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INTRODUCTION

For small-scale, data-poor fisheries where age data collection is often limited by lack of technical expertise and funds, length-frequency data is often the only form of information available for researchers and managers [START_REF] Baldé | Population dynamics and stock assessment of Ethmalosa fimbriata in Senegal call for fishing regulation measures[END_REF]. Length-frequency data, when available, can be used by researchers to inform management. Length is also an important index of the biomass (length-weight relationship), the biology (number of eggs produced according to the size of the body) and the trophic position of many fish species (e.g., [START_REF] Hixon | BOFFFFs: on the importance of conserving oldgrowth age structure in fishery populations[END_REF]. The length of the organisms is thus a determining parameter in the ecological processes of the species. Due to the rapid availability of length data for many stocks, a number of length-based methods have been developed and applied to estimate biological parameters and to understand the dynamics of fish populations [START_REF] Froese | A new approach for estimating stock status from length frequency data[END_REF](Froese et al., , 2016;;[START_REF] Mildenberger | TropFishR: an R package for fisheries analysis with length-frequency data[END_REF]. Thus, it is possible to conduct simple size-based assessments of many stocks considered too poor in data to be evaluated [START_REF] Froese | A new approach for estimating stock status from length frequency data[END_REF]. Several size-based techniques have been developed to estimate fish growth and mortality rates (e.g., [START_REF] Mcquinn | Estimation de la mortalité naturelle[END_REF][START_REF] Pauly | Some simple methods for the assessment of tropical fish stocks[END_REF]. Other length-based techniques using the population size structure to estimate stock status and assist managers have been implemented recently (e.g., [START_REF] Froese | A new approach for estimating stock status from length frequency data[END_REF][START_REF] Hordyk | A novel length-based empirical estimation method of spawning potential ratio (SPR), and tests of its performance, for smallscale, data-poor fisheries[END_REF][START_REF] Thorson | Catch curve stock-reduction analysis: an alternative solution to the catch equations[END_REF].

For example, the length-based empirical estimation method of spawning potential ratio (LB-SPR) model implemented by [START_REF] Hordyk | A novel length-based empirical estimation method of spawning potential ratio (SPR), and tests of its performance, for smallscale, data-poor fisheries[END_REF], estimates the length selectivity and the F/M ratio, which are then used to calculate the Stock Reproductive Potential Ratio (SPR). The SPR is defined as the proportion of unexploited breeding potential, regardless of the level of fishing pressure retained [START_REF] Walters | Fisheries ecology and management[END_REF]. This equilibrium-based method, which assumes constant recruitment, cannot accommodate multimodal length composition, a situation known as the "Lee's phenomenon" [START_REF] Lee | An investigation into the methods of growth determination in fishes by means of scales[END_REF]. As a result, any estimate of F/M ratio, selectivity, and SPR may be unrealistic. To cope with this handicap, [START_REF] Hordyk | A simple length-structured model based on life history ratios and incorporating size-dependent selectivity: application to spawning potential ratios for data-poor stocks[END_REF] developed a new length structured model using the Growth-Type-Group approach (GTG). Indeed, this new model has the particularity, compared to LB-SPR, of using the life-time ratio M/K, as well as estimates of the size at first maturity (L50), the asymptotic length (L∞) and the length composition, to estimate the potential spawning ratio with size-dependent selectivity models [START_REF] Hordyk | A simple length-structured model based on life history ratios and incorporating size-dependent selectivity: application to spawning potential ratios for data-poor stocks[END_REF]. However, in the case where the selectivity is not agedependent, the results of the model may be strongly biased. Another model, Length-based Integrated Mixed Effects (LIME), is used to study age-structured population dynamics [START_REF] Rudd | Accounting for variable recruitment and fishing mortality in lengthbased stock assessments for data-limited fisheries[END_REF], while taking into account variable fishing mortality and recruitment over time, which makes it different from the two models mentioned above (LB-SPR and GTG). For the LIME model, the input parameters are data on the length composition of catches for a given year as well as information on the assumed life cycle, including the length-age relationship, an assumed natural mortality rate, and a length at 50% of maturity [START_REF] Rudd | Accounting for variable recruitment and fishing mortality in lengthbased stock assessments for data-limited fisheries[END_REF]. However this model works well only for fish with a short life span. The higher the age of the fish, the greater the uncertainty becomes. Indeed, the increasing length makes cohorts unclear with age, making it difficult to track recruitment events without a much longer time series of length data [START_REF] Rudd | Accounting for variable recruitment and fishing mortality in lengthbased stock assessments for data-limited fisheries[END_REF]. And like LB-SPR and GTG, LIME requires setting biological parameters and good knowledge of species biology to their true value for estimating unbiased reference points.

Thereby, a new model based solely on length frequencies called Length-based Bayesian biomass (LBB) seems to be an interesting option for estimating tropical and subtropical stocks poor in data [START_REF] Froese | A new approach for estimating stock status from length frequency data[END_REF]. However, [START_REF] Hordyk | Comment on "A new approach for estimating stock status from length frequency data[END_REF] found that LBB model has some major problems such as the values of the M / K relationship that can change depending on the species exploited. As a result, a misinterpretation of values of this relationship can bias the results. [START_REF] Froese | On the pile-up effect and priors for Linf and M/K: response to a comment by Hordyk et al. on "A new approach for estimating stock status from length frequency data[END_REF] indicates that these parameters can be taken into account by LBB model users and modified according to the available information. According to [START_REF] Froese | A new approach for estimating stock status from length frequency data[END_REF], this model is a length-based Bayesian estimator that further reduces data requirements for preliminary stock assessments. The LBB model assumes that most tropical and subtropical species reach maximum size at maximum age. This implies that somatic growth and natural mortality of adults are aligned so that they can be expressed in a constant ratio [START_REF] Froese | A new approach for estimating stock status from length frequency data[END_REF]. In tropical areas such as West Africa where species growth is rapid (e.g., [START_REF] Ba | Resilience of Key Biological Parameters of the Senegalese Flat Sardinella to Overfishing and Climate Change[END_REF]Baldé et al., 2019) and mortality is growth dependent (Z/K) [START_REF] Froese | A new approach for estimating stock status from length frequency data[END_REF], the LBB model appears to be more appropriate. This model was largely developed by [START_REF] Froese | A new approach for estimating stock status from length frequency data[END_REF] and may be useful to provide management options for stocks with limited catch data. The LBB allows a simple analysis of size frequency data to obtain the length at first capture that would maximize catch and biomass for the given fishing effort, and provides an estimation of a proxy for the relative biomass capable of producing maximum sustainable yields. The model only requires length frequency data, length at first maturity (L50) and life cycle parameters as inputs. LBB model estimates percentage of mature individuals, relative natural mortality (M) and relative fishing mortality (F) as means over the age range represented in the length-frequency sample [START_REF] Froese | A new approach for estimating stock status from length frequency data[END_REF].

This study demonstrates the applicability of the LBB model, for the first time in West Africa, on small-scale data-poor fisheries, and illustrates the results of the assessment. In this work we assess the stock status of two commercially important species, which account for 75% of total landings of small pelagic species in 2015 from Senegalese waters [START_REF] Thiao | Statistiques de la pêche maritime sénégalaise en 2015 : Pêche artisanale, Pêche thonière et Pêche chalutière[END_REF]. The approach applied is based on two sets of stock status indicators that are well suited to data-poor fisheries. Indeed, they require only data of length frequency representative of the Sardinella maderensis and Sardinella aurita fisheries over 11 years, collected in Senegalese waters, and other external life cycle parameters generally available in the literature. It is hoped that these results could help in assessing many stocks currently considered too data poor to be evaluated, especially in developing countries.

MATERIAL AND METHODS

Study area

The Senegalese coast is divided between the Northern and the Southern part (Petite Côte and Casamance). The Northern part (Figure 1) extends from Saint-Louis (16 ° 04 N) north to the tip of the Almadies (14 ° 36 N). It is characterized by the presence of strong swells, a succession of dunes and coastlines. This area is home to cold, salty waters as early as October and covering the entire continental shelf by January [START_REF] Faye | A model study of the seasonality of sea surface temperature and circulation in the Atlantic North-eastern Tropical Upwelling System[END_REF]. There is the presence of a large canyon in Kayar (15 ° 00 N). The Northern part concentrates very important fishing centers such as Saint-Louis and Kayar in relation with the present ecological conditions and a strong presence of the traditional fishing communities.

The Petite Côte (14 ° 36 N at 13 ° 36 N, Figure 1) has a great geomorphological and biodiversity richness: cords and sand arrows, cliffs, bays, lagoons and mangrove estuaries (Saloum estuary, lagoon-estuarine system of Somone [START_REF] Baldé | Population dynamics and stock assessment of Ethmalosa fimbriata in Senegal call for fishing regulation measures[END_REF]. This area is home of a seasonal upwelling cell that affects ambient temperature fluctuations in the area. Due to the topography of the continental shelf, the trade winds in the north induce a strong upwelling in winter (November to December) [START_REF] Ndoye | Dynamics of a "low-enrichment high-retention" upwelling center over the southern Senegal shelf[END_REF][START_REF] Ndoye | SST patterns and dynamics of the southern Senegal-Gambia upwelling center[END_REF]. Combined with sunlight, rich groundwater nutrients promote phytoplankton production [START_REF] Auger | What drives the spatial variability of primary productivity and matter fluxes in the North-West African upwelling system? A modelling approach and box analysis[END_REF]. This is at the base of the food chain in all oceanic upwelling ecosystems and serves as a food source for the upper trophic levels where small pelagic fish are distributed.

The Casamance (13 ° 04 N and 12 ° 20 N, Figure 1) is located between the borders of The Gambia and Guinea Bissau. The continental shelf reaches its maximum width, at nearly 54 miles and the rocky bottoms are located offshore, mainly on the edge of the plateau. Its estuary is in fact an estuary which runs for 250 km inside the continent [START_REF] Sakho | Évolution et fonctionnement hydro-sédimentaire de la lagune de la Somone, Petite Côte, Sénégal[END_REF]. It receives inputs of fresh water only during the rainy season which lasts only 5 months, from June to October. The climate is mainly characterized by the alternation of a hot wet season from around July to October and a cold dry season from around November to June. During the dry season, the many small streams that form the Casamance River are often dry. Declining rainfall in the Casamance River Basin and increased temperature have resulted in a runoff deficit and saline intrusion [START_REF] Thiam | Space-time-frequency analysis of rainfall, runoff and temperature in the Casamance River basin, southern Senegal, West Africa[END_REF].

Study species

In Senegal, two species of coastal pelagic fish appear to dominate the epipelagic fish biomass sequentially: S. maderensis and S. aurita [START_REF] Diankha | Contrasted optimal environmental windows for both sardinella species in Senegalese waters[END_REF][START_REF] Thiaw | Effect of environmental conditions on the seasonal and inter-annual variability of small pelagic fish abundance off North-West Africa: the case of both Senegalese sardinella[END_REF]. S .maderensis is a species with tropical affinity tolerating temperature ranges from 20 to 23 ° C [START_REF] Marchal | Nanisme et sédentarité chez certaines espèces de[END_REF] and it is found from the southern Mediterranean to Angola [START_REF] Whitehead | An annotated and illustrated catalogue of the Herrings, Sardines, Pilchards, Sprats, Shads, Anchovies and Wolf-Herrings. Part 2, Engraulidae[END_REF]. According to [START_REF] Ben-Tuvia | Synopsis on the systematics and biology of Sardinella maderensis (Lowe)[END_REF], depending on the region, it can withstand temperatures ranging from 15 ° C to 25 ° C (in Algeria) and salinities ranging from 20 ‰ at the level of estuary of large rivers (Niger, Congo, Nile) to 40 ‰ in the eastern Mediterranean. It spawns throughout the year in Senegal. The first breeding season runs from April to October. A second breeding season, with continuous reproduction (more intense than during the first period), occurs from January to the end of February [START_REF] Ba | Resilience of Key Biological Parameters of the Senegalese Flat Sardinella to Overfishing and Climate Change[END_REF]. In Senegal, catches of S. maderensis increased significantly during the period from 1981 to 2003, reaching a peak of more than 100,000 tons per year, but subsequently declined to below 60,000 tons per year in 2010 (Figure 2). The species S. aurita, lives in the tropical and subtropical regions of the eastern Atlantic and is found in large concentrations along the West coast of Africa in three main areas [START_REF] Roy | Stratégies spatio-temporelles de la reproduction des clupéidés des zones d'upwelling d'Afrique de l'Ouest[END_REF]: between southern Morocco (Western Sahara) and Guinea (26 ° -10 ° N), between Côte d'Ivoire and Ghana (7 ° -5 ° N) and and further south between Gabon and southern Angola (0 ° -18 ° S) (Froese and Pauly, 2016). S. aurita is also present in the western Atlantic Ocean, from Cape Cod (United States) to Argentina, including the West Indies and the Gulf of Mexico [START_REF] Felder | Gulf of Mexico origin, waters, and biota: Biodiversity, College Station[END_REF]. It also lives in the Mediterranean Sea [START_REF] Boltachev | Faunistic revision of alien fish species in the Black Sea[END_REF]. In all regions, the species preferentially inhabits continental shelves where it prefers saline waters (between 34 ‰ and 36 ‰), and warm sea temperatures (between 17° C and 30 °C; [START_REF] Boëly | Biologie de deux espèces de sardinelles Sardinella aurita Valenciennes, 1847 et Sardinella maderensis Lowe, 1841 des côtes sénégalaises[END_REF]. The first reproductive period occurred from February to May off Senegal. A second reproductive period, with continuous spawning (more intense than during the first period), occurred from October to the end of December (Baldé et al., 2019).

Catches of S. aurita in Senegal showed an increase between 1966-1998 and 2005-2011 and a slight decrease between 1999-2004 (on average 100 086 tons of catches; Figure 2).

Biological data

Data on the growth of S. maderensis and S. aurita were obtained from fish landed from January 2004 to December 2014 in the seven main artisanal fishing ports along the Senegalese coast (Table 1; maderensis and S. aurita, respectively (see supplementary material). Total length (TL in cm) of fish was measured to the nearest cm, to calculate size-frequency distributions and to estimate growth parameters.

Environmental data

We used local environmental indices as the Coastal Upwelling Index (CUI) and coastal sea surface temperature (SST) for the period from 2004 to 2014 to analyse the effect of the environmental conditions on inter-annual variability of sardinella mean length in Senegalese waters. The methodology used to calculate CUI (m 3 s -1 m -1 ) and SST (°C) has been widely described by [START_REF] Baldé | Dynamique des petits poissons pélagiques (Sardinella aurita et Ethmalosa fimbriata) au Sénégal dans un contexte de changement climatique : diagnostic et synthèse bioécologiques[END_REF]. The SST data (averaged on a monthly basis) were obtained from advanced, very-highresolution radiometer (AVHRR) satellite images (5 km resolution) where upwelling-induced SST anomalies are generally maximal [START_REF] Thiaw | Effect of environmental conditions on the seasonal and inter-annual variability of small pelagic fish abundance off North-West Africa: the case of both Senegalese sardinella[END_REF]. The CUI was deduced from wind speed data obtained from the U.S. NOAA Environmental Research Division website (ERD, Upwelling and Environmental Index Products, http://www.pfeg.noaa.gov; Upwelling and Environmental Index Products, last visited: 20/11/2017).

Simulation model

The simulation carried out in this work involves the empirical estimation of the stock status (Z/K, E) as well as catch control indicators (Lc, Lopt and Lc_opt; Table 2) in order to adjust the fishing effort to sustainable stock exploitation.

The von [START_REF] Von Bertalanffy | A quantitative theory of organic growth (inquiries on growth laws. II)[END_REF] growth parameters [coefficient of growth rate (K), asymptotic length (L∞), time "t" when the fish length is zero (t0)] of S. maderensis et S. aurita were estimated from monthly length-frequency data (2004-2014) using the 'TropFishR' (Tropical Fisheries Analysis with R) package [START_REF] Mildenberger | TropFishR: an R package for fisheries analysis with length-frequency data[END_REF]. Length-based Bayesian biomass (LBB) model of [START_REF] Froese | A new approach for estimating stock status from length frequency data[END_REF] included in 'TropFishR' package was also used in this study. Allometric parameters (a and b), length-at-maturity (L50) data and life cycle parameters for LBB model were obtained from [START_REF] Ba | Resilience of Key Biological Parameters of the Senegalese Flat Sardinella to Overfishing and Climate Change[END_REF].

Calculations were computed using in R software and MS-Excel, and alternatively used the following basic equations. The meanings of the variables used in the formulas have been added in Table 3.

All fork length (FL in cm) measurements were converted to total length (TL) according to the relationship [START_REF] Sylla | Senegalese Sardinella aurita from 1995 to 2011: review of size spectra, sex ratio, gonadal somatic and condition indexes from small scale main national landing sites[END_REF]):

= 1.08264 + 0.08066 Eq. 1 Where = -1.08264 /0.08066 Eq. 2

The weight growth equation is obtained by combining the linear growth equation and the length-

weight relationship: = 1 - Eq. 3
Where Wt is the body weight at age t, W∞ is the asymptotic body weight, K is the coefficient of growth rate, t0 is the time "t" when the fish length is zero and W∞=a*L∞ b with a and b are the parameters of the length-weight relationship. The parameters of the length-weight ratio used are derived from [START_REF] Ba | Resilience of Key Biological Parameters of the Senegalese Flat Sardinella to Overfishing and Climate Change[END_REF].

The corresponding age at maximum growth (tmax) rate is:

= ! " + # Eq. 4
The body weight, Wopt , where unexploited cohort biomass reaches a maximum is given by [START_REF] Holt | The evaluation of fisheries resources by the dynamic analysis of stocks, and notes on the time factors involved[END_REF] as:

$% = & ' ( ) * Eq. 5
The length, Lopt , corresponding to Wopt is given by [START_REF] Beverton | Patterns of reproductive strategy parameters in some marine teleost fishes[END_REF] as:

$% = " "' ( +
Eq. 6

The age at the peak of unexploited cohort biomass topt is given by:

$% = !, ) -( ( . 
+ # Eq. 7

Starting fishing at Lc_opt results in a mean length of Lopt for the catch and the exploits part of the population (Froese et al., 2016):

/_$% = 1'"2 3 ⁄ 5'2 3 ⁄ "'3 ⁄
Eq. 8

The age tc_opt corresponding to Lc_opt is obtained by:

6_$% = !, 7 )+-( ( 7-+ . 
+ # Eq. 9

Total mortality (Z) can be measured by:

8 = + 9
Eq. 10

The exploitation rate (E) was estimated using the formula:

: = 2 ;
Eq. 11

From the basic equations presented above, an index of yield per recruit expressed as a function of the length at first capture Lc is given by [START_REF] Beverton | Manual of methods for fish stock assessment: Part 2-tables of yield functions[END_REF] as:

<′ > ⁄ = 2 3 ⁄ 5'2 3 ⁄ 1 -/ ⁄ 3 ⁄ &1 - " 5 ? @ ? A ⁄ 5' B ( + B-C ( ⁄ ⁄ + " 5 ? @ ? A ⁄ 5' D ( + B-C ( ⁄ ⁄ - 5 ? @ ? A ⁄ ) 5' ) ( + B-C ( ⁄ ⁄ *
Eq. 12 Yield per recruit (Y/R) curves were calculated using the Beverton-Holt yield per recruit model [START_REF] Beverton | On the dynamics of exploited fish populations, Fishery Investigations[END_REF] :

< > ⁄ = E 3 F G H ∑ J K L MK+ N F MN 2'3'O " OP# Eq. 13
With tr is the mean age (years) at recruitment to the fishing area, tc is the mean age at first capture, Un is the summation parameter (U0=l, U1=-3, U2=3, U3=-1) and F is the fishing mortality coefficient.

Lastly biomass-per recruit (B/R) curves was calculated using the following equation derived by [START_REF] Beverton | On the dynamics of exploited fish populations, Fishery Investigations[END_REF]:

Q > ⁄ = E 3 F G H ∑ J K L MK+ N F MN ;'O " OP#
Eq. 14

We have calculated Y/R and B/R for a range of F-values, which produced a Y/R and B/R curve as a function of F [START_REF] Eskandari | Yield and Biomass-per-recruit Analysis of Tiger Tooth Croaker (Otolithes ruber) in the Northwest of the Persian Gulf[END_REF][START_REF] Pitcher | Beverton and Holt equations: spreadsheet functions and uncertainty[END_REF]. The yield isopleths diagram of S. maderensis and S. aurita was used to assess the impact on yield created by changes of exploitation rate E and the ratio of length at first capture to asymptotic length (Lc / L∞) in relation to changes in mesh size [START_REF] Ama-Abasi | The dynamics of the exploited population of Ethmalosa fimbriata (Bowdich, 1825, Clupeidae) in the Cross River Estuary and adjacent Gulf of Guinea[END_REF][START_REF] Pauly | Some practical extensions to Beverton and Holt's relative yield-perrecruit model[END_REF].

Statistical analysis

Statistical analyses were performed using the "stats", "Hmisc" R packages [START_REF] Harrell | with contributions from Charles Dupont and many others: Hmisc: Harrell Miscellaneous[END_REF][START_REF] Mcdonald | Handbook of biological statistics[END_REF] in RStudio 1.1.463 [START_REF] Team | RStudio: integrated development for R[END_REF], with a significance level of α < 0.05. Annual mean length of both sardinella were analysed using a one-way analysis of variance (ANOVA), followed by a post-hoc Kruskal-Wallis test [START_REF] Sokal | [END_REF]. The Pearson test was used to study the correlation between the annual mean length of each sardinella with the mean annual of each environmental parameter, SST and CUI [START_REF] Zar | Biostatistical Analysis: Pearson New International Edition[END_REF].

RESULTS

Annual variability of mean length of both sardinella related to environmental parameters

The mean annual length of both species of sardinella remained fairly stable over the 11-years of the study period (Anova; F-value = 39.04, df = 1, p-value < 0.05 for S. maderensis and F-value = 5.873, df = 1, p-value < 0.05 for S. aurita) (Figure 3). The annual variation of the mean length during the study period showed two peaks of mean length for S. maderensis, one in 2007 (TL mean: 27 cm) and the other in 2014 (TL mean: 29 cm) whereas for S. aurita peaks are observed in 2008 (TL mean: 31cm) and 2010 (TL mean: 31 cm) (Figure 3). The mean annual length in 2014 was significantly higher than the other years of the study period (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014) for S. maderensis (Kruskal-Wallis test, X² = 30178, df = 10, p value <0.001). While for S. aurita, the mean annual length in 2008 was higher than the other years of the study period (Kruskal-Wallis test, X² = 33275, df = 10, p value <0.001). Over the period 2004-2014, the SST and CUI varied inter-annually. Mean SST increased in 2005, 2008 and 2010, but decreased in 2009 (Figure 3). CUI showed a quick and considerable increase in 2004 and 2009 (Figure 3). No correlation was found between the annual mean length of each species and environmental parameters (Table 2).

Fishing mortality and exploitation rate for both sardinella

The mortality estimated (on samples 2004-2014) was Z = 2.3 and 2.4 with F = 1.8 and 1.7 and M = 0.5 and 0.7 for S. maderensis and S. aurita, respectively (Table 3). The F/M ratio was higher for S. aurita (3.6) than for S. maderensis (2.4). Using a LBB model, Z/K was estimated to be 2.2 and 2.3 for S. maderensis and S. aurita, respectively (Figure 4). For S. maderensis and S. aurita, the current rates of exploitation (E) in Senegal waters were 0.8 and 0.7, respectively. The yield contour predicts the response of the yield-per-recruit to changes in Lc and rate of exploitation E; Lc / L∞ = 0.7 and 0.8 for S. maderensis and S aurita, respectively.

Length-based indicators of fishing sustainability for both sardinella

The von Bertalanffy equations fit well with the observed data (R² ≥ 0.90 in all cases except in 2004 and R² = 0.70 for S. maderensis and S. aurita, respectively). Asymptotic length (L∞) for the entire period was 37.5 cm (TL) for both sardinella while Lc was 24.5 and 27.5 cm (TL) for S. maderensis and S. aurita, respectively (Figure 4). Our growth studies, indicate that growth of S. aurita and S. maderensis (K = 1.01 and 1.02, respectively) in Senegal is fast. The likelihood ratio test indicated that there was no difference between the K and L∞ values of both sardinella species, which implies that they follow the same pattern of growth. When L50 were 20.3 cm for both sardinella species, 95 and 92% mature individuals are observed for the entire study period for S. maderensis and S. aurita, respectively.

The biomasses of unexploited cohorts of S. maderensis and S. aurita were highest (Lopt) at 26 and 29 cm (TL) at an age of 1.9 and 1.3 years (topt), respectively (Table 3). Optimal lengths at first capture (Lc_opt) were 25 and 28 cm (TL) for S. maderensis and S. aurita respectively (Table 3). The index of yield per recruit (Y'/R) was estimated to be 0.2 for both sardinella (Table 3).

Changes of Y/R and B/R for S. maderensis and S. aurita according to various values of F and tc are given in Figure 5. For S. maderensis, when M = 0.5, Y/R (564 kg; Figure 5a) and B/R (2,862 kg; Figure 5b) reach its maximum when tc = 2.5 year -1 . While S. aurita, Y/R reached its maximum value (426 kg) after two to three years (tc) when M was 0.7 (Figure 5a) and B/R decreased rapidly as F increased.

Maximum B/R occurred at tc < 2.5 years -1 (1,387 kg; Figure 5b) for S. aurita.

DISCUSSION

The data for this work have significant disadvantages to consider. Senegalese sardinella cannot be isolated from sardinella caught in neighboring countries and any exploitation outside Senegal's maritime borders has a significant impact on production in Senegalese waters. Interpretation of the growth of both sardinella will depend on the season in which the samples are obtained and seasonal differences in growth have been reported [START_REF] Thiaw | Effect of environmental conditions on the seasonal and inter-annual variability of small pelagic fish abundance off North-West Africa: the case of both Senegalese sardinella[END_REF]. In migratory species such as sardinella, the input data in growth studies can often be biased, i.e., some elements may be missing because the whole cohort may not be present in the area where the samples are taken. As a result, management guidelines and controls must be simple, but also robust protecting against uncertainties, as well as being proportionate to the information available (Pilling et al. 2009).

Growth variability of both sardinella

As fish growth is variable, a same species may have different growth patterns according to its environment (e.g., Baldé et al., 2019). Indeed, during the study period (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014), interannual variability was detected between the length distributions of both sardinella in Senegalese waters. These difference may be partly determined by the temporal difference (during the spawning period) when larvae hatch (Tiedemann and Brehmer, 2017), food availability [START_REF] Thiaw | Effect of environmental conditions on the seasonal and inter-annual variability of small pelagic fish abundance off North-West Africa: the case of both Senegalese sardinella[END_REF] and environmental conditions [START_REF] Diankha | Contrasted optimal environmental windows for both sardinella species in Senegalese waters[END_REF]. Our results showed that the annual mean length of the two species of sardinella followed the CUI pattern (Figure 3). In the study area, primary production is, to a large extent, determined by upwelling processes [START_REF] Auger | What drives the spatial variability of primary productivity and matter fluxes in the North-West African upwelling system? A modelling approach and box analysis[END_REF] during the winter period (dry season), which can have a major effect on juvenile growth. During their migration, adults are subject to variable environmental conditions, which affect their growth and spawning potential (Tiedemann et al., 2017). The coincidence of the annual mean length peaks of the two round sardinellas with the lowest temperatures (Figure 3), could suggest that temperature is also an important factor in the control of sardinella growth in the study area. Another clupeid species the Pacific herring (Clupea harengus pallasi), had optimal juvenile growth with SST between 12 ° and 13 ° C [START_REF] Haist | Growth and maturation of Pacific herring (Clupea harengus pallasi) in the Strait of Georgia[END_REF]. Another cause of variability in sardinella growth rate could be the effect of abundance of cohort size [START_REF] Thiaw | Effect of environmental conditions on the seasonal and inter-annual variability of small pelagic fish abundance off North-West Africa: the case of both Senegalese sardinella[END_REF] and recruitment. [START_REF] Diankha | Contrasted optimal environmental windows for both sardinella species in Senegalese waters[END_REF] showed that the key environmental variables influencing the recruitment success are different for both studied species: the Coastal Upwelling Index and the SST for S. aurita and S. maderensis, respectively. Thus, we assume that the environmental variability can also have a significant impact on both sardinella species growth variability.

Diagnosis of sardinella fisheries

The level of exploitation could be due to the increasing demand for sardinella for human consumption (e.g., fresh, processed by hand and more recently in fishmeal), the increasing fishing effort of the Mauritanian-Senegalese artisanal fleets and the European Union [START_REF] Baldé | Dynamique des petits poissons pélagiques (Sardinella aurita et Ethmalosa fimbriata) au Sénégal dans un contexte de changement climatique : diagnostic et synthèse bioécologiques[END_REF][START_REF] Stilwell | Sustainable development and the governance of fisheries frequented by heterogeneous user groups: a political economy perspective on the case of European Union participation in the Senegalese marine fishery[END_REF]. For example, in Mauritania, the increase in fishing effort is linked to the expansion of the fish flour industry in Nouadhibou and Nouakchott [START_REF] Fao | Report of the FAO working group on the assessment of small pelagic fish off Northwest Africa Casablanca, Morocco, 20-25[END_REF]. Indeed, landings of S. aurita to flour mills increased from 30% in 2012 to 45% in 2013 and to 62% in 2014 [START_REF] Fao | Report of the FAO working group on the assessment of small pelagic fish off Northwest Africa Casablanca, Morocco, 20-25[END_REF]. The number of flour companies in operation has increased from 18 factories in 2012 to 22 in 2013 [START_REF] Fao | Report of the FAO working group on the assessment of small pelagic fish off Northwest Africa Casablanca, Morocco, 20-25[END_REF]. The same scenario is noted in Senegal where production in Saint-Louis and along the Petite Côte (Mbour and Joal) is still stimulated by the existence of the sub-regional market and the establishment of fishmeal production plants [START_REF] Fao | Report of the FAO working group on the assessment of small pelagic fish off Northwest Africa Casablanca, Morocco, 20-25[END_REF]. It is also worth reporting that catches off the Sahara bank have increased. Indeed, with climate change, there is an increased presence of S. aurita towards Cape Blanc in Morocco [START_REF] Sarré | Approche acoustique de la dynamique et la distribution spatiale des ressources halieutiques de petits pélagiques dans l'upwelling sénégalo-mauritanien[END_REF]. Thus, more sardinella were caught in Morocco between 2005 and 2014 [START_REF] Sarré | Approche acoustique de la dynamique et la distribution spatiale des ressources halieutiques de petits pélagiques dans l'upwelling sénégalo-mauritanien[END_REF]. This can explain the significant decrease in S. aurita abundance in Senegal during this period [START_REF] Thiaw | Effect of environmental conditions on the seasonal and inter-annual variability of small pelagic fish abundance off North-West Africa: the case of both Senegalese sardinella[END_REF], accented by a lack of sub-regional collaboration in their fisheries management [START_REF] Nguyen | Competition or cooperation in transboundary fish stocks management: Insight from a dynamical model[END_REF]. Indeed, the decline in industrial catches has been partially offset by an increase in landings by the fishing fleets of coastal states with a predominantly artisanal role (see [START_REF] Thiaw | Effect of environmental conditions on the seasonal and inter-annual variability of small pelagic fish abundance off North-West Africa: the case of both Senegalese sardinella[END_REF]. This is also reflected in the decrease in fishing effort between 2004 and 2014 in Senegalese waters (Figure 6) on both species.

The F/M ratio is high for S. maderensis (F/M = 3.6) and S. aurita (F/M = 2.4). This comes from the change of fishing techniques and the motorization of the Senegalese canoes in recent years. In fact, the Senegalese canoe fleets are by far the most important in the West African region (including Nigeria and Ghana). In 2005, the number of fishing units was estimated to 13, 900 while the last census in 2015 reported 18,284 fishing units, including more than 90% motorized canoes [START_REF] Sow | Appui à la mise en place des plans de gestion des petits pélagiques au Sénégal (Rapport No. 1)[END_REF]. The dynamism of the artisanal fisheries resides in its capacity to adapt permanently to the changes of the context of the activity. This adaptive capacity depends on the qualitative and quantitative of the resource availability, economic context with reference to the possibilities of flow of the products and the levels of market remuneration [START_REF] Binet | Migration of Senegalese fishers: a case for regional approach to management[END_REF]. The strong reactivity of the Senegalese artisanal fishermen is linked, among others, to their good knowledge of the behavior of the resources but also their great organizational capacities to deal with changing institutional environment and appropriation of new techniques to exploit new resources [START_REF] Binet | Migration of Senegalese fishers: a case for regional approach to management[END_REF]. Given the level of exploitation of these species and the development and modernization of small-scale fisheries, indicators based on lengthfrequencies should help sustainable management at a critical time for these fisheries.

Indicators for sustainable management

One of the objectives of fisheries management is to minimize the impact of fishing on the size and age structure of exploited populations (Froese et al., 2016). Indeed, fishing with no size limit further reduces biomass, especially if higher values of M and hence of F are applied to pre-recruits [START_REF] Froese | Size still matters. A response to Svedäng (2013): Size matters: Ne quid nimis[END_REF]. In Senegal, according to the 2015 Fishing code, the mesh size allowed for sardinella fisheries is restricted between 40 and 60 mm that represents a fish size TL ≥ 18.0 cm. Nevertheless, the average sizes of individuals caught in both sardinella species are smaller than the L50 of 20.3 cm (TL) [START_REF] Ba | Resilience of Key Biological Parameters of the Senegalese Flat Sardinella to Overfishing and Climate Change[END_REF]. In the long-term, this fact could prevent the sustainability of sardinella stocks because it does not allow them to renew properly. Indeed, sardinella species show patterns of spatial and temporal distribution by size group [START_REF] Ba | Resilience of Key Biological Parameters of the Senegalese Flat Sardinella to Overfishing and Climate Change[END_REF]Baldé et al., 2019). Indicators based on length-frequencies can be used to establish management measures for fisheries [START_REF] Froese | Keep it simple: three indicators to deal with overfishing[END_REF]Froese et al., 2016). The Lc found in our study is higher than the Lc indicated by the Senegalese fishing code (TL ≥ 18.0 cm) and also the L50 (20.3 cm) for both sardinella species found by [START_REF] Ba | Resilience of Key Biological Parameters of the Senegalese Flat Sardinella to Overfishing and Climate Change[END_REF].

Fishing at Lc (24.5 and 27.5 cm for S. maderensis and S. aurita, respectively) would allow all fish to reproduce at least once before being caught. This will result in rebuilding and maintaining reproductive stocks in good health. However, such a tactic is only possible if the recruitment is successful each year. According to [START_REF] Diankha | Contrasted optimal environmental windows for both sardinella species in Senegalese waters[END_REF], the recruitment of S. maderensis and S.

aurita in Senegal is subject to variation depending on the sea surface temperature and the coastal upwelling index, respectively. As a result, the environment will have to be taken into account in this sustainable fishery hypothesis. The second indicator Lopt (26 and 29 cm for S. maderensis and S.

aurita, respectively) is the length where maximum yield can be obtained. This focus on large specimens is based on the growing evidence that older fish play several important roles in the longterm survival of a population (e.g., egg production; Baldé et al., 2019). This size (Lopt) is greater than

Lc found in our study, therefore greater than Lc indicated by the Senegalese fishing code and the L50 of both sardinella. However, the realities of Senegalese fisheries must be taken into account. In fact, to cope with the scarcity of resources, Senegalese fishermen are increasingly using more selective techniques such as monofilament fishing lines and purse seines [START_REF] Chauveau | Les pêches piroguières en Afrique de l'Ouest: dynamiques institutionnelles-pouvoirs, mobilités, marchés[END_REF][START_REF] Thiao | Focusing on monofilament nets while overlooking the priorities of artisanal fisheries governance in Senegal[END_REF]. Indeed, fisheries managers have not been able to effectively implement the law on the Lc indicated by the Senegal's fisheries code. Most of the sardinella individuals landed in recent year are small [START_REF] Sow | Appui à la mise en place des plans de gestion des petits pélagiques au Sénégal (Rapport No. 1)[END_REF], while the last indicator Lc_opt (25 and 28 cm for S. maderensis and S. aurita, respectively) would help implement a fishing strategy that does not catch any mega-parent [START_REF] Froese | Keep it simple: three indicators to deal with overfishing[END_REF]. According to Froese et al. (2016), to obtain a maximum yield for a given F, the Lc can be increased to allow a longer non-exploited growth phase, until the exploitable biomass and therefore the catch per unit of effort (CPUE) reach a maximum. Therefore, any catch at Lc_opt, close to Lc and therefore greater than the L50 of both sardinella (TL; 20 cm), could make it possible to better reach sustainability. However, the current governance framework of the sardinella fisheries does not allow for the definition and implementation of appropriate conservation and management measures for these shared stocks (sardinella species) because the existing regional body, like the Sub-Regional Fisheries Commission (SRFC), has only advisory mandates. The SRFC is not, yet, a Regional fisheries management organizations (RFMO). This situation is unfortunate because it does not comply with the provisions of the United Nations Convention on the Law of the Sea, which obliges States to consult each other and to endeavor to reach agreement in order to keep exploited populations within viable biological limits.

CONCLUSION

The 
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 1 Figure 1). Three landing sites (Kayar, Saint-Louis and Yoff) are located in the Northern part. The other landing sites (Hann, Mbour, Joal and Kafountine) are located along the Southern part (Petite Côte and Casamance). Length data were collected at random approximately 5 days per week. This study used only specimens captured with purse seiners in order to have the same selectivity for fishing gear in monthly statistics to allow the comparisons of size distribution. A total of 143,984 and 193,283 fish samples were recorded along the Senegalese coast during the surveys (2004-2014) for S.
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 2 FIGURE 2: Landing of sardinella species [Sardinella aurita (grey fill), S. maderensis (black fill) of the artisanal fishery of Senegal (1981 to 2011). Data obtained from the Centre de Recherches Océanographiques de Dakar-Thiaroye (CRODT; Senegal).

FIGURE 3 :

 3 FIGURE 3: Annual mean of both Sardinella lengths [Sardinella maderensis (black solid line, n = 143 562) and Sardinella aurita (black dashed line, n = 193 283)] combined to Coastal Upwelling Index (CUI; grey solid line) and Sea Surface temperature (SST; grey dashed line) over the Senegalese continental shelf (data: 2004 to 2014).

FIGURE 4 :

 4 FIGURE 4: The accumulated length data used to estimate priors Length at first capture (Lc), asymptotic length (Linf), and Z/K for Sardinella maderensis (a) and Sardinella aurita (b). The blue lineshows the exploited part of the population, meaning the population that is susceptible to the fishing gear. Lc: the length-at first capture i.e. the length at which 50% of the individuals are retained by the fishing net. Linf: the maximum length of the fish species according to your data. (Linf is actually the asymptotic length, but here approximated by the maximum observed length).

FIGURE 5 :

 5 FIGURE 5: Isopleth diagrams of yield and biomass-per-recruit for Sardinella maderensis (a) and Sardinella aurita (b) in Senegal (data: 2004-2014).

FIGURE 6 :

 6 FIGURE 6: Number of fishermen trips using the purse seines canoe for Sardinella maderensis (curve with cross) and Sardinella aurita (curve with circle) between 2004 and 2014 in Senegal over the main landing sites.
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Table 1 :

 1 Length-based Bayesian biomass (LBB) model provided a widely applicable and cost-effective starting point for use in establishing indicators for sustainable management of data-poor fisheries on tropical small pelagics. Its common use at least in West Africa will allow comparative analysis and thus provide better information to fisheries managers. Thus, to rebuild sardinella fisheries in Senegal, fisheries management should include: a revision of Senegal's fishing code, which should set a length at first capture ≥ 18 cm, is recommended by adopting Lc even if Lc_opt should be a better option. Indeed, captured individuals at Lc_opt (25 and 28 cm for S. maderensis and S. aurita, respectively) should be a natural safeguard against any failure of recruitment and to enable individuals to ensure the long-term survival of populations, in a context of data poor fisheries. Size distribution (Total length) of Sardinella maderensis(n= 143,621) and Sardinella aurita 601 (n= 193,357) specimens collected in Senegalese waters from 2004 to February 2014. ML: Midpoint 602 Length (cm) 603

	Sardinella maderensis

TABLE 1 :

 1 Number of individuals captured per port of landing during the study period(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014) in Senegalese waters.

	Port	Sardinella maderensis	Sardinella aurita
	Hann	21187	22280
	Joal	14896	11638
	Kafountine	2201	342
	Kayar	30735	70618
	Mbour	10064	7318
	Saint Louis	62452	72863
	Yoff	2449	8224
	Total	143984	193283
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