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a b s t r a c t

In Hawaii, the extremely loud mating calls of invasive Puerto Rican coquís (Eleutherodactylus coqui Tho-
mas) depress real estate values in infested areas and reduce tourist appeal, with significant economic
repercussions. Measures required to prevent inter-island transport of frogs also result in substantial costs
for the floriculture industry. Classical biological control has been used successfully for over 100 years to
combat invasive insects in Hawaii, and there is considerable interest in developing similar controls for
coquís. Since Hawaii lacks native amphibian and reptile faunas (with the exception of marine species),
the risk of unintended effects of a biological control agent on non-target species would be minimal.
We identified Rhabdias elegans Gutierrez, a helminth parasite of native Puerto Rican populations of
E. coqui that is not found in introduced Hawaiian populations, as a prime candidate for investigation
as a potential biological control. We conducted laboratory experiments to evaluate overt effects of
R. elegans on growth, survival, and locomotory performance of E. coqui from Hawaii. Experimental
infection with R. elegans did not directly affect growth, survival, or endurance of E. coqui maintained under
optimal laboratory conditions, but significantly reduced initial locomotory burst performance. We suggest
that R. elegans holds limited potential as a biological control agent for eradication of E. coqui, but warrants
additional investigation under more natural conditions of its potential for use as a management tool.

� 2010 Elsevier Inc. All rights reserved.

1. Introduction

Parasites often exert a negative influence on the behavior,
growth, size, fecundity, and even survival of the host (reviewed
by Minchella and Scott, 1991). Recently, such effects of parasites
on amphibian hosts have received an increasing amount of atten-
tion (e.g., Tinsley et al., 2002; Johnson et al., 2006, 2008; Dare
and Forbes, 2008; Koprivnikar et al., 2008). However, there is a
paucity of experimental data on the majority of naturally occurring
host–parasite relationships, particularly for those involving
amphibian hosts. Many studies of amphibian parasites are descrip-
tive and focus on parasite life cycles and taxonomy (e.g., Kuzmin
et al., 2003, 2007; Dubey and Shine, 2008; Langford and Janovy,
2009) or host susceptibility (e.g., Dare and Forbes, 2009a,b) rather
than on pathogenic effects on the host. Studies of pathogens
thought to contribute to global amphibian decline (reviewed by
Daszak et al., 2003) are among the only studies to evaluate effects
of amphibian parasites, but largely ignore macroparasites. How-

ever, macroparasite effects on amphibian populations may be sig-
nificant (Anderson, 1980), and analysis of these effects could
provide valuable information for efforts to conserve imperiled spe-
cies and manage invasive species.

Nematode macroparasites of the genus Rhabdias (Nematoda:
Rhabdiasidae) commonly infect amphibians and reptiles through-
out the world, living in association with a specific host (Anderson,
2000). Parasitic adults live as protandrous hermaphrodites (acting
as functional males before becoming functional females) in the
lungs of the host, where they deposit eggs that then pass up the
respiratory tract to the oral cavity and are swallowed. The eggs
hatch in the intestine, releasing first-stage larvae that accumulate
in the colon and are voided in the feces. Free-living first-stage lar-
vae undergo a series of molts in the external environment, eventu-
ally developing into infective third-stage larvae. These infective
larvae penetrate the skin of a host and migrate into the body cavity
where they grow into late third and fourth stages, and finally into
parasitic subadults. Subadults must then invade the lungs in order
to mature and produce eggs (Baker, 1979).

Investigations of the effects of nematodes of the genus Rhabdias
suggest that this naturally-occurring parasite may have significant
negative effects on some amphibian species (Goater, 1992, 1994;
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Goater and Ward, 1992; Goater et al., 1993; Goater and Vandenbos,
1997; Kelehear et al., 2009). Experimental infection of juvenile
common toads (Bufo bufo L.) with varying doses of infective stage
Rhabdias bufonis Schrank (Nematoda: Rhabdiasidae) larvae re-
sulted in a decrease in toad growth, food intake, and survival, sug-
gesting that R. bufonis infection could adversely affect host
population size (Goater and Ward, 1992). Experimental infection
with R. bufonis also reduced endurance of juvenile B. bufo; time
and distance traveled by toads before exhaustion decreased signif-
icantly in both low and high parasite exposure groups (Goater
et al., 1993). Similarly, experimental infection of cane toads (Rhi-
nella [formerly Bufo] marina L.) with Rhabdias cf. hylae Barton
(Nematoda: Rhabdiasidae) significantly reduced toad growth, sur-
vival, and locomotory performance (Kelehear et al., 2009). Heavy
infections of Rhabdias spp. in captive amphibians have been found
to cause pulmonary damage, predispose amphibians to secondary
infections, and even cause death (Williams, 1960; Poynton and
Whitaker, 2001). Analysis of the effects of parasite infection on
non-native amphibians could provide valuable information for ef-
forts to manage populations that are increasing rapidly and nega-
tively impacting local ecosystems and/or economies, as is the
case with Puerto Rican coquís in Hawaii.

The Puerto Rican coquí, Eleutherodactylus coqui Thomas (Anura:
Leptodactylidae), was accidentally introduced to the Hawaiian Is-
lands prior to 1988 via the ornamental plant trade, and populations
rapidly expanded (Kraus and Campbell, 2002). This invasive frog is
now ranked among the 100 most successful invaders in the world;
one of only three amphibians classified as such (Lowe et al., 2000).
Currently, there are more than 275 known E. coqui populations dis-
tributed throughout the Hawaiian Islands, primarily concentrated
in lowland forests on the windward sides of the islands of Maui
and Hawaii (Kraus and Campbell, 2002). Population density at
some sites has been estimated to be as high as 89,000 frogs ha�1,
and average population density is up to three times the density
seen in Puerto Rico (Woolbright et al., 2006). The extremely high
density of E. coqui populations in Hawaii, coupled with the gener-
alist diet of these frogs, suggests the potential for adverse effects
on endemic invertebrates (Beard, 2007). These high density E. coqui
populations also increase nutrient cycling rates, which could in
turn impact native flora (Sin et al., 2008).

The main impacts of this invasive frog in Hawaii are economic,
particularly when populations reach high densities, thus develop-
ment of effective management strategies is of great importance.
The mating calls of this species are extremely loud (80–90 dBA);
as a result, tourist appeal has declined and real estate values have
been reduced by up to 64% in infested areas (Beard and Pitt, 2005;
Reaser et al., 2007). Hawaii’s plant nursery and floriculture indus-
tries have also been affected by costly quarantine and treatment
measures required in order to prevent inter-island transport of E.
coqui on plants. Current control methods are limited to treatment
of ornamental plants with citric acid or hot water (as lethal pesti-
cides), modification of habitat to eliminate refuges, or the use of
PVC pipe refuges as traps to capture and remove frogs (A. Hara,
unpublished data). Other chemical pesticide treatments used on
E. coqui in Hawaii have included caffeine, hydrated lime, and bak-
ing soda; however, these are not currently approved control treat-
ments. Given the degree of potential economic impacts from this
invasive frog, development of effective control methods is critical
for long-term efforts to manage E. coqui in Hawaii, and to minimize
spread to other areas.

Classical biological control has successfully been used in Hawaii
for over 100 years against invasive exotic insect species (Funasaki
et al., 1988), and is the subject of considerable interest for use
against the invasive Puerto Rican coquí. However, biological con-
trol poses significant benefits and risks that must be thoroughly re-
searched and carefully considered before an agent is introduced.

Most importantly, the risks of impacts to non-target species and
spread of the control agent to unintended areas must be minimal
(Simberloff and Stiling, 1996; Hoddle, 2004; Messing and Wright,
2006). With the exception of marine species, all of Hawaii’s herpe-
tofaunal species are introduced (P11 species established), thus
concerns regarding host specificity are minimal. Spread or dis-
persal of biological control agents is also a concern, but measures
currently used to prevent the spread of E. coqui should also prevent
transport and introduction of infected frogs and their associated
parasites in sufficient numbers to maintain the parasite life cycle.
Therefore, the potential benefits of using biological control agents
to manage E. coqui in Hawaii warrant identification and evaluation
of potential agents. When biological control is deemed a viable op-
tion for management of an invasive species, candidate biological
control agents are selected from the natural predators, parasites,
or pathogens of the invasive species, and should exert the maxi-
mum impact on the target species (Simberloff and Stiling, 1996;
Hoddle, 2004; Messing and Wright, 2006). In the case of E. coqui
in Hawaii, helminth parasites of the genus Rhabdias are a prime
candidate for evaluation as a potential biological control.

In their native range in Puerto Rico, E. coqui have a diverse par-
asite fauna dominated by helminths (Dyer et al., 1995; Marr et al.,
2008), with Rhabdias elegans Gutierrez detected at prevalences of
>25% (Burrowes et al., 2004; Marr et al., 2008). However, parasite
surveys of E. coqui in Hawaii have failed to detect R. elegans (Gold-
berg et al., 2007; Marr et al., 2008). Furthermore, comprehensive
surveys of cane toads (Rhinella marina) and bullfrogs (Lithobates
[formerly Rana] catesbeianus Shaw) in Hawaii have also failed to
detect any Rhabdias spp. parasites (Barton and Pichelin, 1999; Bar-
ton and Riley, 2004; S. Marr, unpublished data). Introduced species
often ‘‘lose” their natural parasites (i.e., those present in their na-
tive range), and may acquire few new ones; this reduction in par-
asitism may contribute to the invasion success of such species
(Torchin et al., 2002, 2003; Torchin and Mitchell, 2004). In theory,
introduction of naturally-occurring parasites from the host’s native
range could help to control invasive host populations.

We investigated the pathological effects of R. elegans on E. coqui
as the first step in evaluating its potential as a biological control
agent. The major objectives of our study were to evaluate the ef-
fects of R. elegans on (1) locomotory performance (both initial burst
performance and endurance), (2) growth, and (3) survival of E. co-
qui in a laboratory setting.

2. Materials and methods

2.1. Collection and maintenance of frogs

We collected E. coqui from Lava Trees State Monument (19.5�N,
�154.9�W) and a commercial nursery (19.6�N, �155.1�W) in June
2008, both located on Hawaii Island. We also collected adult E. co-
qui from the Caribbean National Forest (El Yunque) in Puerto Rico
(18.3�N,�65.8�W). Frogs from Puerto Rico were used solely for col-
lection of R. elegans eggs for culture – all experimentally infected
and infection control animals were collected on Hawaii Island.
We shipped frogs to the University of Florida/IFAS Gulf Coast Re-
search and Education Center (GCREC) in Wimauma, FL, where we
housed the frogs in temperature and light controlled ‘‘growth
rooms.” We set temperature to 24 �C (the maximum the system
would allow), and set lighting to a 13-h light cycle (0600–
1900 h) to approximate the natural photoperiod in Hawaii during
the study (June/July). We housed each frog individually in a plastic
deli container (23 � 19 � 8 cm) with a tightly sealed lid, and we
provided a substrate of moist peat moss and half of a small plastic
flowerpot as a refuge. We used a heated dissecting probe to create
�25 small holes around the container just below the lid (�2 cm) to
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allow air exchange. For the duration of the experiments (60 days),
we transferred frogs to clean containers with fresh peat moss and
refuge every 10–14 days to prevent reinfection. In order to prevent
incidental infection of control frogs, we housed control and treat-
ment frogs on benches on opposite sides of the room, and we al-
ways handled control frogs first. We thoroughly cleaned and
disinfected used containers and refuges with antibacterial soap
and allowed them to air dry between uses. We used dry heat ster-
ilization to rid used peat moss of nematodes (or eggs) prior to dis-
posal. Twice weekly, we offered the smallest frogs (snout to vent
length less than approximately 25 mm) six small crickets (6–
8 mm long) and offered larger frogs (SVL > 25 mm) three med-
ium-sized crickets (�12.5 mm long); as frogs grew larger than
approximately 25 mm, they were offered fewer, larger prey. At
the conclusion of our experiments, we euthanized frogs by immer-
sion in a solution of MS-222, placed them into individually labeled
plastic zipper bags, and shipped them on dry ice to the University
of Hawaii at Hilo for necropsy.

2.2. Nematode culture and infection procedure

We euthanized Rhabdias-infected frogs collected in Puerto Rico
(n = 40) by immersion in MS-222 and dissected each frog under a
microscope to obtain gravid female R. elegans from the lungs. We
placed each gravid female R. elegans individually into a Petri dish
containing distilled water and lacerated the body with fine-tipped
surgical scissors to release the eggs. We used a pipette to transfer
the eggs to Petri culture dishes containing moist filter paper, plac-
ing the eggs directly onto frog feces located in the center of the
dish. We used a pipette to recover infective third-stage larvae from
the edges of the filter paper 2–4 days later. Rhabdias sp. nematodes
collected from Puerto Rican frogs were sent to C. Bursey (Pennsyl-
vania State University) for identification. Samples were identified
as R. elegans based on the lengths of the postequatorial vulva and
esophagus (C. Bursey, pers. comm.).

We randomly assigned frogs collected in Hawaii to treatment
(n = 54) or control (n = 54) groups; the number of frogs less than
25 mm in length (SVL) in each group was approximately equal.
We infected E. coqui with R. elegans by confining frogs for 24 h to
individual Petri dishes lined with filter paper moistened with dis-
tilled water; we used a transfer pipette to add approximately 30–
40 infective R. elegans larvae to the dishes of treatment frogs. Since
natural exposure levels in the native range are unknown, we se-
lected this treatment dosage based on intermediate levels used
in similar studies of the effects of Rhabdias spp. on anuran hosts
(Goater, 1992; Goater and Ward, 1992; Kelehear et al., 2009). We
subjected control frogs to the same confinement procedure, but
we did not add R. elegans larvae to the dishes of control frogs. After
the infection period, we returned each frog to its individual con-
tainer, and used distilled water to thoroughly rinse any remaining
larvae from the filter paper into the Petri plate to facilitate count-
ing under a microscope (larvae were difficult to see on white
paper).

2.3. Evaluation of locomotory performance and growth

We conducted two sets of locomotory performance trials in an
indoor arena. Pre-infection trials were conducted immediately
prior to the 24 h infection period and post-infection trials were
conducted 14 days (±1 day) after the infection period. We withheld
food for 48 h before a trial, and allowed the frogs to acclimate to
the temperature of the indoor testing area for 1 h before a trial.
We covered a square arena (10 m � 10 m) on the floor of the in-
door testing area with white paper to facilitate measurements. At
the beginning of the trial, we placed each frog onto the paper near
the center of the arena and encouraged it to jump until exhausted.

We followed the frog and used a colored marker to record start
point, landing points, and final end point for each frog. If a frog
rested for more than 1 s between jumps, we tapped it lightly on
the urostyle to encourage it to jump. If three subsequent taps failed
to induce a jumping response, the frog was presumed exhausted
and we recorded its stopping point as the final end point. We used
a 60 cm � 90 cm cardboard barrier (held by an assistant at the
edge of the arena) to prevent the frog from jumping off of the pa-
per; if a frog jumped onto the barrier, the landing point was
marked at the edge of the barrier. We used string to record the
frog’s initial position, the distance of each of the first four jumps,
and the frog’s final position (cumulative distance of all jumps),
marking these distances directly onto the string with a permanent
marker. We labeled each string and placed it into an individually
labeled envelope for measuring at a later date. We also recorded
the total number of jumps per frog, and measured SVL and weight
of each frog immediately following pre- and post-infection loco-
motory performance trials (0 and 15 days, respectively). To evalu-
ate growth rate, we weighed and measured all frogs again at 30
and 60 days post-infection.

2.4. Statistical analysis

We used repeated-measures analysis of covariance (ANCOVA)
to evaluate the effects of R. elegans on locomotory performance
of treatment and control groups of E. coqui. We evaluated three
performance measures – mean distance of the first four ‘‘initial
burst” jumps (cm), total distance traveled prior to exhaustion
(cm), and total number of jumps prior to exhaustion. We found a
significant positive correlation between body condition of frogs
(weight per unit length, g/cm) and measures of locomotory perfor-
mance – that is, performance increased with frog size. Therefore,
we included body condition as a covariate in the ANCOVA. Values
for all measures are presented as means with standard error.

We used repeated-measures analysis of variance (ANOVA) to
evaluate the effects of R. elegans infection on growth of treatment
and control groups of E. coqui under laboratory conditions, mea-
sured as SVL (cm), and weight (g). Data did not meet the sphericity
assumption (Mauchly’s Test), thus the Huyhn–Feldt epsilon correc-
tion for degrees of freedom was applied to the analysis of within-
subjects effects.

3. Results

Based on the numbers of larvae recovered from Petri dishes fol-
lowing the infection period, we estimate that approximately 30
infective larvae penetrated each frog. At the conclusion of the
experiment we examined a random sample of 43 treatment frogs.
We found R. elegans in 68% of the treatment frogs we examined;
33% of frogs had adult R. elegans (n = 4.0 ± 7.9 SD) present in the
lungs only, 23% had larval R. elegans (n = 2.0 ± 3.1 SD) in the intes-
tine only, and 12% had R. elegans in both the lungs (adults) and the
intestine (larvae). We found additional parasite species in 26% of
the treatment frogs we examined; all (100% of the 43 frogs exam-
ined) had Cosmocerca sp. Diesing (Nematoda: Cosmocercdae) in the
lower alimentary canal, and one frog (2%) also had Physocephalus
sp. Diesing (Nematoda: Spirocercidae) nematodes in cysts on the
stomach wall. We also examined a random sample of 21 control
frogs and, as expected, did not find R. elegans in any of these frogs.
However, we did find additional parasite species in 23% of the con-
trol frogs we examined; 19% had Cosmocerca sp. in the lower ali-
mentary canal, and 4% (one frog) had Physocephalus spp. cysts on
the stomach wall.

Frogs exhibited significant increases in both SVL (F(1.87, 194.07) =
420.00, p = 0.000) and weight (F(1.84, 191.19) = 537.97, p = 0.000)
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over time, as anticipated. Growth did not differ significantly
between treatment and control groups (SVL: F(1, 104) = 0.031,
p = 0.861; weight: F(1, 104) = 0.021, p = 0.885), nor was there a
significant interactive effect of treatment over time (SVL:
F(1.87, 194.07) = 1.80, p = 0.171; weight: F(1.84, 191.19) = 0.448, p = 0.623)
(Fig. 1). Survival was high, and was similar between treatment
and control groups (98% and 100%, respectively). One treatment
frog died before infection (excluded from survival estimates) and
one treatment frog died before the post-infection (15-day) assess-
ment of growth and locomotory performance. The remaining 52
treatment frogs and 54 control frogs lived throughout the 60-day
study period.

The total distance jumped and number of jumps prior to
exhaustion were similar for treatment and control groups
(Fig. 2b and c), and increased with increasing frog size. There
was no significant interactive effect of Rhabdias treatment over
time on the total number of jumps (F(1, 95) = 0.476, p = 0.492) or to-
tal distance jumped (F(1, 103) = 0.036, p = 0.850). Burst performance
of frogs in the control group also increased markedly over time as
frog size increased. However, there was a significant interactive ef-
fect of Rhabdias treatment on burst performance of frogs over time
(F(1, 103) = 6.38, p = 0.013); post-infection burst performance of
treatment frogs increased very little, and was much lower than
that of control frogs (Fig. 2a).

In the weeks following completion of the performance trials
(i.e., more than 14 days post-infection), we observed the gradual
onset of a behavioral anomaly in two treatment frogs. Both of these
frogs became increasingly uncoordinated during the remainder of

the 60-day study period, seeming to lose neuromuscular control
of their hind legs, but continued to feed and showed no other signs
of stress, and therefore were not removed from the study.

4. Discussion

Although R. elegans has been described in Eleutherodactylus
frogs across the Caribbean, (Coy Otero and Ventosa, 1984;

Fig. 1. Growth of control versus treatment coquís (Eleutherodactylus coqui) during
the 60-day study period. Snout to vent length (A) and weight (B) are reported as
mean ± one standard error of the mean.

Fig. 2. Pre- and post-infection performance trial results for control versus treat-
ment coquís (Eleutherodactylus coqui). Total distance jumped (A), total number of
jumps (B), and initial burst (C; distance of jumps 1–4) are reported as ANCOVA
estimated marginal mean ± one standard error of the mean. Post-infection trials
were conducted 14 days (±1 day) after the infection period.
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Goldberg et al., 1998; Marr et al., 2008), the effects of R. elegans
infection on these hosts have not previously been evaluated. We
found that R. elegans had limited effects on physical performance
of E. coqui, and there were no significant differences in survival
or growth between experimentally infected and uninfected frogs.
Of the measures of performance we evaluated (endurance and
burst performance), only burst performance differed between
groups over time. Frogs that were experimentally infected with
R. elegans showed no increase in burst performance between pre-
and post-infection periods despite a significant increase in body
size, whereas the mean distance of the initial four jumps by unin-
fected frogs significantly increased by almost 5 cm. The lack of
overt impacts on survivorship, growth, and physical performance
sheds doubt on the efficacy of using R. elegans as a biological con-
trol agent to manage these invasive frogs in Hawaii. Nonetheless,
for reasons we outline below, we do not feel it is appropriate to en-
tirely discount the potential of this parasite to help manage coqui
frogs.

Considering the extreme negative socioeconomic and potential
ecological impacts of coqui frogs in Hawaii (Kraus and Campbell
2002; Beard and Pitt 2005; Beard 2007), it is vital that manage-
ment strategies be developed for this invasive frog, and biological
control should be considered. For a variety of reasons, Beard and
O’Neill (2005) suggested that chytrid fungus (Batrachochytrium
dendrobatidis) is not a good biological control for coqui frogs in Ha-
waii, although this pathogen may reduce fitness of coquís in their
native range (Burrowes et al., 2010). Thus, R. elegans is perhaps one
of most promising candidate biological control agents, and had not
been evaluated prior to our research. This naturally-occurring par-
asite of E. coqui in Puerto Rico is not present in Hawaii, where these
frogs have significantly fewer parasites (Marr et al., 2008) and are
coincidentally found at densities up to three times those of native
populations (Woolbright et al., 2006). Most importantly, the nar-
row host range of Rhabdias spp. parasites excludes native Hawaiian
fauna, and transport of introduced nematodes from Hawaii holds
minimal risk as R. elegans has been found only in frogs of the genus
Eleutherodactylus and is already widespread in their native range
(Coy Otero and Ventosa, 1984; Goldberg et al., 1998; Marr et al.,
2008). There are also two novel parasites of E. coqui in Hawaii
not found in Puerto Rico (Marr et al., 2008) that may warrant eval-
uation; however their effects are considered less pathogenic (Cos-
mocercus spp.; Hadfield and Whitaker, 2005) or are relatively
unknown in amphibians (Acanthocephala spp.; McKenzie, 2007).

Even though there is considerable variation in the type and de-
gree of host effects among the anuran–Rhabdias relationships that
have been studied (Goater and Ward, 1992; Goater et al., 1993;
Goater, 1994; Goater and Vandenbos, 1997; Kelehear et al.,
2009), these parasites have been shown to have negative impacts
on some species of frogs. Recently, Kelehear et al. (2009) showed
that infection by R. pseudosphaerocephala reduced growth rates
and survival, decreased locomotor performance, and curtailed prey
intake of juvenile Rhinella marina (Cane Toads). As a result R. pseud-
osphaerocephala is actively being considered for use as a tool in the
war against this invasive frog in Australia (Saunders et al., 2009).
Additionally, experimental infection by R. bufonis has also been
shown to have deleterious effects on growth and survival of juve-
nile B. bufo (Common Toad). Thus, frog life-history stage may have
a significant influence on the effects of Rhabdias parasites and we
suggest additional experiments with hatchling and juvenile E. co-
qui. In our study, tentative inclusion of size class (625 mm SVL
vs. >25 mm SVL) as a factor in analyses failed to find a significant
interactive effect of frog size. However, the lack of a size-depen-
dent effect of R. elegans in our study may have been due to the rel-
atively large size of our smallest frogs; our smallest frog was
13 mm SVL, approximately twice the size of hatchlings (Townsend
and Stewart, 1985). Experimental infection of recently hatched

E. coqui might produce results comparable to those seen in young
toads, but would require laboratory rearing of hatchlings from eggs
in order to obtain a sufficient sample size (E. coqui is a direct-devel-
oping species and does not have a tadpole stage).

Under optimal laboratory conditions with ample food and min-
imal activity levels, infection with R. elegans did not overtly affect
growth or survival of E. coqui. However, animals in the wild are ex-
posed to a variety of stressors as they compete for food or refuges,
avoid predation, and experience changes in environmental condi-
tions. Furthermore, we sought to prevent artificially high levels
of reinfection (in keeping with previous studies) and some frogs
may have lost their parasites during our 60-day study period,
whereas E. coqui in the wild exhibit a high degree of refuge fidelity
(Stewart and Rand, 1991), and reinfection may be more likely in
this species than in many other anurans. Thus, we also suggest
additional experiments be conducted under more natural condi-
tions, such as using mesocosms or enclosures in the frog’s native
range of Puerto Rico, where frogs must compete for food and expe-
rience natural reinfection rates.

Population density, climate, and other factors may compound
the effects of a parasite on the host, and even the parasite infection
itself may weaken the host’s immune system over time and de-
crease resistance to the parasite, thus increasing the severity of
infections and their effects (Zug and Zug, 1979; Carey, 1993; Chri-
stin et al., 2003). Therefore, the use of a biological control agent in
combination with current control methods (i.e., habitat alteration)
might add to the success of current methods; even if the effects of
the biological control do not suggest that it could be used alone to
significantly reduce population densities of these invasive frogs.

The efficacy of any biological control candidate for vertebrates
must first be evaluated in the laboratory and then in the field un-
der more natural conditions (Saunders et al., 2009). The objectives
of our project were to investigate the impacts of R. elegans on E. co-
qui in a laboratory setting. Our lab experiments were meant as a
first step in evaluating the potential for this parasite to be used
as a biological control agent. However, a significant difference in
burst performance alone between our two experimental groups
of frogs does not suggest that R. elegans will have negative popula-
tion-level impacts on E. coqui in Hawaii. As such, we conclude that
infection with R. elegans holds little potential for use by itself as a
biological control for management of E. coqui, but warrants addi-
tional investigation under more natural conditions as a manage-
ment tool for use in combination with other methods.
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