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Abstract
The mature palm forest of the Vallée de Mai, a UNESCO World Heritage Site, on the Seychelles island 
of Praslin, is a unique ecosystem containing many endemic species, including the iconic coco de mer 
palm Lodoicea maldivica. In 2009, the invasive yellow crazy ant Anoplolepis gracilipes was recorded for the 
first time within the palm forest, raising concern about its potential impacts on the endemic fauna. This 
research aimed to: (1) assess the current distribution and spread of A. gracilipes within the palm forest; 
(2)  identify environmental variables that are linked to A. gracilipes distribution; and (3) compare endemic 
species richness and abundance in A. gracilipes invaded and uninvaded areas. Anoplolepis gracilipes was 
confined to the north-east of the site and remained almost stationary between April 2010 and December 
2012, with isolated outbreaks into the forest. Infested areas had significantly higher temperature and 
humidity and lower canopy cover. Abundance and species richness of the endemic arboreal fauna were 
lower in the A. gracilipes invaded area. Molluscs were absent from the invaded area. The current restricted 
distribution of A. gracilipes in this ecosystem, combined with lower abundance of endemic fauna in the 
invaded area, highlight the need for further research to assess control measures and the possible role of 
biotic resistance to the invasion of the palm forest by A. gracilipes.
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Introduction

Ants are highly successful invaders, particularly on islands (Ingram et al. 2006; Cerdá 
et al. 2012). Their invasion is of concern to conservationists due to their broad range 
of impacts (e.g., Holway et al. 2002; O’Dowd et al. 2003; Lach and Hooper-Bui 2010) 
and the difficulties of eradicating them once established (Silverman and Brightwell 
2008; Hoffmann et al. 2011). Impacts of invasive ants can include direct effects such 
as displaced vertebrate (Feare 1999; Holway et al. 2002 and references therein), non-
ant invertebrate (Lubin 1984; Hill et al. 2003; Causton et al. 2006), and ant species 
(Walker 2006; Hoffmann and Saul 2010; Roura-Pascual et al. 2010), and indirect 
effects on key ecological functions such as frugivory (Davis et al. 2010), pollination 
and seed dispersal (Hansen and Müller 2009), and seedling recruitment and litter 
breakdown in a forest ecosystem (O’Dowd et al. 2003). The yellow crazy ant Anop-
lolepis gracilipes is ranked amongst the top 100 worst global invasive species (Lowe et 
al. 2000) and is responsible for catastrophic ecological impacts on islands (O’Dowd et 
al. 1999; O’Dowd et al. 2003).

In the Seychelles, A. gracilipes was first recorded in 1962 on the main island of 
Mahé (Lewis et al. 1976). The species had spread to the neighbouring island of Praslin 
by 1975 and was eradicated from this island shortly afterwards (Haines and Haines 
1978a, b). Since then, despite control measures on Mahé, its range across the Sey-
chelles islands has expanded and, by 2000, the species occurred on nine of the central 
islands, including Praslin (Hill et al. 2003).

Although the impacts and ecology of A. gracilipes have been well documented in 
degraded habitats in the Seychelles (Haines and Haines 1978a, Hill et al. 2003), little 
is known about this ant’s invasion potential in endemic palm forest ecosystems. Pras-
lin, the second largest granitic island of the archipelago, is home to Seychelles’ native 
mature palm forest. This habitat represents one of the last island palm forest ecosys-
tems in the world and hosts many species that are endemic to Praslin or the Seychelles 
(Beaver and Chong-Seng 1992; Fleischer-Dogley et al. 2011). The forest is dominated 
by the iconic coco de mer palm Lodoicea maldivica. This palm species, famous for 
producing the largest seeds in the plant kingdom, has been fundamental in driving 
the evolution of endemic fauna species, many of which are restricted to L. maldivica 
habitat (Noble et al. 2011). Moreover, the most pristine area of palm forest, the Vallée 
de Mai, renowned globally for its natural beauty, is a major visitor attraction and brings 
considerable financial benefit to the Seychelles, and to Praslin in particular. Threats to 
the ecological integrity of this habitat, including those from invasive species, therefore 
have potential economic as well as conservation implications.

Anoplolepis gracilipes was identified in the Vallée de Mai for the first time in August 
2009 (L. Chong-Seng & P. Matyot, pers. comm.). Here, we present research into the 
distribution of A. gracilipes over the subsequent 2.5 year period in the Vallée de Mai 
palm forest, and its potential impact on a key group of animals in the ecosystem, the 
arboreal vertebrate and invertebrate palm specialist species. The overall aim of this re-
search was to determine the distribution and spread of A. gracilipes in the Vallée de Mai 



Ant invasion in endemic palm forest 45

over time and improve understanding of its impact on endemic arboreal species in this 
unique palm forest. Given the extent of A. gracilipes’ impacts elsewhere, we expected 
that the fauna associated with L. maldivica would be less abundant where A. gracilipes 
was present. We specifically ask: (1) what are the distribution, spread rate, and activ-
ity levels of A. gracilipes in the palm forest?; (2) Which environmental variables are 
associated with A. gracilipes distribution?; and (3) Are there differences in the number 
of species and abundance of endemic arboreal fauna between A. gracilipes invaded and 
uninvaded areas of the Vallée de Mai?

Methods

Study site and species

The study was conducted in the Vallée de Mai (19.5 ha; 4°19'S, 55°44'E) which is 
located in Praslin National Park (342 ha; Fig. 1). The Vallée de Mai was inscribed as a 
natural UNESCO World Heritage Site in 1983 for its unique and globally important 
habitat. The vegetation consists of low-intermediate elevation palm forest dominated 
by L. maldivica. A strip of cleared vegetation with trimmed introduced and native trees 
is maintained around the area as a firebreak. Outside the firebreak, the vegetation is 
mixed with more native and introduced broadleaf species. There is a network of paths 
used by visitors throughout the Vallée de Mai which are regularly swept and kept free 
of leaf litter. The Seychelles has a tropical climate and experiences temperatures of 
24–32 °C and average rainfall of ca. 200 mm/month.

Anoplolepis gracilipes originates from either central east Africa or Asia but now has a 
pan-tropical and subtropical distribution. The species is a generalist and opportunistic 
consumer, which will predate and scavenge a variety of food sources. Workers make up 
>80% of the individuals in the nest and exhibit extensive foraging 24 h/day year round 
in areas where the climate does not hinder ant activity (Haines and Haines 1978a, Ab-
bott 2005; Abbott 2006). The species can reach very high densities (e.g. supercolony 
densities can reach >2000 ants per m2, Abbott 2005) and has been documented to 
spread at an average rate of 125 m/year on Mahé (Haines and Haines 1978a).

Distribution, ant activity and environmental variables

The main fieldwork was conducted over a 12-week period between March and June 
2010. Fieldwork included surveys on ants and the arboreal endemic fauna and re-
cordings of environmental variables. In addition, two ant distribution surveys were 
conducted in April 2012 (end of the wet season) and December 2012 (end of the dry 
season). To determine the distribution of A. gracilipes, a grid of fifty 10×10 m quadrats 
(~2.5% of the total area) throughout the valley was surveyed. Quadrats were spaced 
75×75 m apart and sampled along parallel N-S transects spanning the entire study 
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area. Quadrats located in water or on large boulders were shifted to the nearest suitable 
adjacent area. Hereafter, the area of the Vallée de Mai with A. gracilipes is referred to as 
‘invaded’ and the area without A. gracilipes as ‘uninvaded’.

We used ant activity counts to quantify A. gracilipes abundance. We were not able 
to apply the more standard pitfall methods to assess A. gracilipes abundance because 
the terrain of the Vallée de Mai consists of thick, multi-level palm leaf litter and boul-
ders; therefore we adapted the method used by Abbott 2005. Using this method lim-
its comparisons with other studies but allows for standardised assessment within the 
Vallée de Mai. In all three surveys, ant activity was measured by placing a 15×15 cm 
laminated white sheet on the ground or into the leaf litter with an absorbent cotton 
pad soaked in 15% sugar solution in the centre. We allowed a 3-min settling period 
before counting all A. gracilipes individuals crossing the sheet within three minutes. 
The number of individuals that crossed each sheet per minute is referred to as ‘ant 

Figure 1. The distribution and abundance of Anoplolepis gracilipes in the Vallée de Mai, Seychelles. Circles 
indicate the sample locations and the presence (closed) or absence (open) of A. gracilipes within 10 × 10 
m quadrats. In April 2010 and December 2012 A. gracilipes were observed at 14 locations, and in April 
2012 ants were recorded from 18 locations in the Vallée de Mai. Bars next to full circles show relative A. 
gracilipes activity in April 2010 (black), April 2012 (light grey) and December 2012 (dark grey), and are 
drawn to the same scale.
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activity’. Five ant activity counts were taken per quadrat, one at each corner and one 
in the centre, and the mean value of each quadrat was used in the analysis. Ant activity 
was only recorded in fair weather conditions (not during rain or shortly afterwards) 
between 0800–1600 h when ant activity remained constant (Cuthbert 2010).

At each ant count location we recorded canopy cover, ground surface temperature 
(recorded to 0.1 °C with a thermometer in the shade on the ground) and relative hu-
midity (humidity meter ‘Rapitest’, Stanton Hope, Essex). Canopy cover was assessed 
by counting the number of quarters of a 10×4 cm tube that showed canopy when look-
ing vertically upwards at each ant count location. A quarter was counted only if more 
than half of that quarter was covered by the canopy. Each counted quarter therefore 
represents a maximum of 25% canopy cover, i.e., 0 quarters = 0% canopy cover, 2 
quarters = 50% canopy cover etc. Records from each ant count location were averaged 
to produce mean canopy cover, temperature and relative humidity per quadrat.

We also assessed canopy use by A. gracilipes via tree trunks for each quadrat in the 
invaded area by searching trunks for one minute each and recording presence/absence 
of A. gracilipes on five randomly selected adult trees in each invaded quadrat. No other 
ant activity was recorded on trunks in quadrats in either area.

Impacts on endemic fauna

Preliminary observations suggested that A. gracilipes frequently used the palm forest 
canopy, which is dominated by large L. maldivica leaves. Because most of the endemic 
arboreal fauna of the Vallée de Mai is closely associated with L. maldivica, we expected 
any interference between A. gracilipes and endemic arboreal species to occur predomi-
nantly on L. maldivica. We assessed the effect of A. gracilipes presence by surveying eight 
species of arboreal endemic fauna likely to be directly affected by A. gracilipes, which 
were recorded from all parts of the palm forest prior to the invasion of A. gracilipes. 
The species surveyed were the day geckos Phelsuma astriata and P. sundbergi, the three 
species of bronze gecko Ailuronyx seychellensis, A. tachyscopaeus and A. trachygaster; and 
three arboreal molluscs Vaginula seychellensis, Stylodonta studeriana and Pachnodus pra-
lines. The high density of L. maldivica in the Vallée de Mai and almost constant flower-
ing of males provides a reliable food resource for these and other species. Surveys were 
made on 60 randomly selected trees (20 males, females and juveniles) of L. maldivica 
in each the invaded and uninvaded area. On each tree, a 5-min thorough search of the 
trunk, all stems, undersides of leaves and fruit/flowers was conducted with binoculars 
(magnification: 8×42) recording the number of individuals of each of the eight species.

Analysis

We used a logistic regression model to test the influence of environmental variables on 
A. gracilipes distribution. Dfbeta statistics, similar to Cook’s distance in linear models, 
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is a measure of influence of individual points on logistic regression analysis (Belsley et 
al. 2005). Two outliers with dfbeta > 1.0 strongly influenced the logit coefficient and 
were thus removed from our analysis. To examine the effect of environmental variables 
on A. gracilipes activity in the invaded area, we ran a generalised linear model (inverse 
Gaussian distribution) with A. gracilipes activity as response and canopy cover, tem-
perature and humidity as explanatory variables. Full factorial generalised linear models 
(negative binomial with log-link distribution) and pairwise comparisons were used to 
determine the effects of area (invaded or uninvaded) and tree type (male, female or 
juvenile) on species richness and abundance of endemic species. Counts of endemic 
arboreal species in invaded and uninvaded areas were compared by Chi-square tests. 
All statistical tests were conducted in SPSS 16.0.

Results

Ant distribution and activity

In 2010, A. gracilipes was confined to the north-east part of the Vallée de Mai, occur-
ring in 14 of the 50 (28%) quadrats (Fig. 1). In April 2012, A. gracilipes expanded its 
range to occupy 18 quadrats, including 12 of the 14 previously occupied, with the 
range expansion being from the firebreak in the east and north-east and from the road 
along the southern border. This was followed by, a range contraction in December 
2012 to 14 previously occupied quadrats (Fig.1). The activity of A. gracilipes is lowest 
in the south-east and highest near the firebreak in the east close to the visitor centre, 
bordering the Vallée de Mai (Fig. 1). There was no change in mean ant activity (± SE) 
in the invaded area across surveys (2010: 3.55 ± 0.88 individuals/min-1; April 2012: 
2.18 ± 0.58; December 2012: 2.57 ± 0.69; paired Wilcoxon test p > 0.1; range: 0.07 
– 10.9). Mean A. gracilipes activity in invaded quadrats at the edge of the Vallée de 
Mai (N =6; 4.83 ± 0.94) was higher than those inside the forest (N = 8; 0.87 ± 0.31; 
Wilcoxon test p > 0.0036; Fig. 1) in December 2012, but not in 2010 and April 2012, 
suggesting a shift in ant abundance towards the firebreak in December 2012.

Ant occurrence and environmental variables

Invaded areas were characterised by higher humidity (invaded vs. uninvaded: 75.8 ± 
0.8% vs. 72.9 ± 0.5% mean ± SE), lower canopy cover (2.5 ± 0.2% vs. 3.0 ± 0.1%), and 
slightly higher temperature (27.6 ± 0.13 °C vs. 27.5 ± 0.083 °C; Table 1), but variation 
of A. gracilipes activity within invaded areas was not related to temperature (χ2

3,10= 0.04, 
p = 0.83), canopy cover (χ2

3,10 = 1.21, p = 0.27) or humidity (χ2
3,10 = 0.17, p = 0.69).

Anoplolepis gracilipes was observed primarily on the ground but was recorded on 35% 
(54 of 153) of trees in invaded quadrats, most commonly on introduced Cinnamomum 
verum (20%), followed by L. maldivica (13%). Overall, the relative abundance of intro-
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duced broadleaf trees was more than four times higher in the invaded (native:introduced 
= 6.75:1) than the uninvaded area (1.57:1). We opportunistically observed A. gracilipes 
tending two species of honeydew-producing hemipterans, the soft scales Pulvinaria ur-
bicola (Coccidae) and Icerya seychellarum (Margarodidae). Both species are introduced 
to the Seychelles and were tended on endemic and introduced dicotyledonous trees in 
and close to the firebreak. We randomly checked several hundred palm leaves during the 
study period and observed no tended hemipterans on any of the palm species.

Impacts on endemic arboreal fauna

The endemic arboreal species displayed considerable variation between the invaded 
and uninvaded areas (Fig. 2). The molluscs V. seychellensis, S. studeriana and P. pralines 
were less abundant or absent where ants occurred (χ2 = 69, p < 0.0001; χ2 = 9.8, p < 
0.01; χ2 = 8.3, p < 0.01, respectively). The white slug V. seychellensis was common in 
the uninvaded area but entirely absent from the invaded area. Of the geckos, only the 
dwarf bronze gecko A. tachyscopaeus was significantly less abundant in the invaded area 
(χ2 = 7.2, p < 0.01). Abundance of the four species with the greatest differences be-
tween invaded and uninvaded areas showed no relationship with humidity or canopy 
cover (all r < 0.01, p > 0.05). Overall, mean species richness (invaded: 0.44 ± 0.08; 
uninvaded: 1.1 ± 0.10; χ2

5,114 = 0.25, p = 0.002) and abundance (invaded = 46; unin-
vaded = 166; χ2

5,114 = 17.01, p < 0.001) of endemic arboreal species on L. maldivica 
were lower in the invaded compared to uninvaded areas. There was no significant main 
effect for endemic species richness (χ2

5,114 = 0.245, p = 0.89) and abundance (χ2
5,114 = 

0.614, p = 0.74) on male, female and juvenile L. maldivica within the invaded and un-
invaded areas (Fig. 3). Although the abundance of endemic arboreal species on female 
L. maldivica trees was similar in A. gracilipes invaded and non-invaded areas (p = 0.54), 
abundance on males and juveniles (p < 0.001) in the invaded area was significantly 
lower (area × tree type interaction effect; χ2

5,114 = 6.50, p = 0.039; Fig. 3). There was 
no significant interaction effect between tree type and area in the number of endemic 
arboreal species (χ2

5,114 = 2.73, p = 0.25).

Table 1. Logistic regression analysis showing the effect of environmental variables on the likelihood of 
Anoplolepis gracilipes presence or absence within quadrats in the Vallée de Mai (N = 47) (R2 = 0.63 (Nagel-
kerke), model χ2 = 26.16, classifies 94% correctly).

Coefficient SE Wald χ2 Odds 
ratio

95% CI for Odds ratio
P

Lower Upper

Temperature 2.68 1.13 5.67 14.6 1.61 132 0.017

Canopy cover –2.36 0.96 6.05 0.094 0.014 0.619 0.014

Humidity 0.745 7.45 7.45 2.11 1.22 3.60 0.006
Constant –125 48.4 6.61 0.000 0.010
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Discussion

Although Anoplolepis gracilipes has occurred across Praslin for at least the last decade 
and is present in Praslin National Park, there were no reports of the species occurring 
inside the Vallée de Mai until 2009. Despite its documented ability to rapidly cover 
large areas in high densities under optimal conditions (Hill et al. 2003; O’Dowd et al. 
2003), the current distribution of A. gracilipes in the Vallée de Mai appears to be in 
a dynamic equilibrium and is restricted to the north-east of the reserve, with highest 
activity levels close to the firebreak and the visitor centre. This confined and relatively 
stable distribution invokes several possible explanations.

Figure 2. Abundance of eight endemic species in the A. gracilipes invaded and uninvaded areas: Number 
of observed individuals of eight species of endemic arboreal species on Lodoicea maldivica palms in the 
Anoplolepis gracilipes invaded (N = 60 trees) and uninvaded areas (N = 60 trees) within the Vallée de Mai. 
Counts were compared by chi-square test and levels of significance indicate: ns = non-significant, * < 0.05, 
** < 0.01, *** < 0.001.
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Firstly, the occurrence of A. gracilipes in the Vallée de Mai may be due to localised 
introduction and disturbance close to the palm forest. Repeated introductions and an-
thropogenic disruption of ecosystems both increase the likelihood of successful species in-
vasions (Lockwood et al. 2005; Roura-Pascual et al. 2011; Bacon et al. 2014). The current 
distribution of A. gracilipes in the Vallée de Mai includes the visitor centre and entrance 

Figure 3. Differences in endemic species abundance and richness between the invaded and uninvaded 
areas and across tree classes. (A) Mean abundance and (B) species richness of endemic arboreal species in 
A. gracilipes invaded and uninvaded areas are similar between 20 male, female and juvenile L. maldivica 
palms in the Vallée de Mai. Different small letters indicate significant differences in between-area compari-
sons (invaded vs. non-invaded) but not within-area comparisons. Full statistics are presented in the text.
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area and it is possible that the recent construction of this centre (2007–2009) facilitated 
A. gracilipes establishment and invasion into the palm forest, through both the transport 
of A. gracilipes with construction materials and anthropogenic disturbance at the forest 
edge. The highest A. gracilipes activity and a continuous increase in activity throughout the 
study period close to the visitor centre suggest that the disturbance has generated favour-
able conditions, such as high carbohydrate supply, good abiotic conditions and potentially 
lower biotic resistance, for the establishment and spread of A. gracilipes. Similar findings 
were reported by Drescher et al. (2007) in Borneo where ant densities were highest in 
anthropogenically disturbed sites. This raises questions about reasons for the unfavourable 
conditions for colony establishment and growth in non-degraded forest inside the reserve.

Secondly, the lack of population growth in the Vallée de Mai may be due to a 
shortage of liquid sugary substances, which is an important energy source for workers, 
especially during invasions (Savage et al. 2011; Shik and Silverman 2013). To secure 
large quantities of carbohydrates, A. gracilipes establishes a mutualism with hemipter-
ans, which provide a reliable source of honeydew as food (Delabie 2001; Abbott and 
Green 2007; Blüthgen and Feldhaar 2010). In the Vallée de Mai, hemipterans, such 
as introduced Pulvinaria urbicola and Dysmicoccus sp., which are invasive elsewhere in 
Seychelles (Gaigher et al. 2011), were rarely observed on palms (CKB, pers. obs.). This 
may explain why A. gracilipes made substantially lower use of trees in the Vallée de Mai 
(35%), compared to the numbers observed by O’Dowd et al. (1999) who recorded 
98.5% of trees being utilised by A. gracilipes on Christmas Island. Similarly, Haines 
and Haines (1978b) reported 59–100% of trunks occupied by A. gracilipes at four sites 
on Mahé, Seychelles. The lack of hemipterans on palms may restrict the spread of A. 
gracilipes to the boundaries of the mixed forest where broadleaved vegetation and as-
sociated hemipterans are abundant (Haines and Haines 1978a). Of the trees that are 
used in the Vallée de Mai by A. gracilipes, 20% were the introduced broadleaf C. verum, 
which is disproportionately high compared to its relative abundance (2.9%; SIF, un-
publ. data), suggesting an active preference for C. verum in the palm forest.

Thirdly, biotic resistance may also explain the observed stable population of A. gra-
cilipes in the Vallée de Mai. There is little and ambiguous information on the role of na-
tive ant species in conferring biotic resistance to the invasion of exotic ant species. Both 
Way (1953) and Hoffmann and Saul (2010) concluded that habitat suitability, and not 
the presence of native ants, is the strongest predictor of invasive A. gracilipes distribu-
tion. The invasion of other ants, such as the Argentine ant L. humile in Portugal, how-
ever, was prevented by dominant native ants in cork oak plantations and pasture habitat 
(Way et al. 1997). Whether native ant species have the potential to limit A. gracilipes 
invasion in the Vallée de Mai palm forest is unknown, but the effect of native ants may 
be largest at early stages of invasion when population size of A. gracilipes is still relatively 
small (Menke et al. 2007). According to biotic resistance theory (Elton 1958), native 
communities should have higher biotic resistance and therefore be less susceptible to 
invasion than degraded habitat where native ant species numbers have been reduced. 
At least 10 native ant species occur in the Vallée de Mai. While this is a relatively low 
number of species compared to ant communities on mainlands it is among the best 
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habitat types for ants on Praslin (B. Fisher, pers. comm.). This richness in native ants 
may not confer biotic resistance, but it suggests that the habitat is suitable for a variety 
of ant species, which are likely to compete for resources with the generalist A. gracilipes.

A final explanation for the apparent dynamic equilibrium of the A. gracilipes popu-
lation concerns abiotic conditions. Hoffmann and Saul (2010) showed that habitat suit-
ability is the primary determinant of A. gracilipes incursions, and climatic variables, es-
pecially temperature and humidity, are important factors determining ant distribution 
(Torres 1984; Porter 1988; Hölldobler and Wilson 1990; Krushelnycky et al. 2005). 
In the Vallée de Mai, higher humidity and temperature and lower canopy cover were 
correlated with A. gracilipes presence. The interior of the palm forest is characterised 
by dense canopy cover and lower temperatures. Cold and wet conditions have been 
shown to affect foraging activity of other invasive ant species such as the Argentine ant 
in Hawaii (Krushelnycky et al 2005). Nevertheless, the total differences in temperature 
and humidity between invaded and uninvaded areas in our research are so small (e.g., 
ground temperature difference was only 0.07 °C) that they are unlikely to affect the 
behaviour of the invasive A. gracilipes (Chong and Lee 2009).

We observed marked variation between the presence of A. gracilipes and several 
arboreal species. The number and abundance of endemic arboreal species was lower on 
L. maldivica in invaded areas, and the effect was particularly strong for molluscs, which 
were abundant throughout the palm forest prior to the arrival of A. gracilipes (NB, 
pers. obs.). To our knowledge this is the first record of A. gracilipes invasion coincid-
ing with the disappearance of native molluscs, although cause and effect could not be 
confirmed. Further spread of A. gracilipes through the palm forest could threaten the 
viability of these species and the relationship between molluscs and palms in this forest. 
The absence of the slug V. seychellensis, a L. maldivica specialist, from the invaded area 
is particularly concerning. Effects of A. gracilipes on native species were also recorded 
on Mahé, where fewer terrestrial reptiles occurred in A. gracilipes invaded areas (Haines 
and Haines 1978a). It is not known whether A. gracilipes actively prey upon or aggres-
sively exclude endemic arboreal species in the Vallée de Mai. Our observations suggest 
that A. gracilipes excludes endemic arboreal species from male L. maldivica trees, which 
provide a rich pollen food source for many arboreal species including geckos and mol-
luscs. Anoplolepis gracilipes may, however, be attracted to male trees not due to direct 
pollen resources but to the dead and decaying small invertebrates which accumulate at 
the base of the catkins (Cuthbert 2010; C. Kaiser-Bunbury pers. obs.).

Conclusion

Island endemics are typically at higher risk of extinction (Gaston 1998) and invasive 
species can accelerate this process (Wanless et al. 2007; Medina et al. 2011). Attempts to 
reverse these processes, by controlling the spread and impact of invasive species have been 
undertaken worldwide (Veitch et al. 2011). Once an invasive species is established it is 
often difficult to eliminate or prevent further spread (Lewis et al. 1976; Krushelnycky et 
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al. 2004). In the case of A. gracilipes in the Vallée de Mai, further research into control 
or exclusion options, impacts and potential biotic resistance to ant invasion are required 
in addition to continued monitoring of distribution and abundance. Chemical control 
poses a considerable risk to non-target species, such as endemic ants. We therefore advise 
promoting and researching resistance of the palm forest by, for example, creating and 
maintaining conditions which restrict A. gracilipes populations, such as the removal of 
introduced broadleaf trees which host high numbers of introduced hemipterans, and 
targeted control of ant nests in the most disturbed habitats. Removal of introduced trees, 
however, must be carried out with great care to limit canopy gaps and soil disturbance 
which favour A. gracilipes and other invasive plant and animal species. Future research 
should experimentally assess and quantify parameters that ensure the resistance of the 
unique Vallée de Mai palm forest and its co-evolved plant and animal species.

Acknowledgements

We thank Wilna Accouche, Marc Jean-Baptiste, Frauke Fleischer-Dogley and Uzice 
Samedi of the Seychelles Islands Foundation for project support and help with field-
work, and the Seychelles Bureau of Standards and the Department of Environment for 
approving the research. We are grateful to Nico Blüthgen, Lori Lach, and three anony-
mous reviewers for insightful comments. Brian Fisher kindly provided the ant reference 
collection for species identification in the Vallée de Mai. The European Union provid-
ed funding for part of the study under the project “Mainstreaming the management 
of invasive species as fundamental to preserving the ecological integrity and enhancing 
the resilience of Seychelles’ World Heritage Sites” (DCI-ENV/2010/220-252), and 
CKB acknowledges funding from the German Research Foundation (KA 3349/2-1).

References

Abbott KL (2005) Supercolonies of the invasive yellow crazy ant, Anoplolepis gracilipes, on an 
oceanic island: Forager activity patterns, density and biomass. Insectes Sociaux 52: 266–273. 
doi: 10.1007/s00040-005-0800-6

Abbott KL (2006) Spatial dynamics of supercolonies of the invasive yellow crazy ant, Anop-
lolepis gracilipes, on Christmas Island, Indian Ocean. Diversity and Distributions 12: 101–
110. doi: 10.1111/j.1366-9516.2006.00193.x

Abbott KL, Green PT (2007) Collapse of an ant–scale mutualism in a rainforest on Christmas 
Island. Oikos 116: 1238–1246.

Bacon SJ, Aebi A, Calanca P, Bacher S (2014) Quarantine arthropod invasions in Europe: the 
role of climate, hosts and propagule pressure. Diversity and Distributions 20: 84–94. doi: 
10.1111/ddi.12149

Beaver K, Chong-Seng L (1992) Vallée de Mai. Space Publishing Division Mont Fleuri, Mahe, 
Seychelles.

http://dx.doi.org/10.1007/s00040-005-0800-6
http://dx.doi.org/10.1111/j.1366-9516.2006.00193.x
http://dx.doi.org/10.1111/ddi.12149
http://dx.doi.org/10.1111/ddi.12149


Ant invasion in endemic palm forest 55

Belsley DA, Kuh E, Welsch RE (2005) Regression diagnostics: Identifying influential data and 
sources of collinearity. John Wiley & Sons, New York, 292.

Blüthgen N, Feldhaar H (2010) Food and shelter: How resources influence ant ecology. 
In: Lach L, Parr CL, Abbott KL (Eds) Ant Ecology. Oxford University Press, Oxford, 
115–138.

Causton CE, Peck SB, Sinclair BJ, Roque-Albelo L, Hodgson CJ, Landry B (2006) Alien in-
sects: Threats and implications for conservation of Galápagos Islands. Annals of the Ento-
mological Society of America 99: 121–143. doi: 10.1603/0013-8746(2006)099[0121:AI
TAIF]2.0.CO;2

Cerdá X, Angulo E, Caut S, Courchamp F (2012) Ant community structure on a small Pacific 
island: only one native species living with the invaders. Biological Invasions 14: 323–339. 
doi: 10.1007/s10530-011-0065-0

Chong KF, Lee CY (2009) Influences of temperature, relative humidity and light intensity on 
the foraging activity of field populations of the longlegged ant, Anoplolepis gracilipes (Hy-
menoptera: Formicidae). Sociobiology 54: 531–539.

Cuthbert H (2010) The distribution and impacts of the introduced yellow crazy ant Anoplolepis 
gracilipes within the Vallée de Mai UNESCO World Heritage Site, Seychelles. MSc thesis, 
School of Biological Sciences. University of East Anglia, Norwich.

Davis NE, O’Dowd DJ, Mac Nally R, Green PT (2010) Invasive ants disrupt frugivory by 
endemic island birds. Biology Letters 6: 85–88. doi: 10.1098/rsbl.2009.0655

Delabie JHC (2001) Trophobiosis between Formicidae and Hemiptera (Sternorrhyncha and 
Auchenorrhyncha): an overview. Neotropical Entomology 30: 501–516. doi: 10.1590/
S1519-566X2001000400001

Drescher J, Blüthgen N, Feldhaar H (2007) Population structure and intraspecific aggression 
in the invasive ant species Anoplolepis gracilipes in Malaysian Borneo. Molecular Ecology 
16: 1453–1465. doi: 10.1111/j.1365-294X.2007.03260.x

Elton CS (1958) The ecology of invasions by animal and plants. Chapman and Hall, London. 
doi: 10.1007/978-1-4899-7214-9

Feare C (1999) Ants take over from rats on Bird Island, Seychelles. Bird Conservation International 
9: 95–96.

Fleischer-Dogley F, Kettle CJ, Edwards PJ, Ghazoul J, Määttänen K, Kaiser-Bunbury CN 
(2011) Morphological and genetic differentiation in populations of the dispersal-limited 
coco de mer (Lodoicea maldivica): implications for management and conservation. Diver-
sity and Distributions 17: 235–243. doi: 10.1111/j.1472-4642.2010.00732.x

Gaigher R, Samways M, Henwood J, Jolliffe K (2011) Impact of a mutualism between an invasive 
ant and honeydew-producing insects on a functionally important tree on a tropical island. 
Biological Invasions 13: 1717–1721. doi: 10.1007/s10530-010-9934-1

Gaston KJ (1998) Rarity as double jeopardy. Nature 394: 229–230. doi: 10.1038/28288
Haines IH, Haines JB (1978a) Colony structure, seasonality and food-requirements of crazy 

ant. Ecological Entomology 3: 109–118. doi: 10.1111/j.1365-2311.1978.tb00909.x
Haines IH, Haines JB (1978b) Pest status of the crazy ant, Anoplolepis longipes (Jerdon) 

(Hymenoptera: Formicidae), in the Seychelles. Bulletin of Entomological Research 
68: 627–638. doi: 10.1017/S0007485300009603

http://dx.doi.org/10.1603/0013-8746(2006
http://dx.doi.org/10.1007/s10530-011-0065-0
http://dx.doi.org/10.1098/rsbl.2009.0655
http://dx.doi.org/10.1590/S1519-566X2001000400001
http://dx.doi.org/10.1590/S1519-566X2001000400001
http://dx.doi.org/10.1111/j.1365-294X.2007.03260.x
http://dx.doi.org/10.1007/978-1-4899-7214-9
http://dx.doi.org/10.1111/j.1472-4642.2010.00732.x
http://dx.doi.org/10.1007/s10530-010-9934-1
http://dx.doi.org/10.1038/28288
http://dx.doi.org/10.1111/j.1365-2311.1978.tb00909.x
http://dx.doi.org/10.1017/S0007485300009603


Christopher N. Kaiser-Bunbury et al.  /  NeoBiota 22: 43–57 (2014)56

Hansen DM, Müller CB (2009) Invasive ants disrupt gecko pollination and seed disper-
sal of the endangered plant Roussea simplex in Mauritius. Biotropica 41: 202–208. doi: 
10.1111/j.1744-7429.2008.00473.x

Hill M, Holm K, Vel T, Shah NJ, Matyot P (2003) Impact of the introduced yellow crazy ant An-
oplolepis gracilipes on Bird Island, Seychelles. Biodiversity and Conservation 12: 1969–1984. 
doi: 10.1023/A:1024151630204

Hoffmann B, Davis P, Gott K, Jennings C, Joe S, Krushelnycky P, Miller R, Webb G, Widmer M 
(2011) Improving ant eradications: details of more successes, a global synthesis and recom-
mendations. Aliens 31: 16–23.

Hoffmann BD, Saul WC (2010) Yellow crazy ant (Anoplolepis gracilipes) invasions within 
undisturbed mainland Australian habitats: no support for biotic resistance hypothesis. 
Biological Invasions 12: 3093–3108. doi: 10.1007/s10530-010-9701-3

Hölldobler B, Wilson EO (1990) The ants. Harvard University Press, Cambridge. doi: 
10.1007/978-3-662-10306-7

Holway DA, Lach L, Suarez AV, Tsutsui ND, Case TJ (2002) The causes and consequences of 
ant invasions. Annual Review of Ecology and Systematics 33: 181–233. doi: 10.1146/an-
nurev.ecolsys.33.010802.150444

Ingram K, Bernardello G, Cover S, Wilson E (2006) The ants of the Juan Fernández Islands: Gen-
esis of an invasive fauna. Biological Invasions 8: 383–387. doi: 10.1007/s10530-004-3973-4

Krushelnycky P, Loope L, Joe S (2004) Limiting spread of a unicolonial invasive insect and 
characterization of seasonal patterns of range expansion. Biological Invasions 6: 47–57. 
doi: 10.1023/B:BINV.0000010121.45225.cc

Krushelnycky PD, Joe SM, Medeiros AC, Daehler CC, Loope LL (2005) The role of abiotic 
conditions in shaping the long-term patterns of a high-elevation Argentine ant invasion. 
Diversity and Distributions 11: 319–331. doi: 10.1111/j.1366-9516.2005.00151.x

Lach L, Hooper-Bui LM (2010) Consequences of ant invasions. In: Lach L, Parr CL, Abbott K 
(Eds) Ant ecology. Oxford University Press, Oxford, UK, 261–286.

Lewis T, Cherrett JM, Haines I, Haines JB, Mathias PL (1976) The crazy ant (Anoplolepis lon-
gipes (Jerd.) (Hymenoptera, Formicidae)) in Seychelles, and its chemical control. Bulletin 
of Entomological Research 66: 97–111. doi: 10.1017/S0007485300006520

Lockwood JL, Cassey P, Blackburn T (2005) The role of propagule pressure in explaining spe-
cies invasions. Trends in Ecology & Evolution 20: 2 23. doi: 10.1016/j.tree.2005.02.004

Lowe S, Browne M, Boudjelas S, De Poorter M (2000) 100 of the world’s worst invasive alien 
species: A selection from the Global Invasive Species Database. Invasive Species Specialist 
Group (ISSG) of the World Conservation Union (IUCN), Aukland, New Zealand.

Lubin YD (1984) Changes in the native fauna of the Galápagos Islands following invasion by 
the little red fire ant, Wasmannia auropunctata. Biological Journal of the Linnean Society 
21: 229–242. doi: 10.1111/j.1095-8312.1984.tb02064.x

Medina FM, Bonnaud E, Vidal E, Tershy BR, Zavaleta ES, Donlan JC, Keitt BS, Le Corre M, Hor-
wath SV, Nogales M (2011) A global review of the impacts of invasive cats on island endangered 
vertebrates. Global Change Biology 17: 3503–3510. doi: 10.1111/j.1365-2486.2011.02464.x

Menke SB, Fisher RN, Jetz W, Holway DA (2007) Biotic and abiotic controls of Argen-
tine ant invasion success at local and landscape scales. Ecology 88: 3164–3173. doi: 
10.1890/07-0122.1

http://dx.doi.org/10.1111/j.1744-7429.2008.00473.x
http://dx.doi.org/10.1111/j.1744-7429.2008.00473.x
http://dx.doi.org/10.1023/A:1024151630204
http://dx.doi.org/10.1007/s10530-010-9701-3
http://dx.doi.org/10.1007/978-3-662-10306-7
http://dx.doi.org/10.1007/978-3-662-10306-7
http://dx.doi.org/10.1146/annurev.ecolsys.33.010802.150444
http://dx.doi.org/10.1146/annurev.ecolsys.33.010802.150444
http://dx.doi.org/10.1007/s10530-004-3973-4
http://dx.doi.org/10.1023/B:BINV.0000010121.45225.cc
http://dx.doi.org/10.1111/j.1366-9516.2005.00151.x
http://dx.doi.org/10.1017/S0007485300006520
http://dx.doi.org/10.1016/j.tree.2005.02.004
http://dx.doi.org/10.1111/j.1095-8312.1984.tb02064.x
http://dx.doi.org/10.1111/j.1365-2486.2011.02464.x
http://dx.doi.org/10.1890/07-0122.1
http://dx.doi.org/10.1890/07-0122.1


Ant invasion in endemic palm forest 57

Noble T, Bunbury N, Kaiser-Bunbury CN, Bell D (2011) Ecology and co-existence of two 
endemic day gecko (Phelsuma) species in Seychelles native palm forest. Journal of Zoology 
283: 73–80. doi: 10.1111/j.1469-7998.2010.00751.x

O’Dowd DJ, Green PT, Lake PS (1999) Status, impact and recommendations for research and 
management of exotic invasive ants in Christmas Island National Park. In: Report to En-
vironment Australia. http://www.issg.org/database/species/reference_files/Christmas_Is-
land_Report.pdf [accessed 08 November 2013]

O’Dowd DJ, Green PT, Lake PS (2003) Invasional ‘meltdown’ on an oceanic island. Ecology 
Letters 6: 812–817. doi: 10.1046/j.1461-0248.2003.00512.x

Porter SD (1988) Impact of temperature on colony growth and developmental rates of the 
ant, Solenopsis invicta. Journal of Insect Physiology 34: 1127–1133. doi: 10.1016/0022-
1910(88)90215-6

Roura-Pascual N, Bas J, Hui C (2010) The spread of the Argentine ant: environmental deter-
minants and impacts on native ant communities. Biological Invasions 12: 2399–2412. doi: 
10.1007/s10530-009-9650-x

Roura-Pascual N et al. (2011) Relative roles of climatic suitability and anthropogenic influence 
in determining the pattern of spread in a global invader. Proceedings of the National Acad-
emy of Sciences 108: 220–225. doi: 10.1073/pnas.1011723108

Savage AM, Johnson SD, Whitney KD, Rudgers JA (2011) Do invasive ants respond 
more strongly to carbohydrate availability than co-occurring non-invasive ants? A test 
along an active Anoplolepis gracilipes invasion front. Austral Ecology 36: 310–319. doi: 
10.1111/j.1442-9993.2010.02152.x

Shik J, Silverman J (2013) Towards a nutritional ecology of invasive establishment: aphid mu-
tualists provide better fuel for incipient Argentine ant colonies than insect prey. Biological 
Invasions 15: 829–836. doi: 10.1007/s10530-012-0330-x

Silverman J, Brightwell RJ (2008) The Argentine ant: Challenges in managing an invasive 
unicolonial pest. Annual Review of Entomology 53: 231–252. doi: 10.1146/annurev.
ento.53.103106.093450

Torres JA (1984) Diversity and distribution of ant communities in Puerto Rico. Biotropica 
16: 296–303. doi: 10.2307/2387938

Veitch CR, Clout MN, Towns DR (Eds) (2011) Island Invasives: Eradication and Management, 
Proceedings of the International Conference on Island Invasives. IUCN, Gland, Switzerland 
and The Centre for Biodiversity and Biosecurity (CBB), Auckland, New Zealand, xii + 542 pp.

Walker KL (2006) Impact of the little fire ant, Wasmannia auropunctata, on native forest ants in 
Gabon. Biotropica 38: 666–673. doi: 10.1111/j.1744-7429.2006.00198.x

Wanless RM, Angel A, Cuthbert RJ, Hilton GM, Ryan PG (2007) Can predation by invasive 
mice drive seabird extinctions? Biology Letters 3: 241–244. doi: 10.1098/rsbl.2007.0120

Way MJ (1953) The relationship between certain ant species with particular reference to biologi-
cal control of the coreid, Theraptus sp. Bulletin of Entomological Research 44: 669–691. 
doi: 10.1017/S0007485300024652

Way MJ, Cammell ME, Paiva MR, Collingwood CA (1997) Distribution and dynamics of the 
Argentine ant Linepithema (Iridomyrmex) humile (Mayr) in relation to vegetation, soil con-
ditions, topography and native competitor ants in Portugal. Insectes Sociaux 44: 415–433. 
doi: 10.1007/s000400050062

http://dx.doi.org/10.1111/j.1469-7998.2010.00751.x
http://www.issg.org/database/species/reference_files/Christmas_Island_Report.pdf
http://www.issg.org/database/species/reference_files/Christmas_Island_Report.pdf
http://dx.doi.org/10.1046/j.1461-0248.2003.00512.x
http://dx.doi.org/10.1016/0022-1910(88
http://dx.doi.org/10.1016/0022-1910(88
http://dx.doi.org/10.1007/s10530-009-9650-x
http://dx.doi.org/10.1007/s10530-009-9650-x
http://dx.doi.org/10.1073/pnas.1011723108
http://dx.doi.org/10.1111/j.1442-9993.2010.02152.x
http://dx.doi.org/10.1111/j.1442-9993.2010.02152.x
http://dx.doi.org/10.1007/s10530-012-0330-x
http://dx.doi.org/10.1146/annurev.ento.53.103106.093450
http://dx.doi.org/10.1146/annurev.ento.53.103106.093450
http://dx.doi.org/10.2307/2387938
http://dx.doi.org/10.1111/j.1744-7429.2006.00198.x
http://dx.doi.org/10.1098/rsbl.2007.0120
http://dx.doi.org/10.1017/S0007485300024652
http://dx.doi.org/10.1007/s000400050062

	Invasion of yellow crazy ant Anoplolepis gracilipes in a Seychelles UNESCO palm forest
	Abstract
	Introduction
	Methods
	Study site and species
	Distribution, ant activity and environmental variables
	Impacts on endemic fauna
	Analysis

	Results
	Ant distribution and activity
	Ant occurrence and environmental variables
	Impacts on endemic arboreal fauna

	Discussion
	Conclusion
	Research article
	Acknowledgements
	References



