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Introduction

The current Isogomphodon oxyrhynchus (Daggernose Shark) population status Q7points to 99% losses in the last decade due to certain biological traits, site fidelity, and historical high representativeness as bycatch in artisanal fisheries. This species is listed as Critically Endangered (CR), both in the IUCN and the Brazilian Red Lists. Its vulnerability is so high that its recovery potential requires protection from ongoing fishing pressure.



Objective

In this context, this study aimed to evaluate the health status of Daggernose sharks and their ability to cope with allostatic overload in a comparative analysis with other Carcharhinid and Sphyrnid sharks.



Methods

Sharks incidentally caught by the artisanal fleet in the state of Maranhão, on the Brazilian Amazon Coast, were sampled for blood, and serum was used to assess biochemical markers.



Results

The findings indicate significant differences in Daggernose Shark homeostatic capacity for ALP, ALT/GTP, creatinine, lactate, urea, total cholesterol, and triglycerides, pointing to lower health scores and recovery capacity when compared to other Carcharhiniformes inhabiting the same region.



Discussion and conclusions

It is possible that such vulnerability is a result of fisheries-induced evolution, leading to remaining populations with very low chances of fully recovering. Conservation planning is thus urgent, as current legislation based on fishing bans does very little for the species. International collaboration and longterm recovery measures are necessary, including the creation of MPAs specially designed for the species and captive maintenance aiming to monitor health status and carry out breeding attempts.
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Introduction

The Daggernose Shark, Isogomphodon oxyrhynchus is the Carcharhiniformes representative exhibiting one of the narrowest geographic distributions, found only in coastal areas from Trinidad and Tobago and eastern Venezuela to the state of Maranhão, in northern Brazil (Lessa et al., 2016). It is one of the 24 carcharhinid sharks listed as Critically Endangered, displaying severe population declines of up to 99% in the past three generations, placing it as one of the sharks presenting the highest risk for extinction (Pollom et al., 2020). Threats to this species include intensive fishing pressure, mainly as bycatch of artisanal fleets targeting commercial teleost fish (Pollom et al., 2020), and habitat loss (Magris and Barreto, 2010). According to demographic analyses, the species’ resilience to fishing is extremely low, with low genetic variability across extremely fragmented remaining populations (Lessa et al., 2016). Data on physiological vulnerability is non-existent. This is of particular concern, as nothing is known regarding capture survival rates and the potential success of release measures, if implemented.

An increasing interest in the potential effects of fishing-induced evolution on predatory fish has been noted (Enberg et al., 2011), mostly focused on sexual maturation size impacts and the reproductive outcomes of affected populations. Yet, the effects of reduced genetic diversity caused by overfishing on shark physiology remain poorly explored. In a recent review, Hollins et al. (2018) presented a physiological perspective on this topic, focusing on the effects of fisheries-induced evolution on the energy balance, swimming capacity, stress response, and sensory physiology of fishes. Possible outcomes, however, were treated only theoretically, and empirical studies are required to prove these hypotheses. As decreased genetic diversity causes a concomitant decrease in expressed phenotypes, it is plausible to infer that a population strongly affected by fishing will display less plasticity in the face of stressors, whether environmental or anthropogenic. Thus, low genetic diversity adverse effects can, for example, decrease capture resistance and the chances of post-release survival, leading to a cascade of mortality events that may not be reversed unless long-term conservation programs are established.

In this context, the present study aimed to carry out a novel assessment on the physiological profile of Daggernose Sharks incidentally caught off the Maranhão coast, in northern Brazil, focusing on evaluating the systemic health status of one of the remaining Daggernose Shark populations and its responses to capture stress. Furthermore, we also aimed to assess the status of energy stores mobilized in fight-or-flight situations, if the health of Daggernose sharks is compromised in relation to other Carcharhiniformes commonly caught under the same conditions and, finally, if this species is more sensitive to capture stress when compared to other representatives of the same order. Specific serological markers were chosen for this end, based on their shark roles and validation. More specifically, alkaline phosphatase (ALP) and alanine transaminase (ALT) activities were evaluated to test liver integrity and functionality, bilirubin was assessed to evaluate gallbladder function, serum creatinine was determined to evaluate kidney integrity and functionality, and the stress markers lactate, phosphorus, and urea were evaluated to assess potential allostatic overload caused by capture. Lastly, triglycerides and total cholesterol were assessed to test nutritional status.



Methods


Sampling

Five I. oxyrhynchus individuals incidentally captured by the artisanal fleet of the state of Maranhão, in northeastern Brazil, were sampled to assess physiological vulnerability. For comparative purposes, other Carcharhiniform sharks captured by artisanal fleets in the same region were also evaluated (Table 1). Animals were caught with surface longlines in fishing operations lasting about 10 h. Only recently deceased sharks were considered (score 1 for all categories), using a freshness index, considering the following variables: overall gill color (1 for reddish and 0 for pinkish or whitish coloration), ocular retraction level (1 for non-retracted and bright and 0 for retracted and opaque), blood clotting (1 for unclotted and 0 for partially or fully clotted), and rigor-mortis (1 for complete absence and 0 for partial or complete presence). Prior to necropsies, the individuals were measured and sexed and species identification was performed according to Compagno (2001).


Table 1 | Data on the shark specimens captured by artisanal fleets in the state of Maranhão, Brazil, evaluated in the present study.



All sharks were caught between August 2018 and May 2019. Blood samples (10 mL) were obtained by caudal venipuncture using an 18G needle attached to a 20 mL disposable syringe and immediately transferred to ultra-pure polypropylene microcentrifuge tubes (2 mL) (Tubes® 3810X, Eppendorf - Hamburg Germany). Samples were centrifuged for 7 min at room temperature (20°C) at 2,000 x g. The sera from all sharks were separated and frozen at - 20°C until analysis. Sampling was approved by the Brazilian Ministry of Environment (IBAMA/ICMBio-SISBIO #60306-1).



Serum assays

Shark sera were used to determine physiological markers indicative of systemic health and stress response upon capture. Dilutions (1:50) with ultrapure water were performed only for urea, according to a previously established protocol (Wosnick et al., 2017). ALP (Labtest – Brazil; catalog n. 40 wave-length 590 nm), ALT (catalog n. 108; wave-length 340 nm), bilirubin (catalog n. 31; wave-length 525 nm), creatinine (catalog n. 35; wave-length 510 nm), lactate (catalog n. 138-1/50; wave-length 550 nm), phosphorus (catalog n. 42; wave-length 650 nm), urea (catalog n. 27; wave-length 600 nm), triglycerides (catalog n. 87; wave-length 505 nm), and total cholesterol (catalog n. 76; wave-length 500 nm) were quantified colorimetrically (Visible UV Spectrophotometer Q898U2M5 Quimis, Brazil). All analyses were carried out following the manufacturer’s instructions and employing previously sterilized material.



Statistical analyses

A Kruskal-Wallis test with a post hoc Dunn’s test was used to assess serum markers differences among Carcharhinus spp., Sphyrna spp., and I. oxyrhynchus, considered adequate for assessments where different numbers of specimens are compared (López-Vásquez et al., 2009; Subotić et al., 2013; Páez-Rosas et al., 2018; Kehrig et al., 2022). A statistical significance of 0.05 was established for all tests. Analyses were conducted and data were plotted using the SigmaPlot 12 software (Systat Software, San Jose, CA).




Results

Considering systemic health indicators, significant differences were observed for ALP activity, which was higher in I. oxyrhynchus compared to Carcharhinus spp. and Sphyrna spp. (p = 0.002) (Figure 1A). No difference was observed between Carcharhinus spp. and Sphyrna spp. Concerning ALT, significant differences were observed between all groups, higher in I. oxyrhynchus, followed by Carcharhinus spp. and Sphyrna spp. (p = 0.001) (Figure 1B). Regarding bilirubin concentrations, significant differences were observed only between Carcharhinus spp. and Sphyrna spp. (p = 0.004) (Figure 1C). Furthermore, significant differences were observed for creatinine concentrations, which were higher in I. oxyrhynchus compared to Carcharhinus spp. and Sphyrna spp. (p = 0.001) (Figure 1D). No difference was observed between Carcharhinus spp. and Sphyrna spp.




Figure 1 | Serum markers indicating organ integrity and functionality. (A) Alkaline Phosphatase (ALP) activities; (B) Alanine transaminase (ALT) activities; (C) Bilirubin concentrations; (D) Creatinine concentrations. The shark groups are indicated in the graph by 1) Carcharhinus spp., 2) Sphyrna spp., and 3) I oxyrhynchus. Statistical differences are represented by lowercase letters.



Concerning stress markers, significant differences were observed for lactate concentrations among all groups (p = 0.001), higher in I. oxyrhynchus, followed by Sphyrna spp. and Carcharhinus spp. (Figure 2A). With regard to phosphorus concentrations, significant differences were observed between I. oxyrhynchus and Carcharhinus spp. (p = 0.001) and between Carcharhinus spp. and Sphyrna spp. (p = 0.002) (Figure 2B). No difference, however, was observed between I. oxyrhynchus and Sphyrna spp., with the highest concentrations observed for both groups. Furthermore, significant differences were observed in urea concentrations for all groups (p = 0.001), lower in I. oxyrhynchus, followed by Carcharhinus spp. The highest concentrations were observed in Sphyrna spp. (Figure 2C).




Figure 2 | Secondary stress markers in shark serum. (A) Lactate concentrations; (B) Phosphorus concentrations; (C) Urea concentrations. The shark groups are indicated in the graph by 1) Carcharhinus spp., 2) Sphyrna spp., and 3) I oxyrhynchus. Statistical differences are represented by lowercase letters.



Considering the determined energetic markers, significant differences were observed for total cholesterol, higher in I. oxyrhynchus when compared to Carcharhinus spp. and Sphyrna spp. (p = 0.002) (Figure 3A). No difference, however, was observed between Carcharhinus spp. and Sphyrna spp. Regarding serum triglyceride concentrations, significant differences were observed between all groups (p = 0.001), higher in I. oxyrhynchus, followed by Carcharhinus spp. The lowest concentrations were observed in Sphyrna spp. (Figure 3B).




Figure 3 | Energy metabolism indicators. (A) Total cholesterol concentrations; (B) Triglyceride concentrations. The shark groups are indicated in the graph by 1) Carcharhinus spp., 2) Sphyrna spp., and 3) I oxyrhynchus. Statistical differences are represented by lowercase letters.





Discussion

This is the first investigation of the physiological status of the Critically Endangered I. oxyrhynchus, focused on Maranhão’s remaining population. Considering our first research question, results indicate that the studied Daggernose Shark population exhibits lower health scores when compared to other Carcharhiniformes, evidenced mostly by the higher activities of both ALP and ALT and higher circulating creatinine levels, all indicative of systemic health impairment in vertebrates (Gowda et al., 2010). An increase in enzyme flow to serum may result from increased cellular leakage due to structural damage or increased enzyme synthesis due to pathologies (Brancaccio et al., 2010). Flow rates are generally very expressive when enzyme leakage originates from cellular damage and is closely associated to the severity of tissue damage (Melesse et al., 2011), and are widely deployed as a diagnosis tool. It is important to note that enzyme activity in sharks is very species-specific (Manire et al., 2001), preventing its use as a diagnostic tool for most species, as reference intervals are still lacking. Furthermore, as some enzymes can be expressed by several organs (e.g., ALP), it may be difficult to adequately track their origin and therefore, the causes related to increased activities.

In the case of ALP, in some vertebrates its increase in activity is closely related to hepatic damage (Boyd, 1983; Boone et al., 2005), while in others its origin may be cardiac or from skeletal musculature. Therefore, increased leakage to the circulation may be due not only to hepatic pathologies, but also cardiac impairment (Dasgupta et al., 2001). In the case of elasmobranchs, ALP is also a precursor of tesserae mineralization (Omelon et al., 2014), and for some sharks, its activity is related to kidney integrity (Johnson and Aubin, 2015). Thus, holistic approaches (i.e., the assessment of several enzymes) become increasingly necessary to better understand enzyme dynamics in sharks. Our findings indicate that ALP activities were significantly higher in Daggernose sharks compared to other Carcharhiniformes, potentially indicating lower liver integrity in the studied population. However, as ALP may also increase due to capture stress in sharks (Manire et al., 2001), it is also possible that higher activity in I. oxyrhynchus indicates a lower allostatic overload resilience due to strenuous exercise (i.e., skeletal musculature leakage).

Alanine Aminotransferase (ALT) activity/leakage was also higher in I. oxyrhynchus when compared to other Carcharhiniformes. As ALT expression is higher in vertebrates when liver damage is observed (Center, 2007; Yang et al., 2009) and detected in cases of hepatobiliary impairment in Tiger sharks (Galeocerdo cuvier) (Wosnick et al., 2020), it seems likely that such a pattern may be another indication of poor liver integrity in the studied Daggernose sharks. No data on the effects of capture stress on ALT activity are currently available, leading us to believe that ALT is a promising marker to assess liver health, along with ALP (and other enzymes, whenever possible). However, as ALT exhibited no increase in a liver-damaged Sand Tiger Shark (Carcharias taurus), its sole use should be cautionary (Otway, 2015).

Higher circulating creatinine levels were also observed in I. oxyrhynchus. This marker is often used to assess kidney integrity in vertebrates, and an increase in serum levels may indicate structural damage to this organ due to the inability to properly excrete this compound (Hanedan et al., 2018). However, as creatinine is a byproduct of creatine phosphate activity in muscle (Volfinger et al., 1994), it is also possible that high circulating levels are a result of strenuous exercise during flight or fight behavior upon capture, although previous studies on capture stress have indicated no increase in creatinine levels in sharks (Manire et al., 2001). That being said, it is plausible to infer that kidney function on Daggernose sharks sampled in the present study was also impaired, at least when compared to other Carcharhiniformes caught in the same region.

Taken together, these results point out a higher systemic vulnerability of I. oxyrhynchus, potentially caused by several factors, such as lower genetic diversity, chronic exposure to environmental pollution (Brown et al., 2009), poor diet, and even higher evolutionary specialization (i.e., hammerhead sharks, Gallagher et al., 2014a). Environmental pollution, in particular, may directly decrease organism resilience to other stressors, as it results in significantly decreased immune system responses in many vertebrates, including fish (Watts et al., 2001). In fact, in a study previously performed with sharks in the same region, including I. oxyrhynchus, results pointed to a negative metal bioaccumulation effect on their systemic health (Wosnick et al., 2021a) which, combined with fishing pressure, may explain the poor health status of the studied population. Thus, future studies on genetic structure, ecotoxicology, and molecular biology are necessary to better understand the underlying factors that are affecting the health and potentially the fitness of Daggernose sharks not only in the state of Maranhão, but among other fragmented populations. Such data is, in fact, imperative, as conservation planning is based on population viability, and health assessments are crucial to determine the chances a population has to thrive.

Based on our second research question, results also indicate that I. oxyrhynchus is more vulnerable to mortality due to capture stress than other Carcharhiniformes. To date, hammerhead sharks are considered the most sensitive to the negative effects of capture, exhibiting consistently high stress marker levels coupled with the highest mortality rates among studied sharks (Gallagher et al., 2014b; Butcher et al., 2015; Gulak et al., 2015; Jerome et al., 2018). It is believed that their evolutionary history is in part responsible for such vulnerability, as their extreme morphological alterations (i.e., cephalofoil) make them less resistant to stressors (Gallagher et al., 2014a). For this reason, Sphyrinid sharks were used in the present study, aiming to investigate if I. oxyrhynchus is as sensitive as hammerhead sharks. In fact, the results indicate similar, if not higher, vulnerability considering the employed stress markers.

In this regard, circulating lactate levels were higher in Daggernose sharks when compared to both Carcharhinus spp. and Sphyrna spp., although concentrations were also very elevated in the latter, consistent with previous studies (Gallagher et al., 2014b; Jerome et al., 2018). Lactate is the most reliable stress marker for elasmobranchs (Skomal and Mandelman, 2012), being consistently high in stressed animals as a byproduct of anaerobic metabolism due to strenuous exercise (Skomal and Bernal, 2010; Wosnick et al., 2017; Jerome et al., 2018). Lactate concentrations are very species-specific, and post-mortem data offers a more reliable picture than traditional reference intervals, as it is crucial to establish which values are lethal/non-recoverable rather than which values represent a “non-stressed animal” (Wosnick et al., 2017). Lactate levels in I. oxyrhynchus were up to 30 mmol L-1, indicating that putative control for Daggernose sharks should not exceed 70% of established lethal concentrations in order to ensure adequate recovery. However, lactic acidosis can be reverted by activating other compensatory mechanisms, such as ethanol conversion and carbonic anhydrase compensation (Shoubridge and Hochachka, 1980; Aspatwar et al., 2022). Thus, it is possible that individuals exhibiting higher lactate levels are still able to recover, indicating the need for further studies on other physiological parameters, including serum pH, pCO2, and carbonic anhydrase activity, to better understand how Daggernose sharks respond to systemic lactic acidosis and if the concentrations established in the present study are, in fact, always lethal.

Interestingly, phosphorus concentrations were not significantly different between I. oxyrhynchus and Sphyrna spp., in both cases very elevated when compared to Carcharhinid sharks. As phosphorus is a predominantly intracellular ion, increased extracellular concentrations indicate cell disruption, leading to excessive leakage (D’Arcy, 2019). In this context, as elasmobranch mortality due to fishing is mainly caused by flight or fight responses, biomarkers indicative of cell rupture/damage have been proven reliable (Wosnick et al., 2017; Wosnick et al., 2021a), always increasing circulating levels upon allostatic overload, as in the case of lactate. That being said, our results indicate that I. oxyrhynchus exhibits similar vulnerability to capture stress when compared to the well-known vulnerable hammerhead sharks, configuring another shark species heavily affected by fishing with little chances of post-release survival. Such a pattern is problematic, as captures are mostly incidental when targeting other fishes (Lessa et al., 2016), so compensatory release might not be the best strategy to reduce bycatch mortality as proposed for several elasmobranchs in both IPOA-sharks and the Brazilian NPOA (Pan-Tubarões).

In the present study, urea concentrations were significantly lower in I. oxyrhynchus, which may be related to their ability to make incursions in more dilute waters or even freshwater systems (Ballantyne and Robinson, 2010; Feitosa et al., 2019). As euryhalinity seems to be more common than traditionally proposed (Wosnick and Freire, 2013), records of individuals caught in different salinities alongside the lower urea concentrations observed in the present study are strong evidence that this is the case for Daggernose sharks. Therefore, the use of urea as an allostatic overload indicator should be cautionary. It is also important to consider the potential effects of such plasticity on stress responses, as euryhaline elasmobranchs may respond differently depending on environmental salinity upon capture. It seems that environmental conditions may influence capture mortality, as in the case of reports of artisanal fishers capturing live Daggernose sharks and releasing them very responsive in higher freshwater input regions (personal communication, N. Wosnick), indicating a better ability to deal with allostatic overload under these conditions. However, studies are required to further investigate this influence, aiming to generate data that might benefit conservation measures based on the higher efficiency of compensatory release, for instance.

As for our third research question, results indicate higher metabolite mobilization in I. oxyrhynchus when compared to the other evaluated Carcharhiniforms. While triglycerides are mobilized during exercise, increasing survival chances (Ballantyne, 1997; Wang et al., 2018), total cholesterol levels may increase in serum as a result of energy mobilization or cellular rupture/membrane denaturation (Durstine et al., 1983; Brett et al., 2000; Fines et al., 2001). Thus, it is necessary to evaluate both metabolites when accessing the effects of capture stress on energy mobilization. For example, upon stress, when triglycerides levels are low and cholesterol levels are high, it is plausible to infer that dynamics are being dictated by cellular rupture/membrane denaturation (Leite et al., in prep.). When both are observed at high circulating levels, it is more likely that concentrations are being dictated by adaptive mechanisms, as observed in vertebrates that can cope with stressful situations (Pickering and Pottinger, 1995). As stated by Romero and Beattie (2022), higher circulating metabolite levels indicate a higher capacity/adaptative response to cope with stressors. Based on such a premise, our results indicate that Daggernose sharks are energetically capable of dealing with allostatic overload, although such a response is not enough to ensure their survival, as some physiological impairments (e.g., systemic acidosis) cannot be reserved through energy mobilization itself. Furthermore, we cannot rule out the potential effects that lower health scores might have on metabolite mobilization, as hepatic impairments have the potential to alter metabolites dynamics, leading to higher circulating levels of both analyzed markers (Boyd, 1983; Wosnick et al., 2020). Hepatic damage may also result in decreased environmental contaminant metabolization and subsequent excretion, as the liver is the main detoxifying organ in vertebrates (Yao et al., 2019). This, in turn, leads to higher circulating pollutant levels and significant deleterious physiological effects, including oxidative stress, altered hepatocellular lipid metabolism, citotoxicity and, potentially, genotoxicity which have been reported for many taxonomic groups (Hui et al., 2017; Gabriel et al., 2020; de Farias Araujo et al., 2022), including sharks (Hauser-Davis et al., 2021; Wosnick et al., 2021a), potentially affecting animal health conditions due to altered physiological, systemic and, ultimately, behavioral aspects (Wosnick et al., 2021b; Willmer et al., 2022; Wosnick et al., 2022).

Taken together, our results indicate that the systemic health of the Daggernose shark studied population is impaired when compared to other Carcharhiniformes that inhabit the same region. In general, poor health conditions are related to low-quality prey, environmental pollution, or lower plasticity due to genetic limitations, including very fragmented populations and low gene flow (Neff et al., 2011; Murray et al., 2015; Sueiro et al., 2020). Exposure to constant stressors can also compromise population health (Stott, 1981), which becomes a significant concern under the current climate change scenario, as this shifting condition is increasingly affecting aquatic ecosystems, resulting in altered water mass flows and the transport patterns of and consequent exposure to a myriad of environmental contaminants, such as metals and persistent organic pollutants (Teran et al., 2012; Hauser-Davis and Wosnick, 2022). Furthermore, certain climate change effects, such as higher temperatures in all environmental compartments (i.e., water, soil, atmosphere) and ocean acidification have been indicated as significantly increasing pollutant bioavailability and toxicity (Ficke et al., 2007; Hauser-Davis and Wosnick, 2022) for many vertebrates, including fish. In this regard, environmental contaminant level effect assessments in elasmobranchs, such as different biochemical response assessments (i.e., protein determinations, immune response assessments and gene expression evaluations) in particular, have been recommended in a multifaceted approach to better understand whole organism/population fitness and responses to stressors in this group (Skomal and Mandelman, 2012). In addition, the physiology of several species is bound to be affected by climate change effects, with several authors indicating that the most probable response will comprise altered migration shifts, both in timing and established routes, and geographic distributions (Field et al., 2009), in turn making organisms more vulnerable, significantly aggravating ecological risks in a continuous cause-and-effect cycle.

In the case of the sharks evaluated herein, prey availability seems not the case, nor differentiated pollution gradients, as all assessed species share the same habit and are part of the same trophic chain. Although species-specific differences cannot be disregarded, the phylogenetic proximity among the sharks evaluated in the present study leads us to believe that the lower health condition of I. oxyrhynchus might be a result of low genetic diversity, leading to poorer physiological plasticity as a negative outcome of fisheries-induced evolution.

The same was observed for the Daggernose Shark capacity to overcome allostatic overload, indicating that their ability to cope with stress is now severely compromised. In fact, stress markers were as elevated as those observed in hammerheads, considered the most physiologically vulnerable sharks. Once again, low genetic diversity leading to limited physiological plasticity as a result of fisheries-induced evolution might explain the observed vulnerability. Of course, intrinsic lower species-specific capacity to cope with stressors cannot be ruled out, and further studies employing other markers along with population genetics investigations are necessary to shed light on how much fisheries-induced evolution may be affecting the remaining Daggernose sharks. Furthering our knowledge on the adverse effects of pollution in this species is paramount, to better understand how its survival/ability to cope with other stressors are being affected. Pathology investigations are also urgent, aiming to evaluate Daggernose shark health status as a whole.

Some conservation and fisheries management aspects must also be considered. First, no conservation planning has been developed for the Daggernose Shark to date. Although this species is highlighted in the Brazilian NPOA and specific fishing regulations prohibit their capture, transport, and commercialization, there are no management plans that consider the negative consequences related to mortality due to commercial capture, or the overall health of the remaining populations. In fact, fishing bans do very little for Daggernose sharks, as most current captures are incidental, and even if release is adopted as a mitigating measure, the chances of survival appear to be low, resulting in little or no efficiency. Unfortunately, it is likely that the chances of reversing the current situation of this species are low, or practically nil, especially considering the low genetic diversity of the remaining populations coupled with their physiological vulnerability described herein. Thus, international efforts and long-term recovery programs are urgent. More specifically, it is possible that the only chances of the species rely on captive maintenance, which is a challenge for most shark species. However, this should not hinder joint efforts, not only to more effectively protect free-ranging individuals (e.g., Marine Protected Areas and Sanctuaries), but also to direct individuals to institutions that can maintain them under adequate human care and perform long term health assessments, aiming to monitor the real status of remaining individuals, as well as to advance assisted reproduction attempts.
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Total length is presented in cm.





