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Infestation by pollination-disrupting alien ants varies
temporally and spatially and is worsened by alien plant
invasion

Prishnee Bissessur . Cláudia Baider . François Benjamin Vincent Florens

Received: 4 September 2019 / Accepted: 28 April 2020

� Springer Nature Switzerland AG 2020

Abstract Plant-pollinator mutualisms may be dis-

rupted by alien ants. Such threats are likely to vary

spatio-temporally and with other biological invasions,

but these aspects are rarely studied. We examined a

threatened island endemic scrambler (Roussea sim-

plex, Rousseaceae) about a decade after its pollination

by an endemic reptile was found to be disrupted by an

invasive alien ant and we investigated whether

progressive invasion by plants has an influence on

alien ant distribution.We quantified ant-infestations of

the scrambler’s flowers and the vertical distribution of

alien ants in the habitats through baiting experiment

over 2 years and characterised the height of plants

within habitat patches that face contrasting levels of

alien plant invasion. Two alien and one native ant

species were found visiting the flowers, namely

Technomyrmex albipes, Anoplolepis gracilipes and

Plagiolepis madecassa respectively. Few flowers

(6.1%) had alien ants and ant-infested flowers

occurred mostly nearer the ground. Mean alien ant

abundance varied annually for A. gracilipes but not for

T. albipes which however is much rarer than a decade

previously. Alien ant-occupied baits showed higher

probability of occurring predominantly nearer the

ground. Roussea plants were much shorter where alien

plant invasion is high, compared to where habitats are

well-preserved. The severity of alien ant-infestation

that leads to mutualism-disruption varies spatially and

at different time scales. As alien plant invasion

progresses, the resulting higher native plants’ mortal-

ity causes Roussea to lose its supporting host plants

and collapse closer to the ground where it faces greater

infestation of the alien ants that are documented to

disrupt its pollination. Incorporating spatio-temporal

variation of threats and unravelling possible interac-

tions between sympatric invasive alien species should

be important considerations for conservation

managers.
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Introduction

Oceanic islands contribute to a disproportionately

large share in the current global extinction crisis

driven by human activities (Wood et al. 2017). The

relative simplicity of insular communities (Simberloff

1974) provides tractable systems to investigate

impacts of threats (Kueffer and Kinney 2017) includ-

ing biological invasions in native ecosystems, which

on islands have often reached advanced levels (Cau-

japé-Castells et al. 2010; Dawson et al. 2017). Highly

invaded islands may serve as a window into the future

of other insular ecosystems where invasions are still

incipient or moderate. Invasive alien species (IAS)

pose the second most important global threat to plants

and vertebrates (Bellard et al. 2016), delivering

deleterious impacts from genetic (e.g. hybridisation)

to ecosystem levels (e.g. nitrogen fixation) (Gurevitch

and Padilla 2004). Although IAS may, in specific

cases, have positive effects as facilitator or ecological

substitutes of native species (Foster and Robinson

2007; Natusch et al. 2017), they generally pose direct

threats through interspecific ecological interactions

like predation, parasitism or competition or more

indirect threats such as interference with mutualisms

between native species, like seed dissemination or

pollination (Traveset and Richardson 2006; Vanber-

gen et al. 2018).

The disruption of mutualisms by invasive species

may come about for example when alien species

impacts have driven the mutualist (e.g. seed dissem-

inator or pollinator) either extinct (Traveset and Riera

2005; Potts et al. 2010; Rogers et al. 2017) or

ecologically extinct (Sekercioglu 2011), or when the

alien species elicits changes in the behaviour of the

mutualist leading to impediment of its mutualistic

function (Cembrowski et al. 2014; Jaca et al. 2019). In

the latter case, the impacts of alien ants on insular plant

communities or species have been frequently studied,

for example in how they may disrupt seed dispersal

mutualisms (Gómez et al. 2003; Davis et al. 2009; but

see Blight et al. 2018) or pollination (Cembrowski

et al. 2014; LeVan et al. 2014; Hanna et al. 2015;

Villamil et al. 2018). This prior body of literature thus

sets the stage to enable the much needed longer term

studies that are necessary for more fully understanding

alien invasion impacts (e.g. Strayer et al. 2006; Dostál

et al. 2013), while at the same time facilitating further

studies on alien ant invasion impacts, for example

exploring whether concurrent invasion by other alien

species, which is a very common situation (Lach et al.

2010; Ness et al. 2013), may interact with the alien ant

invasion.

Most studies showing negative impacts of invasive

alien ants on plant-pollinator interaction, such as

reduced pollinator visits or pollinator deterrence tend

to be of short duration extending over a fewmonths or a

year (e.g. Barônio and Del-Claro 2018; Villamil et al.

2018). Yet, significant spatio-temporal variations in ant

assemblages may occur through time (Manzaneda et al.

2007; Castro et al. 2010). Furthermore, the size of a

specific ant colony often varies seasonally and inter-

annually (Abbott 2005; Heller and Gordon 2006) and

this variation may in turn modulate the severity of the

impacts of the ants (Heller et al. 2006). For instance, ant

populations can expand or contract depending on

rainfall patterns (Heller et al. 2008) and their establish-

ment and colony growth largely depend on food

availability (Pinter-Wollman and Brown 2015; Lester

and Gruber 2016). Consequently, the impacts of

invasive ants on plant-pollinator interactions may vary

in time and space, but few studies have explored this

situation (Falcão et al. 2016 but see Menke et al. 2018).

Invasive alien ants frequently occur alongside other

invasive alien species, including plants (Lach et al.

2010; Stanley et al. 2013). However, there exist

relatively few studies dedicated to interactions

between alien ants and alien plant species (Helms

et al. 2011). Alien ants have been documented to aid

alien plants, for example through dispersing seeds

(Rowles and O’Dowd 2009). However, the influence

of alien plants on alien ants is much less known,

although it is plausible that alien plants may affect

abundance and/or distribution of alien ants for exam-

ple through habitat modification or changes in

resource levels (Schoeman and Samways 2013).

Developing an improved understanding of how con-

current biological invasions may interact between

them is important to guide management and the

elaboration of more effective conservation measures

(Traveset and Richardson 2014).

Mauritius represents an interesting setting to study

impacts of IAS on islands and how these impacts vary

temporally and with plant invasion extent because the

island possesses a mix of little and highly invaded

native habitats (Page and D’Argent 1997) - in a much

fragmented context (e.g. Hammond et al. 2015), and

has been the subject of several studies (e.g. Vaughan
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and Wiehe 1937; Cheke 1987; Jones 2008; Florens

2013), which create baseline for more in-depth

research. Here, we study Roussea simplex Sm.

(Rousseaceae), a Mauritius endemic and threatened

plant (Walter and Gillett 1998), as a model system to

explore spatio-temporal variation of the impacts of the

invasive white-footed ant, Technomyrmex albipes (F.

Smith, 1861) on pollination. About a decade ago, this

ant was reported to disrupt the plant’s pollinator

mutualism (Hansen and Müller 2009a). Preliminary

observations since 2014, revealed very few ant-

infested flowers compared to the * 30% rate reported

then (Hansen and Müller 2009a), suggesting that the

extent of pollination disruption might have changed.

Therefore here, we sought to (1) characterize the

seasonal and inter-annual variation of ant visiting

flowers and explore its variation between two sites

previously studied by Hansen and Müller (2009a), (2)

compare the current ant community visiting flowers of

Roussea, the frequency, abundance and distribution of

these ants with what were recorded a decade ago by

Hansen and Müller (2009a), and (3) explore whether

alien plant invasion, which causes a reduction in

height of Roussea plants, may affect infestation of

floral resources by alien ants. We discuss the impli-

cations of the findings in terms of the overall impact on

the regeneration of the plant and corresponding

conservation recommendations.

Materials and methods

Study sites and study species

Fieldwork was done from January 2016 to October

2017 inMauritius (1865 km2, 828 m a.s.l.), centred on

20� 150 S and 57� 350 E. Main study areas were Pétrin

and Bassin Blanc (Supplementary Table 1), the same

sites where T. albipes was previously reported to

disrupt the gecko-plant mutualism (Hansen andMüller

2009a), and Piton Savanne and Le Pouce Mt, the two

strongholds of the species (Hansen and Müller 2009b;

Bissessur et al. 2017) (Supplementary Table 1), where

we gathered additional data on influence of alien plant

invasion on alien ants. Pétrin is a 6.2 ha of native

habitat fenced and weeded in 1995 where three plants

of Roussea simplex (hereafter Roussea) survive (pers.

obs.) in heath and thicket vegetation (Vaughan and

Wiehe 1937). Bassin Blanc, in contrast, hosts dense

vegetation predominantly invaded by the strawberry

guava Psidium cattleyanum Sabine (pers.obs.) (here-

after Psidium), where 11 Roussea plants are known

within an area of about 0.5 ha. Psidium is an alien

shade tolerant woody plant, which grows in dense

stands and up to eight m tall. It is the main alien woody

species invading most of the remnants of moist to wet

native forests in Mauritius where it comprises over

95% of the alien woody stems that reach at least 1.3 m

high, followed by Ligustrum robustum (Roxb.) Blume

comprising 1.5% of those stems (Florens et al. 2016).

Smaller understory alien plants often encountered in

those invaded forests include Clidemia hirta (L.) D.

Don and Ossaea marginata (Desr.) Triana.

The high and progressing alien plant invasion is

driving an on-going major decline of native trees

(Florens et al. 2017). Given the frequent bark shedding

habit of Psidium, epiphytic roots of Roussea which

start to grow over its stems are constantly shed with the

bark precluding the firm grip that Roussea typically

develops on native hosts trunks. Consequently, the

progressing invasion by Psidium (Florens et al. 2016)

and the concomitant decline of native woody plants

(Florens et al. 2017) result in Roussea plants increas-

ingly losing host plants and collapsing closer to the

ground. None of the study sites have been controlled

specifically for alien ants or for any other insects and

all are remote ([ 500 m) from agricultural areas

where pesticide may be in use. Apart from Pétrin

which has been weeded of alien plants since 1995, all

three sampled sites are invaded by alien plants.

Roussea is a monotypic Mauritius endemic surviv-

ing in nine known wet forests patches (Bissessur et al.

2017). The taxonomy of Roussea is still ambiguous.

Phylogenetic analyses ascribed the genus to Roussea-

ceae, which comprises of three other genera (Abro-

phyllum, Carpodetus and Cuttsia) (Lundberg

2001a, b) while some suggests that Roussea belongs

to a monotypic family (Koontz et al. 2007). This

threatened semi-epiphytic climbing shrub typically

grows to 4–6 m tall (Vaughan and Wiehe 1937),

tightly supporting itself over woody plants. However,

at Pétrin and Bassin Blanc, most plants grow to

1.5–2.0 m high (pers. obs.) but were previously

substantially taller having collapsed to the ground as

their supporting host plants died and fell to the ground

(Supplementary Fig. 1b). Flowering occurs year-

round, peaking around September to May (Scott

1997), but peak flowering period might vary spatially
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(Supplementary Table 1). Flowers of Roussea are

protandrous (male: 2–3 days, transitional: 1–2 days,

and female: 2–3 days, totalling 5–8 days of lifespan),

solitary, bell-shaped and produce up to about 3800 lL
of hexose rich nectar during its entire lifespan (Hansen

andMüller 2009b). The Mauritius endemic day gecko,

Phelsuma cepediana (Milbert, 1812) pollinates its

flowers (Hansen and Müller 2009b), and more

recently, the endemic Mauritius Bulbul (Hypsipetes

olivaceus Jardine & Selby, 1837) a Vulnerable bird

species (BirdLife International 2016) was reported to

be a more efficient pollinator (Bissessur et al. 2019).

However, this bird is locally extinct at several sites

(Hume 2013; BirdLife International 2016) where

collectively over 60% of all known Roussea occur

(Bissessur et al. 2019), resulting in the endemic day-

gecko being the most potent pollinator for the majority

of Roussea individuals.

Technomyrmex albipes, native to Malaysia and

Indonesia, is today a widespread ant in the tropics and

subtropics and was introduced to Mauritius around

1925 (Williams 1950). In its native range, it survives

above 300 m of elevation where annual rainfall

exceeds 1500 mm but is ubiquitous in intact and

disturbed habitats where it invades (Sharaf et al.

2018). The Roussea-gecko mutualism is disrupted by

T. albipes which nectar robs the flowers and builds ant

galleries at the corolla opening and around the fruits

and in so doing significantly reduces the gecko’s

visitation rates to both flowers and fruits, thereby

decreasing seed set and dispersal, respectively (Han-

sen and Müller 2009a).

Natural levels of ant infestation in flowers

Flowers (n = 1428) were systematically sampled

during the peak flowering period (Supplementary

Table 1) on at least two plants at each site to record

identity of ants, flower occupancy per ant species

(absence or presence of ants), and ant abundance per

flower. The phase of each observed flower (male,

transitional or female) was also recorded. Presence

was defined as 1–5 ants per flower and infestation as

over 5 ants per flower to be comparable with

categories used by Hansen and Müller (2009a).

Observations lasted between about 10 s for a thorough

check per flower when no ants were present to about

20 s per flower when ant counts were necessary. To

assess whether the height at which the flower occurs

on the plant influences the level of infestation by ants,

the vertical distance above ground of each flower

observed was measured to the nearest centimetre.

Vertical distribution of alien ants

We investigated any variation of access by ants to

different heights above ground within Roussea habitat

by using a baiting experiment after ascertaining that

the alien ants present in the habitat are attracted to the

bait. The bait used was a mixture of sugar and 4%-

sugared peanut butter in 1:18 ratio by weight. We used

2 m long bamboo sticks each baited using about 4 g of

bait at a single, randomly assigned height (which was

either 50 cm, 100 cm, 150 cm or 200 cm) until the

sample size of 30 sticks was reached for each baited

height (120 sticks in total per site and per every

3 months). The baited sticks were randomly placed

vertically at least 3–4 m apart throughout each

sampled habitat of Roussea and at different random

locations every 3 months. Baiting at each study site

was done on successive days over narrow intervals of

temperature (20 ± 25 �C) and similar time (mid-

morning). Following 4 h of bait exposure, ant species

identity, bait occupancy (frequency of baits with ants)

and ant abundance were recorded in situ for each bait

by either counting the precise number of ants present

(up to 50 ant individuals) or by estimation when more

abundant ([ 50 ant individuals). The experiment

started in January 2016 and it was repeated every

three months during two consecutive years.

Plant height and forest invasion level

We investigated the influence of the extent of alien

plant invasion (principally Psidium) on height of

Roussea. All but three known Roussea individuals

occur in invaded native vegetation. We compared the

height of randomly selected isolated individual

Roussea present in well preserved native forests

(where they normally scramble over woody native

hosts for support (Vaughan and Wiehe 1937)) with

height of individuals occurring in native vegetation

areas highly invaded by alien plants. For this, we used

the categorisation of native Mauritius forest by Page

and D’Argent (1997) who defined well preserved

native vegetation patches as areas comprising of

native cover of at least 70%, in contrast with highly

invaded forests which have a native cover of\ 20%.
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Individuals that were selected for the comparison were

also from vegetation of comparable canopy height.

Invasion by alien plants have been shown in Mauritius

to substantially increase native tree mortality (Florens

2008; Florens et al. 2017) and within a given site, the

invasion level is not uniform (Florens et al. 2017),

therefore, patches of very degraded forest can be

adjacent to those least invaded. In the habitat patches

of Roussea which were most invaded by alien plants,

most native woody plants that usually serve as host

trees for Roussea were dying or had died, a situation

that causes individuals of Roussea to lose support and

collapse to positions closer to the ground (Supple-

mentary Fig. 2). Given the rarity of Roussea, we were

able to locate only 39 individuals that fell unambigu-

ously into one or the other category of forest.

Data analysis

We evaluated the proportions of flowers with 1–5

or[ 5 ants for the different species, flower phase,

years, height and sites. From data exploration, we

noted that 92.5% of the flowers had zero alien ant

counts (response variable). We thus modelled the

presence/absence of alien ants at any given flower to

determine whether height at which a flower is located

on a plant has any effect on ant occupancy per flower

using a series of binomial logistic regression with all

explanatory variables and selected the most parsimo-

nious model based on Akaike Information Criterion

(AIC). For the baiting experiment, there was an excess

of zeros recorded (77.0%) for ant-occupied baits

counts across both sites. We pooled the data for

presence or absence of the two alien ant species (ant

occupancy) at each bait at the end of the 4-h trial as

dependent response for the binomial logistic regres-

sion with the assumption that the effect of height

would not differ between either species. The binomial

logistic regression model fits the data to give predicted

probabilities of ant presence at any particular bait, we

also assessed any interactions between the four

explanatory variables. Mean ant abundance per bait

with standard error for each site and for each ant

species at given years, seasons and heights were

computed and compared using Kruskal–Wallis and

post hoc Dunn tests with Bonferroni correction for

multiple comparisons. Means with standard error for

the height of Roussea growing in highly invaded

versus well preserved native vegetation were

calculated and compared using Mann–Whitney U test.

All tests were performed after verifying normality of

distribution of data and homogeneity of variances.

Statistical analyses were done on R version 3.3.2 (R

Core Team 2013).

Results

Natural levels of ant infestation in flowers

Only 87 flowers (6.1%, n = 1428, where n is the total

number of flowers sampled) harboured alien ants:

Technomyrmex albipes (1–5 ants: 60 flowers,

4.2%;[ 5 ants: nine flowers, 0.6%) and Anoplolepis

gracilipes F. Smith, 1857 (both 1–5 and[ 5 ants: nine

flowers, 0.6% each) (Supplementary Fig. 2). The latter

is a new record of alien ant species visiting Roussea

flowers, and it was found at all sites, except for Le

Pouce Mt. At the latter site, Plagiolepis madecassa

Forel, 1892, which is native to Mauritius (Fisher

2005), was recorded instead (N = 4, n = 1428, where

N is the number of flowers with ants, up to 20

individuals/flower). Number of alien ants recorded

varied from one to 40 per flower (Mean ± SD = 4.4

± 7.4 ants/flower). Although T. albipes was more

frequently observed in flowers (69 flowers on 1428

flowers sampled; Mean ± SE = 2.6 ± 0.4 ants/

flower), A. gracilipes achieved higher mean abun-

dance (18 flowers on 1428 flowers sampled; Mean ±

SE = 11.5 ± 3.0 ants/flower). We even observed

flower buds supporting ant-nests and mealy bugs

(Pseudococcidae) with up to 25 ants: Bassin Blanc (A.

gracilipes: two flowers out of 34 flowers sampled) and

Pétrin (T. albipes: five flowers out of 28 flowers

sampled).

Overall, the percentage of alien ant-infested flowers

(1–5 and[ 5 ants inclusive) was 4.1%, (N = 27

flowers; n = 664) in 2016 and 6.4% (N = 45 flowers;

n = 706) in 2017. In 2016, the number of female-

phase (older) flowers with ants was higher (6.5%, 18

flowers; n = 279) than male-phase (younger) ones

(2.4%, seven flowers; n = 297). This difference was

not seen in 2017 (male phase: 7.2%, 32 flowers;

n = 442 and female phase: 5.0%, 12 flowers;

n = 223). Only eight transitional flowers were infested

during the study (5.4%, n = 135). Alien ant-infested

flowers (i.e. with[ 5 ants) were found on the plants at

mean height above ground of 97.0 ± 5.5 cm (range
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65–135 cm) (n = 15 out of 18 flowers sampled

with[ 5 ants). The best fitted model showed that

the probability of flowers with no alien ants is higher

with increasing height (p\ 0.0001) (Supplementary

Table 2).

Vertical distribution of alien ants

Overall results

Ant baiting attracted the same three species that were

recorded naturally visiting Roussea flowers, the native

P. madecassa and the alien T. albipes and A.

gracilipes. Given their potential to disrupt pollination

mutualism, we focused here on alien species. Of all the

1920 baits used in 2016 and 2017, T. albipes and A.

gracilipes were found on 56 (2.9%) and 391 (20.4%),

respectively, with both encountered concomitantly

only on 11 baits (0.6%). In all, 622 individuals of T.

albipes and 44,937 individuals of A. gracilipes were

counted/estimated on baits. Anoplolepis gracilipes

dominated at both sites, often in high numbers

(mean ± SE = 116.7 ± 5.3/bait; range 1–410 ants)

compared to T. albipes (mean ± SE = 9.2 ± 1.8/bait;

range 1–55 ants). The best fitted model explaining the

presence of alien ants at a specific bait included all

four explanatory variables i.e. height, site, month and

year (Residual deviance = 1606, df = 1913,

AIC = 1638).

Temporal variations

Number of baits occupied by both alien species was

lower in 2016 (22.4%, 215 baits, n = 960) than in 2017

(24.2%, 232 baits, n = 960) for both sites. Anoplolepis

gracilipes was more frequent in both years (2016: 192

baits, n = 480; 2017: 199 baits, n = 480) compared to

T. albipes (2016: 23 baits, n = 480; 2017: 33 baits,

n = 480). According to the logistic regression model,

the probability of presence of alien ants at a bait varied

between years and months for both sites (Fig. 1 and

Supplementary Figs. 3, 4). Concerning mean abun-

dance per bait, A. gracilipes was more abundant in

Bassin Blanc (v2 = 5.34, df = 1, p = 0.02) and Pétrin

(v2 = 3.74, df = 1, p = 0.05) in 2017 (Table 1), while

no significant inter-annual variation for T. albipes was

recorded in Bassin Blanc (v2 = 1.92, df = 1, p = 0.17)

and Pétrin (v2 = 0.08, df = 1, p = 0.78) (Table 1).

Spatial variations

In Bassin Blanc, A. gracilipes and T. albipes occurred,

respectively, on 295 and 19 baits (n = 960) and on 96

and 37 baits (n = 960) in Pétrin. The logistic regres-

sion model showed the probability of presence of alien

ants at a bait at both sites dropping as height increased

(Fig. 1 and Supplementary Fig. 3). Indeed, for both

sites, more baits were occupied at 50–100 cm (T.

albipes: 75%, 42 baits, n = 56; A. gracilipes: 71.4%,

279 baits, n = 391). More ants were found at

50–100 cm than at 150–200 cm (Supplementary

Fig. 3). Anoplolepis was most abundant at 50 cm in

Bassin Blanc and between 50 and 100 cm in Pétrin for

both years. Technomyrmex had similar mean abun-

dance in Bassin Blanc (mean ± SE = 10.0 ± 3.5/

bait) and Pétrin (mean ± SE = 11.5 ± 3.1/bait) and

occurred primarily between 50 and 100 cm above

ground at both sites (Table 1).

Plant height and forest invasion level

Average height of Roussea growing in well preserved

patches of native vegetation as climbing shrub and

supported by standing host trees at Le Pouce Mt and in

Piton Savanne were 2.79 ± 0.14 m (n = 17; range

2.00–3.92 m) and 3.57 ± 0.46 m (n = 5; range

2.40–5.05 m), respectively. In patches of native

vegetation that are highly invaded by alien plants

and where most native woody plants are dying or dead,

and where Roussea consequently lost firm host

support, mean height of plants was 0.92 ± 0.21 m

(n = 7; range 0.27–1.85 m) at Le Pouce Mt and

1.22 ± 0.22 m (n = 10; range 0.25–2.50 m) at Piton

Savanne. Roussea plants in well preserved native

vegetation patches were significantly taller than those

surviving in highly invaded native vegetation areas

(p\ 0.001) (Fig. 2).

Discussion

Ecological implications

Invasive alien ants may disrupt pollination mutualism

as illustrated by Technomyrmex albipes on the polli-

nation interaction between Roussea simplex and

Phelsuma cepediana (Hansen and Müller 2009a).

Studying the same system about a dozen years later,
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we found two new records of ant species visiting

Roussea flowers: the native Plagiolepis madecassa

and the invasive alien Anoplolepis gracilipes along

with the previously recorded T. albipes. Given its

native origin, relatively small size (1.25–2.5 mm;

Forel 1895) and non-aggressive behaviour, P. made-

cassa is not expected to influence the mutualism

compared to the larger and more aggressive aliens, T.

albipes (2.4–2.9 mm; Sharaf et al. 2018) and A.

gracilipes (4.0–5.0 mm; Sarnat 2008). These two

alien species rarely co-occurred in flowers (* 0.6%).

Anoplolepis gracilipes is considered to be among the

most invasive species (Lowe et al. 2000) and is

particularly aggressive and may actively exclude other

ant species and monopolise food resources (Abbott

2005; Drescher et al. 2011). For instance, this alien ant

has been reported to exert interference competition

with other alien ants causing their displacement (Lach

2005; Lach and Hoffmann 2011) but also hinders other

native insect pollinators from foraging on plants (Sinu

et al. 2017) and even predate on native caterpillars

(Lach et al. 2016).

We found much lower infestation rates by alien ants

in 2016–2017 in comparison to a dozen years earlier

(Hansen and Müller 2009a). Similar low infestation

rates were also observed in Le PouceMt in 2012–2015

(pers. obs.), where only 2.4% of flowers were infested

with T. albipes (N = 40, n = 1698), suggesting low

infestation is more the norm than the exception.

Interestingly, female-phase flowers in 2016 were more

frequently ant-infested than the invariably younger

male-phase flowers, suggesting that detectability of

floral resources by ants increases with time over

several days. This in turn suggests that disruption of

mutualism with geckos may operate more often at

pollen deposition than at pollen uptake stage. An

alternative explanation for varying infestation rates

between male and female phase flowers could be that

attractiveness of flowers (for instance resource con-

tents) vary with the phenological phase, but this is

unlikely given that the female and male diurnal nectar

production differ minimally in terms of volume and

concentration (Hansen and Müller 2009b).

More flowers were ant-infested 50–100 cm above

ground as compared to 150–200 cm, a result that also

reflects the greater abundance of ants closer to the

ground as revealed by the baiting experiment. This

points to lower lying plants being at greater risks of

disruption of pollination by alien ants. However, it is

important to emphasize that alien ant floral infestation

rates were much lower than a dozen years earlier. In

2004–2005, Hansen and Müller (2009a) showed a

Fig. 1 a Probability of presence of both alien ants’ species

(Technomyrmex albipes and Anoplolepis gracilipes) at a bait at

each of four different heights, b in 2016 and 2017 and c between

months for Bassin Blanc and Pétrin following the best-fitted

binomial logistic regression model
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mean seed set reduction of 82.7% per fruit originating

from an ant-infested flower which is proportional to an

overall seed set reduction at population level of *
19.5% once the infestation rates of flowers by T.

albipes on a plant (* 32%) and infestation rate of

plants in a population (* 74%) are accounted for

(82.7 9 0.32 9 0.74). In contrast, assuming all other

things equal, our results, 12 years later, would predict

a corresponding seed set reduction at population level

of only * 0.3%. This stems mainly from the much

lower floral infestation rate during 2016–2017 (T.

albipes: 0.6%) compared to * 32% in 2004–2005

(Hansen and Müller 2009a). Consequently, the

impacts of T. albipes on seed set reduction of Roussea

appear now to be minute and negligible. If the newly

recorded alien ant, A. gracilipes, has comparable

impacts as T. albipes, the overall population level drop

in seed set caused by both alien ant species would still

remain negligible (* 0.6%).

Experimental baiting confirmed that alien ant

abundance on baits and bait occupancy vary season-

ally, between sites and with height of Roussea plants.

Technomyrmex showed a similar occupancy pattern

for both years; while A. gracilipes was more abundant

in 2017, suggesting that it may also dominate floral

resources within the study areas. Alien ant abundance

can collapse or substantially decline over time (like we

found for T. albipes) due to pathogens or parasites or

variations in food availability (Lester and Gruber

2016); their low abundance consequently reduces their

competitive ability for resource acquisition and,

expectedly, would also modulate their impact on

plant-gecko pollination mutualism. High alien ant-

infestations periods are known to attract more research

attention than lower ant-infestation periods (Lester

Table 1 Summary of mean (± SE) of invasive alien ant abundance (both species) sampled by ant baiting at Bassin Blanc and Pétrin

for the two consecutive years at each baited height

Height (cm) Mean abundance of alien ants sampled ± SE

50 100 150 200

Tech. Anop. Tech. Anop. Tech. Anop. Tech. Anop.

Bassin Blanc (2016)

January 7.5 ± 2.5 200.3 ± 26.6 0 131.3 ± 22.4 0 203.1 ± 21.5 5.0 ± 0.0 191.9 ± 26.8

April 0 102.0 ± 15.6 0 69.7 ± 13.8 0 63.3 ± 15.8 3.0 ± 1.0 65.3 ± 22.8

July 0 2.0 ± 0.0 0 8.0 ± 4.0 0 0 0 0

October 0 120.4 ± 56.7 0 112.5 ± 49.1 0 160.8 ± 12.1 1.0 ± 0.0 120.5 ± 119.5

Bassin Blanc (2017)

January 0 287.2 ± 29.6 4.0 ± 0.0 308.1 ± 22.7 0 153.7 ± 93.9 1.0 ± 0.0 213.8 ± 148.8

April 28.5 ± 26.5 160.3 ± 20.1 28.0 ± 17.0 115.8 ± 20.6 1.0 ± 0.0 34.6 ± 13.8 2.3 ± 1.3 53.3 ± 15.8

July 7.3 ± 6.3 231.9 ± 18.6 0 165.5 ± 31.6 0 123.3 ± 33.0 0 96.6 ± 27.9

October 0 178.5 ± 20.3 0 146.7 ± 23.3 0 0 0 1.0 ± 0.0

Pétrin (2016)

January 15.7 ± 12.2 36.9 ± 11.3 0 79.1 ± 23.9 1.0 ± 0.0 45.3 ± 42.3 2.0 ± 0.0 0

April 19.1 ± 7.8 38.8 ± 37.1 5.3 ± 3.1 101.3 ± 57.9 1.0 ± 0.0 0 0 0

July 0 3.7 ± 1.5 0 0 0 0 0 0

October 1.0 ± 0.0 1.0 ± 0.0 0 5.5 ± 4.5 1.0 ± 0.0 1.0 ± 0.0 1.0 ± 0.0 0

Pétrin (2017)

January 0 48.0 ± 47.0 0 0 0 0 0 0

April 20.4 ± 6.5 54.8 ± 18.8 13.3 ± 9.3 40.8 ± 19.9 0 48.8 ± 42.1 0 6.8 ± 5.8

July 1.8 ± 0.8 81.1 ± 22.4 4.7 ± 3.7 88.6 ± 35.6 1.0 ± 0.0 0 0 0

October 3.0 ± 0.0 91.3 ± 71.3 5.0 ± 0.0 72.5 ± 37.5 0 21.3 ± 16.3 0 0

Anop. and Tech. stand for Anoplolepis gracilipes and Technomyrmex albipes, respectively
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and Gruber 2016). It is thus plausible that Hansen and

Müller (2009a) reported on a situation when Techno-

myrmex infestation was unusually high because apart

from a brief period, we have not observed comparable

degrees of Technomyrmex infestation of Roussea

flowers as reported by these authors, since we started

more focussed attention on the plant in 2011. At lower

abundances, alien ants would exert less direct

exploitative competition. Indeed, Hansen and Müller

(2009a) observed geckos waiting when there were

only three patrolling ants on a flower and entering the

flower only upon the ants’ departure, while regular

activity of ants entering and leaving a flower (implying

up to 5–30 ants) deterred geckos altogether, reducing

pollination. This contrasts with the Mauritius Bulbul

(Hypsipetes olivaceus), whose behaviour remains

unaltered in presence of ants, contributing towards

making it a better pollinator (Bissessur et al. 2019).

Roussea plants supported naturally on native tree

hosts were about three times taller than those on

collapsed host trees in habitats highly invaded by alien

plants. As alien ant infestation correlated negatively

with height, plants bearing flowers at higher levels

above ground are expected to be least infested, and

indeed this trend was discernible among naturally

infested flowers. The overall habitats of each popula-

tion of Roussea are variously invaded by alien plants

(Supplementary Fig. 1) which can reach extreme

densities in Mauritius wet native vegetation (Florens

et al. 2016). Alien plants are likely to favour ant

infestation by providing additional arboreal access

routes to the flowers. However, in the longer term,

alien plants increase alien ant infestation rate by

inducing a decline in tree density (Florens et al. 2017)

through increased mortality of native plants (Florens

2008), reduced fruit production (Monty et al. 2013)

and regeneration (Baider and Florens 2011). For a

scrambler like Roussea, this represents loss of host

plants on which to take support. Consequently,

increased alien plant invasion leads to Roussea

progressively collapsing closer to the ground, hence

increasing floral infestation rates by alien ants and the

severity of mutualism disruption that they deliver.

Fig. 2 Height (m) of Roussea simplex at Le PouceMt and Piton

Savanne when growing in habitats that are highly invaded by

alien plants as compared to in habitats that are only lightly

invaded by alien plants (‘Well preserved’). Letters ‘‘a’’ and ‘‘b’’

denote significant differences between the two categories

following Mann–Whitney U Test (p\ 0.001) and n is the

number of plants sampled per category
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Conservation implications

Our findings revealed how the density of pollination-

disrupting alien ants varies markedly through time and

space and how the composition of the alien ant-

community that uses floral resourcesmay shift through

time. Conservation managers should integrate such

variation through time and space when planning

conservation management of threatened plants. Here,

we showed that alien plant invasion facilitates infes-

tation of alien ants which has been previously shown

to disrupt pollination mutualism (Hansen and Müller

2009a) of a rapidly declining threatened island plant

(Bissessur et al. 2017). Consequently, alien ants per se

would be less impactful and likely of negligible

influence, if habitats are protected from alien plants in

the first place. Addressing alien plant driven habitat

degradation would therefore not only reduce direct

deleterious influences of alien plants but also reduce

alien ant infestations. However, weed control should

be gradual to minimise disturbance, because the latter

may enhance alien ant establishment (Fisher 2005).

Our study thus stresses the need for conservation

managers to adopt a longer temporal view, and

addressing the deeper source threat (here, alien plant

invasion) instead of the proximal one cascading from

it (here, infestation by alien-ant known to disrupt

pollination mutualism).

Given the variability in alien ant occupancy,

abundance and their consequential often minor neg-

ative impacts on the plant-gecko mutualism, conser-

vation management would bemore impactful if geared

towards more important threats. For instance, alien

rats (Rattus rattus) and macaques (Macaca fascicu-

laris) damage flower buds, flowers, fruits and branches

through nectar robbing and florivory (Bissessur et al.

2019). Destruction of flower buds and flowers can

reach 75%, leaving few exposed to potential infesta-

tion by alien ants. Consequently, although florivory by

rats and macaques would act to minimise the detri-

mental effect of alien ants, it would above all directly

and majorly disrupt the pollination mutualism reduc-

ing seed set by a far greater extent than even the

maximum known alien ant impacts.

In conclusion, our findings highlighted how infes-

tation by an invasive alien ant known to disrupt

pollination mutualism in a relatively well studied

model threatened endemic island plant species, may

change through time. Managers would therefore

devise more impactful conservation strategies for

endangered plants facing threats from invasive alien

species when they incorporate the longer view that

would reveal such variation. We also showed that the

severity of infestation of flowers by pollination-

disrupting alien ants is linked through cascading effect

to another simultaneously acting threat, namely inva-

sive alien plants which, in high density, increase

mortality of host trees over which Roussea takes

support, causing Roussea plants to collapse to posi-

tions closer to the ground where infestation by

pollination-disrupting alien ants is higher. Thus,

conservation measures should focus more on active

and gradual control of invasive alien plants and of

alien vertebrates, especially black rats and macaques

(Bissessur et al. 2019) in the native habitat remnants of

Roussea. This would directly benefit plant regenera-

tion through reduced shoot competition as well as

enhance the plant-pollinator mutualisms through

greater availability of flowers for pollinators to forage

on. These measures would also indirectly benefit

endemic bird populations by improving the foraging

quality of their habitats and reduce predation pressure

from alien mammals, which should in turn loop back

to reinforce the mutualism with Roussea. It appears

judicious for conservation managers to first hierar-

chize the various threats besetting a species to allow

addressing the most impactful ones first, while paying

attention to fluctuations in the threat’s severity through

time. Finally, for more impactful conservation man-

agement, it is also recommended that conservation

managers pay attention to any ultimate and more basal

threats that may cascade into other more proximal

ones so that they may address ultimate threats in

priority over proximal ones.
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Florens FBV (2013) Conservation in Mauritius and Rodrigues:

challenges and achievements from two ecologically dev-

astated oceanic islands. In: Sodhi NS, Gibson L, Raven -

PH (eds) Conservation biology: voices from the tropics.

Wiley, West Sussex, pp 40–50

Florens FBV, Baider C, Martin GM et al (2016) Invasive alien

plants progress to dominate protected and best-preserved

wet forests of an oceanic island. J Nat Conserv 34:93–100.

https://doi.org/10.1016/j.jnc.2016.09.006

Florens FBV, Baider C, Seegoolam NB et al (2017) Long-term

declines of native trees in an oceanic island’s tropical

forests invaded by alien plants. Appl Veg Sci 20:94–105.

https://doi.org/10.1111/avsc.12273

Forel A (1895) Nouvelles fourmis de l’Imerina oriental (Mo-

ramanga etc.). Ann Société Entomol Belg 39:243–251
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