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INTRODUCTION

Increases in human populations generally result
in loss or degradation of habitat because of the
swell of urbanization, agricultural activity, and ex -
traction of natural resources. The resulting land-
scape, often fragmented into a series of isolated
remnants, varies in size, quality, and conservation
value (e.g. Debinski & Holt 2000, Fahrig 2003). Such
habitat loss or disturbance often has deleterious
consequences for ecosystem processes, but can

have varying effects on species persistence (Bender
et al. 1998, Bolger et al. 2000, 2008 Estrada et al.
2002, Fagan et al. 2005, Suhonen et al. 2010). The
negative effects of these activities are typically
intensified on islands, which have experienced a
disproportionate rate of species extirpations (Mil-
berg & Tyrberg 1993, Pregill & Steadman 2009).
Indeed, insular reptiles in particular have been, and
continue to be, affected dramatically by the nega-
tive effects of anthropogenic processes (Honegger
1981, Case et al. 1992, Wang et al. 2009).
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ate-density villages and towns) and non-disturbed areas on the island of Dominica, West Indies.
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Though extirpation subsequent to disturbance
often needs no explanation because the causes are
conspicuous (e.g. predation, hunting, loss of habitat,
breeding, and/or nesting sites), disturbance can also
imperil species in subtle ways (Pike et al. 2010). Con-
sequently, populations of long-lived species that sur-
vive marginally in disturbed habitats may actually be
in a gradual state of extirpation. This circumstance
may elude detection by wildlife managers until it is
too late to launch mitigation strategies. Therefore,
identifying non-conspicuous metrics that can be used
to evaluate disturbed populations is useful for conser-
vation management, and for predicting the fate of
other conspecific or even congeneric populations
experiencing intensifying anthropogenic pressure.

Useful metrics for evaluating populations of reptile
species include growth rates, asymptotic body size,
and body condition. Growth is a key life history para-
meter (Andrews 1982, Clobert et al. 1998) and deter-
mines, among other important attributes, the length
and age reached at sexual maturity, and maximum
body size (Andrews 1976, Van Devender 1982, Webb
et al. 2002). Body size, in turn, influences crucial
reproductive characteristics such as clutch size and
reproductive effort (Knapp et al. 2006, Kiefer et al.
2008), as well as competitive success for space, food,
and mates (Jenssen et al. 2005, Fitze & Le Galliard
2008, Pafilis et al. 2009). Body condition, an indirect
measure of fat reserves, is crucial for energetically
challenging activities such as migration, reproduc-
tion, and survival during periods of scarcity (Steven-
son & Woods 2006). Thus, comparative studies of
growth, body size, and body condition between dis-
turbed and non-disturbed areas may provide predic-
tive information about habitat quality and the long-
term prognosis of populations inhabiting disturbed
areas.

Reptile species on most Caribbean islands have
suffered extensively from the effects of habitat loss
and fragmentation (Wilson et al. 2006). One species,
the arboreal Lesser Antillean iguana Iguana deli-
catissima, was historically common in the northern
Lesser Antilles. However, its range has been reduced
dramatically because of habitat loss, non-native
predators and competitors, hunting, road mortality,
and genetic introgression with Iguana iguana. Con-
sequently, I. delicatissima is listed as Endangered by
the International Union for the Conservation of
Nature (IUCN) (Breuil et al. 2010).

One island in the Lesser Antilles inhabited by this
species — Dominica — is in a relatively intact state
because of its small human population and conse-
quent reduced rate of habitat loss and urbanization.

The island is characterized by a mosaic of disturbed
and non-disturbed coastal features ideal for the study
of the conspicuous and non-conspicuous effects of
disturbance. Because Iguana delicatissima on Domi -
nica is under intensifying pressure from recent
coastal developments and road improvement pro-
jects, identifying easily obtainable metrics for assess-
ing population health will benefit future conservation
for this species on Dominica, and on other Lesser
Antillean islands experiencing habitat disturbance.

The primary objective of this study was to deter-
mine whether non-conspicuous demographic para-
meters can be used as metrics for evaluating popula-
tions of Iguana delicatissima inhabiting disturbed
(i.e. low- to moderate-density villages and towns)
versus natural areas. We chose demographic para-
meters demonstrated to be useful for evaluating rep-
tile populations as well as easy to obtain in the field.
We investigated differences in sex ratio, asymptotic
size, characteristic growth rate, and body condition
between disturbed and non-disturbed areas. We
hypothesized that sex ratios in disturbed areas would
favor males because females are presumably more
susceptible to predation by non-native mammals
(e.g. dogs) when migrating to nesting sites. We also
hypothesized that asymptotic size, growth rate, and
body condition would be lower in disturbed areas
because of reduced feeding opportunities and a real-
location of energy from growth to response to stres-
sors (e.g. flight from immediate disturbance, inter-
rupted feeding, etc.). Finally, we hypothesized that
population abundance and density of I. delicatissima
inhabiting disturbed areas would be reduced in com-
parison to natural areas because of an increase in
non-native predators and human hunting pressure in
disturbed areas.

MATERIALS AND METHODS

Study species

Iguana delicatissima is a large, long-lived species
(up to 25 yr) with a maximum recorded snout−vent
length (SVL) of 434 mm (Breuil et al. 2010). The spe-
cies once occupied most islands from Anguilla to
Martinique. However, based on historical range data,
the total population of I. delicatissima has most likely
declined ≥70% since European contact in the 16th
century, and the existing population is severely frag-
mented. Moreover, only 3 populations are considered
stable, and others have been extirpated within the
last decade. The species can now be found only on
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the islands of Anguilla, St. Barthélemy (including the
islands of Île Fourchue), St. Eustatius, Guadeloupe
(including only the islands of Basse-Terre, Îles de Pe-
tite Terre and La Désirade), Dominica, and Marti -
nique (including Îlet Chancel and Ramier; Breuil et
al. 2010). I. delicatissima is a herbivore generalist,
and is primarily arboreal except on extreme xeric
 islands with limited tree diversity. On larger vol -
canic islands, females migrate annually from island
interiors to nest communally along coastal slopes.

Study area

Dominica is one of the largest of the eastern
Caribbean islands (48 km long and 24 km wide), with
a maximum altitude of 1447 m. This study was con-
ducted on the Caribbean (leeward) coast, which is
characterized primarily by xeric woodland and rela-
tively low rainfall (<2000 mm) with a pronounced dry
season from February to May. The vegetation is pri-
marily deciduous, with leaves falling during the dry
season (Malhotra et al. 2007).

Our disturbed habitat areas included 5 coastal
 villages and towns (Coulibistri, Layou, Mero, Ports -
mouth and St. Joseph) ranging in population from 281
to 2977 people (Dominica Central Statistics Office
2001) (Table 1). Iguanas were captured in trees mostly
along stream beds in the center of each village or
town, but also in garden trees. Evidence of distur-
bance included reduced intact forest habitat, obvious
signs of non-native mammalian predators (e.g. dogs
and cats), and occasional human hunting pressure.
Our non-disturbed areas included the coastal slopes
of Batali Beach (15° 27’ 01.15’’ N, 61° 26’ 49.92’’ W) and
Champagne Bay (15° 14’ 48.20’’ N, 61° 22 22.09’’ W).

These areas were at least 1 km away from any coastal
village and had more extensive, unfragmented forest
habitat, with presumably fewer non-native mam-
malian predators, less road traffic, and reduced hu-
man hunting pressure (C. R. Knapp pers. obs.).

Field methods

We conducted research during 2 field seasons
(April through June and August through September)
each year from 2007 to 2009, and from April through
June 2010. Our April through June field seasons
coincided with the majority of female migrations to
nest sites and oviposition activity, whereas the
August through September field seasons coincided
primarily with hatchling emergence. Iguanas were
captured by noose, and a series of morphological
measurements were recorded to the nearest mm,
including SVL, tail length (TL) and body mass (BM).
Sex was determined by cloacal probing for hemi -
penes. For long-term identification, iguanas were
affixed through their dorsal crest with a unique com-
bination of 4 mm colored glass beads, and injected
with passive integrated transponder (PIT) tags be -
neath the epidermis on the right dorsolateral side
directly anterior to the pelvis.

Growth model and statistical analyses

Observed growth rates (G) for each individual igu -
ana were calculated using measurements from each
subsequent capture period, and were of the form:

(1)G
L L

D
ij

ij i j=
− −( )1
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Site Human Vegetated Abundance Density Sex ratio
population area (ha) (no. of iguanas) (iguanas ha−1) (M:F)

Non-disturbed
Batali Beach − 1.20 48 (46−52) 41 (38−43) 0.62:1
Champagne Bay − 0.75 28 (24−31) 37 (32−41) 0.90:1
Disturbed
St. Joseph 2029 0.28 12 (12−13) 43 (42−43) 1.6:1
Layou 467 0.29 11 (8−13) 36.8 (28−46) 0.5:1
Coulibistri 465 0.31 11 (8−14) 36 (26−43) 1:1
Mero 281 0.19 − − 1:1
Portsmouth 2977 0.23 − − 0.43:1

Table 1. Human population size, cumulative vegetated area searched, abundance, density, and sex ratio of iguana (Iguana del-
icatissima) populations inhabiting non-disturbed sites and disturbed sites on the Caribbean coast of Dominica. Human popula-
tion numbers are derived from the Dominica Population and Housing Census Report (Dominica Central Statistics Office 2001).
Abundance and density results are presented with 95% confidence intervals in parentheses only for the non-disturbed sites 

and 3 disturbed sites with sufficient recapture histories. F: female; M: male
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where j corresponds to an individual iguana, i
denotes the capture period, L represents SVL, and D
is the number of days between capture periods i and
i−1. Because our data consisted of size data through
time and lacked an age component, we derived a
growth curve using a logistic-by-length model
(Schoener & Schoener 1978). We fitted parameters
associated with this model through a Bayesian
framework. We assumed Lij ~ N(μ, σ), and defined μ
according to the logistic-by-length model:

(2)

where a (a measure of maximum length achieved)
represents asymptotic length and r represents the
characteristic growth rate. We used an informative
prior for a, assuming a ~ N (386, σ), based on
observed maximum lengths of iguanas in the field.
We used non-informative uniform and normal
priors for σ and r, respectively. The WinBUGS code
for this model is included in Appendix 1. We report
95% credible intervals about parameter estimates
(a and r) obtained from the posterior distributions of
10 000 simulations after a burn-in period of 5000
iterations.

To address differences in a and r between dis-
turbed and non-disturbed areas, we fitted separate
models to site-specific growth data, and compared
95% credible intervals (95% CI) of parameter esti-
mates to define differences in growth patterns
between areas. We ran this analysis using resident
animals only (n = 91). We defined resident and non-
resident individuals based on our nesting and migra-
tion data. Nesting females migrate extensively from
the island interior to coastal nesting slopes, followed
by a return, from April through June, with little activ-
ity from August through September. Therefore, to
isolate the potential effects of coastal disturbance
and control for the effects of reproductive status or
potential differences in interior habitat quality, we
focused this investigation on animals that were con-
sidered permanent residents in their representative
areas (captured in August or September).

We examined the effects of area disturbance on
body condition (calculated for initial capture as
BM/SVL3) by evaluating between-area mean differ-
ences through a Student’s t-test. We also evaluated
differences in sex ratio between disturbed and non-
disturbed areas using a chi-square test. Statistical
significance was evaluated using an α-level of 0.05.
The above analyses were run using the program R
(http://www.r-project.org) and WinBUGS (Lunn et al.
2000), which we accessed through the R2WinBUGS

package in R (Sturtz et al. 2005). Abundance for each
non-disturbed area, and for 2 disturbed areas with
robust capture histories, was estimated using the
POPAN formulation in program MARK (White &
Burnham 1999). Population densities were then esti-
mated from areas calculated using satellite imagery
and verified with on-the-ground GPS  coordinates.

RESULTS

Of the 91 iguanas (ndisturbed = 20, nnon-disturbed = 71)
captured repeatedly for this study, 48 (53%) were
captured more than twice. Growth curves resulting
from mean parameter estimates suggest a slight pos-
itive effect of habitat disturbance on overall growth
patterns of iguanas (Fig. 1). In general, there was no
evidence to suggest a significant difference in r
between iguanas at disturbed versus non-disturbed
sites. 95% CI for r overlapped for disturbed and non-
disturbed sites (rdisturbed = 0.00131, 95% CI =
0.00088−0.00173; rnon-disturbed = 0.00172, 95% CI =
0.00145−0.0020; Fig. 2). Note that r represents an
overall daily growth rate over the projected lifespan
of iguanas in the sample.
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Fig. 1. Iguana delicatissima. Plot of absolute growth rates of
iguanas by size at initial capture. Curves represent the rela-
tionship between growth and initial size for populations
from disturbed (dashed line) and non-disturbed (solid line)
habitat types, as parameterized by the corresponding logis-
tic-by-length models. Point types indicate individual data
points for iguanas from disturbed (n) and non-disturbed (s) 

sites. SVL: snout−vent length
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Asymptotic size (a), was different between area
types, with higher estimates associated with dis-
turbed areas (adisturbed = 371.1 mm, 95% CI =
347.6−402.4; anon-disturbed = 327.9 mm, 95% CI =
317.2−342.2; Fig. 2). Although r did not vary by site
disturbance, growth curves for the 2 area types are
slightly different because of the differences in para-
meter estimates of a (Fig. 1). We found no significant
differences between sex ratios at disturbed or non-
disturbed sites ( = 0.0265, p = 0.87; Table 1). Body
condition of iguanas also did not differ significantly
between disturbed (μdisturbed = 0.0450) and non-dis-
turbed (μnon-disturbed = 0.0448) sites (t = −0.168, p =
0.86). Abundance was greater at non-disturbed sites
but densities were not significantly different
between sites (Table 1).

DISCUSSION

Contrary to expectations, data from this study
suggest that there is no statistically detectable effect
of disturbed areas on density, sex ratio, body condi-
tion, or characteristic growth rates, yet a slight posi-
tive effect on asymptotic body size for iguanas
inhabiting low-density villages and towns on
Dominica. Iguanas typically respond negatively to
disturbance (Alberts 2000), yet some can adapt to

altered and highly humanized environments (Fitch
et al. 1982, González-García et al. 2009). Popula-
tions of 2 iguana species, Iguana iguana and
Ctenosaura similis, are established and thrive in
human-altered habitat in the southern United States
and coastal Venezuela, respectively (Townsend et
al. 2003, Barrio-Amorós & Rivas-Fuenmayor 2008).
Although these populations occur outside their nat-
ural range, both species can also inhabit disturbed
sites within their native range, typically in areas
with a high number of ornamental trees, such as
town squares and garden patios (González-García
et al. 2009, C. R. Knapp pers. obs.).

A factor potentially contributing to the success of
species in human-altered areas is high food abun-
dance year round (Williams et al. 2006, Rutz 2008).
Indeed, the abundance of ornamental, or preferred
locally-adapted, vegetation is considered an impor-
tant biotic factor facilitating the prevalence of
iguanas in human-modified areas (González-García
et al. 2009, Meshaka et al. 2009). We suspect that
Iguana delicatissima inhabiting disturbed areas on
Dominica also benefit from plants and trees associ-
ated with home gardens. During the dry season,
native tree and shrub species in non-disturbed
coastal areas drop leaves, resulting in a conspicu-
ous barren landscape with less available food for
iguanas. Conversely, iguanas inhabiting coastal

χ1
2
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Fig. 2. Distribution of parameter estimates associated with asymptotic size in mm (a) and characteristic growth rates (r) of
Iguana delicatissima. Plots depict the posterior probability distributions of growth model parameters estimated through
Markov chain Monte Carlo methods under a Bayesian framework. Estimates of characteristic growth rates did not differ signif-
icantly between disturbed and non-disturbed sites, as the posterior distributions of respective r estimates overlapped com-

pletely. However, estimates of asymptotic size (a) differed significantly between disturbed and non-disturbed sites
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villages exploit the fruit, flowers, and leaves of
ornamental and fruit trees from locally-watered
gardens (C. R. Knapp pers. obs.), thus offsetting a
potential state of reduced feeding opportunities at
dry times of year.

We stress caution when interpreting our data
because comprehensive impacts of human-altered
areas are complex and influenced by the degree of
disturbance. For the purposes of ecological studies,
urban centers have been quantified as containing
more than 2500 people (Dumouchel 1975). All
human-altered habitats in our study, except Ports -
mouth, were low-density villages of fewer than 2500
people. Unlike high-density urban centers, such as
the capital city of Roseau, most low-density villages
on Dominica retain central rivers with forested
banks and green space, which may provide ade-
quate — and perhaps more stable — food resources
for iguanas. Additionally, the temporal scale of this
study was restricted to identifying short-term
impacts of habitat disturbance. Understanding long-
term impacts will require further longitudinal
research.

We recognize that Iguana delicatissima is affected
adversely by manifold threats, as evidenced by the
continued precipitous declines and local extirpations
of the species across its range. Though our study
was focused primarily at the level of the individual,
it is important to distinguish between individual-
and population-level processes when evaluating
habitat quality (Skagen & Yackel Adams 2011).
Throughout our study, hatchling iguanas were
observed and captured by noose more frequently at
our non-disturbed study areas but rarely at our dis-
turbed study areas (nnon-disturbed = 22; ndisturbed = 1).
The skewed adult demography may be the result of
hatchling-biased predation by non-native mam-
malian predators (Gillies & Clout 2003) or a lack of
suitable nesting sites in disturbed areas. We con-
ducted a hatchling study concurrent with this inves-
tigation and recorded 1369 emergent hatchlings
over a 2 yr period at our non-disturbed Batali Beach
site. We were unable, however, to find active
iguana nest sites from any disturbed site. Indeed,
our conversations with villagers confirmed the
killing of adult nesting females by resident dogs on
beaches within some communities. In these cases,
the risk of extinction is likely to be greater for popu-
lations occurring in, or in this case, migrating to dis-
turbed areas. Additional studies are needed to
determine whether these areas are serving as sinks
because of decreased reproductive success (e.g.
Pulliam & Danielson 1991).

Though iguana densities among our disturbed and
non-disturbed sites were similar, abundance was
lower at disturbed sites because of the small size of
most forested remnants. Lower abundance may
affect the persistence of iguana populations given
that theories of stochastic extinction predict higher
extinction rates for small compared with large popu-
lations. Higher rates are often attributed to the in -
creased vulnerability to proximate causes of ex -
tinction such as demographic and environmental
stochasticity, genetic deterioration, and social dys-
function (e.g. Lande 1993, Pimm et al. 1993, Henle et
al. 2004). In addition, individuals residing in dis-
turbed areas are exposed to a different array of stres-
sors relative to their counterparts in non-disturbed
areas. These stressors may impose substantial physi-
ological constraints, such that fitness may be signifi-
cantly affected in the long term, or individuals may
be forced to alter their behavior and life history
strategies (Ditchkoff et al. 2006, French et al. 2010).

It is clear that a multitude of factors are contribut-
ing to the overall decline of Iguana delicatissima
(see Breuil et al. 2010). A more comprehensive
understanding of behavior, demography, and life
history traits of iguana populations inhabiting dis-
turbed areas is necessary to determine why and
which demographic stages are most affected. How-
ever, it is evident that the loss and degradation of
habitat in the Lesser Antilles will continue at least
in the short term. Wildlife managers need many
tools to reduce population declines until additional
studies are conducted and there is political will for
bold conservation initiatives. Our results suggest
that if factors such as degradation of nest sites and
killing by non-native mammalian predators are
mitigated, then moderately disturbed, human-occu-
pied areas can be managed as corridors or buffer
zones for I. delicatissima living in increasingly frag-
mented landscapes.
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Data

m: number of individuals included in the study 
L2: measured length at time t 
L1: measured length at time t–1 
d: number of days between t and t–1 
maxA: maximum length observed in the data
Atau: 1/(standard deviation of observed lengths)^2 

Estimated Parameters

A: asymptotic length 
r: characteristic growth rate 
r.mu: expected value of r 
r.sigma: standard deviation of r 
sigma.l: standard deviation of L2

Model
{

for (i in 1:m) {
L2[i] ~ dnorm(mu[i], tau.l)
mu[i] <- A × L1[i]/(L1[i] + (A - L1[i]) × exp(-r × d[i]))

}
A ~ dnorm(maxA, Atau)
r ~ dnorm(r.mu, r.tau)
tau.l <- pow(sigma.l, -2)
sigma.l ~ dunif(0.00000E+00, 100)
r.mu ~ dnorm(0.00000E+00, 0.10)
r.tau <- pow(r.sigma, -2)
r.sigma ~ dunif(0.00000E+00, 100)

}

Appendix 1. WinBUGS code for the logistic-by-length 
model defined by Schoener & Schoener (1978)
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