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Bonnethead and Caribbean sharpnose sharks frequent coastal waters, rendering them vulnerable to overexploitation, with the bonnethead shark listed as endangered by the IUCN. Marine Protected Areas (MPAs) have been suggested as a management strategy to regulate shark-exploitation. Moreover, it’s essential to identify key areas where nursery grounds (NG) and adult habitats overlap to prioritize conservation zones within MPAs. Along the Caribbean Sea, several NG have been identified for larger shark species, but little is known for smaller sharks. In Bocas del Toro (BDT-Panamanian Caribbean), both bonnethead and Caribbean sharpnose sharks are distributed, with the former appearing to be genetically isolated. The local MPA in BDT doesn't include a NG identified near Solarte Island. In this study, to provide ecological information on bonnethead and Caribbean sharpnose sharks within this potential NG, we evaluated stable isotopes (δ13C and δ15N) and total-mercury (THg) values in their fins. The results revealed a higher proportion of small-adult sharks in the NG, emphasizing the necessity of conducting a comprehensive study to further characterize this area. Moreover, there was no niche-partitioning between the two species and their diets primarily consisted of small prey-items, as evidenced by the significant and negative relationship between isotopic values. Both species exhibited low THg levels in their fins. Based on these initial results and previous genetic data, it appears that BDT plays a critical role as a habitat for sharks. Thus, extending the local MPA to cover the potential NG could effectively ensure conservation of bonnethead and Caribbean sharpnose sharks in BDT.
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1 Introduction

Sharks constitute one of the most extensively distributed groups of predators, inhabiting both oceanic and coastal regions (Ebert et al., 2013). However, several shark species are currently decreasing in population abundance due mainly to overexploitation (Dulvy et al., 2014, Dulvy et al., 2021; Pacoureau et al., 2021). Therefore, the establishment of marine protected areas (MPAs), where shark fishing is regulated or prohibited, serves as a key strategy to protect sharks (Carlisle et al., 2019).

Despite the establishment of MPAs, shark populations continue to decline significantly worldwide (Dulvy et al., 2014, Dulvy et al., 2021). The bonnethead shark (Sphyrna tiburo) exemplifies this tendency, inhabiting coastal and estuarine waters along the eastern Pacific from California (U.S.A) to Ecuador and throughout the western Atlantic from North Carolina (U.S.A) to southern Brazil (Compagno, 2002; Ebert et al., 2013). Despite this large distribution covering several MPAs (Álvarez Malvido et al., 2021), the species exhibits a declining population trend. Hence, it was recently listed in Appendix II in the last Conference of the Parties (CoP) to CITES (Cop19) and classified as endangered on the IUCN Red List, primarily due to fishing activities and habitat degradation (Pollom et al., 2021). Additionally, genetic and phylogenetic studies suggest the existence of at least one cryptic species in the Atlantic Ocean (e.g., Naylor et al., 2012; Sigovini et al., 2016; Díaz-Jaimes et al., 2021; Gonzalez et al., 2021), with the Caribbean bonnethead shark (S. aff. tiburo) distributed from Belize to southern Brazil (Gonzalez et al., 2021). Therefore, while taxonomic identity of bonnethead sharks remain unresolved in the Atlantic basin, the identification of key areas for inclusion within MPAs is imperative to ensure the protection of their populations as well as other shark species.

Sharks exhibit slow growth rates and a low intrinsic reproduction rate, emphasizing the importance of nursery grounds, where young sharks are born and reside until maturity (DeAngelis et al., 2008). In these areas, both juvenile and adult sharks are frequently encountered, as individuals tend to inhabit these areas for extended periods, often returning over multiple years (Heupel et al., 2007). Nursery grounds are primarily situated in coastal and shallow habitats such as bays, estuaries, and reef lagoons (Heupel et al., 2007). Given their significance, describing these areas is crucial for effective conservation and management of sharks (DeAngelis et al., 2008).

In the Wider Caribbean, several nursery areas have been identified for large sharks such as lemon (Negaprion brevirostris) and blacktip (Carcharhinus limbatus) sharks in coastal waters of the Bahamas, Turks and Caicos Islands, Florida (U.S.A), and the Virgin Islands (Feldheim et al., 2002; DeAngelis et al., 2008; Reyier et al., 2008; Henderson et al., 2010, Henderson et al., 2016). Nevertheless, limited information exists regarding nursery habitats of various shark species in regions along the continental Caribbean where no long-term shark monitoring programs are established, such as in Panama.

Situated along the western Caribbean coast of Panama is the Bocas del Toro Archipelago, where two species of sharks have been identified: the bonnethead shark (S. aff. tiburo) and the Caribbean sharpnose shark (Rhizoprionodon porosus). The Archipelago has a high biodiversity and the features described for a shark nursery ground, like shallow sandy areas fringed with mangrove (DeAngelis et al., 2008; Henderson et al., 2010). Indeed, a nursery area has been suggested for these both species in Solarte Island (Gonzalez et al., 2019); however, this region is not covered by the local MPA (Bastimentos Island National Marine Park, in Spanish Parque Nacional Marino Isla Bastimentos), which protect mainly the Bastimentos Island, Zapatilla Cays and adjacent waters.

Bastimentos Island MPA is in a region declared “particularly sensitive” by the International Maritime Organization and allows for protection of three distinct ecosystems: coral reefs, mangrove stands, and seagrass beds (Guerrón-Montero, 2005). The conservation purpose of this MPA was the protection of a representative portion of local coastal and marine ecosystems, focusing on marine turtles (Mou Sue, 1993), so protection of sharks may be underrepresented. Additionally, several impacts that may imply threats for sharks have been reported within the Archipelago, mainly in areas outside the MPA (Seemann et al., 2013). Contamination, habitat degradation, and overfishing are some of the human impacts affecting local marine fauna (Seemann et al., 2013), decreasing their populations (Del Cid et al., 1997; Seemann et al., 2013), which has also affected the income of local people that depend on these resources (Del Cid et al., 1997; Guerrón-Montero, 2005). Additionally, because of overfishing, fishes in the Archipelago are small-sized, which may also affect local diet for both humans and marine megafauna, as has been reported for common bottlenose dolphins (Tursiops truncatus), whose diet is based mainly on the poor-nutritive dwarf round herring (Jenkinsia lamprotaenia) (Barragán-Barrera et al., 2019).

The lack of information regarding the biology and population status of local sharks raises concerns, especially regarding the endangered status of the bonnethead shark (Pollom et al., 2021), whose population in Bocas del Toro appears to be genetically isolated (Gonzalez et al., 2019). Therefore, obtaining ecological information such as the identification of key areas for sharks in the Archipelago may be crucial for management purposes and should be considered in discussions of MPA expansion, to ultimately guarantee the conservation of sharks and other local marine fauna. For instance, strong baseline data including biological, genetic, and ecological information, revealed that Bocas del Toro Archipelago is a key area for a population of common bottlenose dolphin. This data indicated that the dolphin population living there had genetic isolation, exclusive inshore habits, and has been affected by unregulated tourist boat traffic (e.g., May-Collado et al., 2012; Barragán-Barrera et al., 2013; May-Collado et al., 2014; Sitar et al., 2016; Barragán-Barrera et al., 2017; May-Collado et al., 2017; Barragán-Barrera et al., 2019; Kassamali-Fox et al., 2020). Taking into account these previous studies, local stakeholders began to discuss two strategies to conserve this dolphin population.

The first was increasing the bottlenose dolphin conservation category to endangered in Bocas del Toro, and the second was the possibility of the Bastimentos Island MPA expansion within the Archipelago. Because these conservation strategies are still in discussion, here we intend to provide some ecological evidence supporting the relevance of expanding the area for other marine predators: sharks.

Gathering data on foraging habits and the toxicological status of shark populations is crucial for establishing conservation and management plans (Estupiñán-Montaño et al., 2021). The diet of sharks has been studied primarily via stomach contents and stable isotope analyses (e.g., Plumlee and Wells, 2016; Estupiñán-Montaño et al., 2017; Galindo et al., 2021; Vélez et al., 2021; Branham et al., 2022; Forero, 2022). Stable isotope analyses are a powerful methodology to assess the diet origin and composition by using carbon (δ13C) isotope values, as well as trophic position based on nitrogen (δ15N) measurements (Graham et al., 2010). Similarly, mercury (Hg) concentrations can serve as ecological tracers to determine trophic position, and diet differences related to age, sex, size, habitat use, and migration patterns (e.g., Barragán-Barrera et al., 2023; Estupiñán-Montaño et al., 2021; Graham et al., 2010; Maya M. et al., 2016; Marrugo-Negrete et al., 2018; Méndez-Fernández et al., 2020). However, as top predators like sharks are subject to elevated levels of Hg due to the biomagnification processes exposing them to potential health risks (Ehnert-Russo and Gelsleichter, 2020), monitoring Hg may be crucial for assessing the contamination status of marine habitats. Particularly for sharks, Hg monitoring is very relevant due their consumption in some coastal areas of Central America, including their meat (Clementi et al., 2021).

Here we used shark fins to assess, for the first time in the Bocas del Toro Archipelago, the total Hg (THg), as well as the δ13C and δ15N isotope values of bonnethead and Caribbean sharpnose sharks. Although fins reflect the lowest THg concentrations in comparison to other shark tissues like muscle, kidneys, or liver (O’Bryhim et al., 2017), their use is valuable to provide a first insight and baseline data on shark THg contamination in this region of Panama. Additionally, caution is warranted when interpreting fin stable isotope ratios, as they reflect values over longer periods than a year due their slow turnover rate (Malpica-Cruz et al., 2012). Fins, being appendages rather than tissues, consist of a mixture of several tissues (basal cartilage, blood, connective tissue, muscle, and skin), potentially leading to δ13C values higher than those in muscle (Hussey et al., 2011). However, utilizing the tips of fins enables the examination of shark ecotoxicology through nonlethal methods. This approach is valuable in offering initial first insights into the dietary habits and ecological status of shark populations from the same area trough stable isotope analysis (Hussey et al., 2011; Estupiñán-Montaño et al., 2021). Therefore, in this report, we provide insights about the ecotoxicological status of the Caribbean sharpnose and bonnethead sharks within a potential nursery area situated in the Bocas del Toro Archipelago. It aims to provide crucial baseline data for stakeholders contemplating the expansion of the Bastimentos Island MPA, facilitating the implementation of management and protection measures specifically aimed at conserving the endangered bonnethead sharks.




2 Materials and methods



2.1 Study area

The Bocas del Toro Archipelago is in the Panamanian Caribbean, on the northwest coast bordering Costa Rica (Figure 1). The Archipelago contains several marine ecosystems including seagrass, sandy bottom, coral reef, and mangrove forest (Guzmán and García, 2002; D’Croz et al., 2005), distributed among seven larger islands and several smaller ones (Guzmán and Guevara, 1998). Shark samples were collected specifically in the coastal area of Solarte Island called Hospital Point, where a potential nursery area for a resident bonnethead shark population has been identified (Gonzalez et al., 2019). Within the Archipelago lies the Bastimentos Island National Marine Park, whose polygon covers a coastal and marine portion over the Bastimentos Island and Zapatilla Cays.




Figure 1 | Location of sharks sampling collection area, in Hospital Point (black square), located in the Solarte Island, Bocas del Toro Archipelago, Panamanian Caribbean. The polygon of the Bastimentos Island National Marine Park –Parque Nacional Marino Isla Bastimentos– is represented with a dotted line.






2.2 Tissue collection

Shark samples were collected with permission from the Ministerio de Ambiente in Panama (permit number 05870- SEX/A-2-17). The methodology for sample collection was approved by the Smithsonian Tropical Research Institute IACUC (Institutional Animal Care and Use Committee; permits number 20676904 and 20676903).

Following Gonzalez et al. (2019), a fin clip sample was collected from six Caribbean sharpnose sharks and 15 bonnethead sharks at Hospital Point (Figure 1) between October 2016 and January 2017. Samples were conserved in 95% ethanol and stored at −20°C for subsequent laboratory analysis. The sex and total length were also registered for each individual, which were released alive after sampling (Gonzalez et al., 2019). Total length was used to distinguish between juveniles and adults based on mean maturity length for both species reported in other Caribbean areas, so values higher than the mean maturity length represented adults. The adult length for Caribbean sharpnose sharks was assessed at 66.9 cm based on 375 specimens collected in Northeastern Region of Venezuela (Medina et al., 2009). For bonnethead sharks, adults were differentiated from juveniles with a length greater than 77.3 cm and 64.5 cm for females and males, respectively, according to a life history study conducted in the western Gulf of Mexico using 913 individuals (N-females= 561, N-males= 352; Frazier et al., 2023).




2.3 Stable isotope analyses

Shark fin samples were dried, homogenized, and lyophilized prior to analysis as described in Vélez et al. (2021). Prior to isotopic analyses, and because samples are depleted in 13C, we used 4 ml of cyclohexane to extract lipids from approximately 100 mg (or less) of each sample (De Niro and Epstein, 1978). The samples were maintained in constant agitation for 10 min, and then centrifuged at 4,500 rpm for 5 min after which the supernatant containing lipids was discarded. We repeated this process three times, followed by drying the samples at 45°C in an oven for 48 h. Finally, a small portion of the lipid-free sample (0.2 – 0.4 mg) was weighted in a tin cup to conduct stable isotope analyses in a continuous flow mass spectrometer (Delta V Plus with a Conflo IV Interface, Thermo Scientific, Bremen, Germany) coupled to an elemental analyzer (Flash 2000 or EA Isolink, Thermo Scientific, Milan, Italy). The usual δ notation relative to atmospheric N2 for δ15N and Vienna PeeDee Belemnite Standard for δ13C in parts per thousand (‰), was used to report the isotopic results (Méndez-Fernández et al., 2020).

Based on replicate measurements of internal laboratory standards, experimental precision is of ± 0.15 and ± 0.20 ‰ for δ13C and δ15N, respectively. The C:N ratio was assessed to determine if lipid extraction was efficient, by using the percent C and N elemental composition (De Niro and Epstein, 1978). Thus, a good lipid removal was indicated if we obtained C:N ratio between 2.9 – 3.3 (Post et al., 2007; Lesage et al., 2010; Matich et al., 2010; Kim et al., 2012).




2.4 Mercury analyses

Measurements of THg concentrations were performed using an atomic absorption spectrometer AMA-254 (Advanced Altec Mercury Analyzer) following Vélez et al. (2021). Homogenized and lyophilized tissue samples ranging from 1 to 5 mg that did not require chemical treatment were analyzed in duplicates to assess mean and SD of THg concentrations in each sample. To control analytical quality of THg measurements, we ran blanks at the beginning of each analytical session, and we used certified reference material (CRM) DOLT-3 (Dogfish Liver Certified Reference Material, National Research Council of Canada) after running blanks and after every fifth sample run. The mean of concentrations reported for the CRM was 328 ± 0.1 ng g-1 (N= 4) and the percent of recovery was 97.0 ± 0.9%. The detection limit of the AMA was 0.1 ng. The THg concentrations were reported in ng g-1 on a dry weight basis (dw).




2.5 Statistical analyses

Mean isotopic and THg and their standard deviation for each shark species was calculated and plotted. Following Jackson et al. (2011), a Bayesian approach based on multivariate ellipse metrics (SIBER – Stable Stable Isotope Bayesian Ellipses within the R-siar package) was used to assess the overlapping of isotopic niche between bonnethead and Caribbean sharpnose sharks. The degree of niche overlapping was assessed through the overlap in the areas of the corrected standard ellipses (SEAc), by using the OVERLAP command, whose value ranges from 0 (no overlap) to 1 (greater overlap; Jackson et al., 2011).

Because of the low sample size for Caribbean sharpnose shark, these samples were not used to conduct additional statistical analyses. Therefore, Shapiro–Wilk of normality and Levene test of homogeneity of variances were used to test the assumptions of parametric tests on the bonnethead shark data. For data that was not normally distributed, a log-transformation was used. Pearson correlations were conducted among all variables to assess: 1) Hg bioaccumulation in relation to trophic position and age by comparing THg Vs δ15N, and THg Vs total length, respectively (Marrugo-Negrete et al., 2018), and 2) the relationship between δ13C and δ15N values among shark individuals. The existence of significant differences between sex was evaluated using a t-student. All these statistical analyses were performed in R v. 3.4.3.





3 Results

Fifteen fin samples of bonnethead sharks were sampled, whose total lengths ranged between 35 and 106 cm, including two juveniles and 13 adults (Table 1). The six Caribbean sharpnose shark individuals' total lengths varied between 44 to 95 cm, which corresponded to five juveniles and only one adult (Table 1). Regarding stable isotopes, the C:N ratios reflected an efficient removal of lipids with values ranging from 2.93 to 3.29 (Table 1).


Table 1 | Total length, age, sex, total mercury concentration, stable isotope values, and C:N ratio for bonnethead shark (Sphyrna aff. tiburo) and Caribbean sharpnose shark (Rhizoprionodon porosus) in the Bocas del Toro Archipelago, Panamanian Caribbean.



The δ13C values ranged between −14.15 to −10.73 ‰ (mean= −12.12 ± 0.81 ‰) and between −14.52 to −13.00 ‰ (mean= −13.81 ± 0.66 ‰) for bonnethead and Caribbean sharpnose sharks, respectively (Table 1, Figure 2). The δ15N values were similar for both species, which ranged between 7.45 to 10.82 ‰ (mean= 9.05 ± 0.81 ‰) for bonnethead sharks, and between 9.00 to 10.64 ‰ (mean= 10.02 ± 0.60 ‰) for Caribbean sharpnose sharks. Likewise, THg values were also similar between both species, with a range of 7 to 69 ng g-1 dw (mean= 29 ± 17 ng g-1 dw) and 14 to 36 ng g-1 dw (mean= 24 ± 9 ng g-1 dw) for bonnethead and Caribbean sharpnose sharks, respectively (Table 1, Figure 2). However, SIBER analyses based on SEAc values of carbon and nitrogen isotopic signatures showed no niche overlap between both species (Overlap= 0), and the bonnethead shark showed a greater ellipse (SEAc= 1.87) in comparison to the Caribbean sharpnose shark (SEAc= 1.52; Figure 3).




Figure 2 | Relationship between carbon (δ13C) and nitrogen (δ15N) stable isotope values, and total mercury (THg) levels of Caribbean sharpnose shark (Rhizoprionodon porosus) and bonnethead shark (Sphyrna aff. tiburo) in the Bocas del Toro Archipelago, Panamanian Caribbean.






Figure 3 | Standard ellipses for corrected sample sizes (SEAc) of carbon and nitrogen isotopic signatures in fins for bonnethead shark (Sphyrna aff. tiburo) and Caribbean sharpnose shark (Rhizoprionodon porosus) and in the Bocas del Toro Archipelago, Panamanian Caribbean. Black ellipse: bonnethead shark; Red ellipse: Caribbean sharpnose shark.



For bonnethead sharks, sex comparisons did not show significant differences for THg, δ13C, and δ15N values. The Pearson’s correlation coefficients showed not significant correlations between THg with δ15N and standard length, but was significant for the δ13C and δ15N relationship (p<0.05).




4 Discussion

This study provides a first insight into the feeding ecology of the bonnethead and Caribbean sharpnose sharks in a potential nursery area located at the Bocas del Toro Archipelago, Panama, based on THg, δ13C, and δ15N values. Despite most individuals collected at Hospital Point appearing to be adults instead of juveniles, this region maintains features of a nursery ground (e.g., Heupel et al., 2007), in which the presence of both small adults and juveniles suggests that individuals use the region frequently. This preliminary assessment highlights the need for conducting an exhaustive reproductive biology study for both bonnethead and Caribbean sharpnose sharks in the Archipelago, to identify the relevance of this region as a nursery ground for these species in the Caribbean. These results are particularly important for the bonnethead shark, since the population located in Bocas del Toro appears to be genetically isolated (Gonzalez et al., 2019).

The bonnethead shark is widely distributed along estuarine, coastal, and insular areas of the American continent (up 90 m depth) in both Atlantic and Pacific oceans, but limited to warm waters (Ebert et al., 2013). However, this species which likely represents a differentiated linage in the Caribbean and Southwestern Atlantic (Naylor et al., 2012; Sigovini et al., 2016; Díaz-Jaimes et al., 2021; Gonzalez et al., 2021), also shows a restricted distribution in Bocas del Toro, where the population appears to be resident according to genetic data (Gonzalez et al., 2019). Our findings also indicated the absence of niche partitioning between female and male bonnethead sharks within the Archipelago. These findings align with other studies that report no discernible differences in diet between sexes (e.g., Galindo et al., 2021; Branham et al., 2022), particularly in nursery areas where the main goal is to acquire as many prey items as possible for rapid growth (Heithaus, 2007). Conversely, niche partitioning was detected between species, which allows co-existence of the two species in the same region despite both having coastal habits (Maya M. et al., 2016; Estupiñán-Montaño et al., 2017).

Stable carbon isotope compositions suggest that the Caribbean sharpnose shark, whose distribution in the Atlantic Ocean appears to be in deeper waters (i.e., up to 500 m depth; Ebert et al., 2013), prefers items with higher trophic position but specific to the coastline. The trophic niche of this species in Bocas del Toro is narrower in comparison to the bonnethead shark, which showed a wider δ13C range, but with less depleted 13C values, suggesting a wider foraging area. However, variation in δ13C values between both species may be supported mainly by the wide range of isotopically diverse sources that can be found in coastal areas (Bird et al., 2018), and the Archipelago appears to offer a high variety of coastal preys to top predators (Barragán-Barrera et al., 2019). Hence, the partitioning niche found here exhibits diet differences between both shark species. For instance, the diet of the bonnethead shark along the Atlantic waters of Brazil and United States is dominated mostly by portunid crabs (Callinectes spp.; Plumlee and Wells, 2016; Branham et al., 2022), while in the Colombian Caribbean, the diet of the Caribbean sharpnose shark was represented by eight fish species (e.g., Harengula sp., flying gurnard Dactylopterus volitans, Mugil sp., sharptail eel Myrichthys breviceps, among others) and one crustacean penaeid (family Penaeidae), with fish belonging to the Clupeidae family being the most common item in their diet (Forero, 2022). Therefore, the hypothesis of diverse food sources in the Bocas del Toro Archipelago, which had been discussed previously for common bottlenose dolphins, may also be true for sharks. These dolphins have a high philopatry in the Archipelago despite the risk related to continuous boat traffic (May-Collado et al., 2012, May-Collado et al., 2014, May-Collado et al., 2017; Kassamali-Fox et al., 2020), which could only be explained by the good habitat that Bocas del Toro offers to individuals (Barragán-Barrera et al., 2019). Consequently, this area is an important habitat for megafauna in the Caribbean, and deserves special attention for shark conservation, particularly for the bonnethead shark due to its recent IUCN categorization as endangered with a decreasing population trend (Pollom et al., 2021).

In Bocas del Toro, there are potential threats that sharks may face. Hg bioaccumulation may be one of them; however, bonnethead sharks, for instance, did not show higher THg levels in their fins in comparison to other areas throughout its distribution. For example, in the Southeastern United States, bonnethead sharks exhibited THg levels in their fins with a mean of 70 ± 50 ng g-1 dw (N= 18; O’Bryhim et al., 2017), and in the Colombian Pacific, where has been reported high Hg emissions due to gold mining (Massé and McDermott, 2017), this species exhibited THg values in their fins with a mean of 173 ± 161 ng g-1 dw (N=17; Vélez et al., 2021). Nevertheless, this species did not tend to bioaccumulate high THg levels in relation to other oceanic and larger shark species (Vélez et al., 2021). This may be due to the limited size range in our sampling (juveniles and small adults), since Hg is known to bioaccumulate in organisms over their lifespan, older and larger animals typically exhibit higher Hg levels (Neumann and Ward, 1999).

Relationship between δ15N and THg values are also used to assess Hg contamination through diet, in which top predators show a positive correlation due to consumption of high trophic level prey (e.g., Marrugo-Negrete et al., 2018; Barragán-Barrera et al., 2019). However, this pattern was not observed for bonnethead sharks in Bocas del Toro. Stable nitrogen isotope composition showed similar values for both bonnethead and Caribbean sharpnose sharks, but were lower in comparison to the inshore population of common bottlenose dolphins in Bocas del Toro (mean= 10.25 ± 1.48 ‰; tissue: skin; N= 37; Barragán-Barrera et al., 2019), which result in lower THg values through dietary items with lower trophic level.

Diet of both bonnethead and Caribbean sharpnose sharks along Atlantic areas are based on benthic crustacea and fishes (Ebert et al., 2013; Plumlee and Wells, 2016; Branham et al., 2022; Forero, 2022). However, fishes in Bocas del Toro are being overfished (Seemann et al., 2013), so top predators should supply their nutritional demand by consuming smaller fishes or other types of prey (Barragán-Barrera et al., 2019). This may also be represented for sharks by the significant negative relationship between δ13C and δ15N stable isotopes, with a decreasing 15N trend in relation to more depleted 13C values. This relationship suggests a shark diet based on small fishes with both coastal and oceanic habits, like the dwarf round herring, which is widely distributed within the Archipelago, but feeds on oceanic zooplankton during the night (Radakov and Silva, 1974; Friedlander and Beets, 1997). Additionally, the dwarf round herring represents one of the most contributing prey items in the diet of common bottlenose dolphins in Bocas del Toro (Barragán-Barrera et al., 2019), likely because of the lack of larger prey due to local overfishing (Seemann et al., 2013). Consequently, dolphins in the Archipelago and likely sharks may reflect lower δ15N values by acquiring lower trophic level preys in comparison to other areas (e.g., Vélez et al., 2021). Considering this, overfishing (which may be regulated within the local MPA; Seemann et al., 2013), may result in a potential threat that sharks may face in Bocas del Toro.

Our preliminary findings, together with previous genetic data that shows isolation (Gonzalez et al., 2019), suggest the relevance of the Bocas del Toro Archipelago as an important habitat for sharks in the Caribbean basin. However, additional monitoring including more specimens with different age class as well as the complete characterization of the potential nursery ground is needed to confirm this assumption. Nursery delineation is crucial for assessing the significance of this area for shark species and is pivotal for their effective management by integrating it into the local MPA. Furthermore, complementary analyses are needed to effectively assess the feeding ecology of bonnethead and Caribbean sharpnose sharks in the Caribbean Sea. This study provides essential baseline data needed to determine the conservation status of these species in Panama, particularly for the endangered bonnethead shark (Pollom et al., 2021). In order to conserve its populations, urgent measures are needed to determine important areas for this species, with Bocas del Toro emerging as a key location in need of conservation efforts.
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OEBPS/Images/table1.jpg
Species Total Length (cm) Age Sex THg(nggldw) &3C (%) "N (%) C:N
1 Rhizoprionodon porosus 95 Adult NI 14 -13.05 10.18 3.07
2 Rhizoprionodon porosus 63 Juvenile NI 36 -14.35 9.00 329
3 Rhizoprionodon porosus 52 Juvenile NI 14 -14.52 10.54 332
4 Rhizoprionodon porosus 44 Juvenile B 28 -13.78 10.64 3.08
5 Rhizoprionodon porosus 63 Juvenile M 29 -13.00 9.99 3.08
6 Rhizoprionodon porosus 45 Juvenile F 20 -14.18 9.75 3.13

Mean + SD 60 19 249 -13.81 + 0.66 10.02 + 0.60
1 Sphyrna aff. tiburo 78 Adult M 61 -12.72 10.42 297
2 Sphyrna aff. tiburo 49 Juvenile B 19 -12.43 9.09 293
3 Sphyrna aff. tiburo 77 Adult M 32 -11.56 8.88 297
4 Sphyrna aff. tiburo 90 Adult F 27 -12.40 9.66 293
5 Sphyrna aff. tiburo 106 Adult F 69 -11.36 9.11 293
6 Sphyrna aff. tiburo 84 Adult M 37 ~11.86 8.97 3.05
7 Sphyrna aff. tiburo 93 Adult M 23 ~11.92 892 3.13
8 Sphyrna aff. tiburo 84 Adult M 23 -12.68 9.11 3.14
9 Sphyrna aff. tiburo 92 Adult M 29 -12.35 8.90 313
10 Sphyrna aff. tiburo 95 Adult M 7 -10.88 745 293
11 Sphyrna aff. tiburo 79 Adult F 17 -13.27 854 321
12 Sphyrna aff. tiburo 83 Adult F 13 -11.98 8.17 3.04
13 Sphyrna aff. tiburo 84 Adult M 34 -10.73 8.96 2.95
14 Sphyrna aff. tiburo 85 Adult M 34 —-11.53 8.76 295
15 Sphyrna aff. tiburo 35 Juvenile F 18 -14.15 10.82 3.01
Mean + SD 8118 2917 -12.12 £ 0.89 9.05 £ 0.81

F, female; M, male; NI, not identified; THg, total mercury; 8°C, carbon; 8'°N, nitrogen.
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