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This study aimed at assessing the growth and mortality parameters of the Prionace gluaca and
Sphyrna lewini shark species from the coast of Ghana. Data was taken for nine (9) months from
April 2021 to December 2021. The length data taken from the shark species was analyzed for the
estimation of population parameters using the FiSAT Il tool. From the results, the estimated
asymptotic length (L~) and the growth rate (K) of P. glauca and S. lewini were 396.4 cm and 0.27
yrtand 349.1 cm and 0.24 yr* respectively, indicating that these species exhibited slow growing
characteristics, evinced by a longevity of approximately 11 — 12 years. The length at first capture
(Lcso) for P. gluaca was 128.6 cm and that for S. lewini was 169.0 cm. The length at first maturity
(Lmsp) for P. gluaca and S. lewini was 179.74 cm and 160.4 cm respectively. By comparing the
Lcsp and Lmsg, it implies that individuals of P. gluaca were vulnerable to fishing gears before
having the chance to mature and even spawn once. The total mortality (Z), natural mortality (M),
fishing mortality (F) and the exploitation rates for P. glauca and S. lewini were 0.82 yr‘l, 0.22 yr‘1
,0.60 yr*and 0.73 and 0.76 yr*, 0.21 yr*, 0.55 yr ' and 0.72, respectively. This suggests that
fishing activities are the main cause of decline in the abundance of these shark species. The
exploitation rate (E > 0.5) revealed that these species are overexploited in Ghana’s marine
waters. Based on these findings, it is recommended that fishing effort be reduced through
appropriate measures by relevant authorities.
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Population dynamics of sharks in Ghana

INTRODUCTION

Sharks play a crucial functional role as the apex predators in marine ecosystem and being in the top of food chain, are
usually found in lower biomass compared to those occupying lower trophic levels (Bonfil et al. 2014; Camhi, 2018). Sharks
play a major function in conserving the marine ecosystem. Therefore, monitoring their population is key in their
conservation. Sharks also are of interest to humans because they represent one of only a few groups of animals that
negatively interact with Homo sapiens on a regular, albeit uncommon, basis through the phenomenon commonly referred
to as “shark attack (Midway et al. 2019). They create significant job opportunities and millions of dollars in revenue, but
true ecotourism requires that education and conservation be incorporated into activities that benefit local communities
socially, economically, and environmentally.

Shark species are often targeted by fisherfolks due to rising demand for their meat, fins, liver and other products, and
this has led to indiscriminate fishing of the resource and ultimately decline in their population. The global shark landings
has reduced from 893,000 tons in 2000 to 766,000 tons in 2018, registering a 15% decline in a decade (Seidu et al. 2022).

In Ghana, shark landings increased from 27,400 tons in 2012 to the highest of 75,000 tons in 2018, since then, the
trend in landings has been highly fluctuating, showing an overall decrease (Fathima et al. 2013). The shark landings in
Ghana was about 22,479 tons in 2015, which is about 70 % lower than the historic highest landings of sharks. The
contribution of shark landings to the total marine fish landings has also decreased from 3.4 % in 2015 to 0.6 % in 2020
(Seidu et al. 2022). Although many scientific works have been carried out on sharks in Ghana, many of these studies have
centred on the socio-economic aspects of shark trade (e.g., Seidu et al. 2022; Agyeman et al. 2020) with little attention to
the population dynamics of the stocks, including information on the growth and mortality parameters. Therefore, this study
aimed to examine the growth, mortality, and exploitation parameters of some key shark species, limited to Sphyrna lewini
and Prionace glauca in the coastal waters of Ghana. Findings from this study will aid in sustainable management of these
key shark species in Ghana.

MATERIAL AND METHODS

Study area

The study was conducted in two coastal communities in the Western Region (i.e. Axim and Dixcove) and one
community in the Greater Accra Region (i.e. Tema), Ghana (Fig.1). These three communities are the hotspots for shark
fishing activities in Ghana. Dixcove is located in Ahanta West district (4°47'38.82"N, 1°56'49.56"W); Axim in the Nzema
East district (4°51'26.98"N, 2°14'37.35"W) while the Tema fishing community (5°38'41.27"N, 0° 1'1.67"E) is situated in
Tema Newtown within the Tema Metropolitan Assembly.
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Figure 1. Map showing the study sites
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Data collection

Morphometric measurement of shark species including total lengths were taken daily from April 2021 to December
2021 using a measuring tape. Species were identified in-situ using a combination of local and scientific names according
to the Schneider et al. (1995) identification keys.

Length frequency distribution
Length data from monthly sampling were grouped into length classes of 15 cm interval for plotting the length
frequency distribution chart.

Growth parameters

Growth parameters that followed the Von Bertalanffy Growth Function (VBGF) including growth rate (K) and
asymptotic length (L~) were estimated using the Electronic Length Frequency Analysis (ELEFAN) option. Von Bertalanffy
Growth Function (VBGF) was given as follows:

Ly = Lo (1 — e K1)
Lt is the expected or average length at time (or age) t,
L is the asymptotic average length
K is the so-called Brody growth rate coefficient (units are yr-1), and
t, represents the time or age when the average length was zero.
Estimation of longevity (tmax) Of the species was done using the method: tmax = 3/K (Anato, 1999)

The growth performance index (phi) was calculated using the formula: @' = 2logL~ + log K (Munro and Pauly, 1984)

The theoretical age at length zero (to) followed the equation: Log 10 (-tg) = -0.3922 — 0.2752 log 10 L~ - 1.038log 10 K
(Pauly, 1979)

Length at First Capture (Lcso)

The ascending left part of the length converted catch curve was used in estimating the probability of length at first
capture (Lcso) in addition to the length at both 25 and 75 percent capture which correlates with the cumulative probability
at 25% and 75%, respectively (Pauly, 1984).

Mortality rates
Total mortality (Z) was computed using Linearized length converted catch curve (Spare and Venema 1992) as-

Z=M+F
Where, Z is the instantaneous rate of total mortality
M is the instantaneous rate of natural mortality, and
F is the instantaneous rate of fishing mortality.
The natural mortality rate (M) was calculated using the procedure: M = 4.118K% 3L 07033 (Then et al. 2015).
Fishing mortality (F) was calculated as: Z — M (Qamar et al. 2016).
The exploitation rate (E) was computed using F/Z (Georgiev and Kolarov 1962)
Length at first maturity

The length at first maturity (Lmsg) was estimated as: Log 10 Lmsg = 0.8979*Log1o (L~) - 0.0782 (Froese and Binohlan
2000)
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Data analysis
The length data were pooled together with an interval of 15 cm for the estimation of population parameters using the
FiSAT Il tool. Results were displayed in the form of charts and tables for easy understanding.

RESULTS

Length frequency distribution
From Table 1, the mid-length (ML) of S. lewini individuals ranged from 77.5 cm — 332.5 cm with August recording the
highest number of samples (i.e. 24 samples) followed by October and November (i.e. 15 and 12 samples respectively).

Table 1. Length distribution of S. lewini obtained during the study period

ML/cm April May June August September October November December
77.5 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0
92.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
107.5 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
1225 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0
1375 0.0 0.0 1.0 1.0 0.0 3.0 0.0 1.0
152.5 0.0 0.0 0.0 1.0 0.0 1.0 4.0 0.0
167.5 0.0 0.0 0.0 0.0 0.0 2.0 2.0 0.0
182.5 0.0 0.0 0.0 0.0 0.0 1.0 3.0 0.0
197.5 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0
212.5 0.0 0.0 1.0 1.0 1.0 2.0 2.0 0.0
227.5 1.0 0.0 0.0 4.0 1.0 1.0 0.0 0.0
2425 0.0 0.0 0.0 8.0 1.0 1.0 0.0 0.0
257.5 0.0 0.0 0.0 2.0 3.0 0.0 1.0 0.0
2725 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0
287.5 0.0 1.0 1.0 2.0 0.0 0.0 0.0 0.0
302.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3175 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
3325 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
Total 1.0 1.0 4.0 24.0 6.0 15.0 12.0 1.0

From Figure 4.2, with a total of 64 specimens of S. lewini collected during the study period, the mean length of the
individuals was 203.1 + 54.2 cm.

20 Mean 2031
StDev 5420
N 64

% Frequency
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Total length (cm)

Figure. 4.2 Length structure of S. lewini obtained from the study
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From Table 2, the mid length of P. gluaca individuals ranged from 32.5 to 377.5 cm with August recording the highest
number of samples (i.e. 276 samples) and May exhibiting the lowest number of samples (i.e. 26 samples).

Table 2. Length distribution of the P. gluaca specimen obtained during the study period

ML April May June August September  October  November December
32.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
47.5 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0
62.5 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0
77.5 0.0 0.0 0.0 5.0 3.0 1.0 0.0 0.0
92.5 0.0 0.0 1.0 2.0 2.0 2.0 0.0 2.0
107.5 0.0 0.0 2.0 6.0 0.0 6.0 2.0 4.0
122.5 0.0 0.0 4.0 16.0 4.0 19.0 10.0 11.0
137.5 0.0 0.0 3.0 7.0 9.0 14.0 10.0 6.0
152.5 0.0 0.0 1.0 3.0 6.0 8.0 18.0 13.0
167.5 0.0 0.0 3.0 20.0 2.0 12.0 16.0 8.0
182.5 0.0 1.0 4.0 18.0 8.0 15.0 23.0 11.0
197.5 1.0 0.0 14.0 15.0 9.0 17.0 19.0 13.0
212.5 5.0 0.0 19.0 32.0 5.0 4.0 10.0 6.0
227.5 1.0 5.0 17.0 28.0 11.0 11.0 3.0 4.0
2425 3.0 7.0 14.0 18.0 4.0 6.0 4.0 1.0
257.5 0.0 4.0 10.0 19.0 5.0 5.0 2.0 1.0
2725 1.0 4.0 17.0 21.0 8.0 3.0 2.0 0.0
287.5 0.0 3.0 10.0 18.0 11.0 9.0 1.0 1.0
302.5 0.0 2.0 2.0 17.0 15.0 6.0 0.0 1.0
3175 0.0 0.0 0.0 15.0 5.0 2.0 1.0 0.0
3325 0.0 0.0 0.0 6.0 1.0 1.0 0.0 0.0
347.5 0.0 0.0 0.0 4.0 0.0 1.0 0.0 0.0
362.5 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0
377.5 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0
Total 11.0 26.0 121.0 276.0 108.0 142.0 121.0 83.0

From Fig. 4.3, with a total of 888 specimens of P. gluaca collected during the study period, the mean length of the
individuals was 201.8 + 61.41 cm.

Mean 2018
StDev 5141
N 588
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Figure 4.3. Length structure of P. gluaca obtained from the study
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Growth parameters
Fig. 4.4 and 4.5 show the restructured length frequency with superimposed growth curves for both P. gluaca and S.
lewini.
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Figure 4.4 Plot of von Bertalanffy growth function for P. gluaca

From the Fig. 4.4, the asymptotic length (L~) and the growth rate (K) of P. gluaca was 396.4 cm and 0.27 yr"l
respectively. The growth performance index (®') was 4.628. The theoretical age at length zero was -0.30. The longevity of
the assessed fish species was 11 years.
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Figure 4.5 Plot of von Bertalanffy growth function for S. lewini

From the Fig. 4.5, the asymptotic length (L«) and the growth rate (K) of S. lewini was 349.1 cm and 0.24 yr"l
respectively. The growth performance index (®') was 4.466. The theoretical age at length zero was -0.36. The longevity of
the assessed fish species was 12 years.
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Length at first capture
Figure 4.6 and 4.7 shows the probability of capture of P. gluaca and S. lewini respectively.
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Figure 4.6 Probability of capture for P. gluaca

From Figure 4.6, the probability of capture for P. gluaca was estimated as Lcys = 112.3 cm, Lcso = 128.6 cm and Lc 75=
144.93 cm. Therefore, the length at first capture (Lcso) was 128.6 cm. Approximately 14.1 % of the total individuals were
below the estimated length at first capture.
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Figure 4.7 Probability of capture for S. lewini

From Figure 4.7, the probability of capture for S. lewini was estimated as Lczs = 156.0 cm, Lcsp = 169.0 cm and Lc 75=
182.1 cm. Therefore, the length at first capture (Lcsg) was 169.0 cm. Approximately 31.3 % of the total individuals were
below the estimated length at first capture.

Length at first maturity
The length at first maturity (Lmsp) for P. glauca was 179.74 cm with about 44% of the total catch being less than the
estimated length at first maturity. For the S. lewini, the length at first maturity (Lmsg) was 160.4 cm with about 26.6 % of

the total catch being less than the estimated length at first maturity.
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Mortality rate
The Linearized length-converted catch curve was used for the estimation of instantaneous total mortality (Z) for P.

gluaca and S. lewini (Figures 4.8 and 4.9).
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Figure 4.8 Length converted catch curve for P. gluaca

From Figure 4.8, the total mortality rate (Z) was as 0.82 yr‘1 for P. gluaca. The natural mortality (M) and fishing mortality
(F) rates were estimated at M = 0.22 yr"l and F = 0.60 yr"l respectively. The current exploitation rate (E) was obtained at
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Figure 4.9 Length converted catch curve for S. lewini
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From Figure 4.9, the total mortality rate (Z) was 0.76 yr‘1 for S. lewini. The corresponding natural mortality (M) and
fishing mortality (F) rates were estimated at M = 0.21 yr‘l and F = 0.55 yr‘l respectively. The current exploitation rate (E)
was obtained at 0.72.

Yield per recruit analysis

From Fig. 4.10, the Enax, Eos and Ep 1 for P. gluaca was 0.54, 0.33 and 0.47 respectively while for the S. lewini, 0.62,
0.36 and 0.55 were the values recorded for Emax, Eos and Eq1 (Figure 4.11).
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Figure 4.10 Yield per recruit diagram of P. gluaca
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Figure 4.11 Yield per recruit diagram of S. lewini
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From the isopleth diagrams (i.e. Figures 4.12 and 4.13), both species were recorded in the Quadrant 4 which
indicates fishing at high intensity for small-sized fishes.

Figure 4.11 Isopleth diagram of P. gluaca Figure 4.12 Yield per recruit diagram of S. lewini

Table 3. Population parameters for Prionace gluaca and Sphyrna lewini

Parameters S. lewini P. gluaca
Lw 349.1 396.4
K 0.24 0.27
to -0.36 -0.30
tITIE\X 12 11
M 0.21 0.22
z 0.76 0.82
F 0.55 0.60
E 0.72 0.73
Emax 0.62 0.54
Eos 0.36 0.33
Eo1 0.55 0.47
Lcso 169.0 128.6
Lmsg 160.4 179.7
M/K 0.88 0.80
Lcsof/Lint 0.46 0.32
LmisofLint 0.46 0.45
Phi 4.466 4.628
DISCUSSION

There is currently little information on the growth parameters of P. gluaca and S. lewini in Ghana. Therefore, findings
from this study will provide additional information in managing sustainably these important shark species. From the study,
the growth rate (K) of P. gluaca was 0.27 yr’l. Studies by other researchers from different coastal habitats recorded lower
growth rates for the P. gluaca. Blanco et al (2008) recorded a growth rate of 0.10 yr‘l from Eastern North pacific. Manning
et al (2005) from the southwest Pacific Ocean documented a growth rate of 0.08 yr’1 while Nuraneni et al (2020) from the
Indonesian coast recorded 0.16 yr’l for the P. gluaca. The asymptotic length (L.) from the study recorded a length of
396.4 cm. This was higher than values recorded by Huang et al (2006) and Blanco et al. (2008) who reported L. as 332.7
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cm and 299.9 cm respectively. Nonetheless, values recorded by Manning et al (2005) and Nuraeni et al. (2020) were
higher than the estimate from the current study. Both researchers recorded 411.1 cm and 407 cm respectively. The growth
performance index (phi) recorded from the current study was 4.628 for P. gluaca.

From the current study, the growth rate (K) of S. lewini was 0.24 yr"l, relatively higher than estimates provided by
other researchers from different coastal habitats. Sayd et al. (2011), Kotas et al. (2011), Percy et al. (2010), Harry et al.
(2011), Chondrijah and Faizah (2021) and Coelho et al. (2011) documented 0.23 yr™*, 0.05 yr *, 0.11 — 0.16 yr ', 0.076 yr~
1 017-0.27 yr‘l and 0.06 — 0.07 yr‘l from Indian, Brazilian coast, Gulf of Mexico, Australia, Eastern Indian Ocean and
Gulf Mexico and Eastern equatorial ocean respectively. Regarding the asymptotic length (L) of S. lewini, findings from the
study recorded a length of 349.1 cm. This was higher than values recorded by Gaza et al. (2004), Coehlo et al. 2011),
Kotas et al. (2011), Percy et al. (2010) and Harry et al. (2011) who reported L. as 301.6 cm, 272 - 285 cm, 266 — 300 cm,
204 — 307.8 cm and 331.2 cm respectively. Nonetheless, values recorded by Sayd et al. (2011), Anisleads and Tolensto
(2008) as well as Chondrijah and Faizah (2011) were higher than the L. estimated from the current study. The growth
performance index recorded from the current study was 4.666 for S. lewini, and was higher than the values provided by
other researchers such as Coelho et al. (2011) who reported 4.20. The possible factors accounting for the variation in
growth rate (K), growth performance index and asymptotic length (L-) in relation to other studies could be due to changes
in the climatic conditions of the respective geographical locations, the data analysis method used and the size classes
obtained (Amponsah et al. 2016). However, the growth rate (K) obtained from the current study for both species were
lower than 0.5 which is an indication that these species exhibit slow growing characteristics, evinced by a longevity of
approximately 11 — 12 years (Kienzle, 2005). In terms of implications, the impact of heavy exploitation on these species
could be more of biological than economical because rebuilding of these species is likely to be at a slower pace.

For P. gluaca and S. lewini, the length at first capture estimated from the study was lower than the estimates recorded
by other researchers. Chondryit and Faizah (2021) and Ami et al. (2022) reported a length at first capture of 250.98 —
267.76 cm and 156.1 cm respectively. Similarly, Chondryit and Faizah (2021) also recorded a higher length at first capture
for S. lewini (Lcso = 192.3 cm) than obtained from the study (i.e. Lcso = 169.02 cm). The variation in the length at first
capture could be due to the fishing method employed by fisherfolks, length classes obtained and the species growth rate.
The ratio of the length at first capture to the asymptotic length is known as the critical length at fist capture (Lc). Pauly and
Soriano (1986) documented when Lc is less than 0.5, it implies the presence of more juveniles while Lc above 0.5 suggest
the presence of more adult specimen. From the study, the Lc for both species was slightly less than 0.5, indicative of the
presence of few juveniles. This finding also shows that any increase in the landings of more juvenile specimen could
trigger growth overfishing in the fishery of the assessed fish stocks. Compared to the length at first capture estimated from
the study, the length at first maturity was higher than the length at first capture for P. gluaca. This reveals that the
individuals of P. gluaca in Ghana’s coastal waters become vulnerable to fishing gears before having the chance to mature
and probably spawn. Furthermore, majority of the landed catch for both species were adults (i.e., 56 % and 73 % for P.
gluaca and S. lewini respectively). Continuous landings of adult individuals of these shark species could have serious
implications on their recruitment potential, and with the slow growth rate, such impact could affect the stability of the
ecosystems in the future as well as economic wellbeing of dependent fishing households.

The natural mortality (M = 0.21 yr_1 and 0.22 yr_l) was found to be lower than the fishing mortality (F = 0.60 yr_l and
0.55 yr_l) for both species (S. lewini and P. gluaca respectively). This suggests that fishing activities are the main cause of
decline in the abundance of these species. In addition, these species are facing high fishing mortality rate due to the fact
that the estimated exploitation rate for both species were above the optimal level of 0.5 (Pauly, 1980). To buttress these
findings, the exploitation at the maximum sustainable yield (Emax) for both species was lower than the current rate of
exploitation (E) as shown in Table 3. Furthermore, it was observed from the isopleth yield plot that the fishery of the both
species fell in the fourth quadrant where small-sized individuals are caught at high fishing pressure which signifies the
existence of overfishing (Pauly and Soriano, 1986). This condition could affect the economic returns of fisheries and lead
to the possible collapse of the assessed species in the future. As a management option, there is the urgent need to reduce
fishing efforts through measures such as reducing the number of active canoes and institutionalization of closed season.
Also, enforcement of the fisheries law for shark conservation should be enhanced and executed by the appropriate
authorities.
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CONCLUSION

This study sought to assess the population parameters of P. gluaca and S. lewini from the coastal waters of Ghana.
Overall, both species with asymptotic length (L~) of 396.4 and 349.1 cm respectively are slow-growing with a growth rate
(K) of 0.27 yr"land 0.24 yr"1 respectively. The length at first maturity for P. gluaca was higher than the length at first
capture, which suggests the presence of potential recruitment overfishing. The exploitation rate for both species (E = 0.73
and 0.72 respectively) was higher than the exploitation at the maximum sustainable level (Emax) which indicates that these
species in Ghana’s marine waters are overexploited. To sustainably manage these shark species, fishing effort should be
greatly reduced.
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