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Variation in Species Composition, Size and Fitness of Two Multi-Species Sea Turtle Assemblages Using Different Neritic Habitats
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The neritic environment is rich in resources and as such plays a crucial role as foraging habitat for multi-species marine assemblages, including sea turtles. However, this habitat also experiences a wide array of anthropogenic threats. To prioritize conservation funds, targeting areas that support multi-species assemblages is ideal. This is particularly important in the Gulf of Mexico where restoration actions are currently ongoing following the Deepwater Horizon oil spill. To better understand these areas in the Gulf of Mexico, we characterized two multi-species aggregations of sea turtles captured in different neritic habitats. We described species composition and size classes of turtles, and calculated body condition index for 642 individuals of three species captured from 2011 to 2019: 13.6% loggerheads (Caretta caretta), 44.9% Kemp’s ridleys (Lepidochelys kempii) and 41.4% green turtles (Chelonia mydas). Species composition differed between the two sites with more loggerheads captured in seagrass and a greater proportion of green turtles captured in sand bottom. Turtles in sand bottom were smaller and weighed less than those captured in seagrass. Although small and large turtles were captured at both sites, the proportions differed between sites. Body condition index of green turtles was lower in sand habitat than seagrass habitat; there was no difference for Kemp’s ridleys or loggerheads. In general, smaller green turtles had a higher body condition index than larger green turtles. We have identified another habitat type used by juvenile sea turtle species in the northern Gulf of Mexico. In addition, we highlight the importance of habitat selection by immature turtles recruiting from the oceanic to the neritic environment, particularly for green turtles.
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INTRODUCTION

Habitat loss in marine environments is occurring at an alarming rate and many of these habitats are found in neritic waters (Millennium Ecosystem Assessment, 2013; Babcock et al., 2019). Mangroves have declined 35%, coral reefs have been reduced 20% with an additional 20% identified as degraded, and seagrasses have been disappearing at a rate of 110 km2 year–1 since 1980 (Waycott et al., 2009; Millennium Ecosystem Assessment, 2013). These losses have necessitated conservation actions for many marine species that rely on neritic habitats such as sea turtles (Sellas et al., 2005; Wakefield et al., 2011; Hart et al., 2018a). Neritic habitat plays a consistent and important role for foraging hard-shelled sea turtles (Hays et al., 2004) throughout their entire lives (Bolten, 2003; Lamont et al., 2015). Juvenile sea turtles forage in neritic habitat for a decade or longer, after undertaking an ontogenetic habitat shift from the oceanic environment (Bolten, 2003). However, different turtle species shift into different habitats. For example, hawksbill turtles typically use coral reefs whereas green turtles migrate into seagrass beds. Identifying habitats used by juvenile turtles is crucial because this life-stage is the most important to protect when trying to recover populations (Crouse et al., 1987). Managers cannot ensure that a necessary habitat is available for turtles if managers are unaware that turtles rely on that habitat. In addition, as adults, sea turtles maintain foraging home ranges that are often located in neritic waters (Hart et al., 2014; Braun McNeill et al., 2020; Gredzens and Shaver, 2020), although variation in habitat use occurs among individuals (Hawkes et al., 2007; Hatase et al., 2013; Cameron et al., 2019).

Neritic habitat is also where most anthropogenic threats occur in the oceans. The majority of oil and gas platforms are in water depths < 300 m (Muehlenbachs et al., 2013), commercial shrimping activity occurs primarily in neritic waters (McDaniel et al., 2000), vessel strikes appear to have higher mortality rates in nearshore than offshore waters (Foley et al., 2019), and because of its proximity to land, neritic waters suffer from increased levels of pollution (Fang et al., 2017). Although these activities result in broadscale impacts to habitats that most likely affect organisms on the community-level, many studies focus only on single-species (Hart et al., 2014; Eguchi et al., 2020; Ramirez et al., 2020). However, individual species respond to environmental stressors in different ways; for example, species at a higher trophic level appear to be disproportionally impacted by habitat fragmentation (Didham, 1998; Hovel and Lipcius, 2001; Layman et al., 2007; Roslin et al., 2014; Rielly-Carroll and Freestone, 2017). To identify areas that support multi-species assemblages and, as such. represent high conservation priority (Brodie et al., 2015; Rich et al., 2016), more information on habitats used by these assemblages is needed, particularly those that rely on neritic waters for survival (Easter et al., 2019).

Multi-species assemblages of marine animals have been studied, however, most research has focused on invertebrates or fish (Barnes, 2019; Moyes and Magurran, 2019; Palumbi et al., 2019). Large marine vertebrates also maintain multi-species groups (Augé et al., 2018; Drymon et al., 2020; Sutton et al., 2020) and because these species typically inhabit a higher trophic level, changes in habitat may have serious consequences. Sea turtle foraging assemblages provide the ideal opportunity to examine multi-species groups of marine vertebrates in neritic habitats (Hart et al., 2018a; Lamont and Iverson, 2018; Wildermann et al., 2019). In the Gulf of Mexico (GoM), sea turtles forage in groups that include herbivores such as green turtles (Chelonia mydas) and carnivores such as loggerheads (Caretta caretta) and Kemp’s ridleys (Lepidochelys kempii; Lamont and Iverson, 2018; Wildermann et al., 2019). This provides us with a unique opportunity to collect information across species that may differ in their vulnerability to human disturbances, environmental change, and habitat fragmentation (Easter et al., 2019). Characterizing multi-species assemblages of sea turtles in neritic habitats can help maximize conservation dollars and prioritize restoration efforts, particularly in the GoM where restoration actions following the Deepwater Horizon oil spill are currently being conducted.

Juvenile turtles throughout the world have been shown to exhibit multi-year fidelity to foraging areas (González Carman et al., 2016; Metz et al., 2020; Siegwalt et al., 2020), which further highlights their importance in the conservation and recovery of these species. In Australia, green turtles and loggerheads remained in foraging habitats for 17 and 23 years, respectively. The size of these home ranges varies greatly among species and studies, most likely a factor of study methods used, duration of tracking periods, and environmental conditions (Metz et al., 2020). For example, mean size of core use areas for green turtles in Northeast Florida was 4.4 ± 1.3 km2 (Wildermann et al., 2019) while along the Texas coast, the mean size for green turtles in summer was much larger (125.4 ± 47.5 km2) and when examining only winter core use areas, the mean size in Texas was even greater (543.7 ± 230.6 km2). This variability illustrates the importance of understanding habitat use by turtles under wide array of conditions and habitat types.

In this study, our goal was to characterize immature sea turtles of three species that were captured at two sites in the GoM: a sand bottom habitat in nearshore GoM waters and seagrass-dominated habitat in a coastal bay. We compared species composition and size classes of individuals captured at both locations. In addition, we calculated a body condition index (BCI) for captured turtles as a proxy for fitness to assess whether resource quality between sites affected turtle fitness (Bjorndal and Bolten, 2010; Peig and Green, 2010).



MATERIALS AND METHODS

St. Joseph Bay (SJB), located in northwest Florida (Figure 1) in the northern GoM, covers approximately 26,000 ha. It has a mean depth of 7 m, the greatest depth being 13.3 m in the northern end and the shallowest being <1 m in the southern end (Florida Department of Environmental Protection, 2008). Seagrass beds cover approximately 16% of the bay (4,000 ha) and are most abundant in the shallow southern end (Florida Department of Environmental Protection, 2008). The most abundant seagrass species is Thalassia testudinum. The sediments in St. Joseph Bay are predominantly sand, sand-silt-clay, sandy clay, and silty clay (Florida Department of Environmental Protection, 2008). The bay is considered one of the most pristine coastal bays in all of Florida. The high salinity and clear water found immediately nearshore in a shallow, low-energy environment in the northern Gulf of Mexico is unique and provides for a diverse ecosystem (Florida Department of Environmental Protection, 2008). St. Joseph Bay offers some of the world’s best fishing grounds for a variety of species including bay scallops (Argopecten irradians) and these activities serve as the foundation for the economy of this area (Florida Department of Environmental Protection, 2008).
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FIGURE 1. Location of Santa Rosa Island (SRI) and St. Joseph Bay (SJB) in Northwest Florida where immature sea turtles were captured from 2011 to 2019 (SJB) and 2014–2019 (SRI). Also included are individual images of each study site. These maps (with self-created symbols/shapes/text) were created using ESRI (Environmental Systems Resource Institute; http://www.esri.com/software/arcgis) ArcMap software, version 10.7.1. Basemap sources for all Figures, except c (terrapin), include: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community.


The Santa Rosa Island (SRI) site encompasses approximately 21 km of GoM coastline that is owned by Eglin Air Force Base. The nearshore sediments in this area are predominately fine silica sand (Williams et al., 2012). The study site is bordered by Okaloosa Island to the east, with the Okaloosa pier located approximately 4 km east of the study site boundary and the Destin pass approximately 8 km beyond the pier. The Destin pass serves as the entrance to Choctawhatchee Bay, which supports approximately 2,300 ha (7%) of seagrass habitat. The western end of the study site is bounded by Navarre Beach. The Navarre Beach pier is located approximately 1.4 km from the study site boundary. In addition, about 0.5 km west of the study site is the Navarre Beach Marine Sanctuary, an artificial reef that consists of 78 structures constructed of piling-mounted concrete disks located 340 feet south of the mean high tide line.

All turtles were captured between March and November 2011–2019 (SJB) and 2014–2019 (SRI). In SJB, turtles were surveyed for and captured from a boat using a set net, dip net, cast net or by hand. At SRI, turtles were surveyed for from all-terrain vehicles (ATVs) ridden on the beach. Once observed, turtles were captured using a modified set net technique. In this method, turtles were observed in nearshore waters typically less than 2 m deep and within 100 m of shore. When a turtle was observed, biologists deployed a short (approximately 20 m) set net about 100 m in front of the turtle while additional personnel entered the water behind the turtle. As the turtle swam forward to avoid the personnel approaching from its rear, it became tangled in the net. All captured turtles at both locations were individually marked with a metal Inconel tag placed along the trailing edge of each front flipper and a passive integrated transponder (PIT) tag placed subcutaneously in the left shoulder. Turtles were measured using two methodologies: (1) straight carapace length (SCL) and width (SCW) using calipers and (2) curved carapace length (CCL) and width (CCW) using a cloth tape measure. Weight (Wgt; in kilograms) was determined by placing the turtle in a harness and hanging the harness from a hand-held Pesola spring scale.

Straight carapace lengths were used in all analyses. If SCL was not gathered for an individual, CCL was converted to SCL using the following regression equations from Teas (1993):

SCL = −1.442 + (0.948 × CCL) for loggerheads

SCL = 0.013 + (0.945 × CCL) for Kemp’s ridleys

SCL = 0.294 + (0.937 × CCL) for green turtles.

Body condition was calculated as Fulton’s K (BCI = body mass/SCL3 × 104; Bjorndal et al., 2000).

A generalized linear model (GLM) was used to evaluate relationships among years, species, sites, size classes and seasons. To account for differences in life-stages within species, we placed individuals into two groups: small juveniles and large juvenile/adults. For Kemp’s, small juveniles were <45 cm SCL and for greens they were <60 cm SCL. Because loggerheads were all large juveniles/adults, we did not divide them into groups. The response variables were SCL, BCI, and Wgt. We ran three univariate models on SCL, BCI, and Wgt and calculated the residuals. Using Pearson’s correlation test on the residuals, we found that BCI and Wgt were not correlated (p > 0.5), yet SCL and Wgt were correlated for both sites (p < 0.0001). Hence, a 2-way MANOVA was run on the correlated responses of SCL and Wgt and an ANOVA was run on BCI. Loggerheads were dropped from the analyses because of a lack of samples at SRI (n = 1). We used the Wilks’ Lambda statistic for the MANOVA tests. PROC GLM in SAS 9.4 was used to run the analyses and an alpha = 0.05 was established for all analyses. Models were checked for homogeneity and normality of residuals. Mean differences for main effects were compared using Tukey’s test and significant interactions were compared using a Bonferroni correction test. Finally, a Log Likelihood model comparison test was used to identify the best final model for BCI.



RESULTS

From 2011 to 2019 (SJB) and 2014–2019 (SRI), 642 turtles were captured at both sites (Table 1). Mean water depth at capture in SJB was 1.32 ± 0.45 m (range 0.18–3.26 m) and at SRI was 1.13 ± 0.61 (range 0.60–3.66). The majority (78.0%) of turtles were captured in SJB. Captured turtles included 88 (13.7%) loggerheads, 288 (44.9%) Kemp’s ridleys, and 266 (41.4%) green turtles. Of all turtles captured, we had SCL and weight for 535 (83.3%) individuals, which allowed for calculation of BCI (Table 1). The majority of turtles captured at both sites were juveniles. Using 87.0 cm SCL as size at sexual maturity for loggerheads (NMFS and USFWS, 2008) only 5.7% of loggerheads captured in SJB were adults. Using the minimum size of nesting Kemp’s of 57.2 cm (Shaver et al., 2016) and size at reproduction for greens of 83.2 cm SCL (Goshe et al., 2010), none of the Kemp’s ridleys we captured at either site were adults. We captured two adult male green turtles at SRI but all other green turtles captured at both sites were juveniles.


TABLE 1. Characteristics of loggerhead (Cc), Kemp’s ridley (Lk) and green (Cm) turtles captured in St. Joseph Bay (SJB) and off Santa Rosa Island (SRI), Florida from 2011 to 2019 (SJB) and 2014–2019 (SRI).
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St. Joseph Bay

From 2011 to 2019, 501 turtles of all three species were caught in SJB (Table 1). Most (54.7%) of turtles were captured by hand, while 27.8% were captured in a set net, 17.0% in a dip net, and 0.4% in a cast net. Turtles were captured in every month of the year with most captured in July (17.4%) and October (18%). Mean SCL and weight for all turtles captured in SJB are presented in Table 1 and proportion per size class in Figure 2. Mean recapture rate for all turtles in SJB was 10.2% and was lowest for loggerheads (5.8%) and highest for Kemp’s ridleys (11.7%). Recapture rate for green turtles was 9.1%. Mean recapture interval for all turtles in SJB was 399 days (n = 29; SD 411.3; range 6–1,649).
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FIGURE 2. Proportion of all captures that were loggerheads (Cc), Kemp’s ridleys (Lk) and green turtles (Cm) per size class (straight carapace length in cm) at two sites in Northwest Florida: off Santa Rosa Island (SRI) from 2014 to 2019 and in St. Joseph Bay (SJB) from 2011 to 2019. Dashed vertical lines illustrate minimum size at maturity for all three species.


Mean BCI for loggerheads in SJB was 1.46 (SD 0.20, range 0.90–1.87). Mean BCI for Kemp’s ridleys in SJB was 1.46 (SD 0.22, range 0.47–3.17). Mean BCI for green turtles was 1.38 (SD 0.29, range 0.87–4.13). Mean BCI per size class for each species is presented in Table 2.


TABLE 2. Body condition index (BCI), calculated as body mass/SCL3 × 104, per size class (straight carapace length, SCL, in cm) for Kemp’s ridleys (Lk) and green turtles (Cm) captured off Santa Rosa Island (SRI) from 2014 to 2019 and in St. Joseph Bay (SJB), Florida from 2011 to 2019, and for loggerheads (Cc) captured in SJB from 2011 to 2019. Only two loggerheads were captured off SRI.
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Santa Rosa Island

From 2014 to 2019, 141 turtles were captured off SRI (Table 1). All turtles (except one which was captured by hand) were captured using the modified set net technique. Turtles were captured May through October with most captures occurring in September (26.2%) and October (44.7%). Mean SCL and weight for all turtles captured in SJB are presented in Table 1 and proportion per size class in Figure 2. Two of the green turtles captured at SRI were adult males; with those two individuals excluded the mean size of remaining green turtles was 29.9 cm (SD 4.86, range 22.0–55.0 cm) and weight was 3.79 Kg (SD 2.50, range 1.5–17.0 kg). Mean recapture rate for all turtles was 28.4% and was highest for green turtles (30.8%) and Kemp’s ridleys (25.0%) and lowest for loggerheads (0%). Mean recapture interval was 133 days (n = 27; SD 176.2; range 1–724).

Of the 141 turtles captured at SRI, we had SCL and weight on 123 turtles allowing for calculation of BCI (Table 1). We were unable to record weight for one of the loggerheads captured at SRI therefore we were unable to include this individual in BCI calculations. As such, we also dropped the one remaining loggerhead from statistical comparisons. The 123 turtles used in statistical analyses included 46 Kemp’s ridleys and 77 green turtles. Mean size of all turtles was 30.23 cm (SD 5.78, range 22.0–52.7 cm). Mean BCI per size class for Kemp’s ridleys and green turtles is presented in Table 2.



Data Analyses

In the MANOVA, the only significant parameters were site (p = 0.0001), year (p = 0.0003), and group (p ≤ 0.0001; Supplementary Table 1A). The overall model for BCI was significant (p < 0.0001). Of the independent variables (species, site, size class and season), the highest order significant interactions (Supplementary Table 1B) were species ∗ site (p = 0.0084) and species ∗ size (p = 0.0164). All additional comparisons were not significant. Means comparisons using Tukey’s test revealed that SCL and weight were smaller at SRI than SJB. All other comparisons were not significant. Because the model suggested year had no influence on BCI, we did not adjust for year in the analyses. However, because year and size (i.e., group) was shown to influence SCL, we adjusted for those two variables in the model and found differences in SCL between sites was still significantly different.

Green turtles off SRI had lower BCI than green turtles in SJB (p = 0.0115). At SRI, BCI of greens turtles was lower than BCI of Kemp’s (p < 0.0001). Among all size classes of green turtles at both sites, BCI of 20.0–29.9 and 30.0–39.9 cm SCL turtles was lower than BCI of similarly sized Kemp’s ridleys (there was no difference among larger turtles). Within all green turtles (combined between sites), BCI of individuals 30.0–39.9 cm SCL was lower than BCI of individuals 20.0–29.9 cm SCL. All other comparisons were not significant.



DISCUSSION

The role neritic habitat plays in the development of immature sea turtles has been broadly acknowledged (Musick and Limpus, 1997; Bolten, 2003; Broadbent et al., 2020). However, our results highlight variability in composition and habitat use of multi-species assemblages within this zone and suggest sea turtles in the northern GoM recruit into at least two different neritic habitats: seagrass meadows in coastal bays and nearshore sand bottom habitat. This variation in habitat selection may have consequences to turtles in the form of lower fitness (Diez and Van Dam, 2002). In addition, results of this study may contribute to restoration activities currently underway in the GoM in response to the Deepwater Horizon oil spill. Many of those activities are occurring in nearshore waters; a better understanding of what habitats are important to juvenile Kemp’s ridleys and green turtles can help optimize these restoration projects for juvenile sea turtles. This is particularly important considering the juvenile life-stage is the most responsive to recovery actions (Crouse et al., 1987). Although new recruits to the neritic environment must move through nearshore waters on their way to coastal bays, the long-term and consistent presence of individuals off SRI supports the idea that this area may also serve as developmental habitat for immature turtles until they reach reproductive maturity.

Immature sea turtles exhibit variability in foraging habitat selection (McClellan and Read, 2010; Seney and Landry, 2011; Lamont and Iverson, 2018; Schmid and Tucker, 2018). For example, green turtles forage in habitats ranging from tidal creeks in the Florida Everglades (Hart and Fujisaki, 2010) to pristine seagrass beds (Lamont and Iverson, 2018) to human-made and/or altered environments (Kubis et al., 2009; Eguchi et al., 2020). As such, it was not unusual for us to document immature turtles of all three species in two different habitat types in the northern GoM. Green turtles and Kemp’s ridleys represented the majority of captures at both sites (82.8% in SJB; 98.6% off SRI) but loggerheads represented a larger proportion of captures in SJB (17.2%) than off SRI (1.4%). The difference in proportion of loggerheads captured may reflect dispersal patterns by hatchling loggerheads (Putman et al., 2020) or differences in recruitment by immature loggerheads (Bolten, 2003), however, it may also simply reflect variation in capture methods between the two sites. In SJB, we used a boat to survey for and then hand capture loggerheads, whereas at SRI, we conducted surveys from land. These land-based surveys limit the distance from shore at which we are able to capture individuals. Loggerheads may not travel as close to the coast as green turtles and Kemp’s ridleys (Hart et al., 2018b) thereby making them less available for capture at SRI than in SJB.

The proximity of SRI to fishing piers may contribute to differential habitat use by species between the two sites, particularly for Kemp’s ridleys and green turtles. Both of those species are captured frequently in recreational fishing activities from piers (Coleman et al., 2016; Cook et al., 2020) even though the prey available at fishing piers (i.e. bait) are not typical foraging items for these species (Williams et al., 2013; Ramirez et al., 2020). If juvenile Kemp’s ridleys and green turtles are attracted to fishing piers as foraging locations, the presence of those structures in nearshore sandy-bottom habitats across the GoM may provide foraging sites for multi-species assemblages. The quality of that habitat may not be ideal, however, and the lower BCI we documented for juvenile green turtles at SRI versus in SJB support that theory. Further studies examining turtle use of fishing piers are needed to better understand the impacts of these structures on turtle populations.

In addition to species composition, we documented variation in size classes of turtles captured at the two sites. Green turtles and Kemp’s ridleys at SRI were smaller than those in SJB. Although small individuals (<25 cm SCL) of both species were captured at SJB and SRI, a larger proportion of small individuals were captured at SRI (Figure 2). As with loggerheads, differences in size classes captured at both sites could reflect capture methods. Larger green turtles and Kemp’s ridleys might remain in deeper waters more often than smaller individuals making them less available for capture, however, this would seemingly affect turtles in SJB also since we are typically unable to hand capture turtles in deep (>4 m) waters in SJB due to turbidity. Therefore, we suspect this difference reflects ontogenetic habitat shifts by immature turtles in the neritic environment. The smallest turtles captured at both sites are most likely new recruits to neritic habitat. Analysis of cloacal microbiome in green turtles captured at SJB and SRI showed bacterial communities of turtles at SRI were more similar to turtles captured in the oceanic environment than to those captured in seagrass habitat in SJB (Price et al., 2017), which suggests these small individuals may have recently recruited from the oceanic zone.

However, long-term recaptures (>365 days) of green turtles and Kemp’s ridleys at SRI demonstrates multi-year fidelity by some individuals to that site. The longest recapture at SRI for green turtles was 388 days and for Kemp’s was 724 days. Without movement data (i.e., satellite or acoustic tracking), it is not possible to say for certain that turtles did not move from SRI into seagrass habitat and back again during these time periods. Tracking studies in SJB are limited but show that distance moved from core use areas differed among species (Lamont and Iverson, 2018). Loggerheads moved a mean distance of 59.6 km from the core use areas whereas greens moved a mean distance of 14.6 km and Kemp’s ridleys traveled 28.8 km. If turtles at SRI moved similar distances, they would have access to seagrass habitat in Choctawhatchee Bay (located approximately 13 km from the eastern boundary of our study site). Additional diet studies, including gut bacteria and stable isotopes (Burgett et al., 2018; Campos et al., 2019), could help clarify whether SRI serves only as a stop-over area for new recruits moving into the neritic zone or also as a long-term developmental habitat for immature turtles.

If SRI is a developmental habitat for immature turtles, it appears to provide sub-optimal foraging resources for green turtles. The BCI for green turtles was lower off SRI than in SJB, even though SRI green turtles were on average smaller than SJB green turtles, and mean BCI of smaller (20.0–29.9 cm) green turtles was greater than mean BCI of larger (30.0–39.9 cm) green turtles (see Table 2). Body condition index is a rough proxy for nutritional status and health (Diez and Van Dam, 2002) and our two sites differ in availability of one major source of nutrition for green turtles: seagrass. SJB supports more than 4,000 ha of seagrass while SRI has none. Diet of green turtles at SRI is unknown, however, we have observed turtles foraging on algal-covered structures and analyses of cloacal bacteria of green turtles at SRI suggested an algal diet (Price et al., 2017). Although it is not uncommon for immature green turtles to forage on algae (Bjorndal, 1980; Williams et al., 2013), growth rates of individuals in seagrass beds along Florida’s east coast was higher than that of turtles using algal habitat (Kubis et al., 2009). The lack of difference in BCI for Kemp’s ridleys between the two sites support this idea, as Kemp’s ridleys forage on benthic invertebrates, particularly crabs (Shaver, 1991; Witzell and Schmid, 2004) that are common at both sites.

Foraging in atypical habitat does not always result in negative consequences for sea turtles. For example, hawksbills in the Bahamas foraged in seagrass beds rather than on coral reefs, however, growth rates and BCI of individuals did not differ between the two habitats (Bjorndal and Bolten, 2010). Although there is seagrass habitat in coastal bays near SRI (e.g., Choctawhatchee Bay and Santa Rosa Sound), it appears from recaptures that at least some green turtles remain off SRI rather than moving into the nearby bays. Why they choose to remain in seemingly suboptimal habitat is unknown. Off the Cape Verde Islands, Africa most adult loggerheads forage in oceanic waters even though neritic foragers were larger and laid bigger clutches (Eder et al., 2012). Eder et al. (2012) suggest these loggerheads forage in oceanic waters as juveniles and as such select that habitat as adults (Hays et al., 2010). As they mature, however, some individuals may become aware of the productive neritic habitat and move into those waters. This may be the case with immature green turtles; as they recruit from oceanic to neritic habitat, some may encounter algae resources and remain to forage whereas others do not and continue into seagrass meadows. Examination of movement patterns and diet of green turtles in these two habitats is needed to address that question.

Mean BCI for all species was within the range reported at other sites and we found no differences in BCI among species (Table 3; Labrada-Martagón et al., 2010; Bjorndal et al., 2014). However, differences in morphology among sea turtle species limit among-species comparisons of Fulton’s BCI (i.e., a lower BCI for green turtles as compared to Kemp’s ridleys does not suggest green turtles have lower fitness than Kemp’s ridleys). Fulton’s BCI is based on the relationship between mass and body length. Sea turtle species differ in size and shape; for example, of the hard-shelled sea turtles, green turtles are the largest whereas Kemp’s ridleys are the smallest (Wyneken, 2001). Peig and Green (2010) found Fulton’s BCI produced CI’s that decreased with size therefore we would expect variation in BCI among larger and smaller turtle species. Although Fulton’s index has received some criticism (see Stevenson and Woods, 2017), it performed well in a comparison of different CI methods (Peig and Green, 2010). In general, body condition has been shown to be closely related to an animal’s health (Peig and Green, 2009) and has been widely considered an important indication of fitness (Peig and Green, 2010). This is exemplified in the loggerhead we captured off SRI. This individual was lethargic and sent to a rehabilitation center after capture. The BCI for this individual was 1.13 compared to the mean BCI of 1.46 for loggerheads captured in SJB. The low BCI for the SRI loggerhead highlights the functionality of Fulton’s BCI for this species. However, among species comparisons must consider morphological differences among those the species being examined (Peig and Green, 2010).


TABLE 3. Body condition index (BCI) values for green, Kemp’s ridley or loggerhead sea turtles reported from sites throughout the world.

[image: Table 3]Body condition index for green turtles has also been linked to population density and growth rates (Bjorndal et al., 2000). As population densities increase, growth rates and BCI decrease (Bjorndal et al., 2000; Seminoff et al., 2003; Labrada-Martagón et al., 2010). It has been suggested that green turtles in SJB are reaching carrying capacity and may be a threat to the bay’s seagrass beds through overgrazing (Rodriguez and Heck, 2020). However, high population densities should result in lower growth rates and BCIs (Bjorndal et al., 2000), and in our study, the BCIs we calculated for green turtles from 2011 to 2019 were similar to or higher than those reported for green turtles captured in SJB from 2001 to 2004 by McMichael et al. (2008), and for green turtles that stranded in SJB in 2010 by Avens et al. (2012; Supplementary Table 2). Growth rates of green turtles captured during a mass stranding event in SJB in 2010 fell within the range of growth rates reported from elsewhere in the world (Avens et al., 2012) and did not appear to decrease over time when compared to rates reported by McMichael et al. (2008). An updated analysis of growth rates for green turtles in SJB is warranted to address this question, however, the data that are currently available on BCI (this study) and growth rates (McMichael et al., 2008; Avens et al., 2012) do not support the theory that the green turtle population in SJB has reached carrying capacity.

Our characterization of these multi-species sea turtle assemblages that utilize two different neritic habitats identifies high value areas that may be targeted for conservation actions and raises questions about habitat selection by new recruits to the neritic environment, particularly for green turtles. Additional studies across the Gulf of Mexico, and other ocean basins, would increase sample sizes and clarify habitat needs for neritic turtles. Gulf-wide studies are particularly needed in light of the intense habitat restoration occurring in neritic waters. Nearshore sand bottom habitat appears optimal for immature Kemp’s ridleys but less ideal for green turtles. This habitat selection may therefore have serious consequences to the fitness of immature turtle populations. This study also highlights the need for more research on diet and fine-scale habitat use to further explore these questions.
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This includes mean straight carapace lengih (SCL; +SD) measurements, mean weight (+5D) and mean body concition indiex (BCI  SD), Sample sizes for each species
ahd each location ane also inclided.
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Mean BCI vales (+ SD; range when avaiable), species (green, loggerhead, Kemp's ridley), size (except for Calchwell, 19

Species

Loggerhead
Loggethead!
Loggethead

Kemp's ridiey

Kemp's ridley

Kemp's ridley
Green
Green
Green
Green
Green
Green
Green
Green

Loggerhead (SJB)

Kemp's ridey (SJB)

Kemp's ridley (SR)
Green (8U8)
Green (SR)

Size (SCL em)

45.7-773
523727
689+38
47.0-61.0
336-55.8
346453
46.0-100.0
Juvenie
255-82.3
439452
439-92.4
39.7-62.2
40.4-80.3
295-77.5
35241011
206556
23.4-52.7
232-626
220-96.5

Sample size

45
57
5
14
26
21
102
323
701
10
21

B8R o

240
48

175
9t

Location

North Carolina, United States (Atiantic)
North Carolina, United States, (Atlantic)
Hawai, United States, (Pacifc)
Galveston, TX. United States (Gulf of Mexico)
Big Bend, FL, Urited States (Gulf of Mexico)
Texas/Louisiana, United States (Guif of Mexico)
Baja Calilornia, Mexico (Pacific)

Baja Calfornia, Mexico (Pacific)

Union Cresk, Bahamas (Atlantic)

Hawaii, Urited States (Pacific)

Punta Abreojos, Mexica (Pacific)
Laguna San Ignacio. Mexico (Pacific)
Bahia Magdalena, Mexico (Pacific)

Brazil (Atlantic)

Northwest Florida United States (Gulf of Mexico)
Northwest Florida United States (Gulf of Mexico)
Northwest Florida United States (Gulf of Mexico)
Northwest Florida United States (Gulf of Mexico)
Northwest Florida United States (Gulf of Mexico)

sample size (number of individual turtles), focation (including ocean basin in parenthesis), and the source of the data.

Bjorndai et al, 2014
Parraull el al. 2617
Swarthout et a, 2010
Seminoft et al.. 2003
Caldwel, 1962
Bjorndi t 2., 2000
Ciukey et al 2017
Labrada:Mariagen el al, 2010
Labrada-Martagon et al, 2010
Labrada-Martagon et al. 2010
De Deus Santos et al, 2016
This current stucy
This current study
This current study
This current study
This current study

62 for which exact size data were unavaiiable),
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