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Strand monitoring is valuable for identifying human-caused threats to sea turtles but has limitations in fully understanding their overall impact. To address this gap, we conducted a survey to examine sea turtle interactions with longline fisheries, focusing on the types of hooks used for different target fish species. The study aimed to determine the prevalence of sea turtles entangled with hooks in these fisheries and to investigate seasonal and spatial variations in strandings. From August 2015 to December 2020, regular surveys were carried out along 2,013 km, on the South and Southeast coasts of Brazil to monitor sea turtle strandings. Data were collected on the presence and types of hooks, as well as the developmental stages of the affected turtles. The study analyzed spatial and seasonal variations and conducted necropsies to determine causes of death and assess internal damage from fishing gear. A total of 4,631 stranded sea turtles were documented: Caretta caretta, n=3,678, w/hooks=96; Lepidochelys olivacea, n=753, w/hooks=20, and Dermochelys coriacea, n=200, w/hooks= 01. Four types of hooks were identified, with a predominance of “J” hooks typically used in the region to capture dolphinfish, Coryphaena hippurus (72/122 hooks). The most affected developmental stages were large juveniles of C. caretta and L. olivacea. The distribution of hooks differed among the states; “J” hooks targeting C. hippurus on the continental shelf were predominantly found in São Paulo state. In contrast, circular hooks for swordfish (Xiphias gladius) and tuna hooks for tuna (Thunnus spp.), used in offshore fisheries, were more common in southern states. The abundance of “J”, hooks increased during the spring months, aligning with the C. hippurus fishing season. “J” hooks were primarily found in the esophagus of stranded turtles (88/122), indicating that their size and shape facilitate ingestion. Necropsies revealed that 43.1% of deaths (50/116) were due to intestinal lesions caused by hooks, fishing lines, and/or cables.  Despite the small relative frequency of individuals found with hooks (117/4631), pelagic longline fisheries, especially those targeting C. hippurus, are a serious threat to sea turtle populations and, therefore, require specific monitoring and mitigating measures. Furthermore, the number of affected individuals may be underestimated since stranding does not represent total mortality at sea.
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1 Introduction

The incidental capture in fisheries is considered the greatest global threat to sea turtle populations (Wallace et al., 2011, 2013; Guimarães et al., 2017). Bycatch data can be obtained by monitoring fisheries either through onboard observation programs or electronic monitoring, onboard spreadsheets, or interviews with fishers during landings (Sales et al., 2008; Laporta et al., 2013) However, the Brazilian government’s onboard observer program (PROBORDO) was suspended in 2012 (Zamboni, 2020) and has not been continued to date, resulting in specific observer initiatives carried out only by universities and non-governmental organizations (NGOs). In contrast, the continuous and uninterrupted monitoring of marine animal strandings, with detailed analysis of necropsies, helps to evaluate the spatiotemporal distribution of animals and has proven to be effective in identifying causes of death related to interaction with fisheries (Tomás et al., 2008; Monteiro et al., 2016; Phillott and Godfrey, 2019; Chou et al., 2023). In fact, the presence of fishing gear in the carcasses is considered indisputable evidence of the interaction. However, when gear is not found, macroscopic and histopathological changes can be used to confirm the diagnosis of bycatch.

Pelagic longline fishing that targets swordfish (Xiphias gladius), tuna (Thunnus spp.), dolphinfish (Coryphaena hippurus), and several species of sharks, can accidentally capture, kill, or seriously injure thousands of sea turtles annually (Camiñas, 1998; Witzell, 1999; Lewison et al., 2004). In the South Atlantic, the first interactions of these animals with pelagic longline fisheries were reported in 1998 (Achaval et al., 1998; Barata et al., 1998). Currently, incidental capture in these fisheries is considered an important threat to several sea turtle populations (Domingo et al., 2006; Sales et al., 2008; Castilhos et al., 2011; Santos et al., 2011; Caracappa et al., 2018). Mortality due to lethal takes can occur during interaction or after turtles are released alive from fishing gear. The risk of mortality of post-release turtles in longline fisheries is high, especially when the animals are lifted to the vessel by the master line, due to the strong tension applied (Alegre et al., 2006; Valente et al., 2007) or when they are released with hooks attached to long lines that protrude through the gastrointestinal tract (Orós et al., 2004). Improper handling on board can also lead to fatal damages of internal tissues, and the ingestion of fishing lines can generate severe damage to the turtles, including intussusception, pleating, strangulation, and even rupture of the gastrointestinal tract (Di Bello et al., 2013). In addition to causes directly related to fishing gear, the incidental capture of non-target species can trigger systemic stress in bycatch, resulting in elevated corticosterone and glucose levels (Snoddy et al., 2009). The physical effort to escape the fishing gear and reach the surface to breathe can cause metabolic and respiratory acidosis, marked by increased blood lactate (the product of anaerobic metabolism; Harms et al., 2003), increased partial pressures of carbon dioxide and oxygen, and changes in concentrations of sodium, potassium, and chloride ions. Such acidosis leads to a reduction in blood pH and an increase in respiratory rate (Stabenau et al., 1991; Hoopes et al., 2000; Harms et al., 2003; Stabenau and Vietti, 2003). These metabolic alterations may require a period of recovery of the organism, during which the turtles become lethargic and thus, more vulnerable to predators, collisions with vessels (Williard et al., 2015), and even drowning. Interaction with longline fisheries may result in both immediate death and long-term injury. Research conducted by Work and Balazs (2010), as well as Parga (2012), found that turtles that become entangled in longline gear may suffer from severe subacute injuries, resulting in high late mortality rates. In some cases, turtles can remain adrift for weeks to months, debilitated, with limited capacity to feed and escape predators. Factors such as individual characteristics (e.g., previous health condition and intrinsic behavioral characteristics at the time of interaction), place of capture, related injuries, and environmental and climatic conditions can influence the time interval between capture and death.

Despite the growing number of studies on the sublethal effects of sea turtle bycatch (e.g., Parga, 2012; Wilson et al., 2014), accurately extrapolating the mortality of these animals based on strandings alone remains a huge challenge. A combination of factors, including distance from the shore at which the interaction occurred, prevailing and intensity of currents, and wind, can play a major role in whether the sea turtles strand (Hart et al., 2006; Cantor et al., 2020). The aim of this study was to identify potential longline fisheries that interact with sea turtles based on hooks found in live and dead specimens, as well as, to investigate the possible relationship with the cause of death through the evidence found in the necropsies. Data on the occurrence and abundance of sea turtles with hooks were analyzed to understand potential spatial and temporal variations, across states, mesoregions, months, years, and seasons. Our findings may underscore several impacts from fisheries interactions, but also support the development of strategies for reducing the capture and mortality of sea turtles in fisheries.




2 Methods

Study area. - This study was based on the analysis of data from the Santos Basin Beach Monitoring Project (PMP-BS), an environmental licensing requirement of the Brazilian Institute of the Environment and Renewable Natural Resources (IBAMA) for oil and natural gas production and transport by Petrobras, initiated in August 2015. The monitored area extends from the municipality of Laguna (28°29’43.1”S 48°45’39.0”W), state of Santa Catarina (SC), to Saquarema (22°56’08.0”S; 42°29’43.6”W), state of Rio de Janeiro (RJ), totaling 2,013 km of beaches, divided into 15 stretches. These areas are monitored daily, applying a systematic protocol, by institutions of the Aquatic Mammals Stranding Network of the Southeast and South Brazil (REMASE and REMASUL) (Petrobras, 2019) (Figure 1). The PMP-BS is regularly carried out by technicians from the following institutions: Econservation, Instituto Argonauta, Instituto GREMAR, Instituto Biopesca, Instituto de Pesquisas Cananéia (IPeC), Universidade Federal do Paraná (UFPR), Universidade da Região de Joinville (Univille), Universidade do Vale do Itajaí (UNIVALI), Associação R3 Animal, Instituto Australis, and Universidade Estadual de Santa Catarina (UDESC) (Petrobras, 2022). Data on sea turtles undergoing rehabilitation and necropsies were also collected at the Ubatuba (SP) and Florianópolis (SC) units of the Tamar Project Foundation (Petrobras, 2019) (Figure 1).




Figure 1 | Coverage area of the Santos Basin Beach Monitoring Project (PMP-BS) and location of the marine fauna rehabilitation and stabilization centers. Source: Petrobras, 2022.



The live turtles that were stranded, either injured or sick, on the mentioned beaches were exclusively handled for rehabilitation. Noninvasive procedure or manipulation was performed to generate research data. In cases of rehabilitation success, the turtles were tagged and released back to sea (following standard protocols from Centro TAMAR/ICMBIO, Brazil).



2.1 Data collection and analysis

This study included all records of stranded loggerhead turtles (Caretta caretta), olive ridley turtles (Lepidochelys olivacea), and leatherback turtles (Dermochelys coriacea) found alive or dead, from 2015 to 2020. These species are all known to interact with pelagic longline fisheries in South/Southeast Brazil (Sales et al., 2008) and in other parts of the world (Polovina et al., 2004). Chelonia mydas and Eretmochelys imbricata, which are also found in the region, inhabit more coastal waters (Tagliolatto et al., 2019; Gama et al., 2021; Bezerra et al., 2024), and the interaction with pelagic longlines is rare, and so will not be addressed in this study. In fact, these species are more likely to encounter artisanal and recreational fishing hooks.

When recording stranded animals, dead or alive, species were identified and biometric data was collected, whenever possible, including curved carapace length (CCL) and curved carapace width (CCW), according to Bolten (1999). Individuals were also classified in terms of subjective body condition, when possible, divided into three pre-established categories according to the PMP-BS monitoring protocol, namely: excellent/good, thin, and cachectic. Since the “excellent” category does not apply to sea turtles, as proposed by the PMP-BS protocol, this category was grouped with the “good” classification. The “excellent” or “good” body score was assigned to individuals with straight or convex plastron, firm consistency, suggestive of an animal with developed musculature, a reserve of adipose tissue, and bright and protruding eyes. The “thin” body score was assigned to animals with slightly concave plastron, firm consistency, leaner musculature, little reserve of adipose tissue, and non-protruding eyes. The “cachectic” body score was attributed to animals with concave plastron, carapace softening, prominent bones, exposure of the entoplastron and the supra-occipital crest, and sunken eyes (Thomson et al., 2009).

The animals found alive underwent clinical examination, blood collection for hematological and biochemical analysis, and received proper pharmacological and nutritional care in rehabilitation centers. Hooks lodged on the outside of the body were removed. Individuals with suspected hook ingestion underwent imaging tests (radiography and ultrasonography) to locate the gear and identify associated lesions. Surgical or endoscopic procedures were performed, when possible, to remove hooks, cables, and/or fishing lines.

In case the animals were found dead, the decomposition stage of the carcasses was classified into four categories: code 2 (fresh carcass; recent death), code 3 (moderate decomposition; minimal autolysis), code 4 (advanced decomposition), and code 5 (skeletonized or mummified), adapted from Geraci et al. (2005). Necropsy procedures were exclusively conducted on carcasses classified under codes 2 and 3, highlighting those that presented with either a fresh state of recent death or displayed moderate decomposition with minimal autolysis, as well as on animals that succumbed during the rehabilitation process. During macroscopic examinations, lesions and the type of ingested gear were meticulously recorded based on their specific locations throughout the turtle’s gastrointestinal tract (i.e., oral cavity, esophagus, stomach, small intestine, large intestine, and cloaca). This comprehensive evaluation of both the placement of hooks and lines and their resulting macroscopic injuries facilitated a detailed assessment of the severity of these injuries, allowing for an informed analysis of their potential contribution to the turtles’ mortality. Tissue samples from all organs were then collected and preserved in 10% buffered formalin for further histopathological analysis.

For carcasses in advanced stages of decomposition (i.e., codes 4 and 5), only the presence and location of hooks, cables, and fishing lines were documented. The records of strandings, veterinary care, and necropsy data were stored and made available at the Aquatic Biota Monitoring Information System (SIMBA) (Almeida, 2015).

The reproductive maturity of the individuals was assessed by examining both the macroscopic and histologic features of their gonads. The stage of development of living animals was classified by mean CCL of females nesting on Brazilian beaches, i.e., 70.6 cm (SD=3.4) for Lepidochelys olivacea, ranging between 65 and 79 cm; and 99.9 cm (SD=4.6) for Caretta caretta and ranging between 90 and 114 cm (Soares et al., 2021). The mean CCL provides a more representative measurement of the average size of population by accounting for variations within it, unlike the minimum CCL, which may only indicate the size of the smallest, potentially atypical individuals.

To evaluate the spatial distribution and abundance of individuals with hooks, the number of strandings was examined by comparing each Brazilian federative unit (state) and mesoregion. Mesoregions are distinct geographical areas, which share physical, environmental, and socioeconomic similarities with one another. This comparison helped to gain insights into the spatial occurrence of animals with hooks (IBGE, 1990) (Figure 2). Potential variations in the spatial distribution of different hook types were investigated, categorizing them between those used in oceanic longline fishing and those used for longline fishing over the continental shelf. It was also examined whether the abundance of turtles found with hooks varied seasonally, over months or seasons, potentially correlating with the regional longline fishing seasons.




Figure 2 | Distribution of sea turtles strandings in the monitored regions (dark shaded areas) with the presence of hooks.






2.2 Occurrence and characterization of hooks

The hooks found were measured and classified using photographs provided by the institutions. Due to the inaccuracy of some photos and scales, the hooks were categorized into size classes with reference to the height (greatest rectilinear length) of each hook. Based on the concept of fishing (Marcovaldi et al., 2006; Giffoni et al., 2017), longline fishing modalities are classified and grouped according to criteria such as target species, hook type, bait type, fishing area, time of year, and other factors. In this regard, the pelagic longlines used in the South/Southeast region of Brazil have typical characteristics such as types and sizes of hooks, method of tying the line, and presence or absence of steel cable in each fishery. This prior knowledge was utilized to categorize the hooks obtained during the study, and additional consultations were made with researchers involved in monitoring these fisheries to address any uncertainties.

The hooks were classified into the following categories: “J-Dolphinfish”, for catching Coryphaena hippurus; “J-Swordfish”, for Xiphias gladius, “Tuna-hook” for catching Thunnus spp., and “Circular” for catching swordfish, tuna, and sharks (Figure 3). The hooks that did not fit in any of the categories, due to the presence of different characteristics or because they were incomplete or fragmented, were grouped in the “unidentified” category. Important features of the hooks, such as the presence of an eye, ring, wire, and/or way to tie the hook on a fishing line, were considered in the classification, as shown in Figure 3.




Figure 3 | (A) Two different types of “J” Dolphinfish hooks; (B) “J” Swordfish hook, (C) “Tuna-hook”; (D) “Circular” hook. Photo by Fundação Projeto Tamar.






2.3 Background of longline hooks

Hooks used for catching swordfish (Xiphias gladius) are larger and sturdier than hooks used for catching common dolphinfish (Coryphaena hippurus). The national fishing fleet always tie the hooks with a steel cable, which increases the strength for catching sharks. The “J” 9/0 hooks are more commonly used by the industrial fleet, which operates in the Southeast of Brazil. However, this fleet also uses circular hooks and “Tuna-hooks” (Fiedler et al., 2016; Giffoni et al., 2017). The fleet that catches common dolphinfish uses less resistant (and cheaper) hooks than those used to catch swordfish and tuna and does not use steel cable for tying the hooks. The “Tuna-hook”, as the name implies, is mainly used in tuna fishing, and consists of a ring for greater bait mobility. The circular hooks are shaped as their name indicates, with or without a ring, and include a spearhead facing the rod equal to or greater than 14/0. These hooks became mandatory in Brazil in November 2017, with the publication of Interministerial Ordinance No. 74, of the Ministry of Industry, Foreign Trade, and Services and the Ministry of Environment (Brasil, 2017), for fishing tuna (Thunnus albacares, Thunnus alalunga, Thunnus obesus) and for longline fishing aimed at catching swordfish.




2.4 Statistical analysis

Permutational multivariate analysis of variance (PERMANOVA) was used to test the hypotheses involving the records of chelonians with hooks (abundance) in relation to the spatial distribution (states and mesoregions) and temporal distribution (month, year, and season) where the factors were considered as fixed effects, and the number of permutations was 9,999. This analysis was performed in Past software (Hammer et al., 2001), and the similarity matrices were constructed using the Bray-Curtis coefficient (abundance data).





3 Results and discussion



3.1 Species and biometrics

From August 2015 to December 2020, 4,631 stranded sea turtles were recorded, comprised of C. caretta (n=3,678), Lepidochelys olivacea (n=753), and Dermochelys coriacea (n=200). For C. caretta, hooks were found in 96 individuals (2.61%). For L. olivacea, hooks were found in 20 individuals (2.61%). A single individual of D. coriacea was found with a hook (0.5%) (Table 1). Since this was the only occurrence for this species, the analyses were limited in this study. The predominance of C. caretta (82.05%) coincides with previous results of on-board monitoring in pelagic longline fisheries in Brazil (Sales et al., 2008; Giffoni et al., 2017) and in other locations around the world (Lucchetti et al., 2017). However, while the second most commonly encountered species in these studies was the D. coriacea, the second most common species among the stranded individuals observed in this study was L. olivacea (17.09%). These findings corroborate the results from Giffoni et al. (2017), who observed that C. caretta and L. olivacea were the two most frequently observed species of sea turtles in longline fishing for C. hippurus of the Itaipava fleet in Southern and Southeastern Brazil.


Table 1 | Frequency of individuals with hooks in the different states of the study.



The mean curved carapace length of C. caretta individuals that interacted with hooks was 79.6 cm (ranging from 55.8 cm to 116 cm, SD= 10.05; n=85). Of these individuals, 3.52% (n=3) were adults and 96.47% (n=82) were juveniles (see Figure 4B). These findings are in line with previous studies with juvenile C. caretta interacting with longline fisheries (Giffoni et al., 2005, 2017). The individuals of L. olivacea that interacted with hooks had the mean curved carapace length of 66.8 cm (ranging from 58.0 cm to 74.1 cm; SD=4.24, n=15), of which 20,0% (n=3) were adults and 80,0% (n=12) juveniles (Figure 4A), which is similar to the results found in previous studies with longline fisheries of Itaipava fleet (Giffoni et al., 2017). The rate of hook-related impacts on adult turtles of both species may be underestimated. This is due to the minimum sizes of nesting females in Brazil—65 cm for L. olivacea and 90 cm for C. caretta (Soares et al., 2021)—combined with the reality that strandings don’t fully account for all at-sea mortalities. According to Crouse et al. (1987), enhancing the survival rates of large juveniles — those who have already navigated through the most vulnerable years — can significantly increase the likelihood of reaching maturity. This, in turn, magnifies the contribution of adult stages to the population, emphasizing the increased reproductive value that comes with maturity. From this perspective, implementing mitigation measures aimed at reducing late juvenile bycatch is essential.




Figure 4 | (A) Distribution of curve carapace length classes: (A) olive ridley turtle (L. olivacea); (B) loggerhead turtle (C. caretta). Dashed line indicates the mean CCL of nesting females at Brazilian rookeries: 70,6 cm for olive ridley and 99,9 cm for loggerhead (Soares et al., 2021). Solid lines indicates the minimum CCL of nesting females at the same Brazilian rookeries: 65 cm for Olive ridley and 90 cm for loggerhead (Soares et al., 2021).






3.2 Hooks found: types, seasonal and spatial distribution

Of the 122 hooks found on 116 sea turtles, 88 were identified (Figure 3; Table 2). The “J” hooks were the most frequently used for catching dolphinfish (C. hippurus), representing 59.01% (72/122) of the hooks found. The “J” hooks normally used to catch swordfish (X. gladius) represented 9.02% (11/122) of the hooks found. The least representative hooks in the sample were the “Tuna-hooks” with 1.6% (02/122) and the “Circular” hooks, with 2.45% (03/122). A total of 34 out of 122 hooks tested (27.86%) were not classified due to either the hook being incomplete or because it presented characteristics that were uncommon to the known fishing practices in the region.


Table 2 | Attachment site/use of different hook categories.



The abundance of turtles with hooks varied significantly between states (DF=3, SQ=5.7401, MQ=1.9134, F=0.64133, P=0.0001) and mesorregions (DF=11, SQ=7.8719, MQ=0.71562, F=0.23986, P=0.0002) within the study area. The state of São Paulo (Southeast region) had the highest number of sea turtle strandings (n=1978) for the species Caretta caretta and Lepidochelys olivacea, as well as the highest number of individuals with hooks (n=63), which results in the highest relative frequency (0.032%) of individuals with hooks. Santa Catarina (South region) is the second state in total number of strandings (n=1420), although the relative frequency is similar to its neighboring state, Paraná (South region) (0.023%), which has the smallest monitored beach area of the entire region (area= 90km; stranding records n =593). Rio de Janeiro (Southeast region) has the largest area of monitored beaches and the lowest number of strandings (n=439) and individuals with hooks (n=5) (Table 1). In terms of mesoregions (IBGE, 1990), except for the state of Rio de Janeiro, with rare records of chelonians stranded with hooks, a gradual decrease was observed in the occurrence of “J” hooks for dolphinfish from the coast of the state of São Paulo towards the South of Brazil. This result suggests the greater presence of the longline fleets that use “J” hooks for C. hippurus in the latitudes that cover the state of São Paulo (Southeast), as also found for the Itaipava fleet (Leite et al., 2005; Bugoni et al., 2008).

Longline fishing, especially for C. hippurus, significantly impacts many sea turtles due to the overlap of fishing areas with various species habitats (Gilman et al., 2006, 2008). Dolphinfish are known to inhabit shallower waters (Benetti et al., 1995). Hence, fishing for this species typically occurs closer to the coastline in relatively shallower waters compared to the operations of tuna or swordfish fleets, which often unfold in deeper offshore areas (Lewison and Crowder, 2007). In this study, the predominance of “J” hooks for dolphinfish may be associated with the fishing effort of these fisheries in the continental shelf areas, at latitudes corresponding to the coast of the state of São Paulo (Southeast), which accounts for most strandings (Table 1) (Giffoni et al., 2017; Maçaneiro et al., 2018). Bugoni et al. (2008) reported 15 fishing cruises of this fleet between 2001 and 2006, located between latitudes 18°S and 35°S, and recorded 1.08 catches of turtles of four species for every 1000 hooks. Dallagnolo and Andrade (2008) described the operational area of this fleet between the coast of Paraná and the island of Florianópolis (SC), preferably between the isobaths of 100m and 200m.

The two-factor PERMANOVA revealed a significant variation in the abundance of chelonians with hooks typically used in fisheries on the continental shelf (targeting common dolphinfish) and more oceanic fisheries (targeting tuna and swordfish) among the states DF=3, SQ=6.2081, MQ=2.0694, F=0.7547, P=0.0001) and mesoregions (DF=11, SQ=8.158, MQ=0.74163, F=0.27048, P=0.0001). Few animals with hooks used in oceanic fisheries such as the “J” hook for swordfish and the “Tuna-hook” for tuna were found, likely due to the preference of these fisheries for further offshore areas. This means that carcasses with these types of hooks have a lower chance of stranding. Despite the smaller quantity, “J” hooks for swordfish were found more frequently in the state of Santa Catarina, the southernmost region of the study area, differing significantly from other states and mesoregions. The greater frequency of this hook in Southern Brazil may be related to the proximity of the fleet’s area of operation (Maçaneiro et al., 2018).

Few individuals with circular hooks were found (n=3). At the end of 2017, the use of these hooks became mandatory for pelagic longline fisheries in Brazilian and foreign vessels operating in Brazilian jurisdictional waters or international waters for the capture of tuna and swordfish species (Brasil, 2017). However, this ordinance became valid only in November 2018 and did not include the mandatory use of circular hooks for pelagic longline fisheries targeting the common dolphinfish. Tests carried out between 2004 and 2008 on 229 sets (145,828 hooks) showed satisfactory results in the use of circular hooks to reduce bycatch of C. caretta and D. coriacea (Sales et al., 2010). The lower frequency of turtle strandings with circle hooks could be attributed to oceanic fisheries operating further from the coast than fisheries using “J” type hooks. At the same time, this may also indicate the effectiveness of the hook design, which tends to lodge in the turtles’ mouths, allowing for removal by fishermen. Another point that may explain the low frequency of circular hooks found is that this type of gear was only adopted by the longline fleet in November 2018, through Federal Ordinance No. 74. For this reason, while the other hooks were being used throughout the study period, the circular hooks only began to be used in 2018. Any attempt to relate hook numbers to turtle interaction should be viewed with caution. Furthermore, stranding data associated with other forms of bycatch monitoring should be continuously collected for future comparisons.

The number of turtles with hooks did not vary significantly among years (DF=4, sq=16.13, F=1.418, P=0.1599) and months (DF=11, SQ=16.13, F=0.8675, P=0.6662). However, between seasons there was a significant difference (DF=3, SQ=2.619, F=2.467, P=0.029). An increase in turtles found with hooks during the spring and summer months was observed, contrasting with previous studies that reported no significant seasonal variation in overall strandings (Cantor et al., 2020). The noticeable surge of turtles found stranded with hooks during the spring and summer months could potentially be linked to the start of the dolphinfish (C. hippurus) fishing season in the region. During this season, dolphinfish become a primary target for the area’s pelagic longline fisheries (Dallagnolo and Andrade, 2008). Notably, in 2018, there was a substantial increase in the overall strandings; and while the number of stranded C. caretta remained steady, the count of individuals found with hooks declined in the last four monitored years (Figure 5B). In contrast, for L. olivacea, the number of individuals with hooks increased, while the total number of strandings of this species decreased over the past two years (Figure 5A). For both species, the population tends to grow in Brazil, based on nesting sites (Marcovaldi and Chaloupka, 2007; Silva et al., 2007). In this regard, a gradual increase in the presence and abundance of these species in feeding areas is expected, followed by a consequent increase in interaction with human activities, including fishing. This hypothesis converges with the results observed for L. olivacea but does not explain the reduced presence of hooks for C. caretta in recent years. For the hooks classified as “J-Dolphinfish”, a significantly higher number of strandings was observed from October to December. This period coincides with the time when the Itaipava fleet (from the state of Espírito Santo) migrates to the South/Southeast regions and targets the dolphinfish (C. hippurus) (Fiedler et al., 2015).




Figure 5 | Annual variation in the occurrence of strandings and presence of hooks: (A) olive ridley turtle (L. olivacea); (B) loggerhead turtle (C. caretta).






3.3 Location of hooks and severity of lesions

Out of the 112 hooks recovered, 11 (9.8%) were discovered externally, primarily on the front flippers (Table 3). While these instances are generally classified as low risk (Ryder et al., 2006), complications can arise if these hooks are entangled with fishing lines, potentially leading to strangulation, lacerations, hemorrhages, fractures, avulsions, and even limb loss.


Table 3 | Location of the hooks found in the 116 turtles of the study, divided by species (6 individuals had more than one hook).



Although longline fishing is well recognized as a serious threat to several species of sea turtles (Camiñas and de la Serna, 1995; Laurent et al., 1999; Lewison et al., 2004; Camiñas et al., 2006), some authors claim that these animals can tolerate serious injuries after capture and can continue feeding with one or more hooks lodged in the digestive tract (Tomas et al., 2001; Alegre et al., 2006; Caracappa et al., 2018). This fact may explain the good body score of some individuals found with fishing gear in this study. In addition to the potential harm caused by hooks, incidental capture in longline fisheries can cause other serious problems such as gas embolism (i.e., when turtles undergo a rapid decompression, causing nitrogen to form bubbles in supersaturated tissues) (García-Párraga et al., 2018; Crespo-Picazo et al., 2020), capture myopathy (i.e., a syndrome caused by incidental capture, characterized by anaerobic metabolic changes leading to the buildup of large amounts of lactic acid, metabolic acidosis, and secondary muscle necrosis) (Phillips et al., 2015) or trauma during improper handling of animals on board.

The “J” hooks for dolphinfish (C. hippurus) were found in almost all parts of the gastrointestinal tract, with the highest frequency seen in the esophagus. Although the other types of hooks were also found mainly in the esophagus, the sample size was too small to draw conclusions regarding their locations (Table 3).



3.3.1 Oral cavity

Hooks were found in the oral cavity of 9.0% (11/122) of the turtles examined. Injuries from hooks in these regions are typically low risk, unless the hooks embed within critical and sensitive structures such as bones, mandibular joint, palate, tongue, or glottis (Parga, 2012). Necropsies from this study revealed the mild nature of the lesions, characterized by caseous plaques at the hook attachment sites and wire-induced lesions in the buccal commissures (Figures 6A, B). Hooks becoming lodged in the oral cavity, especially those that penetrate bone structures, can cause severe injuries and osteomyelitis (bone infections) (Ninou et al., 2008; Parga et al., 2010). If improperly treated, these infections can spread and potentially lead to life-threatening complications. Damage to the glottis, a delicate hermetically sealed cartilage structure protecting the airway entrance, can result in serious repercussions such as drowning or lung infections. Similarly, large hooks can interfere with a turtle’s ability to eat, leading to chronic malnutrition and cachexia, a wasting syndrome that can ultimately prove fatal over time (Caracappa et al., 2018). Of all injury occurrences, 73.8% were considered severe, with ingested hooks advancing to the digestive tract, beyond the oral cavity. In 66.4% of cases, the hook was lodged in the esophagus (81/122); in 2.45% of cases, in the stomach; in 4.92%, in the small and large intestines (06/122) (Table 3). The ingestion of fishing hooks and/or cables can be life-threatening to animals (Parga, 2012; Caracappa et al., 2018). It can cause severe injuries, such as plication (i.e., folding of intestinal loops) (Bjorndal et al., 1994), which occurs when the hook lodges in some portion of the digestive tract and the line is pulled caudally through peristaltic movements (Franchini et al., 2018). More severe injuries include intussusception, characterized by the penetration of one segment of the gastrointestinal tract into the adjacent segment. Both injuries can provoke intestinal obstruction and ischemia, leading the animal to death.




Figure 6 | (A) Loggerhead turtle with hook lodged in the oral cavity – Photo by Udesc; (B) Loggerhead turtle with nylon thread coming out of the oral cavity – Photo by R3animal; (C, D) Nylon thread coming out through the cloaca – Photos by Fundação Projeto Tamar.






3.3.2 Esophagus

In this study, 66.4% of the examined chelonians (n=81) exhibited caseous and/or ulcerative lesions in the esophagus resulting from the presence of hooks (Figure 7A). Among this group, fibrous tissue deposits had encapsulated the hooks within the esophageal mucosa in 51% of cases (n=62), as seen in Figure 7B. The esophagus of sea turtles is able to resist injury because of its muscular structure and layers of keratinized squamous epithelium (Díaz-Figueroa and Mitchell, 2006). Despite hooks embedded in their esophageal walls, these animals can survive and continue to feed without experiencing notable nutritional drawbacks, even when fibrous tissue narrows the lumen (Valente et al., 2007). A study by Alegre et al. (2006) tracked 10 turtles with hooks lodged in their esophageal wall over two years, revealing that 50% naturally expelled the hooks without major clinical complications. A subsequent endoscopy of the remaining hooks revealed insignificant injurious effects. However, perforations near the organ’s most caudal portion, close to the heart and primary vessels, pose a heightened risk and can lead to the animal’s immediate death (Ryder et al., 2006; Casale et al., 2008).




Figure 7 | (A) Hook lodged in distal esophagus – Photo by R3animal; (B) Hook attached and encapsulated to the esophagus – Photo by Udesc; (C, D) Necropsies of loggerhead turtles performed at the Fundação Projeto Tamar in Ubatuba, showing pleating of intestinal loops caused by fishing line. Photo by Fundação Projeto Tamar.






3.3.3 Stomach and intestines

In the present study, the occurrence of hooks located in the stomach (3.3%) (n=3) and intestines (4.9%) (n=6) was rare (Table 3); however, mucosal lesions were observed in 77.6% of necropsied animals. These lesions were mainly caused by fishing lines and/or cables attached to the hooks, which when pulled cause characteristic linear lesions in the mucosa of the organ, with subsequent inflammation, ulcers, and caseous plaques. Orós et al. (2004) reported the presence of deep ulcers, necrotic enteritis, coelomitis, and septic shock associated with fishing lines attached to ingested hooks.

Hooks embedded in the stomach pose severe risks as they are prone to pierce this organ’s slender wall. This can yield coelomitis, or an inflammation of the abdominal cavity, potentially culminating in death due to septic shock (Orós et al., 2004; Casale et al., 2008). No living turtles with stomach-trauma from hooks were found in our study. Such injuries typically lead to immediate death, as outlined by Casale et al. (2008). Notably, the turtles discovered with hooks in their stomachs during our study period were already deceased upon beach discovery. Even though rare in our study, intestinal lesions can turn severe. Plications and intussusceptions could trigger ischemia and the intestine’s rupture, damaging the villi, essential for nutrient absorption, which in severe instances can result in critical medical complications. Our study detected injuries of varying severity in 65.6% (n=80) of the animals examined, primarily resulting from the ingestion of fishing lines and/or cables. Enteritis, ulcers, caseous plaques, plication, intussusceptions, and acute gastric volvulus (i.e., stomach rotation around its axis) were most frequently observed; only one turtle presented intestinal rupture (see Figures 7C, D). Following the rehabilitation process, a single live-treated animal expelled the hook lodged in its intestine. Although it is possible for this hook to be spontaneously expelled through a lengthy process, this can worsen the clinical condition of the turtle and should be avoided for the sake of the animal’s wellbeing (Di Bello et al., 2013). In this study, only Caretta caretta turtles were found with hooks lodged in their stomachs and intestines. Comparative studies on the anatomical characteristics of the gastrointestinal tract among the five sea turtle species outlined by Magalhães et al. (2012) suggest that C. caretta possess longer and larger diameter organs compared to other Chelonidae family members. This feature might allow them to ingest larger hooks that L. olivacea could not. In 8.2% of cases, the precise location of the gastrointestinal hooks was unverifiable due to the advanced decomposition state of the carcasses.





3.4 Fishing lines and cables

Fishers often return turtles to the sea with the hook lodged in the gastrointestinal tract, after cutting the fishing line. However, any remaining line fragment associated with the hook can cause injury, as mentioned earlier (Schofield et al., 2000; Di Bello et al., 2007). In this study, 38.7% (45/116) of the turtles presented fragments of fishing lines coming out of the cloaca (Figures 6C, D). Plication was the most important and severe lesion observed in imaging examinations (ultrasonography) and necropsies (Figures 7C, D) and it was observed in 54 of the 86 analyzed individuals (62.8%). In 43.1% of cases (50 out of 116), the animal’s demise was directly attributable to the presence of one or more fishing line fragments in the intestines, causing lethal injuries. This aligns with Di Bello et al. (2013) observations in a study encompassing 126 sea turtles, wherein approximately 20% of mortality was linked to the presence of fishing lines in the digestive tract. These findings support earlier research suggesting that even though turtles may carry hooks internally, they may not necessarily die unless these hooks are attached to fishing lines (Alegre et al., 2006; Valente et al., 2007; Parga, 2012; Caracappa et al., 2018). After ingesting fishing gear that causes gastrointestinal lesions, turtles tend to reduce their food intake and, subsequently, initiate a catabolic state associated with progressive weight loss, anemia, hypoproteinemia, hypoglycemia, dehydration, and bone demineralization. This condition favors the action of opportunistic pathogens resulting from immunosuppression, leading to a gradual decrease in the animals’ body scores.

In this study, body score could be determined in 61.2% of the cases (71/116), showing that body condition of turtles found with hooks was rated as excellent or good for 54.9% of cases, and thin for 45.1% of cases. Only 5.7% were classified as cachectic, or severely underweight. These results suggest that most animals died quickly before any weight loss associated with chronic injuries from fishing could occur. Conversely, the fact that around 45% of turtles were considered thin implies longer-term impacts, likely affecting their ability to forage for food. The body score could be determined for 61.2% (71 out of 116) of the cases in this study.





4 Conclusion

The evidence of hooks, cables, and fishing lines found on stranded sea turtle carcasses clearly demonstrates their interactions with fisheries. However, it’s important to note that these interactions are not always directly responsible for the individual turtles’ deaths. In our study, the “J” hook, primarily used for catching dolphinfish (C. hippurus), was identified as the predominant type. This particular hook is frequently employed by the Itaipava fleet, one of the most vigorously active fleets in the Southeast, where the highest incidences of sea turtle strandings involving hooks have been recorded. This pattern suggests that sea turtles in this region primarily encounter fisheries that utilize this specific hook type. Furthermore, pelagic longline fishing, especially targeting the common dolphinfish, emerges as a significant threat to sea turtle species such as L. olivacea and C. caretta within the study area. Although these interactions represent only a small fraction of the total sea turtle strandings observed during the study period, they pose a notable potential risk. The Itaipava fleet’s activities in the neritic zone, where sea turtles typically forage, combined with the turtles’ opportunistic behavior in consuming bait, suggest an increased likelihood of ongoing interactions between sea turtles and this fishing method.

Fisheries that typically target oceanic species such as swordfish (Xiphias gladius) and tuna (Thunnus spp.), which provide the most reliable identification of hooks, were poorly represented in the area and period of this study, despite the intense fishing effort in the region. The fleet is known to operate extensively and interact with juveniles of C. caretta and adults of D. coriacea in the South/Southeast regions of Brazil. The small representativeness of these hooks in the sample, compared to hooks for catching dolphinfish, may suggest that the carcasses of individuals impacted by typical oceanic longline fisheries do not reach the coast or may strand in other regions.

The high concentration of stranded turtles with J hooks targeting dolphinfish (C. hippurus) indicates that their original habitat was mainly coastal, most likely the continental shelf. Similarly, the low number of “circular” hooks, which have been mandatory in Brazil for longline fisheries since 2017, may be related to its distance from the coast and drift patterns of the carcasses. Moreover, this low number may result from the use of circle hooks as a mitigating measure that reduces the chance of ingestion and facilitates its removal from the oral region of the captured individuals. This measure minimizes the chances of finding evidence of the interaction in cases of eventual deaths that continue to occur during incidental capture.

Most turtles affected by hooking incidents were identified as large juveniles, individuals who have successfully navigated through the most vulnerable stages of their early lives. This observation underscores the critical importance of implementing protection measures for these particular life stages. Concentrating conservation efforts on large juveniles and adults can significantly increase their chances of surviving to maturity. Despite there being fewer adults impacted by hooking, their numbers could be underestimated, since strandings don’t reflect the total mortality at sea.

The high mortality rate of turtles caused by ingestion of hooks or fishing lines, and the detrimental effects such injuries cause in their digestive tracts, emphasizes the need for protective interventions to reduce bycatch. Furthermore, it’s imperative to implement proper handling procedures onboard to minimize the damage inflicted, after the turtles are captured.

The availability of up-to-date, comprehensive data on fishing efforts, including capture per unit effort for the Brazilian fleets, has been significantly affected by the suspension of the Brazilian government’s onboard observer program (PROBORDO) since 2012. Unfortunately, this program has not been reinstated, creating a substantial gap in the continuous collection of such data. In the absence of a government-led observer program, specific initiatives to collect observer data have been limited to those carried out by universities and non-governmental organizations (NGOs). However, these efforts are not ubiquitous and cover only a fraction of the fishing effort, resulting in a lack of accessible, current data on capture per unit effort across fleets. The absence of this vital data stream limits our ability to comprehensively analyze and understand the full scope of bycatch impacts, particularly in the context of stranding results. Strand monitoring, while valuable, does indeed have its limitations in capturing the complete picture of bycatch mortality, especially with respect to at-sea mortalities that do not result in carcasses washing ashore.

In conclusion, the findings of this study underscore the critical need for renewed commitment towards onboard observer programs, highlighting the significant gap in our current knowledge of fisheries’ impacts on marine biodiversity. The absence of comprehensive, up-to-date data significantly hinders our ability to accurately assess the full scale of such impacts. Therefore, it is imperative that collaborative efforts among governmental bodies, academic institutions, and non-profit organizations are strengthened and expanded. Only through such multidisciplinary and intersectoral cooperation can we hope to enhance our understanding of fisheries’ interactions with marine ecosystems and work towards more sustainable practices.
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