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Abstract

:

Fishery bycatch poses a significant threat to sea turtles. This study provides an updated assessment of Loggerhead turtle (Caretta caretta) bycatch in the Gulf of Gabès, focusing on the impact of the Garrasia gillnets. Through 61 onboard observations conducted alongside fishermen in Zarzis deploying a bottom-set gillnet, called “Garrasia”, and targeting elasmobranch species, comprehensive data were collected, including the number of sea turtles captured, soak time, length of gillnets, location, and biometric data of sea turtles. Analysis revealed a catch per unit effort (CPUE) for sea turtles of 0.63 (95% CI [0.355–0.893]) turtles per kilometer per 24 h with a notably high mortality rate of 92.06% (95% CI [87.3–96.8]). In the Gulf of Gabès, 23 vessels are reported to use Garrasia, resulting in an estimated annual total capture of 3756.53 turtles with a 95% CI [1907.81–5902.30]. These findings underscore the significant impact of Garrasia on sea turtle populations in the Gulf of Gabès. The study calls for immediate collaborative efforts among researchers, local stakeholders, authorities and fishermen to elaborate balanced conservation strategies that consider both ecological sustainability and socio-economic factors, aiming to achieve a sustainable marine ecosystem.
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1. Introduction


The incidental fishery in the Mediterranean Sea is a significant and pressing threat to the survival of sea turtles, posing dire consequences for marine biodiversity and ecosystem health. Bycatch refers to the unintentional capture of non-target species in fishing gear [1,2,3,4], and it is a common problem in many countries. This pervasive issue extends far beyond regional boundaries, plaguing fisheries worldwide and contributing substantially to the decline in marine megafauna populations, with sea turtles bearing a particularly heavy toll [1,2].



The Mediterranean Sea, renowned for its rich biodiversity and ecological significance, is hosting three species of sea turtles (Loggerhead turtle, Green turtle and Leatherback turtle) although three other species have been occasionally observed (Hawksbill turtle, Kemp’s Ridley turtle and Olive Ridley turtle). The Loggerhead (Caretta caretta [5]) is the most abundant [4,6,7], considering both the oceanic and neritic zones [8,9]. Major Loggerhead neritic foraging grounds are located along the south-east coast of Turkey [4], in the Gulf of Gabès [10], in the north Adriatic Sea [11], off the southeast Egyptian coast [3] and off the Spanish coast [12]. Nesting beaches for Loggerheads predominantly dot the coastlines of Greece, Turkey, Cyprus and Libya, although sporadic nesting activities have been observed in Egypt, Syria, Lebanon and Tunisia [13].



Estimations by Casale [14] indicate a grim reality, with over 132,000 sea turtles captured and 44,000 deaths attributed to various fishing gears annually in the Mediterranean in 2011. This staggering toll underscores the urgent need for comprehensive conservation efforts and sustainable fishing practices. The ranking of gears by capture frequency reveals pelagic longlines, bottom trawls, set nets and demersal longlines as the most significant contributors to turtle bycatch [14].



Most studies on sea turtle bycatch have focused on large-scale commercial fisheries [6,7,10,14,15,16,17,18,19,20,21] because of the challenges associated with assessing the extensive number of small-scale fisheries.



In Tunisia, sea turtles interact with the majority of fishing gears [22]. Previous studies have already highlighted the high impact of trawlers [10], longlines [15] and set nets [16,17].



Different nets are used by small-scale fisheries and could be a real threat for sea turtles and other species that are caught accidentally. Therefore, sea turtles are one of the most vulnerable to entanglement in coastal nets because they are often set close to the foraging and nesting area of sea turtles. Gillnets, in particular, have emerged as a cause for concern, exhibiting a high interaction rate in the Gulf of Gabès and contributing to elevated mortality among entangled turtles [18,22].



The complexity of sea turtle bycatch dynamics is further compounded by the variability among vessels, influenced by operational parameters such as days at sea, the number of sets and net dimensions [23]. While the majority of set nets have a low catch rate of sea turtles, the collective use of these gear types across a large number of small boats along the Tunisian coastline poses a substantial threat to sea turtles.



Tunisia’s small-scale fisheries sector, characterized by its dynamic nature and seasonal variability in gear utilization, presents challenges in accurately quantifying turtle bycatch [23]. Addressing this issue necessitates comprehensive studies that account for the diverse array of gear types employed by fishing units and variability in gear selection during fishing trips.



This study, based on onboard observations, seeks to investigate the interaction of sea turtles with gillnets named “Garrasia”, which are employed in the southern region of Tunisia. These gillnets present a significant risk of incidental sea turtle capture. Our primary objective is to provide an updated estimation of the bycatch rate, while simultaneously evaluating the influence of various factors—such as gear specifications, fishing locations, and seasonal variations—on bycatch risk.



Efforts to mitigate the impact of coastal nets on Loggerhead turtles in the Mediterranean Sea are underway. Several initiatives have been introduced, one of which involves the implementation of UV LEDs to address this issue [24,25]. However, despite these efforts, the pervasive threat posed by coastal nets to Loggerhead turtles underscores the urgent need for further research and proactive conservation measures to safeguard these emblematic and endangered species.




2. Materials and Methods


2.1. Study Area


The study was conducted along the southern coast of Tunisia, with a specific focus on the ports of Zarzis and Djerba situated within the Gulf of Gabès, also known as Lesser Syrtis. This Gulf, a prominent geographical feature along Tunisia’s eastern seaboard in the Mediterranean Sea, spans the coastline from Chebba in the north to the border with Libya in the south. The Gulf of Gabès is renowned for its distinctive marine ecosystems, boasting rich biodiversity and serving as a crucial habitat for numerous marine species. Moreover, this region holds significant economic and ecological importance within the Mediterranean basin, supporting diverse fisheries and maritime activities while also contributing to the overall ecological balance of the area. Zarzis and Djerba were chosen for their pivotal positions in the Gulf, offering insights into the interaction between sea turtles and fishing gear.




2.2. Data Collection


Data for this study were collected through onboard observations conducted by trained fishing observers. These observers were tasked with gathering a comprehensive set of information throughout the fishing operations, ensuring the thorough documentation of key variables. This included recording the date and precise geographic coordinates at both the start and the end of each gear set process, thereby offering a clear outline of the spatial distribution and extent of the fishing efforts within the study area.



In addition to spatial data, the observers documented the incidence of turtle bycatch during these operations. Each captured turtle underwent a detailed assessment of its physical condition, allowing for the categorization of each individual as healthy, injured, comatose or deceased [17]. Furthermore, precise measurements of the turtles were taken, focusing specifically on the curved carapace length notch to tip (CCLn-t), following established methodologies [26]. This measurement is crucial for determining the size and age class of captured turtles, which can be instrumental in understanding the demographics of impacted turtle populations [13,27]. All trips were conducted under true fishing conditions over a span of four years, from 2018 to 2022, utilizing three small-scale boats departing from the ports of Zarzis and Djerba. In total, 63 onboard observations were conducted: 9 in 2018, 8 in 2020, 27 in 2021 and 19 in 2022. These boats exclusively employed gillnets known as “Garrasia” for their fishing operations.



The Garrasia is a highly specialized type of gillnet specifically engineered for the capture of elasmobranchs, which include various species such as sharks (Carcharhinus plumbeus), guitarfishes (Rhinobatos rhinobatos and Glaucostegus cemiculus), eagle rays (Aetomylaeus bovinus) and similar species. The Garrasia is composed from a single net panel with a significantly large mesh size, measuring approximately 160 mm. Each individual net of this specialized net measures 50 m in length and consists of 10 vertical meshes, resulting in a vertical drop of 3.2 m. This mesh size is particularly chosen to effectively target larger species of elasmobranchs, ensuring optimal efficacy in the fishing operations.



In terms of deployment, the Garrasia is designed to be set on the seabed, where it remains steadfastly in place for an approximate duration of 24 h. However, under certain circumstances, it may be left deployed for up to two days, amplifying the probability of capturing the targeted and non-target species. The net is secured in its position by ropes and anchored firmly to the sea floor with weights attached to its bottom line. This anchoring mechanism ensures that the net remains in close proximity to the seabed. Additionally, to maintain its desired vertical orientation in the water column, floats are attached to the top line of the net [3,27]. This crafted arrangement not only allows the net to effectively cover a substantial vertical area but also ensures its stability and efficacy in capturing the target marine species.



In addition, we conducted interviews with fishermen using Garrasia across various ports within the Gulf of Gabès. The objective of these interviews was to ascertain crucial information, including the total number of vessels employing Garrasia and the annual frequency of fishing trips undertaken by each vessel. This allowed us to calculate the total capture of sea turtles and the related mortality within the region.




2.3. Data Analysis


Two catch per unit effort (CPUE) calculations were made to estimate the impact of Garrasia on sea turtle populations in the Gulf of Gabès:


CPUE1 = n/N











	
n = number of turtles captured



	
N = number of fishing operations







CPUE2 = n/L × T









	
N = number of turtles captured



	
L = total net length [km]



	
T = soak time in hours/24






The total number of sea turtles captured by Garrasia per year in the Gulf of Gabès was then estimated by multiplying the catch per unit effort (CPUE) derived from onboard monitoring through the fishing efforts for all vessels combined, which was expressed as kilometers of net length × days of fishing. This information was obtained from comprehensive survey data outlined in Appendix A.



The number of sea turtles per set is a discrete variable that does not follow a normal distribution pattern. Therefore, confidence intervals were calculated using the bootstrap method, leveraging the ‘boot’ package in R for statistical analysis.



To obtain insights into the life stages of Loggerhead interacting with gillnets and detect possible changes in the population structure according to the season, the distributions of the curved carapace length (CCL) measured for by-caught sea turtles in the Gulf of Gabès during spring, summer and autumn were compared using a violin plot (ggplot2 R package).



Despite the fact that measuring tail length may not be as precise as laparoscopy for determining the sex of large specimens (those presumed to be adults), it remains a practical method for field conditions and can yield a significant amount of data if a reliable technique is employed [28]. We use this measure on specimens exceeding 70 cm in size to determinate the sex of sea turtles caught.



In our study, we only consider three seasons (autumn, spring and summer) as in the Gulf of Gabès fishermen refrain from using Garrasia during the winter months due to the lack of target species during that season.





3. Results


3.1. CPUE and Total Capture Estimate


During the entire study period, 61 trips were carried out with 63 fishing sets. The map (Figure 1) indicates the locations of the sets in the study area.



The number of sea turtles caught is 126, with 116 of them being found dead. During one of our onboard observations, 43 sea turtles were caught in a single fishing operation.



The total length of gillnets used during the study period was 244.75 km. The CPUE and the total catch estimation obtained during the study are summarized in Table 1.



In the Gulf of Gabès, 23 vessels are currently operating, with Garrasia collectively deploying approximately 91.2 km of nets, with a mean soak time of 1.24 days (estimated from the present study). The total number of fishing trips conducted annually by all vessels combined is calculated to be 1113 (as estimated from the interviews).



Based on these parameters, the total capture of sea turtles is estimated to be 3756.53, with a 95% confidence interval of [1907.81–5902.30] turtles per year.




3.2. Mortality Rate


All the sea turtles captured in this study were identified as Loggerhead turtle Caretta caretta. Of the total captured Loggerheads, a significant portion, specifically 116 out of 126, became deceased. This translates into a mortality rate of 92.06%.




3.3. Sex Ratio


We obtained complete morphometric data from 75 individuals. The mean carapace length (SCCLn-t) of caught Loggerheads was 68.16 cm 95% CI [65.27–70.89]). Based on these measurements, it can be inferred that the majority of these turtles were subadults, with 34 individuals likely categorized as adults (larger than 70 cm SCCLn-t).



Tail lengths were obtained for all 34 individuals caught, whose sizes were consistent with those of adult-stage turtles. Among these, 29.41% exhibited male characteristics (a long and large tail), and 70.58% exhibited small tails consistent with those of females.



We calculated sex ratios for two distinct periods: summer and autumn. The observed sex ratios were 54.5% females for summer and 77.3% for autumn.



The two sex ratios do not show a significant difference (Fisher exact test: p = 0.24; n = 23), potentially due to the limited sample size.




3.4. Seasonal Variation


In our analysis, we computed two distinct CPUEs: CPUE1 illustrating the catch rate per fishing operation (Figure 2a) and CPUE2 depicted as the catch rate per kilometer of net per 24 h (Figure 2b).



Sets during the autumn exhibited the highest observed CPUE2 with a mean of 0.71 95% CI [0.30–1.22] turtles km−1 24 h−1 followed by spring, at CPUE2 = 0.62 95% CI [0–1.25], and summer (CPUE2 = 0.38 95% CI [0.13–0.66]).




3.5. Size Variation According to Season


The analysis of the curved carapace length (CCL) of sea turtles in the Gulf of Gabès provided valuable insights into the size distribution within this population across different seasons. Notably, it was observed that during the summer season, the CCL tends to be notably higher, measuring an average of 75.55 cm with a 95% confidence interval (CI) of [68.88–82.72].



In the autumn season, the CCL of Loggerhead turtles averages at 66.24 cm with a 95% CI of [63.48–69.11]. A noticeable drop in average sizes is observed in the spring season, with the CCL measuring 60.25 cm at a 95% CI of [50.00–68.25].



Figure 3 illustrates the size distribution of sea turtles caught with Garrasia in the Gulf of Gabès across different seasons, providing a visual representation of the observed variations in sea turtle sizes throughout the year.





4. Discussion


4.1. Bycatch Rate per Unit Effort (CPUE) and Annual Total Capture


In Tunisian marine waters, Loggerhead turtles are the most commonly observed species, constituting the vast majority of sightings, while encounters with green and leatherback turtles are regular but relatively rare [10,15,17]. This observation was further corroborated by our study, where all sea turtles encountered as bycatch were identified as Loggerhead turtles (Caretta caretta).



Sea turtles are known to be incidentally captured by various types of fishing gear, including trawl nets, gillnets and both pelagic and bottom longlines [1,14,29]. Gillnet fisheries have been identified as potentially posing the most significant threat to sea turtle populations, as highlighted in studies by Wallace et al. and Gilman et al. [2,30]. Notably, in Tunisia, Louhichi et al. [22] emphasized the importance of conducting interviews at fishing ports to estimate the level of interaction between fisheries and sea turtles. The results from these interviews revealed that Garrasia exhibited the highest sea turtle catch per unit effort (CPUE) compared with other fishing gears, as indicated in the previous study [22]. The ongoing study, conducted through onboard campaigns to directly observe the CPUE of Garrasia, corroborates the previous interview findings, further underscoring the significant impact of this gear on sea turtles in the Gulf of Gabès.



The CPUE for Garrasia, based on on-board observations, reached 0.63 turtles per km per 24 h, with a 95% CI of [0.32–0.99]. Within the Gulf of Gabès, the fleet using Garrasia comprises 23 vessels, resulting in a cumulative yearly fishing effort of 5961.92 net-km × 24 h (Appendix A). This operation leads to an estimated annual bycatch of 3756.53 turtles, with a 95% CI of [1907.81–5902.30]. These figures highlight the considerable impact of Garrasia fishing on turtle populations in the Gulf of Gabès. With a staggering 92.06% mortality rate associated with this bycatch, the significant loss inflicted by this relatively small fleet of just twenty-three boats is particularly concerning. The high catch rate CPUE suggests the possibility that the vessel encountered a migratory path of turtles. Alternatively, it could indicate that the vessel came across a gathering of turtles in a reproductive aggregation. These scenarios could explain the unusually elevated number of captures. The cumulative Garrasia bycatch surpasses 40% of the total estimated bycatch from trawling activities, which are conducted by 272 trawl vessels in the Gulf of Gabès, totaling an estimated 8208.96 turtles per year (95% CI [0–29,036]), calculated from the raw data (source: [25]).



The Garrasia CPUEs substantially exceed those previously reported for sea turtle bycatch in Tunisian gillnet fisheries. Specifically, Echwikhi et al. [17] documented a bycatch rate of 0.8 turtles per fishing set, with a 95% confidence interval (CI) of [0.65–0.90]. In contrast, our study reveals a higher catch rate per fishing operation, with a CPUE1 of 2.11 turtles per operation and a 95% CI of [1.2–3.07].



The notable increase in the catch per unit effort (CPUE) of sea turtles by Garrasia in the Gulf of Gabès can be attributed to the heightened frequency of fishing trips undertaken by individual vessels each year, indicative of an intensified fishing effort employing Garrasia. In fact, the fishing period utilizing Garrasia has been extended beyond the previously reported months of April May, and June, as documented by Echwikhi et al. [18]. It is worth considering that the observed rise in CPUE may also be influenced by the growing population of Loggerhead turtles in the Mediterranean, thus suggesting it as a potential additional contributing factor.



In terms of total captures, it is important to note that Echwikhi et al. [17] considered only three ports, whereas our study includes all ports in the Gulf of Gabès where Garrasia nets are used. This broader scope likely contributes to our study’s higher total Loggerhead capture estimates, surpassing both Echwikhi and collaborators’ figure and documented bycatch in other Mediterranean countries. For instance, Egypt estimated a total capture of 754 turtles per year [31], while Croatia estimated 393 turtles per year [32].



The CPUE derived from our study, conducted through onboard observations, is nevertheless geographically confined to the port of Zarzis and Djerba. This geographical limitation necessitates a cautious extrapolation of our findings. However, given the substantial impact observed in these areas, we advocate for further onboard observations to be conducted across various ports within the Gulf of Gabès. Expanding the sampling to encompass a wider range of ports will enable a more comprehensive understanding of sea turtle interactions with Garrasia and minimize potential biases in our findings. Such an approach would enhance the robustness and applicability of our study’s recommendations for mitigating sea turtle bycatch in the region.



Assessing the impact of fisheries on sea turtle mortality requires an in-depth analysis encompassing both direct mortality from bycatch and subsequent post-release mortality. Mortality risks vary significantly depending on the type of fishing gear and associated practices. Drowning stands out as a primary cause of mortality of sea turtles, occurring when they become entangled in fishing gear and are unable to surface for air [33].



In this study, the average soak time for Garrasia was 29.76 h, far surpassing the apnea tolerance limits of turtles. This prolonged entanglement correlates with a strikingly high estimated mortality rate of 92.06%. Compounding this issue is fishermen’s frequent inability to differentiate between dead and comatose turtles, further increasing the likelihood of mortality for turtles that might otherwise have had the chance to recover if properly identified, treated and released.



Furthermore, inadequate removal of turtles from nets can result in injuries, necrosis and heightened mortality rates. These findings emphasize the critical impact of Garrasia on sea turtle mortality, underscoring the urgent need for mitigation measures [33]. An expanded understanding of these mortality factors across various fishing practices and locations within the Gulf of Gabès is imperative to developing targeted strategies aimed at reducing sea turtle bycatch and safeguarding these endangered species for future generations.




4.2. Seasonal Variation in CPUE and Size Variation


A slight seasonal variation in the number of bycatch was observed, with the CPUE reaching its peak in autumn (Figure 2b). The Gulf of Gabès has been formerly described as a foraging and wintering area [14,21,34,35,36,37,38]. The distribution of size observed among bycatches in autumn tended to show that the majority of individuals are subadult and juvenile during this season. Adults of a large size are more frequently observed in summer, which is probably linked to the reproductive activity occurring in the Gulf of Hammamet north of the Gulf of Gabès and in Lybia south of the Gulf of Gabès. Medium-size individuals observed in autumn may stay in winter, but it was not possible to explore the CCL size structure during this season due to the absence of Garassia activity during winter. Small-size individuals observed in spring may embark on migration to another region. Medium-size individuals are present all throughout the year. The findings on population structure are very preliminary and emphasize the need for genetic sampling and analysis (micro-satellite, single=nucleotide polymorphism and RadSeq) to further address population structure and connectivity.



The curved carapace length (CCL) of Loggerhead turtles observed in Garrasia averaged 68.16 cm 95% CI [65.27–70.89]). These results are consistent with those of previous studies [17,33,39], affirming the consistency of our results across different investigations. Notably, larger Loggerheads, which tend to forage on benthic preys, were predominantly captured in waters shallower than 50 m, where gillnets are more likely to ensnare larger turtles (over 60 cm CCL in 80% of cases). This selectivity poses a significant concern as older, larger turtles play a crucial role in population growth [40,41,42,43]. Moreover, our findings corroborate that the average size of Loggerhead turtles caught in neritic areas does not significantly differ between the use of various fishing gears, pointing to a general risk to larger turtles in these habitats [44]. This underscores the importance of considering habitat-specific impacts and implementing targeted conservation measures to mitigate the risks faced by larger, older Loggerhead turtles in the Gulf of Gabès.



The variation in the size of sea turtles observed in the Gulf of Gabès across different seasons can be attributed to several ecological and biological factors, including long-term warming trends likely associated with climate change. Previous research has indicated that seasonal changes in water temperature, food availability and breeding patterns can significantly influence the distribution of and size variation in sea turtle populations [45]. In line with these findings, during warmer months, such as summer, larger sea turtles are often observed in coastal waters, including the Gulf of Gabès. This could be linked to the increased availability of food resources, which supports larger body sizes, and the preference for warmer waters for breeding activities [46,47]. The shallow depth of the Gulf of Gabès may further exacerbate the effects of climate change on sea turtles, as these waters are more susceptible to rapid warming. During warmer months, such as summer, larger sea turtles are often observed in coastal waters, including the Gulf of Gabès. This could be linked to the increased availability of food resources, which supports larger body sizes, and the preference for warmer waters for breeding activities [46,47].



Additionally, juvenile sea turtles present in the Gulf of Gabès during the spring season may decrease in number during the summer months compared with adults. This decrease in juvenile presence could be attributed to several factors, including potential migration patterns, changes in habitat utilization and competition for resources with larger, more dominant adults. Moreover, juveniles may be less competitive for food resources and living space compared with larger, more dominant adults, which could also influence their seasonal distribution in the coastal waters of the Gulf of Gabès.



In the Mediterranean, coastal nets predominantly capture large juvenile Loggerhead turtles on the verge of reaching sexual maturity, a critical stage for the species population dynamics. These turtles, primarily in their neritic phase, may originate from both Mediterranean and Atlantic stocks, highlighting the interconnection of sea turtle populations across regions [3,48,49]. Their migratory behavior, driven by factors such as sea temperature, food availability and reproductive cycles, prompts them to embark on extensive journeys. Such migrations, coupled with seasonal reproductive activities, can lead to variations in sea turtle abundance in certain areas, as a result influencing bycatch rate [50].




4.3. Sex Ratio


Sex ratios vary between the summer period, characterized by reproductive migration, and the colder autumn period, when reproductive Loggerheads may migrate to other areas. The larger proportion of males observed during summer could be attributed to male recruitment for mating purposes, while the sex ratio in autumn (cold period) might be considered more indicative, as suggested by Wibbels [51], who indicated that adult sex ratios can be influenced by sex-specific patterns of reproductive migration. The female-dominated sex ratios that align with estimates derived from tail dimorphism in our study are consistent with sex ratios reported in studies on adult Loggerhead turtles in the Mediterranean [52].



Our findings are consistent with previous research on Loggerhead turtles in the Mediterranean, supporting the observation that both adult and juvenile populations tend to have more balanced sex ratios compared with hatchlings [53,54,55,56].





5. Conclusions


The pervasive interaction between Loggerhead turtles and coastal nets, particularly gillnets, stands as a critical conservation concern in the Mediterranean Sea. Our study underscores the Gulf of Gabès as a crucial foraging and developmental habitat for Loggerhead turtles. The elevated bycatch rates observed in Garrasia emphasize the urgent need for targeted conservation efforts. Beyond Loggerheads, the impact extends to other vulnerable species targeted by Garrasia, such as the critically endangered Bull ray (Aetomylaeus bovinus) and the guitarfishes Rhinobatos rhinobatos, which is endangered in the Mediterranean, and Glaucostegus cemiculus, which is critically endangered globally.



Our findings underscore the pressing need for conservation strategies to address sea turtle bycatch in gillnets, drawing from successful interventions documented in the literature [31,57,58,59] that propose practical measures such as the use of illuminated nets with LED lights, the deployment of shark silhouettes and the adoption of float lines without buoys. However, it is important to note that while these mitigation measures may be beneficial for certain types of nets, they may not be effective for Garrasia nets, as they specifically target vulnerable species in addition to accidental turtle captures. Instead, the solution may lie in promoting alternative fishing practices that have lower impacts on vulnerable turtles and sharks.



Finally, the successful implementation of solutions necessitates collaborative efforts among scientists, stakeholders and decision-makers. They need to consider the socio-economic context, so providing alternative economic opportunities for fishermen emerges as a crucial component of sustainable conservation. By offering viable alternatives, we can simultaneously address the ecological impact on sea turtles and endangered species while respecting the livelihoods of local communities.
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Appendix A




 





Table A1. Total capture of sea turtles in the Gulf of Gabès per year.






Table A1. Total capture of sea turtles in the Gulf of Gabès per year.





	Port
	Number of Vessels
	Number of Fishing Net Pieces
	Total Length of Gillnets (km)
	Number of Sets
	Fishing Effort per Year (Length × Set × Mean Soak Time)





	Zarzis
	1
	160
	8
	58
	575.36



	Zarzis
	1
	180
	9
	58
	647.28



	Zarzis
	1
	100
	5
	58
	359.6



	Zarzis
	1
	100
	5
	58
	359.6



	Zarzis
	1
	120
	6
	58
	431.52



	Zarzis
	1
	80
	4
	58
	287.68



	Zarzis
	1
	90
	4.5
	58
	323.64



	Zarrat
	1
	70
	3.5
	30
	130.2



	Zarrat
	1
	50
	2.5
	30
	93



	Zarrat
	1
	50
	2.5
	30
	93



	Gabès
	1
	50
	2.5
	60
	186



	Gabès
	1
	50
	2.5
	60
	186



	Gabès
	1
	50
	2.5
	60
	186



	Gabès
	1
	50
	2.5
	60
	186



	Kerkannah
	1
	12
	0.6
	30
	22.32



	Kerkannah
	1
	12
	0.6
	30
	22.32



	Ghannouch
	1
	20
	1
	30
	37.2



	Elketef
	1
	100
	5
	50
	310



	Boughrara
	1
	100
	5
	45
	279



	Boughrara
	1
	80
	4
	45
	223.2



	Houmet Souk
	1
	100
	5
	55
	341



	Houmet Souk
	1
	100
	5
	55
	341



	Houmet Souk
	1
	100
	5
	55
	341
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Figure 1. Locations of the sets deployed during the study. 
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Figure 2. Sea turtles caught with Garrasia in the Gulf of Gabès according to the season. (a) CPUE1: number of sea turtles caught per operation; (b) CPUE2: number of sea turtles caught per km of net per 24 h. 
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Figure 3. Size of sea turtles caught with Garrasia in the Gulf of Gabès according to the season. 
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