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Abstract: This study assessed the growth, mortality and exploitation rate of Sardinella aurita in the

Key words: New Calabar River. A total of 513 specimens of S. aurita were collected from artisanal fishers and

assessed between March 2020 and February 2021.For statistical analysis, FISAT |l software was used.
Growth At asymptotic length (L.) = 21.73 cm, growth rate (K) = 0.95 yr?, longevity (Tmax) = 2.68 yrs.,
Morta_llty theoretical age at birth (t) = -0.48 yrs., and growth performance index (®') = 2.65. Length at first
Clupeidae capture (Lcso = 15.06 cm) was lower than length at first maturity (Lmso = 21.12 cm). Mortality

Africa parameters revealed a total mortality rate (Z) = 3.03 yr?, a natural mortality rate (M) = 1.42 yr?, and a
fishing mortality rate (F) = 1.61 yr%. This indicates that S. aurita in the study area has a fast growth
rate, small attained size, delayed sexual maturation, and high natural mortality. The exploitation rate
(E) was 0.53. S. aurita was found to be experiencing optimum exploitation. Therefore, to prevent
overfishing, sustainable fisheries measures should be adopted, and these include monitoring of fishing
efforts and implementation and enforcement of increased mesh size to sustain the fishery of S. aurita
in the New Calabar river.

New Calabar Nehri’nde (Nijer Deltasi, Nijerya) Yuvarlak Sardalyanin
(Sardinella aurita, Valenciennes, 1847) Biiyiime, Oliim Oram ve Somiiriilme
Oram

Anahtar kelimeler:

Biiylime
Mortalite
Clupeidae
Afrika

Oz: Bu cahsma, New Calabar Nehri'ndeki Sardinella aurita tiiriiniin biiyiime, 6liim oram1 ve
yararlanma oranini degerlendirdi. Mart 2020 ile Subat 2021 arasinda ticari balik¢ilardan toplam 513 S.
aurita ornegi toplandi ve degerlendirildi. Istatistiksel analiz icin FiSAT II yazilimi kullanildi.
Asimptotik uzunluk (L) = 21,73 cm, biiyiime katsayisi (K) = 0,95 yil-1, maksimum omiir (Tmax) =
2,68 yil, teorik dogum oncesi yas (to) = -0,48 yil ve biiylime performans indeksi (® ") = 2.65 olarak
belirlendi. Ilk yakalanma boyu (Lc50 = 15.06 cm), ilk eseysel olgunluk boyundan (Lm50 = 21.12 cm)
daha diisiiktii. Oliim parametreleri olan toplam 6liim oran1 (Z) = 3.03 yil-1, dogal 6liim oran1 (M) =
1.42 yil-1, balikgilik 6lim orani (F) = 1.61 yil-1 olarak gergeklesti. Bu, ¢aligma alaninda S. aurita
tiiriiniin hizl bir bityiime oranina, kiigiik boyuta, gec cinsel olgunlaga ve yiiksek dogal 6liim oranina
sahip oldugunu gosterir. Yararlanma orami (E) 0,53 idi. S. aurita tiiriiniin optimum sekilde
yararlanildig1 bulundu. Bu nedenle, asir1 avlanmayi onlemek igin siirdiiriilebilir balik¢ilik onlemleri
benimsenmelidir ve bunlar arasinda balikgilik ¢abalarinin izlenmesi ve New Calabar Nehri’nde S.
aurita balik¢ihgim stirdiiriilebilir kilmak i¢in artan ag g6zt boyutunun uygulanmasi ve uygulatilmasi
yer almaktadir.

Introduction

The round Sardinella, Sardinella aurita (Pisces, Clupeidae),
is a marine pelagic fish that is widely distributed throughout
the tropical and subtropical seas of the world, including the
entire Mediterranean and the Black Sea (Froese and Pauly
2003). It is a key species inhabiting the ecosystem of the
northwest African upwelling region (Bard and Koranteg
1995). S. aurita (commonly referred to as sardines and
indigenously referred to as Songu) is a ray-finned fish. It

*Corresponding author: henry.dienye@uniport.edu.ng

belongs to the family Clupeidae. The body is elongated and
sub-circular, the belly is rounded. (Riede, 2004). S. aurita is
a pelagic coastal species that prefers clear saline waters with
temperatures below 24 °C (Bianchi et al., 1999). It is a
typical schooling and migratory species, rising to the
surface at night and scattering inshore and near the surface
to the shelf's edge and down to 350 meters, or possibly
deeper (Whitehead, 1985).
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S. aurita is a warm-water species that approaches the
coast and shoals at the surface during the upwelling season,
but retreats below the thermocline in the hot season, down
to depths of 200 to 300 meters. It eats mostly zooplankton,
particularly copepods and mysid larvae, but sometimes
phytoplankton, especially by juveniles. (Whitehead, 1981).
It can breed at any time of year, but only at certain times of
the year; the breeding pattern is enormously complex, with
two main spawning seasons in some areas. Juveniles stay in
nursery areas, but when they reach maturity, they join adults
in colder offshore waters. (Whitehead, 1985).

The distribution of S. aurita extends to the Atlantic
Ocean and the West African coast, particularly in the three
West African upwelling areas stretching from Mauritania to
Guinea, Cote d'lIvoire to Ghana, and Gabon to Angola.
(Cury and Fontana, 1988).

Fish and fishing contribute significantly to food and
nutrition security in many countries. Nevertheless, fish
stocks are declining in many parts of the world. This will
have a significant impact on the seafood industry's
contribution to achieving the United Nations Sustainable
Development Goals. As a result, it is critical to focus on the
long-term management of fish stocks. (Tsikliras, 2008).
Fish population characteristics are critical inputs in the
evaluation and management of fish populations. With world
fish populations now being poorly managed, resulting in
overexploitation and decline, there is a need for data on

critical criteria to assist in guaranteeing proper fisheries
management. (Arra et al., 2018). Various research on the
sex ratio, growth, mortality, and exploitation of S. aurita has
been conducted, but none has been conducted in the New
Calabar River in Choba. This study is, therefore, essential
to provide information to fill the gap in the study area and
complement the existing data on management of the
species.

Material and Methods
Description of study area

In Choba, Rivers State, Nigeria, the New Calabar River
is located between longitude 06°53 53086' E and latitude
04°53 19.020' N. The entire river course is located in the
coastal area of the Niger Delta, between longitude 7°60' E
and latitude 5°45' N, and drains into the Atlantic Ocean. The
yearly rainfall in the New Calabar River region ranges from
2000 to 3000 mm (Abowei, 2000). The New Calabar River
is one of the most important water resources in the Niger
Delta region of Southern Nigeria; it is located near Port
Harcourt, the rapidly rising oil city in Rivers State. Effluent
discharge from industries located along the river's banks
pollutes the water. Surface run-off from soil erosion,
lumberic  operations, forestry operations, dredging
operations, and domestic sewage inputs are also potential
large scale pollution sources (Dienye and Woke, 2015).
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Figure 1. Map of the study area

Data collection

S. aurita was sampled monthly for a period of twelve
(12) months, from two stations using cast nets of mesh sizes
(1.5-2.5 mm) by the local artisanal fishermen. A total of 513
species were captured. Species identification was carried

out using identification keys (Paugy, 2003; Adesulu and
Sydenham, 2007).

Sampling stations were chosen due to the high level of
fishing activity in these areas (Station One: Choba, Station
Two: Rumuoparali). Sampled specimens were preserved on
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ice for further analysis. The body weights (BW) of the
samples were measured to the nearest 0.01 grams with an
electronic weighing scale, while the total length (TL), of
sampled species was measured to the nearest 0.1 cm with a
calibrated 30 cm measuring board.

Length-weight relationship

The length—weight relationships were calculated using
the equation;

W(t):aLt b

Where: a is a coefficient relative to body form; b is an
exponent indicating isometric growth when equal to 3.0,
positive allometry when>3 and negative allometry minorant
when<3.

The monthly length frequencies of each sample were
grouped into classes of 1 cminterval and were laid out
sequentially over one year to estimate the growth (Froese
2006).

Sex-ratio

The sex ratio was determined generally for each
sampled station and according to individual size. The sex
ratio is the proportion of male or female individuals utilising
the gravid gonads in comparison to the overall number (e.g.,
testis and ovary). The sex ratio was expressed as a
percentage of males to females, using the formula by Kartas
and Quignard, (1984):

SR=Fx100x(1/(M+F)) (F=female and M=male).
Growth parameters

The parameters for the Von Bertalanffy Growth
Function (VBGF) including growth rate (K), asymptotic
length (Loo) and the growth performance index (®') were
estimated using the ELEFAN Simulating Annealing
(ELEFAN_SA). Estimation of longevity (Tmax) for the
species followed the formula:

Tmax = 3/K + to (Anato,1999)

The growth performance index was calculated using the
formula:

phi prime test (®') =2logL.. + log K Munro, and Pauly,
(1984).

The theoretical age at length zero (t,) followed the
equation:

Logio(-to)=-0.3922-0.2752l0010L-1.038l0g10K
(Aleev,1952)

Where: Growth rate (K), asymptotic length (Loo) and the
growth performance index (¢) of the Von Bertanlaffy
Growth Function (VBGF) was estimated.

Length at first capture (Lc50)

The ascending left part of the length converted catch
curve was used in estimating the probability of length at first
capture (Lc50) in addition to the length at both 75 and 95
percent capture, which correlates with the cumulative
probability at 75% and 95%, respectively (Pauly,1983).

Length at first maturity (Lm50)

The length at first maturity (Lm50) as:
Lm50=0.8979xLog1o (L..)-0.0782 (Arra et al., 2020)
Mortality parameters

The length-converted catch curve was used to calculate
the total mortality coefficient (Z). The natural mortality rate
(M) was calculated using Pauly’s (1980) empirical equation
and a mean surface temperature (T) of 25.7°C:

LogioM = - 0.0066 - 0.279 10gso L., + 0.6543 logo K +
0.4634 logsoT

Total fishing mortality (F) was estimated as:
F=2Z-M (Gulland, 1971).
Exploitation rates (Emax, EO.1 and E0.5)

The knife-edge option was used to determine Emax
(exploitation rate at maximum yield), Rate of exploitation
(E) is the ratio of fishing mortality (F) and total mortality
(2) (Pauly, 1984), and is written as follows:

E=F/z

Gulland (1971) states that the optimal exploitation for a
fish stock occurs when fishing mortality (F) is proportional
to the natural mortality:

F optimum =M

Thus, E ranges from 0 to 1. It is optimum at 0.5, under-
exploited when it is less than 0.5, and over-exploited when
the estimate is above 0.5.

Data analysis

The length frequency data was combined into groups of
1 cm intervals. The FiSAT Il (FAO-ICLARM Stock
Assessment Tools) program was then used to analyze the
data (Gayanilo et al., 2005). The Yield software tool was
used to graph the length at each age (Branch et al., 2000).

Results

The length-weight relationship of this study revealed
that S. aurita had an exponent “b” value of 3.210, which
shows a positive allometric growth (Figure 2). The value of
the correlation coefficient (r?) estimated for the species was
0.86971. The size groups of the sex ratio for S. aurita in the
study area is shown in Table 1. The lengths of sampled fish
ranged between 4.1 cm — 24 cm. Of 513 sampled fish, 262
were male and 251 were female, based on a one-centimetre
interval corresponding to 51% males and 49% females of
the total catch.

The exploitation structure of S. aurita in the study area
is shown in Figure 3. Maximum exploitation was observed
in the range of 8.1-12 c¢m size group for both the male,
pooled and female samples, followed by 12.1 — 16 cm, and
the minimum group percentage exploitation was recorded
for size group 20.1 — 24 cm.

Figure 4 shows the reconstructed length-frequency
distribution superimposed with the growth curves and the
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length curve for S. aurita. Figure 5 shows the length curve length (L) = 21.73 cm, growth rate (K) = 0.95 yr?, age at
for S. aurita where the ration of M/K is 1.50. birth (to) = -0.48 yr?, longevity (tmax) = 9.09 yr! and the

The estimated growth parameters for S. aurita using the growth performance index (¢= 2.65) (Table 2).

ELEFAN Il program discovered the best fit for asymptotic
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Figure 2. Length-weight relationship of S. aurita during the study period

Table 1. Length groups (Sex ratio) of S. aurita from New Calabar River

(cm) Male Female (Male: Female)
4,1-8 47 25 22 1:0.88
8.1-12 304 174 130 1:0.75
12.1-16 157 62 95 1:1.53
16.1-20 4 1 3 1:3
20.1-24 1 0 1 0:1
Total 513 262 251 51:49
70,00
50.00 m Pooled
§ ' = Male
2 50,00 Female
'S 40,00
D
(@]
& 30,00
[y
8 20,00
& 10,00
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Figure 3. Exploitation structure of Sardinella aurita from New Calabar River
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Figure 5. Length-converted catch curve for S. aurita in the New Calabar River

Table 2. Some growth parameters of S. aurita from New Calabar River

Indicators Unit Value
Growth rate (K) yrt 0.95
Asymptotic length (L) cmTL 21.73
Age at birth (to) years -0.48
Longevity (tmax) years 2.68
Growth performance index (phi-prime, ¢’) 2.65

The probability of catching S. aurita gives a good
indicator of the estimated true size of fish captured by
certain gear in a given fishing location, as the length at
initial capture (Lc50) was 15.06 cm and the length at first
maturity (Lm50) was estimated at 21.12 cm. The estimated

total mortality rate (z) was 3.03 yr* and natural mortality
was 1.42 yr, given a fishing mortality of 1.61 yr?. The
current exploitation rate was estimated as E=0.53 and the
M/K ratio found was 1.50 (Table 3).
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Table 3. Exploitation rate and mortality of S. aurita from New Calabar River

Indicators Unit Value
Length at first maturity (Lm50) cmTL 21.12
Natural mortality rate (M) yrt 1.42
Total mortality rate (Z) yrt 3.03
Fishing mortality rate (F) yrt 1.61
Exploitation rate (E) 0.53
Length at first capture (Lc50) cmTL 15.06
M/K 1.50
Number of data points (N) 513

Discussion

The value of the correlation coefficient (r?) estimated for
the species shows that the relationship between the length
and weight of the fish was highly significant. The length-
weight relationship value of the species however, falls
within the acceptable range of 2.5 and 3.5, which is typical
for tropical fish stocks (Froese, 2006). This is in agreement
with the findings of Amina et al., (2016). The differences in
sex growth and mortality are useful for an adequate
knowledge of demographic structures. The ratio of sex
changed significantly when the fish attained maturity, and
there were variations in the sex-ratio dependent on the size
of the reproductive unit. The sex-ratio favored males (51%)
to females (49%), which is in line with the findings of
Bensahla-Taletet al. (1988) and Lawson and Doseku
(2013) in Majidun Creek, Lagos, Nigeria, but contradicts
the findings of Baali et al. (2015), who recorded a higher
percentage value for females (63.98%). Sex-ratio varies
with respect to size ranges.

Maximum exploitation was observed in the 8.1-12 cm
size group, with a higher number of males compared to
females. The prevalence of males could also be explained
by the migratory nature of this species. In migratory species,
females frequently arrive at the spawning site later than
males. Males predominate among the early migrants,
followed by a numerical disparity between males and
females, and a female majority in late migration (Diouf et
al., 2010). This could be a factor in the dominance of males
in this study as a result of predominance in early migration.
Furthermore, differences at various sizes are associated with
unequal rates of growth and mortality (Turner et al., 1983).
The length at asymptotic (L) (21.73 cm) and growth rates
(K) of 0.95 yr? calculated in this study were relatively
different from estimates by other researchers (Al-beak,
2016; Mehanna and Salem, 2011). Nabil et al. (2012)
obtained L= 28.37 cm, K= 0.23 year-1 and to= 0.98 year.
In the Mediterranean Sea, Gaamour et al. (2001) obtained
L.=31.32 cm; K=0.24 year-1 and t=0.87 year in the
Tunisian coast. Differences between authors may be due to
the number of examined individuals. Such variations in
growth coefficients may be due to the estimation protocol,
length classes obtained, the geographical locations and the

level of fishing pressure (Amponsah et al., 2016a). Also, the
variations in estimates of asymptotic lengths may, therefore,
be as a result of the maximum observed length, sampling
methods, computation methods used and the obtained
length-frequency (Sparre  and Venema, 1992). The
estimated growth rate recorded in this study was higher than
the 0.34 yr-1, indicating that S. aurita is a fast-growing fish
species (Kienzle, 2005). The estimated fast growth rate of
S. aurita in this study compared to the other related findings
may be due to disparities in the ecological characteristics
such as habitat, fish adaptive life pattern and location,
environmental conditions as a result of regional differences,
food abundance or size composition of the stock that
directly affect growth rate. The estimation protocol, length
classes obtained, geographical locations, and the level of
fishing pressure could all be factors for variations in the
growth coefficient (Amponsah et al., 2017), as indicated by
its 12-year lifespan and a growth performance index outside
the normal range of 2.65-3.32, which is reserved for fast-
growing fish species (Baijot et al., 1997). S. aurita's poor
development rate recorded by other researchers could be
attributed to the lower nutritional value of the accessible
feed (Montchowui et al., 2011).

In this study, the length at first capture (Lcsg) was
recorded as 15.06 cm and the length at first maturity (Lmso)
was calculated as 21.12 cm. This study's estimated length at
first catch (Lcso) was lower than (Al-Beak's, 2016) estimates
and within the range of values recorded by Amponsah et al.
(2017). These findings could be attributed to artisanal
fishermen's use of small mesh sizes. As a result, fishing gear
with small mesh sizes should be prohibited as a
management strategy. Furthermore, the relatively higher
estimated Lmso/L., ratio indicated that S. aurita is a small-
sized fished species in the New Calabar river.
Environmental factors, long-term fishing pressure and a
rapid response to natural selection are all possible causes for
this observation. (Tsikliras and Anthonopoulou, 2006).

The index of growth performance (¢’) is considered as
a useful tool for comparing the growth curves of different
populations of the same species and/or of different species
belonging to the same family. In this study, the value of the
growth performance index was ¢’=2.65. This growth index
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is higher than those obtained by Gaamour et al. (2001) in
the Tunisian coast (¢’ =2.27), and by Salem et al. (2010) in
the Mediterranean coast (¢’=2.27). Differences in growth
parameters may be due to genetic structure, temperature,
food availability and diseases (Tsikliras et al., 2005).

S. aurita juveniles become susceptible to capture six
months after being recruited into the stock, according to the
age at first capture (tcso) method, because of the mesh size
and type of fishing gear used. The calculated age at first
capture (tc) was lower than that calculated by Al-beak
(2016) and Mehanna and Salem (2011). Furthermore, the
intensity of fishing over time may be a factor that tends to
alter the species' length structure in order to prevent future
collapse.

Beverton and Holt (1959) demonstrate that a fish's
natural mortality coefficient (M) is proportional to its
growth coefficient (K) and inversely proportional to its
asymptotic length (L) and life span. The natural mortality
was 1.42 yr! while the growth coefficient was 0.95. The
M/K ratio in this study was 1.55, which was in agreement
with the range of 1-2.5 proposed by Beverton and Holt
(1959). Estimated total mortality (Z) at 3.03 yr! is likened
to 2.46-7.07 by Pauly (1994) for several stocks in this study.
Barry and Tegner (1989) documented that a M/K ratio < 1
indicates that the population is growth dominated, whereas
a M/K ratio > 1 is an indication that the population is
mortality dominated. However, when the M/K ratio = 1,
then the growth and mortality of the population are in
equilibrium. From the present study, the calculated M/K
ratio was slightly greater than 1, suggesting that the stock is
fishing mortality dominated. King and Etim (2004)
highlighted that for a mortality dominated stock, an M/K
ratio = 2 denotes a lightly-exploited stock while values
greater than 2 show heavy exploitation. With the estimated
M/K ratio lower than 2, it shows that S. aurita stock in the
study area is maximally exploited. The estimated M/K ratio
(1.50) was well within the range of 1.5 — 2.5 for fishes,
indicating the presence of a good environmental state
(Abowei et al., 2009). The exploitation rate ranges from 0
to 1. It is optimum at 0.5, under-exploited when it is less
than 0.5, and over-exploited when the estimate is above 0.5.
The estimated exploitation rate (E) of 0.53 in this study is
within the range of the maximum exploitation rate
(Emax=0.53), and this shows that the fishery exploitation is
at its peak (optimal), but that it may be subject to minor
growth fishing pressure. The exploitation ratio found in this
study indicates that S. aurita is at maximum exploitation
and not over-fished (Pauly, 1994). This is predicated on the
assumption that natural and fishing mortalities should be
equal in an optimally exploited stock, or E=F/Z=0.5
(Gulland, 1971).

Conclusion

The estimated growth rate recorded in this study depicts
that S. aurita is a fast-growing fish species, and growth
overfishing was found to be present due to the harvesting of
relatively small-sized species, and also has a high natural
mortality to asymptotic length ratio (M/K > 1). The sex-
ratio favors males with 51%, particularly for range (8.1-12

cm), with optimum exploitation structure observed within
the same group. Additionally, the intersection of the
required length at capture and the exploitation rate showed
that the species was being exploited at its maximum rate.
Therefore, to prevent growth overfishing, sustainable
fisheries measures should be adopted, and these include
monitoring of fishing efforts and implementation and
enforcement of increased mesh size to sustain the fishery of
S. aurita in the New Calabar river.
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