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ABSTRACT

It is well known that reptiles can act as paratenic hosts for parasites that use mammals as their
 definitive hosts. However, studies of potential paratenic hosts in the Caribbean have been tempo-
rally restricted to only diurnal species of lizards, thereby neglecting a dominant component of the
nocturnal reptilian community: geckos. Many gecko species are human commensals with activ-
ity periods that overlap temporally with those of domestic cats, making them prime candidates as
potential transport hosts for cat parasites. However, no studies have reported geckos as paratenic
hosts for felid parasites on any Caribbean island. Here we report the first records of subcutaneous
oligacanthorhynchid cystacanths on the Venezuelan Coastal Clawed Gecko (Gonatodes antillen-
sis) based on specimens collected in Curaçao and Bonaire. The cysts were identified as belonging
to the genus Oncicola, likely those of Oncicola venezuelensis. This study reports these geckos as a
new host record for oligacanthorhynchid cystacanths, as well as Curaçao and Bonaire as new
 geographic locales for these acanthocephalan parasites. We additionally provide a review of
saurian cystacanths, comparing the restricted taxonomic focus of transport hosts in Caribbean is-
lands to the distribution of paratenic squamate hosts both in the Neotropics and globally. We find
evidence that the ability of squamate reptiles to act as transport hosts is a pervasive feature across
their Tree of Life, suggesting that these animals may serve as important vectors for transporting
parasites between intermediate and definitive hosts.
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Introduction

The transport of parasites by non-definitive trans-
port, or paratenic, hosts creates an opportunity for
parasitic organisms to utilize and potentially estab-
lish novel transmission pathways (Marcogliese
2007; Parker et al. 2015; Cable et al. 2017).
Although it is well established that nonmam-
malian vertebrates often act as paratenic hosts for
a variety of mammalian parasites (Bolt et al. 1993;
Anderson 2000; Strube et al. 2013), baseline data

associating these species and the parasites they are
transporting are uncommon across the Caribbean.
This lack of data creates a knowledge gap that chal-
lenges our ability to accurately forecast the spread
of internal parasites to both domestic animals and
wildlife. In particular, despite the high potential of
reptiles acting as paratenic hosts to the acantho-
cephalan parasites of cats and dogs, these poten-
tial transmission vectors have received little
attention. To date, studies of lizards as paratenic
hosts in the Caribbean have been restricted to
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diurnal species such as various species of Anolis or
Ameiva (Dobson et al. 1992; Goldberg et al. 1998a;
Nickol et al. 2006). This temporal bias neglects an
important nocturnal component of Caribbean
lizard communities: geckos.

With more than 1,600 species, geckos repre-
sent one of the most successful radiations of
lizards and are common commensal organisms in
urban and suburban landscapes worldwide
(Gamble et al. 2012). Although several studies
have found geckos to harbor cystacanths of acan-
thocephalans in Southeast Asia (Saehoong and
Wongsawad 1997; Mahagedara and Rajakaruna
2015), Africa (Oluwafemi et al. 2017), Australia
(Barton 2015), South America (Anjos et al. 2005),
or Central America (Goldberg and Bursey 2004a;
Bursey et al. 2007), no studies have investigated
whether Caribbean island species act as paratenic
hosts. Given both the spatial and temporal over-
lap of many Caribbean species with domestic and
feral cats, geckos make likely paratenic host can-
didates. Ground-dwelling species may be partic-
ularly vulnerable to felid predation, making an
assessment of their parasite transmission potential
of high utility for  veterinary and wildlife medicine.
Herein we examine whether the ground-dwelling
Venezuelan Coastal Clawed Gecko (Gonatodes
antillensis; Lidth de Jeude 1887) acts as paratenic
host for  acanthocephalan parasites by using a

combination of field-collected and museum spec-
imens. To place our findings into a broader con-
text, we provide a review of all known Caribbean
island squamates as well a global survey of squa-
mates that have been found to act as paratenic
hosts for  acanthocephalans.

Methods

As part of an ongoing study of the ecology and
evolutionary biology of geckos on the southern
Caribbean island of Curaçao (Dornburg et al.
2011, 2016; Lamb et al. 2017), we collected a total
of 140 Gonatodes antillensis between 2011 and
2017 from 10 locales across Curaçao, which were
deposited in the Peabody Museum of Natural
History, Yale University, New Haven, Connecti-
cut, USA, and the North Carolina Museum of
Natural Sciences, Raleigh, North Carolina, USA
(Table 1). All specimens were visually inspected
on collection, and those containing subcuta-
neous cysts were documented (Figure 1). To
determine the historic prevalence of similar sub-
cutaneous cysts, we were aided by collection staff
who collectively visually inspected the specimen
holdings of the Division of Vertebrate Zoology
Herpetology Reptile Collection, Yale Peabody
Museum of Natural History; the Museum of
 Comparative Zoology, Harvard University,
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TABLE 1. Institution and catalog numbers of Gonatodes antillensis specimens examined in this study. Abbrevia-
tions: CAS, California Academy of Sciences; LACM, Natural History Museum of Los Angeles County; MCZ,
Museum of Comparative Zoology; NCMNS, North Carolina Museum of Natural Sciences; RMNH, Naturalis Bio-
diversity Center (former Rijksmuseum voor Natuurlijke Historie); UMMZ, University of Michigan Museum of
Zoology; USNM, National Museum of Natural History, Smithsonian Institution; YPM HERR, Division of Ver-
tebrate Zoology Herpetology Reptile Collection, Peabody Museum of Natural History, Yale University.

Institution code Specimen numbers

CAS 113319–113345
LACM 126062–126078
MCZ R-141593, R-141600, R-149268, R-149349, R-149351, R-149367, R-149369–R-149371,

R-27548, R-60579, R-69577, R-69580, R-69581, R-69583, R-69584, R-69586, 
R-69587, R-69592, R-69596, R-69597, R-81514, R-82968, R-82969, R-82971, 
R-82973, R-82974, R-82976, R-82978, R-82979

NCMNS 89384–89387, 89390, 89392–89412, 89419–89443, 89445–89448, 89452, 89491
RMNH 13421, 14742A–B, 16682A–B, 18000, 18001A–C, 18002, 18004, 18008
UMMZ 57317–57345, 127795, 127796, 142675, 151501, 179309–179314
USNM 79231, 94980
YPM YPM HERR 017579–017584, YPM HERR 018188–018199, YPM HERR 

018438–018449, YPM HERR 018451–018460, YPM HERR 018603–018606, 
YPM HERR 018640–018644
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Cambridge, Massachusetts, USA; National
Museum of Natural History, Smithsonian Insti-
tution, Washington, DC, USA; the Natural His-
tory Museum of Los Angeles County, Los
Angeles, California, USA; the Naturalis Biodi-
versity Center (former Rijksmuseum voor Natu-
urlijke Historie), Leiden, Netherlands; the
California Academy of Sciences, San Francisco,
California, USA; and the University of Michigan
Museum of Zoology, Ann Arbor, Michigan,
USA, for specimens with similar subcutaneous
cysts (Table 1). Subcutaneous cysts found in any
samples were excised and sent to the parasitol-
ogy laboratory at the  College of Veterinary

 Medicine at North Carolina State University,
Raleigh, North Carolina, USA, for identification.
Larval acanthocephalans (cystacanths) were
extracted from cysts with the aid of a dissecting
microscope. Cystacanths were stained with
Semichon’s carmine, dehydrated in an ethanol
series, cleared in xylene and mounted in balsam
for identification. Identifications were based on
taxonomic keys and descriptions (Schmidt 1972,
1985; Nickol and Dunagan 1989; Smales 1997;
Nickol et al. 2006; Santos et al. 2017). Compara-
tive voucher specimens (HWML 48252, 48254,
48256, 48257, 48258, 49710) were borrowed
from the Harold W. Manter Laboratory for
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FIGURE 1. Oncicola cystacanths in Gonatodes antillensis. A. Individual G. antillensis with visible subcutaneous
cystacanths highlighted. B. Dorsal view of G. antillensis. C. Slide of Oncicola cystacanth extracted from a cyst.
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 Parasitology, University of Nebraska State Museum,
Lincoln, Nebraska, USA (HWML).

To place our results into context, we compiled
a list of all known paratenic saurian hosts for oli-
gacanthorhynchid and centrorhynchid cysta-
canths across all Caribbean islands. These two
groups represent two major radiations of acantho-
cephalans infecting terrestrial vertebrates that prey
on squamates (mammals and birds; Petrochenko
1956), and would therefore be likely to co-opt
squamates as transport hosts. Searches were con-
ducted using Google Scholar and ISI Web of
Knowledge using the following key terms: lizard,
cystacanth, Caribbean, transport host, paratenic,
saurian, gecko, Anolis, Iguanidae, snake, helminth,
squamate, reptile, Acanthocephala, Oligantho-
hynchidae and Centrorhynchus. Additionally,
 references within each found document were
checked for additional publications not captured
by our key terms. Although additional key search
terms are certainly possible, no additional terms
we attempted yielded new reports. We further
searched the Harold W. Manter Laboratory of Par-
asitology and the United States National Parasite
Collection, National Museum of Natural History,
Smithsonian Institution, for records not reported
in the primary literature. This search was then
expanded to compare Caribbean records to all
records of these parasites in squamate reptiles
globally.

Results

Across our survey of the 140 Venezuelan Coastal
Clawed Geckos collected from Curaçao, only
specimens (6 of 22) from one locale, Director’s
Bay, possessed subcutaneous cysts (Figure 2).
Cysts were primarily located below the anterior
surface of the neck and laterally along the main
body, with several specimens also exhibiting cysts
near the posterior insertion of the humerus with
the scapula. Visual inspections of museum speci-
mens for geckos that possessed subcutaneous
cysts (Table 1) yielded only one specimen from
the University of Michigan Museum of Zoology,
Ann Arbor, Michigan, USA (UMMZ 179309).
That gecko had been collected in 1984 from
Bonaire, Netherlands Antilles, and we found it to
contain three previously undocumented subcuta-
neous cysts. Morphological characteristics (i.e.,
size, shape, proboscis hooks) of extracted cysta-

canths indicate inclusion in the family Oligacan-
thorhynchidae and the genus Oncicola. The long
length of the lemnisci (Nickol et al. 2006) and the
subcutaneous site of infection in Caribbean
saurian hosts are suggestive of Oncicola venezue-
lensis (Marteau 1977). Unfortunately, the pro-
boscis of our cystacanth specimens remained
inverted, preventing a definitive species diagno-
sis. All cystacanth specimens were deposited
in the Division of Invertebrate Zoology, Yale
Peabody Museum of Natural History (YPM IZ
102933–102938).

Results of our literature and database survey
yielded 15 publications and 4 museum records
containing information on paratenic saurian hosts
on Caribbean islands (Table 2). Anolis was the
most frequently represented genus, with 21
species reported as paratenic hosts. Of these, only
three species were reported with oligacan-
thorhynchid cystacanths, whereas all 21 Anolis
species as well as a species of Ameiva and the
snake Leimadophis reginae were reported with
centrorhynchid cystacanths (Table 2). No subcu-
taneous centrorhynchid infections were reported.
In contrast, both our findings for Gonatodes antil-
lensis and prior work in Anolis cristatellus and
Anolis stratulus reported subcutaneous infections
(Table 2).

The results of our search of paratenic hosts
globally yielded 202 records that spanned 35
countries and 184 species (Appendix). The United
States was the most represented country with 36
records, followed by Costa Rica with 33 (Appen-
dix). We found records of 119 species possessing
oligacanthorhynchid and 75 species possessing
Centrorhynchus infections (Appendix). Infections
in the body cavity (coelom) were most common
in both oligacanthorhynchid and centrorhynchid
infections, respectively representing 60% and
50% of the reported records. Ophidians were the
most reported group of squamates (56%), fol-
lowed by iguanians (19%) and lacertoids (13%).
Only a single record of a centrorhynchid cyst was
found for another Gonatodes, with Hemidacty-
lus the most frequently represented (54%) gecko
genus (Appendix).

Discussion

Understanding the transmission pathways that
parasites can utilize to move between hosts at
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FIGURE 2. Frequency and spatial distribution of Oncicola cystacanths in Curaçao detected from our surveys and
museum specimens. A. Frequency of cystacanths per site. B. Location of sites on the island. Blue indicates absence
of cystacanths and yellow indicates presence of cystacanths. Abbreviation: CARMABI, Caribbean Research and
Management of Biodiversity.

Downloaded From: https://bioone.org/journals/Bulletin-of-the-Peabody-Museum-of-Natural-History on 11 Jul 2019
Terms of Use: https://bioone.org/terms-of-use Access provided by University of Mississippi



Bulletin of the Peabody Museum of Natural History 60(1) • April 201960

TA
BL

E
2.

 C
ys

ta
ca

nt
hs

 fo
un

d 
in

 sq
ua

m
at

e h
os

ts
 o

n 
C

ar
ib

be
an

 is
la

nd
s. 

Th
e a

bb
re

vi
at

io
ns

 u
se

d 
in

di
ca

te
 re

co
rd

s f
ro

m
 th

e H
ar

ol
d 

W
. M

an
te

r L
ab

or
at

or
y f

or
 P

ar
as

ito
lo

gy
 (H

W
M

L)
an

d 
U

ni
te

d 
St

at
es

 N
at

io
na

l P
ar

as
ite

 C
ol

le
ct

io
n 

(U
SN

PM
). 

Ro
w

s w
ith

 b
ol

df
ac

e t
ex

t i
nd

ic
at

e r
ec

or
ds

 fr
om

 p
re

se
nt

 st
ud

y.

C
ys
ta
ca
nt
h

H
os
t

Si
te
 o
f i
nf
ec
tio

n
Is
la
nd

R
ef
er
en

ce

O
lig

ac
an

th
or

hy
nc

hi
d

An
ol
is 
ac
ut
us

C
oe

lo
m

St
. C

ro
ix

, U
.S

. V
irg

in
 Is

la
nd

s
G

ol
db

er
g 

et
 a

l. 
19

97
a

An
ol
is 
cr
ist
at
ell
us

Su
bc

ut
an

eo
us

St
. T

ho
m

as
 a

nd
 S

t. 
Jo

hn
, U

.S
. V

irg
in

 Is
la

nd
s 

Fu
lle

r e
t a

l. 
20

03
; N

ic
ko

l e
t a

l. 
20

06
Pe

rit
on

eu
m

Br
iti

sh
 V

irg
in

 Is
la

nd
s

G
ol

db
er

g 
et

 a
l. 

19
98

a
An
ol
is 
str
at
ul
us

Su
bc

ut
an

eo
us

St
. T

ho
m

as
 a

nd
 S

t. 
Jo

hn
, U

.S
. V

irg
in

 Is
la

nd
s 

Fu
lle

r e
t a

l. 
20

03
; N

ic
ko

l e
t a

l. 
20

06
G

on
at

od
es

 a
nt

ill
en

si
s

Su
bc

ut
an

eo
us

C
ur

aç
ao

Pr
es

en
t s

tu
dy

G
on

at
od

es
 a

nt
ill

en
si

s
Su

bc
ut

an
eo

us
Bo

na
ir

e
Pr

es
en

t s
tu

dy

C
en

tr
or

hy
nc

hi
d 

Am
ei
va
 a
m
ei
va

Tr
in

id
ad

, B
ah

am
as

Ev
er

ar
d 

19
75

; H
W

M
L 

34
61

8
An
ol
is 
ac
ut
us

C
oe

lo
m

St
. C

ro
ix

, U
.S

. V
irg

in
 Is

la
nd

s
G

ol
db

er
g 

et
 a

l. 
19

97
a

An
ol
is 
ae
ne
us

C
oe

lo
m

G
re

na
da

G
ol

db
er

g 
et

 a
l. 

19
97

b
An
ol
is 
ar
m
ou
ri

C
oe

lo
m

H
ai

ti
G

ol
db

er
g,

 B
ur

se
y 

an
d 

C
he

am
 1

99
6

An
ol
is 
ba
ho
ru
co
en
sis

C
oe

lo
m

D
om

in
ic

an
 R

ep
ub

lic
G

ol
db

er
g,

 B
ur

se
y 

an
d 

C
he

am
 1

99
6

An
ol
is 
bi
m
ac
ul
at
us

In
te

st
in

e
St

. E
us

ta
tiu

s
D

ob
so

n 
et

 a
l. 

19
92

; D
ob

so
n 

an
d 

Pa
ca

la
 1

99
2

An
ol
is 
cr
ist
at
ell
us

Bo
dy

 c
av

ity
Pu

er
to

 R
ic

o
A

ch
ol

on
u 

19
76

Pe
rit

on
eu

m
Br

iti
sh

 V
irg

in
 Is

la
nd

s
G

ol
db

er
g 

et
 a

l. 
19

98
a

Bo
dy

 c
av

ity
H

isp
an

io
la

G
ol

db
er

g 
et

 a
l. 

19
98

b
Bo

dy
 c

av
ity

D
om

in
ic

an
 R

ep
ub

lic
U

SN
PM

 0
87

54
7

An
ol
is 
et
he
rid
ge
i

Bo
dy

 c
av

ity
H

isp
an

io
la

G
ol

db
er

g 
et

 a
l. 

19
98

b
C

oe
lo

m
D

om
in

ic
an

 R
ep

ub
lic

U
SN

PM
 0

87
34

9
An
ol
is 
eu
ge
ne
gr
ah
am
i

Bo
dy

 c
av

ity
H

isp
an

io
la

G
ol

db
er

g 
et

 a
l. 

19
98

b
An
ol
is 
ga
rm
an
i

C
oe

lo
m

Ja
m

ai
ca

Bu
nd

y 
et

 a
l. 

19
87

An
ol
is 
gi
ng
iv
in
us

C
oe

lo
m

A
ng

ui
lla

G
ol

db
er

g 
et

 a
l. 

19
97

b
An
ol
is 
gr
ah
am
i

C
oe

lo
m

Ja
m

ai
ca

Bu
nd

y 
et

 a
l. 

19
87

An
ol
is 
lea
ch
ii 

In
te

st
in

e
A

nt
ig

ua
D

ob
so

n 
et

 a
l. 

19
92

; D
ob

so
n 

an
d 

Pa
ca

la
 1

99
2

An
ol
is 
lin
ea
to
pu
s

C
oe

lo
m

Ja
m

ai
ca

Bu
nd

y 
et

 a
l. 

19
87

; V
og

el
 a

nd
 B

un
dy

 1
98

7
An
ol
is 
liv
id
us

In
te

st
in

e
M

on
ts

er
ra

t
D

ob
so

n 
et

 a
l. 

19
92

; D
ob

so
n 

an
d 

Pa
ca

la
 1

99
2

An
ol
is 
m
on
tic
ol
a

Bo
dy

 c
av

ity
H

isp
an

io
la

G
ol

db
er

g 
et

 a
l. 

19
98

b
An
ol
is 
oc
ul
at
us

Bo
dy

 c
av

ity
D

om
in

ic
a

G
ol

db
er

g 
an

d 
Bu

rs
ey

 1
99

6;
 G

ol
db

er
g 

et
 a

l. 
19

97
b

An
ol
is 
ric
ha
rd
ii

C
oe

lo
m

G
re

na
da

G
ol

db
er

g 
et

 a
l. 

19
97

b

Co
nt
in
ue
d

Downloaded From: https://bioone.org/journals/Bulletin-of-the-Peabody-Museum-of-Natural-History on 11 Jul 2019
Terms of Use: https://bioone.org/terms-of-use Access provided by University of Mississippi



 different life stages is a fundamental component
of both veterinary and human medicine. Our
study represents the first documentation of Onci-
cola in Gonatodes antillensis and the first record
of a Caribbean island gecko acting as a paratenic
host for acanthocephalans. While definitive hosts
of Oncicola species include felids and birds, Onci-
cola venezuelensis is known only from felids,
specifically domestic cats and ocelots (Leopardus
pardalis) (Marteau 1977; Patton et al. 1986; Fuller
and Nickol 2011; Santos et al. 2017). Rep (1975)
reported Oncicola from cats in the Leeward
Antilles, providing evidence that this parasite has
likely been on the islands for at least four decades.
Our finding of an additional Oncicola cystacanth
from a specimen collected in 1984 from the island
of Bonaire provides additional evidence that the
Venezuelan Coastal Clawed Gecko has been act-
ing as a paratenic host for nearly as long. How-
ever, this raises the question of the role G.
antillensis plays in the life cycle of Oncicola.

Oncicola venezuelensis utilizes termites of the
genus Nasutitermes as intermediate hosts, with
transmission facilitated through the encounter of
infected fecal matter (Fuller and Nickol 2011). Par-
asitized termites have been found to be more vul-
nerable to lizard predation (Fuller et al. 2003), and
laboratory studies have demonstrated that inges-
tion of infected termites by lizards will result in
transmission (Nickol et al. 2006). Unfortunately,
the natural history of Gonatodes antillensis has
received little attention outside of a few studies of
basic ecology and reproductive biology (Bennett
and Gorman 1979; Van Buurt 2005; Lamb et al.
2017), and resolution of the feeding ecology of G.
antillensis is broadly classified as comprising small
invertebrates (Van Buurt 2005). Although diets of
G. antillensis have not been studied explicitly, ter-
mites of the genus Nasutitermes are considered
native to Curaçao (Van Buurt and Debrot 2012)
and species of Gonatodes for which diets are
known have all been documented to eat termites
(Quesnel 1957; Vitt et al. 2000; Miranda and
Andrade 2003). This suggests that the feeding ecol-
ogy of G. antillensis may predispose this species as
a transmission vector for O. venezuelensis. Further
studies of the feeding ecology of this gecko are
needed to test this hypothesis.

Given that no native felid species occur in the
Leeward Antilles, domestic cats likely represent
the only definitive host of Oncicola venezuelensis
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on these islands. This suggests a life cycle of O.
venezuelensis beginning in a termite that has
encountered infected fecal matter. Infected ter-
mites are then ingested by Gonatodes antillensis,
which acts as a paratenic host, and the parasite is
ultimately transmitted to domestic cats to restart
the cycle. This intermediate termite to paratenic
lizard to definitive cat host life cycle has been pro-
posed for Oncicola on other Caribbean islands
(Fuller and Nickol 2011), adding a veterinary
health concern to the global conservation concern
of predation by feral cats driving reptile extirpa-
tion (Gibbon et al. 2000; Medina et al. 2011).
Although cat predation on G. antillensis has not
been reported, many studies have described feral
cat predation on geckos (Bonnaud et al. 2011; Kutt
2011), including other species of Gonatodes
(Alonso et al. 2009). As such, the likelihood of at
least some felid predation events is certainly not
negligible. Additionally, we observed a high fre-
quency of feral cats at the Director’s Bay site where
all cystacanth-containing G. antillensis specimens
were collected. Although cat frequencies and
habitat characteristics were not quantified, this
was by far the most ecologically degraded site of
all sampling locations, with large amounts of trash
and debris scattered throughout. Large quantities
of garbage are known to attract cats by providing
food resources, thereby increasing the risk of
pathogen infections (Plaza and Lambertucci
2017). The condition of this site could explain the
high frequency of infection as the harsh arid con-
ditions of the island might prevent aggregations
of feral cats in nonurbanized settings. Further,
Nasutitermes termites have repeatedly been found
to be among the most common termites in highly
disturbed or degraded habitats worldwide (de
Souza and Brown 1994; Eggleton et al. 1995; Ban-
deira et al. 2003), suggesting that this site could
constitute a perfect storm for acanthocephalan
transmission potential.

Paratenic Parasitism of Squamates 
and the Helminth Life Cycle
The results of our literature and database survey
suggest squamates to represent an underappreci-
ated component of the ecology and life cycle of
acanthocephalans (Appendix). We found records
from 184 species of squamates acting as potential
transmission vectors in 35 countries (Appendix).
These species span the squamate Tree of Life, fur-

ther suggesting that this mode of transmission
may be a pervasive squamate-wide phenomenon.
Of all squamate groups, snakes were the most fre-
quently represented. However, this should not be
taken to imply that snakes are particularly prone
to acting as paratenic hosts, as a survey based on
the combined pool of natural history notes and
museum records cannot account for sampling
biases (Dornburg et al. 2017). Further work is
needed to discern geographic, taxonomic and life
history-based biases in sampling efforts and com-
plete a more robust understanding of patterns in
paratenic parasitism in squamates globally. How-
ever, comparing the restricted taxonomic focus of
transport hosts in Caribbean islands to the distri-
bution of paratenic hosts both in the Neotropics
and globally (Appendix) strongly suggests a sig-
nificant knowledge gap in the region.

To date, our knowledge of squamates acting
as paratenic hosts on Caribbean islands has been
limited to records from Anolis and a single lacer-
toid and ophidian (Table 2). Our study expands
the reservoir of potential Caribbean transport
hosts to include geckos of the genus Gonatodes.
Cystacanths of Centrorhynchus have previously
been found in Gonatodes albogularis in Panama;
however, our record is the first instance of Onci-
cola. Further, G. albogularis is diurnal whereas
G. antillensis is nocturnal (Van Buurt 2005),
thereby overlapping in diel activity with the
other geckos found in our survey (Appendix). Of
the other nocturnal geckos encountered in our
survey, geckos of the genus Hemidactylus are of
particular note as potential transmission vectors.
Hemidactylus geckos have invaded tropical
ecosystems worldwide and have been docu-
mented to prey on other geckos (Bolger and Case
1992; Dornburg et al. 2011, 2016), including G.
antillensis in Curaçao (Dornburg et al. 2011),
making this an additional prime candidate for
investigation. More broadly, our survey of
paratenic squamate hosts undoubtedly underes-
timates the extent to which squamates act as
paratenic hosts.

The ability of acanthocephalan species to
infect nondefinitive hosts while remaining trans-
mittable offers a solution to the ecological prob-
lem of transitioning between different feeding
guilds at different trophic levels between life
stages. Many acanthocephalans such as Oncicola
begin their life cycle in arthropod intermediate
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hosts, yet require birds or mammals feeding at
higher trophic levels for their adult stage (Schmidt
1985). The results of our survey and instances of
paratenic parasitism by other parasites with sim-
ilar complex life histories (e.g., Marcogleise 2002;
Choisy et al. 2003; Cirtwill et al. 2017) reiterates a
question: When do parasitic lineages evolve to co-
opt pathways of energy flow across community
food webs to reach their target definitive hosts? It
should not be surprising that squamates are
broadly used as transport hosts, as these often rep-
resent direct links between lower trophic level
consumers (e.g., arthropods) and higher level ver-
tebrate predators (Watkins-Colwell et al. 2006).
Given that we found documented instances of
squamate paratenic parasitism that span the globe,
we suggest that investigating the ecology and evo-
lution of paratenic parasitism in squamates rep-
resents a potentially rich area of research in the
evolution of parasite transmission pathways of
high importance to both wildlife and human
medicine.
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