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The bahamian endemic Cyclura rileyi
is one of the most threatened of the West

Indian rock iguanas. Two of its three recognized
subspecies, C. r. cristata and C. r. rileyi, are criti-
cally endangered, and the third, C. r. nuchalis, is
endangered (Alberts, 2000). Although they for-
merly occupied large islands, today these lizards
are confined to small, remote, uninhabited cays
of three island groups in the Bahamas (the Exu-
mas, San Salvador Island, and the Crooked and
Acklins Islands; figure 17.1). The island groups,
each harboring its own subspecies, are on sep-
arate banks and therefore were not connected
during the most recent ice age when water lev-
els were as much as 100 m lower than at pres-
ent. The cays are currently separated from adja-
cent larger islands by shallow water and were
probably formed within the past seven thousand
years (when seas were more than 10 m lower
than they are today; Kindler, 1995) from rising
postglacial seas.

At present, C. r. cristata is restricted to a single
cay (White = Sandy Cay, 14.9 ha) in the southern

Exumas. This taxon almost certainly occupied ad-
jacent islands (e.g., Leaf Cay, Hog Cay, possibly
Little Exuma and Great Exuma) at one time, and
has suffered substantial range contraction. C. r.
nuchalis exists naturally on just two cays (North
Cay, 51.7 ha; Fish Cay, 73.9 ha) in the Acklins
Bight, the immense, shallow body of water be-
tween Crooked Island and Acklins Island. A third
population, introduced to a small island (3.3 ha)
within the Exumas Land and Sea Park, was es-
tablished by five founders translocated from Fish
Cay in the late 1970s by a private individual
(S. Buckner, pers. comm.). This subspecies
was found on nearby Long Cay (23 km2) in the
Acklins Bight in the early twentirth century
(Schwartz and Carey, 1977; Schwartz and Hen-
derson, 1991; Blair, 1992), and undoubtedly once
occupied Crooked Island (238 km2) and Acklins
Island (311 km2) as well. Thus, its current range
represents a tiny fraction (0.2%) of its former
range. The remaining populations of C. r. rileyi
are presently confined to six tiny offshore cays
and islets within the hypersaline lakes of San
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Salvador Island (31.5 ha total), although a few in-
dividuals are still encountered rarely on the main
island (163 km2). Three additional populations
have been extirpated in recent decades from
Barn, High, and Gaulin Cays (30.3 ha total). As-
suming the main island population is nonviable
as a result of human habitation and environ-
mental degradation, this taxon similarly occupies
a mere fraction (0.2%) of its former range.

Although Amerindians apparently utilized
iguanas for food and funerary offerings (e.g.,
Veloz Maggiolo, 1997; Winter et al., 1999) and
possibly transported them between islands, their
impact on iguanas is otherwise unknown. Most
devastating was the large-scale destruction of
habitat by European and American colonists,
who cleared forests from entire islands to estab-
lish cultivation and introduced many non-native
plants and animals. Today, in spite of protection

under the Convention on International Trade in
Endangered Species of Wild Fauna and Flora
(CITES), hunting and smuggling for the pet
trade continue (Alberts, 2000). However, the
greatest threats appear to be related to invasive
species that alter habitat and/or prey on iguanas.

In this chapter, we describe the findings of a
long-term, ongoing research program on C. ri-
leyi. At present, there are no legitimate collec-
tions of this iguana in captivity and all of our
work has been in situ. We began our studies in
1993 with the short-term goals of identifying
all remaining populations of C. rileyi, obtaining
accurate population estimates, evaluating the
general health of the iguanas and their habitats,
and assessing the threats to each population.
Our longer-term goals included more complete
demographic analyses, measurement of mor-
phological and genetic variation, mitigation of
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FIGURE 17.1. Distribution of Cyclura in the Bahamas, including the three subspecies of Cyclura cychlura
(on Andros, northern Exumas, and southern Exumas) and the three subspecies of C. rileyi (on southern
Exumas, San Salvador Island, and Acklins Bight). C. carinata bartschi exists only on Booby Cay off
Mayaguana Island, Bahamas; the second subspecies of C. carinata occurs in the Turks and Caicos Islands
to the east.



threats to the habitats of several important cays,
and detailed studies of behavioral ecology. A
summary of our annual research activities is
provided in table 17.1.

We begin by providing detailed assessments
of all known C. rileyi populations, including
demographic measures, habitat characteristics,
and identified threats. Next, we describe and as-
sess several projects undertaken to control non-
native predators and restore damaged habitats.
Subsequently, we provide highlights from our
detailed studies of the behavioral ecology of
several populations. In the following chapter
(Carter and Hayes, this volume), we present
analyses of morphological and genetic variation
within and between the three taxa, and discuss
conservation recommendations. Although some

of our findings appear in three student theses
(Thornton, 2000; Cyril, 2001; Fry, 2001) and in
an earlier paper (Hayes et al., 1995), most of
our data remain to be published. Here, we sum-
marize our major findings from years of field
research and focus on how the findings benefit
our understanding of iguanas in general and
their conservation.

POPULATION ASSESSMENTS

We visited each of the known populations of
C. rileyi to systematically survey population size,
measure morphological features, and assess
other demographic attributes (e.g., sex ratio,
body-size distribution). We also informally sur-
veyed the habitats of each cay and identified po-
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TABLE 17.1
Summary of Annual Conservation Research Activities on the Three Subspecies of Cyclura rileyi

year taxon activity

1993 C. r. rileyi Capture/marking (May)

1994 C. r. rileyi Capture/marking, population surveys (May, July)

1995 C. r. rileyi Capture/marking, population surveys (March, June, November)

1996 C. r. cristata Capture/marking (June)
C. r. nuchalis Capture/marking (May–June)

1997 C. r. cristata Capture/marking, population surveys, behavioral ecology study (May–July)
C. r. nuchalis Capture/marking, population surveys (May)

1998 C. r. cristata Rat eradication (April–May)
C. r. nuchalis Capture/marking, population surveys, behavioral ecology study (May)
C. r. rileyi Capture/marking, population surveys (June)

1999 C. r. cristata Population survey (October)
C. r. nuchalis Capture/marking, population surveys, behavioral ecology study, post-

hurricane assessment (May–July, October)
C. r. rileyi Capture/marking, population surveys, behavioral ecology study, rat

eradication, post-hurricane assessment (June–July, October)

2000 C. r. cristata Population survey (November)
C. r. rileyi Population surveys, rat eradication (May, June–July)

2001 C. r. rileyi Population surveys, nest habitat restoration, behavioral ecology study
(June–July, October)

Notes: Whereas the majority of expeditions were brief (one to two weeks) and sometimes several times per year, the behav-
ioral ecology studies encompassed five ten-week field seasons.



tential threats to iguanas. The ownership and
geophysical and ecological features of each cay
are summarized in table 17.2. The demographic
characteristics of and primary threats to each
population are provided in tables 17.3 and
17.4. On the larger islands, there are additional
problems related to human-commensal animals
(pets and livestock) and substantial habitat al-
teration. Although the killing of iguanas for food
persists in other regions of the Bahamas and
Carribean (e.g., Alberts, 2000; Knapp, 2001b),
we have found no evidence of current hunting
of C. rileyi.

SAMPLING METHODS

DATA TREATMENT AND ANALYSES

Statistical tests were conducted using SPSS
for Windows (release 8.0, 1997; SPSS Inc.,
Chicago, Illinois), with α = 0.05. Both paramet-
ric and nonparametric tests were conducted, de-
pending on the data properties. For some data,
transformations (e.g., log or rank) were required
prior to analyses. In some cases, we report para-
metric tests of data that failed to meet paramet-
ric assumptions, but when possible, we used
nonparametric alternatives to confirm suitabil-
ity of the parametric tests. For multivariate tests,
effect size (proportion of variance explained by
an independent variable) is indicated in some
cases by η2.

CAPTURE, MORPHOLOGICAL MEASURES,

AND SEX DETERMINATION

Through 1999, we captured 484 iguanas (75
C. r. cristata, 198 C. r. nuchalis, and 211 C. r. rileyi)
by noose (the majority) or by hand. Both meth-
ods proved effective and safe, with minimal in-
juries limited to occasional abrasions. Captured
iguanas were immediately placed in cloth bags
and taken to a shaded processing station. We
weighed each iguana and obtained the following
measurements (to the nearest mm) using a
metric caliper or a folding metric ruler: snout-
vent length (SVL), head length (posterior margin
of tympanum to snout tip), and tail length (vent
to tip). Iguanas were categorized into one of four
size classes based on SVL: juveniles (<12 cm),

subadults (12–19.9 cm), adults (20–27.9 cm),
and large adults (>28 cm). Most iguanas were
probed for sex identification.

MARKING INDIVIDUALS

Prior to release at the site of capture, iguanas
were marked semipermanently by affixing one
to three colored glass beads on each side of the
nuchal crest with an 80-lb nylon monofilament
line melted into a ball at each end to retain the
beads (Rodda et al., 1988; Hayes et al., 2000).
When conducting home range and behavioral
ecology studies, we additionally marked all indi-
viduals with a temporary alphanumeric code on
each side of the dorsum, visible from a distance,
using a nontoxic enamel paint that lasted several
months or until ecdysis (Hayes et al., 2000).
Our observations and those of others suggest
that neither beads nor paint marks interfere with
normal behavior or survival (but see Hayes et al.,
2000; Murray and Fuller, 2000).

POPULATION SURVEYS

We estimated population sizes by three means,
as summarized by Hayes and Carter (2000):
(1) Lincoln-Petersen mark-resighting surveys
on small cays (<12 ha) having sufficient marked
iguanas; (2) classical transects (standard counts
of all iguanas seen) that covered the entirety of
small cays (<12 ha); and (3) distance transects
(measurement of perpendicular distance be-
tween each iguana sighted and transect line) on
large cays (≥12 ha), with adjustment for the pro-
portion of habitat surveyed. Most surveys were
conducted during the months of June or July.
For several cays, we conducted repeated surveys
and used multiple estimation methods to better
understand the factors that influence our esti-
mates. During surveys, we also recorded the ap-
proximate size class (juvenile, subadult, adult,
large adult) of each iguana sighted. For classical
transects and distance surveys, we adjusted our
estimates based on detectability using the fol-
lowing general formula: N = iguanas seen/
detectability. We estimated detectability using
two methods and are confident that it ranges
between 0.33 and 0.5 under the usual conditions

C O N S E R V AT I O N O F A N E N D A N G E R E D R O C K I G U A N A ,  I 2 3 5



TA
B

LE
 1

7.
2

Su
m

m
ar

y 
of

 O
w

ne
rs

hi
p,

 a
nd

 G
eo

gr
ap

hi
ca

l a
nd

 E
co

lo
gi

ca
l F

ea
tu

re
s 

of
 C

ay
s 

In
ha

bi
te

d 
by

 C
yc

lu
ra

 r
ile

yi
 c

ri
st

at
a,

 C
. r

. n
uc

ha
lis

,a
nd

 C
. r

. r
ile

yi

o
th

er
ar

ea
el

ev
at

io
n

re
pt

il
e

ta
xo

n
ca

y 
(o

w
n

er
)

(h
a)

(m
)

ty
pi

ca
l 

d
om

in
an

t 
pl

an
ts

1
br

ee
d

in
g

 b
ir

d
 s

pe
ci

es
2

sp
ec

ie
s

in
va

si
ve

 f
au

n
a

C
. r

. c
ri

st
at

a
W

h
it

e 
(C

L)
14

.9
8

C
as

ua
ri

na
, C

oc
co

lo
ba

, 
La

u
gh

in
g 

gu
ll,

 o
sp

re
y,

 A
n

ti
lle

an
 

A
no

lis
 s

ag
re

i,
R

ac
co

on
,3

ra
ts

,3

C
oc

co
th

ri
na

x,
 S

tr
um

pf
ia

n
ig

h
th

aw
k,

 z
en

ai
da

 d
ov

e,
 w

h
it

e-
S

ph
ae

ro
-

h
ou

se
 m

ic
e4

(≥
20

)
cr

ow
n

ed
 p

ig
eo

n
, g

ra
y 

ki
n

gb
ir

d,
 

da
ct

yl
us

B
ah

am
a 

m
oc

ki
n

gb
ir

d,
 

u
n

ce
rt

ai
n

 s
p.

ba
n

an
aq

u
it

 (r
oy

al
 te

rn
, g

u
ll-

bi
lle

d 
te

rn
, W

ils
on

’s
 p

lo
ve

r)

C
. r

. n
uc

ha
lis

Fi
sh

 (C
L)

73
.9

3
C

oc
co

lo
ba

, C
oc

co
th

ri
na

x,
 

G
re

en
 h

er
on

, o
sp

re
y,

 c
la

pp
er

 r
ai

l, 
Le

io
ce

ph
al

us
H

ou
se

 m
ic

e
S

tr
um

pf
ia

, R
hi

zo
ph

or
a

A
n

ti
lle

an
 n

ig
h

th
aw

k,
 B

ah
am

a 
pu

nc
ta

tu
s,

 
(>

50
)

w
oo

ds
ta

r, 
gr

ay
 k

in
gb

ir
d,

 th
ic

k-
S

ph
ae

ro
-

bi
lle

d 
vi

re
o,

 B
ah

am
a 

m
oc

ki
n

g-
da

ct
yl

us
 

bi
rd

, b
lu

e-
gr

ay
 g

n
at

ca
tc

h
er

, 
co

rt
ic

ol
a

ye
llo

w
 w

ar
bl

er
, b

an
an

aq
u

it
 

(y
el

lo
w

-c
ro

w
n

ed
 n

ig
h

t-
h

er
on

, 
W

ils
on

’s
 p

lo
ve

r, 
ze

n
ai

da
 d

ov
e,

 
w

h
it

e-
cr

ow
n

ed
 p

ig
eo

n
, m

ou
rn

in
g 

do
ve

, c
om

m
on

 g
ro

u
n

d-
do

ve
)

N
or

th
 (C

L)
51

.7
3

C
oc

co
lo

ba
, C

oc
co

th
ri

na
x,

 
Sa

m
e 

as
 F

is
h

 C
ay

Le
io

ce
ph

al
us

N
on

e 
kn

ow
n

S
tr

um
pf

ia
, R

hi
zo

ph
or

a
pu

nc
ta

tu
s,

 
(>

50
)

S
ph

ae
ro

-
da

ct
yl

us
 

co
rt

ic
ol

a
Tr

an
sl

oc
 

3.
3

7
C

oc
co

th
ri

na
x,

 C
on

oc
ar

pu
s,

 
G

ra
y 

ki
n

gb
ir

d,
 th

ic
k-

bi
lle

d 
vi

re
o,

 
N

on
e 

kn
ow

n
R

at
s?

po
pn

 (N
P

)
E

ri
th

al
is

, G
ua

pi
ra

, 
bl

ac
k-

w
h

is
ke

re
d 

vi
re

o,
 b

an
an

a-
Ja

cq
ui

ni
a,

 M
an

ilk
ar

a,
 

qu
it

 (z
en

ai
da

 d
ov

e,
 w

h
it

e-
R

ey
no

si
a,

 R
ha

ch
ic

al
lis

(4
7)

cr
ow

n
ed

 p
ig

eo
n

)

C
. r

. r
ile

yi
G

au
lin

 (C
L)

1.
6

3
C

oc
co

lo
ba

, C
on

oc
ar

pu
s,

 
A

u
du

bo
n’

s 
sh

ea
rw

at
er

, r
os

ea
te

 
N

on
e 

kn
ow

n
C

ac
to

bl
as

ti
s

S
es

uv
iu

m
(1

0)
te

rn
, b

ri
dl

ed
 te

rn
, s

oo
ty

 te
rn

, 
m

ot
h

br
ow

n
 n

od
dy



G
ou

ld
in

g 
(P

)
2.

9
10

C
oc

co
lo

ba
, C

on
oc

ar
pu

s,
 

A
u

du
bo

n’
s 

sh
ea

rw
at

er
, b

ri
dl

ed
A

no
lis

N
on

e 
kn

ow
n

M
an

ilk
ar

a,
 R

ey
no

si
a,

 
te

rn
, y

el
lo

w
 w

ar
bl

er
 (B

ah
am

a 
di

st
ic

hu
s,

 
X

im
en

ia
(≥

16
)

w
oo

ds
ta

r)
S

ph
ae

ro
-

da
ct

yl
us

co
rt

ic
ol

a
G

re
en

 (C
L)

5.
1

8
B

or
ri

ch
ia

, C
oc

co
lo

ba
, 

A
u

du
bo

n’
s 

sh
ea

rw
at

er
, t

ri
co

lo
re

d 
A

no
lis

 
C

ac
to

bl
as

ti
s

C
on

oc
ar

pu
s,

 R
ha

ch
ic

al
lis

h
er

on
, y

el
lo

w
-c

ro
w

n
ed

 n
ig

h
t-

u
n

ce
rt

ai
n

 s
p.

, 
m

ot
h

(1
0)

h
er

on
, r

os
ea

te
 te

rn
, b

ri
dl

ed
 te

rn
, 

S
ph

ae
ro

-
so

ot
y 

te
rn

, b
ro

w
n

 n
od

dy
, y

el
lo

w
 

da
ct

yl
us

 
w

ar
bl

er
co

rt
ic

ol
a

G
u

an
a 

(P
)

1.
6

9
R

ic
h

 d
iv

er
si

ty
 (4

2)
(G

re
en

 h
er

on
, w

h
it

e-
cr

ow
n

ed
 

A
no

lis
 

R
at

s
pi

ge
on

, B
ah

am
a 

w
oo

ds
ta

r, 
gr

ay
 

di
st

ic
hu

s
ki

n
gb

ir
d)

Lo
w

 (P
)

10
.8

7
A

m
br

os
ia

, C
oc

co
lo

ba
, 

A
u

du
bo

n’
s 

sh
ea

rw
at

er
, W

ils
on

’s
 

A
no

lis
 

R
at

s,
3

Ip
om

oe
a,

 S
es

uv
iu

m
 (

31
)

pl
ov

er
, b

ri
dl

ed
 te

rn
, y

el
lo

w
 

u
n

ce
rt

ai
n

 s
p.

, 
C

ac
to

bl
as

ti
s

w
ar

bl
er

 (b
la

ck
-n

ec
ke

d 
st

ilt
, w

ill
et

)
Le

pt
ot

yp
hl

op
s

m
ot

h
co

lu
m

bi
, 

S
ph

ae
ro

-
da

ct
yl

us
 

co
rt

ic
ol

a
M

an
h

ea
d 

(P
)

3.
3

7
C

as
as

ia
, C

oc
co

lo
ba

, 
A

u
du

bo
n’

s 
sh

ea
rw

at
er

, y
el

lo
w

-
A

no
lis

 s
ag

re
i, 

C
ac

to
bl

as
ti

s
C

on
oc

ar
pu

s,
 S

po
ro

bo
lu

s,
 

cr
ow

n
ed

 n
ig

h
t-

h
er

on
, g

re
en

 
S

ph
ae

ro
-

m
ot

h
S

tr
um

pf
ia

(1
5)

h
er

on
, b

ri
dl

ed
 te

rn
, A

n
ti

lle
an

 
da

ct
yl

us
 

n
ig

h
th

aw
k,

 y
el

lo
w

 w
ar

bl
er

 
co

rt
ic

ol
a

(s
oo

ty
 te

rn
)

P
ig

eo
n

 (C
L)

7.
8

1
R

hi
zo

ph
or

a
(7

)
D

ou
bl

e-
cr

es
te

d 
co

rm
or

an
t, 

A
no

lis
R

at
s

tr
ic

ol
or

ed
 h

er
on

, r
ed

di
sh

 e
gr

et
, 

di
st

ic
hu

s,
gr

ee
n

 h
er

on
, y

el
lo

w
-c

ro
w

n
ed

 
S

ph
ae

ro
-

n
ig

h
t-

h
er

on
, l

au
gh

in
g 

gu
ll,

 
da

ct
yl

us
 

w
h

it
e-

cr
ow

n
ed

 p
ig

eo
n

, y
el

lo
w

 
co

rt
ic

ol
a

w
ar

bl
er

 (l
it

tl
e 

bl
u

e 
h

er
on

, 
B

ah
am

a 
m

oc
ki

n
gb

ir
d)

So
ur

ce
s:

A
uf

fe
nb

er
g 

(1
98

2b
);

 S
ch

w
ar

tz
 a

nd
 H

en
de

rs
on

 (
19

91
);

 M
oy

ro
ud

 a
nd

 E
hr

ig
 (

19
94

, 1
99

6)
; S

. B
uc

kn
er

 (
pe

rs
. c

om
m

.)
; J

. I
ve

rs
on

 a
nd

 S
. B

uc
kn

er
 (

pe
rs

. c
om

m
.)

; W
. H

ay
es

 (
pe

rs
. o

bs
.)

; t
hi

s
st

ud
y.

N
ot

es
:C

L 
=

C
ro

w
n 

la
nd

s;
 N

P 
=

na
tio

na
l p

ar
k;

 P
 =

pr
iv

at
e 

la
nd

s.
 S

ee
 R

af
fa

el
e 

et
 a

l. 
(1

99
8)

 fo
r 

sc
ie

nt
ifi

c 
na

m
es

 o
f b

ir
ds

.
1

N
um

be
rs

 in
 p

ar
en

th
es

es
 a

re
 a

pp
ro

xi
m

at
e 

nu
m

be
rs

 o
f t

ot
al

 p
la

nt
 s

pe
ci

es
.

2
U

nc
on

fir
m

ed
 b

re
ed

er
 s

pe
ci

es
 a

re
 g

iv
en

 in
 p

ar
en

th
es

es
.

3
Er

ad
ic

at
ed

.
4

Po
ss

ib
ly

 e
ra

di
ca

te
d.



TA
B

LE
 1

7.
3

Po
pu

la
tio

n 
D

at
a 

fo
r A

ll 
K

no
w

n 
Po

pu
la

tio
ns

 o
f C

yc
lu

ra
 r

ile
yi

 c
ri

st
at

a,
 C

. r
. n

uc
ha

lis
,a

nd
 C

. r
. r

ile
yi

ca
pt

u
re

 d
at

a2
po

pu
la

ti
o

n
 s

u
rv

ey
s3

m
ea

n
sv

l
su

b-
ar

ea
m

al
es

m
as

s
ra

n
g

e
po

pu
la

ti
on

ju
ve

n
il

e
ad

u
lt

ad
u

lt
d

en
si

ty
bi

o
m

as
s

ta
xo

n
ca

y
(h

a)
1

n
(%

)
(k

g)
(c

m
)

si
ze

 (n
)

(%
)

(%
)

(%
)

(n
/h

a)
4

(k
g/

ha
)4

C
. r

. c
ri

st
at

a
W

h
it

e
14

.9
61

95
0.

40
3

10
.2

–2
8.

0
13

6–
20

4 
(1

79
)

17
17

66
9.

1
3.

7

C
. r

. n
uc

ha
lis

Fi
sh

73
.9

49
51

0.
45

9
9.

0–
31

.4
94

84
–1

42
26

10
15

74
12

8.
3

58
.9

N
or

th
51

.7
38

63
0.

40
4

11
.7

–2
8.

0
30

36
–4

55
4

7
16

76
58

.7
23

.7
Tr

an
sl

oc
 p

op
n

3.
3

53
51

1.
09

7
9.

2–
36

.0
31

4–
47

1 
(2

99
)

1
5

94
95

.2
10

4.
4

C
. r

. r
ile

yi
G

au
lin

1.
6

3
66

0.
65

0
22

.8
–2

5.
8

E
xt

ir
pa

te
d 

19
99

—
—

—
—

—
G

ou
ld

in
g

2.
9

13
38

0.
56

2
15

.7
–3

1.
0

11
6–

17
4 

(1
30

)
5

26
68

40
.0

22
.5

G
re

en
6.

3
54

56
0.

60
8

13
.5

–3
1.

1
13

0–
19

5 
(2

57
)

6
16

78
25

.5
15

.5
G

u
an

a
1.

6
5

40
0.

66
5

12
.1

–3
5.

2
30

–4
5

20
27

53
18

.8
12

.5
Lo

w
10

.8
13

77
1.

48
1

26
.3

–3
9.

5
42

–6
3

0
0

10
0

3.
9

5.
8

M
an

h
ea

d
3.

3
19

47
0.

26
8

16
.0

–2
7.

0
38

–5
7 

(8
0)

14
43

43
11

.5
3.

1
P

ig
eo

n
7.

8
15

33
0.

66
5

12
.5

–3
1.

0
70

–1
05

 (6
2)

3
6

91
9.

0
13

.5

N
ot

es
: E

xc
lu

de
s 

a 
ve

ry
 s

m
al

l p
op

ul
at

io
n 

on
 th

e 
m

ai
n 

is
la

nd
 o

f S
an

 S
al

va
do

r 
th

at
 c

ou
ld

 n
ot

 b
e 

sa
m

pl
ed

. S
ex

 r
at

io
 (

%
 m

al
es

) 
an

d 
bo

dy
 s

iz
e 

m
ea

su
re

m
en

ts
 (

m
ea

n 
m

as
s 

an
d 

sn
ou

t-
ve

nt
 le

ng
th

 [S
V

L]
ra

ng
e)

 a
re

 b
as

ed
 o

n 
ca

pt
ur

e 
da

ta
 d

ur
in

g 
m

on
th

s 
of

 M
ay

 a
nd

 Ju
ne

 o
nl

y 
fr

om
 1

99
4 

to
 1

99
7.

 P
op

ul
at

io
n 

si
ze

 a
nd

 a
ge

 s
tr

uc
tu

re
 a

re
 b

as
ed

 o
n 

si
gh

tin
g 

da
ta

 fr
om

 p
op

ul
at

io
n 

su
rv

ey
s 

fr
om

 1
99

7 
to

19
98

. D
en

si
ty

 a
nd

 b
io

m
as

s 
ar

e 
de

ri
ve

d 
fr

om
 p

op
ul

at
io

n 
si

ze
, a

re
a 

(h
a)

, a
nd

 m
ea

n 
m

as
s 

(k
g)

.
1

B
as

ed
 o

n 
w

ei
gh

in
g 

of
 p

ap
er

 c
ut

ou
ts

 fr
om

 1
:1

0,
00

0 
sc

al
e 

m
ap

s 
pu

bl
is

he
d 

by
 th

e 
B

ah
am

as
 L

an
ds

 a
nd

 S
ur

ve
ys

 D
ep

ar
tm

en
t.

2
Sa

m
pl

e 
si

ze
 fo

r 
ca

pt
ur

es
 (

N
)

is
 fo

r 
ig

ua
na

s 
se

xe
d 

by
 p

ro
bi

ng
; N

fo
r 

bo
dy

 s
iz

e 
w

as
 la

rg
er

 (
by

 u
p 

to
 tw

of
ol

d 
on

 G
ou

ld
in

g 
an

d 
G

ua
na

 C
ay

s)
.

3
Po

pu
la

tio
n 

es
tim

at
e 

ba
se

d 
on

 n
um

be
r 

of
 ig

ua
na

s 
se

en
 m

ul
tip

lie
d 

by
 d

et
ec

ta
bi

lit
y 

of
 0

.3
3–

0.
50

 (
w

ith
 L

in
co

ln
-P

et
er

se
n 

m
ar

k-
re

si
gh

tin
g 

es
tim

at
e 

in
 p

ar
en

th
es

es
);

 d
is

ta
nc

e 
su

rv
ey

s 
w

er
e 

co
nd

uc
te

d
fo

r 
W

hi
te

, F
is

h,
 a

nd
 N

or
th

 C
ay

s 
(1

99
7)

; c
la

ss
ic

al
 s

ur
ve

ys
 w

er
e 

co
nd

uc
te

d 
fo

r 
th

e 
tr

an
sl

oc
at

ed
 p

op
ul

at
io

n 
(1

99
7)

 a
nd

 fo
r 

al
l C

. r
. r

ile
yi

po
pu

la
tio

ns
 (

19
98

);
 m

os
t r

ec
en

t L
in

co
ln

-P
et

er
se

n 
m

ar
k-

re
si

gh
tin

g 
es

tim
at

es
 a

re
 s

ho
w

n 
in

 p
ar

en
th

es
es

 fo
r 

W
hi

te
 C

ay
 (

19
97

),
 th

e 
tr

an
sl

oc
at

ed
 p

op
ul

at
io

n 
(1

99
7)

, a
nd

 th
re

e 
C

. r
. r

ile
yi

 p
op

ul
at

io
ns

 (
19

98
).

4
D

en
si

ty
 a

nd
 b

io
m

as
s 

ba
se

d 
on

 th
e 

as
su

m
pt

io
n 

th
at

 5
0%

 o
f i

gu
an

as
 w

er
e 

se
en

 d
ur

in
g 

su
rv

ey
 (

i.e
., 

th
e 

lo
w

er
 e

st
im

at
e 

fo
r 

po
pu

la
tio

n 
si

ze
).



TA
B

LE
 1

7.
4

Id
en

tif
ie

d 
Th

re
at

s 
to

 E
xt

an
t 

Po
pu

la
tio

ns
 o

f C
yc

lu
ra

 r
ile

yi
 c

ri
st

at
a,

 C
. r

. n
uc

ha
lis

,a
nd

 C
. r

. r
ile

yi

to
u

ri
st

ri
si

n
g

ra
ts

,
ca

ct
ob

la
st

is
po

pu
la

ti
on

h
u

rr
ic

an
e

vi
si

ta
ti

o
n

,
se

a
ta

xo
n

ca
y

ra
cc

oo
n

m
ot

h
s

d
is

ea
se

fr
ag

m
en

ta
ti

o
n

d
am

ag
e

sm
u

g
g

li
n

g
le

ve
ls

C
. r

. c
ri

st
at

a
W

h
it

e
(•

)
•

C
. r

. n
uc

ha
lis

Fi
sh

•
N

or
th

•
Tr

an
sl

oc
 p

op
n

•?

C
. r

. r
ile

yi
G

au
lin

•
•

•
G

ou
ld

in
g

•
G

re
en

•
•

•
•

G
u

an
a

•
•

•
Lo

w
(•

)
•

•
•

•
M

an
h

ea
d

•
•

P
ig

eo
n

•
•

•

N
ot

e:
Pa

re
nt

he
se

s 
in

di
ca

te
 th

re
at

s 
th

at
 m

ay
 n

ow
 b

e 
re

so
lv

ed
.



of our surveys. First, we learned from a number
of Lincoln-Petersen surveys that we typically re-
sight approximately one-third to one-half of the
marked iguanas (table 17.5). However, the data
indicate that the proportion resighted declines
as the sampling interval increases (compare the
repeated samples for Green Cay and Manhead
Cay in table 17.5), presumably due to loss of
beads (although we often detect a hole or scar in
the nuchal crest in such animals) or to mortal-
ity. Unfortunately, we have limited knowledge
about the rate of bead loss, but experience sug-
gests that retention is better than 90% annually.
We know that the plastic beads used in 1993
and 1994 lasted only a few years and suspect
that loss of the more durable glass beads used
thereafter is more rapid for larger individuals.
Second, for two populations, we conducted re-
peated surveys of marked individuals at differ-
ent times of the day. During fifteen surveys of
C. r. nuchalis on North Cay in June 1998, the
mean proportion of marked iguanas observed
was 47% in the morning, 24% at mid-day, and
44% during the evening (Thornton, 2000). A
two × three (sex × time of day) analysis of vari-
ance (ANOVA) showed that males were signifi-
cantly more likely to be seen than females (F1,24 =

5.87, P = 0.023) and detection varied with time of
day (F2,24 = 12.37, P < 0.001), with fewest iguanas
seen at mid-day. During thirty-seven surveys of
C. r. rileyi on Green Cay in June and July 1999,
the mean proportion of marked iguanas ob-
served was 32% in the morning, 23% at mid-
day, and 39% during the evening (Cyril, 2001).
Similar analyses revealed that males and females
were encountered equally often, but that de-
tectability varied with time of day (F2,74 = 14.83,
P < 0.001), with fewest iguanas seen at mid-day
and most detected in the evening. In neither
study was there an interaction between sex and
time of day.

Because of inevitable variation in survey re-
sults, we have expressed our population esti-
mates (table 17.3) as a range that is two to three
times the number of iguanas seen during a
survey (classical or distance transect). Lincoln-
Petersen estimates generally fall within this
range, except that loss of beads and mortality
lead to overestimation, as is apparent for Green
and Manhead Cays (table 17.3) because of the
low resighting ratios during the 1998 surveys
(table 17.5). Data obtained by Cyril (2001) from
his repeated surveys on Green Cay provide co-
efficients of variation of 0.25 for the total num-

2 4 0 W I L L I A M K .  H A Y E S E T A L .

TABLE 17.5
Proportion of Marked Iguanas Resighted during Lincoln-Petersen Surveys of Cyclura rileyi

percentage cay date elapsed time

55 Pigeon June 1998 31–39 months

52 Translocated population May 1997 12 months

38 Manhead August 1994 3–14 months

36 Goulding June 1998 36–39 months

32 Green August 1994 3–14 months

29 White June 1997 5 days–12 months

22 Green June 1998 31–60 months

13 Manhead June 1998 31–60 months

Notes: The elapsed time between marking (initial to most recent) of iguanas and survey is indicated in the last
column. Cays with duplicate surveys (Manhead, Green) had a lower resighting percentage after a greater period
of elapsed time.



ber of iguanas sighted, 0.14 for Lincoln-Petersen
(mark-resighting) estimates, and 0.86 for the
numbers of juveniles sighted. These standard-
ized measures of variance suggest that mark-
resighting estimates are more reliable than
counts and that juveniles are particularly chal-
lenging to survey with precision. We suspect that
we underestimated juveniles in most surveys
because of the difficulty detecting them, except
on White Cay, where the leaf litter and minimal
rock cover make audible detection quite easy.

CYCLURA RILEYI CRISTATA (WHITE CAY)

DEMOGRAPHIC ASSESSMENT

Of the three taxa, C. r. cristata is clearly the most
threatened. In 1997, we discovered a crisis situ-
ation with our distance transects (conducted
May 1997) and Lincoln-Petersen estimate (con-
ducted June 1997), suggesting that two hundred
or fewer iguanas remained (table 17.3). More
alarming, approximately 95% of the noose and
hand captures from 1996 to 1997 were of males.
This male-biased ratio was not representative
of other populations surveyed (table 17.3), and
suggested that fewer than ten adult females re-
mained. Our survey results may be biased by
males being easier to see or capture than females
on this particular cay, but given the extreme
effort put into capture, we believe that a real
imbalance between male and female numbers
exists. In late June, five additional iguanas—four
of which were female—were captured by glue
traps placed in the entrance to freshly dug bur-
rows subsequent to rain storms (the glue traps
were carefully monitored to avoid subjecting
captured lizards to excessive temperatures from
direct sunlight). With these additional captures,
our male representation based on capture data
was 85.5% (Fry, 2001). The females captured
were within a narrow size range (15.5–18.4 cm);
all were considered subadults.

HABITAT AND THREAT ASSESSMENTS

Despite suffering a near-direct blow from Hur-
ricane Lili in October 1996, the vegetation on
White Cay appears to be diverse and healthy. At
least twenty species of plants exist on the cay

(table 17.2; S. Buckner, pers. comm.). Vegetation
density declines with elevation along a west-east
gradient, along which the iguanas are evenly
dispersed (Fry, 2001). Non-native Australian pine
(Casuarina) flourishes along the south shore
and on the offshore sand dunes. Although the
iguanas appear unaffected by these trees at pres-
ent, the trees must be removed eventually. The
sand dunes are separated from the main island
by tidal flats and are not utilized by iguanas. Sev-
eral bird species potentially prey on the iguanas,
including osprey (Pandion haliaetus) and laugh-
ing gulls (Larus atricilla) that nest on the cay
(table 17.2), and merlin (Falco columbarius) and
peregrine falcons (F. perigrinus) that frequently
visit during winter and migration. However,
non-native mammals clearly comprise the most
immediate threat to this population. During
our June 1996 visit, we found rats to be abun-
dant, and John Iverson discovered tracks left by
a raccoon (Procyon lotor). When we returned in
1997, tracks of the single raccoon were seen
daily about the island (the raccoon itself was
never observed, despite extensive searching over
a nine-week period). Iguana skin and claws were
found in its feces. Fourteen adult iguana car-
casses were located in 1997, some of which
showed obvious gnaw marks. The number of
iguanas was conspicuously fewer in 1997. Based
on differences in capture rate between 1996
and 1997 and differences in resighting ratios of
iguanas marked in each of the two years, we es-
timated annual mortality at 35–67% (Fry, 2001),
indicating the loss of 96–363 iguanas in a single
year! The raccoon, believed to be the primary
culprit, was dispatched in July 1997. The rats
were eradicated in May 1998. Mice (presumably
Mus musculus) were also present and are as-
sumed to be eradicated as well. Annual visits
from 1998 to 2000 confirmed that the popula-
tion decline ended abruptly after the raccoon
was removed.

The population now suffers from a highly
skewed sex ratio (few remaining females) and
probable genetic bottlenecking, rendering it
highly vulnerable to stochastic extinction pro-
cesses. In addition, these iguanas have been
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taken by smugglers for the pet trade: DNA evi-
dence based on our samples led to the eventual
sentencing of two individuals. Fortunately, the
iguanas on White Cay are now exceptionally
wary and exceedingly difficult to capture. Local
residents are increasingly concerned about visi-
tors to this island and are protective of its fauna.
Moreover, the U.S. Drug Enforcement Agency
routinely flies over this island to scrutinize sus-
picious activity.

CYCLURA RILEYI NUCHALIS (ACKLINS BIGHT)

DEMOGRAPHIC ASSESSMENT

Because this taxon occupies comparatively large
islands, it is the least threatened of the three sub-
species. The two populations in the Acklins Bight
comprise approximately 12,500–18,800 individ-
uals (table 17.3; the lower end of the range is
probably closer to reality). Our estimates far ex-
ceeded the prior estimate of four hundred to six
hundred total on the two islands (Blair, 1992);
such discrepancies illustrate the need for rigor-
ous population estimation. Our transects cov-
ered approximately 9.5% of Fish Cay and 14.3%
of North Cay and were as representative as pos-
sible of the ecologically diverse habitats on these
islands. The sex ratio is nearly 1:1, and each age
category is adequately represented (table 17.3).
Populations such as these give us a good under-
standing of what the demographic parameters
should be for a healthy ecosystem. However, the
density and biomass estimates are high com-
pared with other populations of Cyclura (Iverson,
1979; table 17.3) and undoubtedly reflect the
abundance and quality of food on these cays.
The translocated population in the Exumas Land
and Sea Park has now grown to three hundred
or more iguanas, although juveniles and sub-
adults appear to be poorly represented (table 17.3).

HABITAT AND THREAT ASSESSMENTS

The two natural populations in the Acklins Bight
appear to be free of immediate threats. The habi-
tats and vegetation on each cay are diverse and
healthy, and their remoteness from human pop-
ulation centers leaves the iguana populations

relatively undisturbed. A small population of
Australian pine exists on Fish Cay, but none
have been found on North Cay. Natural preda-
tion appears to be minimal. Laughing gulls and
other seabirds regularly visit the cays, but none
nest on them, although herons do (table 17.2).
However, a resident population of osprey regu-
larly preys on the adult iguanas. Kestrels (Falco
sparverius) are frequently seen and may feed on
juvenile iguanas, but we have not visited the
cays during migration or winter to determine
whether larger falcons regularly visit. Several
shallow channels separate a few small islets on
the north side of North Cay, and one iguana
observed swimming across a channel was con-
sumed by a barracuda (Sphyraena barracuda).
House mice (Mus musculus) are fairly common
on Fish Cay, but appear to be absent from North
Cay. Their impact on iguanas is likely negligible,
but their presence suggests that rats could make
it to the cays. Of more concern, these islands
lack elevation relief (maximum of 3 m; table 17.2)
and will be vulnerable in the long term to rising
sea waters. Based on elevation contours of the
most detailed maps available from the Bahamian
government, we estimate substantial loss of
habitat on both Fish (50%) and North Cay (40%)
with an increase in sea level of 1 m, which is gen-
erally anticipated during the next one hundred
years. This estimate, based solely on elevation
relief, does not take erosion into account, which
could further degrade the islands.

Although the introduced population in the
Exumas occupies a much smaller island, the habi-
tats there also appear to be diverse and healthy.
Nevertheless, the scarcity of juveniles and sub-
adults, and the discovery in 1997 of an iguana
with a portion of rodent hide in its mouth, sug-
gest that rats may be present. Unfortunately, rats
are widespread among the Exuma Islands (Lee
and Clark, 1995). In October 1999, we failed to
live-trap any rats, but the full moon conditions
were less than optimal for sampling. Fortunately,
this cay is also remote and protected within the
Exuma Land and Sea Park and is regularly pa-
trolled by park wardens.
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CYCLURA RILEYI RILEYI

(SAN SALVADOR ISLAND)

DEMOGRAPHIC ASSESSMENT

Our data indicate that this taxon is critically en-
dangered, with an estimated 426–639 iguanas
remaining (table 17.3; c.f. Blair, 1991). After
conducting extensive searches throughout most
of the inland cays within the hypersaline lakes
and all eleven of San Salvador’s offshore cays, we
have verified that six viable populations remain
(excluding Gaulin Cay, where they are thought
to be recently extirpated, and the main island,
where a few individuals persist). Two inland
cays (Guana and Pigeon) and four offshore cays
(Goulding, Green, Manhead, and Low) currently
sustain iguana populations that vary in size from
a few dozen to several hundred (table 17.3). Three
additional cays supported iguanas in recent
decades. Auffenberg (1982b) was told by local
residents that iguanas were present on Barn Cay
(14 ha, on Great Lake) in the early 1970s. Don
Gerace (pers. comm.) reported that iguanas in
the 1980s were still common on Gaulin Cay
(offshore; up to eighteen seen at one time) and
present on High Cay (13.4 ha, offshore). We
have found up to three individuals on Gaulin
(1994–95), but none since the habitat was se-
verely damaged by Hurricane Floyd in Sep-
tember 1999. Although Sandra Buckner (pers.
comm.) photographed tracks on High Cay in
1995, we have found no evidence of iguanas
there, despite extensive searching. In addition to
the six described populations, adult iguanas are
occasionally reported (fewer than once per year)
on the main island, usually at the Fortune Hill
plantation ruins on the east side of the island,
where extensive, but rat-infested, habitat re-
mains. These iguanas are described as quite
large in size. Iguanas are no longer seen on the
southern end of the island. An adult iguana re-
ported from the north end subsequent to Hur-
ricane Floyd was undoubtedly washed ashore
from Green or Gaulin Cay.

Some of the demographic parameters for
this taxon offer additional reason for concern

(table 17.3). Sex ratios approach 1:1 on most of
the cays, but Low Cay may be skewed toward
males (77% of captures). The age structure ap-
pears healthy on all cays except Low and Pigeon,
where rats are present and low recruitment of
juveniles seems evident. On Low Cay, we seldom
saw juveniles, subadults, or even small adults
except in fall, when recent surveys have revealed
an abundance of hatchlings. Iguanas on Low
Cay attain the largest body size of any population
(up to 39.5 cm SVL) and the population appears
to be senescent (Hayes et al., 1995). The scarcity
of juveniles on Pigeon Cay may result from re-
cent wet years, which led to inundation of nests
that are necessarily constructed close to emer-
gent water. We estimate the maximum elevation
of this cay to be less than 1 m, and eggs on other
cays are typically deposited at depths greater than
0.2 m. The Guana Cay population suffered a se-
vere die-off from an unknown cause (presum-
ably a disease) in 1994 (Hayes et al., 1995; Hayes,
2000a), but appears to be recovering, as evi-
denced by the relatively high number of juve-
niles and subadults in the 1998 survey. Com-
pared with our 1994 estimates of population
size (Hayes et al., 1995), several populations ap-
pear to have experienced a decline (see table 17.3),
including those on Green and Manhead Cays.

HABITAT AND THREAT ASSESSMENTS

The habitats occupied by these iguanas are re-
markably varied (table 17.2), as are the threats to
this subspecies (table 17.4). Owing to their small
size, several of the cays support a low diversity
of vegetation (table 17.2). Pigeon Cay in the
interior lake is comprised almost exclusively of
red mangrove (Rhizophora mangle), and scat ex-
amination shows heavy if not near-exclusive re-
liance on this plant by iguanas. Only six other
plant species are present, and some of these are
only on an isolated spit that has been separated
from Pigeon Cay since 1995 by a shallow chan-
nel (about 10 m wide) that iguanas regularly tra-
verse. Green Cay and Gaulin Cay support only
ten species of plants. However, prickly pear cacti
(Opuntia stricta) on these and other cays have
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been greatly decimated by the larvae of an inva-
sive moth species (Cactoblastis cactorum) intro-
duced to the Caribbean region decades ago
(Hayes et al., 1995). Monitoring of three 2-m2

plots on Green Cay suggests that 75% or more of
the cactus biomass has disappeared since 1994.
Although we do not know how the cactus de-
cline influences the iguana populations, we be-
lieve that substantial habitat on Gaulin and Low
Cays in particular has been lost, thereby reduc-
ing carrying capacity and contributing to extir-
pation on Gaulin Cay. At present, these two cays
have considerable barren habitat occupied by a
residual forest of cacti, mostly less than 30 cm
in height. Fortunately, no non-native plants have
been detected on cays occupied by C. r. rileyi.
When all eleven populations of C. rileyi were
considered, we found a significant positive rela-
tionship between iguana density and number
of plant species (rs = 0.67, P = 0.025, n = 11).
Diverse vegetation may be particularly impor-
tant during winter, when cooler temperatures
affect digestive efficiency and the more easily
assimilated plant parts (fresh leaves, flowers,
and fruits) decline in abundance (Iverson, 1979;
Knapp, 2001a).

Black rats pose a suspected risk to several
populations. Although rats have been seen on
Guana and Pigeon Cays, their density is uncer-
tain. However, rats were abundant on Low Cay
prior to eradication in 2000, as determined
from observational and trap data. The senescent
iguana population on Low Cay and lack of ju-
venile recruitment suggest that the rats were
detrimental to the iguanas. Auffenberg (1982b)
reported that juveniles were commonly seen on
Low Cay in 1980. The extirpation of iguanas
on High Cay may have been a consequence of
rat infestation (Auffenberg, 1982b), although rats
presently seem scarce on High Cay, and in 2001
seabirds returned there to nest after an absence
of some years (W. Hayes, unpubl. data). Al-
though we have been unsuccessful in trapping
rats on nearby Middle Cay, a formerly sizeable
seabird colony has disappeared from there as
well. Cree et al. (1995) report rat-associated lack
of recruitment and island extirpations among

insular populations of tuatara (Sphenodon punc-
tatus) in New Zealand. The tuatara is similar in
size to C. rileyi.

Disease has been implicated as a problem for
two populations. Auffenberg (1982b) noted a skin
condition that afflicted a number of iguanas on
Low Cay in 1980, which included skin sloughing,
toe loss, and general disfigurement. However,
when Auffenberg and his collaborators returned
in 1982 to study the disease, it had resolved. The
aforementioned die-off of adults on Guana Cay
in 1994 (Hayes et al., 1995) was presumably
caused by a disease, although it may have re-
sulted from mosquito control efforts (Hayes,
2000a). The ticks that infest these iguanas have
not been seen on any other cay examined and
may have rendered the lizards more vulnerable
to the agent(s) causing their death.

Several recent hurricanes have inflicted seri-
ous damage to iguana habitats. Hurricane Erin
(August 1995) mangled several sections of
mangrove on Pigeon Cay and rearranged the
connection to a nearby sandspit. Hurricane Lili
(October 1996) damaged stands of seagrape
(Coccoloba) on Green Cay, which have since fur-
ther deteriorated. Hurricane Floyd (September
1999), which struck with 155-mph winds, clearly
caused the most damage, especially to Gaulin
Cay and Green Cay and, to a lesser extent, Low
Cay. On Gaulin Cay, we estimated 30–50% of
the vegetation was destroyed, and no iguanas or
their tail drags have been found there since the
hurricane. Of more concern was the substan-
tial damage to Green Cay, which supports the
largest remaining population. Although a smaller
percentage of vegetation was lost (roughly 5%),
much of the free sand and soil used for nesting
was swept away by a storm surge that washed
over the cay. Fortunately, our surveys several
weeks after the storm revealed that adult sur-
vivorship was excellent. However, the storm
struck at the onset of the hatching season and
apparently destroyed nearly all the 1999 cohort
of hatchlings.

Although hatchlings were conspicuous on
Manhead Cay (28.6% of twenty-eight iguanas
seen) and Low Cay (45.8% of forty-eight iguanas)
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in October 1999, they were virtually absent on
Green Cay (1.4% of seventy-two iguanas), where
they had always been well represented in the
past. We observed a similar trend in November
2001, with hatchlings plentiful on Manhead Cay
(29% of eighteen iguanas) and Low Cay (26%
of fifty-three iguanas), but virtually absent on
Green Cay (1% of ninety-six iguanas). We con-
cluded that Hurricane Floyd inflicted substan-
tial damage to the nesting habitat of Green Cay
and that restoration of nesting habitat should be
a high priority. The vulnerability of small lizards
to Hurricane Floyd’s storm surge was evident
elsewhere in the Bahamas, where Anolis popu-
lations on low-relief cays (less than 3 m maximum
elevation) suffered a high incidence of extirpa-
tion (Schoener et al., 2001).

Direct human impacts pose a serious threat
to several C. r. rileyi populations. Manhead and
Green Cays in particular are frequently visited
because of their close proximity to guests of the
Club Med Resort and students visiting the
Gerace Research Center (formerly the Bahamian
Field Station). Visitors during the nesting season
(July–October) may trample nests, and we have
found potentially dangerous food-related items
(e.g., plastic wrap) left behind. Of greater con-
cern, an unknown number of iguanas have been
removed from Green Cay, including several in-
dividuals marked with color beads that turned
up at the Club Med Resort and at a Nassau (New
Providence Island) institution. In addition,
iguanas were once confiscated from a European
smuggler (D. Gerace, pers. comm.). Sadly, illicit
smuggling for the pet trade will pose a perpetual
risk for these populations, even though adults
acquired from the wild fare poorly in captivity.

In the long term, perhaps the greatest threats
to C. r. rileyi will be population fragmentation
and lack of significant gene flow between cays.

INVASIVE SPECIES CONTROL
AND HABITAT RESTORATION

As a result of our threats assessment, we have
undertaken restoration efforts to remove inva-
sive species and restore nesting habitat on sev-

eral cays. Although more time is needed to assess
our interventions, here we present our initial
results.

INVASIVE SPECIES CONTROL

IMPACT OF RACCOON AND RATS

ON IGUANA POPULATIONS

Clear evidence exists that larger predators, such
as cats, dogs, mongooses, and hogs (e.g., Iverson,
1978; Henderson, 1992; Haneke, 1995; Tolson,
2000), as well as feral livestock (Mitchell, 1999),
are devastating to insular iguana populations.
Our studies on White Cay provide strong evi-
dence for the raccoon’s impact via predation
on adults, but the evidence for harm caused by
black rats remains less clear. In this section, we
first discuss the impact of raccoon predation
and then consider rats.

Although the raccoon’s presence on White
Cay was catastrophic for the iguanas, the extent
to which it was responsible for the skewed sex
ratio remains unclear. The raccoon was active
only at night, when iguanas invariably became
inactive. To assess how vulnerable the iguanas
would be to a nocturnal predator, we conducted
informal nighttime searches (about five hours
total with two or three observers) on North Cay.
Of twenty-three iguanas encountered, most were
readily visible at the entrance to rock or sand
burrows (57%). Others were on the branches of
shrubs (9%), in the litter beneath shrubs (9%),
or resting in the open on rock or soil (26%). Both
males (48%) and females (30%) were readily
discovered at night (22% were of undetermined
sex). Using a custom-built burrowscope, we
measured the dimensions of earthen and rocky
retreat burrows on North Cay to determine how
accessible they might be for a raccoon (n = 10 for
each; Thornton, 2000). These burrows were dis-
tinct from and not used as nesting burrows. The
dimensions (mean values) of earthen burrows
(length = 55 cm, opening width = 26 cm, open-
ing height = 9 cm) and rocky burrows (length =
66 cm, opening width = 17 cm, opening height
= 6 cm) were statistically similar, but substan-
tially shorter than burrows used by C. carinata
(typically 3–4 m; Iverson, 1979). We imagine
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that a raccoon would have little difficulty gaining
access to iguanas within retreat burrows on
North Cay. Thus, assuming comparable condi-
tions on White Cay, we conclude that both males
and females were highly vulnerable to the rac-
coon’s nocturnal hunting activities. We further
speculate that females were more vulnerable to
the raccoon because of heightened visibility and
exhaustion during the period of nest construc-
tion and egg laying. The nests were likely plun-
dered as well, given that raccoons are notorious
predators of reptile and bird nests (e.g., Hart-
man et al., 1997) and reportedly prey upon spiny-
tailed iguana (Ctenosaura similis) nests on is-
lands off Belize (Platt et al., 2000).

The evidence for a direct impact of black rats
on iguanas is circumstantial at best. To our
knowledge, no direct observation of predation in
the wild has been reported. We chose to begin
our behavioral ecology studies on White Cay, in
part, to document rat predation (or its absence)
upon iguana nests; however, the crisis situation
we encountered in 1997 rendered it impossible
for us to detect predation, as we could not find
nests that summer! Nevertheless, rats are perni-
cious predators of other small vertebrates, and a
considerable body of evidence points to their
devastation of insular seabird and reptile popu-
lations (e.g., Case and Bolger, 1991; Cree et al.,
1995).

We assessed the potential impact of rats on
our study populations in two ways. First, ex-
cluding Gaulin Cay from consideration (now
extirpated), we compared the mean density and
biomass (± standard error [SE]) of iguanas on
six cays believed to be rat-free (iguana density
= 59.9 ± 18.1 per ha; iguana biomass = 38.0 ±
15.3 kg/ha) and four cays known to be rat-
infested (iguana density = 10.2 ± 3.1 per ha;
iguana biomass = 8.9 ± 2.4 kg/ha). Determina-
tion of rat absence was based on extensive trap-
ping effort on all cays except North and Fish
Cays, where we used minimal trapping but did
not detect rats during lengthy periods of camp-
ing. Two-tailed Mann-Whitney U tests revealed
that rat-free cays had significantly higher iguana
density than did rat-infested cays (U = 1.0, P =

0.019), but iguana biomass was similar for the
two groups (U = 4.0, P = 0.114). In a second
study (Fry, 2001), ten rubber lizard models sim-
ilar in size to hatchling iguanas (SVL 6–7 cm)
were dispersed on White Cay (June, 1997) in open
habitat (n = 4) and beneath vegetation (n = 6).
Periodic monitoring during a two-week period
revealed that 83% of the models beneath vegeta-
tion were attacked by rats, as evidenced by obvi-
ous incisor gnaw marks, and one model in the
open habitat disappeared. Although the models
did not represent the full stimuli of a live lizard,
we conclude that rats are inclined to investigate
and sample hatchling-sized objects encountered
at night. At present, we do not know the sleep-
ing habits of juvenile iguanas, but if they are
accessible to rats and their arousal levels are
elevated as in sleeping adults (which are slow
to respond to tapping of our fingers), we suspect
the juveniles are highly vulnerable to rats. Noc-
turnal attacks by rats on juvenile iguanas might
also lead to tail loss. Although empirical data are
lacking for iguanas, nests may also be vulner-
able to rats.

RAT ERADICATION

In spring 1998, we assisted Fauna and Flora In-
ternational (FFI) with the eradication of rats on
White Cay. This was accomplished using the
rodenticide brodifacoum, a second generation
anticoagulant (Weatherblock XT® Rodenticide;
donated by Zeneca Agrochemicals Products,
United Kingdom) that was delivered in solid bait
blocks over a 20-m grid system. To reduce the
risk of incidental poisoning of iguanas and
birds, we secured the bait blocks within rectan-
gular plastic bait stations (about 25 cm × 7.5 cm
× 7.5 cm). After four weeks of poisoning, the
substantial reduction in bait take and lack of
incisor marks on wooden sticks soaked in veg-
etable oil led the FFI team to conclude that the
rats were eradicated (Day, 1999). During return
visits in the fall of 1999 and 2000, our trapping
efforts (twenty-seven trap nights) yielded no rats.

In the summer of 1999, Sam Cyril, then a
graduate student, attempted to eradicate rats
on Low Cay using the same delivery system.
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However, bait stations failed on this cay because
of the dense population of hermit crabs that
swarmed them and blocked access to the bait.
Our rodent live-trap data show that hermit crabs
are scarce on White Cay, but exceedingly abun-
dant on San Salvador’s cays (the crabs readily
enter the traps). Cyril returned a year later with
a modified bait delivery system, in which the
same bait stations were elevated 15–20 cm above
the ground on a single PVC stake. The design
was successful at keeping hermit crabs out of
the bait stations but still allowed access to the
rats. The rodenticide initially was consumed
quickly, but consumption had slowed noticeably
by the end of the first week, when gnaw marks
on bait, blue feces, and a dead rat were also ob-
served. As noted on White Cay and elsewhere
(M. Day, T. Bitzer, and K. Varnham, pers. comm.),
direct evidence of rat poisoning is difficult to
detect during eradication efforts, even under
high levels of infestation. Trapping during the
third week (thirty-seven trap nights) failed to
record the presence of rats, and thus the eradi-
cation effort was deemed successful.

POPULATION RESPONSES TO PREDATOR REMOVAL

Following rat eradication, we returned to White
Cay in the falls of 1999 and 2000 to conduct
population surveys. The results of our surveys,
summarized in table 17.6, were encouraging
in that hatchlings and subadults were readily
detected. Clearly, reproduction and recruitment
were taking place, and the number of adults has
stabilized since 1997. However, based on sur-
vivorship data for C. carinata in the Turks and

Caicos Islands (Iverson, 1979), we can assume
that up to 95% of the roughly several dozen
hatchlings produced annually will die before at-
taining reproductive size. Of the few that sur-
vive, roughly half presumably will be female.
Because of its small body size, reproduction in
C. r. cristata may be limited to a clutch size of
only two or three (see Behavioral Ecology, below).
Will future recruitment of females (perhaps
only one or two individuals per year) into the
breeding population exceed the natural senes-
cence and mortality of currently breeding fe-
males? We cannot answer this at present, but
because this iguana is so small and its reproduc-
tive potential so limited, the risk of extinction
will be high. However, as inferred from translo-
cated populations (C. r. nuchalis in table 17.3;
Iverson, 2001; Knapp, 2001a; Iverson et al., this
volume), low density may promote more rapid
growth, leading to larger adult size and greater
fecundity. Higher survivorship of young might
also occur in low-density conditions.

At present, we have little information to
judge the benefit of rat eradication on Low Cay.
We predicted that we would see greater survivor-
ship of juveniles during the winter, as reflected
by increased numbers during a spring 2001 sur-
vey. However, of twenty-seven iguanas detected,
none were juveniles, although five (19%) were of
undetermined size, representing iguanas that
were heard but not seen clearly.

NESTING HABITAT RESTORATION

Near-direct hits by Hurricanes Lili (1996) and
Floyd (1999) resulted in the destruction of soils,
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TABLE 17.6
Numbers of Cyclura rileyi cristata of Three Size Classes (and of Undetermined Size)

Noted during Classical Strip Surveys on White Cay

date juveniles subadults adults uncertain total

May 1997 5 5 19 5 34

October 1999 10 5 17 4 36

November 2000 9 11 14 3 37



vegetation, hatchlings, and juvenile iguanas.
Most adults survived the destruction. Graduate
student Eric Grove began Green Cay nest-
restoration studies in April 2001. With his coor-
dination and the aid of San Salvador Island Boy
Scouts, we moved six hundred buckets of sand
(approximately 5 m3) from the intertidal zone
to nest sites eroded by hurricanes. Pure sand
was not ideal, but importing soil from the main
island, where fire ants and non-native plants
abound, appeared risky, and we did not want to
disturb remaining Green Cay soils. The sand
was arranged similarly to nesting soils observed
on other cays we have studied. However, the
iguanas did not nest in the reconstructed habi-
tat, although most other behaviors were exhib-
ited there. One possible reason for lack of nest-
ing use is that nest chambers on this cay are
usually constructed directly beneath an over-
lying rock (E. Grove, unpubl. data), a situation
we have not seen elsewhere. On Îlet Chancel
in Martinique, Breuil (2000) artificially supple-
mented an existing Iguana delicatissima nest
area with additional sand, and reported nesting
use the same year with fewer eggs lost to nest-
ing interference. We will continue to develop the
restored areas on Green Cay by adding soil and
rock features in proportions revealed by our re-
cent substrate analysis of successful nest sites
(E. Grove, unpubl. data).

BEHAVIORAL ECOLOGY

In this section, we summarize select data on for-
aging, predation, home range, retreat burrows,
and reproduction. More detailed presentation
of the methods and data can be found in three
unpublished M.S. theses (Thornton, 2000; Cyril,
2001; Fry, 2001).

FORAGING AND DIET

Thus far, we have examined foraging in detail
only on Green Cay, which supports the largest
remaining population of C. r. rileyi. The dra-
matic loss of Opuntia on this cay and the low
vegetation diversity (ten species) prompted us to

undertake a quantitative assessment of diet and
its potential impact on iguana body condition.

Diet was evaluated by examination of fecal
deposits (collected July and October 1999 and
May 2000) and by direct observation of foraging
iguanas (Cyril, 2001). Seven plant species were
found in the scats. Compared with their relative
abundance (determined from 205 points at the
intersections of 10 m2 quadrants within a grid
that covered approximately 80% of the cay),
silver sea oxeye, Borrichia arborescens (flowers
especially), and wild thyme, Rhachicallis ameri-
cana (both flowers and leaves), were the most pre-
ferred items. Opuntia stricta (detected by spines
and pads), although browsed less often, was also
a preferred item despite its current scarcity.
Plant content of the diet was similar during the
three seasons. Nonplant food items taken by
iguanas have included birds or their remains
(five incidents on Green Cay, including a purple
gallinule [Porphyrula martinica] and two uniden-
tified songbirds that possibly died from other
causes, and one bridled tern [Sterna anaethetus]
chick that was likely predated), conspecific hatch-
lings (two observations on Green Cay in October
2001), the legs of a dead land crab (one observa-
tion on North Cay in May 1998), a grasshopper
and a hermit crab (one of each present in scats
on Low Cay in July 2000), unidentified insect
material (22% of scats in October 1999, and
13% in May 2000, on Green Cay), sand particles,
and soil fragments. We occasionally see iguanas
lunge for grasshoppers, which are abundant
on most of the cays occupied by C. rileyi, but
their scarcity in the scats and apparent absence
in the diet of C. carinata (Iverson, 1979; Auffen-
berg, 1982a) suggest they are seldom caught.
More thorough studies of diet in other Cyclura
(Wiewandt, 1977; Iverson, 1979; Auffenberg,
1982a) suggest that at least 95% of the diet of all
age classes during all seasons consists of plant
material.

To assess the possibility that the Opuntia
cactus loss might affect body condition over
time, we used an ANCOVA model to compare
the relationship between log iguana mass (as the
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dependent variable) and log SVL during 1993–
95 (late May captures; n = 51) versus 1998–99
(mid-June captures; n = 47). During this time,
we estimated a 75% (or greater) decline in the
biomass of Opuntia. By pooling body condition
data over several years, we hoped to dampen any
differences that could result from annual varia-
tion in food conditions. The significant effect
of time (F1,95 = 12.46, P = 0.001, η2 = 0.12)
suggested that iguanas prior to (or during) the
cactus decline (1993–95) had comparatively more
body mass than after the cactus decline (1998–
99). As a control, we ran a similar ANCOVA for
iguanas pooled from Goulding Cay and Pigeon
Cay and found no difference (P = 0.18, η2 =
0.05), although our sample size was smaller and
number of intervening years lower (n = 28 for
late May 1995; n = 14 for mid-June 1998). We
recognize that factors other than or in addition
to the Opuntia decline could contribute to the
change in body condition. Nevertheless, our data
suggest that iguanas are now in worse condition
on Green Cay than they were in the mid-1990s,
and this change is coincident not only with a re-
duction in Opuntia but also with a reduction in
reproductive success. Because reproductive
success is dependent to a large degree on food
availability and quality (Iverson, 1979), we now
suspect that the vegetation changes on Green
Cay, in addition to lost nesting habitat from Hur-
ricane Floyd, have contributed to reproductive
failures in recent years.

A recent and remarkable observation was of
an adult female that captured and ate its own
hatchling in October 2001, on Green Cay. Al-
though cannibalism appears to be rare in Cyclura,
Auffenberg (1982a) reported one incident in his
detailed study of the diet of C. carinata in the
Turks and Caicos Islands, and Iverson (1979)
witnessed a probably fatal attack on a hatchling
by a male of the same species.

On North Cay, we witnessed aggregate feed-
ing on two successive mornings at a small fruit-
ing bush of undetermined species. Nine to twelve
iguanas converged to feed between the hours of
0700 and 0830. One male defended the bush

from other males, while allowing as many as five
female iguanas to climb into the bush to feed.
Several male iguanas were able to climb into the
bush to feed when the defending male was driv-
ing off another intruding male. After two morn-
ings of feeding, the bush was picked clean of
its fruit and the iguanas did not aggregate there
again. Auffenberg (1982a) reported aggregate
feeding in C. carinata and concluded that con-
ditions exist for social learning.

As is true for many taxa of iguanas (see Iver-
son, 1979, for review), C. rileyi on most cays
routinely climbs into the vegetation to forage.
Because at least one large rock iguana does not
climb for food (C. cornuta stejnegeri; Wiewandt,
1977), Auffenberg (1982a) suggested that small
body size may be advantageous for harvesting
food above the ground on islands with low floral
diversity. However, we have noted that the
largest iguanas, especially those in the trans-
located population, climb trees to forage as
readily as, and perhaps even more so than, the
smaller iguanas.

NATURAL PREDATION

Although young iguanas clearly have more
predators than do adults, the prevailing view is
that natural predation can be virtually dismissed
as an important factor shaping the natural his-
tory of Cyclura. Certainly, insular iguana popu-
lations exhibit life history traits that are presum-
ably related to predation rates that differ from
those of mainland populations (e.g., reductions
in wariness, clutch size, growth rate, and tail
loss rates; Iverson, 1979; Case, 1982; Wiewandt,
1982; Iverson and Mamula, 1989).

Osprey in the Acklins Bight (North and Fish
Cays) regularly prey on adult iguanas (Hayes
et al., unpubl. obs.). We have seen them feeding
on a number of fresh adult carcasses and ob-
served one take an adult iguana while on the
wing. The significance of such predation re-
mains unclear and likely has a trivial impact on
these populations. However, if the osprey rely
on iguanas to any extent on White Cay, this
could pose a serious threat. Predation on nesting
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Galápagos marine iguanas by the Galápagos
hawk (Buteo galapagoensis) illustrates the sus-
ceptibility of female iguanas in particular to
natural predators (Boersma, 1983). We have
also noticed that iguanas tend to scan the sky,
suggesting that they may have evolved strategies
to avoid predation. Perhaps antipredator strate-
gies of iguanas have shaped more of their natu-
ral history than has generally been recognized
(see Rivas and Levin, this volume).

An unexpected observation was that of an
adult iguana that was attacked and consumed by
a large barracuda as she tried to swim across
a mangrove channel to the small islets on the
northern shore of North Cay. Although this par-
ticular event was precipitated by our attempt to
capture the female, we tracked a radio-tagged
iguana that traversed several mangrove channels
on its own and iguanas are plentiful on these
islets. Accordingly, marine predators, which
abound in the shallow waters of the Acklins
Bight, pose a credible risk to waterborne trans-
port between cays and to movements by iguanas
across narrow channels to and from the small
islets on the northern shore of North Cay. As
does C. carinata (Iverson, 1979), C. rileyi shows
reluctance to enter water unless harassed, and
then generally only as a last resort.

HOME RANGE AND HABITAT USE

Using radiotelemetry (White and North Cays)
and direct observation (Green Cay), we quan-
tified home-range sizes of male and female
iguanas during the postmating and nesting
seasons. Home-range size can be assessed by a
variety of means (e.g., R. A. Powell, 2000), but
recent developments indicate that the fixed ker-
nel method (with least squares cross-validation
for smoothing) is the best current estimator
based on a preferred minimum of thirty re-
sightings (e.g., Seaman et al., 1999). To com-
pute kernel estimates, we used the Home Ranger
software program (Hovey, 1998), which can be
downloaded from the Internet. To compare our
results more directly with prior studies, we also
calculated minimum convex polygons (MCP)
using the Calhome software program (Kie, 1994),

also available on the Internet. As a point of dis-
tinction, home-range values based on a small
number of sightings are generally underesti-
mated by MCPs and overestimated by kernel
methods (Seaman and Powell, 1996).

Our largest and most informative data set
was obtained for C. r. rileyi on Green Cay (Cyril,
2001), where we computed the home range
size of fourteen males and twenty-four females
(based on ten to twenty-six resightings for each
individual) using four methods: maximum dis-
tance between any two points, 100% MCP,
95% MCP, and 95% fixed kernel. We found a
high degree of correlation among all methods
(all rs > 0.745; P < 0.001). The mean 95% fixed
kernel estimates for males and females, re-
spectively, were 439 and 628 m2. Mann-Whitney
U tests revealed that all four measures of home
range size were similar for males and females
(all P > 0.18). The maximum distance traveled
(373 m by a female) was more than one-half the
length of the island. Some iguanas of both sexes
were seen within a 100 m2 area during the en-
tire study (23 June to 22 July 1999).

Compared with C. r. rileyi on Green Cay,
C. r. nuchalis on North Cay utilized larger home
ranges (Thornton, 2000), where comparable
fixed kernel estimates (based on twenty-three to
thirty-seven fixes) were 2047 m2 for gravid fe-
males (n = 5) and 397 m2 for nongravid females
(n = 5). Several gravid females and one non-
gravid female on North Cay undertook lengthy
movements (up to 1 km), which were not pos-
sible on Green Cay, where the length of the island
is only 600 m. C. r. cristata on White Cay also ap-
peared to utilize larger home ranges, with adap-
tive kernel estimates (at the 85% level) of 2656 m2

(five males and two females; the different esti-
mator here was necessary because the number
of resightings was small, ranging from four to
eleven; Fry, 2001). Because of the recent popu-
lation crash, the iguanas on White Cay were at
much lower density than on Green Cay or North
Cay. Mitchell (1999) reported that home range
size of C. pinguis expanded one-hundredfold fol-
lowing a decline in density on Anegada, and a
similar effect may have occurred on White Cay.
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Our informal observations and those of
others (e.g., Wiewandt, 1977; Iverson, 1979; Auf-
fenberg, 1982b; Knapp, 2001a) clearly indicate
that local iguana density varies with habitat
quality. On Green Cay, we have observed a re-
distribution of iguanas corresponding to the de-
cline in Opuntia cactus. Since 1994, it appears
that more iguanas have moved from the formerly
cactus-dense western end to the eastern end.
Following the population crash on White Cay,
we expected to see a similar redistribution, be-
cause we assumed that iguanas would seek to
optimize resource utilization and males would
seek out the handful of remaining females. The
island has a distinct west-east gradient in terms
of vegetation density. In 1997, the iguanas
were evenly distributed across this gradient (Fry,
2001), and subsequent surveys in 1999 and
2000 indicate that the even distribution had
persisted. The absence of redistribution or clus-
tering suggests that the resources available to
individuals at reduced iguana density are simi-
lar on this cay regardless of vegetation density,
or that social pressures (e.g., territoriality) con-
strained movement patterns.

Iguanas often retreat to burrows that are
formed by or excavated beneath rock or are ex-
cavated in loose soil (usually near vegetation
and in soil with root penetration). The relative
proportion of these burrows, although not quan-
tified on any cay, varies considerably among the
populations. For example, no earthen burrows
are present on Green Cay, and few if any rock
burrows are present on Pigeon Cay. On some
cays, the number of iguanas present appears to
far exceed the number of retreats available. In
such circumstances, vegetation serves as an ade-
quate retreat. Although the dimensions of rock
and earthen burrows are similar, thermal dif-
ferences may exist. To assess this possibility,
we compared the temperature profiles of both
burrow types (n = 10 for each) on North Cay by
positioning temperature probes outside (10 cm
above the entrance) and within (up to 110 cm
from entrance or against the back wall) actively
used burrows (Thornton, 2000). There was a
significant three-way interaction between burrow

type (rock versus earthen), time of day (0800,
1200, 1600, 2000), and location (outside versus
entrance; F3,54 = 4.78, P = 0.005), suggesting a
complex relationship among the three variables.
The earthen burrows were similar to the outside
temperature at 0800 (mean of 28.4 and 28.8 °C,
respectively), but warmed slowly and remained
2–3 °C cooler than the outside temperature at
1200 and 1600. The mean maximum tempera-
ture was reached at 1600 (31.0 °C). At 2000, the
earthen burrows (30.8 °C) were several degrees
warmer than the outside temperature (28.8 °C).
Rocky burrows, in contrast, were coolest at
0800 (27.6 °C) but warmed up quickly and were
similar to outside temperatures at 1200 and
1600 (32.6–34.1°C). At 2000, the rocky burrows
(33.7 °C) were considerably warmer than both
earthen burrows (30.8 °C) and outside temper-
atures (29.9 °C). These results suggest that
earthen burrows are better suited for cooling
during midday, whereas rocky burrows are bet-
ter suited for rapid warming in the morning
and heat retention at night.

Considering the importance of temperature
to digestion rate, digestive efficiency, and growth
in ectothermic herbivores (e.g., Harlow et al.,
1976; Christian, 1986b), the presence of bur-
rows in a territory may provide important thermo-
regulatory options. Growth rate of C. nubila, for
example, is faster with increasing nighttime
temperature (Christian, 1986b), and this species
prefers to sleep in the warmest microhabitats
available (Christian et al., 1986). Further study
of the relationship between retreat burrow pres-
ence and territory quality seems warranted.

REPRODUCTION

Our studies of reproduction took place on North
Cay in the Acklins Bight (C. r. nuchalis; 1998,
1999) and on Green Cay off San Salvador Island
(C. r. rileyi; 1999, 2001). The research focused
largely on the nesting season each year (late
June and July). However, we conducted an etho-
logical study from two observation towers
during May and June 1998, on North Cay, and
additional mating activities were observed op-
portunistically during population surveys and
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capture studies in other years. Unfortunately, we
found it difficult to observe copulations despite
selecting a study area with high iguana density
and low vegetation cover.

In contrast, nesting was much more con-
spicuous. On North Cay, we relied on radio-
telemetry to track individual females. Despite
the stress associated with capture, processing,
and daily tracking, all telemetered females ex-
ceeding 300 g oviposited regardless of whether
transmitters were installed (glued to the hip)
fifteen to twenty-four days prior to oviposition
(n = 4) or one to three days before oviposition
(n = 7). On Green Cay, because of its small size,
individually marked iguanas were more readily
detected and radiotelemetry was not used. After
females had laid their single clutch, easily rec-
ognized as having occurred by the obvious loss
of body weight, we recaptured and weighed
them. A number of nest burrows were very care-
fully dug open (usually via the excavation tun-
nel) to ascertain the structure of the burrows and
determine the clutch size and weight and di-
mensions of the eggs. Digging was accom-
plished by hand in a manner so as not to dam-
age the integrity of the egg chamber, which
consisted of a small, hollow pocket in the sand
where the eggs were deposited. Once the desired
data were collected, the burrow was recon-
structed to the best of our abilities. Unless indi-
cated otherwise, most of the data were obtained
during the 1998 season on North Cay (Thorn-
ton, 2000) and the 1999 season on Green Cay
(Cyril, 2001).

PHENOLOGY OF REPRODUCTION

For C. rileyi, the mating season begins in May
and continues into June. We have observed fif-
teen copulations by C. r. nuchalis from 21 May to
9 June and three copulations by C. r. rileyi from
26–30 May. Nest digging begins the last week
of June for C. r. nuchalis on North Cay (1998
and 1999) and the first week of July for C. r. ri-
leyi on Green Cay (1999 and 2001). Oviposition
occurs several days after the onset of excavation
and continues for at least two weeks. Hatching
presumably commences eighty-five to ninety

days after egg laying (Iverson, 1979), from late
September to mid-October.

As in Iguana (Rand and Greene, 1982), there
is no general relationship between nesting date
and latitude in Cyclura. Consideration of only
those taxa that inhabit the Bahamas and the Turks
and Caicos Islands seems bewildering. Moving
from north to south, C. cychlura inornata in the
northern Exumas begins nesting in mid-June
(Iverson, 2001), C. c. cychlura on Andros nests
as early as mid-May (Knapp, 2001b), C. r. rileyi
on San Salvador starts in early July (Cyril, 2001),
C. r. nuchalis in the Acklins Bight begins in late
June, and C. carinata on Pine Cay in the Turks
and Caicos Islands nests in early June (Iverson,
1979). Although annual variation may contribute
to the variance, we are doubtful that a geo-
graphical pattern exists. Clearly, the seasonality
of rainfall must exert an important role in the
phenology of reproduction (e.g., Wiewandt, 1977;
Iverson, 1979; Vogel, 1994), but its effect can be
either beneficial or deleterious at several stages
of reproduction. Moisture and temperature, for
example, can affect not only nests during incu-
bation (e.g., survival and incubation time of
eggs, fitness of hatchlings; reviewed by Alberts
et al., 1997), but also hatchlings following
emergence (e.g., storm-associated mortality [this
study; Breuil, 2000] and availability and quality
of food). Excessive drought can be devastating at
any time (Breuil, 2001). As pointed out by Rand
and Greene (1982), because the timing of mat-
ing, nesting, incubation, and hatching have
evolved together, the total response might rep-
resent an adaptive compromise. We suggest that
future comparisons of nesting dates between
translocated populations and their source cays
would help us better understand the factors that
govern the phenology of reproduction.

Curiously, the relationship between date of
oviposition and female body size differed sub-
stantially between North Cay and Green Cay.
On North Cay, the positive correlation (rs = 0.64,
P = 0.024, n = 11) indicated that larger females
nested later, whereas the negative correlation on
Green Cay (r = –0.47, P = 0.028, n = 22) revealed
that larger females nested earlier. The pattern
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of larger females ovipositing sooner was also
reported for C. nubila (Alberts et al., 1997) and
C. cychlura inornata (Iverson, 2001). There are
a number of factors that could influence size-
based differences in timing of reproduction
(e.g., dominance relationships that affect time of
mating, energetic or thermal influences on egg
development rate, competition among females
for suitable nest habitat, competition among
young emerging at different times) that are de-
serving of future study.

In fall 2001 (2–10 October), we examined
twelve nests from which hatchlings had recently
emerged. Most nests were located by finding the
small holes where the hatchlings had exited. We
observed hatchlings emerge from two nests with
known oviposition dates, giving us incubation
times of ninety-one and ninety-two days.

SEXUAL MATURATION

Female C. rileyi attain sexual maturity at ap-
proximately 20 cm SVL and 300 g. On North
Cay, the smallest measurements for a gravid fe-
male before oviposition were 19.5 cm and 260 g.
Females on Green Cay possibly mature at a larger
size (minimum measures were 21.5 cm and
340 g), perhaps because of the recent damage to
vegetation or because they are somewhat larger
(table 17.3) on this cay. In the absence of his-
tological samples and sufficient mating data, we
assume that males attain sexual maturity at a
size similar to females or at a slightly larger size,
as occurs in C. carinata (Iverson, 1979). Iverson
(1979) estimated that female C. carinata, which
mature at a size similar to C. rileyi, require six
or seven years to attain reproductive size. This
is probably a reasonable estimate for C. rileyi.
However, Iverson (2001) recently concluded that
C. cychlura inornata, which mature at a much
larger size (closer to 29 cm SVL), require four-
teen years to attain reproductive size. We sus-
pect that female C. rileyi breed annually, but lack
sufficient data to know this with certainty.

MATING SYSTEM AND TACTICS

Our observations on North Cay suggest that the
mating system of C. r. nuchalis is polygynous,

and may even be polygamous. One male in our
study area copulated with at least three females
and another copulated with at least two. One
female was seen to copulate with three differ-
ent males, but we could not discern whether she
actively solicited those copulations.

Because of competition among males for ac-
cess to females, mate guarding (female defense)
and forced copulation (particularly by smaller
males) appear to be common strategies. The
larger males are territorial and are more likely to
guard their mates. We observed female defense
by four males that repeatedly chased away rival
males that approached a mated female in their
territory. Both forced copulation and female de-
fense appear to increase as the mating season
progresses. Of the fourteen unsuccessful copu-
latory attempts observed between 21 May and
10 June, four of five that resulted from female es-
cape efforts occurred prior to 27 May, and six of
seven that resulted from interruption by a male
conspecific occurred after 27 May (our notes
do not clarify the cause of two other attempts).
The difference in proportions approached signif-
icance (Fisher’s exact test, two-tailed P = 0.061).
One female was immediately subjected to forced
copulation by two smaller males after we cap-
tured and temporarily removed (for processing)
the large male that was aggressively defending
her. This observation clearly illustrates the adap-
tive value of mate guarding by larger, territorial
males. The tactic of forced copulation adopted
by smaller iguanas is presumably a conditional
mating strategy, based on phenotypic rather
than environmental or genetic differences, and
has been reported in C. cornuta stejnegeri (Wie-
wandt, 1977) and a number of other iguanas (e.g.,
Amblyrhynchus: Wikelski and Bäurle, 1996; Cono-
lophus: Werner, 1982; Iguana: Dugan, 1982a;
Rodda, 1992; Sauromalus: Berry, 1974).

The majority of copulations occurred in the
morning (n = 8 between 0900 and 1200) and
late afternoon (n = 6 between 1500 and 1800),
with few during mid-day (n = 2 between 1200
and 1500). The duration of copulation was very
brief in C. r. nuchalis, averaging 42.5 s (SE = 5.5)
with a range of 20–90 s (n = 13). The duration of
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copulation is probably longer in C. r. rileyi;
although not timed precisely, two of the three
observations lasted several minutes. Copulation
time is relatively brief in some iguanas (e.g.,
C. c. carinata: 40–76 s, Iverson, 1979; Conolo-
phus: 30–90 s, Werner, 1982) and considerably
longer in others (e.g., Amblyrhynchus: 9 min-
utes, Wikelski and Bäurle, 1996; Brachylophus:
15–20 minutes, Gibbons and Watkins, 1982;
Iguana: 7–9 minutes, Dugan, 1982a; Rodda,
1992). The relationships between duration of
copulation, mating system, and alternative mat-
ing tactics deserve more consideration.

In addition to mate guarding, multiple mat-
ing of the same individual may represent an-
other tactic to deal with sperm competition re-
sulting from forced copulation. One male
copulated with the same female twice, only two
days apart. This particular female was mated at
least four times by three different males over a
five-day period. Although it appears to us that
females are subject to intense harassment, we
cannot rule out the possibility that females so-
licit multiple copulations. Multiple paternity is
sought by females of other lizards because of
the benefits of genetically diverse offspring
(e.g., LeBas, 2001). Patterns of female receptivity,
postcopulatory guarding by males, and number
of males mated by females varies considerably
among iguanas. At one extreme, female marine
iguanas have a brief period of receptivity and
are normally mated only once, postcopulatory
guarding is absent, and hence multiple paternity
is absent or rare (Wikelski and Bäurle, 1996). In
contrast, many female green iguanas have an
extended period of receptivity and may mate re-
peatedly with the same or different males, post-
copulatory guarding is frequent, and hence
multiple paternity seems likely (Dugan, 1982a;
Rodda, 1992). Other iguanas, including C. c. ste-
jnegeri (Wiewandt, 1977) and Conolophus sub-
cristatus (Werner, 1982), appear to be more sim-
ilar to I. iguana. Our observations and a report
of multiple paternity in C. collei (Davis, 1996)
suggest that sperm competition is an important
determinant of mating tactics by both male and
female C. rileyi. Genetic studies would be helpful

in correlating the number, identity, and quality
of males contributing to a clutch.

NESTING MOVEMENTS

None of the females on Green Cay made note-
worthy movements prior to nesting, but a num-
ber of females on North Cay moved substantial
distances prior to (or immediately after) nesting.
In 1998, Thornton (2000) observed five of twelve
gravid telemetered females make nesting move-
ments of 145–1000 m. In 1999, we tracked four
additional females that moved 500–1000 m away
from the mating area to oviposit. One of the
latter females crossed three shallow mangrove
channels and stopped on one of the small sandy
islets on the northern perimeter of North Cay,
a journey of 700 m. Interestingly, the females
clearly pass through an abundance of potential
nest sites as they move to their final digging site.
The advantages of these movements, perhaps
related to outbreeding opportunities for their off-
spring, presumably outweigh the costs. Nesting
movements of up to 15 km have been reported in
other iguanas (e.g., C. c. inornata: Iverson, 2001;
C. c. stejnegeri: Wiewandt, 1977, 1982; Conolophus:
Werner, 1982; Iguana: Montgomery et al., 1973;
Bock, 1989; Rand et al., 1989). In some species,
nesting movements are essential to locate suit-
able nesting habitat, but in others, it remains
puzzling as to why some females remain sta-
tionary and others pass up suitable habitat as
they move a lengthy distance. Wiewandt (1982)
suggested the involvement of an ontogenetic
process, whereby neonates learn a hatching area
through imprinting and/or females return yearly
to a site where they previously nested.

NEST SITE CHARACTERISTICS

On North Cay, nests were widely distributed on
the island, but excavation activities were more
concentrated in some areas than in others. In
1999, we compared excavation activities in three
different habitats: beachfront sandy habitat, in-
terior sandy habitat, and interior rocky habitat.
Within each habitat, we surveyed the number of
excavations (including both nest burrows and
abandoned burrowing efforts) in three 10 × 50 m
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quadrants. The density of excavations differed
significantly among the three habitats (median
test χ2

2 = 9.0, P = 0.011), with the highest den-
sity of excavations along the beachfront sand
(1822/ha), intermediate density in the interior
sandy habitat (578/ha), and lowest density in the
rocky interior habitat (244/ha). On Green Cay,
nests were also widely distributed, but the habi-
tat was much more rocky and nests were re-
stricted to areas having loose sand and soil.
However, some nests were constructed within
rock crevices and would have been easily over-
looked if not for the fresh earth present at the
crevice entrance. The majority of nest burrows
on Green Cay were dug beneath an overlying
rock such that the rock itself formed the ceiling
of the egg chamber (E. Grove, unpubl. data).

On both islands, females started multiple
excavations prior to or during construction of
the final nesting burrow. Exploratory and final
nesting burrows could generally be distinguished
because final nesting burrows were backfilled,
whereas exploratory burrows were not (unless
in close proximity to the nest burrow). Burrows
were generally abandoned when females en-
countered rocks or dense root masses under-
ground (c.f. Wiewandt, 1977; Christian, 1986a;
Vogel, 1994). On Green Cay, Cyril (2001) found
the entrance microhabitats of exploratory and
final nesting burrows to be similar.

NEST CONSTRUCTION

Females typically dug their final nesting bur-
rows in a single day and emerged having laid
their eggs later in the day or the next morning,
after spending the night in the burrow. When
iguanas dug in sandy soil, the earth loosely filled
the tunnel behind them such that they were
entombed until they deposited their eggs and
burrowed back out to the entrance. On North
Cay, fourteen telemetered females emerged
after oviposition approximately eight to thirty
hours after entering the final nest burrow; of
these, twelve (86%) appeared to spend the night
in the burrow. To our knowledge, nests were
always excavated and were never constructed in
preexisting retreat burrows.

NEST BURROW CHARACTERISTICS

The final burrow in which eggs were laid varied
substantially in shape, dimensions, and location
of the egg chamber. Most burrow tunnels changed
directions one or more times (92% of thirteen
burrows on North Cay; 60% of five burrows on
Green Cay) and in some (46% on North Cay), we
detected multiple chambers. One burrow on
North Cay had two clutches in separate cham-
bers, and on Green Cay one chamber apparently
contained two clutches. Some burrows contained
old eggshell fragments (23% on North Cay; 60%
on Green Cay). Total burrow length was longer
on North Cay (69–235 cm, mean = 129 cm, n = 13)
than on Green Cay (30–116 cm, mean = 53 cm,
n = 5). Burrows on both cays were shorter in length
than those dug by C. carinata on Pine Cay in the
Turks and Caicos (Iverson, 1979) and C. cychlura
in the northern Exumas (Iverson, 2001). Egg-
chamber depth (from ground surface above to
floor of chamber) was similar on North Cay (14–
40 cm, mean = 22 cm, n = 13) and Green Cay
(18–28 cm, mean = 22 cm, n = 5). Nest depth of
C. c. inornata in the northern Exumas averaged
deeper (27.5 cm; Iverson, 2001). On North Cay,
burrow dimensions were associated with female
size (burrow length: r = 0.79, P = 0.060; burrow
depth: Spearman rs = 0.94, P = 0.005).

On Green Cay, vegetation cover above the five
nests (judged from a densiometer mirror placed
on the ground above the nest chamber) ranged
from 0 to 18%. Additional densiometer readings
above estimated nest chamber placement (i.e.,
unexcavated nests; n = 23) averaged 19% and
ranged from 0 to 82%. Iverson (2001) reported
vegetation cover averaged 22% (range, 0–61%)
for C. c. inornata in the northern Exumas. Vogel
(1994) indicated that C. collei nests in soil devoid
of vegetation. Variation in vegetation cover above
nests could result from differences in substrate
stability (sandy soils may need root tendrils for
firmness), soil temperature gradients, or habitat
availability. Iverson (2001) found that nest depth
was inversely related to vegetation cover and
suggested that females deposit eggs at depths
of preferred temperatures (i.e., shadier sites re-
quire shallower nests).
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CLUTCH AND EGG SIZE RELATIONSHIPS

Compared with other Cyclura species, the
clutch size of C. rileyi is small because of the
small size of adults in most populations. On
North Cay in 1998, clutch size ranged from two
to five with a mean of 3.1 (n = 14) and was pos-
itively correlated with female body size (SVL:
rs = 0.66, P = 0.038, n = 10; mass: rs = 0.77, P =
0.009, n = 10). On Green Cay in 1999, clutch
size ranged from three to six eggs (n = 5). A sin-
gle clutch found on Low Cay contained ten eggs,
reflecting the large size of animals in this popu-
lation (most individuals >30 cm; table 17.3). Rel-
ative reproductive investment (change in body
mass divided by mass before oviposition × 100)
averaged 26.8% (n = 11) on North Cay and 21.7%
(n = 9) on Green Cay and was associated with
SVL (North Cay: rs = 0.66, P = 0.038, n = 10;
Green Cay: r = 0.75, P = 0.02, n = 9). These data
suggest that iguanas on North Cay in 1998 in-
vested more in reproduction than those on Green
Cay in 1999.

Mean egg dimensions after oviposition were
similar on North Cay (mass = 27.1 g, n = 41;
length = 55.4 mm, n = 43; width = 30.2 mm, n =
43) and Green Cay (mass = 27.7 g; length = 53.4
mm; width = 29.5 mm; n = 21 for each mean).
Three eggs found in a Green Cay nest at the time
of emergence (October 2001) ranged from 42 to
47 g. Each of three recently hatched juveniles
in a nearby nest had a mass of 21.5 g, with SVLs
of 8.2–8.5 cm. Mean egg mass within individ-
ual clutches after oviposition was negatively cor-
related with clutch size (North Cay: rs = –0.70,
P = 0.008, n = 13; Green Cay: r = –0.87, P = 0.05,
n = 5). Thus, larger females invested relatively
more into reproduction by producing larger
clutches with smaller eggs. In contrast, larger
females produced both larger clutches and
larger eggs in C. cychlura (Iverson, 2001) and in
one study of C. nubila (Alberts, 1995). In another
study of C. nubila (Alberts et al., 1997), egg mass
was independent of female size, and larger fe-
males evidenced reproductive senescence with
higher rates of infertility and greater mortality of
initially viable eggs.

NEST DEFENSE

Female defense of nests is widespread among
iguanas (reviewed by Wiewandt, 1982; see also
Christian and Tracy, 1982; Werner, 1982; Chris-
tian, 1986a; Vogel, 1994; Iverson, 2001) and was
exhibited by C. rileyi on both North Cay and
Green Cay. It is thought to be a strategy that
mitigates the loss of eggs resulting from the
digging activities of females that prefer to enter
a burrow that has already been excavated. On
North Cay, at least five of fourteen females (36%)
were observed to exhibit nest defense, even
though nest defense was not carefully monitored
on this cay. Curiously, all five females that made
substantial nesting movements abandoned their
nests and exhibited no defense. On Green Cay,
at least eighteen of twenty-two females (82%)
exhibited a degree of nest defense. Of these,
thirteen (59%) remained near their nests and
defended them for more than five days. The
mean nest density of iguanas exhibiting more
than five days’ defense (3.6 nests within 10 m
radius) was significantly greater than those ex-
hibiting five or fewer days’ defense (2.0 nests
within 10 m radius; one-tailed t-test, P = 0.03).
This latter observation is consistent with the pro-
posed function of nest defense.

INCUBATION TEMPERATURES

On North Cay, we inserted a thermistor temper-
ature probe into two nest chambers and meas-
ured temperatures over a forty-eight-hour period.
Temperatures within the nests ranged from 25
to 33 °C. There was an inverse relationship be-
tween ambient air temperature and nest cham-
ber temperature, with the eggs being warmer at
night and cooler during the day. We suspect the
inverse relationship between ambient tempera-
ture and nest temperature may result from the
delay in transfer of heat between the air and the
soil at the nest chamber depth. Although addi-
tional data are needed, these preliminary findings
are similar to prior studies on incubation tem-
perature (e.g., Christian and Lawrence, 1991) and
give us meaningful information that may be of
use in future captive breeding programs.
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CONCLUSIONS

Our studies have provided a wealth of data on
C. rileyi that are relevant to conservation pro-
grams. The population assessments indicate that
two of the three recognized subspecies are criti-
cally endangered, with some populations becom-
ing extirpated within recent decades and others
continuing to dwindle. We have identified a
number of threats to the remaining populations
and have undertaken some efforts to ameliorate
habitat degradation. Baseline data reported here
are essential for continued monitoring.

Information regarding diet, predation, habi-
tat use, and reproduction give us a more com-
plete picture of the ecological requirements of
the iguanas. As existing habitats change over
time, or as new islands are sought for relocation
programs, this information can help inform
management decisions, such as the selection of
appropriate islands for translocation. The social
structure, mating system, and level of sperm
competition can affect the genetic structure of
a population, especially when only a subset of
males is contributing to the gene pool. Removal
of large males may be useful as a management
tool for increasing the genetic diversity of a pop-
ulation (Alberts et al., 2002). The ability to
predict clutch size and determine the timing
of oviposition accurately and noninvasively is
important not only to captive management pro-
grams, but also to field conservation efforts, in
which estimates of population fecundity, collec-
tion of eggs for artificial incubation, or strict
protection of nest sites at the time of laying are
required (Alberts, 1995). For captive husbandry,
knowledge of diet is essential, and consideration
should be given to dominance relationships and
the possible benefits of multiple insemination
of females.

Finally, comparisons among populations
can be useful to identify potential environmental
problems that may need to be addressed. In our
study, population differences in demography,
body condition, and reproductive parameters
appeared to be associated with environmental

disturbances, such as catastrophic storms and
non-native predators (e.g., rats, raccoons) and
competitors (e.g., moths). However, many as-
pects of behavior and ecology are independent
of phylogeny (e.g., Snell et al., 1984), and varia-
tion may often reflect local adaptation rather than
problems in need of attention.
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