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Abstract Oil palm plantations today cover large areas of former tropical lowland rain
forest in Southeast Asia and are rapidly expanding on the island of Borneo. Study of the
community of ground-dwelling ants in different plantations in Sabah, Malaysia, over 2 years
using tuna baiting, revealed that the oil palm plantation ground ant community was severely
reduced in species richness in comparison to the forest interior, regardless of age, under-
growth cover, or proximity to neighbouring forest. The results indicate that oil palm
plantation habitats, now covering more than 15% of Sabah’s land area, can sustain only about
5% of the ground-dwelling ant species of the forest interior. Nine of the 23 ant species baited
in the plantations were never recorded inside forest. All numerically dominant ants were non-
forest species. The most common species was Anoplolepis gracilipes, an invasive species
present at 70% of all bait sites and known to cause ‘ecological meltdowns’ in other situations.
The low frequency and species number of forest ground ants indicates that oil palm plan-
tations act as effective dispersal barriers leading to community isolation in rain forest
remnants. The replacement of natural forests with oil palm plantations poses a serious threat
to the conservation of biodiversity on Borneo if similar results are confirmed in other taxa.

Keywords Anoplolepis gracilipes - Ants - Biodiversity - Dispersal barrier -
Fragmentation - Isolation - Malaysia - Oil palm
Introduction

With the growing global demand for agricultural products landscapes throughout the
tropics are increasingly dominated by agriculture (Tilman et al. 2001; Achard et al. 2002).
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The increase in oil palm (Elaeis guineensis) cultivation is cited as a major driver of
deforestation and biodiversity loss in tropical countries (Donald 2004; Koh and Wilcove
2007, 2008) and has also major impacts on global carbon balance (Danielsen et al. 2008).
Oil palm plantations expanded almost exponentially in recent decades (Donald 2004), now
covering over 13 million ha, primarily in Southeast Asia (Danielsen et al. 2008). Palm oil
is now the world’s most traded oilseed crop with uses from cooking oil to biofuel (Carter
et al. 2007) and with over 37 million metric tons produced in 2005 (Turner et al. 2008). In
2006, 85% of the global palm oil crop was produced by Indonesia (43%) and Malaysia
(42%) (FAOSTAT 2007), two countries whose combined annual forest loss is around
2 million ha (Danielsen et al. 2008). Malaysia has the highest levels of palm oil production
per unit area but also the highest relative number of endangered species, and therefore
impacts on biodiversity are expected. However, to date studies addressing this topic are
few (Fitzherbert et al. 2008; Koh and Wilcove 2008; Turner et al. 2008).

In the Malaysian state of Sabah, oil palm plantations have been established on a large
scale in the lowland areas that had previously been degraded by selective logging of
variable intensity (McMorrow and Talip 2001). This valuable crop is currently grown on
more than 1.2 million ha in Sabah equalling around 30% of the total of Malaysia’s
plantation area (MOPB 2007; FAOSTAT 2007) or ca. 15% of the total land area of Sabah.
Oil palm plantations today stretch all along the coastal plains in Eastern Sabah and most of
the lowland rain forest has been converted into an extensive monoculture of immense
dimensions.

Before the establishment of an oil palm plantation, the forest must be completely
cleared of vegetation. The wooden debris and trees easily catch fire, especially in dry El
Nifio years. The extensive fires in Borneo in 1998 were mostly associated with agricultural
and land clearing operations (Chazdon 1998; Cao 2000; Dennis et al. 2005), in Sabah often
related to the establishment of oil palm plantations. After clearing, the ground is terraced
before planting the young oil palms. A humus and leaf litter layer is lacking in the newly
established plantations because of erosion of the top soil associated with high surface water
runoff, which reaches more than twice the amount measured on land under forest cover
(MacKinnon et al. 1996). Lack of organic matter is the main factor determining the
unfavourable change in soil properties in oil palm plantations, leading to a marked defi-
ciency in most nutrients (Yeboua and Ballo 2000).

Leaf litter ants are considered useful indicators of ecosystem disturbance (Agosti et al.
2000; Underwood and Fisher 2006) and they have been found to show congruent patterns
with other taxa in their responses to environmental change in different habitats (Lawton
et al. 1998; Alonso 2000). The functional importance of ground-dwelling ants in the
process of nutrient cycling due to their role in bioturbation (Gunadi and Verhoef 1993;
Wilson 2000) and enhancement of microbial activity (Dauber and Wolters 2000) estab-
lished their role as ecosystem engineers (Jones et al. 1994; Folgarait 1998). They are also
recognised as main predators of other ground arthropods (Carroll and Janzen 1973;
Holldobler and Wilson 1990).

Selective logging in Sabah has resulted in a pronounced reduction in forest leaf litter
ant diversity and density, and communities did not recover even 25 years after the
logging impact (Briihl 2001). Ant diversity was also reduced in smaller primary forest
fragments (Briihl et al. 2003) where the genetic diversity of forest litter ants was affected
as well (Bickel et al. 2006), implying that ant populations in forest remnants were
effectively isolated. Here, the ground ant community in surrounding oil palm plantations
was studied to evaluate if this agricultural matrix is a suitable habitat for native forest ant
species.
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Methods
Study sites

Ground-dwelling ants were collected in four oil palm plantations in Eastern Sabah (Fig. 1):
In the Mayvin oil palm estate (MOP) and in plantations near Tawai Hills Forest Reserve
(THFR), Deramakot Forest Reserve (DFR) and Sepilok Forest Reserve (SFR). MOP is
situated in the core of a very large plantation area (15 x 10 km) and was ~8-10 years old
with palm trees reaching 8 m in height. Undergrowth consisted of various grasses and
herbs (e.g. Panicum sp., Mimosa pudica). In all but the MOP location sampling transects
extended from the forest edge into the oil palm plantation. The THFR plantation was 5—
7 years old, palm trees were about 3—5 m in height and the undergrowth was sparse with
bare ground mostly visible. A similar plantation type was present at the DFR site, bordered
by heavily logged forest. The SFR transects ran from the edge of a primary forest remnant
(42.9 km?) into an old abandoned oil palm plantation (ca. 15-20 years old). The palm trees
reached up to 10 m in height, and various herbs, bushes and saplings were present, forming
a comparatively dense undergrowth. The soil in the oil palm plantations was mostly bare
and no substantial leaf litter layer was present. For comparative purposes ants were also
collected in the Danum Valley Conservation Area (DVCA), a contiguous primary rain
forest of 438 km? ~ 80 km south of the plantation area (Fig. 1). The transect in DVCA
was situated on the West Trail Transect ~ 1.5 km from the field center.

Sampling

Sampling transects were initially established in 1999 at two sites (SFR1, THFR1). Sub-
sequently, in 2000, except for the single site established at MOP and the control site at
DVCA, paired transects were established (SFR, THFR, DFR; see Table 1). Since the ant
fauna in the plantations was found to be impoverished, some of the transects were operated
at more widely spaced intervals (100 m) to detect potential turnover (see Table 1). The
longest transects covered almost 1 km, which was the maximum length manageable for
monitoring and sampling the bait sites.

All transects were sampled once in the morning from 8:00-10:00 hour, at least 2 days
after rain in dry conditions in March and April. Ground-dwelling ants were attracted with
baits consisting of a teaspoon of canned tuna in oil placed on tissue paper. Three tuna baits
were placed at every bait site at a distance of 5, 10 and 15 m from the access trail to avoid
possible disturbance by humans or machinery. Baits were left for 2 h to attract ants and
were checked every 30 min. All ant species present at a bait site were collected using
forceps and were pooled for a bait site sample. During the 2 h of active baiting the area was
also searched for ants by hand collecting. During this process stones, twigs or palm leaves
on ground level were turned and searched for ants. Ants were stored separately and later
compared with the ants collected at baits.

The ants were sorted to genus level, then mounted following the convention of Bolton
(1994) and finally sorted to morphospecies. Morphospecies classification was based on
external morphological characters of the worker class visible under a dissecting micro-
scope (Leica MZ8 16 x 14). Morphospecies labels were replaced by valid species names
whenever possible. Voucher specimens have been deposited with the Entomology Section,
Forest Research Centre, Sandakan, Sabah, the Department of Animal Ecology and Tropical
Biology, University of Wiirzburg, Germany and are integrated in a web based ant iden-
tification key (www.antbase.net).
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Fig. 1 Location of the four sampled oil palm plantations in East Sabah: plantation bordering the Tawai
Hills Forest Reserve (THFR), the Deramakot Forest Reserve (DFR) and the Sepilok Forest Reserve (SFR).
The Mayvin oil palm plantation (MOP) is situated in the center of a large plantation area. The primary forest

site was located in the Danum Valley Conservation Area (DVCA)

Table 1 Transects used for tuna baiting of ground-dwelling ants in oil palm plantation (SFR, THFR, DFR,
MOP) and primary forest (DVCA)

Transects SFR1 SFR2 SFR3 THFR1 THFR2 THFR3 DFR1 DFR2 MOP1 DVCA

Sampling year 1999 2000 2000 1999 2000 2000 2000 2000 2000 1999

Number of bait sites 5 13 13 13 13 10 13 10 10 6

Distance between bait 25 10 10 50 10 100 10 100 20 100
sites (m)

Transect length (m) 100 120 120 600 120 900 120 900 180 500
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Statistical methods

Presence and absence of ant species at bait sites was analysed. Species accumulation
curves for the different plantation transects were calculated using EstimateS 5.0 (Colwell
1997) randomising the data 100 times. Five species richness estimators were calculated for
the total oil palm plantation ground ant community: ICE, Jackknife 1 and 2, Bootstrap,
MMMean (Colwell and Coddington 1994; Colwell 1997). Sampling efficiency was
obtained after dividing observed by estimated species number.

Results

In total 23 ant species in 14 genera were recorded along nine transects in oil palm plan-
tations (Table 2). Most species belonged to the subfamily Myrmicinae (11 species)
followed by the Dolichoderinae and Formicinae (five species each). Two Ponerinae species
were also sampled. Hand collecting did not reveal any species not recorded at the tuna baits.

The randomised species accumulation curves of the oil palm plantation transects were
much flatter than that of the primary forest transect, yielding lower species numbers
(Fig. 2). The rate of increase in species with bait sites was low in all plantation transects. In
the DFR1 transect only one species (A. gracilipes) was recorded at all 13 bait sites
(Table 2). Observed species number in single transects was similar in the different plan-
tation areas (Fig. 2), although longer transects (600-900 m, THFR1, THFR3, DFR2;
Table 1) tended to yield more species.

When all samples were combined in order to estimate total projected ground ant species
number in oil palm plantations the highest estimate was 48 (Jack2), the lowest 25 species
(MMMean) with sampling efficiencies of 47.9 and 92.0%, respectively (Table 3).

Discussion
Loss of forest ants in oil palm plantations

The ground-dwelling ant communities of oil palm plantations were found to be highly
impoverished with respect to forest taxa and, instead, were dominated by a small number
of, partly invasive, non-forest species. Species richness and community composition did
not vary much between the four plantations. This was unexpected since the SFR, THFR
and DFR transects were directly connected to forest, in the case of SFR a primary forest
fragment. Proximity to closed forest could theoretically promote an influx of forest ant
species into the plantations (Laurance and Bierregaard 1996). Instead species numbers
were similar to the MOP transect which was isolated in the core of a large oil palm
plantation. Also, there seemed to be no effect of plantation age or undergrowth structure on
ant species richness: The abandoned SFR plantation, with old palm trees, dense vegetation
and no mechanical or chemical treatment, harboured as few ant species as the young
plantations near THFR, where the ground had been completely cleared of forest just 4—
5 years prior to sampling. Slightly more species were only recorded in the three longer
transects THFR1, THFR3, and DFR2, indicating that monitoring of ants might need to
consider larger spatial scales in monocultures.

The species accumulation curve of the tuna bait samples in the primary forest had a
steep slope revealing that sampling of the ground ant community was far from complete.
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Fig. 2 Randomised species accumulation curves (100 runs) of the sampled transects in the different oil
palm plantations (SFR, THFR, DFR, MOP) and the primary forest (DVCA)

Table 3 Observed and estimated species and sampling efficiency (%) of the ant communities for all bait
sites (N = 100) in the oil palm plantations

Observed species ICE Jack 1 Jack 2 Bootstrap MMMean

Total oil palm 23 38 (60.5) 33 (69.7) 48 (47.9) 27 (85.2) 25 (92.0)

Nonetheless, species richness in the primary forest site was on average five times higher
than that of the plantation sites. Furthermore, sampling with tuna baits is likely to
underestimate the true diversity of ground-dwelling ants in forest habitats. Sampling with
litter sifting, a technique that is more appropriate to sample habitats rich in leaf litter,
revealed 187 ground-dwelling ant species at the same primary forest locality (Danum
Valley, Briihl et al. 2003). More than 250 species were obtained by litter sifting along an
altitudinal transect from primary lowland to subalpine forest in Northwestern Sabah (Briihl
et al. 1999). In plantations, where no substantial leaf litter is available, litter sifting is not a
feasible approach to collect ground-dwelling ants; instead tuna baiting is a very efficient
alternative (Agosti et al. 2000). This is confirmed by our study. Sampling at tuna baits
along the various transect was evidently efficient since intensive hand collecting did not
reveal additional species at the respective sites. Thus, despite differences in the method-
ology that was used in the forest and plantation studies, we conclude that oil palm
plantations retain only a small fraction (perhaps <5% of species) of the forest ground-
dwelling ant community.

Two factors are likely responsible for the loss of ground-dwelling ants in oil palm
plantations. First, the almost complete absence of leaf litter reduces the availability of nest
sites for litter-nesting species (Carvalho and Vasconcelos 1999). Second, hot and dry
conditions possibly prevent colony establishment and reduce colony survival of shade-
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adapted taxa. Microclimate is an influential factor on the distribution and competitive
performance of ground-dwelling forest ants (Torres 1984; Perfecto and Vandermeer 2007;
Briihl 2001). Forest ants have a lower tolerance to high temperature than ants from non-
forested areas (Torres 1984). This may explain their absence in oil palm plantations, where
conditions are warmer and drier and the unprotected soil layer can become extremely hot
especially during the establishment phase of plantations. In addition to not providing a
suitable habitat for forest ants, oil palm plantations likely form a dispersal barrier between
forest populations. Queens of forest ants may be killed by adverse climatic conditions
during dispersal between forest remnants. Forest ant populations that persist in small
Virgin Jungle Reserves in Eastern Sabah may therefore be effectively isolated (Briihl et al.
2003). This was indicated by the lack of gene flow between fragmented populations of two
forest ant species in Sabah (Bickel et al. 2006).

Our results on ground-dwelling ants are in good general agreement with findings
concerning the arboreal ant community of oil palm plantations. Arboreal ants were studied
by Pfeiffer et al. (2008), who intensively sampled from oil palm stems and freshly cut palm
fronds. They recorded 53 species of ants with 17 species accounting for 95% of all species
incidences. Thus, arboreal ant species richness in oil palm plantations was also dramati-
cally lower than that of primary forest in Sabah, where 385 ant species were recorded in the
lower vegetation and canopy (Briihl et al. 1998). Similar to our findings for ground-
dwelling ants, almost 50% of all species occurrences represented tramp ant species, and at
least four of these 12 species were invasive (Pfeiffer et al. 2008).

Ant community shift in oil palm plantations

Besides the evident reduction in species richness of forest ants, there was a pronounced
shift in community composition towards non-forest taxa. Nine species of oil palm plan-
tation ants were never observed in forest leaf litter in an extensive sampling program
(Briihl 2001): A. gracilipes, Dolichoderus sp. 1 and 2, Odontoponera denticulata, Mo-
nomorium sp. 2, Technomyrmex sp. 2, Oecophylla smaragdina, Paratrechina sp. 2, and
Crematogaster sp. 1. The 14 remaining species, which were also recorded in forest leaf
litter (Briihl 2001; Briihl et al. 2003), were all rare in the plantations. Even Lophomyrmex
bedoti, a common ant in highly disturbed logged-over forest in Sabah (Briihl 2001) was not
frequently observed in oil palm plantations (six of 100 bait sites). The oil palm plantation
ground ant community was numerically dominated by three species not occurring in forest
habitats: O. denticulata, Dolichoderus sp. 2, and A. gracilipes (Table 2). The yellow crazy
ant, A. gracilipes, was the most abundant species, collected at 70 out of 100 bait sites. It
was present in all oil palm plantations and was the only species collected along the transect
DFRI. A. gracilipes was also recognised as the dominant arboreal ant in oil palm plan-
tations in Sabah and Peninsular Malaysia (Pfeiffer et al. 2008) and in cocoa agroforests in
Sulawesi (Bos et al. 2008). The presence of A. gracilipes may in itself be responsible, by
means of predation or competitive exclusion, for the very low ant diversity in some of the
transects (especially DFR1). The yellow crazy ant has been recognised as an invasive
tramp ant species (Wetterer 2005) and is documented as a dominant species in many ant
communities in disturbed habitat all over the world (Majer 1993; Wetterer 2005; Bos et al.
2008). Its ecological impact was studied especially on islands (Lester and Tavite 2004)
where it has revealed the potential to influence a wide variety of fauna and flora, negatively
affecting ant communities but also other insects, spiders and, in the case of Christmas
Island, the land crab Gecaroidea natalis. The reduction of the crab resulted in mutitrophic-
level distortions in the ecosystem causing an invasional ‘meltdown’ with changes in forest
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structure and tree composition (O’Dowd et al. 2003; Abbott and Green 2007). A. gracilipes
is also known to directly attack hatchling birds and reptiles and preys upon small livestock
(Wetterer 2005). Reduced breeding success and behavioural changes were observed in
birds on Christmas Island in the presence of A. gracilipes (Davis et al. 2008). A. gracilipes
supercolonies reach densities of up to 2,250 ants per m* (O’Dowd et al. 2003; Abbott and
Green 2007) and cover large areas. Supercolonies consist of interrelated nests that show no
or very low levels of intraspecific aggression, which is a key feature for the ecological
dominance of A. gracilipes (Holldobler and Wilson 1990). The population structure of A.
gracilipes was recently studied in Malaysian Borneo and a mosaic of supercolonies and
expanding, newly introduced propagules was revealed (Drescher et al. 2007). Although the
direct and indirect impacts of A. gracilipes on vertebrates have not been studied outside an
island context, it seems possible that this species not only affects the ant community in oil
palm plantations but also poses more wide-ranging threats to the residual amphibian,
reptile, bird and mammal fauna. Another tramp species, Monomorium floricola (Schultz
and McGlynn 2000) was also fairly common in the plantations and present at 10% of all
bait sites. This species was also recorded in disturbed forests in Sabah (Briihl 2001).

Conclusion

The ground-dwelling ant communities of oil palm plantations were found to be highly
impoverished with respect to forest taxa and, instead, were dominated by a small number
of, partly invasive, non-forest species. The latter also included A. gracilipes, an invasive
tramp species that is known for its adverse effects on biodiversity on tropical islands.
Therefore it seems important to evaluate the ecological impact of this ant species in oil
palm plantations, not only on other ants and insects but also on vertebrates.

The low abundance and species richness indicates that oil palm plantations cannot serve
as arefuge for ground-dwelling forest ants. Furthermore, oil palm plantations are likely to act
as dispersal barriers for forest taxa leading to community isolation in rain forest remnants.
There is a clear need for more research to understand how animal and plant populations of the
remaining forest fragments are affected by the surrounding plantation. A shift of the current
focus in conservation biology from large mammals and birds towards arthropods that make
up the bulk of the biodiversity in tropical rain forests would be desirable.
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