggs during
this time and they feed on this alga and this increases
their survival rate significantly (44). In particular, during
the summer of 1998, in the Black Sea, there was an
explosion of Ehux, which increased levels of E.
encrasicolus fishing to 350,000 t in 1999.

The age composition of 0- and 1-year-old fish was
about 80% in those years, indicating that the E.
encrasicolus stock in the Black Sea was becoming younger
compared to previous reports in Turkey (10, 11, 13).
Ivanov and Beverton (1) reported that there had been 4-
year-old E. encrasicolus until 1975, based on Soviet
research data, and 4-5-year-old E. encrasicolus had been
found until 1979 according the Bulgarian research data in
the Black Sea. Due to increases in the number of fishing
vessels, fishing capacity and technology since 1970,
overfishing has given the fish no chance to grow for more
than 3 years. As a result, the E. encrasicolus stock mainly
consists of age groups of 0 and 1. In general, the
percentage of fish in age group 3 was very low in other
studies, as well as in the present study (3%). (9-11,13-
16). Age group 1 was dominant during the 2 fishing
seasons. This was considered to indicate a high level of
spawning in summer 1997 and 1998. There were
differences in the sexual conditions and length-weight
relationship of E. encrasicolus according to year. The
length-weight relationship, von Bertalanffy, and condition
factor results found in this study are similar to those
reported previously (Table 5). The growth differences in

E. encrasicolus during the 2 seasons had a great impact
on their conditions. There were differences between the
female and male condition factors and the females were
in better condition than the males. The condition of E.
encrasicolus in the 1998-1999 fishing season was better
than that in the next fishing season. The “b” value, which
shows the growth of fish, varies based on the season,
age, stomach contents and spawning conditions (45). The
functional regression “b” value represents the body form,
and it is directly related to the weight affected by
ecological factors such as temperature, food supply,
spawning conditions and other factors, such as sex, age,
fishing time and area, and fishing vessels (24).
Throughout the fishing season, the total length and
condition factors decreased. The reason is thought to be
a decrease in feeding activity due to low water
temperature and an increase in young fish from
December to March, which is also mentioned by Özdamar
et al. (9). Although the intensive spawning season of E.
encrasicolus in the Black Sea is between June and August
(46), it is considered that 6-9-month-old fish are
recruited into the vulnerable stock after December. The
migration of fish schools of age 0 occurs in the southern
part of the Black Sea from the end of December to
February (15). Figure 3 shows that the mean length of E.
encrasicolus decreased at the end of the fishing season
(March). 

Although the natural mortality coefficient (M) in the
present study was similar to that reported by Özdamar et
al. (16), the total mortality coefficient, fishing mortality
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Table 5. Some study results for E. encrasicolus off the Turkish Black Sea coast.

Parameters
Fishing

Studies Season Female Lt W §CF a b L∞ K To ∅
(%) (cm) (g) (cm) l/year (year)

(9) 85-86 61 11.33 10.53 0.6275 0.0023 3.4128 16.77 0.3235 -2.2705 4.51 *

(13) 86-87 46 10.83 8.65 0.6128 0.0025 3.3832 16.85 0.3241 -1.9882 4.52 * 

(10) 87-88 49 9.34 6.62 0.6488 0.0025 3.3868 14.14 0.9180 -0.3200 5.21 *

(12) 88-89 64 - - 0.61 0.0064 2.9743 15.73 0.3166 -2.1966 4.36 *

(15) 87-89 52 10.06 6.75 - 0.0047 3.1002 17.51 0.2773 -2.937 4.44 *

(16) 94-95 57 9.02 4.79 0.5839 0.0047 3.0975 16.83 0.3102 -2.2093 4.48 *

(18) 96-97 66 9.6 7.20 0.88 0.0057 3.117 17.42 0.284 -2.108 4.46*

(20) 98-99 73 11.22 8.67 0.59 0.0057 3.015 16.97 0.260 -6.145 4.32*

This study 98-99 67 10.82 8.02 0.61 0.0083 2.872 15.66 0.3368 -2.526 4.41

This study 99-00 45 10.53 7.69 0.66 0.0076 2.919 17.07 0.2836 -2.1047 4.41



coefficient, exploitation rate and annual mortality rate
were higher than those reported by other authors
(15,18). The same species may have different natural
mortality rates in different areas depending on the
density of predators and competitors, and whose
abundance is affected by fishing pressures (25). Fishing
mortality increased from 0.50 year-1 for the 1998-1999
season to and 0.57 year-1 for the following season. The
exploitation rate was estimated as 0.66 year-1 for the
1998-1999 fishing season and 0.71 year-1 for the
following season. It has been cited by Leonardos (47) that
Patterson (48) reported an exploitation rate of about 0.4
to be safe for the stock and may be used as a guideline
for the appropriate exploitation of small pelagic species
(48). Our results imply that the present stock in being
heavily exploited in the fishing season. Although the
exploitation rate was estimated during 1976-1980 (1) as
0.25-0.36 year-1, it increased sharply to 0.57-0.63 year-

1 for the 1987-1989 season (14), 0.62 year-1 for the
1994-1995 season (15), and 0.66-0.71 year-1 for the
1998-2000 season in the present study. This increase in
the exploitation rate appears to be due to the increasing
total fishing effort with an increased number of fishing
boats, total capacity and transportation capability since
the 1970s. 

Over the last two decades, an important reduction has
been observed for Turkish Black Sea fisheries and other
riparian countries (Russia, Romania and Bulgaria). Since,
anchovy fishing is important sources of income and
protein for people especially inhabiting the Turkey Black
Sea coast, collapsing of this will have an adverse effect on
protein consumption and economical situation of these
people (6).

The reasons for the decrease in the E. encrasicolus
stock in the Black Sea are extensive fishing, uncontrolled

development, and pollution of the ecological system. In
particular over the past 20 years there have been
remarkable increases in the number of fishing boats and
their capacity. It is also pointed out that the number of
fishing boats in the Black Sea increased by 100% and the
catch capacity became about 6 million tons during 1982-
1986 (49). In addition fishing boats build from 1976 to
1980 were only 17.99 ± 0.24 m in length and had a 240
± 7 hp engine, whereas those build from 1986 to 1990
have increased to 21.64 ± 0.40 m in length and with a
423 ± 21 hp engine. Unfortunately, Turkish fishing
boats, due to improper planning and rules and
unnecessary competition among fisherman, are not
economically efficient (50). The uncontrollable increase in
the number of fishing boats is most remarkable in the
field of E. encrasicolus fishing. In recent years, although
there have been some improvements in fish numbers , the
impact of overfishing is still present in this study of the
mortality rate of this fish (Table 5).

Appropriate fishery management, including the
restriction of fishing, by limiting all the fishing grounds,
especially nursery grounds and rules for fish size should
be applied for E. encrasicolus. The females of E.
encrasicolus reach sexual maturity at a length of 9.3 cm
(18). In the fishing regulations in Turkey, the minimum
legal length for catching this species is 9 cm. It has been
pointed out that this limit needs to be enforced by
extensive controls. 

In order to avoid decreases in E. encrasicolus stocks,
which occurred in the 1980s overfishing should be
avoided. Collaboration between Black Sea countries is
essential and it is necessary to determine and control the
fishing quotas of each country. There is an additional
factor to consider: pollution caused by the Danube,
Dniester and Dnieper rivers.
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