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AN EXPERIMENTAL DEMONSTRATION OF EXPLOITATION
COMPETITION IN AN ONGOING INVASION!

KENNETH PETREN AND TED J. CASE?
Department of Biology-0116, University of California, San Diego, La Jolla, California 92117-0116 USA

Abstract. A native asexual gecko, Lepidodactylus lugubris, declines numerically when
the sexual gecko Hemidactylus frenatus invades urban/suburban habitats throughout the
Pacific. Previous studies showed that the competitive displacement occurs rapidly and is
facilitated by clumped insect resources. Five lines of evidence suggest that the mechanism
of displacement is primarily due to differences in the ability of each species to exploit
insect resources. (1) These species show nearly complete diet overlap. (2) Insects are a
limiting resource for both geckos as evidenced by positive demographic effects with in-
creased insect abundance. (3) Hemidactylus frenatus depletes insect resources to lower
levels than L. lugubris, which results in reduced rates of resource acquisition in L. lugubris.
(4) This reduced resource acquisition translates into significant reductions in the body
condition, fecundity, and survivorship of L. lugubris individuals. (5) Evidence for inter-
ference (and other) mechanisms does not account for these negative demographic effects
on L. lugubris.

Interspecific competition is stronger than intraspecific competition for L. lugubris, with
increasing L. lugubris density having negligible effect on H. frenatus, mirroring the asym-
metry of the large-scale displacement. The superior harvesting ability of H. frenatus is
most pronounced when insects are clumped spatially and temporally, and is attributable to
a variety of species-specific traits such as their larger body size, faster running speed, and
reduced intraspecific interference while foraging. We conclude that clumped resources can
increase interspecific exploitation competition, and this mechanism may contribute to spe-

cies turnover when human environmental alterations redistribute resources.
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INTRODUCTION

Extinctions of native species, whether in prehistory
or in more recent periods, are increasingly being traced
to human activities including hunting, habitat destruc-
tion, and the introduction of exotic predators or large
herbivores that disrupt habitats (Simberloff 1981, Cas-
sels 1984, Diamond 1984, Olson and James 1984,
Ebenhard 1988, Olson 1989, Steadman 1989, Case et
al. 1992, Henderson 1992, North et al. 1994). The im-
portance of competitive interactions in causing native
species extinctions is thought to be minimal (Simber-
loff 1981). However, invaders could have significant
effects on native competitors without necessarily caus-
ing extinctions, and without producing obvious evi-
dence of negative effects. Competition for food is not
a direct interaction between two competitors but is only
manifested through the dynamic effects on shared food
resources.

From a theoretical perspective, it is crucial that we
understand how invaders drive competitors extinct.
This is because we are prone to underestimating the
impact of competition if we simply examine existing
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static communities, since competition is expected to
decrease over time as species coevolve or disappear
from areas of sympatry by local extirpation (Brown
and Wilson 1956, MacArthur and Levins 1967, Grant
1972, Schoener 1975, Birch 1979, Roughgarden 1983a,
Taper and Case 1992). Experiments measuring com-
petition between long coexisting species may under-
estimate the role of competition in structuring com-
munities. In contrast, communities undergoing recent
invasions will provide ideal situations to evaluate ex-
perimentally the role of competition in altering com-
munity composition, and to unravel the mechanisms
by which invaders gain their competitive advantage
(Diamond and Case 1986, Brown 1989, Case and Bol-
ger 1991, Case et al. 1992).

We have been studying competition between two
nocturnal insectivorous geckos in urban/suburban hab-
itats across the Pacific basin (Petren et al. 1993, Case
et al. 1994; D. Bolger and T. Case, unpublished manu-
script). The competitive dominance of the invader,
Hemidactylus frenatus, over the resident, Lepidodac-
tylus lugubris, is manifested most strongly when insects
are abundant and clumped around lights. One would
expect that increasing the degree of resource clumping
would increase the potential for competitive interfer-
ence while foraging. Although we had expected to find

118



January 1996

direct interference interactions in this system, our ear-
lier studies found little if any direct agonism between
the two species while they foraged syntopically (Petren
et al. 1993). Nevertheless, we did detect short-term
shifts in the local spatial distribution of L. lugubris
when in the presence of H. frenatus. Subordinate L.
lugubris moved away from lights when in the presence
of H. frenatus. We could not rule out the possibility
that these shifts occurred for reasons other than ago-
nistic encounters (e.g., avoidance behavior or resource
depletion).

In general, interference competition is more easily
detected than exploitation because of the more direct
nature of the interaction (Case and Gilpin 1974, Schoe-
ner 1977, 1983, Roughgarden 1983b, Maurer 1984).
To demonstrate conclusively interspecific exploitation
competition for food resources, a number of factors
must be established (Birch 1957, 1979, Schoener 1977,
1983). (1) Two (or more) species must share a resource;
(2) survivorship and/or reproduction of the competing
species must be limited by the availability of this re-
source. (3) The presence of one species must negatively
affect the acquisition of this resource by the other. (4)
This reduced resource acquisition must translate into
reduced demographic parameters such as survivorship
or fecundity of the inferior competing species, causing
a change in its distribution or abundance, or other long-
term evolutionary change. (5) Interference mechanisms
and other processes (Holt 1977) must be ruled out.

We present experimental results that establish the
importance of exploitation competition in the displace-
ment of L. lugubris by H. frenatus in the urban/sub-
urban environment. We discuss species-specific traits
that produce differences in harvesting ability, enabling
the invader to succeed. Factors that may enhance these
differences include: clumping of food resources, high
resource levels, and reduced structural complexity of
the urban environment. Our results implicate human
activity as largely responsible for facilitating this in-
vasion and the resulting competitive displacement. Hu-
mans created urban habitats, producing favorable sit-
uations for population growth and range expansion of
the invader. The human-aided dispersal of the invader
to these habitats in turn resulted in the competitive
displacement of L. lugubris and probably other gecko
species from these habitats (e.g., Hemidactylus gar-
notii, Gehyra mutilata, G. oceanica; see Case et al.
1994).

METHODS
Experimental enclosures

Experimental enclosures are contained within air-
craft hangars (revetments) built during World War II
and located on the grounds of Barbers Point Naval Air
Station on Oahu, Hawaii (Petren et al. 1993). Each
hanger is a concrete half-dome with an asphalt floor
similar in size and shape to a concert shell (17 m wide
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X 14 m deep X 6 m high). Insects can fly freely in
and out of the large open end. Twelve hangars with
identically constructed interiors were each divided into
two enclosures yielding 24 experimental units (Fig. 1).
Geckos are confined within hangars by the use of Fluon
AD-1 (Northern Products, Woonsocket, Rhode Island),
a teflon-based paint that geckos cannot walk across.
Fluon was painted in stripes on the wall, as well as on
aluminum barriers on the floor to keep experimental
geckos in, and local geckos out. Potential mammalian
predators (feral cats and mongooses) were deterred by
placing a 0.5 m high fence in front of each hangar and
periodic trapping and patrolling. Fig. 1A shows the
general design of enclosures modified from previous
experiments (Petren et al. 1993). The walls of all units
near the light were coated with a thin layer of linoleum
paste, which dries to a hard slick surface. This equalizes
gecko clinging ability across hangars since imperfec-
tions in the surface texture of the walls caused by old
paint and water marks can affect gecko clinging ability.
Differences in wind exposure can affect insect abun-
dance and gecko water balance. Wind exposure was
measured by hanging a 50-mL conical plastic tube
(with 5 mL increment divisions) filled with water in
the center of each enclosure (two per hangar, one on
each side) at a height of 2 m. Wire mesh was placed
over each tube to prevent geckos from drinking the
water. Sun exposure was limited by the roof of the
hangar, but tubes in south-facing hangars received
some direct sunlight near dawn or dusk. The amount
of water evaporated after each interval was measured
over two sampling periods: 14 June 1993 to 1 July
1993 (17 d) and 1 July 1993 to 8 July 1993 (7 d).

Experiment 1

Our primary experiment (from 10 February 1993 to
7 July 1993) tested the effects of competition on L.
lugubris using a two-way factorial design, with com-
pletely crossed factors of intraspecific and interspecific
density. The factors of intraspecific density (7 or 14
individuals) and presence/absence of competitor (7 H.
frenatus individuals) were completely crossed in han-
gars 5-12, providing four replicates of four treatments:
L. lugubris at low density alone, L. lugubris at low
density with H. frenatus, L. lugubris at high density
alone, and L. lugubris at high density with H. frenatus.
Hangars 1-4 contained four replicates of H. frenatus
only treatments at densities of 7 and 14 individuals for
comparative purposes (Fig. 1B). Each hangar contained
two enclosures, and assignment of treatments to en-
closures was not random. The four replicates of each
of the six treatments are balanced for neighboring treat-
ment (all replicate units share a hangar with the same
treatment type), and facing direction (units differ in
orientation to the prevailing trade winds and amount
and timing of direct sunlight). This produced three
types of hangar, labeled A, B, and C (Fig. 1B). Ex-
perimental gecko densities were chosen to bracket nat-
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urally observed densities, although there are currently
few lighted places left where L. lugubris exists without
H. frenatus in Hawaii.

All experimental geckos were collected from build-
ings on Oahu where lights and both species of gecko
are present. Geckos about to lay eggs or appearing
unhealthy were excluded. All geckos were measured,
marked, and introduced into the experiment directly
into a wall refuge the day after capture. Marking con-
sisted of clipping the tip of one toe on each of three
feet in a unique pattern, and marking the dorsal surface
of the gecko with one to three stripes in a coded pattern
with water-based acrylic paint. Painted patterns were
unique to each unit and toe clip patterns were unique
to each hangar. Hemidactylus frenatus were stocked at
a ratio of three males to four females. When geckos
died (or occasionally disappeared), they were restocked
in the few days following each major census to main-
tain densities. All units were restocked to bring the
total number of individuals up to 7 or 14 individuals,
depending on the treatment.

Daytime censuses (seven in all, plus a closing census
where only eggs were scored) were conducted every
14 d except for censuses 4—7 where the interval was
~21 d. Geckos were processed and released sequen-
tially to minimize handling stress, and the location of
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Fig. 1. Design and locations of experimen-
tal enclosures. The interior of each hangar (A)
was divided into two enclosures. A number of
additions made the hangar walls more suitable
for geckos, including daytime refuges, plastic
tubing to facilitate horizontal travel of geckos,
water supplied ad libitum in aluminum pans,
and lights to attract insects. Teflon paint (Fluon)
barriers prevented experimental geckos from es-
caping, and local geckos from entering the en-
closure. The 8-W fluorescent lights were con-
trolled by photo-sensitive switches that auto-
matically turned the lights on at dusk and off
at dawn. An observation blind (1.5 m high) was
placed in each hangar =2.5 m away from lights.
The design of experiment 1 is shown in (B).
The density of each species is manipulated to
produce four focal ‘“‘competition’ treatments,
and two “‘H. frenatus only” treatments, each
with four replicates. Systematic pairing of treat-
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each was recorded. Each census consisted of recording
the presence/absence, mass, snout-vent length (svl),
egg presence and size (visible through the semitrans-
parent ventral abdominal skin), and tail length of each
gecko. Mass was measured to the nearest 0.1 g, and
snout—vent length was measured to the nearest 0.5 mm.
Body condition was calculated as the residual deviation
of a regression of the log of body mass on snout—vent
length for each species in a given census. One value
was obtained for each individual by averaging residuals
across all censuses. We assessed tail condition by judg-
ing the proportion of tail present (by mass). All indi-
viduals having <50% of their tail were excluded from
statistical analyses on condition.

In order to reduce the effect of previous environment
and handling stress, only established individuals (de-
fined as those who were alive for at least 23 d in the
enclosure, the maximum interval between stocking and
first census) were included in analyses (except where
explicitly noted). Thus geckos that were subsequently
introduced to replace mortalities (i.e., after the initial
stocking) are excluded from analyses until they have
been in a hangar for at least 23 d.

Many geckos started and finished the experiment
with eggs. Fecundity was therefore measured as the
total number of egg state changes per individual during



