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Abstract

The growth parameters of Chrysichthys nigrodigitatus and Chrysichthys maurus were estimated in Buyo Lake. The study
covered 1070 individuals collected monthly between August 2019 and July 2020, including 630 Chrysichthys
nigrodigitatus with sizes between 4 cm Ls and 55 cm Ls and 440 Chrysichthys maurus individuals with sizes between 12
c¢m Ls and 59 cm Ls. The values of Loo, K and @' are 69.35 cm; 0.78 yr! and 3.57 yr for Chrysichthys nigrodigitatus
respectively. The longevity is 3.84 years with a To equal to -0.16 while in Chrysichthys maurus, the longevity is 4.68
years with a To equal to -0.21. The values of Loo, Kand @' for this species are 61.42 cm; 0.68 yr-1 and 3.38 yr, respectively.
Both species exhibit long lifetimes.
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1. Introduction

In many developing countries, fishery products, particularly fish, represent the main source of animal protein in the
human diet [1]. In some developing countries, fishing is the only source of animal protein [2, 3]. Indeed, the nutritional
and socio-economic importance of fishery resources in Cote d'Ivoire is no longer in question. The national consumption
of fishery products represents 70% of the animal protein consumption. It was estimated at 16.50 kg/inhab/yr in 2007
[1]. The national fisheries production is essentially ensured by fishing in general, and artisanal fishing in particular, with
an annual quantity of about 25,653 tons [4]. Fishery products such as fish of the genus Chrysichthys are prized products
by the population. Commonly called jadefish, the interest given to the fish of the genus Chrysichthys has given rise to
several research works on different aspects of this family. In Cote d'Ivoire, fish of the genus Chrysichthys are also
appreciated by the populations and are therefore of significant economic interest fishermen. For this reason, this genus
is under strong exploitation pressure [5]. In Lake Guessabo this genus occupies the second place in all fishermen's
landings after Tilapia [6]. Despite the importance of this genus, the study conducted is that of [7] in Lake Buyo. This
study comes to update that of Goli Bi and collaborators for the species Chrysichthys nigrodigitatus and for the first time
for the species Chrysichthys maurus in Lake Guessabo. Thus, the objective of this study is to estimate the growth
parameters of these two species of Chrysichthys exploited in Lake Guessabo in order not only to update the data on
Chrysichthys nigrodigitatus and to provide the first data for the species Chrysichthys maurus in the Sassandra River to
the fisheries managers for a more rational use of these species.
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2. Material and methods

2.1. Study zone and data collection

The Buyo lake is the result of the construction of the hydroelectric dam of Buyo in 1981 which extended to the locality
of Guessabo with coordinates 06°43'56"'N and 06°58'48"'W. The lake is located upstream of the Buyo hydroelectric dam
on the Sassandra River.

Data collection was conducted between August 2019 and July 2020 with one survey per month at the main landing site
(Figure 1) on the Buyo Lake near Guessabo. Fish specimens surveyed came from the commercial fishery. The
identification of the specimens was done at the specific level using the identification keys proposed by [8,9]Paugy et
al.(2003a and 2003b), [10] Froese and Pauly (2014). Total length and standard length were measured using an
ichthyometer and the weight of the specimens was taken out using an electronic scale of COSYLIFE brand (precision =
1 g and range 5 kg).
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Figure 1 Map showing the location of the fish collection site

2.2. Frequency distribution in size

The size classes were determined using the [11]. They are obtained by the following formula:
K=1+(3.332 x log10(n)); where n = total number of individuals and K: the number of classes.
Concerning the class interval, it is calculated as follows:
IC = (Ls max - Ls min) / (Number of class); with
Ls: standard length IC: the amplitude of each class interval.

2.3. Length -Weight Relationships

Length-weight relationships in fish are considered as allometric growth models [12] because they allow to verify the
growth type of a fish. Thus, there is a close relationship between the length (L) of a fish and its weight (P) and it is
obtained according to the following equation [13].
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P = a x Lsb; where P is the weight of the fish (g); Ls, the standard length (mm); a = constant of proportionality and b =
allometry coefficient. This equation being of exponential type; it is linearised after logarithmic transformation in order
to determine the constants a and b as follows;

Log (P) = Log a + b Log (Ls). [14].

The Length-Weight relationship reflects isometric growth when b = 3 and allometric growth when b # 3. Hence, positive
allometric growth is observed when b > 3 and negative allometric growth when b < 3 [15].

Student'’s t-test was used to compare the slope b of the length-weight relationship to the value 3 (reference value)
[16,17,18].

2.4. Linear growth parameters according to Von Bertalanffy
Growth parameters were determined on the basis of size frequency histograms [19, 20].
The Fisat Il program ELEFAN I [21] was used to determine the asymptotic length (Loo) and the growth coefficient (K).

Thus, the mathematical model that was used in this study to estimate the growth parameters is that of [22] whose
equation is as follows:

L(t) = Loo (1 - eK(tt0)) ; avec

L(t) : Length of the fish at the time considered; Loo: length to infinity which is the length the fish could reach if it were
allowed to live until an indefinite date; K: the growth coefficient characterizing the speed with which the species grows
towards Loo and to: theoretical age of the fish when its length is assumed to be zero.

The parameter to was obtained from the empirical equation of [23].
log1o (-to) =- 0,392 - 0,275 log1o Loo - 1,038 logi0 K
The growth performance index in both fish species was determined by the equation of [24]:
@’=log K + 2log Loo.
The longevity or maximum age (Tmax) was calculated with the formula of [25]:

Tmax =2,9957/K

3. Results

3.1. Frequency distribution of size

630 specimens of Chrysichthys nigrodigitatus composed of individuals without distinction of sex whose standard length
is between 4 cm and 55 cm with an average of 25.43 + 12.68 cm were used in this study. In Chrysichthys maurus 440
specimens including individuals without distinction also of sex for standard lengths going from 12 cm to 59 cm with an
average of 41, 01 + 8,39 cm were considered. Figure 2 is a histogram representating the size frequency distributions.
These histograms show an unimodal size distribution in Chrysichthys nigrodigitatus while in Chrysichthys maurus, the
histograms show an bimodal distribution. The size class of 29.5 to 34.6 cm Ls has the highest number of individuals in
Chrysichthys nigrodigitatus while the highest number of individuals in Chrysichthys maurus are present in the classes of
35.5t040.2 cm Ls and 44.9 to 49.6 cm Ls. The histograms reveal that the fishermen's catches are dominated by a high
proportion of individuals with a size between 4 and 19 cm Ls (36, 50%°) and between 25 and 39 cm Ls (51.11%) for
Chrysichthys nigrodigitatus. In Chrysichthys maurus are present in the classes of 35.5 to 40.2 cm Ls and 44.9 to 49.6 cm
Ls while for the species Chrysichthys maurus, 79, 31 % of the individuals caught by the fishermen evolve in the size range
between 31 and 50 cm Ls.
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Figure 2 Size frequency distribution of Chrysichthys nigrodigitatus and Chrysichthys maurus in Buyo Lake at Guessabo
level

3.2. Relationship between standard length and fish weight

Table 1 provides information on the growth type of the two fish species studied. The values of the correlation
coefficients obtained are respectively 0.96 for Chrysichthys nigrodigitatus and 0.87 for Chrysichthys maurus. For both
species the values of the correlation coefficient obtained are highly significant (r > 0.7). The value of b obtained for
Chrysichthys nigrodigitatus is equal to 2.81 and significantly lesser than 3 (Student’st-test; p <0.05) thus implying a
negative allometry for this species while for Chrysichthys maurus the value of b obtained is 3.17and significantly higher
than 3 (Student's t-test; p < 0.05) indicating a positive allometry. (Figure 3).
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Figure 3 Scaterplots of length-weight regressions in Chrysichthys nigrodigitatus and Chrysichthys maurus in Buyo Lake
at Guessabo

Table 1 Length-weight relationship parameters of Chrysichthys nigrodigitatus and Chrysichthys maurus in Buyo Lake at
Guessabo

Length (Cm) | Weight (g)
Species N Min | Max | Min | Max |r b G.T.
Chrysichthys nigrodigitatus | 630 | 4 55 2 300 | 096 | 281 | AN
Chrysichthys maurus 440 | 12 59 40 4200 | 0.85 | 3.17 | AP

N: number; Min: minimum; Max: maximum; r: coefficient of determination; b: slope of the regression line; G.T.: growth type; AN: negative allometry;
AP: positive allometry
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3.3. Growth parameters according to Von Bertalanffy model

The growth parameters in both species estimated from the size frequency distributions following the Von Bertalanffy
model are recorded in Table 2 The graphical representation that allowed the determination of the values of the
asymptotic length (Loo), the growth coefficient (K) taken as correct as well as the growth performance index (®") is
presented by the figure 4. The values of the fitting index (Rn) which allowed to retain the best curves are 0.28 for
Chrysichthys nigrodigitatus and 0.34 for Chrysichthys maurus. The values of Loo, K and @' are for Chrysichthys
nigrodigitatus, 69.35 cm Ls, 0.78 yr-1 and 1.84 respectively. The longevity is 3.84 years with a To equal to -0.16 while in
Chrysichthys maurus the longevity is 4.68 years for a To equal to -0.21. The values of Loo, K and @' for this species are
61.42 cm Ls, 0.68 yr-t and 3.38 yr, respectively.
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Figure 4 Variation curve of the adjustment index (Rn) as a function of the growth coefficient (K) and the performance
index (@") in Chrysichthys nigrodigitatus and Chrysichthys maurus in Buyo Lake at Guessabo

Table 2 Parameters of Von Bertalanffy growth model for Chrysichthys nigrodigitatus and Chrysichthys maurus in Buyo
Lake at Guessabo

Loo K o Rn | to Tmax(an) | Growth model

(cm) | (an-1)
Chrysichthys nigrodigitatus | 69.35 | 0.78 3.57 | 0.28 | -0.16 | 3.84 L(t) =69.35[1-e-0.78(t+0.16)]
Chrysichthys maurus 61.42 | 0.68 3.38 | 0.34 | -0.21 | 4.68 L(t)=61.42[1-e-0.68(t+0.21)]

4. Discussion

The size frequency distributions reveal that the fishermen's catches are dominated by a high proportion of individuals
between 4 and 19 cm Ls (36, 50%) and between 25 and 39 cm Ls (51.11%) for Chrysichthys nigrodigitatus. The average
standard length recorded in Chrysichthys nigrodigitatus (25.43 + 12.68 cm) show that the fishermen's catches are
dominated by both small and large individuals. While for the species Chrysichthys maurus, 79, 31 % of the individuals
caught by the fishermen evolve in the size range between 31 and 50 cm Ls. Moreover, the average standard length of
41.01 £ 8.39 cm implies that the fishermen's catches are dominated by medium-sized individuals. The study revealed
that Chrysichthys nigrodigitatus presents a negative allometry (b = 2.81) which implies that in this species the growth
in length is faster than that in weight. While in Chrysichthys maurus (b = 3.17) reveals a positive allometry indicating
that growth in weight is faster than growth in length. These results differ from those obtained by [17] who obtained a
negative allometry for Chrysichthys maurus (b = 2.784) and an isometry for Chrysichthys nigrodigitatus (b = 2.899) in
the coastal rivers of southeastern Céte d'Ivoire. Our results also for the species Chrysichthys nigrodigitatus (allometry
negative, b = 2.81) in this study are different from those obtained by [26] in Buyo Lake (isometry, b = 3.023) but identical
to those obtained in Ayamé I for this same species (allometry negative, b = 2.712) for these same authors. For the species
Chrysichthys maurus, the positive allometry result (b= 3.17) obtained in this study is different from that obtained by
[26] (negative allometry, b = 2.705) in Ayamé I. Also, our results for Chrysichthys maurus are different from the negative
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allometry (b = 2.812) obtained in Chrysichthys maurus by [27] in the Aby Lagoon. These variations in b could be due to
several factors including, among others, the sampling procedure (sample size and length range) [28], the availability of
food on fish growth [29]. In this study Loo (length to infinity) of Chrysichthys nigrodigitatus (69.35 cm Ls) is higher than
that of Chrysichthys maurus which is (61.42 cm Ls). In addition, the length of Chrysichthys nigrodigitatus from this study
is higher than that obtained by [5] for Chrysichthys nigrodigitatus (Loo = 58 cm). The growth coefficient results for
Chrysichthys nigrodigitatus (0.78 yr1); Chrysichthys maurus (0.68 yr1) show that both species studied grow rapidly
toward the asymptotic length. Indeed, according to [30], fish species with a growth coefficient in the range of K (0.20 -
0.50 yr'tand above) would be characterized by rapid growth. In addition, the growth coefficient (K) values obtained for
these two species (0.78 yr! for Chrysichthys nigrodigitatus and 0.68 yr! for Chrysichthys maurus) are less than 1
indicating that these two species are long-lived species [31]. This was also reported by [5] for the species Chrysichthys
nigrodigitatus in the Potou Lagoon (K= 0.33 yr1). In the present study the growth coefficient for Chrysichthys
nigrodigitatus (K = 0.78 yr-1) is similar to that obtained by [7]; K= 0.76 yr-1) in Buyo Lake but greater than that obtained
by [5] in the Aghien Lagoon. However, for Chrysichthys maurus (K = 0.68 yr1) is similar to that obtained by [32] for the
species Chrysichthys auratus (K = 0.69 yr-1) in the OUME valley in Benin. But growth in Chrysichthys nigrodigitatus (K =
0.78 yr1) is faster than growth in Chrysichthys maurus (0.68 yr1). The growth performance indices of the two species
are 3.57 and 3.38 for Chrysichthys nigrodigitatus and Chrysichthys maurus respectively. These values are not within the
range of values (2.65 - 3.32) recommended by [33] for African fish. However, these two values of the performance index
are significantly close. This result could be due to the fact that these two species are of the same family [34] Moreover,
it appears from this study that the species Chrysichthys maurus has a longer lifespan (Tmax = 4.68 years) than
Chrysichthys nigrodigitatus (Tmax = 3.84 years) in Buyo Lake.

5. Conclusion

The growth parameters of Chrysichthys nigrodigitatus and Chrysichthys maurus were determined in Buyo Lake, precisely
in the Guessabo area. In this study it was found that Chrysichthys nigrodigitatus has a negative allometric growth while
Chrysichthys maurus has a positive allometric growth. The length to infinity of Chrysichthys nigrodigitatus is higher than
that of Chrysichthys maurus. However, the growth coefficient revealed that both species are fast-growing and long-lived
species.
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