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Abstract—the horse mackerel Trachurus trachurus (L) is pelagic
and migratory fish. Common in the North eastern Atlantic and
Mediterranean. The aim of this study was to estimate the age and
the growth rate of horse mackerel. It was analyzed for horse
mackerel collected in the port of M’diq (Mediterrannen of
Morroco). A total of 1143 individuals were collected. The total
length of sampled individuals ranged 10 from to 30.4cm and
weight from 8.4 to 260.59g. Age was determined by the sagitta
otolith rings reading. The commonly used length-weight
relationship W = aLb was applied. Length and age data were used
to estimate growth parameters (L∞ K. t0) of Von Bertalanffy
growth equation Lt = L∞ (l - e-K(t-t0)).
Age ranged from 0-6. The length-weight relationship. which
differs between sexes was estimated for males b = 3.0686.
a = 0.0068 (N = 551); females b = 3114. a = 0.0055 (N = 335) and
whole sample b = 3.065. a = 0.0069 (N = 1143). Indicating
isometric growth for males and positive algometric growth for
female sand whole sample. Growth parameters for males
L∞ = 40.9 cm. K = 0.11. t0 = -0.07; females L∞ = 53.42 cm. K =
0.08. t0 = -0.27; whole sample L∞ = 43.9cm. K = 0.1. t0 = -0.32
were calculated.
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I.

age,

growth,

has been the focus of several studies in the different
geographic locals. Recently, the mackerel was the subject of
research on the reproduction [1,10,15,21,22,23,26,35,36],
growth [13,6,14,27,41,38,44] diet [12,46,48,50,32] the
evaluation of stock [ 24,25,28]. the geographical repartition
[17,29] and Biometric [11,33 ].
Until now, no study to estimate the parameters of weight
and the linear growth has been conducted on this species in
Moroccan Mediterranean. The objective of this work is to
estimate the parameters of weight and flax growth (a. b. L∞. K
and t0) and to compare our results with those others authors
who have studied the growth of this species in other parts of
Mediterranean.
II.

MATERIAL AND METHODS

length-weight,

INTRODUCTION

The horse mackerel (Trachurus trachurus. Linnaeus. 1758)
is member of the large Carangidae family which includes
many important commercial species worldwide. The name of
the horse mackerel is misleading as the true mackerel like fish
such as tunas o bonitos belong to the scombrid family horse
Mackerel is schooling species,caught mainly with pelagic nets,
but close to sea floor [30]
The total commercial catch of the genus Trachurus
increased from about 1 mill t in 1960 to more than 6.5 mill t in
1995. and then decreased to 2.5 mill t in 1999 [2]. Because of
the worldwilde importance of the horse mackerel fishery. It

Fig 1 . Sampling locations by bay of M’diq (Mediterranean of Morocco)

Sample of horse mackerel was collected from commercial
trawler. These sample was taken monthly from May 2005 to
November 2006 in the bay of M’diq (Mediterranean sea of
Morocco) “Fig. 1”. In the mean of 60 individual monthly .
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In the laboratories for each fish was measured to cm total
length (Lt), with precision of 0.1cm, sexed and weighted to the
gram above. The otoliths of all individual samples were
extracted and their age was established by interpreting the
growth rings observed in the otoliths. Otoliths were prepared
for reading following the broken burnt/method [20] the criteria
adopted for ageing were those established in [31]. Monthly,
portions of opaque and translucent bets along the edge of the
otolith were examined. All the otolith readings were done by
the same person.
Using the data length and age were developed age-length
key (ALK) by sex for the period considered and sex combined
for each key to mean lengths were calculated by age and the
total length distribution by age class was fitted to the von
Bertalanffy equation :
Lt= L∞ [1-exp (-k (t-t0))].
Where Lt is the mean fish length and age t, L∞, K and t0 are the
parameters that determine the shape of the growth curve. L∞ is
defined as the asymptotic mean length, K: the rate at which the
curve approaches the asymptote and t0 the age at which mean
length is zero. The growth constants were calculated using the
Ford-Walford method.
The length-weight (w) relationship represented by the
formula w= a L b was log transformed to ln a+bln L .where a
and b is are regressive constants ,W is the total weight (g)
,and L is the total length (cm). The value of (b=3) indicates the
isometric growth and allometric growth (b≠3) [16].
III.

TABLE I. Number (N) And Percentage (%) Of Males, Females and
Immature Specimens Of Horse Mackerel Within Each Group From
Mediterranean Of Morocco.
Males
Age

Length (cm)

0
1
2
3
4
5
6
Total

10.3-20.9
10-22.8
10.6-26.4
16.8-27.9
21.6-28.8
25.1-30.4
25.8-29.9
10.3-30.9

N

60
261
141
57
21
8
3
551

38.7
48.33
52.61
50.89
47.72
42.11
60
48

Females

Immature

N

%

N

%

18
133
93
55
23
11
2
335

11.61
24.63
34.7
49.1
52.27
57.89
40
29.3

77
146
34

49.68
27.03
12.9

257

22.25

C. Otoliths edge

RESULTS

Length composition

%

A.

B. Sex composition
Overall the sex ratio was as follows: 22.5 % immature.
29.3 females and 48 %. Males were observed more frequently
than females within all length groups and the difference was
significant according to the test X2 P<0.05. The number (N)
and percentage (%) of males, females and immature horse
mackerel within each length group are shown in table I.
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Fig 3. Mean seasonal percentage of otoliths(H= hyaline. O=Opaque) of
Trachurus trachurus of coast Mediterranean of morocco with opaque and
hyaline edge
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Fig 2. Frequency length distribution of all capture

Length frequency distribution among the 1143 fish was
determined for the entire research period “Fig.2”. The shortest
fish was 10cm. While the longest was 30.4cm.
Generally, according to the length frequency distribution
the majority of the Mediterranean horse mackerel were caught
less than 16.4cm long.

The otoliths showed a seasonal variation in the formation
of hyaline and opaque zones during the period of the study
“Fig.3”. Analysis of the border of the otolith showed a general
pattern where two rings, one opaque and one hyaline, were
deposited during the period of one year. Opaque bands begin
form at the beginning of spring (March and April), ending
during late summer (September or October), while translucent
bands predominate during the remaining months of the year.
Formation of the rings was regular and the otoliths could,
therefore, be used to determine growth
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540
268
112
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5
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was significantly different from 3. Which indicates slightly
positive algometric. The constant b for males and the total
capture are not significantly different from 3, which indicate
isometric growth. the length-weight curve for males. Females
and total sample are shown in “Fig.4”.

D. Length-Weight Relationships

E. Age and growth

TABLE II. Age–Length For The Horse Mackerel In The Mediterranean Of
Morocco Based On Otoliths Reading
Length
range

0

1

2

3

4

5

6

Total

10-10.9

11

24

1

36

11-11.9

13

19

3

35

12-12.9

18

30

2

50

13-13.9

26

84

3

113

14-14.9

18

91

11

120

15-15.9

23

85

12

120

16-16.9

26

66

22

17-17.9

10

55

24

18-18.9

4

31

23

2

60

19-19.9

5

26

14

4

49

20-20.9

1

(cm)

1

115
89

18

34

7

21-21.9

8

42

19

3

60
72

22-22.9

3

31

21

3

58

Fig 4. Length-Weight relationship of horse Mackerel: A-females
(N=551). B-males (N=335). C -total sample (N= 1143)

23-23.9

18

18

9

45

24-24.9

10

19

8

37

Length –weight regressions were calculated separately for
males, females and total capture. The length –weight equation
calculated was:
Females: W= 0.0055Lt 3.114 r 2 = 0.9804
Or: log (W) = -5.12634 + 3.11395*log(Lt)

25-25.9

15

8

3

5

26-26.9

3

9

5

1

4

10

4

3

7

1

11

1

3

4

3. 0687

Males: W=0.0068Lt

2

r =0.9766

Or: log (W) = -4.99325 + 3.06867*log(Lt)
Total capture: W= 0.0069Lt 3.0653 r2=0.9813
Or: log(W) = -4.98223 + 3.06534*log(Lt)
It should be noted that the various correlations are highly
significant p <0.001 in both females and males of mackerel.
The slope (constant b) for female’s length –weight relation

27-27.9
28-28.9
29-29.9
30-30.9

1

32
18
18

1

1

Total

155

540

268

112

44

19

5

1143

%

13.56

47.24

23.45

9.79

3.85

1.66

0.47

100

The results of the sagitta otolith rings reading for all samples
are given in the table II.
Seven age classes ranging from 0 to 6 years were defined .
Modal age was 1° year (N=540. 47.24 %). The overlapping
of total body length between different ages classes was noticed
the von Bertalnffy growth equations for males, females and
total capture were as follows:
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Males: Lt= 40.9(1-e-0.11(t+0.27))

Females : Lt =53.42 (1-e- 0.08(t+0.07))
Total capture: Lt =43.9(1-e-0.1(t+032) )
The theorical maximum length (males 40.9 cm. females
53.16cm) is unrealistic since the largest specimen sampled
during the survey was 30.4cm. Females grow more slowly
(k=0.08) than males (k=0.11).
IV.

DISCUSSION

The observation and interpretation of otoliths for the horse
mackerel is considered to be adequate and consistent for
assigning age of this species and previous studies have used
otoliths
to
age
Trachurus
trachurus
[50
,19,46,43,4,5,7,39,34,3]. Two rings , one opaque and one
hyaline were laid down each year on the otoliths [3]. The
opaque zone was mainly formed during the spring season and
summer months while hyaline bets were formed during the
autumn and winter months according with other studies. The
use of scales is not recommended for use in estimates of
growth parameters due the high possibility that the fish live for
many years with little or no scale growth [9].
The observed variability in the relative abundance of the
sizes is explained by the migratory character of the species.
This is reflected in the catches of the fleet operating in fishing
area M’diq the total lengths fluctuation between 10 and 30 cm
with an average size around 17.84.
According to [3], the mackerel showed great variability in
growth throughout its range. The differences in length at age
distributions between areas are remarkable especially when
comparing the extreme values.
In Table 3, the growth characteristics Trachurus trachurus
of the Mediterranean coast Moroccan are compared to those of
other populations the Mediterranean.
The total length weight relationship for horse mackerel in
the Mediterranean sea are scare. The b values of T. trachurus
was isometric. i.e. equal in the length and weight. The
isometric growth of the horse mackerel was also recorded in
the central Adriatic [4] and Mediterranean Sea [37 ] (Table 3).
In the present study, the b = 3.06 for the total capture
indicate the isometric growth .These variations could be
attributed to differences in age, maturity , sex ,geographic
location and associated environmental conditions. Such as
seasonality, stomatch fullness, disease and parasite loads can
also affect the value of b [8].
The bertallanfy parameters of total capture in the bay of
M’diq (Table 3) is L∞=43.9cm, k =0.1 and t0= -0.32. The
lowest and highest values of k estimates might be explained by
the difficulties in obtaining both very small and large fish.
This affects the estimate of the t0 and L∞ and consequently of k
[42].

In general, growth parameters need to be checked for the
quality and validity. A positive value t0 is often erroneous
while a negative close to zero value of t0 is a good indicator
for the reliability of the determined ages [39].
Since horse mackerel is recruited to the fishery during its
first year of life and the growth rate is high in early life.
Several values of length at time increments less than one year
required to fit better the growth curve to the data [18]. For this
raison to study the differences in growth rate between areas
were compared by age class distributions instead of using the
parameters derived from a growth model. Narrowness of the
size and age ranges available for some areas has led to get
some credible estimates of growth parameters in model like
von Bertalanffy [3].
TABLE III. Horse Mackerel Growth Parameters From Bertallanfy Equation
And Length Weight Relation Ship, Provided By Different Authors In The
Different Region Of The Mediterranean.

Authors

Study area

Aging

b

L

K

t0

material
Carillo

NW

(1978)

Mediterranean

Alegria-H

Adriatic Sea

Otolith

2.945

37.66

0.22

-1.016

Otolith

2.92

37.55

0.21

-1.28

(1984a.b)
Karlou-Riga

8
Greek coast

Otolith

3.07

30.27

0.36

-0.94

Adriatic Sea

Otolith

3.01

37.68

0.23

-0.3

Present

Mediterranean

Otolith

3.065

43.9

0.1

-0.32

study

of Morocco

et
Sinis (1997)
Santic et
al (2002)
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