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ABSTRACT

The horse mackerel (Trachurus mediterraneus) is one of
the most exploited commercial species of the fisheries of
the Black Sea basin. This paper presents results of the
analysis of length and age composition as well those of
growth and mortality rates of horse mackerel population
inhabits Bulgarian Black Sea coast. Growth in length and
weight was represented by von Bertalanffy equations for
females and males separately. Catches realized both the
trawler vessels and traps net are presented as well.
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INTRODUCTION

Three fish species from the Black Sea pelagic community have been
recognized as commercially and ecologically most important: Black Sea Sprat,
anchovy and horse mackerel (RAYKOV and YANKOVA, 2008). The horse
mackerel (Trachurus mediterraneus) is a member of the large carangid family,
which includes many important commercial species worldwide and plays a
great part of the fisheries in Black Sea basin. The species of the genus
Trachurus are pelagic fishes of economic importance (BEKTAS and
BELDUZ, 2009). The total commercial catch of the genus Trachurus
increased from about 1mill t in 1960 to more than 6.5 mill t in 1995, and then



decreased to 2.5 mill t in 1999 (ABAUNZA et al, 2003). Horse mackerel
distribution range embraces waters in the Mediterranean, Azov and Black
Seas. In summer months of the year shoals are also abundant in the territorial
waters of the Bulgarian Black Sea Coast. This species occupy a significant
ecological niche among the pelagic fishes. Horse mackerel is a predatory
species, which is believed to consume considerable amounts of commercial
fish as sprat and anchovy and largest number of zooplankton (YANKOVA et
al. 2008). It is regarded as one of the important predatory species in the Black
Sea ecosystem. In the present paper some features of the horse mackerel
biology for instance sex ratio, age and growth, condition factor, length-weight
relationships, mortality of horse mackerel in the Bulgarian Black Sea Coast
are reported, in order to add information referring to the just mentioned basin.
Sex ratio and the relationship between body length and weight are of great
importance in fishery biology (GULLAND, 1983). This relationship is helpful
for estimating the weight of a fish of a given length and can be used in studies
of gonad development, rate of feeding maturity and condition (LE CREN,
1951). Establishing of the concrete value of the natural mortality coefficient M
is of great importance for determining abundance and biomass of the given
species, especially for naturally reproducing populations (PRODANOV et al.
1997).

MATERIAL AND METHODS

A total of 1674 individuals of Trachurus mediterraneus were
randomly collected from the commercial catch of the trawl fishery in
Bulgarian Black Sea Coast (Fig. 1) from May 2008 to December 2008. Fish
samples were caught by gill nets with a mesh size of 6.5. The captured fish
were transported immediately on ice to the laboratory for analysis. Total
length (TL) was measured to the nearest 0.1cm and body weight to the nearest
0.1 g. The present study used otoliths to determine age.

The length-weight relationship was calculated using the following
RICKER’S formula (1975): W = a.Lb, where a and b are regressive constants,
W is the total weight (g), and L is the total length (cm). The von
BERTALANFFY,1938 growth parameters were derived to determine growth
using the equation,    L L k t tt     1 0exp , where L∞ is asymptotic fish
length (cm), Lt is length at age t (cm), k is the Brody growth coefficient, and t0
is the theoretical age when the length equals zero. The growth constants were
calculated using the Ford-Walford plot method with the following equations:
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period of time was determined using the equation,
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n
    1 0exp , where Wt is the weight at age t (g) and W∞ is

asymptotic weight (g). Natural mortality rates were estimated using the
equation M = 0.8 * exp (–0.0152 – 0.279 Ln L∞ + 0.6543 Ln K + 0.463 LnT),
where T is the average water temperature in the fishing area (°C) (RICKER,
1975). Fulton’s condition factor was calculated from the expression
(Bagenal,1978): K = 100 (W/L3), where W is the whole body weight in grams
and L is the standard length in centimeters.

RESULTS AND DISCUSSIONS

Catches

Horse mackerel, (Trahurus mediterraneus) plays an important role in
the Bulgarian commercial fisheries, the values of its catches varied between
165 t and 179.8 t in the 1992-2008 periods (official statistics of the National
Agency of Fisheries and Aquaculture). The data show considerable
fluctuations, they could be distinguished in two stages. In the first stage from

Fig. 1 - Map of investigated area



2000 to 2003 years, relatively high amounts of catches are evident. In 1992
was realized catch of 165 tons. Last relatively high catch amount of 141.6 tons
was reported in 2003. Upon 1993 the amounts of catches suddenly dropped
particularly in 1994-1999 period, when the landings fluctuated from 30 tons in
1999 to 80 tons in 1994. The last investigated year is characterized by a trend
of considerable increase of horse mackerel catches (Fig.2). Соmparison with
2007 substantially increase (round about 55%) was reported in catches of
horse mackerel, which is the amount was 179.8 tons for 2008 (data source
NAFA).

Fig. 2 – Horse mackerel catches in Bulgarian part of the Black Sea
(data source NAFA)

Size Composition

Length frequency distribution among the 1674 fish was determined for
the entire research period (Fig. 3). Concerning the differences in length
between males and females, the results indicated that females exhibit higher
total length than males reaching 18 cm, while the maximum male total length
is 16.5 cm. The mean total length of males is 13.79± 0.710 cm, while in
females tends to be larger, 13.96± 0.777. The smallest fish size groups (11-
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12.0 cm) are mainly observed in spring, while larger individuals are observed
in summer.

Fig. 3 - Monthly length-frequency distribution

Sex Composition

Overall, the sex ratio was as follows: 49.77% female, and 50.23%
male. Males were observed more frequently than females within all length
groups and the difference was significant according to the χ2 test (P < 0.05).

Age Composition and Growth Parameters

The otoliths of 832 fish were observed under a microscope and 0-6-
year-old age groups were determined as summarized in Table 1. Generally,
average length and weight of the samples were 14.11±2.142 cm and
25.07±10.307 g, respectively (Table 1). The growth equations for females,
males and total samples were the following:

   8359.03075.0exp1661.19  tLt N=815
   8247.03373.0exp1785.18  tLt N=859 and
   8305.03020.0exp1725.19  tLt N=1674.
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During the first three years of life, females and males exhibited
different lengths. The differences between observed length was statistically
significant between sexes (t-test, P<0.05). The Von Bertalanffy growth
parameters calculated using mean total weights are:

   
3029.3

7409.02994.0exp1676.69  tW t

   
3123.3

2308.02940.0exp1037.62  tWt and

   
3046.3

5843.02714.0exp1888.71  tW t

for females, males and total, respectively. In the present work, growth was
estimated for the two sexes separately and the VON BERTALANFFY
parameters were represented in Table 2.

The differences between observed weight was statistically significant
between sexes (t-test, P<0.05). The average asymptotic total length values are
19.66(cm) for females and 18.78(cm) for males. The L∞ value of horse
mackerel population in the Bulgarian Black Sea was calculated as 19.82
(1994-1999 years) and 19.99 (2000-2004 years) in the studies of YANKOVA
and RAYKOV (2006). The average asymptotic total weight values are 69.67
for females and 62.03 for males. The theoretical maximum length and weight of
females were higher than those of males. According to WEATHERLY (1972),
that this may be a result of the faster growth rate of females compared to
males, and that the life span of females is longer than that of males. The food
size, quantity and quality, as well as water temperature are closely linked to
the growth parameters of the population (SANTIC et al. 2002). The value W∞
calculated in this study for females and males could not be compared with the
previously mentioned studies, due to the absence of available data. Differences
in growth parameters calculated from data collected at different times from the
same area could possibly have resulted from annual variations in mean length
or weight with age (AVSAR, 1995).

Table 1 – Average length, average weight, and standard deviation (SD)
of the total samples

Age Total Average Length
(cm) ±  SD

Average Weigth
(g) ±  SD

0 Total 10.32 ± 1.684 9.82 ± 4.689
1 Total 12.48 ± 1.001 15.95 ± 4.400
2 Total 13.64 ± 0.927 20.54 ± 6.208
3 Total 14.66 ± 0.733 25.94 ± 5.948
4 Total 15.34 ± 0.796 30.03 ± 6.156



5 Total 16.1 ± 0.792 34.52 ± 5.896
6 Total 16.24 ± 0.251 38.73 ± 1.501

Average Total 14.11 ± 2.142 25.07 ±10.307
Table 2 – Growth parameters of Horse mackerel

Parameters Females Males Total
L∞ 19.661 18.785 19.725
K 0.3075 0.3373 0.3020
to 0.8359 0.8247 0.8305

W∞ 69.676 62.037 71.888
K 0.2994 0.294 0.2714
to -0.7409 -0.2308 -0.5843

Table 3 – Monthly condition factors and standard deviations (SD)
for females

Month n Average Length
(cm)±  SD

Average Weigth
(g)±  SD

Condition Factor
± SD

May 98 13.42 ± 1.204 17.97 ± 5.726 0.714 ± 0.040
June 106 13.82 ± 1.375 19.86 ± 5.592 0.717 ±0.121
July 57 13.27 ± 2.055 18.15 ± 6.214 0.759 ± 0.070
August 34 14.45 ± 1.201 23.84 ± 6.011 0.774 ± 0.011
September 36 15.37 ± 1.899 33.17 ± 5.112 0.800 ± 0.221
October 71 13.70 ± 1.750 23.68 ± 7.815 0.858 ± 0.037
November 158 13.31 ± 2.819 22.68 ± 11.37 0.843 ± 0.056
December 255 12.98 ± 2.725 20.76 ± 11.78 0.805 ± 0.008
Total 815 13.96 ± 0.777 22.51 ± 4.87 0.778 ± 0.053

Table 4 – Monthly condition factors and standard deviations (SD)
for males

Month n Average Length
(cm)±  SD

Average Weigth
(g)±  SD

Condition
Factor ± SD

May 72 13.56 ± 1.103 18.54 ± 5.72 0.720 ± 0.046
June 179 14.4 ± 1.335 22.57 ± 7.600 0.799 ± 0.025
July 40 13.65 ± 3.166 26.25 ± 9.038 0.766 ± 0.029
August 55 14.36 ±1.340 23.53 ±6.199 0.776 ± 0.009
September 40 15.20 ± 2.040 32.19 ±10.82 0.918 ± 0.065
October 39 14.25 ± 1.320 23.68 ±7.809 0.883 ± 0.017



November 247 13.31 ± 2.778 24.16 ± 10.528 0.862 ± 0.051
December 187 13.02 ± 2.678 20.22 ± 10.892 0.807 ± 0.042
Total 859 13.79 ± 0.710 23.89 ±4.115 0.812 ± 0.065

The mean condition factor for males was higher than for females
(Tables 3, 4). Additionally seasonal variations in the condition coefficients
were determined for each sex. In fact, two phases could be identified in the
condition cycle in both sexes: the first phase takes place from May to August,
reaching a maximum in June (0.766±0.029 for males and in July 0.759±0.070
for females). Second phase, from September to December, peaking in
September 0.918±0.065 for males and in October 0.858±0.037 for females. In
general, monthly conditions exhibited a similar pattern for both sexes Figure 4.
The monthly condition factor was the highest (0.918 ± 0.065) during
September 2008. The same tendency was observed for females, the maximum
value was 0.858±0.037 in October and the minimum of 0.714±0.040 was in
May.

Fig. 4 – Monthly condition distribution

Length-weight Relationships

The length- weight relationship of horse mackerel population in the
Bulgarian Black Sea territorial waters was:

For males: W=0.0034 L 3.3123 (r 2 =0.9235)
For females: W=0.0038 L 3.3029 (r 2 = 0.9100)
The computed length-weight relationships of males and females of

horse mackerel showed no significant differences in the regressions between
sexes according to analysis of covariance (P>0.05). The equation given for
combined sexes was as following: W = 0.0035 L 3046 (r 2 = 0.9084). The slope
(b - value) of the length- weight relationship was similar for males (3.3123)
and females (3.3029), indicating that weight increased allometrically with
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length. A similar result was reported by ŞAHIN et al. (1997) as 3.2188.
However, different results were also reported by (PRODANOV et al. 1997,
YANKOVA and RAYKOV, 2006) as 1.7170 and 1.8644 respectively. These
variations could be attributed to differences in age, maturity and sex.
Geographic location and associated environmental conditions, such as
seasonality, stomach fullness, disease and parasite loads, can also affect the
value of b (BAGENAL and TESH, 1978).

Mortality Rates

Annual coefficients of total mortality Z of horse mackerel from
Bulgarian Black Sea aquatory were calculated by four different methods and
the results are given in Table 5. The natural mortality rate (M) was calculated
for the sampling area using von Bertalanaffy growth parameters and average
water temperature, according to PAULY (1983). Monthly water temperature
was provided from the State Meteorological Service: M= 0.482 year–1. The
total instantaneous mortality rate was calculated using the BEVERTON and
HOLT (1957) method: Z = 0.302 (19.72 – 14.5)/(14.5 – 11.5) = 0.526 year–1.
The natural mortality rate (M) was calculated using the AULT and
EHRHARDS method M = 0.306 year–1

. The instantaneous fishing mortality
rate (F) was calculated using the components of the total instantaneous
mortality rate: (Z = F + M), where F =0.044

Table 5 – Mortality components (Z) total mortality and (M) natural mortality
calculated by four different methods

Methods Z M
Beverton & Holt (1957) 0.526
Pauly (1980) 0.482
Rikhter & Efanov(1979) 0.529
Ault & Ehrhardt (1991) 0.306

Obtained values of the natural mortality of horse mackerel in the area
of study indicate a relatively low natural mortality M = 0.482. The obtained
results are close to those determined by YANKOVA and RAYKOV, 2006.
The same authors calculated the mean value of M -0.480 for the period 2000-
2004. The same species may have different natural mortality rates in different
areas depending on the density of predators and competitors, whose abundance
is influenced by fishing activities (SPARRE et al. 1989). Even small changes
in the growth parameters used could seriously affect the computed mortality
rates (TSERPES and TSIMENIDIS, 2001).



CONCLUSIONS

Тhe mean values for population parameters of horse mackerel females,
males and total are: L∞=19.661, L∞=18.785, L∞=19.725; W∞=69.676,
W∞=62.037, W∞=71.888.
The slope (b - value) of the length- weight relationship was similar for males
(3.3123) and females (3.3029), indicating that weight increased allometrically
with length. This study affirmed that there are variations in condition factor by
months. The mean condition factor for females was higher than for males, but
differences between sexes are not significant. Males were observed more
frequently than females within all length groups and the difference was
significant according to the χ2 test (P < 0.05). Obtained values of the natural
mortality of horse mackerel in the area of study indicate a relatively low
natural mortality M = 0.482
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