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ABSTRACT

Growth and mortality parameters of Sardinella aurita Valencienne, 1847 (Pisces Clupeidae)

were estimated based on length frequency distribution data. A total of 894 sardinella were
collected between march 2008 and March 2009, from Oran bay (Algeria). The parameter b
in the present study (W = a. Ltb ) is 3.1 and indicates that S. aurita had major allometric
growth. The von Bertalanffy growth parameters were estimated by using the software FISAT
II and showed that the asymptotic length (L o) is = 34.21 cm for females and 33.68 cm for
males. The growth coefficient (K) is 0.47(1/year) for females and 0.39(1/year) for males. The
value of total instantaneous rate of mortality (Z) is 2.41 and the natural mortality rate (M) is
0.79. The fishing mortality was obtained by F=Z - M = 1.62 year -1. The exploitation rate
(E) is 0.67 year -1 and indicates that the stock of S. aurita from Oran waters is in overex-

ploitation state.
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INTRODUCTION

The round sardinella, Sardinella aurita Valen-
cienne, 1847 (Pisces Clupeidae), is a marine pela-
gic fish that is widely distributed throughout
tropical and subtropical seas including the entire
Mediterranean Sea and Black Sea (Froese & Pauly,
2000). Clupeidae are key species in the marine food
chain and their presence is needed to maintain the
balance of ecosystems (Smith et al., 2011). Sardine
fishery is one of the most important fisheries wor-
ldwide and one of the most important species of Al-
gerian fisheries. The S. aurita is a very common
and frequent fish in Algerian coasts (Djabali et al.,
1993).

The aim of the present study is to estimate the
following parameters: growth, mortality and exploi-

tation rate, which are required for assessing and ma-
naging the stock of S. aurita.

MATERIAL AND METHODS
Sampling

A total of 894 specimens of S. aurita were col-
lected monthly during the period from March
2008 to March 2009, from the commercial catch
of Oran coast. Our study area is located in the
north-west of Algeria and south-west of the
Mediterranean Sea (Fig. 1). The port of Oran is sit-
uated at the bottom of gulf, between the tip of the
Canastel and Cape Falcon northwest of Ain el
Turk (Kerfouf et al., 2010; Keddar et al., 2016).
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The total length (TL, in centimeters) and the total
weight (TW, in grams) for each specimen were
measured. The length frequency distributions were
arranged in 1.0 cm intervals. A ichtyometer of 50
cm has been used to determine the size of the fish.
When assessing the metric characters, the standard
methods of FAO have been applied. The sexes
were determined by macroscopic observation of
the gonads.

The length frequency distribution of the
species was represented by percentage length fre-
quency at intervals of 1 cm. The length frequency
data analysis was made to estimate the Von Berta-
lanffy growth model represented as Lt = Loo (1 —
exp-k (t-to). Where Lt is the average predicted
length at time t, Loo is the hypothetical asymptotic
length, K the growth coefficient, t0 the hypotheti-
cal time at which fish length equals 0 and t is the
age. The growth parameters such as K, Loo and t0
were estimated by the method ELEFFAN using
the FISAT II.

Length-weight relationships

The length-weight relationships were deter-
mined according to the equation: WT =alLTb; WT
is the total body weight (g), LTis the total length
(cm), while “a” is constant and “b” is length expo-
nent. The “a” and “b” and “r” values were calcu-
lated from linear regression of the fish length and
weight measurements, which we express as: Log
W= Log a + b Log Lt. The relation is isometric
when b=3. If b<3 the allometry is positive and when
b>3 the allometry is negative.

Figure 1. Study area: Oran bay, Algeria.
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Fish mortality and exploitation ratio

Determining mortality rates is critical for deter-
mining abundance of fish populations. Using the
model Z=M+F with M being Natural mortality and
F being Fishing mortality, the natural mortality was
calculated using Pauly’s empirical equation (1980).
It assumes that there is a relationship between size
and natural mortality. Pauly’s method was based on
the correlation of M with von Bertalanffy growth
parameters (K and Loo) and temperature (Gunder-
son, 2002): Log M = - 0.0066 — 0.279. Log Lo +
0.6543. Log K + 0.4634. Log T°. Where: Lo = as-
ymptotic length, K = growth coefficient, T = aver-
age annual temperature of the stock’s habitat, in °C,
considered at 18 °C for S. aurita. The Pauly (1984)
method was used to estimate total mortality by
using FISAT II (Gayanillo et al., 2005). The ex-
ploitation rate was estimated by the formula sug-
gested by Gulland (1971) through the following
relation: E = F/Z. Where: E = exploitation ratio, i.e.,
the fraction of deaths caused by fishing. F = fishing
mortality coefficient. Z = total mortality coefficient.
This is based on the assumption that a stock is op-
timally exploited at E = 0.5 when F equals M (Gul-
land, 1971) - E<0.5 underexploited stock, and
E>0.5 overexploited stock.

RESULTS AND DISCUSSION

In this study, 894 individuals are treated, 546
females and 348 males.

The length frequency distribution of S. aurita by
length and by sex, established monthly for the pe-
riod from 2008 to 2009, is shown in figure 3. The
total length of the samples during the sampling pe-
riod ranged between 10.7 cm and 32.5 cm. The av-
erage length of the females (20.58 cm) is higher
than that of the males (19.06 cm). The difference
between the average sizes of females and males is
significant (¢ > 1.96). The minimum lengths are
10.7 cm for the females and 12.2 ¢cm for the males,
whereas the maximums are 32.5 cm for the females
and 32 for the males. The length-frequency distri-
bution throughout the study period shows a prepon-
derant total length of 15 and 16 cm over others
(Fig. 2). The length-weight relationship of S. aurita
indicated a positive allometry for female and males
and was found out to be WT=0.005 LT 3.08 for fe-
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male and WT=0.005 LT 3.12 for males (Fig. 3). The
analysis by sex showed a significant difference in
the b coefficient. The degree of association between
the two variables length and weight, is expressed
by a correlation coefficient (r). The correlation co-
efficient is higher when its value is close to +1. The
coefficient is estimated in this study at 0.97 for fe-
male and 0.98 for males. The computed annual
mortality rates Z, M and F were 2.41, 0.79 and 1.62,
respectively. The rate of exploitation (E) was esti-
mated as 0.67, which indicate overfishing during
the period of study and that the stock of S. aurita
is heavily exploited. The maximum size (Lmax) at-
tained by S. aurita in Oran waters is 32.5 cm while
the smallest specimen measure 10.7 cm. Similar re-
sults were found by Bosiljka & Gorenka (2012) on
the same species. The maximum size attained by an
animal occurs when it grows to 95% of its asymp-
totic length according to the relationship Lmax =
0.95 Loo (Moses, 1990). The length distribution of
round sardinella indicates that the females were
more present in longer length classes, especially in
total length classes over than 26 cm; males were
more frequent in the smaller ones. Such differences
could be explained by lower mortality and higher
growth in females than in males (Bosiljka &
Gorenka, 2012). The von Bertalanffy model has
been shown to have a better fit than other growth
equations. In general, growth is affected by a vari-
ety of factors, such as food quantity and quality, and
temperature

The results showed that the asymptotic length
(Loo) of female (34.21 cm) and of male (33.68 cm)
appeared to be higher than estimates reported by
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Chavance et al. (1985), on S. aurita caught in Oran
bay. Nevertheless, the results are similar to those
found by Bebars (1981), Bouaziz et al. (2001) and
Dahel et al. (2016) (Table 1). The difference in a
symptotique length can also be attributed to the
fishing season, geographical reach of fishing activ-
ities and subsequently the dominating fish length
during each fishing season, noise pollution from
outboard motors and industrial activities, fishing
pressure and environmental degradation (King,
1991). The estimate for growth coefficient (K) in
this study is similar to observations for other pop-
ulations (Chavance et al., 1985; Amrouche & Et-
souri, 2006) (Table 1). Differences in growth
patterns may be the result of differences in genetic
structure and/or differences in temperature, density
of food and diseases (Pauly 1994, Wootton 1998).
Rohit et al. (2012) reported, the difference in
growth rate can be attributed to several reasons in-
cluding prevailing eco-biological conditions of the
habitat from time to time. The exponent b of the
length-weight relationship of the analyzed speci-
mens showed positive allometric growth
(b=3.08>3 for female and b=3.12 >3 for males) and
indicates that the weight grows slightly faster than
the size of the fish. The same values were found
for the sardinella of the central region of the Al-
gerian coast (Bouaziz et al., 1998 ), on the sar-
dinella of the Tunis coasts (Kartas, 1981) and also
in the Aegean Sea (Tsikliras et al., 2005). Claro &
Garcia-Arteaga (1994) indicate that this species
also showed positive allometric growth. Once the
growth parameters were known, it was possible to
estimate the instantaneous total mortality. In the
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Figure 2. Length-frequency distribution
by sex of Sardinella aurita.

Figure 3. The length-weight relationship
of Sardinella aurita.
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Mediterranean Sex Loo K To Authors
Sea
Egypte sexes combined | 33.11 0.19 -1.34 | Bebars (1981)
Algeria sexes combined | 3496 | 0.23 -0.707 | Bouaziz (2001)
Algerti bined | 26.77 0.45 0 Amrouche &
geria sexes combine : . Etsouri (2006)
Oran Females 25.5 0.52 —— | Chavance et al. (1985)
western coasts Males 229 0.64
Algeria Females 3226 | 0.13 Dahel et al. (2016)
eastern coasts Males 273 0.18 -1.9
Oran Female 34.21 0.47 -0.34 Present study
Male 33.68 | 0.39 -0.41

Table 1. Comparison of growth parameters obtained from previous studies for Sardinella aurita.

Authors Study area Z (an')
Bebars, 1981 Egypte 0.993
Chavance et al., 1985 Oran méles 1.787
Bouaziz, 2007 Alger 251
Amrouche & Région centre de la cote 24
Etsourt, 2006 a]gérienne '
Sennai, 2003 Ghazaouet 0.96
Present study Oran 241

Table 2. Comparison of total mortality coefficient
obtained from previous studies for Sardinella aurita.

present investigation, suggested by length fre-
quency distribution, the total mortality (Z), was es-
timated as 2.41 yr-1. It is defined as the total loss
by natural and fishing death of individuals (Table
2).

In this study we observed that the mortality of
S. aurita is affected more by exploitation of stock.
Similar results were found on S. aurita of Algiers
waters by Bouaziz (2007) and Amrouche & Etsouri
(2006).

According to this study, the fishing mortality
1.62 yr-1was significantly higher than natural
mortality 0.79 yr-1. The value of the natural mor-
tality (M) obtained is very similar to the results
of other authors such as Chavance et al. (1985)
and Amrouche & Etsouri (2006). The natural
mortality of S. aurita can be attributed to envi-
ronmental stress due to the anthropic activities or
to the Fish predation (tuna and other large pelagic
fishes) (King, 1984). According to Amrouche &
Etsouri (2006), the difference between the natural
mortality coefficients can be explained by the cli-
matic conditions of the environment, the season
of study, the pollution and the predation. Belveze
(1984) describes sardines and sardinella as an un-
stable and unpredictable species with high natural
mortality. In this study, instead, the major cause
of mortality of this species is due to fishing activ-
ity.

Fishing generally affects the age and length
structure of fisheries stocks and fishing induced
declines in the length structure (Stergiou, 2002).
The present exploitation rate (E = 0.67) is higher
than the optimum level (E = 0.5). This indicates
the high vulnerability of the species to the fishing
gear.
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CONCLUSIONS

For a better management of the fishery, some
recommendations should be carried out such as: (i)
a thorough study of species-gear interactions (Pan-
ifili et al., 2002); (ii) conduct scientific fisheries to
determine recruitment and selection sizes. In order
to ensure sustainable exploitation of S. aurita stock,
fishing effort should be regulated along with in-
crease in mesh size. Restricting fishing outside the
spawning season is considered necessary for sus-
tainable exploitation of these stocks.

REFERENCES

Amrouche I. & Etsouri M., 2006. Estimation du niveau
d’exploitation de deux especes de la famille des Clu-
peides dans la région algéroise (Sardina pilchardus
Walbaum, 1792 et Sardinella aurita Valenciennes,
1842). Mémoire ingénieur d’état. Université des Sci-
ences et de la Technologie Houari Boumeduene, 62
pp.

Bebars M.1., 1981. Exploitation rationnelle des pécheries
égyptiennes: Application aux pécheries des sar-
dinelles de la baie de Selloum, Egypte. These doctor-
ale, Université Montpellier Sciences et Techniques
du Languedoc, 326 pp.

Bouaziz A., 2007. La sardinelle (Sardinella aurita Valen-
ciennes, 1847) des cotes algériennes, distribution, bi-
ologie et estimation des biomasses. Thése de
Doctorat d’Etat, U.S.T.HB. 135 pp.

Belveze H., 1984. Biologie et dynamique des populations
de sardine (Sardina pilchardus Walbaum) peuplant
les cotes atlantiques marocaines et propositions pour
un aménagement des pécheries. These de doctorat
d’etat de L’Université de Bretagne Occidentale, 532
pp.

Bosiljka M. & Gorenka S., 2012. Inshore versus offshore
lenght distribution of round Sardinella (Sardinella
aurita) in the middle eastern Adriatic sea. Journal
Acta Adriatica, 53: 341-351.

Bouaziz A., Bennoui A., Brahmi B. & Semroud R., 2001.
Sur I’estimation de 1’état d’exploitation de la (Sar-
dinella aurita Valenciennes, 1847) De la région cen-
tre de la cote algérienne. Rapport Commission
Internationale de la mer Méditerranée, (36), 244.

Bouaziz A., Semrou R., Brahmi B. & Chenitis S., 1998.
Estimation de la croissance de sardinelle (Sardinella
aurita Valenciennes, 1847) dans la région algéroise
par analyse de fréquences de taille. Ismal, Alger:
43-49.

Chavance P., Chabane F., Hemida F., Korichi H.S.,
Sanchez M.P., Bouchereau G.L., Tomasini G.A. &

357

Djabali F., 1985. Evaluation du rendement par recrue
relatif a partir de fréquences de: Application a
quelques stocks d’anchois, de sardinelles et de chin-
chards de la Méditerranée Occidentale. FAO Rapport
sur les péches 347: 186-220.

Claro R. & Garcia-Arteag, J., 1994. Ecologia de los peces
marinos de Cuba. Centro de Investigacion Quintana,
Claro R.M. (Ed.), Mexico: 32: 1-402.

Djabal F., Brahmi B. & Mammasse M., 1993. Pelagos.
Poissons des cotes algériennes. Pelagos, numéro spe-
cial du Bulletin de I’Ismal, 215 pp.

Gayanilo Jr. F.C., Sparre P. & Pauly D., 2005. The FAO-
ICLARM Stock Assessment Tools (FISAT II) User’s
guide. FAO Computerized Information Series (Fish-
eries), 8: 1-168.

Froese R. & Pauly D., 2000 (Eds.), 2000. FishBase
2000: concepts, design and data sources. [CLARM,

Los Banos, Laguna, Philippines, 344 pp.

Gulland J.A., 1971.The fish resources of the ocean. West
Byfleet, Surrey, Fishing News (Books), Ltd. West
Byfleet, Surrey, 255 pp. https://doi.org/10.1002/iroh.
19740590251

Gunderson D.R., 2002. Estimations indirectes du taux de
mortalité naturelle de la plie a dents de fleche (Ather-
esthes stomias) et du sébaste tacheté (Sebastes
crameri). Fishery Bulletin, 101: 175-182

Kartas F., 1981. Les Clupéidés de Tunisie. Caracteres
biométriques et biologiques: Etudes comparées des
populations de 1’Atlantique et de la Méditerranée.
Thése de doctorat d’état de L’Université de Tunis,
Faculté des Sciences de Tunis, 608 pp.

Keddar I., Bouderbala M., Mouffok S. & Boutiba Z.,
2016. Metal concentrations in tissues of Mullus bar-
batus L. catched from the west Algerian coast. Jour-
nal of Biodiversity and Environmental Sciences, 9:
88-93.

Kerfouf A., Benyahia M. & Boutiba Z., 2010. La Qual-
ité bactériologique des eaux de baignade du golf d’O-
ran (Algerie occidentale). Revue de microbiologie
industrielle, sanitaire, et environnementale, 4: 22-31.

King M., 1984. A study of the reproductive organs of the
common marine shrimp, Penaeus setiferus (Lin-
naeus). Biological Bulletin, 94: 244-262.

King R.P., 1991. Some aspects of the reproductive strat-
egy of Ilisha africana (Bloch, 1795) (Teleostei, Clu-
peidae) in Qua Iboe estuary, Nigeria. French
Ichthyological Society - Cybium, 15: 239-257.

Moses S.B., 1990. Growth, biomass, mortality, produc-
tion and potential yield of the West African clam,
Egeria radiata (Lamarck)  (Lamellibranchia,
Donacidae) in the Cross River system, Nigeria.
Hydrobiologia, 196: 1-15. https://doi.org/10.1007/
BF0000 8888

Panfili J., Pontual H., Troadec H. & Wright P.J., 2002.
Manuel de sclérochronologie de poissons. Coedition



358 NARDJESS BENAMAR

Ifremer - Institut de recherche pour le développe-
ment, IRD, 464 pp.

Paul D., 1994. A Framework for latitudinal comparisons
of flatfish recruitment. Netherlands Journal of sea
research, 32: 107—-118. https://doi.org/10.1016/0077-
7579(94)90035-3

Pauly D., 1980. On the interrelationships between natural
mortality, growth parameter and mean environmental
temperature in 175 fish stocks. Journal du Conseil
Permanent International pour I’Exploration de la
Mer, 39: 175-192.

Pauly D., 1984. Length converted catch curves: A pow-
erful tool for fisheries research in the tropics (part
1), Fishbyte, 2: 9-17.

Rohit P., Chellappan A., Abdussamad E.M., Joshi K.K.,
Koya K.P. Said, Sivadas M., Ghosh S., Muthu Rathi-
nam M., Kemparaju S., Dhokia H.K., Prakasan D. &
Beni N., 2012. Fishery and bionomics of the little

tuna, Euthynnus affinis (Cantor, 1849) exploited from
Indian waters. Indian Journal of Fisheries, 59: 37-46.

Smith A.D.M., Brown R.C.J., Bulman C.M., Fulton E.A.,
Johnson P., Kaplan I.C., Lozano-Montes H., Mack-
inson S., Marzloff M., Shannon L.J., Shin Y.J. &
Tam J., 2011. Impacts of fishing low-trophic level
species on marine ecosystems. Science, 333: 1147—
1150. https://doi.org/10.1126/science.1209395

Stergiou K.I., 2002. Overfishing, tropicalization of fish
stocks, uncertainty and ecosystem management: re-
sharpening Ockham’s Razor. Fisheries Research, 55:
1-9.

Tsikliras A., Koutrakis E. & Stergios K., 2005. Age and
growth of Sardinella aurita in the north-east Mediter-
ranean. Scientia, 69: 231-240.

Wootton R.J., 1998. Ecology of teleost fishes. 2nd ed.
Dordrecht; Boston: Kluwer Academic Publishers,
386 pp.





