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ABSTRACT 
 
 

 
 Invasive species have the ability to inflict monetary and ecological damage on the 

systems they invade.  Because of this, invasives and the characteristics that facilitate their 

invasion have received much attention including the compilation of set of key 

characteristics that make a species a successful colonizer.  The Cuban tree frog (CTF) 

(Osteopilus septentrionalis) is an invasive species that has spread through Florida and the 

Caribbean.  Because of its success as an invader, the CTF has been utilized as a model for 

examining successful invaders and invasions.  To gain further insight into the CTF as a 

successful colonizing species, three of the putative characteristics of successful 

colonizing ability are investigated here through research on the invasive Cuban tree frog 

populations in the British Virgin Islands (BVI). 

 The CTF is native to Cuba, the Bahamas, and the Cayman Islands.  As a 

successful invasive species, the Cuban tree frog has increased its distribution and is now 

recorded as an invasive in Florida, Hawaii, Puerto Rico, Anguilla, Bonaire, the U.S. 

Virgin Islands, and most recently the British Virgin islands (BVI).   

 In Chapter II, I examine one proposed characteristic of a successful colonizing 

species, the vagility of the CTF.  This is accomplished by first establishing that CTFs are 

indeed populating the BVI, and then, tracking their spread throughout the islands.   Since 

1990, the CTF has been collected on five islands within the BVI, several of which I 

document for the first time.  Four of the islands currently sustain breeding populations 

which were the basis for the studies that follow.   

I conducted an examination of the methodology of studying dietary composition.  

It is common in studies of the diet of reptiles and amphibians to solely rely on items 

found in the stomach.  Chapter III addresses the potential biases entailed in this approach.  

Prey items found in the stomach and intestine were compared and found to be 

significantly different.  I recommend the use of both methods to gain a complete view of 

a population’s diet and to gain a more complete view of what effect it may have on its 

prey.  

 



 

 viii

Chapter IV addresses another putative characteristic of successful colonizers, a 

generalist or broad diet.  When the invasive CTF population in Florida was examined by 

Walter Meshaka, their diet was found to be quite broad, consisting of many orders of 

invertebrates as well as vertebrates.  I assessed dietary breadth of the CTF in the BVI by 

analyzing stomach and intestinal contents of 428 frogs.  Additionally, I examined the 

dietary plasticity of the CTF by comparing the diet of the CTF between islands within the 

BVI and between the BVI and Florida.  Both traits, generalist diet and plasticity of diet, 

are demonstrated by the CTF.     

Chapter V focuses on another proposed characteristic of successful colonizers, 

high fecundity.  I monitored reproductive ability and potential output in the BVI 

compared then to data collected by Meshaka in Florida.  Both year-round reproductive 

ability and potential high reproductive output are present in the CTF population of the 

BVI, which also showed an increased body size, and increased clutch production 

compared to the Florida CTF population.  

 On the whole, data collected on the CTF in the BVI support the validity of the 

proposed characteristics of successful colonizing species.  This may help the ongoing 

increase in the CTFs range throughout the BVI, the Caribbean, and other novel habitats.  

Future research should be turned towards management and control methods for this pest 

species. 
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CHAPTER I 

AN INTRODUCTION TO THE CUBAN TREE FROG  

AS AN INVASIVE SPECIES IN THE  

BRITISH VIRGIN ISLANDS 

 

Invasive species are those plants, animals, fungi and microbes (including viruses) 

that invade and colonize habitats outside of their natural distribution and are generally 

destructive to both biodiversity and human interests (Lonsdale, 2004).  Over 480,000 

documented non-native populations have been introduced in various ecosystems 

worldwide (Pimentel, 2002).   Colonization by a non-native species can occur either 

through natural means or through the aid of humans, either intentionally and/or 

accidentally (Mayr, 1965).  Essentially, colonization is a characteristic of life, every 

species must colonize and expand their range (Mayr, 1965).  However, it is the negative 

impacts associated with invasive colonization that are causes for attention. 

Thousands of non-native species are now present in nearly every nation’s 

ecosystems.  Of the non-native species worldwide, 20-30% are considered invasive pests 

and cause ecological and economic damages.  Conversely, non-native species such as 

corn, wheat, domestic cattle and chickens, provide 98% of the United States’ food 

production, a contribution of over $5 trillion dollars a year (USDA, 2000).  

While the effects of many invasives remain unknown, such taxa are the second 

most important cause of loss of biodiversity worldwide.  The impact of invasive species 

on biodiversity is second only to, and in fact aided by, habitat loss facilitated by the  
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increasing human population (Pimentel, 2002).  In their introduced habitats, invasive  

species have many effects, pertaining to the impact on native species populations and 

ecological biodiversity.  This includes the impacts of invaders on phenotypic 

characteristics of native populations, on genotypic characteristics of native populations, 

on population abundance and dynamics, on the structure and function of native 

communities and on overall ecosystem processes (Parker et al., 1999).  One major 

concern in the loss of native biodiversity is the direct competition between invasive and 

indigenous species for available food.  This can lead to the eventual displacement of 

native species populations as well as an increased impact on prey species.  In addition to 

competition and displacement, predation on congenetic and other related native species 

(i.e. those who occupy the same niche) by invasives is not uncommon and may have 

destructive effects.  Non-native species are a major contributor in the decline of 42% of 

the United States’ threatened and endangered species (The Nature Conservancy, 1996).  

In fact, 400 of the 958 species on U.S. threatened and endangered species lists are 

considered at risk primarily due to competition with or predation by invasive species 

(Pimentel, 2002).  Hybridization with indigenous species can add to the destructive 

effects of invasive species.  Effects on native species by invaders may also be indirect.  

Invasive species can be vectors for disease, producing concerns of both biodiversity and 

of public health (Mayr, 1965).  

Additionally, the economic impact of non-native species is very large.  An 

estimated $137 billion per year is spent on environmental damages and control measures 

in the United States alone.  However, this figure may be grossly understated as it does not  

 



 

 3

include the costs associated with loss of biodiversity, species extinctions, and other  

environmental damage (Pimentel, 2002). These effects of invasive species are typically 

amplified by rapid growth in the human population, the expeditious movement of people 

and goods worldwide and the alteration and fragmentation of habitats.  

My research involves one successful invader, the Cuban tree frog (Osteopilus 

septentrionalis, Anura: Hylidae) and its effect on the ecosystem in the British Virgin 

Islands (BVI).  The Cuban tree frog (CTF) is native to Cuba, the Bahamas and the 

Cayman Islands (Schwartz 1991), and is currently recorded as invasive in Florida, Puerto 

Rico, Hawaii, Anguilla, Bonaire, the US Virgin Islands, and the British Virgin Islands 

(Meshaka 2001; Townsend 2000; Gerard van Buurt, pers. comm.; Owen et al., 2005). 

The CTF is one of three recognized species of the West Indian hylid genus 

Osteopilus (Schwartz, 1991).  The systematic status of Osteopilus (Hyla) septentrionalis 

has been under scrutiny for many years.  There is some disagreement over whether these 

species belong in the genus Hyla, but most current research places the frog within the 

genus Osteopilus (Myers, 1950).  Frogs of the genus Osteopilus are grouped by the 

presence of skin co-ossified (joined by bone formation) to the skull-roofing bones 

(Schwartz, 1991).   

Sexual dimorphism is observable in the CTF, with a maximum snout-to-vent 

length (SVL) of 99mm for males and 165mm for females (Meshaka, 2001).   However, 

SVL may vary among populations, especially between insular and mainland populations 

as well as native and invasive populations (Meshaka, 2001).  The coloration of the CTF is 

also variable among and within populations.  The dorsal coloration ranges between white,  
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gray, olive, or brown, usually with bold blotches and reticulations and scattered with 

tubercles. CTF toes are webbed, with large pads at the end of each digit.  A distinctive 

presence of nuptial pads can be seen in mature males (Schwartz, 1991).   

As a nocturnal species, CTFs seek diurnal refuge under surface objects, in hollow 

logs, or in high corners of abandoned buildings.  They typically reside in warm, moist 

areas, with occurrences in urbanized areas around cisterns and other sources of available 

fresh-water being common.  CTF mating occurs in or near fresh water, with clutch sizes 

in the Florida population measured between 1,700 and 6,100 eggs (Meshaka, 2001). Like 

size and coloration, this may vary among populations, especially between native and 

invasive CTF populations.  The frogs use loud vocalizations for mate attraction.  They 

may also produce a distress call when attacked by a predator.  The defensive skin 

secretions of the CTF are mildly toxic (Schwartz, 1991).  CTF tadpoles have been 

recorded to be cannibalistic (Schwartz, 1991).  Adult CTF diet consists primarily of 

invertebrates.  However, ingestion of vertebrates such as small snakes and frogs is not 

uncommon (Meshaka, 2001). 

 Most of the research on the CTF as an invasive species has been conducted in 

Florida by Walter E. Meshaka Jr. and documented in his 1994 PhD dissertation, 

Ecological correlates of successful colonization in the life history of the Cuban Treefrog, 

Osteopilus septentrionalis and a 2001 book, The Cuban Treefrog in Florida: Life history 

of a successful colonizing species.  Meshaka’s work focuses on a suite of life history 

traits that are associated with successful colonizing species and the examination of these 

traits in the CTF populations of Florida.  Work by Baker (1965) on “weed” species in  
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addition to various “correlates of successful colonization” compiled by others (Elton,  

1958; Noble, 1989 and Ehrlich, 1989) was used to assemble the traits of a successful 

colonizer.  Meshaka (1994) recognizes that a commonality of these traits is ecological 

versatility, which may predispose a species to arrive at a target area within which it can 

persist and often rapidly expand in novel ecosystems.  He then evaluated the 

consequences of six life history traits (reproduction, diet, habitat affinity, vagility, 

aggregate behavior, and water economy) as potential correlates of a successful colonizing 

species.  

An understanding of the ecology of a species is viewed as indispensable for 

understanding and predicting its colonization success as measured by geographic 

expansion (Mayr, 1965).  Therefore, to better evaluate the strength of the CTF as a 

successful colonizing species, multiple introduced populations should be analyzed.  For 

this reason, I decided to examine some of Meshaka’s hypotheses about correlations 

between life history traits and invasive ability in an alternative invaded habitat, the 

British Virgin Islands (BVI).  Research on the population of CTF in the BVI was 

conducted for two reasons: first, to document ecological traits of the CTF in a previously 

unexamined invaded habitat, and second, to evaluate the reputed correlates of a 

successful colonizing species.  Assessments of three of Meshaka’s original six life history 

traits are included in this research.  

 The first trait I examined was the vagility of the species.  A high degree of 

movement by a species would increase the chance and opportunity for transport and 

establishment (Meshaka, 1994).  In Florida, increased distribution of nursery plant  
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shipments has facilitated the expansion of the CTF (Meshaka, 1994).  Similarly, transport  

of both construction materials and landscaping materials to islands within the BVI and 

between the BVI, Florida, and Puerto Rico has facilitated the expansion of the CTF.  

Documentation of an expanding distribution of the CTF within the BVI (Chapter II) 

supports the hypothesis of excellent dispersal ability. 

 The next trait examined is the diet of the invader.  The ability to exploit a wide 

variety of prey items is advantageous in the establishment of a successful colonizer 

(Ehrlich, 1989). Additionally, dietary plasticity, or the ability to adjust one’s diet 

dependent on available prey items, may be key to successful colonization.  Documenting 

the composition of the CTF diet is central to understanding what effects the invasive 

predator has on the ecosystems it encroaches upon, as well as the behavioral flexibility 

that makes the CTF a successful invader.  Both the wide range of taxa included in the diet 

of the CTF in the BVI and the significant difference in composition from the diet of 

Florida populations (Chapter IV) lend support to the hypothesis that a generalist diet aids 

in colonization. 

 The final characteristic that hypothetically facilitates successful colonization is 

that of high fecundity or high reproductive rate.  This can be examined both by 

establishing that a species experiences an extended breeding season in an invaded habitat 

as compared to their native habitat, and that the species produces many offspring (i.e. 

large clutches of eggs).  The population of CTF in the BVI has an extended breeding 

season and increased clutch size as compared with the Florida population (Chapter V), 

which supports the hypothesis of high fecundity, an important characteristic of invasive 

species. 
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 In addition to examination of these three characteristics of successful colonizers, I 

documented basic ecological traits of the CTF in the BVI and conducted an analysis of 

the methodology used to analyze dietary composition.  This included examining the 

advantages and disadvantages of utilizing both stomach and intestinal contents when 

assessing the diet of a population (Chapter III) in order to provide the most complete 

picture of the dietary makeup of an amphibian.  A complete analysis of the diet of a 

species is imperative when attempting to evaluate the effects that an invasive species will 

assert on native fauna.   

Until now, no major research has been conducted on the ecological traits of the 

CTF in the BVI and the resulting effects on the native fauna.  This may be of some 

concern as island populations are traditionally thought to be more sensitive to immigrants 

than are mainland fauna (Mayr, 1965).  Of even greater concern is the fact that although 

invasive species are the second most important cause for loss of biodiversity worldwide, 

they are the primary threat to biodiversity of insular populations (Lonsdale, 2004).  

Effects of invasive species on island populations have long been studied and documented.  

Hawaii, New Zealand and Guam are just a few of the islands that have been highly 

impacted by invasions and, consequently, the focus of invasion research (Elton, 1958).  

Additionally, other invasive amphibians such as Bufo marinuis and Eleuthrodactylus 

coqui have been immensely successful in colonizing insular habitats throughout the 

world. 

The natural unsaturation of an island, or relatively low faunal diversity, can cause 

that island to be increasingly susceptible to encroachment by non-natives (Elton, 1958  
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and Mayr, 1965).  The effects of human expansion/invasion has resulted in a further 

simplification of island ecosystems and decreases in species-richness through 

fragmentation and the encouragement of monocultures (Elton, 1958).  Before man’s 

ability to travel worldwide, many islands, such as the BVI, would have been too remote 

to experience any major influx of biological invasions which accompany human 

immigration from mainland populations (Elton, 1958).   

Invasive species have the ability to negatively impact the indigenous species of an 

area, including the human population, in two major ways: through direct influence (i.e. 

competition and predation) and as vectors for disease organisms, which may themselves 

be invaders (Mayr, 1965).  In addition to the effects on native fauna, concerns arise in the 

BVI over the effect of the CTF on human health issues.  Due to the lack of availability of 

natural fresh-water supplies, the majority of CTF populations are congregated around 

human habitations.  As fresh-water is also a necessity for human survival, cisterns were 

built throughout the islands to collect rain-water that is intended for human consumption.  

Some of these cisterns have now become home to large (200 + individuals) populations 

of CTFs (personal observation).  Local culture and superstitions along with the 

association of amphibians with bacterial and viral infections (i.e. salmonella), have 

increased the BVI resident’s aversion towards the CTF. 

The BVIs are a series of primarily volcanic islands in the Caribbean located 

approximately 96 km east of Puerto Rico and just northeast of the US Virgin Islands.  

The BVIs consist of 60 islands, cays and rocks, 16 of which are inhabited by humans.   
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The majority of the 20,000 residents of the BVI are concentrated on the four  

largest islands: Tortola, Virgin Gorda, Anegada and Jost Van Dyke.   

CTFs have been collected from five islands within the BVI, four of the islands 

currently supporting breeding populations of the CTF.  Research was conducted with 

frogs collected from the four islands with established CTF populations: Tortola, Beef 

Island, Virgin Gorda and Peter Island.  

Through the examination of 428 CTFs from the BVI, the goals of this thesis, to 

assess three of the proposed life history traits that Meshaka claims make the CTF a 

successful colonizing species: dispersal ability, diet, and reproduction, are addressed.  

Additionally, data collected was used to evaluate the methodology used to describe 

amphibian dietary breadth. 
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CHAPTER II 

DISTRIBUTION OF THE CUBAN TREE FROG  

IN THE BRITISH VIRGIN ISLANDS1

 

OSTEOPILUS (HYLA) SEPTENTRIONALIS (Cuban Tree Frog). COLONIZATION OF 

THE BRITISH VIRGIN ISLANDS.  Native to Cuba, the Cayman Islands, and the 

Bahamas, the Cuban tree frog (Osteopilus septentrionalis) is widely introduced in the 

Caribbean and elsewhere (Lever 2003, Naturalized Reptiles and Amphibians of the 

World. Oxford University Press, New York. 318 pp).  It has only been reported in the 

British Virgin Islands (BVI) once, from Necker Island (Lever, op. cit.).  Here we 

document the ongoing spread of O. septentrionalis across the BVI. GPS points (Figure 

2.1) are based on the WGS84 datum and all specimens have been verified by Jose Rosado 

(MCZ). 

 The first record of O. septentrionalis in the BVI (MCZ A-135386) was collected 

on Tortola at the Road Town dock (18°25.8’N, 64°36.8’W) in the fall of 1990 by Everton 

Henry.  The species is currently abundant throughout the island. Because the frog breeds 

in cisterns providing residential water, it is considered a pest and attempts are made by 

the local health authorities to remove it from specific locations.  The second oldest 

specimen (MCZ A-119258) was captured on Necker Island (18°31.6’N, 64°21.6’W) on 

19 October 1993 by A. Miller.  No population was established (Meshaka, Walter E. 1996. 

Herpetological Review 27(1):37-40; unpubl. observations).  The first collection on Beef 

 
1 A version of this article describing the distribution on Tortola, Necker Island, Beef Island and Virgin 
Gorda was published in Herpetological Review, vol. 36 #1 pp.76.  An additional article describing the 
distribution on Peter Island is currently under review by editors of Herpetological Review. 
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Island (MCZ A-136611) was made at Trellis Bay (near the international airport, 

18°26.44’N, 64°32.08’W) on 15 October 2002 by Gad Perry and Kate LeVering.  

Additional sites with breeding populations have since been identified on the island, which 

is connected to Tortola by a bridge and frequent traffic.  One of these sites is a nursery 

which supplies ornamental plants to many BVI establishments.  The following year 

marked the first record of the species on Virgin Gorda (MCZ A-136432).  The specimen 

was collected by Jim Egelhoff on 27 October 2003 in Spanish Town (18°26.6’N, 

64°26.2’W).  More extensive work in 2004 revealed the presence of a breeding 

population in the town.  Most recently, a collection (MCZ A-136946) was made on Peter 

Island (18o21.231’N, 64o34.317’W) by Jennifer Owen and Gad Perry on 13 October 

2004.  Several locations on the island have frogs, suggesting a breeding population. 

 There appear to have been multiple introduction of the frog in the BVI, primarily 

through movement of cargo and ornamental plants.  The Necker Island specimen was 

associated with ornamental plants arriving from Miami (Meshaka, Walter E. 1996. 

Herpetological Review. 27(1) pp.37-40).  BVI resident Elvit Meyers (interviewed 

October 2002) reported frogs arriving in Cane Garden Bay, Tortola in April 2000, long 

after the initial specimen was collected there.  The frogs were located in concrete block 

pallets arriving from Florida and local populations then rapidly exploded.  Other 

populations, such as Beef Island and Peter Island, may be the result of spread within the 

BVI, although human assistance may well have been involved.  As O. septentrionalis 

preys on native species (Lever, op. cit.), the ongoing range expansion of the species is a 

source of concern. 
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Figure 2.1 Geographic distribution of the Cuban tree frog in the British Virgin Islands, collection sites by island (GPS points, 
WGS 84 datum).  Cuban tree frogs were collected year round from 2000 – 2004.  A total of 431 frogs were collected 
from four islands: Tortola – 315 frogs, 18 sites; Beef Island – 88 frogs, 3 sites; Virgin Gorda – 15 frogs, 2 sites; and 
Peter Island- 13 frogs, 3 sites.
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CHAPTER III 

PREY DIVERSITY COMPARISON BETWEEN STOMACH  

AND INTESTINE OF THE INVASIVE CUBAN  

TREE FROG IN THE BRITISH  

VIRGIN ISLANDS 

 

Introduction 
 
 Analysis of the dietary composition of a species is essential for understanding its 

ecology.  Mammals, birds, reptiles and amphibians have all been subjects of dietary 

analyses.  However, the methods by which this type of analysis is conducted differ between 

these groups.  For herpetofauna (reptiles and amphibians), two methods are employed; 

digestive irrigation and postmortem examination.  Herein I will focus on the practice of 

postmortem examination.  Specifically, I will look at the use of both stomach and intestinal 

contents as a method of providing a more complete view of the diet of a particular species 

or population.  

The examination of an organism’s dietary composition becomes even more 

important when dealing with invasive species, which have the ability to inflict monetary 

and ecological damages to the ecosystems they invade (Pimentel, 2002).  Therefore, 

detailed knowledge of the dietary make-up of an invasive species is important in predicting 

its effects on the native fauna.  

For reasons detailed below, traditional dietary analyses for reptiles and amphibians 

include only prey items found in the stomach.  Large prey passes through the stomach at a  
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slower rate than do smaller prey items.  Then, if only stomach contents are used, inferred  

diet may be biased towards recently consumed items and portions of larger items consumed  

earlier (Schoener, 1967 and 1989).  Because a more complete view of the diet may be 

gained by including prey items found both in the stomach and the intestine of an animal, 

Schoener (1989) suggested that food items from the entire digestive tract should be used 

when conducting a study of diet.   

However, Floyd and Jenssen (1984) criticized Schoener’s (1967) original proposal 

suggesting that soft-bodied prey taxa may be under-represented in the intestinal data due to 

digestion.  Additionally, Floyd and Jenssen (1984) proposed that intestinal data are likely 

skewed towards prey of smaller lengths because larger prey tends to be “softer” than 

smaller, more hard-bodied prey and would be further digested before reaching the intestine.  

Therefore, they recommended that only stomach contents be used, because the entire gut 

contents (stomach and intestine) would provide a greater bias than that created by the 

differential rate of passage of individual prey items through the system (Floyd and Jenssen 

1984).  Nonetheless, there is little empirical work comparing the use of stomach and 

intestinal contents to assess dietary breadth.  

This study focuses on the Cuban tree frog (CTF), a voracious predator with a 

documented generalist diet that is highly plastic, consisting of many invertebrate and 

vertebrate prey items (Meshaka, 2001; Chapter IV).  Previous dietary analyses on the CTF 

have utilized only stomach contents (Meshaka, 2001).  The objective of this study is to 

evaluate the hypothesis that including intestinal contents in dietary analysis will provide a 

more complete view of the diet versus stomach contents alone.   

 



 

16 

Methods  

Collection. Frogs were collected throughout the year by BVI residents and 

immediately frozen.  I then retrieved frogs from residents and preserved them with a 

mixture of ethyl alcohol (EtOH) and formaldehyde.  Frogs were stored in 70% EtOH and 

held at the Texas Tech University Museum’s Natural Science Research Laboratory.  Texas 

Tech University’s Animal Care and Use Committee approved the research protocol (permit 

# 03069-9). 

 Dietary analyses.  I removed CTF stomach and intestinal tracts and identified all 

prey items to order or lesser taxa under a dissecting microscope consulting Borror et al. 

(1989) for identification and nomenclature.  I then counted the number of individuals of 

each prey group in the stomachs, as well as the number of stomachs containing such prey.  

Many of the prey items were fragmentary and every effort was made to piece together 

entire items to avoid overestimating the number of whole prey items consumed.  

Procedures were the same for the intestinal contents, which were recorded separately.  

Fragments of a single prey item that were found in both stomach and intestine were 

recorded in both sets of data and noted as being split between the two to avoid double 

recording.   

Statistical analyses. The data were analyzed by frequency and by composition. 

Frequency analysis considered the number of CTF stomachs found containing a prey taxa, 

whereas composition analysis took into account the total number of prey items consumed.  

To compare frequency of occurrence of prey taxa between the stomach and 

intestine, a G-test was first used to determine if the overall frequency of prey items found  
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in the stomach of the CTFs differed significantly from the overall frequency of prey items  

found in the intestine of the CTFs.  Next, individual prey taxa were addressed, again using 

a G-test to determine if the frequency of occurrence of a specific prey taxa in the stomach 

differed significantly from the frequency of occurrence of that same prey taxa in the 

intestine.  The same procedure was followed for the analysis of composition of diet.  A 

significance level of 0.05 was used for all analyses. 

  

Results  

Twenty-six prey taxa were found in either the stomach or intestines of CTFs from 

the BVI (Table 3.1).  Stomachs and intestines statistically significantly differed in the 

overall frequency of occurrence of 17 taxa of prey items (due to small sample size of 

certain taxa, consolidation occurred for analysis) (G = 85.97, df =16, P < 0.001), (Table 

3.2).  The taxa Coleoptera, Gastropoda, Hemiptera, Homoptera, Isoptera, Isopoda, 

Scorpiones and vertebrates were found with similar frequencies (not significantly different) 

in stomachs and intestines, whereas, the taxa Acari, Araneae, Blattaria, Dermaptera, 

Diptera, Hymenoptera, Lepidoptera, Orthoptera, and other were found more frequently in 

intestines than in stomachs.  None of the 17 orders were found more frequently in the 

stomach than in the intestine. 

The overall composition of diet from stomachs differed significantly from the 

composition of diet recovered from intestines (G = 209.14, df = 16, P < 0.0001) (Table 

3.3).  Stomachs and intestines were similar in composition for the taxa Blattaria, 

Dermaptera, Gastropoda, Homoptera, Isoptera, Lepidoptera, and Scorpiones as well as  
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other invertebrates.  However, stomachs had a higher composition of Acari, Diptera and 

Hymenoptera, whereas intestines had a higher composition of the taxa Araenae, 

Coleoptera, Hemiptera, Isopoda and Orthoptera. 

 

Discussion  

 Both analyses (frequency and composition) resulted in an overall significant 

difference between prey items found in the stomach and those found in the intestine.  When 

taken a step further and analyzed by specific prey taxa, the method of analysis (frequency 

or composition) played a role.  For frequency, or the number of stomachs containing a 

specific prey taxa, no taxa were found to occur more frequently in the stomach and eight 

orders were found to occur more frequently in the intestine.  These eight taxa do not seem 

to follow any trend with respect to size or level of chitinized material.  Both small prey 

orders such as Acari and large prey orders such as Blattaria were found more frequently in 

the intestine than in the stomach.  Additionally, both soft-bodied prey orders such as 

Lepidoptera and hard-bodied prey orders such as Dermaptera were found more frequently 

in the intestine than the stomach. 

When looking at composition of diet, or the number of individual prey items 

present in the diet, no size or hardness trend is apparent either.  Three arthropod orders, 

Acari, Diptera and Hymenoptera, were found to comprise a greater portion of the food 

items recovered from the stomachs than from the intestines.  These three orders are all 

relatively small.  This is opposite of the predictions of both Schoener (1989) and Floyd and 

Jenssen (1984), that smaller prey items will be more likely to be found in the intestine.   
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Five taxa were found to comprise a greater portion of the food items recovered from the 

intestines than from stomachs.  Again, both relatively small prey items such as Hemiptera 

and relatively large prey items such as Araneae were found to comprise more of the  

intestinal data than the stomach data. Also, both soft-bodied prey such as Hemiptera and 

hard-bodied prey such as Coleoptera were found to comprise more of the intestinal data 

than the stomach data.  The location or organ in which a prey item is found, stomach or 

intestine, does have an effect, and because some taxa are disproportionately represented in 

one location or the other, both sets of data should be used.   

When trying to establish the effect that an invasive predator inflicts on the system it 

has colonized, a complete view of the diet is an important component.  Research protocols 

should be constructed to allow the most complete assessment of the diet that is possible.  

The same is true for the evaluation of the diet of a native species.  According to this study, 

the most complete view of dietary makeup is gained by analyzing both stomach and 

intestinal contents.  However, study of both the stomach and intestinal contents does have 

its shortcomings.  Most notable is the increased time and effort required to complete such 

an analysis.  Care must be taken to accurately piece together fragmental pieces, both within 

a same organ and between organs, and then record this as a single item rather than multiple 

items.  This will provide a better estimate of the true diet.  Additionally, biases imposed 

due to digestive rates may skew data if care is not taken to closely examine all fragmental 

items.   This method is nevertheless very comprehensive and will give the researcher a 

more complete view of the diet of the study species, which is, in fact, the purpose of 

conducting a dietary analysis in the first place. 
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In light of the data collected and subsequent analysis I would recommend 

conducting dietary studies using both stomach and intestinal contents.  This methodology 

may require more time and effort but will result in a more comprehensive view of the  

dietary breadth of an amphibian. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 3.1 Diet of the Cuban tree frog in the British Virgin Islands, divided into prey 
items recorded from stomach and intestine and the percent of diet they comprise.  

         
 
 
taxa (prey) 

Stomach 
% of 

total diet 
(stomach) 

Intestine 
% of 

total diet 
(intestine) 

Phylum Arthropoda:     
    Insecta:     
        Blattaria 68 (59) 9.1 131 (104) 7.5 
        Coleoptera 111 (75) 14.9 132 (96) 7.5 
        Dermaptera 30 (22) 4.0 69 (45) 3.9 
        Diptera 2 (2) 0.27 28 (20) 1.6 
        Hemiptera 34 (23) 4.6 37 (32) 2.1 
        Homoptera 9 (7) 1.2 15 (14) 0.85 
        Hymenoptera 5 (5) 0.67 9 (8) 0.5 
              : Formicidae 108 (46) 14.5 442 (163) 25.3 
        Isoptera 27 (3) 3.6 43 (3) 2.5 
        Mantodea 2 (2) 0.27 1 (1) 0 
        Lepidoptera 50 (30) 6.7 107 (60) 6.1 
        Odonata 2 (2) 0.27 2 (2) 0.11 
        Orthoptera 127 (96) 17.1 165 (125) 9.4 
        Thysanoptera 1 (1) 0.13 4 (4) 0.22 
    Crustacea:     
         Isopoda 6 (4) 0.81 3 (2) 0.17 
    Arachnida:     
         Acari 19 (14) 2.6 263 (99) 15.0 
         Amblypigidae 1 (1) 0.13 6 (6) 0.34 
         Araneae 70 (58) 9.4 116 (105) 6.6 
        Opiliones 17 (6) 2.3 8 (6) 0.45 
        Scorpiones 9 (9) 1.2 15 (11) 0.85 
        Sulfugidae 1 (1) 0.13 0 (0) 0 
Phylum Mollusca:     
    Class Gastropoda 10 (10) 1.3 28 (10) 1.6 
Unidentified invertebrates 10 (10) 1.3 33 (32) 1.9 
Phylum Chordata:     
         Amphibia : Anura 2 (2) 0.26 2 (2) 0.11 
         Reptilia : Squamata 4 (4) 0.54 4 (2) 0.23 
         Bone 3 (3) 0.4 14 (10) 0.8 
Empty 187 25.2 35 2.0 

1. Numbers in parentheses represent the number of stomachs/intestines in which the prey item was found. 
Numbers preceding the parentheses represent the number of individual prey items found. 
 
Sample size: 428 CTF 
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Table 3.2 Frequency of occurrence of prey taxa found in the diet of the Cuban tree 
frog in the British Virgin Islands, comparing between stomach and intestinal 
contents.    

 
taxa (prey) Stomach Intestine P value 
       

Acari 3.27 23.13 < 0.0001 

Araneae 13.55 24.53 < 0.0001 

Blattaria 13.79 24.30 <0.0001 

Coleoptera 17.52 22.43 0.0723 

Dermaptera 5.14 10.51 0.0031 

Diptera 0.47 4.67 <0.001 

Gastropoda 2.34 2.34 1.000 

Hemiptera 5.37 7.48 0.2087 

Homoptera 1.64 3.27 0.1185 

Hymenoptera 11.92 39.95 <0.0001 

Isoptera 0.70 0.70 0.4081 

Isopoda 0.93 0.47 1.000 

Lepidoptera 7.01 14.02 0.0007 

Orthoptera 22.43 29.21 0.0234 

Other Invertebrates 3.97 10.51 0.0002 

Scorpiones 2.10 2.57 0.6506 

Vertebrate 2.10 3.67 0.2887 
    

1. The orders Odonata, Mantodea, Sulfugidae, Opiliones, Amblypigidae, Thysanoptera were         
grouped into one “other” category for analysis. 

 
Sample size: 428 CTF 
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Table 3.3 Composition of diet of the Cuban tree frog in the British Virgin Islands, 
comparing prey taxa found in the stomach to those found in the intestine. 

 
Order (prey) Stomach Intestine P value 
       

Acari 2.67 15.76 < 0.001 

Araneae 9.85 6.95 0.0236 

Blattaria 9.56 7.85 0.1910 

Coleoptera 15.61 7.91 < 0.0001 

Dermaptera 4.22 4.13 0.9258 

Diptera 0.28 1.68 0.0016 

Gastropoda 1.41 1.68 0.6276 

Hemiptera 4.78 2.22 0.0015 

Homoptera 1.27 0.90 0.4242 

Hymenoptera 15.89 27.02 < 0.0001 

Isoptera 7.03 2.58 0.0230 

Isopoda 0.84 0.18 0.1205 

Lepidoptera 7.03 6.41 0.5913 

Orthoptera 17.86 0.89 < 0.0001 

Other Invertebrates 2.39 2.76 0.6128 

Scorpiones 1.27 0.90 0.4242 

Vertebrate 1.27 1.20 0.8918 
    
1. The orders Odonata, Mantodea, Sulfugidae, Opiliones, Amblypigidae, Thysanoptera were         
grouped into one “other” category for analysis. 
 
Sample size: 428 CTF 
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CHAPTER IV 

THE CUBAN TREE FROG IN THE BRITISH  

VIRGIN ISLANDS: DIETARY PLASTICITY  

OF AN INVASIVE SPECIES        

 

Introduction 

 Non-native species are now present in nearly every nation’s ecosystems.  While the 

effects of many invasives remain unknown, such taxa are collectively believed to be the 

second-most important cause of biodiversity loss worldwide (Elton, 1958; Pimentel, 2002). 

Because invasive species are of broad ecological and economic concern, the factors that 

determine establishment success and ecological impact have recently received considerable 

theoretical and some empirical attention (Baker, 1965; Ehrlich, 1989; Noble, 1989 and 

Meshaka, 1994).  Factors considered important in allowing introduced species to become 

established include: high fecundity, short generation time, broad diet, open niche space, 

vagility of the species, ability to function across a wide range of physical conditions, high 

competitive ability, similarity of native and introduced habitats, gregarity of the species and 

ability to exploit disturbed habitats (Baker, 1965; Ehrlich, 1989; Noble, 1989 and Meshaka, 

1994).  Here we focus on broad/generalist diet and dietary plasticity, which are thought to 

allow an invasive species to more easily colonize a novel habitat even if previously utilized 

food sources are not available. 

 The Cuban tree frog (CTF) (Osteopilus septentrionalis) is native to Cuba, the 

Bahamas, and the Cayman Islands.  It is currently recorded as invasive in Florida, Puerto  
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Rico, Hawaii, Anguilla, Bonaire, the US Virgin Islands, and the British Virgin Islands  

(Townsend 2000; Meshaka 2001; Lever 2004; Gerard van Buurt, pers. com.; Owen et al. 

2005).  Studies conducted in Florida suggest that the CTF has the potential to inflict 

substantial monetary and ecological damage on the habitat it invades (Meshaka, 2001).  

CTF diet in Florida consists primarily of invertebrates, but vertebrates such as frogs, 

lizards, and snakes are not uncommon in the diet of the CTF (Meshaka, 1994).  Meshaka 

(2001) hypothesized that dietary plasticity may have been instrumental in allowing the CTF 

to colonize Florida but lacked information from other locations with which to test his 

hypothesis.  My goal was to test this hypothesis.  

The CTF has been established in the British Virgin Islands (BVI) since the early 

1990s (Owen et al., 2005).  Despite widespread dispersal and known impacts to water 

quality in the cisterns used for drinking water by many residents (Cernel Smith, BVI 

Environmental Health Department, pers. com.), the frog remains unstudied in the BVI.  

The large numbers of CTFs and their status as a pest, provide an unusual opportunity to 

study the diet of the CTF in the BVI and compare it to diet documented in Florida 

(Meshaka, 2001).  In addition to exploring plasticity in this way, I also compared the diet 

of CTFs among islands within the BVI to investigate plasticity on a smaller scale. 

Additionally, the dietary preferences of an invader may help determine the impacts 

it will have on native species (Ehrlich, 1989).  The potential effects on native fauna will be 

addressed by examining the breadth of the CTF diet through diversity in order and size of 

prey items. 
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Study Site and Species 

 The British Virgin Islands are located 96 km east of Puerto Rico and just northeast 

of the US Virgin Islands.  Sixteen of the sixty islands, cays and rocks are inhabited by 

humans, with the majority of the 20,000 residents concentrated on the four largest islands: 

Tortola, Virgin Gorda, Anegada, and Jost Van Dyke.  Some of the other islands are 

privately owned and used as hotels.  The CTF has breeding populations on Tortola, Beef 

Island, Virgin Gorda, and Peter Island, and has been collected once on Necker Island 

(Meshaka, 1996; Owen et al., 2005).  I obtained specimens from all four islands on which 

the species is known to exist as breeding populations. 

 

Methods 

Collection.  Frogs were collected and immediately frozen throughout the year by 

BVI residents.  I then collected frogs from residents and defrosted and preserved them with 

a mixture of ethyl alcohol (EtOH) and formaldehyde.  Frogs were stored in 70% EtOH and 

held at the Texas Tech University Museum’s Natural Science Research Laboratory.  Texas 

Tech University’s Animal Care and Use Committee approved the research protocol (permit 

# 03069-9). 

 Dietary analyses.  I removed stomach and intestinal tracts and identified all prey 

items to order or lesser taxa under a dissecting microscope.  Borror et al. (1989) was used 

to identify and establish nomenclature of insects and arachnids.  I then counted the number 

of individuals of each prey group in the stomachs, as well as the number of stomachs  
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containing such prey.  Procedures were the same for the intestinal contents, which were 

recorded separately.  I also measured the snout-to-vent length of each frog in millimeters 

using a digital caliper. 

 Statistical analyses.  Due to non-normal distribution of data, non-parametric 

correlation analyses (Spearman’s rho) were performed to determine the relationship 

between the snout-to-vent length (SVL) of a frog and the number and size of prey items it 

had consumed.  Because some prey were recovered as fragments, the actual size of 

individual prey items were not measured.  Instead, prey artifacts were categorized 

according to the typical length of the whole organism (small: < 5mm; medium: 5.01 – 

10mm; large 10.01 – 20mm; extra-large > 20.01mm). Size categories were assigned an 

ordinal number, with small = 1, medium = 2, and so on.  An average prey size index was 

then calculated for each frog by multiplying the individual prey item by the numerical 

value assigned to that taxa and then calculating an average for all items consumed. 

 To address dietary plasticity, dietary data were analyzed by frequency (percentage 

of CTFs in which a prey type was found, meaning the number of stomachs or intestines 

containing the prey type) and by composition (percentage of a particular prey type from all 

prey found, that is, the total number of items of a prey group found in the stomach or 

intestine).  I compared both indices, first within the BVI (Tortola vs. Beef Island, the only 

two locations for which sufficiently large samples were obtained), and then between the 

BVI and Florida (data from Meshaka 2001), using Chi-squared and G-tests (significance 

level P = 0.05).  
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To test the presumption of a generalist diet, Chi-squared tests were used to  

determine if both the frequency of occurrence and composition of diet were equitably 

divided among the prey orders.  Data were analyzed separately for both stomach and 

intestinal contents. 

 

Results 

Stomach and intestinal contents from 428 CTFs were analyzed.  The overall diet of 

the CTF in the BVI consisted of twenty-two invertebrate taxa, one grouping of unidentified 

invertebrates, and three categories for vertebrate prey items (Table 4.1, Figure 4.1).  For the 

Florida population reported by Meshaka (2001), only eighteen invertebrate taxa comprised 

the diet of the CTF.  Three of these orders, Diplopoda, Chilopoda, and Trichoptera, were 

completely absent from the BVI data.  Conversely, the groups Scorpiones, Sulfugidae, 

Amblypigidae, and order Thysanoptera were found in the BVI diet but not in Florida.  The 

ability of the CTF to incorporate novel dietary items including orders not found in the 

Florida diet, lends support to the hypothesis of dietary plasticity.   

One hundred and eighty-seven stomachs (44%) and thirty-five intestines (8%) were 

found to be empty.  Parasitic nematodes were found externally and/or internally on fifteen 

stomachs (3.5%) and on seventy-one intestines (16.5%).  Nematodes were not considered 

prey items (Goldberg et al., 1994).   

When the snout-to-vent length (SVL) of the frogs collected from the BVI was 

regressed against the average prey size calculation for both stomach and intestinal contents 

(Figure 4.2 and 4.3), respectively, neither relationship was statistically significant 
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(stomach: rho = -.08, df = 427, P = .093; intestine: rho = -.007, df = 427, P = .891).  Prey 

size was therefore omitted from subsequent analysis.   

Comparisons of dietary composition between Tortola and Beef Islands in the BVI 

contained data on both stomach and intestinal contents.  Previous analyses (Chapter III) 

determined that both the composition (P< 0.0001) and frequency (P< 0.0001) of prey items 

were represented inequitably between the two organs.  Therefore, the organ in which a prey 

item was found (stomach or intestine) must be considered when analyzing dietary 

composition for the two islands (Chapter III).  In light of this fact, stomach and intestinal 

contents were analyzed independently. 

Tortola vs. Beef Islands, Frequency of occurrence of a prey order –  

The frequency of occurrence for the overall dietary makeup of the CTF in the BVI 

is dependent on the 3-way interaction between taxa, organ (stomach or intestine) and island 

(G = 24.8, df = 13, P < 0.0245).  Additionally, analyses exploring the frequency of 

occurrence for each individual taxa are dependent on the outcome of the 2-way interaction 

between organ and island.  Because of this, data can be analyzed in two ways: by 

completely separating stomach and intestinal contents for analysis using a chi-squared test, 

or by splitting the data into those taxa affected by the variable (organ: stomach or intestine) 

and those not affected, and then analyzing these data with a G-test.   

Tortola vs. Beef Islands, Stomach only analyses -  

When only stomach contents are analyzed by island, there was a statistically 

significant difference in the composition of diet between Tortola and Beef Island (X2= 

43.56, df= 13, P < 0.001).  However, when analyzed by frequency of occurrence of prey 
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taxa in the stomach, the difference between the islands is non-significant (X2= 19.23, df= 

13, P = 0.2).   

Tortola vs. Beef Islands, Intestine only analyses -  

For intestinal contents, both composition of diet (X2= 44.13, df= 13, P < 0.001) and 

frequency of occurrence of the prey taxa (X2= 132.04, df= 13, P < 0.001) were statistically 

significantly different between islands. 

When incorporating both stomach and intestinal contents together, we can get a 

more in-depth look at the relationship between taxa, island and organ.  For the taxa Acari, 

Blattaria, Diptera, Gastropoda, Homoptera, and Orthoptera as well as vertebrates; 

frequency of occurrence was independent (P > 0.05) of the 2-way interaction between 

island and organ.  Therefore, for these taxa, stomach and intestinal data were pooled for 

each island (Table 3.3).  Frequencies of the taxa Acari, Blattaria and Diptera were higher in 

intestines than in stomachs.  Frequency of the taxa Gastropoda, Homoptera, and Orthoptera 

as well as vertebrates were similar between stomachs and intestines.  Overall, frequency of 

occurrence of all the taxa were not significantly different between Tortola and Beef Island 

showing no effect of island on frequency of occurrence in these taxa (Table 4.3).  

For the taxa Araneae, Coleoptera, Dermaptera, Hemiptera, Hymenoptera, Isopoda, 

Lepidoptera, and Scorpiones as well as the category “other invertebrates”, frequency of 

occurrence depended (P < 0.05) on the 2-way interaction between island and organ 

(stomach or intestine) (Table 4.4).  Therefore, for these taxa comparisons between organs 

were made within each island and for each taxa.  Additionally, comparisons between  

islands are made for each taxa and each organ (Table 4.5).    
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When looking at trends of frequency of occurrence of single prey taxa compared  

between organs within each island, the taxa Araneae, Hemiptera, Hymenoptera, and  

Lepidoptera were not significantly different between islands for each organ (Table 4.4).  

This signifies that island has no effect on the frequency of these prey taxa in the diet of the 

CTF.  For the taxa Coleoptera, Dermaptera, Isopoda, and Scorpiones as well as other 

invertebrates, frequency of occurrence of prey items were not similar between organs for 

each island (Table 4.4), and for these taxa, island does effect the frequency of occurrence in 

the diet of the CTF.   

In comparisons between intestine and stomach with island, when frequency of 

occurrence differed between these two organs, frequency was greater (P < 0.05) in the 

intestine than in the stomach (Table 4.4).  The only exception to this pattern involved 

Isoptera on Beef Island where frequency was low in the stomach and was absent from the 

intestine.    

When the data were analyzed by organ for each island, we see that the island does 

have an effect on prey taxa (Table 4.5).  Five of the nine taxa showed a difference between 

frequency of occurrence of that prey taxa in the intestine between islands.  Only the taxa 

Isopoda and Scorpiones had similar frequencies in the intestine between islands. 

Additionally, the taxa Dermaptera, Isopoda, and Scorpiones showed significant differences 

in the frequency of occurrence of the taxa in the stomach between islands.    

Florida vs. BVI, Frequency of occurrence of a prey taxa –  

On the whole, frogs from Florida and the BVI differed in the overall frequency of  

occurrence of the thirteen (due to the small sample size of some taxa and the absence of  
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some from either populations diet, the initial 26 taxa were condensed to 13 for analysis) 

taxa of prey items (G= 130.06, df= 12, P < 0.0001), (Table 4.6 and Figure 4.2).  When  

examined individually, some prey taxa occurred more frequently in one population’s diet 

than the others and some prey taxa occurred with similar frequencies (Table 4.7).  

Coleoptera, Diptera, Isopoda, Lepidoptera and vertebrates occurred more frequently in the 

diet of frogs from Florida.  Conversely, the taxa Araneae and Orthoptera occurred more 

frequently in the diet of frogs from the BVI.  Blattaria, Hemiptera, Hymenoptera, Isopoda 

and the grouping of other invertebrates occurred with similar frequencies in frogs from 

Florida and the BVI.   

Florida vs. BVI, Composition of diet –  

 The overall dietary composition of frogs from the BVI differed (G= 309.41, df= 12, 

P< 0.0001) significantly from the overall dietary composition of frogs from Florida (Table 

4.6).  In fact, the composition of each individual prey taxa differed significantly between 

the two habitats (Table 4.8).  Frogs from Florida had diets that were composed of greater 

amounts of the taxa Coleoptera, Dermaptera, Hemiptera, Isopoda, Lepidoptera and 

vertebrates.  Conversely, frogs from the BVI had diets that were composed of greater 

amounts of the taxa Araenea, Blattaria, Hymenoptera, Isoptera, Orthoptera and other 

invertebrates.  Within the grouping of “other invertebrates”, prey taxa such as Scorpiones, 

Sulfugidae, Opiliones and Amblypigidae that were found in the diet of frogs from the BVI, 

were completely absent from the diet of the Florida population of frogs.   
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Discussion  

The analyzed data document a generalist diet for the CTF in the BVI, a diet which 

includes many invertebrate taxa as well as vertebrates.  Venomous and noxious  

invertebrates do not seem to deter the CTF, as indicated by the number of roaches, certain 

beetles, scorpions, and spiders consumed.  The ability to consume, and indeed the high 

composition of roaches found as a food source, aids the CTF’s attempts to invade disturbed 

areas associated with human inhabitance (Meshaka 1994).  Additionally, the data show that 

the CTF is able to alter its dietary make-up as well as incorporate novel food sources as it 

colonizes different habitats.  The diet of the CTF was significantly different both between 

neighboring islands (Tortola vs. Beef Island) and over longer distances (Florida vs. BVI).  

The proceeding supports the hypothesis that dietary plasticity and generalist diet are 

characteristics of successful colonizing species (Ehrlich, 1989 and Meshaka, 1994). 

Because of its generalist diet, the CTF could have impacts on native invertebrate 

populations.  Detritivorous, insectivorous, and pollinating invertebrates, such as those I 

found in the digestive system of CTFs, play a pivotal role in food webs and in the stability 

of an ecosystem.  Any alteration mediated by CTFs to these key groups could have 

damaging effects on the ecosystems of the BVI.  In addition to direct effects on their prey, 

CTFs may have the ability to impact native frog populations through competition, 

displacement and predation.  These effects stem from both adult and larval CTFs.  The 

effects of CTF tadpoles on native tadpoles in Florida has a negative effect through 

interspecific competition and predation (Smith, 2005).   
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Additional insight into the effects of CTFs on the native fauna of the BVI may be  

gained by a use-and-availability study, comparing observed diet to the availability of prey 

items within the system.  However, no data on invertebrate population sizes or invertebrate 

composition exist for the BVI, with the exception of Guana Island (Lazell, 2005).  

Most likely, possessing a generalist diet that is relatively plastic has aided the CTF 

in its efforts to invade and colonize the BVI.  This does not bode well for other locations 

that offer the appropriate habitat for the CTF.  With the ability to acclimatize to available 

food sources, the native fauna composition of a location is not a criterion that will prevent 

CTF establishment.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



taxa (prey) Stomach Intestine 

Phylum Arthropoda   
    Insecta:   
         Blattaria 68 (59) 131 (104) 
         Coleoptera 111 (75) 132 (96) 
         Dermaptera 30 (22) 69 (45) 
         Diptera 2 (2) 28 (20) 
         Hemiptera 34 (23) 37 (32) 
         Homoptera 9 (7) 15 (14) 
         Hymenoptera 5 (5) 9 (8) 
               : Formicidae 108 (46) 442 (163) 
         Isoptera 27 (3) 43 (3) 
         Lepidoptera 50 (30) 107 (60) 
         Mantodea 2 (2) 1 (1) 
         Odonata 2 (2) 2 (2) 
         Orthoptera 127 (96) 163 (125) 
         Thysanoptera 1 (1) 4 (4) 
    Crustacea:   
         Isopoda 6 (4) 3 (2) 
    Arachnida:   
         Acari 19 (14) 263 (99) 
         Amblypigidae 1 (1) 6 (6) 
           Araneae 70 (58) 116 (105) 
         Opiliones 17 (6) 8 (6) 
         Scorpiones 9 (7) 15 (11) 
         Sulfugidae 1 (1) 0 (0) 
Phylum Mollusca:   
     Class Gastropoda 10 (10) 28 (10) 
Unidentified Invertebrate 10 (10) 33 (32) 
Phylum Chordata:   
       Amphibia : Anura 2 (2) 2 (2) 
       Reptilia : Squamata 4 (4) 4 (4) 
       Bone 3 (3) 14 (10) 
Empty 187 35 

1. Numbers in parentheses represent the number of stomachs/intestines in 
which the prey item was found. Numbers preceding the parentheses 
represent the number of individual prey items found. 

 
2. Sample size: 428 CTF 

 

Table 4.1 Overall dietary makeup of the Cuban tree frog in the British Virgin  

 

Islands by prey taxa. (2001 – 2004) 

35 



 

 

36
 

Figure 4.1 Overall distribution of thirteen prey taxa found in the stomachs of Cuban tree frogs collected in the  
          British Virgin Islands (2000 – 2004).  
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Figure 4.2 A correlation between snout-to-vent length (SVL) and average prey size in the stomachs of Cuban tree frogs collected 
from the British Virgin Islands (2000 – 2004).  (y = -0.0081x + 1.722, rho= -.08, df = 427, P = .093, non-significant).  
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Figure 4.3 A correlation between snout-to-vent length and average prey size in the intestines of Cuban tree frogs collected from 

the British Virgin Islands (2000 – 2004). ( y = 0.0003 x + 1.5599, rho= -.007, df = 427, P , .891, non-significant).

 



 

Table 4.2 Cuban tree frog diet compared between two islands in the British 
Virgin Islands, Tortola and Beef Islands, by prey taxa.  Prey divided 
into those recovered from the stomach and the intestine of the frog. 

 
 
taxa (prey) 

Tortola 
(stomach) 

Tortola 
(intestine) 

Beef 
(stomach) 

Beef 
(intestine) 

  
Sample size (frogs)  315 315 81  81 

Phylum Arthropoda:     
    Insecta:     
         Blattaria 51 (43) 82 (68) 12 (11) 40 (28) 
         Coleoptera 75 (52) 71 (57) 31 (20) 55 (35) 
         Dermaptera 29 (21) 64 (42) 1 (1) 4 (2) 
         Diptera 2 (2) 23 (16) 0 (0) 3 (2) 
         Hemiptera 15 (14) 21 (19) 13 (6) 15 (12) 
         Homoptera 7 (5) 12 (11) 2 (2) 3 (3) 
         Hymenoptera 5 (5) 6 (6) 0 (0) 1 (1) 
               : Formicidae 59 (30) 241 (97) 46 (14) 163 (53) 
         Isoptera 16 (2) 43 (3) 0 (0) 0 (0) 
         Mantodea 1 (1) 1 (1) 1 (1) 0 (0) 
         Lepidoptera 33 (21) 54 (39) 14 (7) 51 (19) 
         Odonata 1 (1) 2 (2) 0 (0) 0 (0) 
         Orthoptera 92 (70) 113 (88) 23 (19) 45 (32) 
         Thysanoptera 1 (1) 1 (1) 0 (0) 0 (0) 
   Crustacea:     
          Isopoda 1 (1) 3 (2) 5 (3) 0 (0) 
   Arachnida:     
          Acari 15 (11) 181 (61) 1 (1) 43 (24) 
          Amblypigidae 0 (0) 4 (4) 1 (1) 1 (1) 
          Araenae 53 (43) 76 (68) 13 (11) 34 (31) 
          Opiliones 14 (5) 7 (5) 3 (1) 1 (1) 
          Scorpiones 4 (2) 13 (9) 4 (4) 2 (2) 
          Sulfugidae 1 (1) 0 (0) 0 (0) 0 (0) 
Phylum Mollusca:     
     Class Gastropoda 6 (6) 24 (7) 4 (4) 4 (3) 
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Table 4.2 continued     
     
Other Invertebrate 9 (9) 31 (30) 1 (1) 1 (1) 
Phylum Chordata:     
      Amphibia : Anura 1 (1) 2 (2) 1 (1) 0 (0) 
      Reptilia : Squamata 2 (2) 4 (4) 2 (2) 0 (0) 
      Bone 2 (2) 13 (9) 1 (1) 1 (1) 
Empty 137 29 37 4 
 
1. Numbers in parentheses represent the number of stomachs/intestines in which the prey item was 

found. Numbers preceding the parentheses represent the number of individual prey items found. 
 
2. Orders Diptera, Odonata, Mantodea, Sulfugidae, Amblypigidae, Thysanoptera and Unidentified 
Invertebrates were combined to form one “other” category for analysis. 
 
3. Anura, Squamata and Bone were combined to form a “vertebrate” grouping for analysis. 
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Table 4.3 Frequency of occurrence of seven prey taxa (when a three-way 
interaction between island, taxa and organ is non-significant) on two 
islands within the British Virgin Islands, Beef and Tortola Islands.   
Frequency of occurrence (%) = # of stomach containing the prey 
taxa/total # of stomachs. 

      
 Organ1:                      Island2: 

 
taxa (prey) 

 
Intestine 

 
Stomach 

 
Tortola 

 
Beef 

   1.   2.  

Acari 21.46 a 3.03 b 11.43 A 15.43 A 

Blattaria 24.24 a 13.64 b 17.62 A 24.07 A 

Diptera 4.55 a 0.51 b 2.86 A 1.23 A 

Gastropoda 2.83 a 2.53 a 2.06 A 4.32A 

Homoptera 3.54 a 1.77 a 2.54 A 3.09 A 

Orthoptera 30.30 a 22.47 a 25.08 A 31.84 A 

Vertebrates 4.04 a 2.27 a 3.17 A 3.09 A 
 
1. Frequency of occurrence between intestine and stomach followed by the same lowercase letter 
are not significantly different (G-test, P>0.05). 
 
2. Frequency of occurrence between Tortola and Beef Islands followed by the same uppercase 
letter are not significantly different (G-test, P>0.05). 
 
3. Sample Size: Tortola – 315 frogs, Beef – 81 frogs 
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Table 4.4 Frequency of occurrence of seven prey taxa (when a three-way 
interaction between island, taxa and organ is significant) compared 
between the stomach and intestine.  Frequency of occurrence (%) = # 
of stomach containing the prey taxa/total # of stomachs.  

     
                                 Organ:   
taxa (prey)  Intestine Stomach 
    1.  
Araneae Beef 38.27 a 13.58 b 
 Tortola 21.59 a 13.65 b 
Coleoptera Beef 43.21 a 24.69 b 
 Tortola 18.10 a 16.51 a 
Dermaptera Beef 2.47 a 1.23 a 
 Tortola 13.33 a 6.67 b 
Hemiptera Beef 14.81 a 7.41 a 
 Tortola 6.03 a 4.44 a 
Hymenoptera Beef 66.67 a 17.28 b 
 Tortola 32.7 a 11.11 b 
Isopoda Beef 0 a 3.70 b 
 Tortola 0.63 a 0.32 a 
Lepidoptera Beef 23.46 a 8.64 b 
 Tortola 12.38 a 6.67 b 
Scorpiones  Beef 2.47 a 4.94 a 
 Tortola 2.86 a 0.63 b 
Other invertebrates Beef 3.70 a 4.94 a 
 Tortola 13.65 a 4.13 b 

1. Frequency of occurrence between intestine and stomach followed by the same lowercase letter are 
not significantly different (G-test, P>0.05). 

 
Sample Size: Tortola – 315 frogs, Beef – 81 frogs 
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Table 4.5 Frequency of occurrence of seven prey taxa (when a three-way 
interaction between island, taxa and organ is significant) compared 
between two islands within the British Virgin Islands, Beef and 
Tortola Islands.  Frequency of occurrence (%) = # of stomach 
containing the prey taxa/total # of stomachs. 

     
                              Island: 
taxa (prey)  Beef Tortola 
    1.  
Araneae Intestine 38.27 a 21.59 b 
 Stomach 13.58 a 13.65 a 
Coleoptera Intestine 43.21 a 18.10 b 
 Stomach 24.67 a 16.51 a 
Dermaptera Intestine 2.47 a 13.33 b 
 Stomach 1.23 a 6.67 b 
Hemiptera Intestine 14.81 a 6.03 b 
 Stomach 7.41 a 4.44 a 
Hymenoptera Intestine 66.67 a 32.70 b 
 Stomach 17.28 a 11.11 a 
Isopoda Intestine 0 a 0.63 a 
 Stomach 3.70 a 11.11 a 
Lepidoptera Intestine 23.46 a 12.38 b 
 Stomach 8.64 a 6.67 a 
Scorpiones  Intestine 2.47 a 2.86 a 
 Stomach 4.94 a 0.63 b 
Other Intestine 3.70 a 13.65 b 
 Stomach 4.94 a 4.13 a 
 
1. Frequency of occurrence between Tortola and Beef Islands followed by the same lowercase letter 
are not significantly different (G-test, P>0.05). 
 
Sample Size: Tortola – 315 frogs, Beef – 81 frogs 
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Table 4.6 Cuban tree frog diet (stomach only) compared between two invaded 
habitats, Florida (Meshaka 2001) and the British Virgin Islands.   

 
taxa (prey) Total Total % FLA % BVI 
  FLA BVI     
          
Phylum Arthropoda:    
    Insecta:    
        Coleoptera 175 (79) 111 (75) 24.6 15.2
        Dermaptera 70 (29) 30 (22) 9.8 4.1
        (Dictyoptera) Mantodea / Blattaria 29 (26) 70 (61) 4 9.6
         Diptera 50 (16) 2 (2) 7 0.27
         Hemiptera / Homoptera 75 (29) 43 (30) 10.5 5.9
         Hymenoptera 28 (20) 113 (51) 3.9 15.5
         Isoptera 9 (2) 27 (3) 1.3 3.7
         Lepidoptera 73 (36) 50 (30) 10.3 6.8
         Orthoptera 51 (30) 127 (96) 7.2 17.4
    Crustacea:    
         Isopoda 57 (24) 6 (4) 8 0.82
    Arachnida:    
         Araneae 26 (20) 70 (58) 3.6 9.6
Other Invertebrates 35 (25) 70 (54) 4.9 9.6
Vertebrates 33 (32) 9 (9) 4.6 1.2
 
1. Numbers in parentheses represent the number of stomachs/intestines in which the prey item was 

found. Numbers preceding the parentheses represent the number of individual prey items found. 
 
2. The orders Odonata, Trichoptera, Gastropoda, Chilopoda, Diplopoda, Acari, Opiliones, 

Amblypigidae,  Thysanoptera, Scorpiones, Sulfugidae & unidentified invertebrates were 
combined to form one “Other” grouping for analysis. 

 
Sample Size: BVI – 428 frogs, Florida – 215 frogs 
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Figure 4.4 Cuban tree frog diet (stomach only), by prey order, compared between two invaded habitats, Florida (Meshaka 2001) 
and the British Virgin Islands.    

 

 



 

Table 4.7 Frequency of occurrence of thirteen prey taxa compared between two 
invaded habitats, Florida and the British Virgin Islands.  Frequency of 
occurrence (%) = # of stomach containing the prey taxa/total # of 
stomachs. 

 
taxa (prey) Florida BVI P Value 
       

Araneae 9.30 16.35 0.0122 

Blattaria 12.09 14.25 0.4465 

Coleoptera 29.77 17.52 0.0005 

Dermaptera 13.49 5.14 0.0003 

Diptera 7.44 0.47 0.0001 

Hemiptera 10.70 7.01 0.1152 

Hymenoptera 9.30 11.92 0.3123 

Isoptera 11.16 0.93 0.0001 

Lepidoptera 16.74 7.01 0.0002 

Orthoptera 13.95 22.43 0.0090 

Isopoda 0.93 0.70 0.7582 

Other Invertebrates 11.63 12.62 0.7175 

Vertebrate 14.88 2.01 0.0001 

    
Sample Size: Florida – 215 frogs, BVI - 428 frogs 
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Table 4.8 Composition of diet by thirteen prey taxa compared between two invaded 

habitats, Florida and the British Virgin Islands.    

 

 
 
taxa (prey) 

 
 

Florida 

% 
Of 

Diet 

 
 

BVI 

% 
Of 

Diet 

 
 

P Value 
         

Araneae 26 3.66 70 9.62 < 0.0001 

Blattaria 29 4.08 70 9.62 < 0.0001 

Coleoptera 175 24.61 111 15.15 < 0.0001 

Dermaptera 70 9.85 30 4.12 < 0.0001 

Diptera 50 7.03 2 0.27 < 0.0001 

Hemiptera 75 10.55 43 5.91 < 0.0001 

Hymenoptera 28 3.94 113 15.52 < 0.0001 

Isoptera 57 8.02 6 0.82 0.0271 

Lepidoptera 73 10.27 50 6.87 < 0.0001 

Orthoptera 51 7.17 127 17.45 < 0.0001 

Isopoda 9 1.27 6 3.71 0.0271 

Other Invertebrates 35 4.92 70 9.62 < 0.0001 

Vertebrate 33 4.64 9 1.24 < 0.0001 

      
Sample Size: Florida – 215 frogs, BVI - 428 frogs 
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CHAPTER V 

THE CUBAN TREE FROG IN THE BRITISH  

VIRGIN ISLANDS: REPRODUCTION  

AND FECUNDITY OF AN  

INVASIVE SPECIES    

 

Introduction  

High fecundity is thought to play an important role in allowing an invasive 

species to rapidly colonize a new habitat (Zug et al., 1975).  Year-round fertility in both 

males and female Cuban tree frogs (CTF) (Osteopilus septentrionalis), as well as high 

reproductive output (i.e. large clutch size), are thus indications of a species’ ability to 

successfully colonize new habitats (Meshaka, 1994).  Additionally, Meshaka (2001) 

suggested that a relatively large body size or snout-to-vent length (SVL) may translate 

into increased colonization success. 

As an invasive species in Florida, the CTF exhibits year-round reproductive 

ability (Meshaka, 1994).  Although both males and females were reproductively capable 

year-round, the gonadal cycle was still distinct and was closely associated with day-

length (Meshaka, 2001).  Because of the strong correlation to day length, populations of 

CTFs in relatively northern areas of their Florida range (e.g. Tampa) had lower 

frequencies of fertile individuals in the winter months than did populations in more 

southern regions of Florida (e.g. southern Everglades), (Meshaka, 2001).  Research on 

the brown anole (Anolis sagrei) (Sexton and Brown, 1977) examined this phenomenon  
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and found that populations at lower latitudes do indeed have a longer breading season. I  

hypothesize that following this trend, populations of CTF at lower latitudes should have  

an equal or higher frequency of continuously fertile individuals.  I addressed this 

hypothesis by investigating primary and secondary reproductive characteristics of the 

invasive population of CTF in the British Virgin Islands (BVI) (latitude 18o ).  I predicted 

that this population, due to its location, should not only exhibit year-round reproductive 

ability, but have an equal or higher frequency of continuously fertile individuals when 

compared to the Florida population (latitude 25o).  Additionally, due to their reliance on 

the availability of fresh-water for breeding, I hypothesize that there will be an increase in 

reproductive ability throughout the “wet season.” 

 

Study Site and Species  

 Water economy is extremely important in the life of a CTF (Meshaka, 1994).  The 

CTF, although a successful colonizer, is limited in its range and ability to expand and 

colonize by its need for fresh-water, which is required both for reproduction (in which to 

lay egg clutches and for tadpoles to develop) and to prevent desiccation.  In Florida, the 

CTF inhabits both human habitations and the terrestrial-arboreal niche in the Everglades 

(Meshaka, 1994).  The CTF is not physiologically adapted to survive in regions with little 

fresh-water and/or low humidity (Meshaka, 1994).  In fact, CTF activity patterns were 

found to be more influenced by humidity level than by temperature (Meshaka, 1994).  

Because of this need to prevent water loss, CTFs often congregate in cavities or other 

areas offering greater protection from desiccation (Schwartz, 1991).  Additionally, CTFs  
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shift from terrestrial-arboreal habitats to human-impacted environments with a 

continuous sources of fresh-water during periods of low humidity and low rainfall 

(Meshaka, 1994).   

As part of the Lesser Antillean Islands, the climate of the BVI has relatively high 

temperatures and high levels of rainfall with little variability throughout the year.   The 

average temperature is 28oC and varies within a range of less than 10oC (25oC to 32oC).  

The average rainfall per year is approximately 100cm, with the majority (60-70%) falling 

between April and October.  Hurricanes and tropical storms (typically occurring between 

June – November) often add to the rainfall amounts.  

 

Methods  

Collection.  CTF were collected and immediately frozen by BVI residents year-

round.  The frogs were then retrieved from residents, defrosted and preserved with a 

mixture of ethyl alcohol (EtOH) and formaldehyde.  Frogs were stored in 70% EtOH and 

held at the Texas Tech University Museum’s Natural Science Research Laboratory.  

Texas Tech University’s Animal Care and Use Committee approved the research 

protocol (permit # 03069-9). 

Reproductive Analysis. Each frog was assessed in the following ways: SVL in 

millimeters, sex, and the presence or absence of fat bodies.  For males, presence or 

absence of nuptial pads was recorded and the length and width of both testes were 

measured (to 0.1 mm) using a digital caliper.  For females, reproductive status was 

determined by oviduct and ovary condition and recorded as one of four categories  
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(Meshaka, 2001) (Fig 5.1): I. (Immature) oviducts thin and thread-like, ovaries clear; II.  

oviducts thin and thread-like, ovaries speckled with black yolking follicles; III. oviducts 

coiled, yolking follicles and primary oocytes present; IV.(Gravid) oviducts heavily  

coiled, ova polarized.  The number of eggs present was estimated; the egg mass from 

each gravid female was removed and weighed (to 0.1 g) using a digital scale.  Egg 

density was estimated by calculating egg number per 1g sample (25 sample clutches were 

measured to establish a correlational trend line).  The mean number of eggs per gram was 

determined by this method and was used to assign an approximate egg count for each 

clutch.  When measurements were completed, eggs were stored in individual sample bags 

with 70% EtOH and labeled with the frog’s field tag number.  

Statistical Methods – The question of year-round fertility was addressed by 

calculating the percent of gravid females for each month throughout the year.  Male 

testicular cycles as assessed by residual testes size (linear regression of average testes 

area and SVL), were also evaluated in relation to the time of year as well as percent of 

males with nuptial pads for each month throughout the year.  A t-test (significance level = 

0.05) was used to compare the estimated number of eggs in a clutch of females of the 

BVI population to the estimated number of eggs in the clutches of the Florida population 

as described by Meshaka in The Cuban Treefrog in Florida (2001).  A correlation 

analysis was performed to determine the relationship between clutch size and SVL.    

 

Results   

The SVL of CTFs in the BVI were significantly greater (males, t = 21.9166, P < 

0.0001  females, t = .29, P < 0.0001) than the CTFs from Florida as recorded by Meshaka 
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(2001).  Males in Florida had an average SVL of 46.1 ± 5.09mm (range = 28.9-59.8mm 

SVL; Meshaka, 1994); whereas, the males from the BVI had an average SVL of 56.17 ± 

6.11mm (range = 30.04-72.48mm SVL) (Figure 5.2).  Females in Florida had an average 

SVL of 64.1 ± 10.88mm SVL (range = 44.5-99.0mm SVL; Meshaka, 1994); whereas, the 

female CTFs from the BVI had an average SVL of 77.33 ± 10.37mm SVL (range = 

41.30-99.08mm SVL) (Figure 5.2). 

Female reproductive ability -  

 Female reproductive ability can be assessed in two ways; by ovarian stage and 

estimated clutch size.  I found gravid females (stage IV) in every month of collection in 

the BVI (Figure 5.3), which supports the prediction of year-round reproductive ability.  If 

the female CTFs are then categorized by SVL (under 70mm, 70-80mm, 80-90mm, and 

above 90mm) and separated by ovarian stage (I – IV) (Figure 5.4), each size-grouping 

has female CTFs in the final (IV) gravid stage.  However, the distribution of frogs within 

a size category demonstrates that as SVL increases, the percentage of frogs in the more 

reproductively ready stages (III and IV) also increases.  For those frogs under 70mm, 

55% are in stages I and II, and 45% are in stages III and IV.  For frogs over 90mm, 0% 

are in stage I, 20% in stage II, and 90% are in stages III and IV.   

When comparing data collected in Florida (1991-1992, Meshaka 2001) to the data 

collected in the BVI (2003-2004) (Figure 5.5), in every month, with the exception of two,  

the percentage of gravid females is greater in the BVI than in Florida.  For the month of 

November no females were collected in the BVI, and in the month of June percentages 

were relatively equal between the BVI and Florida populations.  There appears to be no  
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dramatic effect of the rainy or wet season on the percentage of female CTFs that are 

gravid (stage IV) in the BVI; all months have high percentages of gravid females (50 – 

100%).  

 Female CTFs in the BVI had a mean estimated clutch size of 3785 ± 2266 eggs 

(range = 236-10480 eggs).  This is significantly greater (t = 7.0743 , P < 0.0001 ) than the 

mean clutch size of 2291 ± 1723 eggs (range = 903-12558 eggs) for CTFs in Florida 

(Meshaka 1994).  When the SVL of female CTFs in the BVI is regressed against clutch 

size there is a significant positive relationship (R2 = .356, P < 0.0001) (Figure 5.6). 

Male reproductive ability - 

Male reproductive ability can also be assessed in two ways; presence of nuptial 

pads and relative testes area.  Eight of the ten months with frogs collected had males with 

nuptial pads (Figure 5.7).  The months of March and December each had extremely small 

sample sizes (n = 1) that were insufficient for consideration.  These data support the 

prediction of year-round reproductive ability.  When comparing the percent of males with 

nuptial pads collected in Florida (1991-1992, Meshaka 2001) to the percent with nuptial 

pads collected in the BVI (2003-2004), there is not a significant difference between the 

two locations (Figure 5.8).  Percent of males with nuptial pads was greater in the BVI for 

the months of February and August.  Percent of males with nuptial pads was greater in 

Florida for the months of March, May, June, September, October and November.  Again,  

the months of March and December had small sample sizes and there were no collections 

during January and November in the BVI.  The percent of males with nuptial pads was 

relatively similar between the BVI and Florida for the months of April and July.  In this  
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case, the lower latitude did not translate into any increased male fertility as seen by the  

presence of nuptial pads, although the BVI population seems to be more stable.  

Additionally, when examining the percentage of male CTFs with nuptial pads in the BVI, 

a noticeably larger number of males is seen during the months of July through October.  

This does indeed coincide with the season of highest rainfall in the BVI. 

Because testes size is strongly correlated with SVL, the residual testis size was 

calculated for each frog and plotted against the month of collection for the frog (Figure 

5.9).  Those frogs plotted above the zero line have a larger testes area than expected for 

their SVL, suggesting reproductive ability.  Conversely, those frogs plotted below the 

zero line have a smaller testes area than expected for their SVL and are thus not 

reproductively able. In every month in which male frogs were collected, there are frogs 

plotted above the line, and thus reproductively able.  This confirms the year-round 

reproductive ability of the male CTF in the BVI.   

 

Discussion 

 The hypothesis that high fecundity will be exhibited by successful invasive 

species (Zug et al., 1975, Meshaka 1994) is supported by data from CTFs in the BVI.  

There are significant trend towards year-round reproductive ability, increased clutch size, 

and increased overall size of individuals when BVI data is compared to that from Florida  

(Meshaka 2001).  In fact, the BVI population matches or exceeds the potential 

reproductive output of the invasive population in Florida, which has been considered an 

extremely successful invader (Meshaka 2001).  Female CTF in the BVI appear to be  
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unaffected by the seasonality of rain fall, with at least half of the collected female frogs  

gravid in every month throughout the year.  This is not true, however, for male CTFs in 

the BVI, that do experience a spike in the presence of nuptial pads coinciding with the 

season of increased rainfall.  Thus, the rainy season is likely to be the peak reproductive 

season for this population. 

 Possessing reproductive ability year-round is advantageous to the CTF when it 

invades new habitats (Meshaka, 1994) allowing the invader to quickly populate a newly 

invaded habitat, such as its rapid expansion within the BVI (Chapter II).  Since its first 

collection in 1990, the CTF has been collected from five islands within the BVI.  Two 

island collections have been made within the past four years, and one within the past 

decade; supporting an ever increasing expansion at a fairly rapid rate (Owen et al., 2005). 

High reproductive output, as demonstrated by the increased clutch size of female 

CTFs in the BVI as compared with those from Florida (Meshaka 2001) supports the idea 

that high fecundity is a characteristic of successful colonizers.  Although the CTF in the 

BVI satisfies the characteristic of high fecundity, this does not necessarily translate into 

colonization.  Possessing this characteristic does, however, increase the likelihood of 

colonizing success (Meshaka, 2001).  In the course of all of the successful colonization 

attempts, there have been documented attempts that were nonviable.  This is the case with 

Nker Island in the BVI, the only island with a CTF specimen collection and no current  

breeding population (Meshaka 1996, Owen et al., 2005, Owen, personal observation).   

 As for effects of climate and geographic location, the CTF in the BVI is again a 

model population for investigating colonization success.  The population in the BVI  
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demonstrated increased reproductive ability when compared to the Florida population, a 

population at higher latitude.  This supports the hypothesis that conditions found at lower 

latitudes can result in increased fertility and even year-round reproductive ability of a  

CTF population (Sexton, 1977, and Meshaka, 2001).  This is advantageous to the 

colonizing efforts of the CTF in the BVI, potentially allowing the CTF to spread to new 

islands within the BVI and colonize throughout the year instead of being restricted in 

colonization by a breeding season that has a smaller window of time. 

 Probably because the climate in the BVI is relatively stable, there was little to no 

relationship between female reproductive ability and rainfall.  However, the presence of 

males nuptial pads slightly increased during the rainy season.  Additionally, because of 

the proximity of the BVI to the equator, very few changes in day-length are seen 

throughout the year.  Nonetheless, day-length is an important factor in the reproductive 

ability of other herpetofauna (Sexton, 1977) and of the CTF in Florida (Meshaka, 2001). 

 The CTF in the BVI seems to be a valid model for examining reproductive ability 

and high fecundity as characteristics of successful colonization.  This does appear to 

translate into an ever increasing population of an invader that has the potential to cause 

serious harm to native fauna and to disrupt the ecosystem it invades.  I predict that the 

extant CTF population will continue to increase its numbers in the BVI and will likely 

invade and populate other islands within the chain.  Particular attention should be paid to  

those islands having an established human population and especially those islands that 

import plants and construction materials, both well documented transport methods for the 

CTF.  Peter Island, on which CTFs were just discovered in 2004 (Owen, unpublished),  
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serves as a private resort island.  Because of this, Peter Island has imported landscaping 

and construction materials both from other islands within the BVI and from Florida and 

Puerto Rico (where the CTF is also well established).  This research illustrates that those  

locations with fresh water (natural or associated with humans) and those locations with 

more stable climates (lower latitudes) are at an increased risk of invasion. Islands in 

similar situations, should keep vigilant watch for the invasive CTF and try to destroy any 

colonizers that arrive.  The threat of invasion is not just limited to the BVI, other 

localities from the southern coastal United States to the Caribbean, Pacific Islands and 

costal South America are also at risk for invasion by the CTF.  
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Figure 5.1 Illustrated ovarian stage classification for female Cuban tree frogs in the British Virgin Islands.  Based on classifications made 
by Meshaka (1994, 2001) to measure female Cuban tree frog fertility in Florida. 
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 SD± 6.11mm    SD± 10.37 
 
 
Figure 5.2 Snout-to-vent length of male and female Cuban tree frogs in the British Virgin Islands, including means  

and standard deviations.   
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Figure 5.3        Female reproductive stage (gravid or non-gravid) of the Cuban tree frog in the British Virgin Islands  
                        by month of capture (pooled for 2000-2004).  Gravid (V), Non-gravid (I, II and III). 
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Figure 5.4              Percent of female Cuban tree frogs in the British Virgin Islands in each ovarian stage (I-IV), categorized  
                              by snout-to-vent length. Sample size: under 70mm=31, 70.01-80mm=54, 80.01-90mm=98, above 90mm=31. 
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Figure 5.5           Percent of gravid females (stage IV) for Florida (1991-1992, Meshaka 2001) and the British Virgin  
                           Islands (2003-2004). 
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Figure 5.6 Female Cuban tree frog from the BVI, calculated clutch size (number of eggs) by snout-to-vent length.   (y = 32.099 x 

+ 1236.8291, R2 = .356 , P < 0.0001, significant) (mean = 3785 ± 2266, range = 236-10480 eggs). 
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Figure 5.7 Male reproductive stage (with or without nuptial pads) of the Cuban tree frog in the British Virgin Islands 
by month of capture (pooled for 2000–2004).   

 
 



 

 

65
 

Figure 5.8           Percent of males with nuptial pads, Florida (1991-1992, Meshaka 2001) and the British Virgin  
                           Islands (2003-2004). 

 



66
 

 

 

 
 
Figure 5.9 Male residual testes size (composed of snout-to-vent length and average testes area) of the Cuban tree frog in the 

British Virgin Islands by month of capture. 
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CHAPTER VI 

CONCLUDING THOUGHTS ON THE CUBAN  

TREE FROG AS AN INVASIVE SPECIES  

IN THE BRITISH VIRGIN ISLANDS         

 

 Very few alien species arriving in a new location survive to impact other taxa 

(Lonsdale 2004).  When present in low numbers, such as after a single introduction, 

invasive species populations are very susceptible to losses and regional extinction caused 

by the biotic and abotic factors of the invaded environment (Lonsdale, 2004).  Two 

hypotheses have been proposed regarding character traits that encourage the success of a 

colonizer.  The first suggests that in order to survive and colonize, a shift in the direction 

of selective forces within the invaded habitat must facilitate a colonization event 

(Lewontin, 1965).  The second places the responsibility on the colonizer itself, 

identifying a suite of traits that would promote successful colonization (Elton, 1958; 

Baker, 1965; Noble, 1989; Ehrlich, 1989 and Meshaka, 1994).  My Master’s research 

focuses on the latter approach.  

Previous research establishes the Cuban tree frog (CTF) as a successful 

colonizing species in invaded habitats such as Florida (Meshaka, 2001).  I focus on the 

success of the CTF in a previously unexamined habitat, the British Virgin Islands (BVI).  

Of the three traits examined that are predicted to be possessed by an invasive species, 

data from the CTF population in the BVI strongly supported each hypothesis.  The ability 

to successfully disperse, consume a broad, generalist diet, adapt that diet to available prey 
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items, and reproduce large amounts of offspring year-round, has likely aided the CTF in 

its efforts to colonize the islands of the BVI.   

Although the CTF has successfully colonized four islands within the BVI, it has 

been over 25 years since the first specimen was collected (Owen et al., 2005).  According 

to residents, this collection came almost ten years after the initial sightings.  Mayr 

(1965b) suggested that when discussing colonization, one of two processes is possible.  

First, a small population of an invader arrives in a new area and must become adapted to 

the new environment before expansion.  Second, a species may already be pre-adapted to 

a new location and, therefore, expands as soon as it arrives (Mayr, 1965b).  To which 

category does the CTF population in the BVI belong?  Does their colonization represent 

an “ecological explosion” (Elton, 1958) or are they more of a “sleeper species” 

(Lonsdale, 2004), just recently beginning their colonization efforts?  If the latter is true, 

then will the distribution of the CTF in the BVI continue to expand or even increase in 

rate?  Research on distribution in the BVI (Owen et al., 2005) suggests colonization of 

one island within the past decade and the colonization of two islands infested within the 

past five years.  This trend suggests that further spread is likely in the BVI as well as 

throughout the Caribbean. 

This continued spread poses a threat to not only native taxa, but to the human 

populations of the invaded areas.  As vectors for disease and bacteria, concerns arise 

among the local residents of invaded areas due to the fact that CTFs often live in or 

around and breed in the fresh water used for human consumption.  To address this, I sent 

ten CTFs collected from different sites within the BVI to Dr. David Green, DVM at the  
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United States Geological Survey, National Wildlife Health Center for histological 

analysis.  Dr. Green (personal communication) found no incidences of salmonella,  

chlamydia or leptospyra bacteria in the sampled frogs.  However, an amoebic cloacitis 

was detected in a majority of the samples, but has not yet been attributed to any specific 

cause nor have any impacts to the humans who consume the associated water been 

documented.  Continued analysis on the frogs will investigate the potential for chytrid 

fungus as invasive species have been noted as a potential vector for this damaging 

infection which can cause rapid declines in amphibian populations (Burrows et al., 2004). 

Due to time and monetary constraints, I was unable to address some questions that 

are important to understanding the effects of the CTF in the BVI.  First is an estimation of 

the population size of the CTF in the BVI.  In order to truly understand what effect the 

invader is having on the native fauna, we must understand how much they have 

integrated into the native ecosystem.  In addition to this, we need to better understand the 

diversity and relative population size of native fauna, especially those that serve as food 

for the CTF.  This will aid in the understanding of the effects of the CTF on the prey it 

consumes.  When examining distribution, we must both look forward to potential 

expansion areas and look back to the origins of the population of CTFs in the BVI.  

Genetic analyses must be conducted to link the BVI population to a founder population in 

Florida, Puerto Rico and/or Cuba.  Through this we can also assess movement between 

the islands of the BVI and the resulting colonization.  We must seriously consider that the 

current BVI population is likely the result multiple introductions (Owen et al., 2005).   

When looking forward, predicting future colonization sites would be  
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advantageous in management efforts.  Initially, a study regarding the salinity tolerance of 

CTF tadpoles and the salinities of available water sources was slated to be part of this 

study.  Due to time constraints and the lack of significant sample sizes, this was not 

accomplished.  However, the protocol and preliminary results are available and this type 

of study will be attempted again. 

So, what comes next?  Once ecological traits such as these have been examined, 

what are we to do with this information?  E.O. Wilson (1965) suggests that even when 

historical data and hindsight are used, very few useful generalizations and predictions can 

be made about colonizing species.  In light of this, Lonsdale (2004) advocates that time, 

effort and resources should be focused more on discovering controls for invasive species, 

rather than on simply studying the impact of the invader.  Elton (1958) describes the need 

to find means of suppressing plant and animal invasions as a “life or death” situation.  So 

the next step should be management and control.   

The first step in management and control has already been undertaken.  I have 

produced a brochure containing recommendations for basic control and management and 

have distributed it to residents of the BVI and the USVI.  Further studies on control and 

management methods must also be performed, as the population continues to expand and 

cause damage to native fauna and alters the native food web. 
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