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Abstract Iguana iguana is native to Central and
South America, and was introduced into Puerto Rico
in the 1970s as a result of pet trade. The invasive
biology of this reptile has not been studied in Puerto
Rico, where its negative effects may threaten local
biodiversity. The purposes of this study were to: (1)
estimate population densities of I iguana; (2)
describe some aspects of its reproductive biology;
and (3) assess its potential impacts. Visual-encounter
surveys were performed at Parque Lineal in San
Juan and Canal Blasina in Carolina, while nesting
activity data were collected at Las Cabezas de San
Juan in Fajardo. Densities of 1. iguana in Puerto
Rico reached a maximum of 223 individuals ha™',
higher than in any known locality in its native range,
and showed fluctuations related to seasonality. Our
2008-2009 observations at the nesting sites docu-
ment that this population of I iguana is a repro-
ductively successful species, producing more than
100 egg clutches and 2,558 eggs with a 91.4% egg
viability. The ability to proliferate in a low predation
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environment and the absence of good competitors
are the major drivers of the population densities
observed in Puerto Rico. We found evidence that
I. iguana is threatening native biodiversity and impact-
ing infrastructure, agriculture and human safety. Thus,
amanagement program to control the species must soon
be developed to prevent this invasive reptile from
becoming more widespread and dominant in other
localities around the island.
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Introduction

While the effects of invasive mammals are widely
documented, invasive reptiles have just begun to
receive attention (Bomford et al. 2009; Rodda et al.
2009). Human mediated introductions of reptiles
have caused the extinction of native fauna (Savidge
1987), hybridization with native species (Day and
Thorpe 1996), and increased the incidence of salmo-
nellosis in humans (Mermin et al. 1997).

The green iguana (I. iguana) is native to Central
and South America, and was introduced to Puerto
Rico in the 1970s by the pet trade (Rivero 1998).
Since its introduction, this species has become
established and widespread around the main island,
smaller islands and keys (Thomas and Joglar 1996). In
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several localities of eastern and northeastern Puerto
Rico, this species has become abundant (Joglar 2005),
possibly due to increased habitat availability and the
absence of natural predators. Iguana iguana adults are
mostly herbivorous, but occasional predation on bird
eggs, chicks, invertebrates, small mammals and
carrion have been reported (Loftin and Tyson 1965;
Schwartz and Henderson 1991; Rivero 1998; Savage
2002; Townsend et al. 2003, 2005; Krysko et al.
2007). Life history and demographic studies of
I. iguana have not been conducted in Puerto Rico.
Considering the negative characteristics of an invader,
1. iguana has the potential to cause negative effects on
native flora, fauna and agriculture. Thus, studies
are critical to determine the ecological impacts of
L. iguana, and to provide scientifically based man-
agement recommendations.

In this paper, we show the results of continuous
monitoring of I. iguana populations at three localities
in mangrove swamps in Puerto Rico in an effort to:

(1) estimate population densities at different sites; (2)
describe some aspects of its reproductive biology;
and (3) evaluate potential impacts (ecosystems,
biodiversity, etc.). These data are critical to deter-
mine if a management program to control 1. iguana
populations is needed and, if so, to suggest an
effective management strategy.

Materials and methods
Study sites

Iguana iguana populations were monitored at two
localities in Puerto Rico (Fig. l1a): Parque Lineal
Enrique Marti Coll, San Juan (18°26'N, 66°04'W),
and Canal Blasina, Carolina (18°25'N, 65°58'W).
Both study sites are part of the San Juan Bay Estuary,
a complex estuarine environment consisting of a
series of interconnected channels dominated by

Parque Lineal

0051 2 3
e km

Canal Blasina

Las Cabezas de San Juan

0510 20 30
e km

Legend
m Protected Areas

Water Bodies

Fig. 1 Map of Puerto Rico indicating the locations of Iguana iguana populations surveyed at (a) Parque Lineal and Canal Blasina,

and (b) Las Cabezas de San Juan Nature Reserve

@ Springer



Iguana iguana in Puerto Rico

37

mangroves in the subtropical moist forest ecological
life zone (Ewel and Whitmore 1973). Parque Lineal
is characterized by the abundance of Rhizophora
mangle and Laguncularia racemosa, while Canal
Blasina is characterized by the abundance of Avicen-
nia germinans and R. mangle. Nesting activity was
monitored at Las Cabezas de San Juan Nature
Reserve (Fig. 1b), Fajardo (18°22°N, 65°37°W). This
site is located in a mixed secondary forest within the
subtropical dry forest ecological life zone (Ewel and
Whitmore 1973).

Climatic variability at Parque Lineal and Canal
Blasina

Climate in Puerto Rico is characterized by two seasons:
the cool-dry season, with lower temperatures and
precipitation (Range: 29.3-20.8°C, 170.4—77.2 mm);
and the warm-wet season, with higher temperatures and
precipitation (Range: 31.2-23.1°C, 178.1-93.2 mm)
(Colén 1983; SERCC 2010). Since the beginning and
end of these seasons may vary from year to year, we
analyzed the climate data by averaging mean monthly
temperature and mean monthly precipitation during our
study (October 2004—September 2006) for Parque
Lineal and Canal Blasina sites. We obtained climate
data from the Luis Mufioz Marin International Airport,
which is located between the two study sites (~ 1 km,
Fig. 1a).

Estimating population densities

Monthly population censuses (N = 24) were per-
formed (October 2004-September 2006) in 1-ha
(1 x 0.010 km) transects in Parque Lineal by walk-
ing a trail along the edge of the channel, and in Canal
Blasina using a canoe. Total number of individual
I. iguana observed along the mangrove edge in each
transect was recorded. We categorized each observed
individual by age class (adult, subadult, juvenile), sex
(male or female) and behavior (males in display-
bright coloration, basking, mating, foraging and
head-nodding). Age class and sex were determined
by identifying key physical traits (body, head and
femoral pore size, dorsal crest spine length and
coloration) as described in Dugan (1982). For stan-
dardization purposes a total of nine man-hours were
spent in each transect per monthly visit, and only one
member of the team assigned age and sex.

Reproductive biology

Male mating behavior serves as a useful tool to
determine I. iguana reproductive phenology in a
recently invaded location. This species has adapted to
synchronize its reproduction with climatic variables,
such as temperature and precipitation, conferring an
advantage to adults and newborn juveniles (Rand and
Greene 1982). During the dry season, male colors
intensify and territorial displays are more frequent
due to cooler temperatures indicating the beginning
of the breeding season (Distel and Veazey 1982;
Dugan 1982; Savage 2002). During the wet season,
eggs are ready to hatch, the soil around nests has
loosened, and new foliage is abundant making it
available as a food source and camouflage for
neonates (Rand and Greene 1982).

We monitored nesting activity and collected clutch
size data from two egg-laying seasons from March to
May in 2008 and 2009 at Las Cabezas de San Juan
Nature Reserve. At the beginning of the season
(March), we identified potential nesting sites and
marked them with flags. In 2008, we created artificial
mounds near past nesting sites to lure female iguanas,
as suggested by Krysko et al. (2007). Towards the
end of the egg-laying season (late April and early
May), we removed egg clutches from nesting sites
and artificial mounds, and recorded depth of the nest
and number of eggs per clutch. Egg dimensions
(length and width) were obtained by measuring three
to five randomly chosen eggs from each clutch with a
digital caliper rounded to the nearest hundredth
(Digimatic Plastic Caliper; Mitutoyo Corporation).
We determined the egg viability per clutch as the
percent of eggs in healthy condition (not shriveled or
cracked). In addition, we measured the snout to vent
length (SVL) of gravid females captured or found
dead, with a metric tape measure; and for hatchlings’
SVL we used digital calipers.

Data analysis

Multiple regression analysis was performed to deter-
mine the effect of climatic variables on the number of
observed individuals of I. iguana (all ages consid-
ered), and males in display at Parque Lineal and
Canal Blasina. The variables included in the regres-
sion model were those identified by Harris (1982) as
predictors of I. iguana activity: mean monthly
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temperature (°C), precipitation (mm) and wind speed
(km/h). To meet the assumptions of the regression
analysis, the data obtained in Canal Blasina was
transformed to log (X + 1). All statistical tests were
performed using Minitab Release 15 and o = 0.05.

Since a higher abundance of male I iguana in
reproductive display was found to be a good predictor
of a breeding season (Harris 1982; Dugan 1982), we
compared the proportion of displaying males in the
population (total number of males in display/total
individuals observed) between the warm-wet and
cool-dry seasons of each sampling period using a
2-Proportion Test at both localities. To answer
whether reproductive activity changed over time,
we compared the yearly proportions of displaying
males (total number of males in display/total indi-
viduals observed) in the same season also using a
2-Proportion Test. In addition, we compared the
number of . iguana (total individuals and males in
display) using a Mann—Whitney Test to determine
differences in population densities between localities
(Parque Lineal vs. Canal Blasina) and between
sampling periods (I: October 2004—September 2005
and II: October 2005-September 2006).

Results

Population densities of 1. iguana at Parque Lineal
and Canal Blasina

Iguana iguana population densities over time at both
study sites reflect fluctuations related to seasonality
(Fig. 2a, b). Despite a few anomalies in the mean
monthly precipitation, climate data confirmed that
there was a consistent pattern of cool temperatures
and low precipitation (cool-dry season), and a period
of warmer temperatures and higher precipitation
(warm-wet season) as shown in Fig. 2c¢ and d, for
the years 2004-2006 of this study. Results from the
multiple regression analysis (Table 1) revealed that
mean monthly temperature was the only predictor
that consistently explained both the total number of
individuals and the number of males in display
observed at Parque Lineal and Canal Blasina. The
number of observed individuals increased signifi-
cantly during the cooler and drier months of the year
(Fig. 2; Table 1). Mean monthly precipitation alone
was not a good predictor of active males in display at
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either site, but it is important at predicting total
iguana abundance (Table 1). Mean monthly wind
velocity explained part of the variation in abundance
only at Canal Blasina (Table 1).

Seasonal differences in the proportion of males in
reproductive display were significantly higher during
the cool-dry season for the two populations of
I. iguana studied (Table 2). There was a significant
increase in the proportion of males in display from
sampling periods I and II within the same season,
except in the cool-dry season at Canal Blasina where
the rates of display were similar (0.45 vs. 0.46,
Table 2). This similarity of reproductive activity
between seasons may have influenced our estimation
of population increase when considering males in
display as an indicator of population size.

The total number of iguana individuals differed sig-
nificantly (W = 421.5, N = 24, P < 0.0006) between
the two study sites (Fig. 2a). A mean monthly count of
64 + 26 (Range: 20-119) individuals ha™! were
observed in Parque Lineal, while a higher mean of
116 £ 57 (Range: 46-223) individuals ha~! was
observed at Canal Blasina. Figure 2b shows that this
trend was also significant (W = 472.0, N = 24,
P < 0.0172) for the total number of males in display
at each site. The total number of individuals did
not differ between sampling periods at either site
(Parque Lineal: 7= —1.36, N=12, P = 0.187;
Canal Blasina: W = 167.5, N =12, P = 0.3260),
indicating that although the mean number of individuals
has increased over the last 30 year (Rivero 1998, Joglar
2005), it was not statistically significant at this time.

Reproductive biology of I. iguana at Las Cabezas
de San Juan Nature Reserve (CSINR)

A total of 102 clutches and 2,558 eggs were found
and removed at this site from April-May in 2008 (43
clutches; 1,018 eggs) and 2009 (59 egg clutches;
1,540 eggs). The total average number of eggs per
clutch was 24.5, and were found at a mean depth of
35.26 cm (Table 3). Dimensions of eggs had a mean
length of 4.04 cm and a width of 2.93 cm (Table 3).
The mean egg viability varied from 81.9% in 2008 to
91.4% in 2009, which suggests a high hatching
success rate. Mean SVL of gravid females was
34.5 cm, and 6.71 cm for hatchlings (Table 3).

At CSJNR nesting activity lasted from February 13
to April 21 in 2008 and from February 24 to the end



Iguana iguana in Puerto Rico

39

A Sampling Period I Sampling Period II
" m© -
® < i 1
2+ 200 A~ o A AN I o —®
= c °d AN ! /)/ AN
2 °— s ! 18
E 2 1001 ! o -
= s \0——— e~ B~ — — —O0— -
8aq — &=
- 1
=) I
0 T T T T T T T T T T T T
B Oct-04 Dec-04 Feb-05 Apr-05 Jun-05 Aug-05 Oct-05 Dec-05 Feb-06 Apr-06 Jun-06 Aug-06
& 1001
[
QL
S £
c n
5 E 50
Q2
s
0-
Oct-04 Dec-04 Feb-05 Apr-05 Jun-05 Aug-05 Oct-05 Dec-05 Feb-06 Apr-06 Jun-06 Aug-06
C
o
>0
22 28 /,//_‘_k\\ N
€9 \ R
3
= B 26—
]
© o
7]
=5 .
- 2 T T T T T T T T T T T T
D Oct-04 Dec-04 Feb-05 Apr-05 Jun-05 Aug-05 Oct-05 Dec-05 Feb-06 Apr-06 Jun-06 Aug-06
~~
,E 400
=<
=
€ c
g
= = 200
S
O =
=3
1
a -
Oct-04 Dec-04 Feb-05 Apr-05 Jun-05 Aug-05 Oct-05 Dec-05 Feb-06 Apr-06 Jun-06 Aug-06

Fig. 2 Seasonal variation in population densities of Iguana
iguana in Puerto Rico. Total number of individuals (a) and
total number of males in display (b) are given for Parque
Lineal (closed circles) and Canal Blasina (open circles).
Dashed lines delimit sampling periods I and II. Climatic

variables correspond to mean monthly temperature (c¢) and
mean monthly precipitation (d). The shaded area denotes the
cool-dry season, and the white area corresponds to the warm-
wet season

Table 1 Multiple regression analyses of Iguana iguana abundance as a function of climatic variables

Number of individuals

Displaying males

Predictor Coefficient P value R? Coefficient P value R?
Parque Lineal

MMT —4.689 0.006 72.6% —4.315 0.000 70.8%
MMP —0.044 0.034 —0.003 0.773

MMW 1.266 0.126 0.172 0.738

Canal Blasina

MMT —0.121 0.000 96.0% —0.221 0.000 88.7%
MMP —0.001 0.000 —0.001 0.106

MMW —0.025 0.000 —0.013 0.390

Predictor variables were as follow: MMT Mean monthly temperature (°C), MMP Mean monthly precipitation (mm) and MMW Mean
monthly wind velocity (km/h). Data corresponding to Canal Blasina were log (X 4 1) transformed
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Table 2 Seasonal and temporal differences in the proportion of males in reproductive display (total number of 3 in display/total
number of individuals observed) in two populations of Iguana iguana in Puerto Rico

Locality Season Proportion of 3 in display 2-Proportion test
(total number 3 in display/total ~ (sampling periods)
individuals observed)
Sampling period I Sampling period II
Parque Lineal Warm-wet  0.12 (40/333) 0.25 (105/421) Z = —4.68, P < 0.000
Cool-dry 0.35 (125/355) 0.49 (215/438) Z = —3.98, P <0.000
2-Proportion test (seasons) Z = — 0.49, P < 0.000 Z = —"1.58, P <0.000
Canal Blasina Warm-wet  0.22 (137/624) 0.33 (128/390) Z = —3.75, P < 0.000
Cool-dry 0.45 (414/935) 0.46 (379/830) Z=— 0.8, P =0.559

2-Proportion test (seasons)

Z = —"1749, P <0.000

Z = —4.37, P <0.000

Populations were monitored for two consecutive years: October 2004 to September 2005 (Sampling period I) and from October 2005

to September 2006 (Sampling period II)

of April in 2009. The first hatchlings were observed
on May 17 2008 and May 14 2009.

Discussion
Population densities of I. iguana in Puerto Rico

Our transect-based population monitoring of
1. iguana in Puerto Rico suggests that this species is
extremely abundant at both localities surveyed. At the
peak of the breeding season, a maximum of 119
iguanas ha~' were observed in Parque Lineal, while
223 iguanas ha~' were observed at Canal Blasina
(Fig. 2). Although both localities were similar in
forest structure (i.e., channels in mangrove swamps),
differences in I. iguana abundance may be due to the
proximity to the Pifiones State Forest (Fig. 1) and/or
different levels of anthropogenic disturbance. Parque
Lineal is an isolated area surrounded by urban sprawl,
while Canal Blasina is next to the Pifiones State
Forest, which is a vast protected area with more
potential nesting sites. Densities of this invasive
reptile were much higher at both of our study sites in
Puerto Rico than in localities in its native range
where the species was overexploited as a food source
(Colombia: 13.7 individuals ha™!; Mufioz et al.
2003), and within the range where it was protected
(Panama: 36-50 adults hafl, Dugan 1982). Non-
native habitats provide a low predation environment
and lack of competitors which may influence this
species to become abundant in our study sites. A
significant increase in the proportion of males in
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display during the breeding season was observed
between sampling periods (Table 2). This may be
attributed to an increase in levels of reproductive
activity boosted by a higher number of males, or to
increased resources, specifically perching sites. The
availability of perch sites was not measured in this
study, but we infer from our observations that
I. iguana foraging cleared mangrove areas that
consequently provided more displaying sites. These
population trends are of concern, because an increase
in reproductive activity suggests future population
growth.

Reproductive phenology in Puerto Rico

The reproductive behavior of 1. iguana in Puerto Rico
was similar to that observed by Dugan (1982) and
Harris (1982) in its native range. Fluctuations in the
reproductive activity reflected a response of 1. iguana
to seasonal patterns (Fig. 2), where environmental
variables such as temperature, precipitation and wind
affected the observed abundance at both study sites
(Table 1). During the cooler and drier months of the
year (December—February), we observed the highest
numbers of individuals and an increase in the
displaying activity of males (Fig. 2). This activity
attracts females, consequently having an impact on
the abundance observed in areas where iguanas
congregate for courtship (Dugan 1982; Rodda
1992). The ability to spend more time basking in
open areas during cooler and windy periods caused an
increase of displaying activity by males (Dugan 1982;
Rand and Greene 1982). However, the effect of wind
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Table 3 Reproductive biology of Iguana iguana at Las Cabezas de San Juan Nature Reserve, Puerto Rico compared to other

localities in its native range where information was available

Mean + SD Range Locality (reference)
Clutches (N = 102)
Number of eggs
March-May 2008 232 £ 11.7 3-45 Puerto Rico (This study)
March-May 2009 254 + 133 8-75
16.90 Curacao (van Marken Lichtenbelt and Albers 1993)
17.50 16-19 Caribbean (Schwartz and Henderson 1991)
29.43 Depresion Momposina, Colombia (Mufioz et al. 2003)
34.00 Tortugero, Costa Rica (Hirth 1963)
35.00 Chamela, México (Casas-Andreu and Valenzuela-Lopez 1984)
35.50 Santa Marta, Colombia (Miiller 1972)
- 35—43*, 14-76"" Costa Rica and Nicaragua*; Panam4 and Colombia™
(Wiewandt 1982)
Egg viability (%)
March-May 2008 81.9 + 28.3 0-100 Puerto Rico (This study)
March-May 2009 914 + 132 41-100
39 0-98 DeLesseps, Panamd (Rand and Dugan 1980)
50 0-93 Slothia, Panama (Rand and Dugan 1980)
94 75-100 San José, Panama (Rand and Dugan 1980)
Depth (cm) 353 £ 14.7 7.6-94 Puerto Rico (This study)
434 £ 17.6 9-98 Colombia (Mufioz et al. 2003)
60.8 36-100 Various localities through Panama (Rand and Dugan 1983)
Egg dimensions (N = 309)
Length (cm) 4.04 + 0.391 2.51-4.92 Puerto Rico (This study)
3.90 Costa Rica (Hirth 1963)
Width (cm) 2.93 £+ 0.299 2.03-4.01 Puerto Rico (This study)
2.60 Costa Rica (Hirth 1963)
SVL (cm)
Females (N = 17) 345+ 3.6 28.2-40.0 Puerto Rico (This study)
28.0 Colombia (Wiewandt 1982)
29.2 25.0-39.4 Colombia (Harris 1982)
32.7 Nicaragua (Wiewandt 1982)
335 Costa Rica (Wiewandt 1982)
353+ 14 34.0-38.0 Costa Rica (Hirth 1963)
- 26.0-34.0 Panama (Dugan 1982)
Hatchlings (N = 49) 6.71 £ 0.214 6.22-7.22 Puerto Rico (This study)
5.70 Costa Rica (Wiewandt 1982)
6.80 Colombia (Wiewandt 1982)
7.35 Panama (Rand and Greene 1982)
7.40 Nicaragua (Wiewandt 1982)
- 7.00-8.60 Colombia (Harris 1982)

was only significant for the population at Canal
Blasina (Table 1), where the channel structure was
narrower than in Parque Lineal. In contrast, during

the warm-wet season, the observed rates of display-
ing males significantly decreased (Table 2), possibly
because of reduced detectability since they lack the
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bright coloration typical of the breeding season,
and/or the movement to other areas within their range
(Rodda 1992). The fact that the total number of
individuals at Parque Lineal was similar between
reproductive seasons supports the first hypothesis.

Nesting activity started at the end of the cool-dry
season (February—April) when iguanas searched for
potential sites to lay their eggs. Mean clutch size of 1.
iguana in Puerto Rico was higher than in other
islands in the Caribbean, but lower than in localities
in Central and South America (Table 3). As compre-
hensive reviews of other studies suggest, aspects of
the reproductive biology of this species (e.g. number
of eggs per clutch, egg dimensions, and mean body
size of females and hatchlings) are highly variable
throughout its native range (Table 3).

Our 2008-2009 nesting observations at CSINR
suggest that 1. iguana is a reproductively successful
species, producing more than 100 clutches and 2,558
eggs with a maximum of 91.4% per clutch egg
viability at our study site. This reproductive success
in combination with the absence of predators is
probably a major driver of the population densities
we are observing in Puerto Rico (Table 3).

Impacts of an invasive species in Florida
and Puerto Rico

Iguana iguana is an invasive species that may threat
native biodiversity, infrastructure and human health.
Potential impacts of I. iguana (i.e. predation, com-
petition, interbreeding and pathogen introduction)
have been reported for localities such as Florida and
the Lesser Antilles (Day and Thorpe 1996; Mermin
et al. 2004; Meshaka et al. 2007; Krysko et al. 2007,
Townsend et al. 2005).

Iguana iguana was first reported in Florida as non-
breeding in 1966, becoming a “cute neighbor”
between the 1970s and 1980s. After its populations
exploded in 1990s, the iguanas soon became a
nuisance species (Krysko et al. 2007). Land managers
and property owners consider [ iguana a pest
because they have caused extensive damage to
residential and commercial landscape vegetation,
and dig burrows (for nesting and refugia) causing
erosion that undermines sidewalks, foundations,
canal banks, seawalls, and other infrastructure (Kern
2004; Krysko et al. 2007). In addition, many home-
owners despise iguanas because of their unsightly and
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unhygienic defecations on moored boats, docks,
porches, decks, swimming pools and surroundings
(Kern 2004; Krysko et al. 2007). As a preventive
measure some homeowners have installed wire mesh
and/or electric fences in order to protect herbs,
flowering shrubs and trees from iguanas. At least two
institutions in Florida have reported serious damage
and losses to iguanas, the Fairchild Tropical Botan-
ical Garden in Miami and Key Deer National
Wildlife Refuge on Big Pine Key (Krysko et al.
2007). Although some people enjoy watching
1. iguana as long as they do not damage valued
plants or property, others are intimidated by these
large lizards. This difference in attitude towards
iguanas has caused disputes among neighbors since
some protect and feed iguanas while others under-
stand the importance of removing this non-indige-
nous species (Krysko et al. 2007).

Iguana iguana impacts in Puerto Rico are similar
to the ones reported in Florida, with some additional
problems. Collisions between airplanes and wildlife
are a serious safety concern and have economic
impacts. A 2-month study conducted to assess the
potential of iguanas as an airstrike hazard at the Luis
Mufioz Marin International Airport (SJU) showed
that a total of six iguana incursions (three times in
October and three times on November) caused
operations to be halted in portions of the SJU airfield
(Engeman et al. 2005). According to the Federal
Aviation Administration (FAA) airstrike database all
of the five records of collision with iguanas have
occurred at the SJU (Engeman et al. 2005). Thus, it is
probable that more strikes with iguanas have occurred
at the SJU than have been reported (Engeman et al.
2005). Body weight comparisons between adult
iguanas and other known aircraft collision hazards
indicated that I. iguana represents a serious airstrike
hazard; they rank in the same damaging category as
ducks, pelicans and eagles (Engeman et al. 2005).
Because of safety and economic implications, Eng-
eman et al. (2005) recommended several manage-
ment actions such as habitat modification, exclusions
and population reduction. In the last few years the
Department of Natural and Environmental Resources
(DNER) launched a population reduction program at
the SJU, but numbers and results are not yet known.
At the Muniz Air National Guard Base, a smaller
airport in the same area with similar habitat as the
SJU, a total of 1,798 iguanas were removed by USDA
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personnel in 2008 (Pedro F. Quifiones, pers. comm.).
This number is higher than in Florida where 824
iguanas were removed by a combination of trapping
and incidental roadkills (Smith et al. 2007).

Las Cabezas de San Juan Nature Reserve (CSINR)
in northeastern Puerto Rico has been severely
impacted by I iguana. Every year the digging of
burrows as part of the species nesting activity
undermines the main road at the reserve. Road repair
cost fluctuated between $4000 and $5000 annually in
the last 6 years (Elizabeth Padilla, per. comm.). The
plant nursery at CSINR loses over a 1,000 young
trees (with an approximate cost of $5000 annually
due to iguana herbivory (Elizabeth Padilla, pers.
comm.). In addition, iguanas’ burrowing behavior has
impacted the landscape around the lighthouse at
CSJINR (the second oldest in Puerto Rico).

The potential impact of I. iguana on ecosystems
and biodiversity has been suggested at some Puerto
Rican sites. The foraging habits of I. iguana have
been identified as a source of mortality to black
mangrove (Laguncularia racemosa) at the San Juan
Bay Estuary (Carlo and Garcia-Quijano 2008). In
addition, I. iguana may be attracting non-native
predators (dogs, cats, and mongooses) to wildlife
refuges and other protected areas. At CSINR we have
observed dogs predating upon female iguanas during
the egg-laying season. In the Northeastern Ecological
Corridor (NEC) in northeastern Puerto Rico, there is
an overlap in reproductive season and nesting sites
between I. iguana and Dermochelys coriacea (leath-
erback turtles). This situation is of concern because:
(1) iguanas digging habits could destroy leatherback
eggs, and (2) iguanas are attracting predators such as
dogs and mongooses, which can feed indiscrimi-
nately on both iguana and turtle eggs. At the NEC,
dogs have been observed attacking female leather-
back turtles (Héctor Horta, pers. comm.). Iguana
iguana have been reported to feed on bird eggs and
chicks (Schwartz and Henderson 1991; Rivero 1998),
and we have been informed of adults feeding on
common moorhen (Gallinula chloropus) eggs at
Parque Lineal (René Fuentes, pers. comm.).

Local agriculture has also been affected by iguanas
damaging and destroying crops. Yams (Dioscorea
spp.) and yautias (Xanthosoma spp), tWwo main crops
in the southeastern town of Maunabo, Puerto Rico
where agriculture is an important component of the
local economy have been affected; and in the south

pumpkin (Cucurbita spp.) and melons (Cucumis sp.)
(Héctor De Jesus Garcia, pers. comm.). Golf courses,
an important component of the tourism industry in
Puerto Rico, have also been negatively affected by
iguanas, and land managers and property owners
considered them a nuisance because of considerable
damage to landscape vegetation (R. Joglar, pers.
obs.).

Management recommendations

Thorough knowledge of the life history of an invasive
species should be used to develop an effective
management plan (Sakai et al. 2001; Smith et al.
2007). In Puerto Rico, we suggest using what we
have learned of 1. iguana reproductive phenology as a
strategy to control and manage its non-indigenous
populations (Fig. 3). Adults are easier to remove
during the courtship period, when males are in
reproductive displays and more females are found
near them. Females can also be captured during this
period, and radio-tracked to find potential nesting
sites. Searching for nests and creating artificial
nesting sites was an efficient approach for obtaining
information related to the reproductive biology of this
species in our study. Artificial mounds can be
effective for collecting and destroying eggs thus,
controlling iguana populations (Krysko et al. 2007).
However, nesting areas must be carefully searched
because destroying nests indiscriminately may risk
native species that are also attracted to these sites.
Because of its potential negative impacts on entire
ecosystems, to both local biodiversity and to humans,
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Nesting -
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Males in Display I
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Fig. 3 Reproductive phenology of Iguana iguana in Puerto
Rico starting from November through October. The shaded
area denotes the cool-dry season, and the white area
corresponds to the warm-wet season
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I. iguana populations in Puerto Rico should be
managed, especially in localities in which threats
have been identified as more imminent. Special areas
of concern are airports, agricultural lands, habitats of
endangered and/or threatened species, and nature
reserves. Accordingly, we recommend that a man-
agement plan for the species should be developed
taking into consideration the findings of this study.
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