


Relative growth and seasonal variations in the mass of Cymbium glans Gmelin, 1791 in the Exclusive Economic Zone of Côte d'Ivoire	Comment by DELL: Suggestion:

Morphometric Growth Patterns and Seasonal Variations in Mass of Cymbium glans Gmelin, 1791 (Family: Volutidae) in the EEZ of Côte d’Ivoire	Comment by DELL: Cymbium glans Gmelin, 1791 (Family: Volutidae) 




Abstract	Comment by DELL: Please add quantitative results.
Cymbium glans is an increasingly important fishery resource in Côte d'Ivoire, although it is mainly exploited as a by-catch by trawlers. However, biological data on this species are still limited, particularly with regard to its growth and seasonal variations in biomass. The aim of this study is to analyse the relative growth and seasonal variation in the mass of C. glans in the Côte d'Ivoire Exclusive Economic Zone. Regular sampling was carried out over a period from January to December 2018 in order to measure the morphometric dimensions and mass of individuals. Allometric relationships between length, width, shell height and mass were studied using logarithmic regression models. The results reveal negative allometric growth in width and height relative to length, reflecting a more elongated shell shape as size increases. In addition, a significant increase in mass was observed during the warm season, probably linked to better food availability and environmental conditions favourable to the accumulation of energy reserves. These results contribute to a better understanding of the growth mechanisms of C. glans in the wild.	Comment by DELL: Mention that 361 specimens were collected monthly from Jan–Dec 2018.
Keywords: Cymbium glans, growth, allometry, seasonal variation, fisheries management.
INTRODUCTION
The Volutidae are a family of marine gastropod mollusk, classified within the order Neogastropoda (Holthuis, 1995). These organisms are characterized by their elongated and thick shells, adorned with a wide variety of patterns and colorations. Among the genera in this family, the genus Cymbium is particularly well represented in West Africa.	Comment by DELL: Add more details about the ecological and economic role of family Volutidae.
In Côte d'Ivoire, Cymbium glans is one of the species regularly landed. It is generally caught as a bycatch during trawling campaigns. This species, typically West African, is present in the waters of the Atlantic Ocean, from the Mauritanian coasts to those of Angola (Marche-marchad et al., 1978). In addition, fishing for C. glans, initially practised by local fishermen, has intensified in recent years with the granting of fishing licences to foreign fleets, particularly Chinese ones. Their exploitation by trawling threatens the sustainability of stocks, even though they are an ecological and socio-economic pillar. 	Comment by DELL: Rephrase as “frequently landed in commercial catches”	Comment by DELL: Please also  specify the type of habitat ( Sandy bottoms, Shlef depth etc).	Comment by DELL: Add suitable references
However, very few studies have focused on the biology particularly with regard to relative growth and seasonal variations in its mass. Yet studying growth parameters provides insight into population dynamics and helps develop appropriate management measures (Meunier, 1988; Panfili et al., 2002). To date, the only study conducted in Côte d'Ivoire on C. glans has focused on its diet. In this context, the aim of this study is to analyse the relative growth and seasonal variations in the mass of C. glans in order to better understand its growth in the natural environment.	Comment by DELL: This sentence is a bit confusing, you can start with “However, biological studies on C. glans are scarce, particularly regarding relative growth and seasonal variation in body mass”. And if there a few studies please cite them here.	Comment by DELL: Add reference from this region.	Comment by DELL: Please clearly state the aim of the study and rephrase.
2. MATERIALS AND METHODS
2.1. Sampling Site	Comment by DELL: Provide the map of the sampling station.
Samples were collected from industrial fishing catches and then landed at the fishing port of Abidjan. Industrial fishing is carried out in Côte d'Ivoire's Exclusive Economic Zone (EEZ), located in the Gulf of Guinea. This zone extends up to 200 nautical miles (approximately 370 km) from the coastal baseline and covers an area of ​​approximately 200,000 km² (Koffie-Bikpo, 2010). The marine hydroclimatic environment of Côte d'Ivoire is characterized by four distinct seasons (Reyssac, 1969; Morlière, 1970):	Comment by DELL: Specify the types of gears used.	Comment by DELL: Provide location’s coordinates.
• a short cold season (January-February),	Comment by DELL: Don’t use bullets. Write in continuation of sentence.
• a long warm season (March-June),
• a long cold season (July-October),
• a short warm season (November-December)
2.2. Sampling
The study was conducted at the Abidjan fishing port, where four industrial trawlers were monitored. Samples were collected monthly, from January to December 2018. A total of 361 specimens of Cymbium glans were collected and examined.	Comment by DELL: Avoid repetition.	Comment by DELL: State whether specimens were measured fresh on landing or preserved first. Are they catalogued? Where are they deposited?
2.3. Morphometric Measurements
For each individual, three morphometric measurements were taken using a mechanical caliper with a precision of ± 0.02 mm:	Comment by DELL: Measurements in mm, cm?
- total length (L), the maximum distance between the anterior edge (siphonic canal) and the posterior edge (protoconch) of the shell;
- height (H), the distance between the dorsal part of the shell and the ventral edge;
- width (W), the distance between the right and left edges of the shell (Fig.1).


 Figure 1:  Measurements of Cymbium glans	Comment by DELL: Improve the plate and add scale bars.
The total mass (Wt) of each individual was measured using a 5 kg electronic scale with a precision of ± 1 g.	Comment by DELL: Mention whether soft tissue mass was recorded or only total mass with shell. This could affect growth interpretation.
2.4. Relative Growth Analysis	Comment by DELL: The section is more theoretical than methodological. Consider shortening the general explanations and focusing more on your specific comparisons.
The study of relative growth between two biometric variables was carried out by applying the simple allometric law of Huxley and Teissier (1936), expressed as:
                                                                Y = axb
After the logarithmic transformation, the equation becomes:
                                                             log y = log a + b log x
In this equation, y represents the dimension of the organ under study, x the reference dimension, and a and b are two constants. Depending on the value of b, different types of growth are defined.
Growth is isometric when b = 1 (for linear relationships) or b = 3 (for the weight-length relationship). Both dimensions grow at the same rate.
Growth is allometric when b ≠ 1 (or b ≠ 3 for weight-length):
If b < 1 (or b < 3), negative allometric growth, meaning the organ under study grows more slowly than the reference organ.
If b > 1 (or b > 3), positive allometric growth, meaning the organ under study grows more quickly than the reference organ. In the case of the height-weight relationship, the values ​​of b generally vary between 2 and 4, and are often close to 3 (N’da et al., 2006; Layachi et al., 2007).
2.5. Statistical Data Analysis
Statistical data analysis was performed using STATISTICA version 7.1 and Microsoft Excel software. The significance of deviations from isometrics was tested using the Student's t-test (p < 0.05). Furthermore, the correlation coefficient (r) was determined from the square root of the coefficient of determination (R²). This coefficient was calculated to measure the strength of the linear relationship between two biometric variables.
3.Results	Comment by DELL: Please provide the maximum-minimum range for all parameters (length, width, height, weight) of the examined specimens in the relevant sections.
The analysis of morphometric relationships focused on the correlation between total weight and length, as well as the relationships between the different shell dimensions.
3.1. Weight-Length Relationship	Comment by DELL: Add sample size (n = ?) for transparency.
The relationship between total weight and shell length is presented in Figure 2. The correlation coefficient is high (r = 0.96), indicating a strong dependence of weight on length. The calculated allometric coefficient b is 2.91, lower than the theoretical value 3 (P < 0.05) showing a negative allometric growth. Thus, the weight of C. glans increases less quickly than the length.	Comment by DELL: italic

Figure 2: Weight-length relationship of Cymbium glan	Comment by DELL: glans
3.2. Width-length relationship
The width-length relationship (Fig. 3) shows a correlation coefficient of 0.88, indicating a significant correlation between these two parameters. The allometric coefficient b is 0.84 (P < 0.05), revealing a negative allometry. Shell width increases less rapidly than length.

Figure 3: Width-length relationship of the Cymbium glans

3.3. Height-length relationship
The height-length relationship (Fig. 4) shows a correlation coefficient of 0.91. The allometric coefficient b is 0.88 (P < 0.05), also reflecting a negative allometry. The shell exhibits slower growth in height than in length. 


[bookmark: _Hlk200357259]Figure 4: Height-length relationship of Cymbium glans


3.4. Height-Width Relationship
The height-width relationship (Fig. 5) shows a correlation coefficient of 0.84. The calculated allometry coefficient is 0.99 (P < 0.05), indicating negative allometry. Shell growth in height is less than in width.


Figure 5: Height-width relationship of Cymbium glans

3.5. Seasonal variations in the mass of Cymbium glans
The weight of the sampled individuals ranged from 725.3 g to 3510 g. A significant increase in weight was observed in the warm season (1240.36 ± 785.56 g), compared to the cold season (962.20 ± 750.89 g), corresponding to a decrease of 22.41% during the cold period (Fig. 6).

Figure 6: Seasonal variation in the weight of Cymbium glans in the EEZ	Comment by DELL: Figure 6 caption could be clearer: “Seasonal variation in the mean weight (± SD) of Cymbium glans in the EEZ of Côte d’Ivoire.”
Discussion
The study of relative growth and seasonal variations in mass (weight) provided a better understanding of the evolution of morphometric dimensions and weight fluctuations in Cymbium. glans. The weight-length relationship displayed a high correlation coefficient (r = 0.96), indicating a strong dependence of weight on shell length. The value of the allometric coefficient b, less than 3, reveals a negative allometry, reflecting a slower increase in weight than in shell length. These results corroborate the work of Faidallah et al. (2021) in Libya and Boulajfene et al. (2024) in Tunisia in Phorcus Turbinatus. Negative allometry has also been observed in Phorcus sauciatus in the North Atlantic Ocean (Sousa, 2020), as well as in Phorcus lineatus and Phorcus Steromphala umbilicalis in southern Portugal (Vasconcelos et al., 2022). This morphometric trend, common in marine gastropods, could represent an adaptive strategy. Indeed, faster growth of the shell compared to soft tissues would provide better protection against predators and adverse environmental conditions (Zuschin and Stanton, 2001). Mendoza et al. (2019) also suggest that gastropods allocate their energy resources primarily to shell growth rather than to internal tissue growth, thus favouring a negative allometric growth model. 	Comment by DELL: Briefly clarify why comparisons with Phorcus are relevant (same family? similar ecological niches?). Otherwise, the reader may not see the connection to Cymbium.
The linear relationships (width-length, height-length and width-height) also revealed high correlations (r between 0.88 and 0.91), confirming a strong correlation between the different shell dimensions.
 The allometric coefficients b were less than 1 (P < 0.05), indicating negative allometric growth for these linear relationships. Thus, as the individual grows, the shell becomes proportionally more elongated and less wide. These results differ from those observed in Patella Caerulea by Belkhodja et al (2012), where faster growth in height and width was observed. The morphological diversity of marine gastropods could therefore reflect adaptive strategies specific to each species, influenced by the habitat, mode of movement, feeding and defence mechanisms against predation (Signor,1982; Palmer,1985; Savazzi,1989; Vermeij,1993; Kohn,1999).
Regarding seasonal variations in mass (weight), the results highlight a wide range in mass, varying from 725.3 g to 3510 g, probably reflecting the variability in sizes and development stages of individuals (juveniles and adults). Seasonal analysis reveals a significant increase in weight during the warm season (1240.36 g on average), compared to the cold season (962.20 g), a decrease of 22.41% in the cold period. This wide range could be explained by several factors such as the size of individuals and the development stage (juveniles and adults). In addition, seasonal analysis shows a clear increase in the weight of individuals recorded during the warm season (1240.36 g) compared to the cold season (962.20 g), a decrease of 22.41% in the cold season. The predominance of heavy individuals in the warm season could be explained by better food availability, as well as gonadal maturation favouring the accumulation of energy reserves. Rising temperatures seem to play a determining role, by stimulating gametogenesis, metabolism and food assimilation in gastropods (Christophersen and Strand, 2003; Saucedo, Ocampo, Monteforte and Bervera, 2004; Vélez and Epifanio, 1981). In the cold season, the mass of individuals tends to decrease, probably in connection with the reproductive cycle. Egg laying, favoured by moderate temperatures, mobilizes significant energy resources in adults, to the detriment of their weight growth. The loss of mass could be explained by the release of larvae which corresponds to the ejection into the external environment of larvae having reached the end of their development in the incubator pouch (Marche-Marchard, 1975). 
Conclusion
This study characterized the relative growth and seasonal variation in the mass of Cymbium glans in the Exclusive Economic Zone of Côte d'Ivoire. Morphometric relationships revealed a lower allometric growth, indicating that the shell elongates more rapidly than it widens, which could be an adaptive strategy in the face of environmental constraints and predation pressures. Furthermore, a marked seasonal variation in mass was observed, with higher weights during the warm season. This is likely related to increased food availability and stimulation of gonadal maturation favored by high temperatures. These results provide important elements for understanding the biology of the species and constitute a useful basis for developing sustainable management strategies for this fishery resource.	Comment by DELL: Make it species- and region-specific: “for sustainable management of Cymbium glans fisheries in Côte d’Ivoire.”
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