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Abstract: The population structure, growth, mortality and exploitation status of
Original Research Article Euthynnus alletteratus were examined in the Gulf of Guinea between January 2015
and December 2016. Monthly length frequency data of Euthynnus alletteratus
*Corresponding author were analyzed by FiSAT 11 software for estimation of population parameters which
ANGUI Kouamé Jean Paul include asymptotic length (L), specific growth level (K) and recruitment pattern
to evaluate the status of the stock. Asymptotic length was 100.8 cm, and specific
Article History growth level was 0.07 yr™ value was too low, while the growth performance index
Received: 12.03.2018 was 2.85. Total mortality (Z) by length-converted catch curve was estimated at
Accepted: 22.03.2018 0.82 yr, fishing mortality (F) 0.61yr™ and natural mortality (M) 0.21 yr™. The
Published: 28.03.2018 recruitment pattern was continuous all the year with two peaks of unequal
importance: the secondary appears between March and April while the main is
DOI: observed from July to August. The exploitation level (E) of Euthynnus alletteratus
10.36348/sjmps.2018.v04i03.008 | Was 0.74 that on the maximum allowable limit of exploitation (Emax) which was
0.42. The exploitation level (E>0.50) indicates that the fishing pressure on
Euthynnus alletteratus is very high. Thus the status of the stock in the Gulf of
Guinea seems to be surexploited.
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INTRODUCTION

Euthynnus alletteratus Rafinesque in 1810 is a species of little tuna
belonging to the family Scombridae. This species is present in the Atlantic Ocean,
in tropical and subtropical waters, including the Mediterranean one, the Black Sea,
the Caribbean Sea, the Gulf of Mexico, the Gulf of Guinea [1].

In lvory Coast, little tunny is exploited mainly by artisanal boats with a significant seasonal difference of the
landings. This species available during all the year is usually sold on the local market; so it constitutes one of principal
provisioning source of population [2].

Many biological studies undertaken on the little tunny in the world relate to the reproduction diet, growth and
population dynamics [3-15].

The work undertaken on this species in Ivory Coast was focused on diet and reproduction [16, 17]. On the other
hand, the studies on the population dynamics and exploitation level of the little tunny in Ivory Coast fisheries are non-
existent.

For the planning and the stock management of the little tunny, the knowledge of these population parameters is
necessary.

The objective of this study is to appreciate the population parameters and exploitation level (E) of Euthynnus
alletteratus to evaluate the inventory status report of this species.
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MATERIALS AND METHODS
Sampling

Weekly samples of Euthynnus alletteratus were collected between January 2015 and December 2016 with the
quay paddler of Zimbabwé (fishermen’s village). The fish were captured using gill nets drifting along the littoral of the
Ivory Coast (Figure-1). In laboratory fork length and total weight were recorded for each sample.
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Fig-1: Artisanal fishing area (framed part)

Growth parameters

The weekly data were shared and consequently gathered in length class with 1 cm of interval, then analyzed by
using the software FiSAT Il [18]. Method consists in revealing the modes of the frequency distributions of size and
validating the growth curves whose layouts, superimposed on those of the distributions themselves, take into account the
greatest number of these modes. Distributions themselves and growth curves selected are then drawn on the same graph
which illustrates thus method.

The study of the growth was made using VVon Bertalanffy equation:
Lt= L, (1-eKEO)

Where,

Lt is length (FL) at age t considered (days, month or year);

L., is theoretical maximum length or asymptotic length. This parameter is considered as being the length of an infinitely
old fish. However, since the length is defined as being the average length of the troop (group of age), we will consider
that L, is the average size of infinitely old fish or, older fish [19];

K is the specific growth rate characterizing the speed with which the species believes towards its asymptotic
size;
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To is the theoretical age at zero length.

The asymptotic length (L.,) and the specific growth rate (K) of Von Bertalanffy was estimated by means of
method ELEFAN | [20]. According to these authors, the choice of this method is dictated by the fact that it is less
subjective than the method of Shepherd and that of Powell-Wetherall, in the sense that it makes it possible to obtain
reliable information. It uses the size frequencies collected on different dates and for each couple of data (size, frequency),
an age corresponding is calculated in order to determine the size ad infinitum (L.,) and the specific growth rate (K). The
reliability of these growth parameters was tested by applying the test phiwhere the index of growth performance (¢')
calculated according to the method of Pauly and Munro [21]:

¢’ =log10K + 2xlog10Lco.
The ¢’ value is between 2.65 and 3.32 for the majority of African fish [22].
The determination of to was made by using the empirical equation of Pauly [23] which is formulated as follows:
log10 (-to) = -0.392 - 0.275xlog10 Loo - 1.038log10K.

Size of first capture

It represents the size for which 50% of fish are retained by the fishing gear. Ls is called, by estimate, the size
with the first capture (Lc). It corresponds to the average length of selection because it was considered that this selectivity
is symmetrical, i.e. 50% of the fish which enter the gill net escape through the meshes and 50% are retained [24]. It was
estimated as a component of the curve length of linearized capture.

Estimate of mortality

Total mortality (Z) (setof all mortalities) was evaluated by the method known as "of the curves of captures
according to lengths' converted" through the formula Ln (Ni/dti). Ni represents the number of individual in the class of
size i and dt is the time put by fish to grow in this class i. This formula, development and exposed by Pauly [25, 21, 24]
and Pauly et al., [26], is implemented in software FiSAT II.

Natural mortality (M) (mortality due to the various factors other than fishing) as for it rises from the empirical
relation of Pauly [27]:

Log10M = -0.0066 - 0.279 x Logl0 Loo + 0.6543 x Log10K + 0.4634 x Logl0T

Where,
M represents natural mortality; L,, the asymptotic length; K the specific growth rate; T the annual average
temperature of habitat (c).

Mortality by fishing (F) (mortality only caused by the effects of fishing) was evaluated after obtaining Z and M
by using the relation:

F=Z-M.

Estimate of the exploitation level
The exploitation level (E) represents the proportion of the population exploited compared to the whole
population. When one has the values of F and M, an exploitation level (E) can be calculated by the equation [28]:

E =F/Z=FI(F + M).

This equation makes it possible to judge inventory position. If E is equal to 0.5, the exploitation of stock is
normal; if E is lower than 0.5, stock is underexploited, and if E is higher than 0.5, stock is overexploited [29].

Recruitment rate

Recruitment is defined as the process by which the young people integrate for the first time an adult stock and
thus become accessible to the fishermen [30]. The recruitment model is obtained by projecting the data of length
frequency behind on the axis time by using the growth parameters [31]. The normal distribution of the recruitment model
was determined by NORMSEP in FiSAT 11 [26].
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RESULTS
Growth parameters

The analysis related to a total of 1093 specimens of Euthynnus alletteratus measured. Values asymptotic length
(L) and the growth specific rate (K) of Von Bertalanffy equation determined using the ELEFAN-I program are 100.8
cm and 0.07 year™ respectively. The growth performance index (¢') found is 2.85 while it is estimated at -1.29. By using
these parameters, the growth model of VVon Bertalanffy is described in the following way:

L= 100.8[1-¢ 007129,
The population parameters are presented in Table-1.

Table-1: Population parameters of Euthynnus alletteratus in the Gulf of Guinea

Population parameters Value
Asymptotic length (L,,) in cm 100.80
Growth rate (K) inyr 0.070
Hypothetic age (t,) in yr -1.29
Growth performance index (¢”) 2.85
Natural mortality (M) in yr™ 0.21
Fishing mortality (F) in yr' 0.61
Total mortality (Z) inyr' 0.82
Exploitation rate (E) 0.74
Limit of maximum exploitation (Emax) | 0.42
Size of first capture (Lc) incm 40.34
Interval of exploited size in cm 32-96
Number of fish (N) 1093

Figure-2 indicates the distributions of the size frequency histograms for Euthynnus alletteratus resulting from
FiSAT. The fork length of fish captured varies from 32 to 96 cm whereas the sizes significantly exploited by artisanal
fishing are between 40 and 52 cm. The biggest fish sizes were recorded in June.
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Fig-2: Distribution of size frequency histograms at Euthynnus alletteratus resulting from FiSAT

Size of first capture
The value of first capture obtained at Euthynnus alletteratus is 40.34 cm. The selection curve indicating the sizes
corresponding to the captures probabilities to 25 %, 50% and 75 % is represented by figure-3.

The sizes with which 25 %, to 50% and 75 % of fish are captured are respectively 39.24 cm, 40.34 cm and 41.43
cm.
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Fig-3: First capture (Lso) curve of Euthynnus alletteratus in the Gulf of Guinea

Estimate of mortality and exploitation rate

The capture curve of Euthynnus alletteratus is represented by figure-4. It indicates that total mortality (2),
natural mortality (M) and fishing mortality (F) of E. alletteratus estimated are respectively 0.82 year™, 0.21 year™, 0.61
yearin the Gulf of Guinea. These results show a fishing mortality rate superior with natural mortality.

The exploitation rate (E) was 0.74. It is higher than the breaking value which is 0.5. Euthynnus alletteratus is
thus an overexploited species (Table-1).
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Fig-4: Length converted catch curve of Euthynnus alletteratus. Z = total mortality, M = natural mortality, F=
fishing mortality, E = exploitation rate

Recruitment model
The monthly recruitment rate of Euthynnus alletteratus is illustrated by figure 5. The histograms are smoothed

by two curves of Gauss in order to allow a better visualization of the peaks. The recruitment estimated for this species is
continuous all the year with two recruitment peaks of unequal importance. Thus the maximum of recruitment takes place
from July to August and borders the 20%. The second peak is observed in March and exceeds 10%.
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Fig-5: Recruitment model of Euthynnus alletteratus in Gulf of Guinea fishing stock

DISCUSSION

The estimated asymptotic length (Leo = 100.8 cm) reported in this study was included between that found in
Spain (91.5 cm) [14] and Egypt (123.4 cm) [15]. On the other hand, our K value (0.07 year™) was lower than both values
reported in the literature for populations in Eastern Coast of Mediterranean Sea off Alexandria, Egypt (K = 0.16 year™)
[15] and Western Mediterranean Sea (K = 0.390 year™) in Spain [14]. Differences in \Von Bertalanffy growth parameters
for these different studies may be attributed to temporal and geographical variations. Fish populations of the same species
from different geographical regions may exhibit highly variable, individual growth rates [32]. The differences may be
due to the differences in stock population emanating from genetic factors, environmental variables of their aquatic habitat
[33], nutrient availability or population dependent factors of the particular geographical location [34]. The growth
parameters estimated by means of FiSAT software are biologically reasonable. Indeed, the growth performance index (¢'
= 2.85) of Euthynnus alletteratus based over the fork length is not significantly different from those estimated for the
majority of African fish ranging between 2.65 and 3.32 [35]. However, although Loo and K are not specific to the species,
the @' value obtained in this study is included in the interval of the values recommended by these authors, which means
that the growth rate of Euthynnus alletteratus in the Gulf of Guinea is average. This average growth rate could be due to
the water temperature. Indeed, several authors showed that the temperature is the most significant factor which limits the
fish growth [36].

The size of the first capture in Ivory Coast is estimated at 40.34 cm. It is lower than the size of the first maturity
(43 cm). The current level of Lc should be high, at least with 43cm, to make it possible fish to generate at least once
during their life and to increase the biomass. For this reason, in Turkey, the law prohibits the capture of Euthynnus
alletteratus of less than 45 cm because maturity settles starting from 45 cm [37].

Gulland [38] suggested that in an optimally exploited stock, fishing mortality (F) should be equal to natural
mortality (M), resulting in an exploitation ratio of 0.5. In this study, the fishing mortality (F = 0.61 year™) compared to
natural mortality (M = 0.21 year™) indicates the unbalanced position of the little tunny stock in the Gulf of Guinea. This
can be due to the fact of fishing pressure. The maximum exploitation rate (Emax), which gives maximum relative yield
per recruit, is estimated at 0.42 and differs from the exploitation rate (0.74) estimated in this study. This value is higher at
the maximum exploitation rate established for Euthynnus alletteratus, suggesting that the stock is overexploited.

This study elucidates that the recruitment pattern of Euthynnus alletteratus is continuous with two recruitment
peaks; one major and one minor recruitment peak per year. This is consistent with Pauly’s [28] assertion of double
recruitment pulses per year for tropical fish species and for short-lived species. There are no published reports on
Euthynnus alletteratus recruitment in Ivory Coast. However, it has been reported that this species spawns mainly from
May to October [17]. We think that the major recruitment peak (July-August) observed in this study corresponds to the
former spawning season.
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CONCLUSION

The present study reveals an overexploitation state of the stock of Euthynnus alletteratus in the Gulf of Guinea,

Ivory Coast. It would be better to think of a management of these stocks in order to ensure their sustainability.
Measurements of management should be taken with knowing control of the meshes of the nets, the increase in the size of
first capture to at least 43 cm and the temporary closing of the fishing seasons for the spawning period.
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