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Figure 3. Screen grab from a video of a green turtle during a focal follow. The outer box 

delineates the entire viewing area used for estimates of percent cover (i.e., the entire field 

of view). The white dotted line, defined by a box extending from between the foreflippers 

to several cm in front of the turtle’s head, delineates the area immediately available to the 

turtle for foraging and was used for the estimates of percent cover for each seagrass 

species that were used for analysis.  

 

Nutrient content analysis 

In 2016, we collected all macrophyte species present at each of 12 points 

throughout the Bay (Figure 2). Macrophyte samples were frozen immediately upon return 

to shore for storage until further processing. Samples were cleaned of epiphytes and dried 

in a food-grade dehydrator for a minimum of 24 hours within 48 hours of collection. 

After drying, samples were crushed using a mortar and pestle and stored in airtight vials 

for transport back to the laboratory. Total C and N were measured using a CE Flash 1112 

elemental analyzer using standard procedures, and total P was analyzed colorimetrically 
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following modified methods from Solórzano and Sharp (1980) on a Shimadzu UV-

2101PC spectrophotometer. 

 

Data analysis 

We compared foraging preferences using bite rates on each species both among 

individual turtles and across varying macrophyte community compositions. The mean 

percent cover of each macrophyte species present near the turtle and the total number of 

bites on each macrophyte taxa were calculated per foraging bout.  

We used the R package (R Core Team, 2016) adehabitatHS (Calenge, 2006) 

design III selectivity analysis to test the effects of species composition (resource 

availability) on foraging (resource use). Because of the low occurrence of bites of mixed 

species, bites of unknown species, and feeding on marine debris and animal matter (i.e., 

ctenophores, shells), these were not included in analyses. The native seagrass T. 

testudinum was also excluded from the selectivity analyses because it was only 

encountered once by each of two turtles. Only one of these turtles foraged on T. 

testudinum. Mean percent cover within each follow (defined by small box, Figure 3) was 

used as the resource availability input, and the mean number of bites * min-1 for each 

foraging bout within each follow was used as the resource use input. 

Assuming uniform use of habitats as the null hypothesis, resource use was tested 

for the population and for individuals using Chi-square goodness-of-fit tests. We 

calculated Manly’s selection ratios (Wi) with Bonferroni confidence intervals with 
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resources defined by the categories H. stipulacea (Hs), S. filiforme (Sf), and Macroalgae 

(Calenge, 2015). Ratios (resource use to resource availability) >1 indicate selection and 

<1 indicate avoidance. Ratios near 1 or confidence intervals for the population 

overlapping 1 suggest no selectivity. 

To test our four mutually exclusive hypotheses (Figure 1), we quantified the 

effects of seagrass community composition to our proxy for preference, proportion of 

bites taken of each species (per bout and cumulative). Data on relative abundance of each 

macrophyte (%) were tested for normality with Shapiro Wilk’s tests. The inability to 

achieve a normal distribution after multiple transformation attempts and high dispersion 

of our data lead us to use generalized linear regression (quasipoisson). Akaike’s 

Information Criterion (AIC) scores were used to determine best model fit. 

We assed variation in %N, %C, and %P of dry weight and the C:N, C:P, and N:P 

ratios among macrophytes used in the selectivity analyses (S. filiforme, H. stipulacea, and 

macroalgae) with an ANOVA. All data were tested for normality using Shapiro-Wilk’s 

tests. The non-normal distribution in %C and C:P of macroalgae and in N:P of H. 

stipulacea were rectified using a log10 transformation on all %C, C:P, and N:P data. Back 

transformations were performed for display of results. We used Tukey’s HSD 

corrections, with alpha value set at 0.05, for all pairwise comparisons (Appendix I). 
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Results 

In 2015, H. stipulacea was found at 22 of 23 (96%) haphazardly selected survey 

points distributed throughout Malendure Bay, and by 2016 it was found at 60 of 64 (94%) 

survey points from two sampling events. The %N and %P dry weight of S. filiforme and 

H. stipulacea were significantly greater than those of macroalgae (N: F2,27 = 29.8; P < 

0.0001; P: F2,27 = 83.3; P < 0.0001), and all species varied significantly from one another 

in %C dry weight (F2,27 = 101.0; P < 0.0001). There were no significant differences 

among species for the ratio of C:N (F2,27 = 1.71; P = 0.20), but ratios of C:P and N:P 

were significantly higher in macroalgae than in the two seagrasses (C:P: F2,27 = 49.7; P = 

< 0.0001; N:P: F2,27 = 37.3; P = < 0.0001) (Figure 4). Both seagrass species were rich in 

nutrients relative to carbon, with C:P ratios <500 and C:N ratios <20, indicating nutrient-

rich conditions (Atkinson & Smith, 1983; Johnson, Heck, & Fourqurean, 2006). Epiphyte 

loads were low on all samples collected, and so were unlikely to affect forage selection.  
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Figure 8. Bites per minute in monospecific meadows of S. 

filiforme (Sf) and H. stipulacea (Hs)  

 

Individual-level selectivity was very similar to population-level patterns overall. 

Indeed, there was significant selectivity by 30 of 35 individuals (Appendix II), with 27 

individuals positively selecting (Wi >1) for the native S. filiforme, three individuals 

positively selecting (Wi >1) for the invasive H. stipulacea, and all 35 individuals 

avoiding algae (Wi <1). Individual selectivity of resources was stable across multiple 

follows for four individuals that all positively selected for S. filiforme. Selection indices 

changed between follows for two turtles (Appendix III). One individual (G1608) 

positively selected macroalgae during the first follow, encountered and avoided it during 

the second follow, and overall (pooled follow data) avoided macroalgae and positively 

selected S. filiforme. Another individual (G1611) encountered and avoided the invasive 

seagrass H. stipulacea during the first, second, and fourth follows, neither selected nor 
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avoided it during the third follow (Wi ≈ 1), and overall did not feed selectively. Turtle 

G1611 also positively selected the native S. filiforme during the first, second, and fourth 

follows, encountered and avoided it during the third follow, and overall selected for S. 

filiforme. 

The combination of predictor variables that produced the lowest AIC score for all 

GLMs included the relative abundances (as percent macrophyte cover) of the native 

seagrass S. filiforme, the invasive seagrass H. stipulacea, and macroalgae (Table 1). No 

single predictor variable or combination of predictor variables significantly affected the 

number of bites taken per bout of the invasive H. stipulacea (Table 1). The relative 

abundance of H. stipulacea did significantly affect the number of total bites taken per 

bout and the number of bites taken per bout of native S. filiforme were significantly 

affected by the relative abundances of H. stipulacea and S. filiforme as well as the 

interaction between the relative abundances of H. stipulacea and S. filiforme. 

 

Table 1. P values from GLM testing the effect of relative abundance on the number of 

bites taken (Factor); Hs (H. stipulacea), Sf (S. filiforme), and Algae (macroalgae) and all 

possible interactions were tested; asterisks represent significant affects 

 

 

 

Using the number of bites taken, green turtle foraging behavior in Malendure Bay 

is most consistent with a preference for native seagrasses regardless of its abundance 
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relative to invasive seagrasses (Figure 9). Indeed, although turtles foraged on invasive 

seagrasses, this occurred primarily in monospecific stands and they foraged preferentially 

on native seagrasses even when it was present in low relative abundances.  

 

 

Figure 9. Mean percentage of bites (± SE) of Hs (orange) and Sf (blue) per bout across a 

range of relative availabilities. Total percentages less than 100 are due to bites of taxa 

other than seagrass. Error bars are SE, and are not visible when smaller than the size of 

the data point. Sfmono = 100% Sf, Sf2Xplus = Sf ≥ 2 x Hs = 75-99% Sf, Sfdom = 2 x Hs 

> Sf > Hs = 51-74% Sf, equal = Sf = Hs = 50% Sf + 50% Hs, Hsdom = 2 x Sf > Hs > Sf 

= 51-74% Hs, Hs2Xplus = Hs ≥ 2 x Sf = 75-99% Hs, Hsmono = 100% Hs 

 

 

Discussion 

Halophila stipulacea is spreading rapidly in the Caribbean (Rogers, Willette, & 

Miller, 2014; Ruiz et al., 2017; Willette et al., 2014), making it important to understand 

the factors that might facilitate or attenuate its spread. We found that the green turtles in 

Malendure Bay show strong preferences (positive selection) for native seagrass over the 

invader across a wide range of relative abundances. Although turtles foraged on H. 

stipulacea when it was the only seagrass available, only three out of 35 individuals 

showed a preference for this species while most preferred the native species. Together, 

these data suggest that H. stipulacea is likely benefiting from the rare enemy effect, at 
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least from megagrazers, and that green turtles could be facilitating the invasion by 

allowing it to spread.  

There are several possible explanations for why green turtles are not foraging 

widely on H. stipulacea. Turtles may not recognize it as a potential food source or be 

avoiding lower-quality forage. The former seems unlikely since turtles in Malendure 

grazed on H. stipulacea even if only three showed a preference for it, and Halophila spp. 

are part of the diet of green turtles in other parts of the world (e.g., Halophila ovalis in 

India, Agastheesapillai and Thiagarajan, 1979); H. ovalis and Halophila ovata in Oman, 

Ross, 2016); H. ovalis and Halophila spinulosa in Australia (Limpus et al., 1994, 1985); 

Halophila engelmanni in Florida, Mendonça, 2016)]. Furthermore, green turtles in other 

locations have shifted their diets to include invasive taxa. Hawaiian green turtles, for 

example, shifted their foraging behavior to include non-native species, although the shift 

to include some invasive species in their diets occurred up to 30 years after their 

introductions (Russell & Balazs, 2009). The introduction of invasive species into the diets 

of Hawaiian green turtles may be related to their abundance in foraging habitats (Russell 

& Balazs, 2015; Russell et al., 2003), but diet preferences have not been directly 

compared to resource availability in the Hawaiian population. While a similar degree of 

population-level dietary plasticity is not evident from our study of green turtles in 

Guadeloupe, some individuals foraged on the invasive seagrass and others switched 

preferences over time. The invasion is still relatively recent at this site (c.a. one decade). 

Thus, there may be enough native seagrass still available that turtles can afford to be 

selective, and shifts could occur at the population level over time if H. stipulacea 

proliferates to the point where S. filiforme becomes difficult for turtles to find. 
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It is unclear what role forage quality might play in the diet preferences we 

detected. Turtles demonstrated general negative selectivity for macroalgae, which is 

consistent with the lower N content in algae than in both seagrasses. In Bonaire, green 

turtles selectively foraged on the abundantly and nutritionally dominant native seagrass T. 

testudinum (Christianen et al., 2018). However, if diet quality was driving differences in 

preferences for native over invasive seagrasses, it would have been expected that S. 

filiforme was higher in quality than H. stipulacea. My analyses did not reveal nutrient 

content as a clear driver for forage selection. Although S. filiforme did have a higher C 

content than H. stipulacea in Malendure, there were not statistically significant 

differences between the seagrasses in other measures of nutrient content. In a meta-

analysis of seagrass nutrient content, H. stipulacea was found to have slightly greater, 

although still below average for all seagrasses, nitrogen content than H. ovalis and H. 

spinulosa (Duarte, 1990). Halophila stipulacea also had the widest range of nutrient 

content values reported for Halophila species, and our nutrient content results revealed 

that nitrogen content for H. stipulacea in Malendure Bay was at the high end of the range 

(1.83% ± 0.07 SE) and not significantly different than the nitrogen content of the 

Malendure native, S. filiforme (2.10% ± 0.10 SE). Compared to the seagrass Redfield 

ratio, the observed N:P ratios in Malendure were below 25, indicating N-limitation 

(Duarte, 1990; Fourqurean & Cai, 2001). Anthropogenic sources such as boats 

discharging their holding tanks while anchored in the bay and runoff from adjacent 

homes and businesses likely contribute to the increased seagrass nitrogen content that we 

observed. Similarly, Duarte (1990) also reported a wide range of values for carbon 

content of H. stipulacea, and the mean carbon content (33.59% ± 0.45 SE) in Malendure 
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Bay was above the average reported in their meta-analysis. The reported mean carbon 

content was also significantly different than the mean carbon content of S. filiforme 

(37.39% ± 1.29 SE) in Malendure Bay. Given that green turtle diets in other regions do 

include Halophila spp., the nitrogen contents of H. stipulacea in Malendure Bay are 

greater than average for other Halophila species Both N and P contents of H. stipulacea 

are comparable to the contents of the native S. filiforme in the Bay, and the low N:P ratio 

suggests that the system is N limited, green turtles may eventually incorporate H. 

stipulacea into their diets more broadly. It is likely, because of the reaction of the 

Hawaiian green turtle population to invasive plant species (Russell & Balazs, 2009), that 

if H. stipulacea continues to spread, it will, by necessity, eventually become a major 

component in green turtle diets in the Caribbean. Invasive plant-herbivore interactions 

can be dynamic, and at the scale of whole meadows rather than patchworks, green turtles 

may be willing and able to switch to foraging on the invasive species. Continued 

monitoring of the H. stipulacea spread and green turtle foraging preferences will be 

necessary to understanding and predicting the broader ecosystem impacts of the invasion. 

Previous studies of green turtle diets have shown that individual diets can vary 

over time (Brand, 1995; Fuentes et al., 2006), while others reveal that despite diverse 

foraging options, diets varied considerably among individuals but were consistent over 

time within individuals (Burkholder et al., 2011; Thomson et al., n.d.). In Malendure, 

only one individual switched its preference between the native and invasive seagrasses 

between follows. The second individual that displayed diet preference shifts between 

follows encountered red drift algae rather than the more commonly encountered 

calcareous green algae. Despite this individual variability, the population showed a clear 
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preference for the native seagrass S. filiforme and clear avoidance of macroalgae and 

invasive seagrass H. stipulacea. 

The spread of invasive species is not unique to the marine environment, and 

studies of the effects of large-bodied herbivores on plant invasions in terrestrial 

ecosystems reveal differences among systems and are dependent upon several factors. 

Some studies suggest that herbivores have little effect on plant invasions and other 

factors such as nutrients and disturbance play a bigger role in determining plant 

communities (Stohlgren, Schell, & Vanden Heuvel, 1999). Other studies present strong 

evidence that grazers mitigate the invasion of dense invasive grasses that can outcompete 

native grasses when grazers are removed and nutrients inputs increase (Weiss, 2009). 

Conversely, grazing by large populations of ungulate grazers is suggested to be required 

for the invasion of garlic mustard (Alliaria petiolate) (Kalisz, Spigler, & Horvitz, 2014). 

The conflicting results from studies in multiple terrestrial systems suggest that 

consideration of grazers alone is insufficient to explain the success of an invasive plant 

species. The resource-enemy release hypothesis (R-ERH) considers two of the most 

common factors credited with affecting plant invasions. The R-ERH suggests that high-

resource plants are particularly successful invaders because of the interaction of a high 

resource environment and the release from their native enemies (Blumenthal, 2005, 

2006). An explicit test of the predictions of R-ERH demonstrated that resource 

availability and vertebrate grazers did indeed jointly influence the success of a non-native 

plant invasion in a field undergoing secondary succession (Heckman, Wright, & Mitchell, 

2016).  
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In Malendure Bay, we found nutrient-rich conditions indicated by ratios of C:N 

and C:P below the seagrass Redfield ratio in leaves from both the invasive and native 

seagrasses. The direct measurement of ambient nutrients is unnecessary because it is 

widely accepted that nutrient contents of seagrass leaves reflect relative nutrient 

availability (Atkinson & Smith, 1983; Duarte, 1990), and have even been used to identify 

sources of nitrogen inputs to the system (Fourqurean, Moore, Fry, & Hollibaugh, 1997). 

We also found that green turtles in this area, experiencing a H. stipulacea invasion, have 

a significant preference for native seagrass species, particularly S. filiforme. Green turtles 

in Malendure Bay are not feeding preferentially on the most abundant species or 

switching to prefer the most selection abundant species. Our results suggest that the 

spread of the invasion could be benefiting from the Enemy Release Hypothesis. When 

coupled with the high-nutrient resource availability found in Malendure Bay, our results 

provide the first support for the predictions of the R-ERH from a marine ecosystem. 

 We used natural spatial variation in the relative abundance of native and invasive 

seagrasses within Malendure Bay to test a priori predictions about green turtle foraging 

preferences and whether H. stipulacea might benefit from enemy release. Using focal 

follows of individual green turtles, we tested whether 1) they prefer native seagrasses; 2) 

they prefer the invasive seagrass; 3) they prefer most abundant seagrass; or 4) show no 

obvious foraging preferences. Our study reveals that the relative abundance of an 

invasive plant species does not always determine grazer diet preference, at least not in the 

initial stages of the invasion. In fact, H. stipulacea in Malendure Bay is likely benefiting 

from the Enemy Release Hypothesis, where native grazers play a critical role in 

determining how the invasion will change seagrass ecosystem functions. Similarly, in 
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terrestrial systems, white-tailed deer (Odocoileus virginianus), that are typically 

considered to be generalist ungulate grazers, preferentially graze on native species over 

exotics (Kalisz et al., 2014), suggesting that large-bodied grazers across systems can 

facilitate plant invasions through selective feeding. 

The nature of grazer-plant invasion interactions can be context-dependent and will 

require further studies across a diversity of ecosystems to understand the drivers of 

contingency of native grazer impacts on invasive species establishment and proliferation. 

However, our results are consistent with emerging patterns and suggest that the 

interaction of multiple factors, such as resource availability and enemy release, may 

further explain the success of an invasive marine plant species. The insights gained from 

our study echo those from studies from terrestrial habitats experiencing pressure from 

high ungulate populations (Heckman et al., 2016; Kalisz et al., 2014), and can be directly 

applied to ecosystems around the world where the foraging behavior of grazers – and thus 

their ecosystem role – can affect the success of an invasive plant species. 
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Appendix I.  

 

Table A. Post-hoc comparisons among macrophytes using the Tukey’s test (alpha =  

0.05) for %C, %N, C:N, C:P, and N:P. 

 

 
  

Lower Bound Upper Bound

%N H. stipulacea macroalgae 0.70 <0.0001 0.39 1.01

%N S. filiforme macroalgae 0.98 <0.0001 0.64 1.32

%N S. filiforme H. stipulacea 0.28 0.09 -0.04 0.60

%C H. stipulacea macroalgae 1.52 0.00 1.41 1.65

%C S. filiforme macroalgae 1.70 0.00 1.56 1.85

%C S. filiforme H. stipulacea 1.11 0.01 1.03 1.21

%P H. stipulacea macroalgae 0.12 0.00 0.10 0.15

%P S. filiforme macroalgae 0.11 0.00 0.08 0.14

%P H. stipulacea S. filiforme 0.01 0.54 -0.01 0.04

C:N macroalgae H. stipulacea 0.63 0.87 -2.54 3.80

C:N macroalgae S. filiforme 2.29 0.23 -1.08 5.67

C:N H. stipulacea S. filiforme 1.66 0.38 -1.40 4.73

C:P macroalgae H. stipulacea 2.44 0.00 3.07 1.00

C:P macroalgae S. filiforme 2.07 <0.0001 2.65 1.00

C:P S. filiforme H. stipulacea 1.18 0.20 1.48 1.59

N:P macroalgae H. stipulacea 1.22 <0.0001 1.55 1.32

N:P macroalgae S. filiforme 2.26 0.00 2.87 1.00

N:P S. filiforme H. stipulacea 1.85 0.12 2.39 1.00

95% Confidence IntervalDependent 

Variable (I) Species (J) Species

Mean 

Difference (I-J) Sig.
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Appendix II. Individual selectivity; 30 of the 35 turtles foraged selectively, three  

selected for the invasive seagrass (H. stipulacea) and 27 positively selected for the native  

seagrass (S. filiforme); test of habitat selection:  

 

Table B. Selectivity test statistic (Khi2Lj), degrees of freedom 

(df), P; Selection Ratios (Wi) for each resource: H. stipulacea 

(Hs), S. filiforme (Sf), macroalgae (Algae); Resource with 

positive selection: NA indicates turtles that did not feed 

selectively 

 

  
 

 

TurtleID Khi2Lj df pvalue Hs Sf Algae Selection

G1501 32.02 1 0 0.11 4.63 0 Sf

G1502 1.12 0 0 1.13 NaN 0 Hs

G1503 1.7 0 0 1.17 0 0 Hs

G1504 31.8 1 0 0.19 8.79 0 Sf

G1505 47.13 0 0 0 6.96 0 Sf

G1506 32.37 1 0 0.01 5.68 0 Sf

G1507 2.2 0 0 1.27 0 0 Hs

G1508 41.16 0 0 0 5.75 0 Sf

G1509 29.05 1 0 0.14 7.09 0 Sf

G1510 34.44 0 0 0 5.11 0 Sf

G1601 23.07 1 0 0.22 4.23 0 Sf

G1602 31.83 1 0 0.06 5.76 0 Sf

G1603 41.15 1 0 0.02 8.07 0 Sf

G1604 20.44 2 0 0.24 5.09 0.02 Sf

G1605 25.11 0 0 0 3.75 0 Sf

G1606 34.85 0 0 0 6.02 0 Sf

G1608 13.52 2 0.0012 0.02 2.35 0.13 Sf

G1609 5.47 2 0.065 0.51 2.22 0.31 NA

G1610 5.75 1 0.0165 1.39 1.43 0 Sf

G1611 5.52 2 0.0634 0.48 4.05 0.05 NA

G1612 4.83 2 0.0893 0.35 1.86 0.21 NA

G1613 15.01 2 0.0005 0.64 3.57 0.15 Sf

G1614 47.67 1 0 0 7.56 0.28 Sf

G1615 20.69 2 0 0.03 9.39 0.29 Sf

G1617 16.57 1 0 0.02 1.98 NaN Sf

G1618 2.7 0 0 0 1.78 0 Sf

G1619 27.54 1 0 0 4.07 0.56 Sf

G1620 0.97 1 0.3259 0.78 1.46 0 NA

G1621 18.43 1 0 0 3.52 0.01 Sf

G1622 2.31 1 0.1282 0.08 1.47 0 NA

G1623 10.63 0 0 0 2.56 0 Sf

G1624 27.13 2 0 0.05 5.24 0.18 Sf

G1625 14 2 0.0009 0.22 3.53 0.08 Sf

G1626 24.13 0 0 0 2.77 0 Sf

G1627 16.14 0 0 0 3.41 0 Sf

Test of habitat selection Selection Ratios (Wi )
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Appendix III.  

 

Figure A. Selectivity indices for H. stipulacea (Hs), S. filiforme (Sf), and macroalgae 

(Algae) during multiple follows of individual turtles; G1501, G1504, G1608, and G1621 

were followed twice each; G1604 and G1611 were followed four times each; asterisk 

denotes differences in selection among follows of the same individual  
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VI. GENERAL CONCLUSIONS 
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Understanding factors affecting habitat use and resource selection of herbivores at 

multiple scales is critical for understanding their potential roles in ecosystems and 

predicting how they, and their ecosystems, might respond to environmental or 

anthropogenic disturbance (Binzer et al., 2016; Mougi and Kondoh, 2016; Augustine and 

Frank, 2017). For green turtles, and countless other species across virtually all ecosystem 

types, such an understanding is important because of the major changes occurring in 

ecosystems from climate change to apex predator overharvesting and species invasions. 

In this dissertation, I used existing variation in conditions across the Caribbean Sea to 

investigate hierarchical habitat and resource selection by a model marine herbivore to 

better understand how they respond to variation in their habitats.  

In Abaco, The Bahamas, I quantified spatial variation in the relative abundance of 

potential turtle predators within one of the world’s few shark sanctuaries (Chapter 2) and 

used these data and surveys of primary producer abundance and quality to explore 

resource selection at multiple scales and levels by green turtles (Chapter III). Using IFD 

theory I developed testable predictions to help elucidate factors driving space use at the 

landscape scale and patch selection (third order). In Chapter II, I found that shark species 

richness was high in both reef and seagrass-dominated bay habitats, although shark 

diversity and species-level occurrence differed between habitat types and even among 

reef sites in Abaco. I identified nine shark species (Carcharhinus acronotus, 

Carcharhinus limbatus, Carcharhinus perezi, Galeocerdo cuvier, Ginglymostoma 

cirratum, Negaprion brevirostris, Rhizoprionodon spp., Sphyrna mokarran, and Sphyrna 

tiburo). The species most likely to prey on sea turtles, G. cuvier (tiger sharks), were 

observed nearly exclusively in the seagrass lagoons, but never in creek habitats.  
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In Chapter III, I found that at the site level (third order selection), green turtles did 

not conform to a basic Ideal Free Distribution (IFD) based on food abundance alone. 

Indeed, at broad spatial scales it appears that turtles are not using foraging habitats with 

the most abundant food resources. Turtles were rarely seen in dangerous open waters 

where seagrass was most abundant. Instead, turtles appear to conform to the foraging 

arena hypothesis (Walters and Juanes, 1993), with habitat use restricted to safer habitats, 

but space use within these habitats positively correlated with nitrogen content (i.e., higher 

quality). Therefore, it is likely that turtles, historically, did not use all available seagrass 

habitats when predator presence region-wide was higher (Ward-Paige et al., 2010) and, 

as suggested by Heithaus et al. (2008), reconstructions of Caribbean turtle populations 

that assume equal use of all seagrass habitats may overestimate historical populations. 

Within foraging habitats, however, turtles do appear to select high quality seagrass 

patches relative to nutrient content. In Abaco, their forage selection may be partially 

driven by the presence of allochthonous nutrient inputs and foraging dynamics of turtles 

likely reflect a dynamic interplay of biotic and abiotic drivers. Tidal creeks may be 

particularly critical habitats for rebuilding sea turtle populations. The protected shark 

populations in Abaco may be preventing unchecked grazing by green turtles, and the 

exchange of individuals from the invulnerable (creek) to the vulnerable (open water) 

population components could signal that the preferred habitat has reached carrying 

capacity.  

In Chapters IV and V, I explored another potential factor that could constrain 

turtle use of apparent foraging resources in the shape of invasive seagrasses. In Chapter 

IV, Investigated both third order habitat selection of green turtles off the French West 
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Indies islands of Guadeloupe, Martinique, and St. Martin. At all sites, turtles selected for 

areas with abundant native seagrasses (Thalassia testudinum, Syringodium filiforme) and 

avoided areas typified by macroalgae and the invasive seagrass H. stipulacea. In Chapter 

V, I investigated fourth order resource selection and found that turtles showed a clear 

preference for native seagrass species, particularly Syringodium filiforme and T. 

testudinum and avoided H. stipulacea and macroalgae. While most individual turtles 

preferred native species, ca. 12% of individuals in Guadeloupe fed primarily on H. 

stipulacea during follows. Analysis of seagrass CN content did not reveal significant 

differences among the species, suggesting that turtles likely are not recognizing the 

invasive species as potential forage rather than selectively foraging on higher quality 

seagrasses. Together, the work in Chapters IV and V suggest that the green turtle-

invasive seagrass interaction conforms to the Rare Enemy Hypothesis and that green 

turtles likely facilitate the invasion of H. stipulacea since they tend to avoid foraging on 

this species even when it is at high relative abundance. Furthermore, the spread of 

invasive seagrasses may result in decreases in habitat area that turtles perceive as quality 

foraging habitat, restricting energy flow into the turtle population and potentially 

reducing carrying capacities of habitats.  

 Green turtles in the Caribbean currently face tradeoffs (quantity-quality and 

energy-risk) in their foraging habitat use, and their ability to adapt to changing ecosystem 

conditions will affect the growth trajectory of their populations. If turtles have access to 

habitats such as the tidal creeks in Abaco that offer both adequate forage and refuge from 

predation, they can afford to forage selectively for high quality forage. At the population 

level, green turtles are not selecting to forage on the highly invasive seagrass H. 
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stipulacea. The continued avoidance of an abundant forage option would mean turtles are 

self-imposing a foraging habitat constraint that could lead to lower energy intake and 

lower K. However, should green turtles incorporate H. stipulacea into their diets in the 

manner that Hawaiian green turtles incorporated invasive macrophytes into their diets 

(Russell and Balazs, 2015), they would have greater foraging habitat and the potential to 

increase their energy intake and K. 

 I investigated the foraging habitat use of green turtles in the broad context of a 

relatively intact shark population and abundant forage in Abaco, and in the context of a 

seagrass invasion in the FWI. However, these contexts are dynamic and there are likely 

interactions with factors not studied here that drive, at least in part, foraging habitat use. 

Shark conservation efforts could lead to increased risk and further habitat constraints. 

The interaction of increased predation risk with the H. stipulacea invasion could go one 

of two ways. If turtles do not incorporate invasive seagrass into their diets their 

populations may especially vulnerable when their available habitat is constrained by both 

predation risk and the invasion. If turtles do incorporate H. stipulacea into their diets, the 

interaction of the invasion with increased predation risk could mean that the constraint of 

predation risk is mitigated by the increased forage available. Further research is needed to 

elucidate the implications of the interactions between factors affecting large herbivore 

habitat use and given that predation risk and invasive species are not unique to the marine 

environment, the results from research into green turtle foraging habitat use can be 

directly applied to management strategies of similar ecosystems.  
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