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Abstrak 

Studi ini mengeksplorasi aspek pertumbuhan, mortalitas dan 
tingkat eksploitasi Pagellus bellottii yang dikumpulkan dari 
Sierra Leone, yang bertujuan untuk menjembatani kesenjangan 
pengetahuan dan mendukung manajemen stok yang efisien. 
Sebanyak 8.216 spesimen Pagellus bellottii dikumpulkan dari 
Januari-November 2016 dengan menggunakan teknik sampling 
acak di atas kapal pukat demersal. Data dianalisis menggunakan 
perangkat lunak FiSAT II yang terkomputerisasi menggunakan 
frekuensi panjang yang dikumpulkan dalam ukuran kelas yang 
konstan. Parameter pertumbuhan memberikan panjang 
asimtotik (L∞= 33.63cm), laju pertumbuhan (K = 0.63yr-1), 
indeks kinerja pertumbuhan (ɸ = 2.85), usia teoritis (hingga = -
0.6 tahun) dan masa hidup (tmax = 5.50 tahun) sedangkan 
panjang (Lm50) dan umur (tm50) saat matang gonad pertama 
diperkirakan masing-masing 22,40cm dan 2,30 tahun. Selain itu, 
tingkat kematian akibat penangkapan ikan saat ini (F = 6.58yr-1) 
melebihi tingkat kematian optimum (Fopt = 0.50yr-1), 
pembatasan (Flimit = 0.81yr-1) dan tingkat kematian alami (M = 
1.22yr-1), tingkat eksploitasi saat ini adalah (Ecurrent) 0.84yr-1. 
Hasil menggambarkan harapan hidup rendah, pertumbuhan 
cepat dan keterlambatan matang gonad pada Pagellus bellottii 
(Lm50 = 33,4%, tetapi <L∞). Selain itu, stok P. bellottii 
dieksploitasi secara berlebihan (Ecurrent > 0,5), ditopang oleh 
kematian penangkapan ikan yang mengkhawatirkan saat ini di 
luar batas optimal dan yang diizinkan. Ini sangat 
mengkhawatirkan dan tingkat eksploitasi saat ini harus 
dikurangi menjadi 0,5yr-1 (40,5%) dan tingkat kematian 
penangkapan ikan menjadi 0,5yr-1 (92,4%) untuk mencapai 
setidaknya tingkat eksploitasi yang optimal (Ecurrent = 0,5) dan 
tingkat kematian penangkapan ikan (Fcurrent = Fopt) secara 
berturut-turut, melalui lembaga penutupan musim 
penangkapan ikan dan pengurangan armada yang menangkap 
spesies tersebut. 

Kata kunci: Eksploitasi; pertumbuhan; masa hidup; kematian 
persediaan 

Abstract 

The study investigated growth, mortality and exploitation rate 
of Pagellus bellottii collected off Sierra Leone, aimed to support 
efficient management of its stock.  A total of 8, 216 specimens 
of Pagellus bellottii were collected at random from January-
November, 2016 on-board a demersal trawler. Data analysis 
employed methods implemented in the computerized FiSAT II 
software using pooled length-frequencies in constant class size. 
Growth parameters gave asymptotic length (L∞ = 33.63cm), 
growth rate (K = 0.63yr-1), growth performance index (ɸ = 2.85), 
theoretical age (to = -0.6years) and life-span (tmax = 5.50years) 
whereas the length (Lm50) and age (tm50) at first maturity were 
estimated as 22.40 cm and 2.30years respectively. Besides, the 
current fishing mortality rate (F = 6.58yr-1) exceeded the 
optimum (Fopt = 0.50yr-1), limiting (Flimit = 0.81yr-1) and natural 
(M = 1.22yr-1) mortality rates, and the current exploitation rate 
(Ecurrent) was 0.84yr-1. Results depicted low life expectancy, fast 
growth and late first maturity (Lm50 = 33.4%, but < L∞) in 
Pagellus bellottii. Also, the stock of P. bellottii was overexploited 
(Ecurrent > 0.5), buttressed by the alarming current fishing 
mortality beyond optimal and permissible limits. This was very 
worrisome and the current exploitation rate should be reduced 
to 0.5yr-1 (40.5%) and fishing mortality rate to 0.5yr-1 (92.4%) in 
order to achieve at least optimal level of exploitation (Ecurrent = 
0.5) and fishing mortality rate (Fcurrent = Fopt) respectively, 
through institution of closed fishing seasons and reduction in 
fleets targeting the species. 
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1. Introduction  

Pagellus bellottii (Steindachner, 1882) is commonly 
known as the red Pandora, a demersal fish species of the 
Sparidae family that inhabit hard or sandy bottoms in coastal 
marine waters at depths between 10m and 50m but could 
move up to 250m depth (Kouame et al., 2018). The red Pandora 
is known to occur in the Gulf of Guinea (Fischer et al., 1987) 
with wide distribution in the Eastern Atlantic (Bauchot and 
Hureau, 1986). Besides, Pagellus bellottii is one of most 
economically important and diverse marine teleost of the West 
African Coast (Kouame et al., 2018), and constitutes a critical 
component of the multi-species coastal demersal fisheries in 
Sierra Leone (Showers,1995; Seisay 2014) and the Eastern 
Central Atlantic (Russell and Carpenter, 2014). Further, Pagellus 
bellottii comprised 0.72% at 0-30m, 5.66% at 31-50m, 4.69% at 
51-100m and 12.65% at 101-200m depth zones of ten 
commercially important demersal fish species in Sierra Leone 
(Seisay, 2014).  

Biological studies are known to provide unwavering 
information for fisheries resources management (Amponsah et 
al., 2017; Konoyima et al., 2020). Study of fish growth inform of 
the instantaneous growth rate, growth performance and age 
(Ghanbarzadeh et al., 2015; Baset et al., 2020), whereas 
mortality and exploitation rates provide invaluable information 
about the status of fish stocks, required for recalibrating 
management measures for exploitation within efficient limit 
(Amponsah et al., 2016; 2017; Asadollah et al., 2017; Wehye et 
al., 2017; Baset et al., 2020).  

However, despite the significant economic and dietary 
provisions of Pagellus bellottii in Sierra Leone (Neiland et al., 
2016), study of the status of its stock has not gained the needed 
attention in academia. The objective of the present study was 
to explore the growth, mortality and exploitation rate of 
Pagellus bellottii in the marine territorial waters of Sierra Leone 
and the implications for resource sustainability. The following 
questions were addressed: Did the fish grow in accordance with 
specified growth model? What kind of growth pattern did 
Pagellus bellottii exhibit? At what length and age did the fish 
attain first maturity? What was the theoretical age and life-span 
of Pagellus bellottii? Was the stock of Pagellus bellottii 
subjected to fishing pressure and overexploitation? This paper 
will be unique to Sierra Leone, and will be invaluable to decision 
makers for instituting the needed sustainability plans for such a 
critically important fish.  

2. Materials and Methods  

2.1. Study Area 

Sierra Leone lies between latitudes 7°10′ N and 
longitudes 10°14′ W on the West Coast of Africa, covering an 
area of 71, 740 km2 (Coutin and Payne, 1989). The Continental 
Shelf is about 30 000 km2 and an Exclusive Economic Zone (EEZ) 
of about 155, 700km2 (Neiland et al., 2016). The climate in 
Sierra Leone is comprised of the dry season (November-April) 
and the rainy season (May-October, Coutin and Payne, 1989). 
Mean monthly temperatures for the open continental shelf area 
range from 26oC – 27oC and 28oC – 29oC for the wet and dry 
season respectively (Coutin and Payne, 1989). Fig. 1 illustrates 
the sampling areas in the marine territorial waters of Sierra 
Leone.  

 

 

Figure 1. Sampling areas for Pagellus bellottii in the Marine 
Territorial Waters of Sierra Leone 

2.2.1. Collection of Data  

Monthly fish samples were collected from a commercial 
trawler in the inner (10-50m) and outer (50-100m) shelf of the 
Sierra Leone coast, and trawl duration was standardized to 6hrs 
at night. Fish samples were collected from January-November, 
2016 as recommended for reliable analysis of the dynamics of a 
fish population (Pauly, 1980).  

Pagellus bellottii was identified based on its distinct 
meristic and morphometric characteristics using a guide for the 
Gulf of Guinea (FAO, 2010). Once the catch was hauled on deck, 
sample collection was random, following recommended 
methods for fish sampling on-board a demersal trawler (Pauly 
1980), and a total of 8, 216 specimens of the assessed species 
were collected altogether. The collected specimens were frozen 
and later taken to the laboratory of the Institute of Marine 
Biology and Oceanography, Fourah Bay College, University of 
Sierra Leone for biological analysis, and total length of the study 
species was measured using a one-meter fish measuring board 
graduated in centimeters.  

2.2.2. Data Analysis 

Estimation of growth, mortality and exploitation 
parameters was completed using methodologies fitted in the 
computerized FAO Fish Stock Assessment Tool (FiSAT II) 
software (Gayanilo et al., 2005) that requires time series of 
length frequencies data grouped by constant class size.  

Least square regression analysis of length and weight 
was completed using the MS Excel (Vers. 2010) computer 
package, and the correlation coefficient (r) was calculated by 
the relation: r = SQRT (R2), where ‘R2‘ is the coefficient of 
determination obtained from the least square regression 
length-weight relationship (Konoyima, 2020; Konoyima et al., 
2020). 

2.3.1  Estimation of Parameters 

2.3.1.1.    Growth Parameters  

The asymptotic length (L∞) was computed using the 
Powell-Witherall method (Powell, 1979; Wetherall, 1986) as 
implemented in the FiSAT II routine (Gayanilo et al., 2005), 
while the asymptotic weight (W∞) was estimated using an 
empirical model (Pauly, 1984): 

LogWஶ = LogM + 0.0066 − 0.6543logK −
0.4634logT/−0.279…………… (1). 
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The length-weight relationship followed the method of 
least square regression equation (Pauly, 1983; 1984):  

W = aLb ……………… (2). 

(Where W = Body weight (g), L = total length (cm), b = 
regression coefficient/growth exponent and a = intercept).  

The instantaneous growth rate (K) was estimated by 
method of K-Scan (using L∞ as input parameter) in ELEFAN 1 
fitted in FiSAT II routine (Gayanilo et al., 2005) whereas the 
growth performance index (ɸ) was estimated from an empirical 
equation (Pauly and Munro, 1984): 

ɸ = log10K + 2log10 (Lஶ) …………… (3).  

Following the method of K-Scan in ELEFAN1 (Gayanilo et 
al., 2005), the von-Bertalanffy growth curves with 
superimposed length-frequency plots were obtained. 
Moreover, the special von Bertalanffy growth function (Pauly, 
1984) was used to illustrate growth in length of the assessed 
fish thus:   

Lt = L∞ (1-e-K (t-to)

)………………. (4). 

(Where L∞  = asymptotic length, K =  instantaneous growth rate. 
t0 = age of the fish at length of zero, Lt =  length at age t  and t =  
age at length). The theoretical age at length zero (t0) was 
estimated using an empirical model (Pauly, 1979): 

 
 log10(-t

0
)-0.392 - 0.275log10L

∞
- 1.038log10K……… (5). 

The life-span of the fish (tmax) was calculated using a 
simple expression (Pauly, 1984) thus: 

t୫ୟ୶ =
ଶ.ଽଽହ଻

୏ 
 + 𝑡଴……………… (6). 

The length at first maturity (Lm50) is the length at which 
50% of the assessed fish reached first maturity, and was 
estimated using a model requiring only L∞ as input parameter 
(Hoggarth et al., 2006):  

L୫ହ଴ =
ଶ ∗ ୐ಮ

ଷ
.................. (7). 

The age at first maturity (tm50) was calculated using the 
age at length equation (Goonetileke and Sivasubramania, 1987) 
thus: 

t୫ହ଴ =
ିଵ

୏
∗ Ln(1 −

୐ౣఱబ

୐ಮ
) + t଴……….. (8). 

2.3.1.2. Mortality and Exploitation Rates 

The instantaneous natural mortality rate (M) was 
estimated from Pauly’s empirical formula (Pauly, 1980) as 
implemented in the FiSAT II routine using mean surface 
temperature (T) of 27°C, L∞ and K as input parameters thus: 

LogM = -  0.0066 -  0.279 1og Lஶ +  0.6543 log K +
 0.4634 log T  ………………. (9). 

The total instantaneous mortality rate (Z) was calculated 
from the method of length converted catch curve fitted in the 
FiSAT II routine (Gayanilo et al., 2005) using ‘M’ and ‘T’ as input 
parameters. This procedure further provided estimate of the 
instantaneous fishing mortality rate (F) and current exploitation 
ratio (Ecurrent).  However, the optimum fishing mortality rate 
(Fopt) was estimated using a simple expression (Pauly, 1984): 

F୭୮୲ = 0.4 ∗ M……………… (10). 

Also, the limiting fishing effort (Flimit) was estimated 
using formula by Patterson (1992): 

F୪୧୫୧୲ =
ଶ ∗ ୑

ଷ
……………… (11). 

3. Results and Discussion 

3.1.  Results 

3.1.1.  Growth Parameters  

The total length of the largest specimen of Pagellus 
bellottii (Lmax) was 28cm and the asymptotic length (L∞) was 
estimated as 33.63cm (Fig. 2).  

 

Figure 2.  FiSAT II output of the Powell-Witherall plot 
for Estimating L∞ and Z/K of Pagellus bellottii 

Similarly, the total weight of the largest specimen 
(Wmax) was 286.29g and the asymptotic weight (W∞) was 
estimated as 4.82kg (4 820g). The least square regression 
length-weight relationship for P. bellottii was defined as: 

W = 0.03L2.75, and length positively correlated with 
weight (r = 0.96). Moreover, growth in length of Pagellus 
bellottii was defined by the special Von Bertalanffy Growth 
Function (VBGF) thus:  

L୲  =  33.63 (1 − 𝑒ି଴.଺ଷ(୲ା଴.଺)) 

Similarly, growth in weight was predicted for the special 
VBGF as: 

W୲  =  4.82 kg.  (1 − 𝑒ି଴.଺ଷ (୲ା଴.଺))ଶ.଻ହ  

The growth rate (K), growth performance index (ɸ), 
theoretical age (t0) and longevity (tmax) of the assessed species 
were 0.63year-1, 2.85, -0.6years and 5.4years respectively. The 
length at first maturity (Lm50) and age at first maturity (tm50) 
were estimated as 22.40 cm and 2.30 years respectively.  
Further, the von Bertalanffy growth curves of P. bellottii with 
superimposed length-frequencies are given in Fig. 3. 
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Figure 3.  FiSAT II output of the von Bertalanffy growth 
curves with superimposed length-frequencies of Pagellus 

bellottii 

3.1.2.  Mortality and Exploitation rates 

Estimates of the instantaneous total mortality (Z), 
natural mortality (M), instantaneous fishing mortality (F) and 
the current exploitation rate are provided in the length 
converted catch curve (Fig. 4).  

 

Figure 4. FiSAT II output of length-converted catch curve 
of Pagellus bellottii 

The optimum fishing mortality rate (Fopt) and limiting 
fishing mortality rate (Flimit) were estimated as 0.50year-1 and 
0.81year-1 respectively. 

3.2.  Discussions 

3.2.1.  Growth Parameters  

The colossal difference between the estimated 
asymptotic sizes and the maximum recorded sizes (L∞,W∞ > 
Lmax, Wmax) from this study indicated that size growth in Pagelus 
bellottii firmly followed the special von Bertalanffy model 
(Pauly, 1984), and the asymmetric growth between length and 
weight (b <3.0) portrayed a negative allometric growth pattern 
in the study species (Pauly, 1983; 1984; Konoyima, 2020; 
Konoyima et al., 2020). According to Pauly (1984), tropical fish 
species with L∞ <50 cmTL implies that such fish could hardly 
grow to 50cm TL. Moreover, the calculated growth rate (K) and 
growth performance index (ɸ) of the assessed species were 
very much characteristic of fast growing tropical species 

whereby (K= 0.33 year-1 - 0.67 year-1, Kienzle, 2005) and (ɸ = 
2.65-3.32, Baijot et al., 1997; Montchowui et al., 2011). It could 
be that growth conditions were very much within favourable 
limit throughout the study period, buttressed by the estimated 
low natural mortality rates (M) from this study. Comparatively, 
the estimated asymptotic length (L∞), growth rate (K) and 
growth performance index (ф) of P. bellottii from this study 
surpassed observed values for the species collected off Ghana 
(Amponsah et al., 2016: L∞ = 19.43cmTL, K = 0.42yr-1, ф = 2.2; 
Rijavec, 1973: L∞  = 30.76cmTL, K = 0.44yr-1; Koranteng and 
Pitcher, 1987: L∞= 28.6cm TL, K = 0.38yr-1), off Mauritania 
(Yarba et al., 2004: L∞ = 28.96cmTL, K = 0.31yr-1), but closely 
related to the observed value off Ghana (Asabere-Araeyaw and 
Bay, 1999: L∞ = 34.2cmTL, K = 0.53yr-1). However, higher 
asymptotic length (L∞ > 37 cm but <42 cm) has been noted for 
the assessed species collected off Ghana and Western Sahara 
(Phan and Kompowski, 1972) and off Senegal (Tomlinson and 
Abramson, 1981; Franqueville, 1983). Variation in habitat 
conditions, seasons and geographical location could alter 
growth indices in a fish (Amponsah et al., 2016, 2017; Asadollah 
et al., 2017; Baset et al., 2020; Konoyima et al., 2020). 

Moreover, the estimated length (Lm50) and age (tm50) at 
first maturity were suggestive of late first maturity in P. bellotii 
whereby individuals attained large sizes (Lm50 = 33.40% < L∞) 
prior to first maturity, and the age at first maturity was 58.1% < 
tmax, strengthening the initial postulate of a fast growing fish. A 
similar length at first maturity has been observed in P. bellottii 
off Ghana (Lm50 = 21cm, Asabere-Ameyaw, 2000), and a lower 
Lm50 has also been recorded off Ghana (Rijavec, 1973: Lm50 

=13.06cm; Koranteng and Pitcher, 1987: Lm50 =19.5cm; 
Amponsah et al., 2016: Lm50 = 13cm).  

Further, the estimated life-span (tmax) of P. bellottii in 
the present study portrayed low life expectancy of the species, 
and was similar to other records for the species off Ghana 
(Rijavec, 1973: tmax = 6-7years; Koranteng and Pitcher, 1987: 
tmax= 6years; Asabere-Araeyaw and Blay, 1999: tmax = 6 years), 
but slightly below another recorded value off Ghana (Amponsah 
et al., 2016: tmax = 7 years). Also, the estimated theoretical age 
(t0) of the assessed species suggested that the fish spent half a 
year in its early-life stages before metamorphosing to the age 
group of immature individuals (<2.3 years). The estimated 
theoretical age (t0) in the present study was similar to that 
recorded off Western Sahara (Phan and Kompowski, 1972: t0 = -
0.63years) and off Ghana (Koranteng and Pitcher, 1987: t0 = -
0.59), while much lower value has been observed off Ghana 
(Amponsah et al., 2016: t0 = -0.44years), off Senegal 
(Franqueville, 1983: t0 = -0.11years) and off Mauritania (Yarba 
et al., 2004: t0 = -0.008years). Nonetheless, ‘t0’ can get much 
higher for P. bellottii (Phan and Kompowski, 1972: t0 = -
0.81years off Senegal; Koranteng and Pitcher, 1987:t0 = -
1.45years off Ghana). Regional differences in growth conditions 
could be the plausible prime mover of variability in age of the 
species. 

3.2.2.  Mortality and Exploitation rates 

In the present study, the instantaneous fishing mortality 
rate (F) of Pagellus bellotti was overly alarming, and exceeded 
the optimum (Fopt), limiting (Flimit) and natural (M) mortality 
rates. Besides, the estimated current exploitation rate (Ecurrent) 
exceeded limit (E = 0.5yr-1) for optimally exploited fish stocks 
(Beverton and Holt, 1957; Gulland, 1971; Pauly, 1987). This 
indicated that the stock of P. bellottii in the marine territorial 
waters of Sierra Leone was subjected to tremendous fishing 
pressure and was overexploited. The current fishing mortality 
rate (F) should be reduced to a rate of 0.5yr-1 (92.4%) and the 
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current exploitation rate (Ecurrent) to 0.5yr1 (40.5%) in order to 
achieve at least an optimal fishing mortality rate (Fcurrent = Fopt, 

Gulland, 1971) and exploitation rate (Ecurrent = 0.5, Pauly 1984) 
respectively. This can be achieved by instituting closed fishing 
seasons and/or reducing fleets or fishing periods of fleets 
targeting the species. Besides, it was very interesting to note 
that such deplorable condition of the stock of P. bellotii 
extended beyond Sierra Leone as a recent study has revealed an 
unhealthy state of the stock of P. bellottii in the Ghanaian 
waters (Amponsah et al., 2016: E = 0.57yr-1, F = 1.48yr-1; ). 
Earliest records had also shown an overexploited stock of the 
study species (E = 0.8yr-1, F = 2.09yr-1, Caveriviere and Thiam, 
1993 off Senegal; E = 0.7yr-1; F = 2.61yr-1, Asabere-Araeyaw and 
Blay, 1999 off Ghana). Such consistent trend in unhealthy status 
of the stock of P. bellotti over the years suggested that the 
needed concern has not been giving to its sustainability, and 
this should serve as a whistle blower to decision makers in 
order to prevent a potential non-recovery state of such critically 
important stock (Pauly, 1989).  

Also, the Z/K ratio (Z/K = 2.74) of P. bellottii from this 
study climaxed the proposed safe limit (Z/K = 2.0, King and Etim, 
2004; Wehye et al., 2017; Amposah et al., 2016; 2017), 
strengthening the postulate of an exploited stock beyond 
optimal limit. Besides, a Z/K ratio > 1 is indicative of a mortality 
dominated stock (Barry and Tegner, 1989). The Z/K ratio from 
this study further portrayed an r-configured tropical species 
(Z/K > 2.0) whereby larger sized specimens of the study species 
declined in number (Figure 3; Johnson, 1981; Pauly, 1984).  

4. Conclusions 

Pagellus bellottii was of low life expectancy, fast growth 
and late first maturity (Lm50 = 33.4% < L∞). Also, the stock of P. 
bellottii in the Marine Territorial Waters of Sierra Leone 
suffered tremendous fishing pressure (F >Fopt) and was 
overexploited (Ecurrent >0.5). The current fishing mortality rate 
(F) should be reduced to a rate of 0.5yr-1 (92.4%) and the 
current exploitation rate (Ecurrent) to 0.5yr-1 (40.5%) in order to 
achieve at least an optimal fishing mortality rate (Fcurrent = Fopt) 
and exploitation rate (Ecurrent = 0.5) respectively. This can be 
achieved by instituting closed fishing seasons and/or reducing 
fleets targeting the species. Moreover, P. bellottii belonged to 
the category of tropical r-configured fish species with Z/K >2.0.  
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