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ABSTRACT OF THE THESIS 
 

 
Effects of island seabird subsidies and invasive species dynamics on the body size and 

foraging ecology of the Allen Cays rock iguana (Cyclura cychlura inornata) 
 

by 
 

 Kristen Mundie Richardson  
 
 
 

Master of Science in Biology 
 

University of California, San Diego, 2015 
 

Professor Carolyn M. Kurle, Chair 
 
 Island systems have long been valuable to ecological research as they provide 

natural experiments for the study of ecosystem processses. We examined Allen, Leaf, U 

and Flat Rock Reef Cays in the Bahamas to study the effects of seabird driven marine 

subsidies and invasive mice on island food webs on the body size and foraging ecology 

of the Allen Cays Rock Iguana (Cyclura cychlura inornata). Iguanas on an island with 

nesting seabirds (Allen Cay) had 6 times the body mass and 1.7 times the snout-vent 

length than those on non-seabird islands. We used stable carbon (δ13C) and nitrogen 

(δ15N) isotope analysis of representatives from all levels of the food webs on each cay to 

test the predictions that 1) the food web on Allen Cay exhibited the influence of nutrient 

subsidies from seabirds whereas those from the three non-seabird cays did not, and 2) 



 

 
 

ix 

size differences in iguanas between Allen and the other cays were due to either a) 

supplemental food availability from mice and/or seabird carcasses and/or b) access to 

more nutrient rich and denser vegetation as a result of regular fertilization of plants by 

seabird guano. Food web components from islands with marine subsidies had higher δ15N 

values by ~5 to 9‰ than those on the other three cays. Plants on the seabird island had 

1.6-1.9 times the nitrogen in foliar tissues, indicating seabird guano caused an increase in 

plant nutrient availability. There was no isotopic evidence for significant consumption of 

animal matter by iguanas on any island.
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Introduction 

 The introduction of non-native species and the input of marine derived nutrients 

to terrestrial island food webs have long been recognized as hugely influential on the 

structure and function of island trophic dynamics and populations of native consumers 

(Polis and Hurd 1996, Anderson and Polis 1999, Croll et al. 2005, Kurle et al. 2008, 

Pafilis et al. 2009, Hayes et al. 2012). Islands are particularly vulnerable to invasive 

animals, where introductions can have especially devastating direct and indirect effects 

on endemic flora and fauna (Drake and Hunt 2009, Atkinson 1985, Caut et al. 2008, 

Steadman 2006, Jones et al. 2008, Croll et al. 2005, Kurle et al. 2008). Rodents are 

especially problematic on islands, causing declines or alterations of seabird, invertebrate, 

plant, and reptile communities, and are notoriously difficult to eradicate (Howald et al. 

2006, Drake and Hunt 2009, Jones et al. 2003, Jones et al. 2008, Traveset et al. 2008).  

 Rats are widely recognized as problem invaders on islands. However mice have 

been shown to cause comparable ecosystem impacts when they are the sole invasive 

mammals on an island (Cuthbert 2004, MacKay et al. 2007, Angel et al. 2009, Simberloff 

2009, Jones and Ryan 2010). They have contributed strongly to native species declines 

via predation on invertebrates (Jones et al. 2003, Smith et al. 2002), endangered seabirds 

(Wanless et al. 2007, Jones and Ryan 2010), endemic lizards (Newman 1991, Newman 

1994), and seeds (Jones et al. 2003, Wilson et al. 2007), making them a major 

conservation concern.  

 Less recognized by conservation biologists is the potentially positive role that 

invasive species can play in native ecosystems. Exotic species can fill in functional roles
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 of extirpated and extinct native species (Schlaepfer et al. 2011, USFWS 1997), act as 

biological control agents, or fulfill ecosystem services (Schlaepfer et al. 2011). Though 

eradication of invasive species is oftentimes crucial for safeguarding native species, the 

potential for adverse, non-target effects on other native species is possible (Caut et al. 

2009). Complex trophic relationships between native and non-native species can dampen 

positive effects of invasive species removal (Caut et al. 2009, Courchamp et al. 2003). 

Exotic species can provide important food or habitat resources for native species 

(USFWS 1997, Schlaepfer et al. 2011, Carlsson et al. 2009), and their removal could 

cause unforeseen damage to native species that may already face a host of other threats. 

 Marine allochthonous inputs can also have large effects on insular systems, 

particularly those where nutrients are limiting (Polis et al. 1997, Sanchez-Piñero and 

Polis 2000, Stapp and Polis 2003, Croll et al. 2005, Maron et al. 2006, Ellis et al. 2006). 

Marine derived nutrients are deposited onto islands by way of seabirds through guano, 

carcasses, and food scraps, and can also reach terrestrial systems through sea spray, tidal 

action, and flooding (Polis et al. 1997). This transport of nutrients creates a linkage 

between ecosystems, often greatly affecting their productivity. For example, seabird 

guano is rich in nitrogen and phosphorous, both of which are commonly limiting 

nutrients in terrestrial systems (Mulder and Ellis 2010), and its deposition has been 

shown to increase the quality and quantity of land plants, having regulatory effects on 

food webs from the bottom up (Polis and Hurd 1996, Polis et al. 1997, Anderson and 

Polis 1999). In addition to increasing primary production (Gillham, 1960), marine inputs 

of nutrients can foster more complex trophic interactions, increase trophic transfers in a 

system (Barrett et al. 2005), and increase soil and plant nutrient content, ultimately 
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providing higher-level consumers with better quality food sources (Wait et al. 2005, Ellis 

2005, Hutchinson 1950, Polis et al. 1997, Caut et al. 2012, Havik et al. 2014, Cross et al. 

2014, Szpak et al. 2012) 

 In this study, we assessed the role of invasive species (house mice (Mus 

musculus) and barn owls (Tyto alba)) and marine nutrient subsidies via deposition of 

seabird guano and carcasses on both island food webs and on the body size of a native 

iguana exhibiting extreme inter-island body size variation. We utilized natural, cross 

island experimental opportunities (islands with and without seabirds and invasive species, 

and pre- and post-invasive species eradication events) to compare food webs and iguana 

foraging ecology on four adjacent cays in the Bahamas, only one of which (Allen Cay) 

contains a substantial seabird colony (Audubon's Shearwaters, Puffinus ihermineiri 

ihermineiri) and, at the time of our study, contained invasive house mice which attracted 

non-native barn owls from a nearby cay.  

 All four cays contain populations of the endangered Allen Cays Rock Iguana 

(Cyclura cychlura inornata), but the iguanas from Allen Cay were substantially larger 

than their conspecifics on the other three cays (see details for each site and all species in 

Methods below). Like all iguanas, C. c. inornata are recognized as true herbivores 

(Iverson 1982). However, as true herbivory is rare in lizards, being found only in about 

2% of species worldwide (Pough 1973, Nagy 1977, Iverson 1982), and opportunistic 

foraging on animal matter has been observed on numerous occasions within the Cyclura 

genus (Auffenberg 1982, Iverson 1979, Hayes et al. 2004, Luther et al. 2012), the 

interisland size differences observed in the iguanas may be due to ingestion of animal 
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(mice and/or shearwaters) protein on Allen Cay that is unavailable to iguanas on the other 

cays. 

 Alternatively, higher-level consumers, including reptiles, on islands with access to 

better quality primary and secondary production resulting from deposition of marine 

derived nutrients from seabird guano and seabird carcasses are known to exhibit higher 

growth rates and increased body sizes and reach higher population levels than their 

conspecifics on neighboring islands lacking marine subsidies (Ruffino et al. 2013, Briggs 

et al. 2012, Pafilis et al. 2009, Pafilis et al. 2011, Sale and Arnould, 2012). Our goal is to 

determine the extent to which these two drivers, invasive species and marine subsidies, 

shape island food web structure and function and contribute to interisland differences in 

body size and population dynamics for iguanas. This is important to better inform 

management decisions, including how to best consider all potential outcomes for native 

populations when planning for the removal of invasive species from islands. 

 One tool to better understand these processes and their roles in food web and 

species dynamics is stable carbon (12C/13C, reported as δ13C) and nitrogen (14N/15N, 

reported as δ15N) isotope analysis of organic tissues within the food web of interest (Ben-

David and Flaherty 2012). Stable nitrogen isotope values provide a reliable indicator of 

trophic position as δ15N values increase predictably with increasing trophic level (Kelly 

2000). They are also used to trace marine subsidies into terrestrial food webs as nitrogen 

from seabird guano has relatively high δ15N values due to the high trophic level at which 

seabirds forage (Hobson et al. 1994) and the process of ammonia volatilization which 

causes 15N enrichment in soil that has been exposed to seabird guano (Mizutani et al. 
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1985). Stable carbon isotope values act as indicators of food origin as δ13C values vary 

with carbon sources and method of carbon processing (Boecklin et al. 2011). 

 We compared the weights and lengths of iguanas on all four cays to determine the 

extent of interisland body size variation. We then used stable carbon and nitrogen isotope 

analysis of representatives from all levels of the food webs, in addition to comparisons of 

total nitrogen content of plant material, on the four cays to test the predictions that 1) all 

aspects of the food web on Allen Cay exhibited the influence of marine derived nutrient 

subsidies from seabirds whereas the food webs from the other three cays did not, and 2) 

potential size differences in the Allen Cays Rock Iguanas between Allen and the other 

cays were due to either a) supplemental food availability from invasive mice and/or 

shearwater carcasses and/or b) access to more nutrient rich and denser vegetation as a 

result of regular fertilization of plants by seabird guano subsidies.  
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Methods 

Study sites and species 

 Our four study sites included the Allen Cays which consist of three small 

limestone cays (Leaf, U, and Allen) in the Exuma island chain of the Bahamas (Fig. 1, 

Table 1) and Flat Rock Reef Cay (FRRC) which is also part of the Exumas, and is located 

northeast of the Allen Cays (Fig. 1). The Allen Cays Rock Iguana is endemic only to Leaf 

and U Cays (Schwartz and Carey 1977), however it is now also found on Allen Cay, 

FRRC, and nearby Alligator Cay. It is not known whether they arrived at these other cays 

via natural means or intentional translocation (Knapp 2001, Hines and Iverson 2006, 

Iverson 2011, Iverson 2012). Leaf Cay is home to the largest population of the Allen 

Cays Rock Iguana, consisting of around 600 individuals, U Cay’s population is estimated 

at around 300 individuals, FRRC’s population is around 200 individuals, and Allen Cay 

had 18-22 individuals in 2011 (Iverson et al. 2006). No formal vegetation surveys have 

been done on the Allen Cays, however it is generally thought that species composition is 

roughly equivalent between all four of our study islands; with perhaps slightly greater 

diversity, lower canopy height, and reduced tree cover on Allen Cay (Iverson et al. 2004, 

Knapp et al. 2006, Alifano 2011).  Like all Northern Bahamian Rock Iguanas, C. c. 

inornata is listed as endangered on the International Union for the Conservation of 

Nature’s (IUCN) Red List (Knapp et al. 2004), and is protected under Appendix I of the 

Convention on International Trade in Endangered Species (CITES) (Blair 2000). The 

subspecies faces a multitude of threats, including tourist feeding and relocation (Hines 

2011, Iverson et al. 2004b, Iverson et al. 2011, Knapp et al. 2013), hunting (Knapp et al. 

2004), invasive species introductions (Iverson et al. 2004b, Mackin 2007), and, due to its 
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limited range, extreme vulnerability in the case of stochastic events (Knapp 2001, 

Richman et al. 1988, Alberts 2000).  

 Allen Cay is also home to the second largest breeding population of Audubon’s 

Shearwaters in the Bahamas (Lee 2000, Mackin 2007). In addition, invasive house mice 

were first observed on Allen Cay in 2003 and they attracted non-native barn owls from a 

nearby cay, giving Allen Cay a unique species assemblage among the other study cays; 

which all lack seabird colonies, mice, and owls (Mackin 2007). The mouse population on 

Allen Cay subsidized owls during the months of the year shearwaters were absent due to 

migration, allowing owls to establish on Allen Cay year round. These resident barn owls 

began killing high numbers of shearwaters, leaving Allen Cay littered with shearwater 

carcasses. Because of unsustainable shearwater depredation by the introduced barn owls, 

Island Conservation and the Bahamas National Trust began a mouse eradication effort on 

Allen Cay in 2012 as a part of a plant to drive barn owls off of Allen Cay (Alifano et al. 

2012). To prevent accidental poisoning of Allen Cay iguanas, 18 of the 21 known iguanas 

(3 were unable to be caught) were transported between May 2011 and May 2012 from 

Allen Cay to FRRC in anticipation of efforts by Island Conservation to eradicate the 

mouse population (Iverson 2012). Of the 18 iguanas transported, one died shortly after 

being moved to FRRC (Iverson 2012). The remaining 17 iguanas were left on FRRC 

until May 2013. In May 2013, attempts were made to locate and transport Allen Cay 

iguanas back to Allen Cay after mice were successfully eradicated and the threat of 

rodenticide (brodifacoum) exposure had passed. Concerted efforts to find Allen Cay 

individuals on FRRC via telemetry resulted in the location of only two emaciated males. 

Because the resident population of iguanas on FRRC was likely not at carrying capacity 
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(Iverson 2012), high intraspecific competition is an unlikely explanation for starvation of 

Allen Cay individuals on FRRC. The lack of Allen Cay iguanas on FRRC after 

translocation suggested that the Allen Cay iguanas might have died due to the lack of a 

food resource (mice, shearwater carcasses, and/or higher nutrient plant material that 

results from fertilization by seabird guano deposition) sufficient to support body sizes 

they had attained on Allen Cay.  

 

Sample collection 

 We collected samples of C. c. inornata (blood components and skin) and all 

potential iguana dietary items for stable isotope analysis from each of the four study cays 

in the Bahamas (Fig. 1). We collected all samples in May, and iguana tissue samples 

were collected in 2006, 2011, 2012, and 2013 from animals on Allen Cay, in 2012 and 

2013 from animals on FRRC, in 2011 and 2013 from animals on Leaf Cay, and in 2013 

from animals on U Cay. We collected samples of all potential iguana dietary items (as 

indicated by Hines 2011 and 2013) in 2013 from all 4 cays. We sampled molting skin 

when available from randomly caught individuals on each cay during mark and recapture 

surveys. On the one island that contains iguanas that are frequently fed by tourists (Leaf 

Cay), we spread our trapping efforts throughout the cay to avoid an oversampling of 

individuals that frequent the tourist-feeding beach. We drew blood samples from the 

caudal vein using heparinized syringes and stored the blood in cryovials until the end of 

each collection day. We centrifuged the blood into red blood cells and plasma, then used 

a syringe to transfer each component onto pre-combusted glass fiber filter papers where 

they were air-dried. Plasma and red blood cells have different isotopic turnover in 
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reptiles, with plasma turning over faster (~1 week) than red blood cells (~2 months) 

(Reich et al. 2008), therefore each component has the potential to reflect iguana dietary 

choices at different time scales. The whole blood and blood plasma collected in 2011 and 

2012 was preserved in ethanol which has been shown to have no effect on the stable 

isotope values from vertebrate blood (Hobson et al. 1997, Therrien 2011).   

 Using Hines (2011, 2013) as a reference, we collected both stems and leaves from 

plant species that are representative of those found in C. c. inornata diet on each cay. 

Additionally, since iguanas have been observed consuming small amounts of 

invertebrates, both terrestrial and marine invertebrates were collected from each cay, 

where available. We either froze or pressed and dried all plant material immediately after 

collection. Invertebrates were kept alive for 48 hours to clear gut contents, then frozen at  

-20°C until prepared for stable isotope analysis (see below). We used tissue from dried 

shearwater carcasses and mouse tail clippings stored in ethanol collected 

opportunistically on Allen Cay in 2007. In an effort to avoid sampling bone, we utilized a 

small portion of tissue on the end of each mouse tail for isotope analysis.  

 We washed all plant material, iguana skin, invertebrates, mice, and shearwater 

samples in deionized water to remove impurities. The samples were then frozen at -20°C 

and freeze-dried. We scraped the blood and plasma from their filter papers. We ground 

all samples into a fine powder by hand, then weighed 0.5 to 1.0 mg and 3.0 to 4.0 mg of 

powder for animal and plant tissues, respectively, into 5X9 mm tin capsules for analysis. 

We prepared all samples in the Kurle lab at the University of California, San Diego, and 

all stable isotope analysis was performed at the Stable Isotope Laboratory at the 

University of California Santa Cruz. 
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Statistical analysis 

 We calculated mean body mass and snout-vent length (SVL) of iguanas from each 

population using data collected during 2011 and 2012 from J. Iverson’s long-term studies 

on wild C. c. inornata populations. In order to get a large enough sample size for the 

small Allen Cay population, we combined body size data from 2011 and 2012 to account 

for the most individuals, without replication of individuals during the two years. 

Depending upon the number of potential comparisons, we used t-tests or ANOVA and 

Tukey's Post-hoc tests to compare the stable isotope values from skin and blood 

components collected from iguanas and from the different prey items between and among 

the four cays. We used non-parametric Mann-Whitney U tests when sample sizes were 

limited. We used Systat 13(Cranes Software International) for all statistical analysis, 

significance was tested at α=0.05, and all means are reported with ± SD. 
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Results 

Iguana size comparisons among cays  

 The mean snout-vent lengths (SVL) from iguanas were different among the cays 

(ANOVA, F3, 375= 69.85, p<0.01) and iguanas from Allen Cay (48.3±11.6 cm) were 

approximately 1.7 times as long as those from the other cays (27.8±4.9 to 28.8±4.6 cm) 

(Tukey's, p<0.01 for all comparisons; Fig. 2, Table 2). The mean SVL comparisons 

between Flat Rock Reef Cay (FRRC) (27.8±7.2 cm) and U Cay (27.8±4.9 cm) (Tukey's, 

p=1.00), and FRRC and Leaf Cay (28.8±4.6 cm) (Tukey’s, p=0.547), and Leaf and U 

Cay (Tukey’s, p=0.612), did not differ from each other.  

 The mean body mass measurements from iguanas among cays showed a similar 

trend to that from the SVL measures. There was a difference in body mass among 

populations (ANOVA; F3, 372= 151.82, p<0.01) from all cays and iguanas from Allen Cay 

(5499±2847.4 g) were approximately six times heavier than iguanas on all other cays 

(913.8±540.0 g to 948.0±743.5 g; Tukey's, p<0.01 for all comparisons; Fig. 2, Table 2). 

The mean body mass comparisons between Flat Rock Reef Cay (FRRC) (948.0±743.5 g) 

and U Cay (913.8±540.0 g) (Tukey's, p=0.990), and FRRC and Leaf Cay (922.4±455.4 g)  

(Tukey’s, p=0.993), and Leaf and U Cay (Tukey’s, p=1.0), did not differ from each other. 

 

Among island comparisons 

 Due to the constraints of opportunistic sampling, we were unable to collect tissues 

for stable isotope analysis from all iguanas across all cays for all years. However, we 

were able to compare stable isotope values from the same tissues between or among some 

cays for years that occurred either before (2011 and 2012) or after (2013) the 
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translocation of iguanas from Allen Cay to FRRC (Table 3). Before translocation, the 

mean δ13C and δ15N values from whole blood collected from iguanas in 2011 from Leaf 

Cay (-24.2±0.5‰ and 4.9±1.9‰, respectively) were not different from those collected in 

2012 from FRRC (-24.3±0.4‰ and 4.2±1.0‰, respectively) (t-tests; δ13C, p=0.68, δ15N, 

p=0.52). However, the mean δ15N value from plasma collected in 2012 from iguanas on 

Allen Cay (13.1±1.0‰) was significantly higher than that from FRRC (5.2±1.9‰) (t-test, 

p<0.01), whereas the mean δ13C values (-24.6±0.5‰ and -24.5±0.5‰, respectively) were 

not different (t-test, p=0.51) (Table 3).  

 Iguanas sampled in 2013 were all sampled after animals from Allen had been 

translocated to FRRC for at least one year. Iguanas that originated on Allen, but were 

translocated to FRRC will hereafter be referred to as Allen/FRRC iguanas. The mean 

(±SD) δ13C values from skin sampled from iguanas from Allen/FRRC, Leaf Cay, and U 

Cay were different from each other (ANOVA; F2,142= 34.48, p<0.01). The mean δ13C 

values from the skin collected from iguanas on U Cay (-22.9±0.7‰) were higher than 

those from Allen/FRRC -23.8±0.8‰) and Leaf Cay (-23.9±0.7‰) (Tukey's, p=0.02 and 

p<0.01, respectively), whereas the mean δ13C values from skin from iguanas on Allen 

and Leaf Cays were not different (Tukey's; p=0.88) (Table 3). The mean δ15N values 

from skin sampled in 2013 from iguanas on Allen/FRRC, Leaf Cay, and U Cay were also 

all different from each other (ANOVA; F2,142=43.48, p<0.01; all Tukey's p<0.01), with 

the mean δ15N values from Allen/FRRC (12.1±2.8‰) significantly higher than those 

from Leaf (5.3±2.0‰) and U ( 4.0±1.4‰), and those from Leaf significantly higher than 

those from U (Table 3).    
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 The mean δ13C and δ15N values from RBCs collected in 2013 from iguanas on 

Allen/FRRC were higher (-23.7±0.1‰ and 12.0±0.4‰, respectively) than those from 

Leaf Cay (-24.5±0.7‰ and 3.9±1.7‰, respectively), but only the δ15N values were 

significantly different (Mann-Whitney U tests, p=0.10 and p=0.02, respectively). The 

mean δ13C and δ15N values from plasma collected in 2013 from Allen/FRRC were higher 

(-23.0±0.2‰ and 13.1±1.7‰, respectively) than those from Leaf Cay (-24.2±0.8‰ and 

5.6±1.8‰, respectively) (Mann-Whitney U tests, p=0.03 for both). 

  

Tissue comparisons 

Leaf Cay: 

 We compared the δ13C and δ15N values among iguana tissues (skin, plasma, 

RBCs) collected in May 2013 from Leaf Cay. The mean δ13C (-23.9±0.7‰) and δ15N 

(5.3±2.0‰) values from skin were higher than those from RBCs (-24.5±0.7‰ and 

3.9±1.7‰, respectively) (ANOVAs, F2,136= 7.46, p<0.01 and F2, 121= 6.17, p<0.01 

respectively; Tukey's, all p<0.01). All of the δ13C and δ15N values from the other tissue 

comparisons (plasma and RBC and plasma and skin) were not significantly different 

(Tukey's, p from 0.12 to 0.74) (Table 3).    

Allen Cay: 

 We compared the δ13C and δ15N values among iguana tissues (skin, plasma, 

RBCs) collected in May 2013 from iguanas that had been translocated from Allen Cay 

onto FRRC (Allen/FRRC) for one to two years. None of the δ13C or δ15N values were 

different from one another (ANOVA;  F2, 6= 0.996, p=0.42, and ANOVA; F2,6=0.16, 

p=0.86, respectively) (Table 3).  We compared the δ13C and δ15N values from plasma 
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collected from iguanas on Allen Cay (August 2011 and May 2012) previous to 

translocation and after they had spent time on FRRC (2013). The δ13C values from the 

plasma samples were higher from the iguanas post- (-23.0±0.2‰) than pre- (-24.6±0.5‰) 

translocation (Mann-Whitney U, p=0.03), whereas the δ15N values were not different 

(13.1±0.9‰ and 13.1±1.7‰, respectively) (Mann-Whitney U, p=1.0) (Table 3). 

Flat Rock Reef Cay: 

 We compared the δ13C and δ15N values between iguana tissues (plasma and WB) 

collected in May 2012 from iguanas on FRRC. There were no differences in either the 

δ13C or δ15N values from the plasma (-24.4±0.5‰ and 5.2±1.9‰, respectively) and WB 

(-24.3±0.4‰ and 4.2±0.2‰, respectively) (t-tests, p=0.4 and 0.1, respectively) (Table 3). 

 

Plant and other prey comparisons  

 The stable isotope values from all prey collected on all islands are in Table 4. We 

compared the δ13C and δ15N values from C3 and C4 plants among Allen, FRRC, Leaf, and 

U cays. The δ13C values from the C3 plants were different among the cays (ANOVA; F3, 

216= 4.72, p<0.01) and those from Allen Cay (-26.2±1.7‰) were higher than those on 

Leaf (-27.3±1.6‰) and U (-27.1±1.6‰) Cays (Tukey's, p<0.01 and p=0.03, 

respectively), but there were no differences in the δ13C values from the C3 plants between 

FRRC (-26.8±1.8‰) and all other cays (Tukey's, 0.27<p<0.97) (Table 4). The δ15N 

values from the C3 plants were different among the cays (ANOVA; F3, 216=194.16, 

p<0.01), with those from Allen Cay (8.8±3.7‰) significantly higher than those from 

FRRC (1.6±1.8‰), Leaf (-0.5±1.8‰), and U (-0.8±1.7‰) Cays (Tukey's, all p<0.01). 

The δ15N values from the C3 plants on FRRC were higher than those from Leaf and U 
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Cays (Tukey's, p<0.01), but there were no differences in the δ15N values from the C3 

plants on Leaf and U Cays (Tukey's, p=0.97) (Table 4). 

 There were no differences in the δ13C values from the C4 plants among islands 

(range: -14.1±0.4‰ to -13.5±1.0‰) (ANOVA; F3,31= 0.76, p=0.53). In contrast, the δ15N 

values from the C4 plants were different among the cays (ANOVA; F3,31= 33.55, P<0.01) 

and those from Allen Cay were significantly higher (10.6±2.9‰) than those from FRRC 

(2.2±2.2‰), Leaf (4.9±1.4‰), and U (1.3±2.1‰) Cays (Tukey's, all p<0.01). The δ15N 

values from the C4 plants on Leaf were higher than those on U (Tukey's, p=0.04), but 

there were no differences in the δ15N values from C4 plants between FRRC and Leaf Cay, 

and between FRRC and U Cay (Tukey's; p=0.23, p=0.90, respectively) (Table 4). 

 We compared the δ13C and δ15N values from marine intertidal invertebrates 

collected on each of the four cays. There were no differences in the δ13C values from the 

marine invertebrates among islands (range: -22.6±0.9‰ to -19.8±3.2‰) (ANOVA, F3,15 

= 2.36, p=0.11), however the δ15N values from the marine invertebrates on Allen Cay 

(10.6±0.6‰) were significantly higher than FRRC (3.2±0.9‰), Leaf (3.8±1.8‰), and U 

(4.7±2.1‰) Cays (ANOVA, F3,15 = 12.7, p<0.01; Tukeys, all p<0.01). The δ15N from 

marine invertebrates compared between all other island pairs were not different (Tukeys, 

0.6<p<0.9). We opportunistically collected terrestrial invertebrates from FRRC and Leaf 

Cays and their mean δ13C (-24.2±0.3‰ and -25.4±2.2‰, respectively) were not different 

(t-test, p=0.49), but the mean δ15N values from FRRC were higher (5.1±1.54‰) than 

those from Leaf Cay (0.4±2.0‰) (t-test, p=0.01) (Table 4). Shearwaters and mice are 

only available as potential prey on Allen Cay and their mean δ13C and δ15N values were -

17.7±0.8‰ and 8.6±0.7‰, respectively (shearwaters) and -18.8±1.1‰ and 16.1±1.2‰, 



 

 
 

16 

respectively (mice). Human food is available as prey to iguanas from tourists on Leaf 

Cay only and the mean δ13C and δ15N values for samples of available human food were -

19.3±0.8‰ and 5.9±0.5‰, respectively (Table 4). 

 

%N in plant tissues 

 The mean %N in leaves was different among the cays (ANOVA, F3, 142= 16.57, 

p<0.01) and plants from Allen Cay (1.9±1.0 %) had 1.6-1.9 times as much nitrogen in 

their leaves as the leaves from the other cays (1.0±0.4 to 1.2±0.5 %) (Tukey's, p<0.01 for 

all comparisons; Fig. 8, Table 5). The mean %N in leaves comparisons between Flat 

Rock Reef Cay (FRRC) (1.1±0.4 %) and U Cay (1.0±0.4 %) (Tukey's, p=0.886), and 

FRRC and Leaf Cay (1.2±0.5 %) (Tukey’s, p=0.907), and Leaf and U Cay (Tukey’s, 

p=0.469), did not differ from each other.  

 The mean %N in stems was different among the cays (ANOVA, F3, 96= 11.58, 

p<0.01) and plants from Allen Cay (1.8±1.0 %) had 1.6-1.8 times as much nitrogen in 

their stems as the stems from the other cays (1.0±0.4 to 1.1±0.5 %) (Tukey's, p<0.01 for 

all comparisons; Fig. 9, Table 5). The mean %N in stems comparisons between Flat Rock 

Reef Cay (FRRC) (1.0±0.4 %) and U Cay (1.1±0.5 %) (Tukey's, p=0.974), and FRRC 

and Leaf Cay (1.0±0.4 %) (Tukey’s, p=1.0), and Leaf and U Cay (Tukey’s, p=0.964), did 

not differ from each other. 

 

Mixing Model 

 We initially used a Bayesian two-isotope mixing model (MixSIAR) in R version 

3.1.2 that incorporated differential C and N concentration dependence for each prey 
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category to estimate the contributions of the various prey categories to the diets of 

iguanas on each island using stable carbon and nitrogen isotope discrimination factors 

determined for Cyclura species in the Kurle lab (Steinitz 2015). Unfortunately, the δ13C 

and δ15N values from prey items between cays were not isotopically disparate enough to 

adequately bind the upper and lower limits of the potential contributions of each dietary 

category, so we were unable to make definitive conclusions using the model (Hopkins 

and Ferguson 2012). However, we were able to use stable isotope values from the 

iguanas and their prey to make inferences about their foraging ecology and address the 

potential for their reliance on animal vs. plant material for food.
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Discussion 

 We used stable isotope analysis of iguana tissues and their food sources to 

investigate the potential that the population of C. c. inornata on Allen Cay had grown 

substantially larger than their conspecifics on three nearby cays because they had access 

to different (mice and/or shearwaters) and/or higher quality (increased nutrients and plant 

cover resulting from seabird guano fertilization) food sources. Analysis of the population 

size data collected in 2011 and 2012 confirmed that iguanas on Allen Cay were 1.7 times 

as long and six times heavier than those from all other cays. Iguanas from Leaf, Flat Rock 

Reef, and U Cays were the same size (Table 2, Fig. 2). Because the Allen Cay population 

was not reproductive due to a lack of suitable nesting habitat, the size of its members is 

biased, as it does not contain the smaller young adults present in the other populations. 

To minimize this effect, we eliminated juveniles from the other populations in our 

comparison of SVL and body mass among cays.  

 Genetic analysis revealed that the Allen Cay population of C. c. inornata was 

sourced from the Leaf Cay population (Aplasca 2013). It is therefore thought that some 

particularly aggressive, but typical-sized, iguanas were transported from Leaf to Allen 

Cay sometime just before 1990 by those in the tourist industry to minimize risks of 

negative encounters with tourists on Leaf Cay (J. Iverson, Earlham University, Pers. 

Comm.). This potential for aggression could be a driver for increased iguana body size on 

Allen Cay. Pafilis et al. (2009) found that increased rates of intraspecific competition 

coupled with high resource availability on islands with seabirds drove larger body sizes 

in lizards. However, with such low lizard densities on Allen Cay (J. Iverson, Earlham 

University, Pers. Comm.), intraspecific competition for food is likely very low. Increased 
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food abundance and availability has been thought to contribute to larger body size of 

some insular mammals (Raia and Meiri 2006) and is a more likely driver of body size in 

this system. These iguanas live for over 30 years (Iverson et al. 2004a) and, as there was 

no breeding among the animals on Allen Cay (J. Iverson, Earlham University, Pers. 

Comm.), the development of their large size relative to their conspecifics on other cays 

was most likely in response to their new environment on Allen Cay. 

 No formal vegetation surveys have ben done on the Allen Cays, however it is 

generally thought that species composition is about the same between all four of our 

study islands, with perhaps slightly greater diversity, lower canopy height, and reduced 

tree cover on Allen Cay (Iverson et al. 2004, Knapp et al. 2006, Alifano 2011). However, 

Allen Cay has been recorded as having a lower canopy height and reduced tree cover 

than on Leaf, U or FRR Cay (Alifano 2011). This subtle difference in plant communities, 

potential driven by subsidy input, could have made leaves and fruits more easily 

accessible for foraging by these large bodied iguanas. 

 As outlined above, Allen Cay is the only study island that contained invasive mice 

before they were eradicated in 2012, and that still contains one of the largest breeding 

populations of Audubon’s Shearwaters in the Bahamas (Lee 2000, Mackin 2007). The 

mice on Allen Cay attracted invasive barn owls from a nearby cay (likely Highborne 

Cay) that targeted the shearwaters in addition to the mice. The barn owls ate only small 

amounts of their shearwater prey, leaving carcasses with abundant tissue for potential 

carrion feeding by iguanas and to degrade to become additional nutrient input onto the 

landscape of Allen Cay.  
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 We were only able to analyze the δ13C and δ15N values from plasma collected 

from 13 iguanas on Allen Cay from before translocation to FRRC in preparation for 

removal of mice from Allen Cay via rodenticide. Thus, we could only make one direct 

comparison to plasma collected at the same time period (pre-translocation of animals 

from Allen to FRRC; 2011-2012) from one other cay, FRRC, and the δ15N values were 

more than double for animals from Allen Cay (Table 3, Fig. 3). These values from 

iguanas from Allen Cay were also much higher than the δ15N values from plasma 

collected from iguanas on Leaf Cay in 2013 (Fig. 10). 

 Plasma is known to have somewhat different stable isotope values from other 

tissues such as red blood cells (RBC), whole blood (WB), and skin simply because each 

tissue has its own unique amino acid content and individual amino acids have different 

stable isotope values (Reich et al. 2008, Kurle et al. 2014). Therefore the isotope values 

from plasma were not directly comparable to other tissues such as the RBCs, skin, and 

WB collected from iguanas on other cays in this study. However, the δ15N differences 

observed between plasma and these other tissues are generally ~0.1 to 2.3‰ (e.g. for sea 

turtles, Reich et al. 2008), far lower than the 7.8 to 9.2‰ differences observed between 

the δ15N values from plasma collected from the iguanas on Allen Cay before they were 

translocated and those from other tissues collected from iguanas on FRRC (WB) and 

Leaf (RBC and skin) and U (skin) Cays (Table 3, Fig. 10). Clearly, the δ15N values for 

iguanas on Allen Cay were much higher than those from their conspecifics on the three 

nearby islands indicating that their diets differed in some way from that of iguanas on the 

other three cays. 
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 One of our hypotheses was that iguanas on Allen Cay had access to, and were 

foraging to a substantial degree on, animal prey, namely the dead shearwaters and mice 

killed and left by the non-native owls. If that were the case, then we would expect the 

δ15N values of the iguana prey items to be lower than the δ15N values from the plasma 

collected from the iguanas on Allen Cay (13.1±1.0‰) before they were translocated by 

~3.8‰. This is the discrimination factor (Δ15N) for whole blood from comparably sized 

rock iguanas (Cyclura pinguis) held on known diets in captivity for a year (Steinitz 

2015). The expected δ15N value from their prey would then be ~9.3‰. This value falls 

near those for shearwaters (8.6±0.7‰), marine invertebrates (10.6±0.6‰), C3 plants 

(8.8±3.7‰), and C4 plants (10.6±2.9‰). However, it is much lower than the value we 

measured for the mice (16.1±1.2‰). In addition, we would also expect the δ13C values 

from the iguana prey to be ~2.8‰ lower than their mean δ13C value (-24.6±0.5‰) as this 

is the stable carbon isotope discrimination factor (Δ13C) for whole blood from C. pinguis 

(Steinitz 2015). That places the expected δ13C value for the iguana prey on Allen Cay 

before their translocation at -27.4‰. The only potential diet item with a mean value close 

to this is the C3 plants (-26.2±1.7‰) (Table 4, Fig. 3). All other mean δ13C values from 

the potential diet items collected from Allen Cay ranged from -20.1±0.6‰ (marine 

invertebrates) to -13.8±0.9‰ (C4 plants) (Table 4, Fig. 3), much higher than would be 

expected. Therefore, examination of both the δ13C and δ15N values from the potential 

prey items with those from the iguanas strongly indicates that C3 plants, not animal 

protein, were the dominant component of iguana diets on Allen Cay. 

 Although the Allen Cay rock iguana has been shown to exhibit density dependent 

growth (Knapp 2001), we suggest an additional driver of the giant body size of Allen Cay 
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individuals. Although density dependence may well be one driver for large body size via 

increased accessibility to food, if it were the only driver we would have expected to see 

larger bodied individuals in other small populations not yet at carrying capacity. Only a 

few iguanas were initially found on FRRC in 1996 (J. Iverson, Earlham University, Pers. 

Comm), however, those individuals did not grow to unusually large sizes despite still 

being well below carrying capacity (Iverson et al. 2006). 

 Thus, the alternative explanation for the elevated δ15N values from the iguanas 

from Allen Cay compared to those from all other cays is that iguanas on Allen Cay were 

eating C3 plants that were higher in abundance and greatly elevated in their δ15N values 

due to increased fertilization from seabird guano and decaying carcasses. Nitrogen and 

phosphorus are frequently limiting in terrestrial environments, and subsidies high in these 

nutrients, like seabird guano, can have large effects on both plant communities and 

consumers (Ball et al. 2000, Mulder and Ellis 2010). Seabird nesting islands are well 

known to have increased soil nutrients, namely nitrogen and phosphorous (Barrett et al. 

2005, Wait et al. 2005, Young et al. 2010). This increase in soil nutrients has been shown 

to translate into increased plant production and nutrient quality of plant tissues (Wait et 

al. 2005, Yang 2008). Yang (2008) found a 61% increase in plant biomass and 20% 

increase in foliar nitrogen concentration in subsidized plants compared to those without 

subsidies. Additionally, an increase in nitrogen concentration of food sources has been 

attributed to larger clutch sizes, larger body sizes, and increased growth rates in 

herbivorous invertebrates (Iversen 1974, Mattson 1980, Adams and Sterner 2000, 

Hogendorp 2006, Huberty and Denno 2006) and reptiles (Pafilis et al. 2009, Pafilis et al. 

2011, Briggs et al. 2012). For example, geckos (Lepidodactylus spp.) in seabird-
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subsidized forests were larger and had significantly higher body condition than geckos in 

non-subsidized systems (Briggs et al. 2012).  

 Upon inspection of leaf and stem nitrogen content in plants between cays, we 

found plants on Allen Cay had 1.6-1.9 times greater %N in leaves (Table 5, Fig. 8). 

Similarly, stems from plants on Allen Cay had 1.6-1.8 times higher %N as stems from 

plants on other cays (Table 5, Fig. 9). These differences are most likely driven by 

nitrogen rich guano deposited by the shearwater colony found on Allen Cay. Because 

barn owls killed such a large number of shearwaters on Allen Cay over the last decade, 

shearwater population numbers were influenced negatively, and thus subsidy inputs on 

Allen Cay have likely decreased in recent years. Because of this, plants from Allen Cay 

collected in 2013 were likely receiving fewer subsidy inputs, and thus may have had 

lower %N in their tissues than they had prior to barn owl introduction on Allen Cay. 

 Marine derived nitrogen has a higher stable nitrogen isotope signature when 

compared with terrestrial derived nitrogen (see overview in Caut et al. 2012). As seabird 

subsidies deposited on islands form the dominant nutrient base for those islands' 

terrestrial food web, marine subsidies deposited on insular systems by seabirds should 

lead to a food web whose members exhibit significantly higher δ15N values (Anderson 

and Polis 1999). Our stable isotope data demonstrated that all components of the food 

web on Allen Cay had higher δ15N values by ~5 to 9‰ compared to those on the other 

three cays (see Table 4 and Fig. 3-7) which is highly characteristic of seabird guano 

inputs (Fukami et al 2006, Croll et al. 2005, Maron et al. 2006, Jones 2010, Szpak et al. 

2012, Barrett et al. 20012). Thus, the higher δ15N values observed in iguanas from Allen 

Cay vs. those from the other cays likely does not represent a shift in foraging behavior of 
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Allen Cay iguanas to eating available animal tissue, but rather utilization of C3 plants that 

reflect high nutrient subsidies from seabird guano deposition.  

 We suggest that an increase in plant biomass and nutrient availability to the 

herbivorous C .c. inornata via seabird subsides on Allen Cay and high food availability 

resulting from low population densities, could supply the Allen Cay population with a 

distinct nutritional advantage over other populations that has facilitated their extreme 

body size. Increased nutrient enrichment into terrestrial systems from marine sources is 

frequently linked to higher primary and secondary production (Gillham 1960, Polis et al. 

1996 and 1997, Farina et al. 2003, Caut et al. 2012) and increases in clutch and body 

sizes of other insular reptiles have been directly correlated to increased marine subsidies 

that drive this higher production (Pafilis et al. 2011 and Pafilis et al 2009). In addition, 

studies have shown that increasing protein content of diet increases the growth rates of 

herbivorous, omnivorous, and carnivorous reptiles (Avery et al.1993, Wood and Wood 

1981, Mayhew 1963). Iguanas fed higher protein diets grow faster and larger than those 

fed lower protein diets (Allen et al. 1989, Donoghue 1994, Donoghue et al. 1998). For 

example, green iguanas fed 25% protein feed had up to 3.3% greater body weight than 

those fed 15% and 20% protein (Allen et al. 1989). Because animal matter contains more 

readily digested protein sources, even a small amount of ingested carrion that may be 

difficult to detect using stable isotope analysis could also contribute some to the size 

differential between Allen Cay and other populations. 

 The removal of invasive species from islands is thought to be nearly universally 

positive for its conservation of native species and ecosystems (see Jones 2010). When 

eradicating invaders, conservationists frequently translocate or otherwise segregate native 
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species to minimize or prevent unintentional injury or death to the non-targeted species. 

As mice were deleterious to the shearwater population on Allen Cay, they were targeted 

for eradication by rodenticide and standard policy was followed to remove the Allen Cay 

iguanas to another cay for the duration of the brodifacoum application. Despite the best 

intentions by the mouse removal team, 15 of the 17 translocated iguanas likely died, 

presumably of starvation, as the three recovered carcasses and two retrieved iguanas 

found in 2013 on FRRC and targeted for relocation back to Allen Cay were severely 

emaciated and starved (J. Iverson, Earlham University, Pers. Comm. and K. Richardson, 

pers. obs.).  

 The potential for deleterious effects of translocating native species from a food 

web that has either been positively altered by the presence of an invader or is otherwise 

substantially altered compared to the new location must be strongly considered and 

planned for to prevent unintentional negative consequences for the native species. In this 

case, the translocation of highly endangered iguanas to a more nutritionally impoverished 

island appears to have led to the deaths of as many as 15 animals by starvation, 

something that may have been preventable with adequate consideration of the diet quality 

differences on Allen Cay and the iguanas' dependence on that food source in light of the 

Allen Cay iguanas' considerable size and thus increased food requirements. However, 

without mouse eradication efforts, it is likely that the shearwater population would have 

continued to decline on Allen Cay, which would have disrupted subsidy inputs on the 

island, and thus nutrient quality of local plants.  

 In addition to causing their deaths, starvation is also likely why, despite spending 

one to two years on FRRC, the Allen/FRRC iguanas had δ15N values that were similar to 



 

 
 

26 

their values from when they were on Allen Cay (the δ15N values from plasma from before 

and after translocation were identical) and were still much higher than their FRRC 

conspecifics and all of the other iguanas on the surrounding cays (See Figs. 5-7). In 

general, starvation causes increased δ15N values in animals (see review in McCue and 

Pollock 2008) because food stressed animals catabolize their own tissues for 

maintenance, thereby increasing their retention of the heavier N isotope (Waterlow 

1968). This may not be the case with reptiles as the δ15N values from various tissues 

sampled from six species of reptile (including one lizard, savannah monitors, Varanus 

exanthematicus) showed no differences after 168 days of experimental starvation (McCue 

and Pollock 2008). The iguanas translocated to FRRC were there for one to two years, 

considerably longer than 168 days, so starvation impacts on iguana tissue δ15N values 

may have taken effect later. Regardless, the iguanas retained their high δ15N values even 

after translocation onto an island with much lower δ15N values in all components of the 

food web indicating that they were not foraging on FRRC or, if they were, then the δ15N 

values obtained from any food they ingested were swamped by the elevated δ15N values 

from their own catabolized tissues. 

 In conclusion, by comparing islands with and without invasive species and 

seabird driven marine subsides, inter-island differences were revealed in both the body 

size of native iguana populations and in insular food web structure. Marine derived 

subsidies from seabird guano on Allen Cay caused an increase in δ15N values across the 

entire food web relative to non-seabird islands. This suggests an increase in nutrient 

availability on seabird islands through marine-derived nitrogen inputs, which facilitated 
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more nutrient rich and denser vegetation and allowed the growth of larger bodied iguanas 

through nutrient input at the base of the food web.  

This thesis, in part, is currently being prepared for submission for publication of 

the material. Richardson, Kristen M; Iverson, John B; Kurle, Carolyn M. The thesis 

author was the primary investigator and author of this material. 
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Figures 

Figure 1. Map of Allen Cays, The Bahamas (24° 45’N 76° 50.5’ W). The four study 
Islands were Allen, Leaf, Flat Rock Reef (FRRC), and U Cay
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Figure 2. Comparison of mean snout-vent length (SVL, cm) and mean body mass (g) of 
adult C. c. inornata between cays. Measurements were taken in 2011 and 2012 without 
replication. 
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Figure 3. The mean (±SD) δ13C and δ15N values (‰) for plasma collected from Allen 
Cay iguanas and from the FRRC iguana population with the isotope values from the food 
web components. Samples were collected in August 2011 and May 2012, pre-
translocation.  
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Figure 4. The mean (±SD) δ13C and δ15N values (‰) for plasma collected from Allen 
Cay iguanas and from the FRRC iguana population with the isotope values from the food 
web components. Samples were collected in August 2011 and May 2012, pre-
translocation. 
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Figure 5. The mean (±SD) δ13C and δ15N values (‰) for red blood cells (RBC) collected 
from Allen Cay iguanas that had been translocated to Flat Rock Reef Cay (Allen on 
FRRC) for a year and from the Leaf Cay iguana population with the isotope values from 
the food web components. Samples were collected in May 2013, post-translocation. Prey 
items from FRRC were included with the Allen iguana tissue because they were 
translocated to FRRC and thus were reliant on FRRC food web.   
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Figure 6. The mean (±SD) δ13C and δ15N values (‰) for plasma collected from Allen 
Cay iguanas that had been translocated to Flat Rock Reef Cay (Allen on FRRC) for a 
year and from the Leaf Cay iguana population with the isotope values from the food web 
components. Samples were collected in May 2013, post-translocation. Prey items from 
FRRC were included with the Allen iguana tissue because they were translocated to 
FRRC and thus were reliant on FRRC food web. 
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Figure 7. The mean (±SD) δ13C and δ15N values (‰) for skin collected from Leaf Cay, U 
Cay, and Allen Cay iguanas that had been translocated to Flat Rock Reef Cay (Allen on 
FRRC) for a year with the isotope values from the food web components. Samples were 
collected in May 2013, post-translocation. Prey items from FRRC were included with the 
Allen iguana tissue because they were translocated to FRRC and thus were reliant on 
FRRC food web.  
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Figure 8. Mean percent nitrogen in plant leaves collected from each cay. Plants were 
collected in May 2013. 
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Figure 9. Mean percent nitrogen in plant stems from each cay. Plants were collected in 
May 2013.  
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Figure 10. The mean (±SD) δ13C and δ15N values (‰) for all tissues collected from Flat 
Rock Reef Cay, Leaf Cay, U Cay, and Allen Cay iguanas. Samples were collected 
between May 2011 and May 2013.  
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Tables 

Table 1. Size and seabird nesting status of islands with populations of C.c.inornata in this 
study (Iverson et al. 2006, Alifano 2011) 

Cay Size (ha) Category 
Allen 6 High density nesting; shearwaters, gulls 
Leaf 4 Non-bird 

U 3 Non-bird 
Flat Rock Reef 5.3 Low density nesting; gulls 
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Table 2. Adult iguana body size measurements, snout-ventral length (SVL) and body 
mass, from each island. Measurements were taken in 2011 and 2012, with no repeated 
individuals. ANOVA results for among island SVL and body mass measures were 
F3,375=69.85, p<0.01 and F3, 372=151.82, p<0.01, respectively. All comparisons between 
islands were significantly different (Tukey's, all p<0.01) except for the SVL and body 
mass comparisons between Flat Rock Reef Cay (FRRC) and U Cay (Tukey's, p=1.00 and 
p=0.990, respectively), and FRRC and Leaf Cay (Tukey’s, p=0.547 and p=0.993, 
respectively), and Leaf and U Cay (Tukey’s, p=0.612 and p=1.00, respectively) 

Island SVL (cm) N Body Mass (g) N 
Allen 48.3± 11.6 18 5499.8± 2847.4 18 

Leaf 28.8± 4.6 209 922.4± 455.4 208 

FRRC 27.8± 7.2 77 948.0 ± 743.5 77 

U 27.8± 4.9 75 913.8± 540.0 75 
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Table 3. The mean (±SD) δ13C and δ15N values (‰) from all tissues collected from 
iguanas on each of the four cays across multiple years. The results from all statistical tests 
are below the table. * Denotes the iguanas that were translocated from Allen Cay to Flat 
Rock Reef Cay (FRRC). 

 
Island Tissue Year Translocation 

(Pre/Post) δ13C N δ15N N Storage 

Allen                 
  Skin 2006 Pre -24.2 1 15.5 1 Dry 

  Plasma 2011/2
012 Pre -24.6±0.5os 13 13.1±1.0pt 13 ETOH 

 Allen/
FRRC

* 

 
Skin 2013 Post -23.8±0.8abdq 5 12.1±2.8eghr 5 Dry 

  Plasma 2013 Post -23.0±0.2kq 2 13.1±1.7lrt 2 Filter paper 

 RBC 2013 Post -23.7±0.1iq 2 12.0±0.4jr 2 Filter paper 

FRRC                 
  WB 2012 Pre -24.3±0.4m3 12 4.2±1.0n4 17 ETOH 
  Plasma 2012 Pre -24.5±0.5o3 12 5.2±1.9p4 12 ETOH 

  Plasma 2013 Post -24.5 1 4.8 1 Filter paper 

  RBC 2013 Post -24.9 1 4.1 1 Filter paper 

Leaf                 
  WB 2011 Pre -24.2±0.5m 4 4.9±1.9n 4 ETOH 

  Skin 2013 Post -23.9±0.7 
acduvx 91 5.3±2.0efhyz2 91 Dry 

  Plasma 2013 Post -24.2±0.8 
kuwx 23 5.6±1.8ly12 23 Filter paper 

  RBC 2013 Post -24.5±0.7iuvw 25 3.9±1.7jyz1 25 Filter paper 

U                 
  Skin 2013 Post -22.9±0.7abc 49 4.0±1.4efg 49 Dry 

a ANOVA;  F2,142= 34.48, p<0.01 
b Tukey’s; p=0.02 
c Tukey’s; p<0.01 
d Tukey’s; p=0.88 
e ANOVA; F2,142=43.48, p<0.01 
f Tukey’s; p<0.01 
g Tukey’s; p<0.01 
h Tukey’s; p<0.01 
i Mann-Whitney U; p=0.10 
j Mann-Whitney U; p=0.02 

k Mann-Whitney U; p=0.03 

l Mann-Whitney U; p=0.03 
m t-test; p=0.68 
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n t-test; p=0.52 
o t-test; p=0.51 
p t-test; p<0.01 
q ANOVA;  F2, 6= 0.996, p=0.42 
r ANOVA; F2,6=0.16, p=0.86 
s Mann-Whitney U; p=0.03 
t Mann-Whitney U; p=1 
u ANOVA; F2,136= 7.46, p<0.01 
v Tukey’s; p<0.01 
w Tukey’s; p=0.40 
x Tukey’s; p=0.12 
y ANOVA; F2, 121= 6.17, p<0.01 
z Tukey’s; p<0.01 
1 Tukey’s; p=0.41 
2 Tukey’s; p=0.74 
3 t-test; p=0.4 
4 t-test; p=0.1
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Table 4. Mean δ13C and δ15N values (‰ ± SD) from potential iguana forage items on 
each cay in this study. The results from all statistical tests are below the table. *Estimated 
using Hopkins et al. 2012. 

Cay Sample Type δ13C   δ15N  N 
ALLEN         

 Marine Invertebrates -20.1±0.6x 10.6±0.6yz12 3 
 Shearwaters -17.7±0.8 8.6±0.7 9 
 Mice -18.8±1.1 16.1±1.2 6 
  c3 plants -26.2±1.7abcd 8.8±3.7hijk 72 
  c4 plants -13.8±0.9p 10.6±2.9qrst 14 
U         
 Marine Invertebrates -19.8±3.2x 4.7±2.1y235 7 
  c3 plants -27.1±1.6acfg -0.8± 1.7hkmo 43 
  c4 plants -13.5±1p 1.3±2.1qtuw 9 

LEAF         
 Marine Invertebrates -22.6± 0.9x 3.8±1.8y145 6 
 Terrestrial Inverts -25.4±2.26 0.4±27 10 
 Human Food* -19.3±0.8 5.9±0.5 20 
  c3 plants -27.3±1.6abeg -0.5±1.8hjlo 57 
  c4 plants -14.1±0.4p 4.9±1.4qsuv 6 

FRRC         
 Marine Invertebrates -19.8±0.7x 3.2±0.9yz34 3 
 Terrestrial Invertebrates -24.2±0.36 5.1±1.57 2 
  c3 plants -26.8±1.8adef 1.6±1.8hilm 48 
  c4 plants -13.8±0.3p 2.2±2.2qrvw 6 

a ANOVA;  F3, 216= 4.72, p<0.01 
b Tukey’s; p<0.01 
c Tukey’s; p=0.03 
d Tukey’s; p=0.27 
e Tukey’s; p=0.49 
f Tukey’s; p=0.80 
g Tukey’s; p=0.97 

h ANOVA; F3, 216=194.16, p<0.01 
i Tukey’s; p<0.01  
j Tukey’s; p<0.01  
k Tukey’s; p<0.01  
l Tukey’s; p<0.01  
m Tukey’s; p<0.01 
o Tukey’s; p=0.97 
p ANOVA; F3,31= 0.76, p=0.53 
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q ANOVA; F3,31= 33.55, P<0.01 
r Tukey’s; p<0.01 
s Tukey’s; p<0.01 
t Tukey’s; p<0.01 
u Tukey’s; p=0.04 
v Tukey’s; p=0.23 
w Tukey’s; p=0.90 
x ANOVA; F3,15=2.36, p=0.11 
y ANOVA; F3,15=12.7, p<0.01 
z Tukey’s; p<0.01 
1 Tukey’s; p<0.01 
2 Tukey’s; p<0.01 
3 Tukey’s; p=0.62 
4 Tukey’s; p=0.96 
5 Tukey’s; p=0.80 
6 t-test; p=0.49 

7 t-test; p=0.01 
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Table 1. Percent nitrogen in plant stem and leaves from each cay. Measurements were 
taken in 2013. ANOVA results for among island %N in stem and %N in leaves measures 
were F3,96=11.58, p<0.01 and F3, 142=16.57, p<0.01, respectively. All comparisons 
between islands were significantly different (Tukey's, all p<0.01) except for the %N in 
stems and %N in leaves comparisons between Flat Rock Reef Cay (FRRC) and U Cay 
(Tukey's, p=0.974 and p=0.886 respectively), and FRRC and Leaf Cay (Tukey’s, p=1.0 
and p=0.907, respectively), and Leaf and U Cay (Tukey’s, p=0.964 and p=0.469, 
respectively) 

Island %N in Stems N %N in Leaves N 
Allen 1.8 ± 1.0 33 1.9 ± 1.0  48 

Leaf 1.0 ± 0.4  24 1.2 ± 0.5  34 

FRRC 1.0 ± 0.4 20 1.1 ± 0.4 30 

U 1.1 ± 0.5  23 1.0 ± 0.4 34 
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