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ABSTRACT

Clidemia hirta, a pantropical invasive shrub of the family Melastomataceae, originates in humid tropical Central and South
America, extending from southern Mexico to Argenting, including Venezuela. C. hirtaisdistinct among the many invasive plant
species of the Malay Peninsula because of its ability to invade anthropogenically undisturbed primary and tall secondary
forests. In order to gain insights into the conservation threat posed by this invasive shrub in intact Malaysian dipterocarp
rainforests, factors known to limit the distribution and abundance of C. hirta in its native range were quantitatively assessed
at an invasive site in Malaysia — the Pasoh Forest Reserve. Furthermore, plant characters often thought to convey invasive
potential, plant size and herbivore damage levels, were assessed in Malaysia, and at two sitesin Venezuela, where C. hirtais
native. Thisstudy determined that the C. hirta population at Pasoh islargely confined to anarrow band of the light availability
gradient. The comparison between native and invasive populations revealed that plant size and herbivory levelsin Malaysia
were similar to those found among Venezuel an populations.

Key Words: Clidemia hirta, enemy release hypothesis, light-gap specialist, plant invasion, tropical forest, Caparo Forest
Reserve, LaMucuy, Parque Nacional Sierra Nevada, Pasoh Forest Reserve.

RESUMEN

Clidemia hirta es un arbusto invasor pantropical de lafamilia Melastomataceae, originario del tropico himedo de América
Central y del Sur, cuya distribucion abarca desde el sur de México hasta Argentina, incluyendo a Venezuela. C. hirta se
diferenciade otras plantasinvasoras delapeninsulaMalaya por su habilidad deinvadir tanto bosques primarios como bosques
secundarios altosy perturbados antropogéni camente. Paradeterminar el estado en que este arbusto invasor se encuentraen las
selvas himedas primarias de dipterocarpaceas en Malasia, se estudiaron factores que limitan su distribucién y abundancia
tanto en su rango nativo como en un sitio donde esinvasor en laReserva Forestal de Pasoh, en Malasia. Ademés, caracteresde
laplanta que la convierten en invasora potencial, alturade laplantay dafios por herbivoros, fueron medidos en Malasia, y en
doslocalidades en Venezuel a, de donde es nativa. Este estudio determiné que lapoblacion de C. hirta de Pasoh esta confinada
principa mente auna banda estrecha en un gradiente de disponibilidad luminica. Lacomparacién entre las poblaciones nativas
einvasorasrevelan que el tamarfio delaplantay los niveles de herbivoriafueron similares alos encontrados en las pobl aciones
deVenezuela

Palabrasclave: Clidemia hirta, especialistaen claros, invasion de plantas, selvas tropicales, Reserva de Caparo, La Mucuy,
Parque Nacional SierraNevada, Reservade Pasoh
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INTRODUCTION

The introduction of non-indigenous plant
species into natural communities constitutes a
serious threat to the preservation of biodiversity
(Vitousek et al. 1996), and can fundamentally alter
the structure and functioning of ecosystems (e.g.
Vitousek et al. 1987, Gordon 1998). Because of
their high conservation value, the extent to which
anthropogenically undisturbed continental tropical
forests are susceptible to invasion by non-native
plants is an issue of longstanding concern to
ecologists and conservation biologists (Regymének
1996, Lonsdale 1999). Nevertheless, few studies
of plant invasion have been undertaken in
continental tropical forests, making it difficult to
understand the consequences of exotic
introductions on the structure and composition of
native plant assemblages.

The Neotropical shrub Clidemia hirta (L.)
D. Don (Melastomataceae) is unusual among
exotic plant species on the Malay Peninsula. Of
the hundreds of non-native plant species in
Singapore, only C. hirta has so far become
established in closed-canopy primary and tall
secondary forests (Corlett 1988, Teo et al. 2003).
The small size of the forest fragments considered
in these studies (0.03 to 2.0 ha) underscores the
tendency for even small patches of primary forest
toresistinvasion by exotic plants, and suggeststhat
the mechanismsfacilitating C. hirtainvasion may
be unique. A recent study documented the
unexpected invasion of C. hirta into an
anthropogenically undisturbed (i.e. naturally
disturbed) species-rich dipterocarp forest in
Peninsular Malaysia (Peters 2001). C. hirtaisan
aggressive invader of Hawaiian forests, and may
bedisplacing formerly prevalent plant speciesthere
(Wester and Wood 1977). The causes and
consequences of C. hirta invasion in this
biologically important Malaysian forest are poorly
characterized, making it difficult to assesswhether
C. hirtaisauniquely proficient invader, or merely
aforerunner of other invasive plant species.

Theintroduction of non-native plantsmay alter
the availability of resources critical for
establishment, growth, and reproduction.
Determining the conservation threat of plant
invasions thus requires an understanding of the
factorsinfluencing the distribution and abundance
of non-native plants. Previouswork has shown that
both light avail ability and leaf herbivory influence
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thedistribution of C. hirtainitsnativerange (Taylor
1928, Cook 1929, DeWalt et al. 2004a, 2004b).
Light availability often limitsrecruitment intropical
forests understorys (Clark and Clark 1992,
Chazdon et al. 1996), and even shadetol erant plant
species may require extended periodsin high-light
environmentsfor successful regeneration (Weldon
et al. 1991, Brown and Whitmore 1992). Leaf
herbivoresmay influencetropical forest composition
by selectively lowering plant fithess (Marquisand
Braker 1994). Escape from herbivory has often
been implicated asamechanism alowing non-native
plant species to proliferate in introduced ranges
(Keane and Crawley 2002).

The purpose of this study was primarily to
assess the distribution of C. hirta relative to the
available light microsites in a species-rich
dipterocarp forest of Southeast Asia. Secondarily
this study ascertained whether herbivore damage
on C. hirtaislower in thisintroduced site than in
part of its native range, and addresses the recent
prediction that herbivory on C. hirta in invasive
siteswith high speciesrichnessand closely related
nativeflorawill be high relativeto herbivory on C.
hirta in species-poor sites where this plant is
invasive (DewWalt 2004b).

MATERIALS AND METHODS
Sudy Species

C. hirtaisadensely branching perennial shrub
native to tropical Central and South America. It
hasinvaded wet and dry regions of the tropics and
subtropics including Hawaii, Fiji, and the Malay
Peninsula (Wester and Wood 1977, Cronk and
Fuller 1995). C. hirta produces fruit continuously
(Melo 1999), and local dispersal is performed by
frugivorous birds, mongooses (Herpestes
auropunctatus), pigs, and humans (Wester and
Wood 1977, Smith 1992). L ong-distance dispersal
is probably inadvertently facilitated by humans
(Cronk and Fuller 1995). C. hirta is omnipresent
intheoil palm and rubber plantationsthat constitute
over one quarter of the land area of Peninsular
Malaysia.

Sudy Sites
In August 1997 the C. hirta population was

sampled at the Pasoh Forest Reserve, about 140
km southeast of Kuala Lumpur, Peninsular



PETERS

Maaysia(2°58' N, 102°19'E). Thereserveconsists
of a core of 650 ha of evergreen primary lowland
dipterocarp forest surrounded by 2000 ha of
regenerating foreststhat werelogged in the 1950s.
At the time of the study the entire reserve was
bordered by oil palm plantationson three sidesand
adjacent to 600-1000 haof primary hill dipterocarp
forest. Annual precipitation at Pasoh is
approximately 1800 mm with two distinct peaksin
April/May and November/December, but with
every month receiving morethan 100 mm rainfall.
In January 1999 C. hirta populations were
censused in two sites where the plant is native.
The first site was La Mucuy site in the Parque
Nacional SierraNevada, Venezuela (8°37’ N, 71°
W), amontanetropical rain forest (elevation ~2200
m as.l.) receiving approximately 1800 mm of
precipitation annually, with 4 dry months from
December to March. C. hirta is one of four
Clidemia speciesat thissite (Steyermark and Huber
1978). The second site was the Caparo Forest
Reserve, in West-Llanos, State of Barinas,
Venezuela(7°20'-7°40 N, 70°30'-71°W). Thesite
isasemideciduouslowlandtropical forest (elevation
~10 m as.l.) with 14% evergreen tree species.
Annual precipitation at Caparo is approximately
1750 mm per year, with 5.5 dry months from
December to mid-April (Worbes 1999).

Canopy Light Conditions

The light environments of 242 haphazardly
selected C. hirta plants were assessed at Pasoh
using hemispherical photographs of the forest
canopy taken from a point just above the apical
meristem of each plant. For plants with multiple
fruiting branches, photographs were taken above
the apical meristem of each primary branch with
reproductive structures and averaged. In order to
assesstherange of availablelight conditionsinthe
Pasoh Forest, hemispherical photographs were
taken along the transition from closed canopy
understory to the center of treefall gaps. Using a
previously assembled map of the gapsin the 50-ha
forest dynamics plot at Pasoh (Peters 2001), four
gapswere randomly chosen without consideration
for gap location or size. In each gap, two parallel
transects oriented in arandomly selected direction
were established such that they passed through the
approximate center of the gap and extended 10 m
from the gap edge into the understory in both
directions. Photographs were acquired at 5 m

ECOTROPICOS 18(2):65-72 2005

intervalsalong each transect at 0.5, 1.0, and 1.5m
aboveground. Light availability measures were
averaged across paralel transects.

Canopy photos were acquired with a system
utilizing an equiangular “fisheye’ lenswith awide-
angle (160 degrees field of view) entry viewer
mounted on adigital camera (QuickCam, Connectix
Inc., San Mateo, California, USA). Grayscale
images were converted to black and white and
analyzed using the computer programs NIH Image
1.57 (National Institutes of Health, Washington
D.C., USA) and SOLARCALC v6.1.1 (Chazdon
and Field 1987, Ackerly and Bazzaz 1995). Diffuse
light was calculated based on percent canopy
openness and direct light was calculated by
integrating solar tracks across canopy openings
over the period of ayear. This method assumes no
seasonal changes in canopy cover, and no cloud
cover. Estimates of daily photosynthetic photon flux
density (PPFD) obtained in this manner therefore
represent maximum potential values of PPFD
(PPFD

potential) )

Sature and Herbivore Damage

Plant size at Pasoh, LaMucuy and Caparo was
assessed by measuring the maximum stem length of
asubset of haphazardly selected individual sthat were
at least 3cmtall (n =248, 100, and 18 at Pasoh, La
Mucuy and Caparo, respectively). Intermsof nearest
neighbor distance and density variability the spatial
distribution of haphazardly selected plants at Pasoh
did not differ from the distribution expected by
randomly selecting the same number of individuals
from the entire Pasoh population, indicating that the
haphazard selection of individuals was effectively
random. A previousalometricinvestigation found that
maximum stem length wasthe non-destructive metric
most closely correlated with whole plant biomass
(Peters2001). Herbivory was assessed on thetop six
leaves (or dl leavesif fewer than six were present)
by making aone-timedetermination of leaf sizesand
the proportion of leaf area missing (sensu Lowman
1984). Because individual leaveswere not followed
through time, estimates of herbivoreleaf damageare
conservative. Venezuelan and Malaysian popul ations
of C. hirta were identified in the field from
reproductive characters. The veracity of C. hirta
individuals at each site was ascertained through
examination of numerous C. hirta specimensin the
Harvard University Herbaria (Cambridge,
Massachusetts, USA).
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RESULTS

As expected, both canopy openness and
PPFD ... decreased monotonically from the
center of forest gaps to the understory, and
increased with increasing height aboveground.
Canopy openness measured 1 m aboveground
ranged from 0.25% in the understory to amaximum
of 13.04% in the center of alarge gap, while total
daily PPFD___ .. ranged from 0.02 to 15.34 mol

m2d™. TheFieterogeneityinIight availability also
varied predictably. It was lowest under closed
canopies, which were uniformly dark, higher ingap
edges, and highest in the very center of gaps.

C. hirta at Pasoh was present along the entire
trangtion fromfully-enclosed understorysto the center
of large treefall gaps, but was most prevalent in
partially-shaded gap edges. Both reproductive (55%)
and non-reproductive (53%) individuals were
disproportionately concentrated within anarrow band
of thislight availability gradient, between 2 and 4.5%
canopy openness (Figure 1). Reproductive C. hirta
plants(asindicated by the presenceof fruitsor flowers
a any developmenta stage) consistently received
more light than non-reproductive individuals.

12-

10

> @

% canopy openness
+

PPFD s above reproductive individuals, 6.78
+ 057 (mean + 1 SE.), was almost 40% greater
than that above non-reproductive plants, 4.93 +
0.21. Furthermore, reproductive plants received
significantly less of their daily PPFD_ enia
sunflecks. Although some immature plants were
found under completely closed canopies, no
reproductiveindividualswerein areaswith lessthan
2% canopy openness. Thishigher light availability
abovereproductiveindividualswaslargely dueto
their greater height; daily PPFD | o Increased
significantly with stem length (P €0 005) Of the
20 reproductive C. hirta plants included in this
census, al had stem lengths exceeding 0.85 m.
When plants of similar size were compared (i.e.
stem length = 0.85 m), there were no differences
between reproductive and non-reproductive
individuals in terms of light availability (canopy
openness: P = 0.713; PPFD .- P = 0.928).

Standing herbivoredamagelevel sweresimilar
at all three sites, with no significant differences
among herbivore damage levels (Figure 2). Stem
length varied among the three popul ations, but there
were not consi stent trends between the Malaysian
and Venezuel an populations (Figure 2).

non-reproductive

reproductive

Figure 1. The mean canopy openness above reproductive individual s was significantly greater than the openness
aboveall other individuals (t test: P = 0.012). These box-and-whiskers plots summarize the distribution of canopy
openness above non-reproductive (n = 222) and reproductive (n = 20) C. hirta plants. The box length is the
interquartile range, which contains 50% of the values. The whiskers extend from the box to the highest and lowest
values, excluding outliers. Theline acrossthe box indicates the median. Outliersare caseswith valuesmorethan 1.5

box lengths from the upper or lower edge of the box.
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Figure?2. Stemlength and leaf areamissing to herbivory (mean + 1 S.E.) did not differ consistently between C. hirta
populationsin Pasoh and Venezuel a. Barswith different | ettersare marginally significantly different (P=0.10) from

one another (Tukey’'s HSD test).

DISCUSSION

Both total daily PPFD .. and canopy
openness were found to increase monotonically
from the understory to the center of gaps. Total
daily PPFD___ .. in the center of gaps was 5.8 to
15.4 times greater than in the understory. These
results contradict the findings of a previous study
recently conducted at Pasoh that reported that total
daily PPFD in a small (ca 50 m?) gap was not
significantly higher thanin the understory (Tang et
al. 1999). Although the source of the discrepancy
is unclear, it may be due to the small size of the
single gap considered in the previous study or the
lack of replication of gap sites. In general,
undersorey light availability increaseswith the size
of the overhead canopy opening (Barton et al.
1989, Chazdon 1992, Dirzo et al. 1992, Brown
1993). Within gaps there may be considerable
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variationinlight availability over very small spatial
scales (Chazdon et al. 1988, Raich 1989, Brown
1993, Dalling et al. 1998). The range of light
availability reported in the present study is not
unusud. Inahill dipterocarp forest of Penang Idand,
Malaysia, mean PPFD reaching the understory
varied by more than 10 fold along atransect from
gap center to forest understory (Raich 1989).
Fluctuations of similar magnitude werefound for a
large gap in a Costa Rican forest (Chazdon et al.
1996). Thisstudy and other investigationsindicate
that there can be substantial microsite heterogeneity
within gaps of dipterocarp forests (Brown 1993,
Dalling et al. 1998).

Theresultsof thisstudy indicatethat C. hirta
at Pasoh is disproportionately concentrated in a
narrow band of this light availability gradient. A
recent demographic study of the C. hirta population
at Pasoh found that it is almost exclusively
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associated with gaps and gap edges, often
coincident with pig disturbance (Peters 2001).
These observations are consistent with the results
of a recent experiment conducted at the nearby
Serting ulu experimenta forestin Negeri Sembilan,
Peninsular Malaysia. There, C. hirtawasfound to
readily recruit into artificially-created gaps, and
recruitment was substantially increased by soil
disturbancethat simulated pig rooting. In contrast,
neither soil disturbance, manual seed addition, nor
their combination could induce C. hirta seedling
establishment under closed canopies at that site
(Seidler 2003). It thus appears that C. hirta is
confined torelatively high-light environmentsinthe
dipterocarp forests of Peninsular Malaysia.

Greenhouse experiments have demonstrated
the ability of both Hawaiian and Costa Rica
populations to establish and thrive in low light
conditions, but natural enemies probably exclude
C. hirtafrom low light forest understorysin Costa
Rica(Deweat 2004b). Substantially lower herbivory
levelswere observed in Hawaii, where the escape
from natural enemiesisapparently responsiblefor
the species’ widespread occurrence in both high
and low light environments. Possible explanations
for thisescapefrom enemiesontheidand of Hawaii
includethe short period since C. hirtaintroduction
(30 years) and the absence of closely related native
plant species, leading to the prediction that herbivory
oninvasiveC. hirtawould be higher in the presence
of native Melastomataceae (DeWalt 2004b). This
prediction was supported by the results of the
present study. Standing herbivory levels at Pasoh,
where the C. hirta introduction is apparently less
than 30 years old (Peters 2001) and the flora of
native Melastomataceae is rich, were comparable
to those measured among two populations in
Venezuela.

Theseresultssuggest that the C. hirtainvasion
in Pasoh may be progressing very differently than
thewell-documented invasionin Hawaii. Naturally-
occurring populations of invasive plants have
frequently been found to betaller and morefecund
outside of their nativeranges (Crawley 1987, Noble
1989, Juvik and Juvik 1992). In Hawaii, C. hirtais
taller, denser, and more fruitful than where the
species is native (Wester and Wood 1977). This
pattern was not observed at Pasoh, where C. hirta
was no taller than in Venezuela, and had similar
levels of standing leaf damage. The evolution of
increased competitive ability (EICA) hypothesis
predicts that under identical growing conditions,
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individuals of aspeciestaken from introduced sites
will grow taller and produce more biomass than
individual s taken from the native range (Blossey
and No6tzold 1995, Willis et al. 2000). A recent
experiment using C. hirta found little support for
the EICA prediction; when grown in a common
garden, Hawaiian populations were no different
than Costa Rican populations in terms of their
stature or growth (DeWalt 2004a). No common
garden data are available for Malaysian or
Venezuelan populations, and determining the extent
to which physiological, morphological, and
environmental parameters associated with C. hirta
vary between native and invasive sitesis difficult
because the critical parameters have been
guantitatively assessed in only a small number of
populations. Nevertheless, the totality of these
results suggests that distinctions between the two
invasions may be due to differences among sites,
such as, for instance, the depauperate Hawaiian
biota, rather than any physiological differentiation
between the populations.

A demographic study conducted at Pasoh
between 1997 and 1999 suggeststhat the three- to
five-fold increase in C. hirta density expected in
the decade from 1999 to 2009 may hinder the
recruitment of gap-dependent native speciesinthe
foreseeablefuture (Seidler 2003), although recent
land use modification in thevicinity of thereserve
may mitigate this increase. In lowland mixed-
dipterocarp forest of Sri Lanka, C. hirtaisthought
to be displacing Melastoma malabathricum, a
closely related native species with apparently
similar autecology (Singhakumara et al. 2000).
Because the regeneration of biologically and
economically important dipterocarp species are
dependent upon access to high-light canopy
openings, identifying species dependent upon the
narrow range of light microsites dominated by C.
hirta is critical to understanding the conservation
implicationsof thisinvasion.
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