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ABSTRACT---- The population dynamics of the spiny lobster Panulirus regius were studied. A total of 331 individuals
divided into 195 males and 136 males with respective lengths ranging from 14 cm to 38.4 cm and from 12.9 to 23.4 cm
were used for this study. Sampling took place over a 12-month period from August 2019 to September 2020 at the Assinie
landing site among artisanal fishermen operating in the Gulf of Guinea in Cote d’Ivoire. The FiSAT II software was used
to determine the growth and exploitation parameters. The results showed an identical modal class [15-18] for both sexes
and even for the total population. The growth parameters were performed according to the Von Bertalanffy growth model.
The asymptomatic length determined was Lo = 39.38 cm for a growth coefficient K = 0.38 year-! with a performance
index ®'=2.77 years. The theoretical age for zero length was to = -0.40 years while the longevity tmax = 7.89 years. Total
mortality (Z) is 1.42 year-! and natural mortality (M) is 0.89 year-t. However, fishing mortality (F) is 0.53 year-t. The
current exploitation rate (E) is 0.38. As regards recruitment, a peak was obtained in February with a value of 15.71%.
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1. INTRODUCTION

Among the Palinuridae spiny lobsters Latreille 1802, the genus Panulirus White 1847 is the most diversified with 24
species/subspecies [1]. External secondary features differenciate the clawed lobsters of the Family Nephropidae from
Palinurid lobsters. Unlike the clawed lobsters, spiny lobsters do not possess sperm receptacle on the sternum of females
and pleopods of males are not involved in sperm transfer [2,3]. Spiny lobsters of the genus Panulirus are found in shallow
tropical and subtropical waters at a depth of less than 100 m of both hemispheres, where the diversity of habitats may have
promoted a greater radiation of this genus [4,5,6]. These are an economically species supporting subsistence or large-scale
fisheries [7,8]. The consumption of these food sources of high nutritional prevents heart diseases [9]. Despite their high
commercial value, little research has been done on the population dynamics of spiny lobsters.

Panulirus regius De Brito Capello 1864 is a palinurid lobster considered by [10] as an Atlantic-Mediterranean species.
The royal spiny lobster, P. regius is encountered in the western Mediterranean and in the south of the Strait of Gibraltar
from Morocco to Angola including the Cape Verde Islands [11,12,13]. This marine crustacean prefers rocky areas with
agitated and continuously stirred coastal waters. It is most abundant at depths between 8 and 10 m [14] and weakly
concentrated at 25-30 m depth [15]. P. regius is an economically important spiny lobster exploited in the Gulf of Guinea
[16,14,17]. Despite its high nutritional value [18], little is known about the population dynamics of Panulirus regius off
West Africa. Indeed, according to [19], estimates of growth parameters provide essential insights into fishery resource
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dynamics and can be used as input for fisheries assessment models. Therefore, the aim of our work was to determine some
growth parameters like the distribution of size and the parameters of growth and exploitation of the royal spiny lobster, P.
regius exploited in the Gulf of Guinea off Céte d’Ivoire.

2. MATERIAL AND METHODS
2.1 Study area

Cote d’Ivoire is a tropical country located in southern West Africa and its southern border is a 515 km long coastline on
the Gulf of Guinea in the North Atlantic Ocean (Figure 1). The Gulf of Guinea ecosystem extends from Bissagos Island
(Guinea-Bissau) (latitude 11°N, longitude 16°W) to Cape Lopez (latitude 0°41'S, longitude 8°45'E) [20,21]. Four marine
seasons are found in the area: a short cold season (SCS) occurring from January to February (minor upwelling), a long
warm season (LWS) between March to June, a long cold season (LCS) from July to October (major upwelling) and a short
warm season (SWS) in November to December. Specimens were sourced from the artisanal fisheries operating in the
exclusive economic zone (EEZ) off Assinie (Figure 1). This city (5°7'25" N and 3°16'40"), located 80 Km east of Abidjan
along the coast of the Gulf of Guinea, is chosen because the specimens are regularly present in the landings throughout the
year.
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Figure 1: Geographical location of the study area
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2.2. Spiny lobster collection

Specimens of P. regius were sampled on monthly basis from September 2019 - August 2020. Fishing was carried out by
a group of four to five fishermen operating with one artisanal boat. The capture of the specimens consists of setting the
nets at dusk, left overnight and lifted the following morning at the first light of dawn. The captured lobsters were kept in
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storage nets for conservation and were then brought back on Assinie beach. Individuals sampled were identified [22], kept
in a cooler filled with ice and rapidly transported to the laboratory for analysis. Once a month, 25 animals were
approximately collected and a total of 331 individuals obtained during the study period. Biometric parameters like total
weight (TW + 0.1 g), carapace length (CL + 0.1 cm) and total length were recorded for each spiny lobster.

2.3. Data analysis

The number of classes and class internal were obtained using the formula of Sturge [23] in the construction of the size
frequency distribution. Size frequencies were used to create a dynamic cross-tabulation table using Excel software. Data
were then analysed using FiSAT Il software (FAO-ICLARM Stock Assessment Tools) 24 25 (Gayanilo et al., 1996;
Loukou et al., 2021).

2.4. Growth parameters

The growth coefficient (K) and asymptotic length (L) were estimated with the ELEFAN | module of FiSAT-II software
[26] using the growth function of Von Bertalanffy (vVBGF) [27] defined as Lt = Loo(1 — e ~K(=t9) where : Lt = length
at age t; Loo = asymptotic length (cm) when it reaches t years, K = growth coefficient (year?) and t0 is the theoretical age
at which the spiny lobster would have had at zero length. This value was obtained by Pauly’s empirical equation [28]:
Logio(—t0) = —0.392 — 0.275 LogioLoo — 1.038L0g10K . The lifespan (longevity Tmax) indicating the age at which 95%
of the asymptotic lenght Loo is reached, was estimated following Pauly’s equation [29] : Tmax (in year) = 3/K. The formula
developed by [30] was used to calculate the length based growth performance index Phi (¢): @' = logio(K)+ 2logio(L0).

2.5. Exploitation parameters

The total mortality rate (Z) was estimated using length-converted catch curve method as implemented in FiSAT I, while
the empirical formula of [29] showing the effect of annual temperature was perfomed in determining the natural mortality
rate (M): LogioM = —0.006 — 0.279 LogjoLoo + 0.6543L0g10K + 0.4634L0gioT, where: T= the mean annual
temperature of coastal waters in Céte d’Ivoire (28.5°C). Mortality due to fishing (F) was deduced from the expression
written as F=Z-M, the exploitation ratio (E) from E=F/Z and the survival rate as: S = exp (-2). [31, 32]. When E = 0.5, the
exploitation of the stock is optimal (F = M), E < 0.50 (F < M) expresses low exploitation (under fishing) and E > 0.50 for
high exploitation (F>M) [33,34]. The exploitation rate (E) can also be divided into five categories of fishing status: no
exploitation (E = 0.00), (b) low exploitation (0.00 <E < 0.50), (c) optimal exploitation (E = 0.50), (d) high exploitation
(0.50 < E < 1.00), and (e) stop exploitation (E = 1.00). The values of Relative yield-per-recruit (Y'/R) and relative biomass-
per-recruit (B'/R) were obtained from the estimated growth parameter and probabilities of capture by length [35,36]. The
analysis of the Y’/R and B’/R is done with the FISAT Il program. The optimal catch size (Lopt) was obtained from the
formula of [37]: Lopt = Loo (3/3+M/K), where : Lopt = optimal catch size (cm), M : natural mortality (year?) and K =
growth coefficient (year?). The reproductive potential of individuals was checked by using the lenght at first sexual
maturity SLso indicating the lenght at which 50% of the specimens are mature [38]. The SLso was determined by using

mature individuals based on gonad histology and a logistic regression analysis [39]: P = m and SLso = - a/b, where

L = lenght (cm); a and b are constants. The SLso value was then compared to the lenght at first capture (Lc). The studied
species is overexploited when Lc < SLsp and under exploited for Lc > SLso.

3. RESULTS
3.1. Length frequency distribution of P. regius

A total of 331 specimens of Panulirus regius was collected during the study period, including 195 females and 136 males
with total lengths (TL) ranging from 14 to 38.4 cm and from 12.9 to 23.4 cm, respectively. In population, the smallest
specimen measured 12.9 cm TL and the TL recorded for the largest individual was 38.4 cm. Of the total, 64 males and 96
females were caught in the cold seasons and we noted 72 males and 99 females in warm seasons. The female, male and
total populations were divided into 9 TL classes. A unimodal TL distribution was observed in the population with a modal
TL class of 15-18 cm for each sex (Fig. 2). In addition of the common modal class, the females are more present in TL
class of 18-21 cm and the males represented in the TL classes of 12-15cm and 18-21 cm and the TL class of 18-21cm in
total population. In the study area, the size of first sexual maturity (SLso) was 19.70 cm TL for female individuals, 17.80
cm TL for male specimens and 19.01 cm TL for population (Fig. 3).
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Figure 2: Lenght frequency distribution (%) of P. regius in the study area. A : Female individuals, N=195; B: Male
individuals, N=136; C: All specimens sampled, N= 331.
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Figure 3: Total length for the first sexual maturity (SLso) of the spiny lobster P. regius
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3.2. Growth parameters of P. regius

The asymptotic length (TLeo) and the growth coefficient (K) of the spiny lobster P. regius were 39.38 cm and 0.38/year
(Table 1). These two parameters were used to produce the restructured VVon Bertalanffy growth (VBG) curves with the
length frequency distribution (Fig. 4). The goodness of fit index (Rn) (0.364), the growth performance index (@) (2.77
cm/year), the maximum age (Tmax) (7.89 years) and the theoretical age t0 (-0.4 year) were also indicated in Table 1. The
maximum observed TL of 38.4 cm was observed in female individuals, which was lower than the asymptotic length (TLoo
= 39.38 cm TL). The length of the largest male P. regius caught during the study period was 23.4 cm TL. The von
Bertalanffy growth model for the spiny lobster P. regius sampled in the Gulf of Guinea during the present work was
estimated as Lt = 39.38(1 — e~ 038(t+0-4)) (Fjg, 5),

Table 1. Growth parameters of P. regius in the Gulf of Guinea

Growth parameters TLoo K Rn t0 T max o’

Population 39.38 0.38 0.364 -0.4 7.89 2.77

~ TLoo: Asymptotic lenght (cm); K: Growth coefficient (year?), Rn: Indice de la routine ELEFAN 1; t0: Age at zero total
lenght (year); Tmax: maximum age (year); @’: Growth performance index.

Length (cm)
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Figure 4 : von Bertalanffy growth curves of spiny lobster drown over their restructured length distribution. Histograms
present observed and theoretical size frequencies with positive value in black and negative value in white. Blue lines
represent the growth curves indicating the cohorts (all individuals from the same spawning period).
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Figure 5: Estimated growth curve of spiny lobster (P. regius) exploited in the study area.
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3.3. Exploitation parameters of P. regius
3.3.1. Mortality and exploitation parameters

The total mortality (Z), determined with the linearised length-converted catch curve (Fig. 6), estimated a mortality rate of
Z = 1.42 year for P. regius. The natural mortality (M) obtained by using an average annual surface water temperature of
28.5°C and fishing mortality (F) were calculated to be M = 0.89 year? and F = 0.53 year? (Table 2). This result showed
that the fishing mortality (F) is much lower than the natural mortality (M). The M/K (2.34) ratio was within the range of
1.12 to 2.50 and the estimated Z/K ratio of 3.74 was more than 2 (Table 2). The current fishing exploitation estimated
(Eest), derived from the analysis of mortalities rate, was computed as Eest = 0.38 (Table 3). The survival rate (S) was
calculated as S = e(14?) = 0.24 (Table 3). The E.s value (0.38) was lower than the optimal rate of exploitation (Eept = 0.5),
indicating that the spiny lobster P. regius was under exploited in the study area.
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Figure 6 : Linearized catch curve as the determinant of mortality rate of P. regius. Black point indicated as mortality by
fishing activities and the yellow point is mortality caused by old ages. Z = 1.42/year; M (28.5°C) = 0.89/year; F =
0.53/year ; E= 0.38.

Table 2. Mortality rates and related parameters of P. regius

Parameters M M/K y4 F ZIK

Population 0.89 2.34 1.42 0.53 3.74

“M: Natural mortality (year); Fishing mortality (year); K: Growth coefficient (year); Z: Total mortality (year?)

Table 3. Exploitation parameters of P. regius

Parameters Ees(F/Z) Eopt  Status S Los Lso(Lc) Lopt Liys SLsy  Status
Population 0.38 0.5 Eest<Eopt 0.24  11.39 14.06 2212 16.36 19.01 Lc<SL50

Eest: Current estimated exploitation rate; Eqp: Optimal rate of exploitation; S: Survival rate; Lc¢ (Lso): Length at first
capture; Lopt: Optimal catch lenght; SLso: Lenght at first sexual maturity.
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3.3.2. Recruitment pattern

The juvenile recruitment of P. regius into the exploitable population is illustrated in Fig. 7. The species is recruited
every month throughout the year. The major peak of recruitment occurred in February during the minor upwelling with
recruitment strength of 15.71% and the low recruitment level (< 0.31%) was observed in August during the major
upwelling period.

Recruitment (%)
=
I

0 ==
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Figure 7 : Recruitment pattern of P. regius populations (September 2019 - August 2020) in the Gulf of Guinea. Gaussian
distribution smooths recruitment curves for better visualization

3.3.3. Probabilities of capture

The selectivity curve indicating the variation in the probability of capture as a function of the lengths is showed in Fig.8.
The length of the first capture (Lc or L50) is 14.06 cm TL. This length corresponds to which 50% of individuals are caught
by fishing gear while 50% escape this capture. The lengths at which 25% and 75% of specimens were captured are 11.39
and 16.36 cm TL, respectively and the optimal catch size calculated is 22.12 cm TL (Table 3). The lengths of first sexual
maturity (SLso) of 19.70 for females, 17.80 for males and 19.01 cm TL for population were higher than the length of the
first capture of population (Lc = 14.04 cm TL), indicating that the spiny lobster P. regius was under exploited in the study
area.
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Figure 8: Selectivity curve showing the possibilities of capture for each lenght class of P. regius (Lzs = 11.39 cm, LC
(Lso) =14.06 cm, L7;s=16.36 cm)
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3.4. Relative yield per recruit and the relative biomass per recruit

The results of relative yield per recruit (Y’/R) and relative biomass per recruit (B’/R) are showed in Fig. 9. Some fixed
parameters used in the equation were M/K ratio = 2.34 and Lc/Leo ratio = 0.36 with Lc = 14.06 cm TL for a series of
exploitation rate E from 0.1 to 1.00 (Table 3). The Y’/R increased with an increase in length and the maximum Y’/R
appears at a value of exploitation rate Emax = 0.62, which is higher than the current exploitation rate Ee: = 0.38 (Table 4).

The current Y'/R is 0.005 g per recruit while the current B'/R is 0.009 g per recruit. The exploitation rates E50 and E10
yielded values of 0.32 and 0.52 respectively.
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Figure 9 : Relative yield per recruit (Y’/R, g/year) and relative biomass per recruit (B’/R, g) for P. regius sampled from
septembre 2019 to August 2020 in the Gulf of Guinea

Table 4: Relative yield per recruit (Y’/R) and relative biomass per recruit (B’/R) predicted at different exploitations rates
for the spiny lobster, P. regius

E 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Y’/R 0.007 0.012 0.016 0.018 0.020 0.02 0.019 0.017 0.014 0.012
B’/R 0.815 0.649 0.501 0.373 0.265 0.176 0.107 0.056 0.021 O

E: Exploitation rate ; Y’/R : Relative yield per recruit ; B’/R : Relative biomass per recruit.

3.5. Analysis of virtual populations

Figure 10 shows the results of the analysis of the virtual populations of P. regius in the study area. The histogram shows
the survivors, the population lost due to natural mortality and fishing catches. The fishing mortality (F) curve is
superimposed on the cumulative histogram. The natural mortality is high in juvenile individuals and decreases as the length
increases. Fishing mortality (1.9/year) is more pronounced in adult specimens with a length of 19.5 cm TL. Individuals

with sizes varying from 25.5to 31.5 and 31.5 to 37.5 cm TL showed low fishing mortality with values of 0.4 and 0.6 year
! respectively.
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Figure 10 : Virtual population analysis of P. regius
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4. DISCUSSION

The length total (TL) frequency of Panulirus regius sampled in the Gulf of Guinea off Céte d’Ivoire exhibited a unimodal
distribution, with the modal class between 15 and 18 cm TL for either sex. This unimodal distribution was also observed
by [16] with a modal class between 16 and 19 cm TL for P. regius sampled in marine waters off Sassandra, located in the
western coast of Cote d’Ivoire. The largest female P. regius caught in this study has measured 38.4 cm and the value of
23.4 cm TL was recorded for male P. regius. In Mauritanian marine waters, the largest female P. regius was found to be
28.2 cm TL in the specimens sampled by [15]. [40] and [41] argue that the maximum size of spiny lobsters in an exploited
population depends on the state of its exploitation, the frequency of pruning, habitat and depth. In general, the males P.
regius are larger than female individuals and grow faster [16,15]. According to [16], the slow growth of females P. regius
is due to molts more widely spaced in females because the presence of eggs prevents them from molting over long periods.
The predominance of males in the larger sizes seemed to associated to their greater longevity [14]. According these authors,
males P. regius are more abundant at depths of 150 to 250 meters, while large females and immatures are found over 300
meters. The length at first maturity (SLso) is recognized as an important indicator of the reproductive capacity of spiny
lobsters and an important tool in stock assessment [42,43]. The value of SLsp (19.01 cm TL) recorded in the population of
P. regius was similar to that reported for the same species in Nouadhibou coasts in Mauritania [15]. This size was estimated
at 16 cm TL for P. regius caught in the western coast of Céte d’Ivoire [16] and in the southern Gulf of Guinea [44]. Our
findings also showed that the SLso was smaller in males (SLsg = 17.80 cm) than in female (SLso = 19.70 cm TL) (Fig.3).
This suggest that males attain sexual maturity earlier than females as already reported for Panulirus species [45]. Indeed,
reproduction in P. regius could be more costly to female that it is to male. In Cote d’Ivoire, fishing of ovigerous females
is prohibited but not for the size. The minimum legal length of 21 cm total length is usually practiced in spiny lobster
fisheries [46].

Our work represents the first attempt to analyze the parameters of the von Bertalanffy equation of the royal spiny lobster
P. regius in the Gulf of Guinea using the FiSAT-II software. The asymptotic length (Loo) and growth coefficient (K) were
estimated at 39.38 cm TL and 0.38 per year, while the Tmax and theoretical age(t0) were worked out as 7.89 years and -
0.4 year, respectively. In palinurid lobsters, the post-puerulus was known as the age 0 [47]. The puerulus is a transitionary
stage within the spiny lobster life cycle, intermediate between the phyllosoma larva and the juvenile lobster as reported by
[48].

The growth rate was reported in a few spiny lobsters of the genus Panulirus [49,47,50]. For example, the growth of P.
homarus in Arabia sea was fast [51] while in Central Java and West Aceh, it grows slowly [52,53]. The value of K of P.
regius caught in the Gulf of Guinea was similar to the K value (0.44 per year) of P. versicolor from the Sikka waters [54].
This K value was high compared to the value recorded in P. penicillatus from Central Java [55] and P. elephas in Tunisian
waters [47]. The value K of P. regius recorded in here was less than 1 [56]. This indicates that the growth of this species
is slow. It needs much more time to grow for reaching the commercial size standard of consumption [50].

Our findings showed that the spiny lobster P. regius was underexploited in the Gulf of Guinea (E < 0.5). Tthe mortality
rates Z, M and F computed for this species were estimated at 1.42, 0.89 and 0.53 per year, respectively. The mortality was
mainly due to natural mortality (M). Fishing mortality from spiny lobster is much lower than natural mortality [57]. Natural
mortality is caused by several factors including predation, disease, food availability, physical chemical of waters. This
natural mortality is also related to ecosystems, the same species in different waters may have different mortality rates
depending on the density of predator and competitors [57]. The M/K ratio because this ratio reported to be within the range
of 1.12-2.50 for most species [58,59]. Our findings showed that P. regius is recruited every month throughout the year.
However, the major peak of recruitment occurred in February during the minor upwelling with recruitment strength of
15.71% and the low recruitment level (< 0.31%) was observed in August during the major upwelling period. For this
species, the length of the first capture (Lc or L50) was found to be 14.04 cm TL. This size was low compared to size of
first sexual maturity (SLse) of 19.70 for females and 17.80 for male, indicating that P. regius is underexploited in the study
area. The Y’/R increased with an increase in length and the maximum Y’/R appeared at a value of exploitation rate Emax =
0.62, which is higher than the current exploitation rate Ecst = 0.38. The current relative yield per recruit (Y'/R) was estimated
at 0.005 g per recruit while the current relative biomass (B'/R) was computed as 0.009 g per recruit. The analysis of virtual
populations showed that natural mortality is high in juvenile P. regius and decreases as the length has increased. Fishing
mortality (1.9/year) is more pronounced in adult specimens with a length of 19.5 cm TL. Individuals with sizes varying
from 25.5 to 31.5 and 31.5 to 37.5 cm TL showed low fishing mortality with values of 0.4 and 0.6 year™, respectively.

5. CONCLUSION

In summary, the present study has provided the first results on the growth and exploitation parameters of the spiny lobster
P. regius in the Gulf of Guinea. A unimodal TL distribution was observed with a modal TL class of 15-18 cm for each sex
for this species. The size of sexual maturity was 17.80 cm for male and 19.70 cm TL for female P. regius. The recruitment
occurred in February during the minor upwelling. Male P. regius attains sexual maturity earlier than female individual.
The minimum legal size of 21 ¢cm total length could be applied to protect more this species. Our data will be useful for the
sustainable management of spiny fisheries.
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