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Biology of the Reproduction of Mugilidae Neochelon
falcipinnis (Valenciennes, 1836) in the Protected
Marine Area of Niamone-Kalounayes (Casamance
Estuary)

ABSTACT

The reproduction of Neochelon falcipinnis was studied in the Marine Protected Area (MPA) of
Niamone-Kalounayes located in the Casamance estuary (Senegal) from July 2021 to June 2022. The
results of this study are presented after twelve (12) months of experimental seine fishing.
Reproductive parameters such as length-weight relationship, condition factor (K), sex ratio (SR),
gonadosomatic index (GSI) and size at first maturity (Lm50) were determined. A total of 386
individuals (150 males, 221 females and 15 of undetermined sex) were sampled. The sex ratio was in
favour of females (0.68 or 1:1.47). The length-weight relationship showed a minor allometric growth
with allometric coefficient b values of 2.70 for both sexes combined, 2.60 for males and 2.79 for
females. The ANOVA test showed no significant difference in condition factor in males (P > 0.05). In
contrast, in females, there was a significant difference at the beginning of the cold season (P < 0.05).
The monthly change in gonadosomatic index associated with the different stages of sexual maturity
indicated a breeding period in the dry season (May, June and July). Peaks of sexual maturity are
observed in June for both sexes. Sizes at first sexual maturity were 18 cm for males and 19 cm for
females. These results, obtained provide information on the reproduction of Neochelon falcipinnis that

can help in decision-making for better management of the resource.
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1 INTRODUCTION

Mugilidae are marine-dwelling fish found in all temperate, tropical and subtropical seas [1]. However,
they are fond of brackish estuarine and lagoon waters with a high variation in salinity that they recover
during tides [2, 3]. Their presence in West African estuaries and lagoons has been documented by
various authors [4, 5, 6]. Together with the Cichlidae, these species constitute some of the most

abundant fish families in the Casamance estuary, and in particular in the Marine Protected Area (MPA)

of Niamone-Kalounayes [7, 8]. Their commercial, foraging [9] and ecological [10, 11] importance mean

that this family deserves special attention [12]. Only the genera Mugil and Neochelon are found in

West Africa, in brackish water. In Senegal, these two genera are represented by six species (Mugil
cephalus, Mugil bananensis, Mugil curema, Chelon dumerili, Parachelon grandisquamis and
Neochelon falcipinnis) that generally colonize estuaries and lagoons [13]. Neochelon falcipinnis, like
all species of the Mugilidae family, is permanently present and occupies an important place in artisanal
fishing in Casamance. This importance is also explained by high commercial value but also by high

local consumption [7].

However, literature reviewed for this study shows that papers on the ecology, and especially on the
biology of the reproduction of this species are still not widespread in the West African coasts.
Knowledge of the biology of fish reproduction is an essential asset in defining a management plan for
the proper control of fish resources [14]. The objective of this study is to evaluate the different aspects
of Neochelon falcipinnis reproduction such as sex ratio, period and duration of reproduction, and size
at first maturity. All of this updated data could be used to better plan fishing strategies such as defining

minimum catch sizes, and/or establishing a biological recovery plan for this species.

2 MATERIAL AND METHODS

2.1 Study area

The MPA of Niamone-Kalounayes was created on November 4, 2015, by Decree N° 2015-1724 and
covers an area of 63.894 ha. It extends up to the Kalounayes Classified Forest in the North, to the
Soungrougrou river in the East, to the Bignona marigot in the West and to the Casamance River in the

South (Fig. 1). The MPA of Niamone-Kalounayes covers the marine, estuarine and freshwater parts of

Comment [a1]: problem is not clearly?
what happened that needed research?

[ Formatted: Font: Not Italic




the Ziguinchor region, and is formed by a complex and diffuse system of canals called bolongs, and
mangroves, common features of brackish intertropical wetlands [15]. The main objectives for the
creation of this MPA were the restoration of habitats and natural resources, the improvement of living

conditions of populations and the establishment of an adapted governance system.
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Fig. 1. Map of the MPA of Niamone-Kalounayes, with the different-sampling points

2.2 Sampling strategy

Individuals of N. falcipinnis were sampled monthly from July 2021 to June 2022. The samples were
taken in three secondary channels (or bolongs) bordered by mangroves. For each station, fish caught
were identified using fish identification keys [16, 17, 18]. For the entire study, a total of 386 specimens
were collected. The fish sampled were caught by local fishermen using a 250 m long, 7 m height and
25 mm mesh size experimental seine specially designed for the study. All fish were measured (total
length, TL, in mm; fork length, FL, in mm) using an ichthyometer with a precision to the closest
millimeter, and weighed (total weight, TW; eviscerated weight, EVW) in grams with an electronic
balance to the nearest tenth of a gram. The sex and maturity of the gonads were determined using the
Fontana scale [19]. The maturity scale described by Fontana consists of 7 stages and is determined

by the macroscopic appearance and structure of the gonad.



2.3 Length-weight relationship

The relationship between total length and total weight is a power function. It was calculated first for all

sexes and then separately for both sexes, according to the formula [20]:

TW=a XTL® (1)

where TW= total weight, TL = total length, a = constant and b = allometry coefficient.

2.4 Condition Factor (K)

Condition factor (K) is an indicator of the physiological and biological status of fish, relative to its
feeding conditions, parasitic infections, and physiological and other ecological factors [21]. The
condition factor is given by the ratio of the weight of the fish to the cube of its length, according to the

equation:
K=(Tw/TL}) x10° (2
where TW = total weight and TL = total length.

The condition factor was first calculated for all sexes, and then separately for both sexes. The
condition factor was then compared between months for the same sex using an analysis of variance

(ANOVA,).

2.5 Sex-ratio (SR)

Sex-ratio is defined as the proportion of male or female individuals on the total population. Sex-ratio
gives an idea of gender balance in a given population [22]. The proportion of both sexes is a
characteristic of the species whose variations are sometimes related to the environment. Sex-ratio

(SR) was calculated following sex identification and was expressed using the following formula:
SR=F/M (3)
where F = the number of female individuals and M = the number of male individuals.

SR was then compared between months for the same sex using the Khi-two test (7).



2.6 Gonadosomatic index (GSI)
In females and males, variations in the gonadosomatic index in the population was reported in order to
establish the sex cycle and determine the spawning period. The GSI was calculated from the equation

[23]:
GSI = (GW / EVW) x100  (4)

where GW = gonads weight in g, EVW = eviscerated weight in g. The GSI was then compared

between months for the same sex using an analysis of variance (ANOVA).

2.7 Size at first maturity (Lm50)

The size at first maturity (Lm50) was derived using the total length in centimetres (cm). The
percentage of mature individuals in each size class was calculated by setting the maturity threshold at
stage I, which corresponds to the beginning of the gonad maturation phase in the Fontana scale
(1969). It tracks the degree of sexual maturity by size and accurately estimates the size at first

maturity, which is often used in stock assessment models from the following equation [24]:

Ph=—mnl (5

- 1+e—a(TL-TLms0)

P% = percentage of individuals at sexual maturity, e = constant, TL = total length of the fish, and
TLmM50 = total length where 50% of the sampled individuals are mature. The TLm50 was then

compared between males and females using the Khi-two test (x).
3 RESULTS

3.1 Length-weight relationship

In N. falcipinnis, the males sampled had a total length between 17 and 33 cm and a total weight
varying between 48 and 291.80 g. In females, the total length measured ranged from 17 to 34 cm and
the total weight ranged from 40 to 316.60 g. There was no significant difference between the total
length and total weight of males and females (x%, P = 0.98). The weight ratio of individuals of N.
falcipinnis was determined according to the two sexes combined and then for the two separate sexes.

The results were recorded in Table 1 below.



Table 1. Summary of the length-weight relationship in Neochelon falcipinnis

Length (cm) Weight (g) LWR parameters
Sexes N

Min [ Mean | Max | Min [ Mean | Max a b r2
Males 150( 17 [23.61| 33 | 48 (118.22]291.80| 0.03 | 2.60 | 0.96
Females 221| 17 |23.52| 34 | 40 |118.42|316.60( 0,02 | 2.79 | 0.94
Sex Combined |371| 17 |23.56| 34 | 40 |118.46|316.60( 0.02 | 2.70 | 0.96

N = Number of individuals; Min = minimum; Max = maximum; a = Constant; b = allometry coefficient and r2 =

coefficients of determination

The results of the analysis showed an allometry coefficient of 2.70 for both sexes combined while
males and females are respectively represented by coefficients of 2.60 and 2.79 (Fig. 2). These
results showed a minor allometry. In other words, in N. falcipinnis, the weight of individuals grew
relatively slower than the total length (b < 3) in both males and females. The figure also showed a
positive correlation with a coefficient of correlation r2 = 0.96 in males, r2 = 0.94 in females and r2 = 0.95

for both sexes combined indicating a strong correlation between the two studied variables.
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Fig. 2. Length-weight relationship of Neochelon falcipinnis based on an allometric model; (a) =
sex combined, (b) = males and (c) = females, TW = total weight, TL = total length, r2 =

correlation coefficient, N = number of fish sampled

3.2 Monthly variation of the coefficient of condition

Figure 3 shows the monthly variation in condition factor (K) of male and female individuals in N.
falcipinnis. It reflects a similar and very close evolution from one month to the next between the two
sexes. Maximum condition factor (K) values in males were observed in July (1.21 + 0.10), October
(1.11 + 0.09), May (1.07 £+ 0.05) and August (1.01 + 0.80). The minimum values were recorded in
January (0.89 + 0.05) and February (0.87 + 0.05). In females, the condition factor (K) was higher in
July (1.42 £ 0.11), February (1.21 + 0.10), June (1.21 + 0.11), August (1.14 + 0.07) and October (1.00
+ 0.05). The lowest values were observed in January (0.49 + 0.09) and February (0.51 + 0.10). The
ANOVA test showed no significant difference in condition factor in males (P > 0.05). In contrast, in
females, there was a significant difference at the beginning of the cold season (P < 0.05). This
difference resulted in a slight decrease in the condition factor in November, December and January.
This small difference could be related to a variation of the conditions of the water during this period,

especially the physicochemical factors like the temperature, but also the salinity.
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Fig. 3. Monthly variation in the condition factor of Neochelon falcipinnis in the MPA of

Niamone-Kalounayes, from July 2021 to June 2022.

3.3 Sex-ratio

Overall, 386 individuals of N. falcipinnis were captured, including 221 females, 150 males and 15
individuals of undetermined sex. Numerically, females were much more numerous than males,
although small insignificant variations in favor of males are noted for some months (Table 2). Thus, the
sex ratio (male to female) was 0.68 or 1:1.47. In other words, 1.47 females were represented by a
male individual. This sex ratio was significantly different from the theoretical sex ratio of 1:1 (x* =
13.58, P < 0.05). However, significant monthly variations were noted (x° = 20.82, p < 0.05; x* = 20.186,
P < 0.05; x* = 11, P < 0.05; x* = 19.61, P < 0.05) in favour of females for February, May, July and

August (Table 2).

Table 2. Monthly changes in the sex ratio of Neochelon falcipinnis in the MPA of Niamone-

Kalounayes from July 2021 to June 2022.

Months Female Male Total Sex ratio (M:F) X p-value




January 13 17 30 1:0.76 0.53 0.46

February 31 4 36 1:7.75 20.82 0.001**
March 17 12 30 1:1.42 0.86 0.35
April 22 17 40 1:1.29 0.64 0.42
May 3 28 31 1:011 20.16 0.02*
June 15 13 30 1:1.15 0.14 0.70
July 33 11 45 1:3.00 11 0.001**
August 40 9 49 1:4.44 19.61 0.02*
September 13 5 20 1:2.60 0.14 0.70
October 7 15 22 1:0.47 2.90 0.08
November 13 11 28 1:1.18 0.16 0.68
December 14 8 25 1:1.75 1.63 0.20
Total 221 150 386 1:1.47 13.58 0.000**

*. Significant at P < 0.05, **Significant at P < 0.001

3.4 Sexual maturity

The estimations of monthly variations in the different stages of sexual maturity in both sexes showed a
year-round variation, with seasonal varying proportions from month to month (Fig. 4). Indeed, in
males, immature individuals of sexual maturity stage (I and Il) were encountered throughout the year
except the month of June. The highest percentages of males were recorded in August (100%),
November (90%) and September (80%). On the other hand, females were present throughout the year
except in January. The maximum numbers of female individuals were observed in November (93%)
and December (71%). Stage Ill maturity was observed throughout the sampling period in males except
February, August and October. However, in females, it was absent only in October. The highest

9



percentage was reached in January for both sexes 54% (females) and 35% (males). However,
individuals in the pre-egg and laying stages (stages IV and V) were present every month of the year
except for the months of July, August, September and November in males. The maximum number of
stage |V individuals was observed in February (50%) for males and January (46%) for females. The
maximum number of stage V individuals was recorded in May for males (75%) and October (86%) for
females. No individuals at the post-spawning stage (Stage VI) were reported. Neochelon falcipinnis

therefore had a continuous year-round reproduction (Fig.4).
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Fig. 4. Monthly evolution of the sexual maturity stages of males and females of Neochelon

falcipinnis in the MPA of Niamone-Kalounayes, from July 2021 to June 2022.

3.5 Monthly variation of the gonadosomatic index and reproductive period

The analysis of the evolution of the GSI showed an almost similar evolution in both sexes from one
month to the next (Fig. 5). With more individuals than their male counterparts, the GSI curve for
females was higher than for males with peaks in October (3.94 + 1.84), June (3.23 + 3.71) and
January (2.34 = 1.63), while for males the GSI peaked in February (2.16 + 1.81). Other peaks were
observed in January (1.44 + 0.91), December (0.74 + 0.82) and October (0.57 £ 0.62). The lowest GSI
values were recorded in March (0.26 + 0.15), November (0.35 + 0.21) and September (0.89 + 1.11) for
females and August (0.17 + 0.035), March (0.19 + 0.20) and November (0.32 + 0.20) for males.
Monthly variations in the GSI for Neochelon falcipinnis showed that this species reproduced year-
round with greater intensity in the dry season (May, June and July) and late rainy season (October,

January and February; ANOVA, P < 0.05).

10
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Fig. 5. Monthly evolution of the GSI of Neochelon falcipinnis in the MPA of Niamone-

Kalounayes, between July 2021 and June 2022.

3.6 Size at first maturity
The sizes at first maturity for N. Falcipinnis were 18 cm for males and 19 cm for females (Fig. 6). Thus,
in this study, the males of Neochelon falcipinnis reached sexual maturity at a slightly smaller size than

the females. However, the difference in size was not statistically significant (P > 0.05).
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Fig. 6. Size determination curve for first maturity (Lm50) in males and females of Neochelon

falcipinnis in the MPA of Niamone-Kalounayes.

4 DISCUSSION
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The study of the length-weight relationship in fish population is an important tool in the assessment of
fish stocks. The results obtained from this study of 386 individuals of N. Falcipinnis in the MPA of
Niamone-Kalounayes show a minor allometric growth with b values of 2.70 for both sexes combined,
2.60 for males and 2.79 for females. Neochelon falcipinnis would have a relatively smaller growth in
weight than the growth in length. This may explain the compressed form of the body observed in the
species, corroborating work made on the Australian mullets [25], a close parent in the Mugilidae
family. Work on the Neochelon falcipinnis on the Ivory Coast also showed a minor allometry with b
values of 2.48 for males and 2.91 for females [26]. The positive correlations obtained (r2 = 0.96, 0.94
and 0.95 respectively for males, females and sexes combined) explained a strong relationship
between the total length measured in the species and total body weight. Minority allometry could be
explained by several factors including habitat, food availability, seasonal effects, but also

physicochemical factors such as temperature and salinity [27].

The sex ratio observed for all individuals captured in this study was predominantly female (1:1.47). An
unbalanced sex ratio in mullets has been observed by several authors with a predominance of females
[28, 29, 30, 31, 32]. On the other hand, other authors have reported male dominance [33, 34, 35, 3].
Several factors, such as displacement for foraging, reproductive period, sex-specific mortality rates,
and highly sex-related gregarious behaviour may explain this trend in favour of females [36]. This
predominance of one sex remains a relatively common phenomenon in many teleostean fish including
Sarotherodon melanoteron [37, 38], Mullus barbatus [39], Trachinotus teraia [14], and other Mugilidae
species [40, 41]. The variation in sex ratio also depends on the physiological status of fish [42]. In fact,
in teleosteans, males are generally more abundant during the reproductive period, while in the period
of sexual rest, females are predominant [43]. During breeding, males congregate around females,
which would explain the significant increase in males relative to females [44]. In addition, Mugilidae
are segregated by sex and age group during their displacement [45]. As a result, the bank most

accessible to fishing gear might show a predominance of one sex in the catches.

The variation in gonadosomatic index associated with different stages of sexual maturity showed a
similar pattern over most of the year with greater intensity in the dry season (April, May, June and
July) and late rainy season (October, November December January and February). Thus, peak
spawning was more pronounced in June and October, corresponding respectively to the beginning of

the rainy season and the flood period. The peak also showed that the highest proportions of males
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and females in stages 4 and 5 were observed during this period. The work of [26] on the Ivory Coast
on the same species showed that gonadic maturation began in the dry season and ended in the rainy
season. These results were also similar to the work of several authors on Neochelon falcipinnis [10,
13, 33]. Indeed, the rainy season created the ideal environmental and trophic conditions for the
survival of larvae and fry. Nutrients are drained by runoff rich in organic matter during the flood
season. The decomposition of organic matter enriches the environment with mineral salts, which
would lead to the proliferation of algae [46]. Food availability during this period is used so that larvae
and fry do not have to make an effort to travel long distances to feed [47]. In Senegal, work on other
species of Mugilidae such as Chelon dumerili [32] and Mugil cephalus [48] have shown the same
results. However, reference [49] reported the presence of many mature males and females of Chelon
dumerili spawning in March, although there was still intense reproductive activity, although at a lower
level in June. The instability of the reproductive period observed in some species can be assimilated to

a response to adaptation strategies developed to cope with variations in environmental factors.

The size at first maturity is slightly larger (19 cm) in females than in males (18 cm) of N. falcipinnis. As
with most Mugilidae, females often reach sexual maturity at a larger size than males [29, 30]. Similar
results have been found on the same species in the Arabian Gulf [29], Pakistan [50] but also in the
Ivory Coast [33, 26]. At the same age, length and weight are more important in females than in males
[3]. The study of the size of first maturity is of paramount importance in fish especially for determining

the minimum size of first catch [51].

Analysis of the monthly variation in the GSI and condition factor showed a similar pattern for both
indices. However, the laying period was the period when the condition factor was the lowest. This
result was explained by a weight loss of the species suggesting that Neochelon falcipinnis would use

its energy reserves in the muscles and viscera to ensure its reproduction [34].

5 CONCLUSION

Reproductive parameters such as sex ratio (SR), length-weight relationship, condition factor (K),
gonadosomatic index (GSI), and size at first maturity (Lm50) for N. falcipinnis were determined. From
the results of this study, it is clearly shown that Neochelon falcipinnis spawned in the marine protected
area of Niamone-Kalounayes. Indeed, two breeding periods are reported, one from April to July and a

second from October to February with a first peak in June for both sexes and a second peak in
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January for females and February for males. The sex ratio being in favour of females, the length-
weight relationship showed a minor allometry, which was explained by a greater growth in length than
in body weight for this species. Thus, the species would be able to use its energy reserves contained
in the muscles and viscera to ensure its reproduction in view of the evolution of the gonadosomatic
index associated with the condition factor. The size at first maturity (Lm50) was reached at a greater
length in females (19cm) than in males (18cm). The information obtained in this study will contribute to
a better understanding of the reproductive biology of Neochelon falcipinnis in the MPA in order to put

in place management measures to better protect this resource.
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