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CHAPTER 1 

INTRODUCTION 

 

1.1 Summary 

 Green iguanas (Iguana iguana) are a highly invasive lizard species that have been 

introduced to multiple continental regions, as well as many Caribbean and Pacific islands. The 

introduction of this species has yielded apprehension because of the potential influences they 

might have on endemic flora and fauna, and even ecosystem function. This concern is heightened 

within island ecosystems due to their increased levels of endemism and potential sensitivity to 

invasives. It is due to these apprehensions that evaluating the modes of introduction, 

colonization, and the subsequent population dynamics of Green Iguanas in its introduced range 

are of the utmost importance if insight into the full impact of this species is to be understood and 

ultimately managed. Once collective knowledge of these dynamics is attained, and proper 

management practices are applied, the invasive species could potentially be eradicated in critical 

areas of introduction to mitigate their influences. In this study, our goal was to use a molecular 

genetic approach to evaluate three different invasive Green Iguana populations found in the 

Cayman Islands of the Caribbean, where this species has been successful at colonization and 

poses a threat to the endemic, critically-endangered iguana populations. The use of molecular 

methods has become increasingly popular in assessing the relatedness within and among 

populations. Therefore, given the prior success of these forensic approaches, it was deemed 

appropriate for reconstructing the invasion history of these iguanas. We predicted that our results 

would yield two patterns: (1) the small Sister Isles populations are related to the larger invasive 

colony on Grand Cayman and (2) these populations have much less genetic variation. While the 

Sister Isles would be composed of closely related individuals, they would exhibit lower levels of 
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diversity due to infrequent introductions from Grand Cayman, which harbors the largest 

successful invasive colony in the islands. If it were determined that the animals within these 

three populations were not closely related, or that the Sister Isles maintained moderate to high 

levels of variation, this would inform us that biocontrol is likely ineffective at managing this 

invasive species. Excessive levels of variation on the Sister Isles would be largely signified by 

the presence of an equal or greater number of alleles across multiple molecular markers when 

compared to the population on Grand Cayman. Higher levels of genetic variation among the 

Sister Isles Green Iguana populations could have directly resulted from either the consistent 

introduction of invasives that are successfully reproducing, or invasive colonies have been 

breeding for a sufficient time frame, allowing for the generation of adequate levels of variation 

among the recently sampled populations. If management and biocontrol have been successful, 

we should find a more genetically diverse population on Grand Cayman that is also clearly 

related and ancestral to the Sister Isle Green Iguana populations. Our results yielded a greater 

amount of genetic variation on Grand Cayman. Further, some genetic variants, private alleles, 

were found in the Grand Cayman Green Iguana population that were absent from both Little 

Cayman and Cayman Brac (i.e. the Sister Isles). These results were consistent with our 

predictions and showed that the Sister Isles Green Iguana populations were related to the larger 

Grand Cayman colony due to the alleles that were shared between them. The presence of private 

alleles within the Grand Cayman populations also supported the hypothesis that these individuals 

possessed greater levels of genetic diversity than the Sister Isles populations. Considering these 

results, it can be deduced that the Grand Cayman colony is likely the primary source of invasive 

individuals that have been introduced to the Sister Isles, but that management has been 
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ineffective in mitigating their introduction due to the present levels of variation among the Sister 

Isles iguanas.    

1.2 Invasive Species and Establishment 

 Invasive species are a threat whose origins and subsequent dispersal can be traced back in 

antiquity to anthropogenic influences (Leuven et al. 2009, Pickering et al. 2011, Meyerson and 

Mooney 2007, Hulme 2009). Invasive organisms, which are also commonly referred to as non-

native or alien, are all equally applied when defining a species that has been introduced to a 

region(s) outside of the original historical range and are represented by a wide array of 

organisms, including multiple microorganisms, plants and fungi, vertebrates, and invertebrates 

(IUCN 2000). While the dispersal of alien species by humans has been occurring for millennia, 

rates of introduction have only increased through the centuries, and within the past 25 years 

dispersal rates have reached their highest records (Hulme 2009). It is a direct result of these 

exponentially increasing introductions, which are largely expected to continue rising in incident, 

that concern regarding the health and integrity of native ecosystems has peaked (Lodge et al. 

2006, Sutherland et al. 2008, Bauer 2012). The heightened awareness that detrimental effects 

could arise given the introduction of an alien species has led to the publication of numerous 

studies which have sought to define the relationship between introduced species and non-native 

habitats. While there are numerous accounts of non-native organisms being dispersed accidently, 

alien species have been introduced purposefully for multiple reasons, predominantly as 

biological controls of a more harmful invasive (McFadyen 1998, Thomas and Reid 2007, 

Messing and Wright 2006). When managed effectively, specifically when limiting risks of 

unintentional and uncontrolled dispersals, alien species can even fill critical niches in an 
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ecosystem that was originally occupied by a native species that has since been lost (Schlaepfer et 

al. 2011).  

 While there can be benefits for the intentional introduction of non-native species, their 

costs, if unregulated, can greatly outweigh their value. Invasive species, once established and 

dispersed, can negatively impact biodiversity, directly affect native species, and further threaten 

endangered populations (Kairo et al. 2003, Lee 2002, Alonso et al. 2001, Abdelkirm et al. 2005, 

Vitousek et al. 1997). In fact, introduced species represent the main cause of endemic species 

extinction throughout many ecosystems, especially those of islands (Reaser et al. 2007, 

Gurevitch et al. 2004, Clavero et al. 2009, Blackburn et al. 2004, Sax and Gaines 2008). Within 

the US, impacts of invasive species on the extinction and endangerment of natives is cited as the 

second leading factor, falling only behind direct human influence (Pimentel et al. 2005). While 

studies have assessed a discouraging relationship between the presence of an alien species and 

the ecosystem in which it has been introduced, the introduction of non-native individuals does 

not guarantee establishment and subsequent colonization success (Kolar and Lodge 2001, 

Williamson and Fitter 1996). While a relatively large number of non-native species have been 

introduced to novel ecosystems, a limited number have resulted in successful invasive 

establishment (Kolar and Lodge 2001). For an alien species to be considered truly invasive (i.e. 

maintain an actively breeding colony that furthers establishment), individuals must first be 

introduced, then establish themselves by adjusting to new selective pressures and produce fit 

offspring, and then finally spread to regions further within the non-native range (Figure 1, Kolar 

and Lodge 2001). Therefore, each of these steps may supply distinct opportunities to limit 

successful invasions once they are identified, allowing the management of invasives to become 

proactive before a colony has been established (Wilson et al. 2009).  
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Figure 1: Diagram of the steps an introduced species must follow to become invasive in a non-

native ecosystem. The dotted arrows represent the failure of the species to proceed through the 

transition, preventing it from becoming invasive. Solid arrows signify the species has overcome 

the dispersal barrier. Each of these points during the process of an invasion allow for 

management to act proactively. Image from Kolar and Lodge 2001. 

 

1.2.1 Green Iguanas: An Invasive Species  

 An example of a successful invasive species is the Green Iguana (Iguana iguana). These 

are highly invasive lizards that have colonized multiple regions outside of their historical range 

of Central and South America (Villanueva 2016, Krysko et al. 2007, Falcón et al. 2013). The 

introduction of this species to new areas has been largely facilitated by human-mediated modes 

of dispersal, and their invasiveness is due to multiple ecological and evolutionary factors 

(Villanueva 2016, Krysko et al. 2007, Falcón et al. 2013). Green Iguanas mature quickly with 

males able to reach sexual maturity around 20 months and females within about 31 months 

(Sementelli 2008, Meshaka et al. 2007). This species also produces large clutch sizes, and 

individuals can be long lived (Sementelli 2008, Meshaka et al. 2004). In addition, most of the 
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ecosystems where the Green Iguana has successfully invaded are tropical and do not support 

large, terrestrial endemic predators, allowing for increased offspring survivorship and atypically 

high population densities (Meshaka et al. 2009, Smith et al. 2007). Such population explosions 

within short timeframes can present multiple deleterious effects to human communities and 

native ecosystems. Throughout many areas where this species has been introduced, they are 

considered a pest, due largely to their destructive digging activities, which destroy residential 

and commercial landscape vegetation and infrastructure (Krysko et al. 2007, López-Torrez et al. 

2012). In southern Florida, a region where this species has flourished, damage caused by 

burrowing females to canals, levees, and dikes, which are required for flood control and water 

management, have resulted in substantial hydraulic structure failure and an estimated cost of 

$2,480/hectare where these iguanas are present (Sementelli 2008). Large numbers of basking 

adults have also posed airstrike hazards on runways in Puerto Rico (Engeman et al. 2005). 

Increased numbers of invasive iguanas also impact endemic flora and fauna. The herbivory of 

such a large number of individuals could potentially eradicate multiple native plant species as 

well as assist in the establishment of multiple non-natives through fecal distributions (Krysko et 

al. 2007, Townsend et al. 2003, Falcón et al. 2013). The species has also been observed usurping 

the burrows of the Florida burrowing owl (Athene cunicularia floridana) and the gopher tortoise 

(Gopherus polyphemus), which is a species vulnerable to endangerment and considered a 

keystone species (Sementelli 2008). While there are documented cases of the Florida Burrowing 

Owl feeding on invasive juvenile iguanas, the disruption to the population dynamics of this 

species by burrow usurpers likely exceeds any benefits and costs the state of Florida $500 for 

each lost owl (McKie et al. 2005, Florida Administrative Code 39). There is also evidence 

supporting the depredation of egret eggs by invasive iguanas, which also has a cost of $500 per 
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incident and could contribute to population sensitivity in these areas if predation is not managed 

(Sementelli 2008, Arendt 1986, Florida Administrative Code 39).  

 While all endemic fauna is at risk of the detrimental impacts generated by the invasive 

iguana, native species with similar resource-dependency, particularly those that are closely 

related to the invasive, are of special concern (Keitt et al. 2017). Many of the islands where the 

Green Iguana has been introduced host endemic iguanas, and a majority of them, including those 

of the Blue Iguana (Cyclura lewisi) of Grand Cayman and the Sister Islands Rock Iguana 

(Cyclura nubila caymanensis) of Cayman Brac and Little Cayman (i.e. the Sister Isles), are 

critically endangered. The introduction of predatory mammals, particularly those of domesticated 

origin such as cats and dogs, habitat fragmentation, and increased vehicular traffic have all 

directly impacted these endemic iguana populations (Alberts, 2004). Hence, the introduction of 

the Green Iguana likely acts synergistically, amplifying population declines of these native 

species. While documented evidence that competition for resources, including food and nesting 

sites, is scarce, the overlapping territories and similar resource-dependency of the invasive Green 

Iguanas and endemic iguanas contribute to the likelihood of competition occurring if resources 

were limited. Additionally, concern regarding the transmission of novel diseases to the critically 

endangered populations is also under review. Furthermore, hybridization events between native 

and invasive iguanas have been confirmed to occur in the Caymans when putative hybrids 

between the Sister Isles Rock Iguana and the Green Iguana were captured and later authenticated 

through a genetic analysis in 2017 (Moss et al 2017). This threat of hybridization is magnified 

due to the pronounced effect it has already had on other iguana species in the Caribbean, such as 

Iguana delicatissima of the Lesser Antilles where it is deemed the greatest risk to the persistence 

of this species throughout its range (Moss et al. 2017, Vuillaume et al. 2015, Oppel et al. 2017). 
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High rates of hybridization threaten species with “genomic extinction,” whereby the natural 

population is replaced by the invasive population through piecemeal introgression (Fitzpatrick et 

al. 2009, Rhymer and Simberloff 1996, Mooney and Cleland 2001). Therefore, if all 

anthropogenic stressors that resulted in the initial population decline of these species were 

remedied, the endemic iguana populations could still experience extinction if hybridization 

events between the endemics and invasives is not eliminated. 

 

 

 

 

 

 

 

 

Figure 2: Historical vs Introduced Distribution of the Green Iguana. Image from Villanueva 

2016. 
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Figure 3: Predicted distribution for Iguana iguana in the Pacific (a), Hawai’I (b), and Fiji (c). 

This image reinforces the notion that Green Iguanas are highly successful invaders that, if not 

monitored and controlled, can extend their introduced ranges exponentially. Image from Falcón 

et al. (2013). 

 

1.3 Green Iguanas in the Cayman Islands 

 The Cayman Islands are a British Overseas Territory within the western Caribbean Sea 

that includes three islands: Grand Cayman, Cayman Brac, and Little Cayman. Grand Cayman is 

the only location where the endangered Blue Iguana (Cyclura lewisi) can be found in the wild 

while Cayman Brac and Little Cayman support the last remaining wild populations of critically 

endangered Sister Islands Rock Iguana (Cyclura nubila caymanensis). As discussed, the 

introduction of the Green Iguana to these islands represents a major concern that they may 

further impact these endangered species and hamper ongoing attempts to restore stability. The 

invasive iguanas are thought to have been imported to Grand Cayman more than 30 years ago as 
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exotic pets (Serju 2019). It is speculated that multiple Green Iguanas escaped into the wild from 

captivity following the destruction of Hurricane Ivan in 2004 (Serju 2019). Instances of 

intentional releases are also speculated to have contributed to the appearance of numerous wild 

Green Iguanas on Grand Cayman. Initially, their presence raised no alarm, so their populations 

were not monitored or controlled. This lack of control mechanisms resulted in an exponential 

population explosion, where Green Iguana numbers were estimated to range between 1.1 and 1.6 

million individuals in 2018 (Whittaker 2018). To mediate their impact and drastically reduce the 

population size, an island-wide one-year culling program was implemented in October 2018 

where cullers were offered CI$5 a head for each reptile (Serju 2019, RCIPS 2020). The end of 

the program in 2019 marked the extermination of over a million individuals, and a new culling 

season was approved and continued in January 2020 with 594 iguanas already culled to date 

(Connolly 2019, Ragoonath 2020). 

 While the appearance of Green Iguanas on the Sister Isles was first reported in 2007, 

these islands have yet to witness a population explosion comparable to Grand Cayman’s (Moss 

et al. 2017). This is likely due to heightened awareness of the invasive potential of the species 

which allowed for successful removals when individuals were captured early in their invasion 

pathway (Moss et al. 2017). However, Green Iguanas, while low in numbers, still persist within 

the Sister Isles. With the demonstrative effectiveness of culling efforts on Grand Cayman, 

similar programs have been implemented on both Cayman Brac and Little Cayman for several 

years. Unfortunately, despite annual culling success, it is a course of action that must be revisited 

every year to thwart invasive Green Iguana colonization on the Sister Islands. Until the modes of 

invasive introductions to Cayman Brac and Little Cayman are determined and the effects of 

invasions on the population dynamics of the species are understood, Green Iguanas will continue 
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to remain on the islands which will allow for the threat of genomic extinction to persist for the 

Sister Islands Rock Iguana. 

 

 

 

 

 

 

 

 

 

 

Figure 4: Atlas of the Cayman Islands. Image released into public domain by author Ian Macky 

(2017). 

  

 

 

  

 

 

 

Figure 5: Location map of the Cayman Islands and their endemic critically endangered iguana 

species. The introduction of the Green Iguana to these islands has raised considerable concern 

that their presence will further harm the population statuses of these species.  
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1.4 Previous Hybridization Project Revealed Allelic Disparity among Sister Isles Green 

Iguanas 

 

 In a previous project conducted in 2018, 6 hybrid hatchlings and 14 Green Iguana 

hatchlings captured on Little Cayman in 2016 and 2017 were evaluated to determine if they were 

dammed by the same Green Iguana. While evaluating the sibship and parentage of these 

hatchlings, the genotypes of other Green Iguana individuals from Little Cayman and Cayman 

Brac were also analyzed as controls. Determining if a single female Green Iguana dammed both 

clutches signified whether the number of breeding invasives on the island of Little Cayman had 

been kept under control. Unfortunately, the results were largely inconclusive due to a lack of 

genetic variation found in the limited number of molecular markers used. However, 

incompatibilities at 4 of 16 microsatellite loci warn of the possibility that more than one Green 

Iguana female was breeding on the island. If confirmed, this finding would imply successful 

colonization of the invasive on Little Cayman. The analysis also revealed a similar lack of 

molecular variation across all Green Iguana individuals from both islands, but, when 

mitochondrial DNA (mtDNA) of these individuals were sequenced, there were notable 

differences between Cayman Brac and Little Cayman Green Iguanas. Of the Cayman Brac 

individuals (n = 41), 95% were identical and aligned to one mtDNA sequence (Haplotype 1) 

while 96% of the Little Cayman Green Iguanas (n = 25) were identical for an alternative mtDNA 

sequence (Haplotype 2). Since mitochondria are maternally-inherited, mtDNA sequence patterns, 

or haplotypes, can yield insight into the relatedness of individuals within and among populations 

(Allard et al. 1994, Avise et al. 1987, Hufbauer et al. 2004). Therefore, considering that a few 

Green Iguanas from both islands aligned to the corresponding majority haplotype of the other 

island, it can be inferred that individuals of similar genetic stock colonized the Sister Isles. 

Additionally, since two distinct haplotypes were derived from all individuals, it is likely that only 
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95.10%

4.90%

Cayman Brac Individuals (n = 41)

a few distinct maternal lines were most successful at reproduction on Little Cayman and Cayman 

Brac, generating the excessive mtDNA sequence bias. These inferences would account for the 

lack of molecular variation across the Sister Isles as well as the reasoning behind such distinct 

maternal haplotype designations. 

 

 

 

 

 

 

 

 

 

 

Figure 6: Mitochondrial Haplotype Distributions of Little Cayman vs Cayman Brac samples 

from previous study (Green Clutch, n = 14; Hybrid Clutch, n = 6; Fite’s Farm female, n = 1; 

Reference Cayman Brac Greens, n = 41; Reference Little Cayman Green, n = 4).  

 

1.4.1 Relevance to Project 

 This study sought to further evaluate the lack of molecular variation and differences in 

mtDNA haplotype frequencies obtained from the invasive Green Iguana populations found on 

the islands of Little Cayman and Cayman Brac. To reiterate, the previous analysis revealed a 

similar lack of nuclear molecular variation across all individuals from both Little Cayman and 

Cayman Brac, yet there were notable differences in mtDNA haplotype frequencies (Moss et al. 

2017). This implied a disparity between the spread of nuclear and mitochondrial markers during 

the colonization of these islands. Given this finding, we hypothesized that individuals colonizing 

both islands were of similar genetic stock originating from the island of Grand Cayman, where 

4%

96%

Little Cayman Individuals (n = 25)

Haplotype 1

Haplotype 2
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this species has been firmly established, but only a few females have successfully reproduced on 

Little Cayman and Cayman Brac. This would simultaneously account for the similarity in 

nuclear molecular variation and distinct mtDNA haplotype frequencies across the Sister Isles. 

Therefore, to further test the hypothesis that genetically similar individuals populated the Sister 

Isles, but that only a distinct few maternal lines were highly successful, the genetic variation of 

invasive Green Iguanas found on the island of Grand Cayman was characterized. If far more 

molecular variation is uncovered on this island when compared to Little Cayman and Cayman 

Brac as well as the presence of a distinct number of shared alleles between all three populations, 

it would be clear that a limited number of individuals is reaching the Sister Isles and successfully 

reproducing. Further, if true, this pattern of limited genetic diversity on the Sister Isles when 

compared to that on Grand Cayman would also indicate that the Green Iguana populations on 

Cayman Brac and Little Cayman are likely experiencing founder events and subsequent 

population bottlenecks; a founder effect occurs when a small number of individuals populate a 

new region, resulting in a population with reduced genetic diversity (Nei et al. 1975, Abdelkrim 

et al. 2005, Dlugosch and Parker 2007, Kolbe et al. 2004). While a founder event would indicate 

that limited individuals are currently breeding on the Sister Isles, this would still suggest that 

current biosecurity parameters are ineffective in preventing the distribution of invasive iguanas if 

such an event occurred recently. Therefore, while culling has proven to be an effective 

eradication method for removing a large number of individuals within a limited timeframe, 

delegating extensive amounts of funds and workforce are less effective if their modes of 

distribution are not controlled. If opportunities for the introduction of the Green Iguana to the 

Sister Islands are available, no amount of culling will completely eradicate them from these 

ecosystems. However, if we determine that genetic variability is similar across all islands, this 
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will inform us that either increased numbers of Green Iguanas are in fact reaching the Sister 

Islands and proliferating or that the invasive populations have already achieved colonization 

status. Therefore, to limit the current effects of the invasives on the islands, culling would be the 

most effective method in reducing the current population status of Green Iguanas to a 

manageable number in the short-term. Once the invasive populations have been culled to a size 

that their effects on the ecosystems, and particularly their influence on the endangered Sister 

Islands Rock Iguana, can be ruled as negligible, evaluation and implementation of effective 

biosecurity controls to limit new opportunities for invasive individuals to be introduced will be 

appropriate. 

CHAPTER 2 

OBJECTIVES & HYPOTHESIS 

 

2.1 Objectives 

 The objective of this study was to evaluate genetic variability within the Grand Cayman 

Green Iguana population. This assessment was deemed necessary to better understand the spread 

of this invasive species throughout the Cayman Islands. By determining whether the genetic 

variation found in the Sister Isles Green Iguana populations in a previous study (Moss et al. 

2017) could have come from Grand Cayman, we hope to better inform management of the 

invasive. Further, if Grand Cayman is the source of Green Iguanas in the Sister Isles then 

quantifying the proportion of the genetic variation present in each of the populations have direct 

implications regarding the potential effectiveness of specific biosecurity measures. If the Sister 

Isles are relatively depauperate in genetic variation, then simpler biocontrol methods may be 

suitable. Whereas more extreme measures might be necessary if the majority of genetic variation 

on Grand Cayman is finding its way to the Sister Isles. This would imply a steady influx of 
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Green Iguanas from the source population to the Sister Isles. To accomplish this objective, 

samples from all three invasive Green Iguana populations (i.e. those found on Grand Cayman, 

Cayman Brac, and Little Cayman) were assessed for genetic variation using a set of nuclear 

molecular markers known as microsatellites to explore these potential patterns of molecular 

variation across the Cayman Islands. 

2.2 Hypothesis 

 We hypothesized that the invasive populations on Little Cayman and Cayman Brac 

originated from Grand Cayman. We further hypothesized that the Sister Islands population of 

Green Iguanas are experiencing genetic bottlenecks due to limited dispersal events from Grand 

Cayman. Predictions consistent with these hypotheses are that most if not all variation present in 

the Sister Isles is also present on Grand Cayman, and that genetic variation in the Grand Cayman 

population across the microsatellite markers evaluated exceeds that found in the Sister Isles 

populations. 

CHAPTER 3 

MATERIALS & METHODS 

 

3.1 Project Design 

 

3.1.1 Sample Collection and DNA Extraction 

 The Green Iguana samples that were included in this project were all collected from 

culling efforts. If the animal was collected alive, blood samples, snout-vent and vent-tail 

measurements, and sex, if it could be confidently determined, were taken and recorded before 

dispatch. Weight and estimated age were recorded after dispatch. Tissue samples, including 

sections of toes and/or tails, were collected from individuals that were already deceased when the 
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Cayman Islands Department of Environment arrived to collect samples. Green Iguanas were 

sampled from all 3 islands: Little Cayman (n = 23), Cayman Brac (n = 58), Grand Cayman (n = 

24) captured between the years 2015-2019. Blood was collected in amounts between 0.5-2.0 ml, 

depending on animal size and body temperature. Blood was drawn from the caudal vein of the 

tail with a syringe. Blood was preserved in vials containing 0.5% SDS blood buffer that were 

labeled with the island of origin, date, location of capture, and a unique identification code. 

When blood could not be drawn or animals were dead upon arrival, tissue samples were 

collected. Either 1-2 toes or 1-2 inches of the midsection of the tail were clipped from a deceased 

animal and placed in vials labeled accordingly. All tissue samples were stored in 90% alcohol. 

All samples were stored in a freezer or fridge when available during travel. Upon arrival into the 

laboratory at Mississippi State University, all samples were kept in a freezer until DNA isolation.   

 The type of samples available (i.e. blood or tissue samples) for each population were as 

follows: all 23 Little Cayman samples were blood, 4 out of the 58 total Cayman Brac samples 

were tissue, and all 24 Grand Cayman samples were tissues. DNA was extracted from blood 

samples via blood extraction protocols utilizing the Maxwell® 16 Tissue DNA Purification kits. 

Before running any tissue samples through the extraction protocol, all samples had to be prepped 

to ensure optimal extractions. Toe and/or tail samples were removed from their vials and pieces 

approximately ½ cm were cut using sanitized knife and forceps. Sample pieces were then placed 

into individual vials and 200-300 uL of TE buffer and 3-4 nickel-plated buckshot were added; 

buffer quantity and amount of buckshot depended on sample size. Vials, which included tissue 

samples, TE buffer, and beads, were then placed into a bead mill for cycles of 3 minutes for 

homogenization. Homogenized samples were then centrifuged for 20-30 seconds. Milled toe and 

TE buffer were then placed in Maxwell 16 ® for DNA extraction cycle. Due to the increased 
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exposure and less stable storage conditions of all tissue samples in alcohol, DNA extraction from 

tissue samples had to be conducted multiple times for a sufficient yield for molecular analysis. 

The discrepancies between blood and tissue extraction protocols was considered when 

optimizing protocols for working with each of the microsatellites used. 

 

 

 

 

 

 

 

 

 

 

Figure 7: Collection of a blood sample from a juvenile Green Iguana captured on Cayman Brac 

in July 2018. Photo taken by Sophie O’ Hehir. 

 

3.1.2 Molecular Methods 

 This study used molecular methods to assess population genetic structures and largely 

focused on the distribution of genetic variation within and among populations. These 

microsatellite-based methods have been commonly used in ecological and evolutionary studies 

to reconstruct the evolutionary history of invasions (Cristescu 2015, LaRue et al. 2011). 

Unfortunately, while Green Iguanas are one of the most notable and widespread iguana species, 

an extremely small number of species-specific markers have been designed and developed. 

Therefore, part of my task was to reference papers that had conducted similar population genetic 



19 

 

surveys for closely related species. Because these markers were successful in their use for other 

projects, we anticipated that some degree of variation would exist at these same loci in the Green 

Iguana. Microsatellites represent tandem repeats of one to six bases and are highly polymorphic 

(Cheng and Crittenden 1994). These polymorphisms are also subject to simple Mendelian 

inheritance patterns, meaning patterns of inheritance and inferences regarding population 

structure can be asserted when assessing these markers (Kaya and Yildiz 2008, MacAvoy et al. 

2007). 

3.2 Microsatellite Markers and Polymerase Chain Reactions 

 To assess genetic variability between the three islands, a total of 26 microsatellite 

markers were used. Of these 26, 12 microsatellite markers optimized for Cyclura nubila 

caymanensis (Moss et al. 2017, An et al. 2004, Welch et al. 2011, Malone et al. 2003, Rosas et 

al. 2008, Lau et al. 2009), 7 microsatellite markers optimized for Cyclura cychlura cychlura 

(Colosimo et al. 2014), and 7 microsatellite markers optimized for Iguana delicatissima (Valette 

et al. 2013) were used in genotyping all 105 Green Iguana individuals (Grand Cayman n = 24, 

Cayman Brac n = 58, Little Cayman n = 23). PCR was conducted in 10 uL reactions with 

approximately 7.1 uL ddH2O, 1.2 uL of Master Mix (i.e. 100 uL dNTP + 1000 uL ddH2O), 0.06 

uL Forward primer, 0.3 uL Reverse primer, 0.3 uL M13 Tag, 0.1 uL Taq DNA polymerase, and 

1.0 uL of DNA. Each locus was amplified with one or two replicates according to an optimized 

touchdown PCR protocol (ranging from 50°-57°). The thermal cycling profiles followed 

touchdown cycle guidelines (Welch et al. 2011). Gel electrophoresis was conducted upon 

thermal cycling completion to ensure PCR product was present. 
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Table 1: Microsatellite Loci (n=26), Referenced Paper, Source Species (I. delicatissima [n=7], C. 

n. caymanensis [n=12], C. c. cychlura [n=7]), M13 Tag, and Touchdown PCR Temperature  

 

 

 

 

 

Locus Reference Source 

Species 

M13 

Tag 

T 

(°C) 

Locus Reference Source 

Species 

M13 

Tag 

T 

(°C) 

1) Igdl11 Valette et 

al. 2013 

I. 

delicatissima 

Ned 55 14) Z154 An et al. 

2004 

C. n. 

caymanensis 

Pet 55 

2) Igdl12 Valette et 

al. 2013 

I. 

delicatissima 

Fam 56 15) Z419 An et al. 

2004 

C. n. 

caymanensis 

Fam 54 

3) Igdl14 Valette et 

al. 2013 

I. 

delicatissima 

Vic 54 16) Z494 Colosimo 

et al. 2014 

C. c. 

cychlura 

Ned 54 

4) Igdl17 Valette et 

al. 2013 

I. 

delicatissima 

Pet 53 17) Z780 An et al. 

2004 

C. n. 

caymanensis 

Vic 55 

5) Igdl19 Valette et 

al. 2013 

I. 

delicatissima 

Ned 56 18) CIDK177 Welch et 

al. 2011 

C. n. 

caymanensis 

Ned 54 

6) Igdl20 Valette et 

al. 2013 

I. 

delicatissima 

Fam 55 19) F436 Malone et 

al. 2003 

C. n. 

caymanensis 

Ned 56 

7) Igdl24 Valette et 

al. 2013 

I. 

delicatissima 

Pet 56 20) F519 Colosimo 

et al. 2014 

C. c. 

cychlura 

Pet 56 

8) Z13 An et al. 

2004 

C. n. 

caymanensis 

Vic 54 21) CCSTE02 Rosas et 

al. 2008 

C. n. 

caymanensis 

Pet 56 

9) Z99 Colosimo 

et al. 2014 

C. c. 

cychlura 

Ned 55 22) C6 Colosimo 

et al. 2014 

C. c. 

cychlura 

Fam 50 

10) Z106 Colosimo 

et al. 2014 

C. c. 

cychlura 

Vic 56 23) C124 Colosimo 

et al. 2014 

C. c. 

cychlura 

Fam 55 

11) Z132 An et al. 

2004 

C. n. 

caymanensis 

Ned 50 24) D9 Lau et al. 

2009 

C. n. 

caymanensis 

Hex 57 

12) Z148 An et al. 

2004 

C. n. 

caymanensis 

Vic 53 25) D110 Lau et al. 

2009 

C. n. 

caymanensis 

Fam 54 

13) Z151 An et al. 

2004 

C. n. 

caymanensis 

Ned 53 26) D136 Colosimo 

et al. 2014 

C. c. 

cychlura 

Fam 56 
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Table 2: Primer Name and DNA Sequence 

 

Primer 

Name 

DNA Sequence Primer Name DNA Sequence 

1) Igdl11 F: 

CACGACGTTGTAAAACGACGCTT 

CAGTGCATAGTTTCCTGTT 

R: TCATATATGCACTTCCCTCTCC 

14) Z154 F: 

CACGACGTTGTAAAACGACATGTGCGGTC 

TCTCAGTTCTG 

R: AGTCTTGCTTACTTTCATCCTATTG 

2) Igdl12 F: 

CACGACGTTGTAAAACGAGCCCA 

CCAATTAATGGAA 

R: TCTCTGTTGCAATCCAGCAA 

15) Z419 F: CACGACGTTGTAAAACGACTCATTCT 

R: GACCACACACTCCCTTTTTTG 

3) Igdl14 F: 

CACGACGTTAAACGACCCTACAG 

ATCATATCTTGTGCATTC 

R: TGGGAGAGATTCATCGGAAC 

16) Z494 F: CACGACGTTGTAAAACGACCACAAG 

R: GGAGTGATTCCCTCGCCTC 

4) Igdl17 F: 

CACGACGTTGTAAAACGACAACC 

ATAATGTCCATCCACACA 

R: TGGAAGTTCAGGTGAATCCAT 

17) Z780 F: CACGACGTTGTAAAACGACGTTCA 

R: CCTCCTCTGTAGCAGAATGTATGT 

5) Igdl19 F: 

CACGACGTTGTAAAACGACCCTG 

GTACCACTCAAGCTC 

R: GCTGCTGCAGAAGTCATAGC 

18) CIDK177 F: CACGACGTTGTAAAACGACTGTGACA 

AATCCCTTCCCTAA 

R: GGAACAAAGGAGAGGGTTCC 

6) Igdl20 F: 

CACGACGTTGTAAAACGACCCTG 

TGCTAGAACTTGCCATT 

R: 

GATGAAAAGTGCCTTCCTAGACA 

19) F436 F: CACGACGTTGTAAAACGACAGCTGAA 

R: CAGGAGAGGGTAATGGAGACT 

7) Igdl24 F: CCTGTGGCAGCCAATTCTAT 

R: GGGCAGGGAGGAATAGAGTAA 

20) F519 F: CACGACGTTGTAAAACGACCACTGCA 

R: TGGCAACACTGACATCCTAA 

8) Z13 F: 

CACGACGTTGTAAAACGACGGGG 

CTGGTGGGATTTAG 

R: CGGTTGGAACATTTGATTTTG 

21) CCSTE02 F: CACGACGTTGTAAAACGACCAGTGTG 

R: CCCTTTCCTTTCTGCTTGTATTTTG 

9) Z99 F: 

CACGACGTTGTAAAACGACATCAT 

CCCCTTTTCCACAGAC 

R: CAGTGACCCTCCACGTTCTC 

22) C6 F: CAATGGTTACTCTGAAAGGAA 

R: ATAGCCCTGGAACTGAGAAC 

10) Z106 F: 

CACGACGTTGTAAAACGACTTACA 

TA 

R: GGTCAACAGAGCCAGGGG 

23) C124 F: CTCTCTCTCTTTTCCATCTCT 

R: AGAAGCCAATAACACACCTAA 

11) Z132 F: 

CACGACGTTGTAAAACGACTCCCC 

R: GTTCCTAACCCCCTCCCC 

24) D9 F: GTGCTCAAACCACTACATCAC 

R: GCCTATCTGCCTTTTTCAA 

12) Z148 F: CACGACGTTGTAAAACGACCC 

CAC 

R: GTTCTGGCATTGTTGTTTGTG 

25) D110 F: CCCCTAACCTCTGAGAGTTT 

R: GTCTTGTACCGAACAGTGTTG 

13) Z151 F: 

CACGACGTTGTAAAACGACCCTT 

GCCTCATAAAACCCA 

R: 

GTTCAGACCGTGTAGTGTGGATA 

26) D136 F: AGGCATGAAATAATGACCTG 

R: AACAAAGTGAACCCATCTTG 
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3.3 Microsatellite Fragment Analysis, Peakscanner, and GenAlEx 

 Once PCR product had been attained for all molecular markers and samples (105 Green 

Iguana samples x 26 markers = 2,730 PCR products in total), 3 uL of each product was shipped, 

along with size standard GS500LIZ, to the Arizona State University DNA Core Laboratory 

where fragment analysis was performed on ABI capillary sequencers. Alleles were scored 

visually using PeakScanner™ v 1.0 software.  

 The program GenAlEx is a Microsoft Excel add-on that is primarily used to estimate 

basic population genetic parameters and calculate deviation from Hardy-Weinberg equilibrium 

(Mtileni et al. 2016, Peakall and Smouse 2006, Larson et al. 2014). GenAlEx was used to infer 

levels of genetic variation after allele scoring was completed for all microsatellites. Specific 

parameters that were evaluated using this program was observed (HO) and expected 

heterozygosity (He), number of alleles (An), effective number of alleles (Ae), and the number of 

private alleles. An AMOVA (Analysis of molecular variance) was used to evaluate how variation 

is partitioned within the total sample set at three different levels: among populations, within 

populations, and within individuals. These parameters were selected to investigate because they 

are standards in the field of population genetics and Green Iguanas in particular (Villanueva 

2016).  

 Heterozygosity, or gene diversity, was used in this study as an estimate of genetic 

variation among and between the different populations (i.e. the level of heterozygosity among 

loci). If heterozygosity is low, or close to 0, we can infer that the population of breeding 

individuals is small, a finding that would be consistent with a population bottleneck and 

infrequent introduction events (Houlden et al. 1996). If heterozygosity is high, it can be inferred 

that the population likely has a large number of breeding individuals and that multiple 
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introduction events have occurred (Villanueva 2016). This implication can be further 

substantiated if observed heterozygosity is higher than the expected heterozygosity. Expected 

heterozygosity is an estimation of gene diversity within a population by accounting for sample 

size only and can decrease if individuals are related or inbred (Harris and DeGiorgio 2017). 

Observed heterozygosity considers the observed frequencies of alleles compared to the total 

number of copies in a population. If observed heterozygosity is lower than expected 

heterozygosity, this would be consistent with inbreeding or biased sampling; distinguishing 

between these two is beyond the scope of this study. The number of alleles also represents the 

presence of allelic variation when polymorphisms are present (i.e. the proportion of 

heterozygotes in the population). The number of polymorphic loci within the population can also 

indicate genetic diversity (Leberg 1992). The effective number of alleles is equivalent to the 

number of equally frequent alleles that would yield the same expected heterozygosity as at a 

given locus (Peakall and Smouse 2009).  
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Figure 8: Screenshot of PeakScanner™ software and allele scoring. 

 

CHAPTER 4 

RESULTS 

 

 Only one molecular marker of X, Igdl-24, was dropped from the study due to a lack of 

successful PCR amplification across all populations. The number of alleles for the rest of the loci 

ranged from 4 - 21. Throughout the study, the Grand Cayman individuals were the most 

problematic due to reduced amplification success. It is suspected that these issues resulted from 

sample degradation as the Grand Cayman individuals were tissue stored in ethanol rather than 

the preferred blood in lysis buffer. Also as discussed in the methods section, DNA extraction 

from tissue samples required additional steps that could have also attributed to poorer DNA 

quality. The method of tissue storage could have also contributed to variable amplification 

success among samples considering they were stored in 90% alcohol, which does not stabilize 

DNA. Several estimates of population genetic variability were made using the genetic data 
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collected. These included observed (Ho) and expected heterozygosity (He), number of alleles 

(Na), effective number of alleles (Ne), and the number of private alleles. The percent of 

polymorphic loci across all populations was also determined. An AMOVA (Analysis of 

molecular variance) was also conducted to partition variation among and within populations and 

within individuals.  

 Observed heterozygosity was highest in the Little Cayman population (Ho = 0.670) while 

expected heterozygosity was highest in the Grand Cayman population (He = 0.574) (Table 3). 

Observed heterozygosity rates for the Sister Isles were both higher than their expected 

heterozygosity rates (Table 3). Grand Cayman’s observed heterozygosity was lower than the 

expected (Table 3). The number of private alleles within all populations was around 2 (Table 3). 

AMOVA showed that the greatest proportion of variation (77%) was attributable to differences 

within individuals, 17% among populations, and the remaining 6% among individuals (Table 4, 

Figure 9). 
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Table 3: Genetic diversity statistics for Green Iguana populations in the Cayman Islands. 

Population names are followed by the mean values of the following: number of alleles (Na), 

observed (HO), expected heterozygosity (He), effective number of alleles (Ne), and the number of 

private alleles. Standard error (SE) is presented in parenthesis for each value.  

 

Population Na SE  Ho SE He SE Ne SE % 

Polymorphic 

Loci 

No. of 

Private 

Alleles 

SE 

Little 

Cayman 

5.08 0.535 0.670 0.062 0.523 0.044 2.544 0.227 96.00% 2.040 0.372 

Cayman 

Brac 

5.64 0.538 0.600 0.073 0.533 0.039 2.481 0.186 100.00% 1.800 0.412 

Grand 

Cayman  

5.84 0.663 0.507 0.061 0.574 0.040 2.911 0.288 100.00% 1.840 0.345 

 

 

 

 

 

Figure 9: Bar Graph representing the patterns of number of alleles (Na), effective number of 

alleles (Ne), number of private alleles, and expected heterozygosity across the three populations.  

 

 

 

0.000

0.200

0.400

0.600

0.800

0.000

2.000

4.000

6.000

8.000

LC CB GC

H
et

er
o

zy
g

o
si

ty

M
ea

n

Populations

Allelic Patterns across Populations

Na

Ne

No. Private Alleles

He



27 

 

Among Pops

17%

Among Indiv

6%

Within Indiv

77%

Percentages of Molecular Variance

Among Pops Among Indiv Within Indiv

 

Table 4: AMOVA assessment of variation. 

 

Source Est. Var. % Var. Df SS MS 

Among Pops 1.44 16% 2 195.70 97.85 

Within Pops 0.53 6% 102 799.03 7.83 

Within Indiv 6.77 77% 105 710.5 6.77 

Total 8.74 100% 209 1705.23  

 

 

 

 

 

 

 

 

Figure 10: Variation percentages of AMOVA for the Green Iguana in the Cayman Islands.  

 

CHAPTER 5 

DISCUSSION 

 

 In this study, the utilization of molecular markers to assess the genetic variation of Green 

Iguanas on the island of Grand Cayman yielded further insight to their patterns of dispersal and 

invasion. We hypothesized that the population of iguanas on Grand Cayman is the primary 

source of the invasive individuals being introduced to the Sister Isles and that few introductions 
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occurred, accounting for the low levels of genetic variation found in the Cayman Brac and Little 

Cayman populations. The mean number of alleles and the mean effective number of alleles were 

both highest in the Grand Cayman population (Table 3), which indicates greater genetic diversity 

is present on this island. While observed heterozygosity was lowest in the Grand Cayman 

population, this was likely due to the sampling used in this study. The sample size is small, and 

animals were taken from across the island. Only 24 Green Iguana samples were available from 

Grand Cayman. Hence, our estimates of allele frequencies might be modestly biased, and if there 

is some genetic structure in the Grand Cayman population, this would also increase the relative 

chances of sampling homozygotes. Due to our data suggesting that different alleles maintain 

varying frequencies within separate regions on Grand Cayman, it is likely that the Green Iguana 

colony on this island is not functioning as a panmictic population. A panmictic population is 

represented by random mating, which would mean the allelic diversity of each reproductive 

iguana would have an equal chance of being accurately represented within the population. This 

would be further reflected in allelic scoring data where alleles would be distributed equally 

across the entire island. However, it is evident that the Grand Cayman iguanas are not 

representative of a panmictic population and that mating is not random but is likely restricted to 

key parts of the island. Therefore, while a sample size of 24 individuals would be representative 

of a truly panmictic population, a larger sample size would have likely provided a broader scope 

of the allelic variation across Grand Cayman due to this population partaking in biased mating. 

Considering this, it is also possible that the higher observed heterozygosity rates of Little 

Cayman and Cayman Brac were due to the populations functioning as panmictic populations. 

The higher rates of observed heterozygosity compared to the expected rates among the Sister 

Isles populations provides further evidence that these populations are indeed small. Higher rates 
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of observed heterozygosity could be due to the chance differences in allele frequencies between 

the males and females sampled. The presence of some homozygotic alleles among these 

populations could also signify inbreeding depression. Due to these invasive populations being 

smaller in size and likely restricted to certain regions on the Sister Isles, it is possible that some 

individuals are mating with other closely related iguanas due to these combined pressures. While 

it is possible that inbreeding is occurring among these populations, the continued influx of new 

Green Iguana individuals from the source colony would allow for major effects of inbreeding 

depression on allelic variation to be diminished. Therefore, our data does not suggest that the 

Sister Isles invasive iguana populations are experiencing expansive genetic bottlenecks, which 

further signifies that a sufficient number of individuals have been continuously introduced to the 

islands. 

 The source of the Sister Isles invasive iguana populations has long been speculated to be 

Grand Cayman. This study provides evidence in support of this hypothesis because all islands 

share alleles for molecular markers evaluated. While each island possessed alleles private to their 

population, there were multiple alleles shared among them (Figure 8). Specifically, these shared 

alleles made up a subset that seemed to have derived from Grand Cayman. The percentage of 

molecular variance among populations being less than within individuals molecular variance also 

implies that, while variation is present among the populations, the three Green Iguana 

populations within the Cayman Islands are still relatively closely related. Therefore, it is likely 

that invasive Green Iguanas are being introduced from Grand Cayman. However, these data are 

also consistent with a small number of Green Iguanas on each island coming from other sources. 

The sources of these other individuals would be largely constituted by exotic pets that were 

purposefully released into the wild due to a number of reasons, including inability to provide 



30 

 

proper care. Once these pets were released, their survival on the islands would allow these 

iguanas to potentially interact and breed with other established individuals, contributing to the 

private alleles found within each population. 

CHAPTER 6 

CONCLUSION & FUTURE DIRECTIONS 

 

 The Green Iguana maintains an impressive ability to successfully establish itself in a 

wide range of tropical habitats. Due to the invasive potential of this species and concern that they 

might negatively impact native ecosystems and other endemic species, establishing sources of 

introduction and evaluating population dynamics of invading colonies is critical to eliminate 

continued dispersal. The Cayman Islands all currently host invasive Green Iguanas. However, 

their numbers vary drastically from island to island. Therefore, this study sought to infer a 

pattern of dispersal and genetic variability among these invasive populations. A previous 

analysis revealed little nuclear molecular variation within populations on either Cayman Brac or 

Little Cayman, yet notable differences in mtDNA haplotype frequencies yielded potential 

inferences of introduction (Moss et al. 2017). We hypothesized that individuals were being 

introduced from the established colony on Grand Cayman but that few iguanas were surviving to 

propagate, producing distinct maternal lineages on the Sister Isles that were closely related to 

each other and to the source population. To assess this hypothesis, the allelic variation of Green 

Iguana individuals from Grand Cayman were evaluated as a first step in determining pathways of 

introduction and dispersal. Our results provide support for the hypothesis that Grand Cayman is 

the main source of invasive individuals arriving in Sister Isles. However, nuclear genetic 

variation in these populations, unlike mtDNA variation, is at odds with the hypothesis that these 

populations are experiencing bottlenecks. This study also concluded that multiple individuals 
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have likely been introduced from Grand Cayman due to the presence of shared alleles among the 

populations. Due to this, eliminating the introduction of Green Iguanas from Grand Cayman is of 

the utmost importance if their dispersal is to be halted.  

 In addition to managing the introduction of Green Iguanas to the Sister Isles from Grand 

Cayman, continuing aggressive culling efforts on Cayman Brac and Little Cayman is suggested 

to ensure that the invasive populations do not successfully establish themselves on these islands. 

While isolating this species from the Sister Isles by establishing biosecurity controls in Grand 

Cayman would diminish a substantial introduction pathway, the presence of private alleles on 

Cayman Brac and Little Cayman that were not shared with the source population signified that 

other modes of introduction have been utilized by the invasive, likely in the form of released 

pets. Therefore, biosecurity controls to limit Green Iguana introduction from Grand Cayman will 

not completely inhibit this species from establishing on the Sister Isles if other forms of 

introduction are not equally managed. However, if dispersal management is paired with 

intensive, prolonged culling on Cayman Brac and Little Cayman for the following years, 

eliminating a successful colony on either island is possible. In addition, continued analysis 

through genetics methods is also suggested to evaluate the efficacy of implemented management 

practices. Assessing recently sampled Green Iguanas from the Sister Isles, particularly juveniles 

and hatchlings, would provide the most recent genetic material available to determine whether 

the allelic variation within the current population has shifted or remained the same. If individuals 

sampled present new alleles, this would suggest that ongoing introductions of invasive 

individuals has occurred outside of the primary pathway from Grand Cayman and that 

biosecurity has been effective in limiting introductions from the original source. In contrast, if 

similar allele frequencies are observed from this sampling event and continue to be represented 
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by shared alleles with Grand Cayman, it can be determined that control methods are ineffective 

and that iguanas are still managing to find ways to the Sister Isles from the primary source.  

 Additional sampling of Green Iguanas on Grand Cayman would also benefit a continued 

analysis. A broader sampling of invasive individuals from this island could provide further 

evidence that Grand Cayman is indeed the primary source of iguanas colonizing the Sister Isles. 

Similar to that of the proposed analysis on the Sister Isles, assessing this population for novel 

alleles could signify that other modes of Green Iguana introduction are still occurring even on 

Grand Cayman. If greater frequencies of new alleles are found among any of the Green Iguana 

populations in the Cayman Islands, tighter restrictions on exotic pet acquisition and registering of 

Green Iguanas as pets by private citizens to ensure escapes or releases are limited may need to be 

investigated. It is also suggested that an analysis of the mtDNA of Green Iguanas found on 

Grand Cayman be conducted. By evaluating the haplotypes found within this population, further 

inferences can be drawn regarding the relationships between Grand Cayman and those 

individuals on the Sister Isles. If Grand Cayman yields the same mtDNA sequence patterns that 

were found on Cayman Brac and Little Cayman (i.e. Haplotypes 1 and 2), this would provide 

further support for the results of this study which found that Grand Cayman is indeed the source 

population for the Sister Isles invasive iguana populations. Therefore, this proposed future 

direction provides an opportunity to continue assessing the efficacy of current biosecurity 

methods in preventing additional introductions and reducing the chances of detrimental impacts 

of the Green Iguana to the Cayman Islands as well as further solidifying the results of this study. 

 

 



33 

 

REFERENCES  

 

Abdelkirm J, Pascal M, Calmet C, Samadi S (2005) Importance of Assessing Population Genetic 

Structure before Eradication of Invasive Species: Examples from Insular Norway Rat 

Populations. Conservation Biology 19:1509-1518 

Alberts AC (2004) Conservation Strategies for West Indian Rock Iguanas (Genus Cyclura): 

Current Efforts and Future Directions. Iguana: West Indian Rock Iguanas 11:213-223 

Allard MW, Miyamoto MM, Bjorndal KA, Bolten AB, Bowen BW (1994) Support for Natal 

Homing in Green Turtles from Mitochondrial DNA Sequences. Copeia 1994:34-41 

Alonso A, Dallmeier F, Granek E, Raven P (2001) Biodiversity: connecting with the tapestry of 

life. Smithsonian Institution/Monitoring and Assessment of Biodiversity Program, 

Washington, DC, USA 

An J, Sommer JA, Shorem GD, Williamson JE, Brenneman RA, Louis EE (2004) 

Characterization of 20 microsatellite marker loci in the west Indian rock iguana (Cyclura 

nubila). Conserv Genet 5:121–125 

Arendt W (1986) An obersvation of Iguana iguana feeding on eggs of the cattle egret (Bubulcus 

ibis) at Fox’s Bay, Montserrat, West Indies: A case of predation or scavenging? 

Caribbean Journal of Science 22:221-222 

Avise JC, Arnold J, Ball RM, Bermingham E, Lamb T, Neigel JE, Reeb CA, Saunders NC 

(1987) Intraspecific Phylogeography: The Mitochondrial DNA Bridge Between 

Population Genetics and Systematics. Ann. Rev. Ecol. Systs. 18:489-522 

Bauer JT (2012) Invasive species: “back-seat drivers” of ecosystem change? Biol. Invasions 

14:1295-1304 

Blackburn TM, Cassey P, Duncan RP, Evans KL, Gaston KJ (2004) Avian Extinction and 

Mammalian Introductions on Oceanic Islands. Science 305:1955-1958 

Cayman Islands: Outline Map. http://www.ginkomaps.com 

Cheng HH, Crittenden LB (1994) Microsatellite markers for genetic mapping in the chicken. 

Poult Sci 73:539-546 

Clavero M, Brotons L, Pons P, Sol D (2009) Prominent role of invasive species in avian 

biodiversity loss. Biological Conservation 142:2043-2049 

Colosimo G, Knapp CR, Wallace LE, Welch ME (2014) Inferred vs Realized Patterns of Gene 

Flow: An Analysis of Population Structure in the Andros Island Rock Iguana. PLoS ONE 

9(9): e106963 

Connolly N (2019) 1 million green iguanas culled. Cayman Compass 

Cristescu ME (2015) Genetic reconstructions of invasion history. Molecular Ecology 24:2212-

2225 

http://www.ginkomaps.com/


34 

 

Dlugosch K, Parker I (2007) Founding events in species invasions: genetic variation, adaptive 

evolution, and the role of multiple introductions. Molecular Ecology 17:431-449 

Engeman R, Smith H, Constantin B (2005) Invasive Iguanas as Airstrike Hazards at Luis Munoz 

Marin International Airport, San Juan, Puerto Rico. USDA National Wildlife Research 

Center-Staff Publications 

Falcón W, Ackerman J, Wilnelia R, Daehler C (2013) Biology and Impacts of Pacific Island 

Invasive Species. 10. Iguana iguana, the Green Iguana (Squamata: Iguanidae). Pacific 

Science 67:157-186 

Fitzpatrick B, Johnson J, Kump D, Smith J, Voss SR, Shaffer HB (2009) Rapid spread of 

invasive genes into a threatened native species. PNAS 107:3606-3610 

Florida Department of State (2010) Florida Administrative Code & Florida Administrative 

Register. Game and Fresh Water Fish Commission 39 

https://www.flrules.org/gateway/Division.asp?toType=&DivID=538 

Gurevitch J, Padilla D (2004) Are invasive species a major cause of extinctions? Trends in 

Ecology & Evolution 19:470-474 

Harris AM, DeGiorgio M (2017) An Unbiased Estimator of Gene Diversity with Improved 

Variance for Samples Containing Related and Inbred Individuals of any Ploidy. G3: 

Genes, Genome, Genetics 7:671-691 

Houlden BA, England PR, Taylor AC, Greville WD, Sherwin WB (1996) Low genetic 

variability of the koala Phascolarctos cinereus in south-eatern Australia following a 

sever population bottleneck. Molecular Ecology 5:269-281 

Hufbauer RA, Bogdanowicz SM, Harrison RG (2004) The population genetics of a biological 

control introduction: mitochondrial DNA and microsatellie variation in native and 

introduced populations of Aphidus ervi, a parisitoid wasp. Molecular Ecology 13:337-348 

Hulme PE (2009) Trade, transport and trouble: managing invasive species pathways in an era of 

globalization. Journal of Applied Ecology 46:10-18 

IUCN (2000) Guidelines for the Prevention of Biodiversity Loss Caused by Alien Invasive 

Species. International Union for the Conservation of Nature, Gland, Switzerland  

Kairo M, Ali B, Cheesman O, Haysom K, Murphy S (2003) Invasive species threats in the 

Caribbean Region. Report to the Nature Conservancy 

Kaya M, Ali Yildiz M (2008) Genetic Diversity Among Turkish Native Chickens, Denizli and 

Gerze, Estimated by Microsatellite Markers. Biochemical Genetics 46:480-491 

Keitt B, Holmes N, Hagen E, Howald G, Poiani K (2017) Going to scale: reviewing where we’ve 

been and where we need to go in invasive vertebrate eradications. IUCN Occasional 

Paper SSC 62: 633-636 

https://www.flrules.org/gateway/Division.asp?toType=&DivID=538


35 

 

Kolar CS, Lodge DM (2001) Progress in invasion biology: predicting invaders. Trends Ecol Evol 

16:199-204 

Kolbe J, Glor R, Schettino L, Lara A, Larson A, Loses J (2004) Genetic variation increases 

during biological invasion by a Cuban lizard. Nature 431:177-181 

Krysko K, Enge K, Donlan E, Seitz J, Golden E (2007) Distribution, Natural History, and 

Impacts of the Introduced Green Iguana (Iguana iguana) in Florida. Iguana Conservation, 

Natural History, and Husbandry of Reptiles 14:143-151 

Larson S, Ramsey C, Tinnemore D, Amemiya C (2014) Novel Microsatellite Loci Variation and 

Population Genetics within Leafy Seadragons, Phycodurus eques. Diversity 6:33-42  

LaRue EA, Ruetz III CR, Stacey MB, Thum RA (2011) Population genetic structure of the round 

goby in Lake Michigan: implications for dispersal of invasive species. Hydrobiologia 

663:71-82 

Lau J, Alberts AC, Chemnick LG, Gerber GP, Jones KC, Mitchell AA, Ryder OA (2009) 

Isolation and characterization of 23 polymorphic microsatellite loci for a West Indian 

iguana (Cyclura pinguis) from the British Virgin Islands. Mol Ecol Resour 9:1412–1414 

Leberg PL (1992) Effects of population bottlenecks on genetic diversity as measured by 

allozyme electrophoresis. Evolution 46:477-494 

Lee CE (2002) Evolutionary genetics of invasive species. Trends in Ecology & Evolution 

17:386-391 

Leuven RSEW, van der Velde G, Baijens I, Snijders J, van der Zwart C, Lenders HJR, bij de 

Vaate A (2009) The river Rhine: a global highway for dispersal of aquatic invasive 

species. Biol Invasions 11:1989-2008 

Lodge DM, Williams S, MacIsaac HJ, Hayes KR, Leung B, Reichard S, Mack RN, Moyle PB, 

Smith M, Andow DA, Carlton JT, McMichael A (2006) Biological Invasions: 

Recommendations for U.S. Policy and Management. Ecological Applications 16:2035-

2054 

López-Torrez AL, Claudio-Hernández HJ, Rodríguez CA, Longo AV, RJoglar RL (2012) Green 

iguanas (Iguana iguana) in Puerto Rico: is it time for management? Biological Invasions 

4:35-45 

Malone CL, Knapp CR, Taylor JF, Davis SK (2003) Genetic consequences of Pliestocene 

fragmentation: isolation, drift, and loss of diversity in rock iguanas (Cyclura). Conserv 

Genet 4:1–15 

MacAvoy ES, McGibbon LM, Sainsbury JP, Lawrence H, Wilson CA, Daugherty CH, 

Chambers GK (2007) Genetic variation in island populations of tuatara (Sphenodon spp) 

inferred from microsatellite markers. Conserv Genet 8:305-318 



36 

 

Macky I (2017) Atlas of Cayman Islands. http://ian.macky.net/pat/map/ky/ky/html 

McFadyen REC (1998) Biological control of weeds. Annu Rev Entomol 43:369-393 

McKie AC, Hammond JE, Smith HT, Meshaka WE (2005) Invasive Green Iguana Interactions in 

a Borrowing Owl Colony in Florida. Florida Field Naturalist 33:125-127 

Meshaka W, Bartlett R, Smith H (2004) Colonization success by green iguanas in Florida. 

Iguana 11:154-161 

Meshaka W, Smith H, Golden E, Moore JA, Fitchett S, Cowan EM, Engeman RM, Sekscienski 

SR, Cress HL (2007) Green Iguanas (Iguana iguana): The unintended consequence of 

sound wildlife management practices in a South Florida state park. Herpetological 

Conversation and Biology 2:149-156 

Meshaka W, Smith H, Cress H, Sekcienski S, Mapp W, Cowan E, Moore J (2009) Raccoon 

(Proycon lotor) removal and the rapid colonization of the green iguana (Iguana iguana) 

on a public land in South Florida: A conservation opportunity for the Caribbean. 

Caribbean Journal of Science 45:15-19 

Messing RH, Wright MG (2006) Biological control of invasive species: solution or pollution? 

Frontiers in Ecology and the Environment 4:132-140 

Meyerson LA, Mooney HA (2007) Invasive alien species in an era of globalization. Frontiers in 

Ecology and the Environment 5:199-208 

Mooney HA, Cleland EE (2001) The evolutionary impact of invasive species. Proc Natl Acad 

Sci USA 98:5446-5451 

Moss JB, Welch ME, Burton FJ, Vallee MV, Houlcroft EW, Laaser T, Gerber GP (2017) First 

evidence for crossbreeding between invasive Iguana iguana and the native rock iguana 

(Genus Cyclura) on Little Cayman Island. Biological Invasions 20:817-823 

Mtileni B, Dzama K, Nephawe K, Rhode C (2016) Estimates of effective population size and 

inbreeding in South African indigenous chicken populations: implications for the 

conservation of unique genetic resources. Tropical Animal Health Production 48:943-950  

Nei M, Maruyama T, Chackraborty R (1975) The Bottleneck Effect and Genetic Variability in 

Populations. Evolution 29:1-10 

Oppel S, Havery SJ, John L, Bambini L, Varnham K, Dawson J, Radford E (2017) Maximising 

conservation impact by prioritising islands for biosecurity. IUCN, Occasional Paper 

62:663-669 

Peakall R, Smouse PE (2006) GENALEX 6: genetic analysis in Excel. Population genetic 

software for teaching and research. Molecular Ecological Notes 6:288–295  

http://ian.macky.net/pat/map/ky/ky/html


37 

 

Pickering CM, Mount A, Wichmann MC, Bullock JM (2011) Estimating human-mediated 

dispersal of seeds within an Australian protected areas. Biol Invasions 13:1869-1880 

Pimentel D, Zuniga R, Morrison D (2005) Update on the environmental and economic costs 

associated with alien-invasive species in the Unites States. Ecological Economics 52:273-

288 

Ragoonath R (2020) 2020 green iguana cull begins. Cayman Compass 

Reaser JK, Meyerson LA, Cronk Q, Poorter MD, Eldrege LG, Green E, Kairo M, Latasi P, Mach 

RN, Mauremootoo J, O’Dowd D, Orapa W, Sastroutomo S. Saunders A, Shine C, 

Thrainsson S, Vaiutu L (2007) Ecological and socioeconomic impacts of invasive alien 

species in island ecosystems. Environmental Conservation 34:98-111 

Rhymer JM, Simberloff D (1996) Extinction by hybridization and introgression. Annual Review 

of Ecology and Systematics 27:83-109 

Rosas KG, Pe´rez-Buitrago J, Acevedo JP, Martı´nez N, Funk SM (2008) Development and 

characterization of 11 microsatellite loci for the Mona Island iguana (Cyclura cornuta 

stejnegeri). Mol Ecol Resour 8:825–827 

Royal Cayman Islands Police Service (2020) Firearms (Air Rifle) licenses for the 2018-2019 

Green Iguana Cull Program. https://www.rcips.ky/green-iguana-cull 

Sax DF, Gaines SD (2008) Species invasions and extinction: The future of native biodiversity on 

islands. PNAS 105:11490-11497  

Schlaepfer MA, Sax DF, Olden JD (2011) The Potential Conservation Value of Non-Native 

Species. Conservation Biology 25:428-437 

Sementelli A, Smith HT, Meshaka Jr. WE, Engeman RM (2008) Just Green Iguanas? The 

Associated Costs and Policy Implications of Exotic Invasive Wildlife in South Florida. 

Public Works Management & Policy 12:599-606 

Serju C (2019) Green Iguana A Major Problem In Cayman… Aggressive Effort Under Way To 

Control Population. The Gleaner 

Smith H, Golden E, Meshaka W (2007) Population Density Estimates for a Green Iguana 

(Iguana iguana) Colony in a Florida State Park. Journal of Kansas Herpetology Number 

21:19-20 

Sutherland WJ, Bailey MJ, Bainbridge IP, Brereton T, Dick JTA, Drewitt J, Dulvy NK, Dusic 

NR, Freckleton RP, Gaston KJ, Gilder PM, Green RE, Heathwaite AL, Johnson SM, 

Macdonald DW, Mitchell R, Osborn D, Owen RP, Pretty J, Prior SV, Prosser H, Pullin 

AS, Rose P, Stott A, Tew T, Thomas CD, Thompson DBA, Vickery JA, Walker M, 

Walmsley C, Warrington S, Watkinson AR, Williams RJ, Woodroffe R, Woodroof HJ 

(2008) Future novel threats and opportunities facing UK biodiversity identified by 

horizon scanning. Journal of Applied Ecology 45:821-833 

Thomas MB, Reid AM (2007) Are exotic natural enemies an effective way of controlling 

invasive plants? Trends Ecol Evol 22:447-453 

https://www.rcips.ky/green-iguana-cull


38 

 

Townsend J, Krysko K., Enge K (2003) Introduced Iguanas in Southern Florida: A History of 

More than 35 Years. Iguana 10:111-118 

Valette V, Filipova´ L, Vuillaume B, Cherbonnel C, Risterucci AM, Delaunay C (2013) Isolation 

and characterization of microsatellite loci from Iguana delicatissima (Reptilia: 

Iguanidae), new perspectives for investigation of hybridization events with Iguana 

iguana. Conserv Genet Resour 5:173–175 

Villanueva C (2016) The origin and genetic population structure of the invasive green iguana 

(Iguana iguana) in Puerto Rico. Master’s Thesis, University of Puerto Rico, Rio Piedras 

Campus  

Vitousek PM, D’Antonio CM, Loope LL, Rejmánek M, Westbrooks R (1997) Introduced 

Species: A Significant Component of Human-Caused Global Change. New Zealand 

Journal of Ecology 21:1-16 

Vuillaume B, Valette V, Lepais O, Grandjean F, Breuil M (2015) Genetic Evidence of 

Hybridization between the Endangered Native Species Iguana delicatissima and the 

Invasive Iguana iguana (Reptilia, Iguanidae) in the Lesser Antilles: Management 

Implications. PLoS ONE 10: e0127575 

Welch ME, Long GJ, Berk JW, Getz AH, Gerber GP, Wallace LE (2011) Twenty-nine 

polymorphic microsatellite loci in Cyclura carinata, the Turks and Caicos Iguana, a 

critically endangered island endemic. Conserv Genet Resour 3:208–212 

Williamson M, Fitter A (1996) The varying success of invaders. Ecology 77:1661-1666 

Wilson JRU, Dormontt EE, Prentis PJ, Lowe AJ, Richardson DM (2009) Something in the way 

you move: dispersal pathways affect invasion success. Trends Ecol Evol 24:136-144  

Whittaker J (2018) Green iguana population keeps growing. Cayman Compass 

 


	A Genetic Analysis of the Invasive Green Iguana (Iguana iguana) in the Cayman Islands
	Recommended Citation

	tmp.1653682652.pdf.2yFUw

