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Abstract: Non-native species have the ability to negatively impact ecosystems, and the recipient biodiversity 
they may invade. However, they must first go through a series of abiotic and biotic filters that limit their ability to 
spread once established, which ultimately influences their distribution across different habitats. By understanding 
which habitats are most vulnerable to invasion, pest managers can prioritise their surveillance areas to focus 
on those most at risk. We assessed temporal and spatial invasion by ants within forested and non-forested 
ecosystems using a replicated sample design based on data collected in 2005 and by repeating the sampling 
10 years later. We predicted that forested ecosystems would be more resistant than non-forested ecosystems to 
invasion, likely due to unfavourable habitat factors that limit ant establishment and spread, even after a 10-year 
period. In both sampling years, non-forested ecosystems were more susceptible to invasion by non-native ants, 
with ants being found at both the edge and in the interior of these habitats. Conversely, in forested ecosystems, 
non-native ants were concentrated on the forest edges. Although there was invasion of non-native ant species 
further into some non-forested ecosystems over the 10-year period, spread did not penetrate beyond the edge 
in forest ecosystems suggesting that habitat characteristics are important in determining non-native ant spread. 
We recommend prioritising surveillance and management of pest ants in non-forested ecosystems rather than 
forested ecosystems in New Zealand. Our findings highlight the need for future work on the mechanisms of 
spread of non-native ants in non-forested ecosystems.

Keywords: Invasive species, edge effect, Formicidae, spatial, temporal

Introduction

Understanding what influences the distribution patterns of 
non-native species is a central focus of invasion biology 
(Richardson & Pyšek 2012). Complex interactions between 
ecosystem invasibility and species invasiveness may facilitate 
or impede the establishment of non-native species (Hunt et al. 
2017; Lewis et al. 2017). The attributes of an ecosystem can 
influence non-native species invasion potential and distribution 
via abiotic factors (e.g. microclimate) and biotic factors (e.g. 
mediation of biotic resistance) (Pyšek et al. 2010), acting as 
filters that limit invasion success throughout the invasion 
process. Abiotic factors are fundamental to a species ability 
to colonise and establish outside of its native range, whereas 
biotic factors are thought to be more important at a local 
scale (McGill 2010; Theoharides & Dukes 2007; Zefferman 
et al. 2015).

Over 240 species of ants (Hymenoptera: Formicidae) have 
been transported outside of their native ranges and many are 
considered highly invasive (Bertelsmeier et al. 2017). For 

most ant species, human-mediated dispersal facilitates their 
introduction outside of their native ranges. Although subsequent 
invasion success often relates to key life history and behavioural 
traits, such as polygyny and superior competitive ability (Lester 
2005; McGlynn 1999; Rabitsch 2011), characteristics relating 
to the suitability of the physical environment appear to be more 
critical for facilitating or inhibiting spread than biotic factors 
(Hoffmann & Saul 2010; Holway et al. 2002; Menke et al. 
2007). Strong associations between habitat characteristics and 
the establishment and patterns of spread for non-native ants 
have been observed elsewhere, with disturbed, open habitats 
often comparably more invaded than their closed, more stable 
counterparts (Berman et al. 2013; King & Tschinkel 2016; 
Ward & Harris 2005). Open habitats—experiencing higher 
solar radiation—appear to provide ants with good opportunities 
for colony development, which is associated with minimum 
soil moisture and temperature requirements (Abril et al. 2010; 
Kadochová & Frouz 2014). Whether or not ants then spread 
from these disturbed or open environments into tall vegetation 
stature habitats is thus likely to depend on the ability of the ant 
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species to reproduce within these environments. For instance, 
although Argentine ants can disperse > 150 m per year (Suarez 
et al. 2001), in New Zealand, their spread appears to be limited 
to open habitats with low-density canopies and high light 
levels; their lack of spread into native forest is presumed to 
be limited by the ant’s habitat requirements (Ward & Harris 
2005). Generally, it appears to be rare for non-native ants to 
invade temperate forest habitats (but see Guénard & Dunn 
2010), although patterns of spread across multiple time points 
is not often studied.

The temporal patterns of spread by invasive ants into 
natural ecosystems are rarely documented due to the lack 
of long-term data sets. Predicting patterns of spread after 
establishment is difficult due to delays, which will be context 
dependent (Crooks 2005). Once established, species may 
proliferate and maintain numerical dominance, or in some cases, 
exhibit boom-bust trends; where after an initial period of rapid 
population growth, a significant decline is apparent (Simberloff 
& Gibbons 2004). Understanding temporal dynamics, and how 
they relate to particular environmental characteristics, can 
help to identify what facilitates the spread of particular non-
native ant species, and potentially tease apart different driving 
factors. From a pest manager’s perspective, identifying spatial 
and temporal patterns can help to prioritise surveillance and 
management for site-based biodiversity protection.

The aim of this study was to understand the invasibility 
of two different ecosystem types by non-native ants, using 
data collection with a 10-year time interval between sampling. 
Specifically, we were interested in (1) the differences in 
invasion patterns of already established non-native species 
from the edge into habitat fragments broadly classified as 
forested or non-forested, and (2) how this changed over a 10-
year period. We undertook the study in the Auckland region of 
Aotearoa New Zealand. Auckland is a port city that represents 
a high-risk area for new non-native ant species incursions 
(Craddock & Mattson 2014). While Aotearoa New Zealand 
has a depauperate native ant fauna (11 species), almost three 
times as many non-native species have become established, 
with c. 40 species occurring in total (Don 2007). The majority 
of established non-native ant species originate from lower 
latitudinal areas with climates that are at least as warm as 
Auckland, if not warmer (tropical climates), with more than 
60% being Australian in origin (Don 2007; Ward et al. 2006). 
Several of the non-native ants in New Zealand have little or 
no record of being introduced elsewhere; thus, the potential 
impact of these species on native biodiversity and ecosystems 
is poorly understood. Determining the ecosystems most at 
risk to invasion by non-native ants is, therefore, an important 
step that facilitates the future prioritisation of surveillance by 
pest managers.

We first predicted that ‘non-forested’ ecosystems (i.e. short 
stature vegetation without a continuous tree canopy) would 
facilitate the establishment of non-native species, offering 
a suitable habitat for reproduction (demographic increase), 
and subsequent spread (geographic increase). Increased 
solar radiation reaching the soil in short stature ecosystems 
(Davies-Colley et al. 2000) will facilitate colony development 
in ant species from warmer climates. We expected non-native 
ant occurrence to be generally ubiquitous from the edge to 
the interior of the ecosystem. In contrast, we predicted that 
‘forested’ ecosystems (i.e. native forest with an established tree 
canopy) would impede the spread of non-native ants, which 
would exhibit a clustered distribution towards the edge of these 
habitats (Ward & Harris 2005; Ivanov & Keiper 2010), with 

abiotic factors associated with distance from the edge (e.g. 
lower solar radiation) affecting their ability to spread towards 
the interior. Lastly, we predicted we would observe patterns of 
spread over time in non-forested ecosystems, whereby species 
that appeared only at the edges in 2005, would be observed to 
penetrate the interior of non-forested ecosystems, but would 
remain at the edge in forested ecosystems.

Methods

Study sites
Eleven sites were selected in the wider Auckland region (Fig. 
1), to represent natural ecosystems. The Auckland region 
experiences a mild climate with few extremes, with a mean 
annual temperature of c. 15°C (max: 34°C, min: −5°C) and c. 
1200 mm of rainfall year−1 (Chappell 2013). A slight gradient 
occurs across the central isthmus, with eastern areas generally 
being warmer and drier, although the Hūnua Ranges to the south 
east are more similar to the west coast of Auckland (Chappell 
2013). We selected sites based on similar topography, ability 
to gain permits, and representativeness of different ecosystem 
types in the region. We deliberately selected some forested 
and non-forested sites as we were interested in determining 
differences in invasion patterns between these ecosystem 
types given the strong environmental differences in forested 
and non-forested sites. Thus, sites (Table 1) were broadly 
categorised as ‘non-forested ecosystems’ (n = 6; native short 
stature vegetation without a continuous tree canopy) and 
‘forested ecosystems’ (n = 5; native forest with an established 
tree canopy).

Sampling
Sampling occurred during the austral summer between 
December 2004 and February 2005 and was repeated 10 years 

Figure 1. Map of sampling sites across the greater Auckland 
region in New Zealand. Insert indicates sampling region within 
New  Zealand. White dots indicate non-forested ecosystem 
sampling sites and grey dots indicate forested ecosystem sampling 
sites.
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Table 1. Sampling sites from the greater Auckland area, including information on canopy classification, ecosystem vegetation 
characterisation (Wardle 2002) and the distance that each ecosystem was sampled into from the edge.
__________________________________________________________________________________________________________________________________________________________________

Site 	 Canopy Classification	 Ecosystem Type	 Distance Sampled (m)*
__________________________________________________________________________________________________________________________________________________________________

Huia 	 Forested	 Kauri-podocarp-broadleaved forest	 180
Hūnua 	 Forested	 Mixed conifer-broadleaf forest	 140
Karakare 	 Forested	 Pōhutukawa-broadleaved forest	 180
Oratia 	 Forested	 Kauri-podocarp-broadleaved forest	 140
Wenderholm 	 Forested	 Pōhutukawa-broadleaved forest	 160
Anawhata	 Non-forested	 Coastal scrub	 200
Bastion Point 	 Non-forested	 Restoration planting/scrub	 140
Karakare 	 Non-forested	 Coastal scrub	 140
Te Henga 	 Non-forested	 Sand dunes	 160
Te Henga 	 Non-forested	 Wetland	 160
Whatipu	 Non-forested	 Wetland	 100
__________________________________________________________________________________________________________________________________________________________________

* Distance varies because topography influenced the ability to sample consistently between sites.

later between January 2015 and March 2015 (hereafter referred 
to as the 2005 and 2015 sampling years). All sampling was 
conducted in fine weather between 1000 h and 1500 h. At 
each site, a transect of up to 200 m was established, running 
from the edge of the habitat (−20 m and 0 m) into the interior 
(Table 1). Transect length was determined by the topography 
at each site. Ant sampling was undertaken using bait stations 
that were positioned at 20 m intervals along the transect.

Food preferences vary within and between ant species 
(Hooper-bùi et al. 2002; Nyamukondiwa & Addison 2014); 
therefore, bait stations were baited with different food types 
to maximise their attractiveness to different ant species. Five 
bait types were used: peanut butter (one teaspoon [tsp]), tuna 
(in spring water; one tsp), non-toxic XstinguishTM (protein 
+ lipid + carbohydrate; Bait Technology Ltd, New Zealand; 
5 g), soybean oil (in cotton wool; 5 ml), and sugar-water (1:4 
ratio, in cotton wool; 5 ml). Each bait was placed in separate 
35 ml plastic vials, positioned in a circular arrangement (15 
cm diameter) with the lids removed. Bait stations were left 
unattended for 1–2 h before collection. To offset limitations 
associated with bait sampling, additional hand collection of 
ants via direct visual surveying of the area surrounding baiting 
stations was conducted at each station for three minutes when 
baits were being collected. A description of the immediate 
microhabitat and environment was recorded at each bait 
station including vegetation type, canopy cover (%) and litter 
cover (%). All specimens were kept in 75% ethanol and later 
identified to species level using a taxonomic keys to New 
Zealand ant species (Don 2007).

Statistical analyses
All analyses were conducted in R version 3.4.4 (R Core Team 
2018). Significance was assessed at the P < 0.05 level. All 
reported values are mean ± SE.

Species occurrence
Ant species occurrence (i.e. presence) was used in all analyses 
rather than species abundance (i.e. number of individuals 
collected), due to biases related to the variation of recruitment 
strategies among species (Holway 1999).

To examine the differences in non-native and native 
ant species occurrence, we performed logistic regression 
using generalised linear mixed effect models with a Poisson 
distribution using the ‘glmmTMB’ package (Brooks et al. 

2015). Two models were used with non-native ant species 
and native ant species occurrences at baiting stations as the 
response variables. For both models, the explanatory variables 
were distance from the edge, ecosystem type (non-forested 
versus forest), canopy cover, litter cover and year, with site 
as a random effect. We used a zero-inflated Poisson model for 
non-native ant occurrence in forest ecosystems. We used the 
DHARMa package (Hartig 2019) to validate all the models.

Our models found that for non-native ant species, there 
was a significant interaction between the ecosystem type and 
distance from edge (z = 3.0, P = 0.003). Several species were 
frequently found in bait stations at −20, 0, and 20 m for forest 
ecosystems, but did not occur further into the interior of the 
site. For this reason, we analysed non-native ant data for forest 
and non-forest ecosystems separately.

Ant community composition
To assess the variation in ant communities between forest 
and non-forest ecosystems, we performed (1) permutational 
multivariate analysis of variance (PERMANOVA; Anderson 
2001), (2) permutational analysis of multivariate dispersions 
(PERMDISP; Anderson 2006) and (3) similarity percentage 
(SIMPER) analysis (Clarke 1993) using the vegan package 
in R (Oksanen et al. 2018).

We were most interested in assessing the presence of an 
edge effect to understand whether forest ecosystems were 
acting as a filter to non-native ant invasion. Therefore, we 
initially grouped data into two categories: (1) ‘edge’, which 
consisted of ant sampling data at the −20 m, 0 m, and 20 m 
sampling distances, and (2) ‘interior’, which consisted of 
ant sampling from 40 m onwards. The distance determined 
for ‘edge’ was based on other research which identified the 
most pronounced edge-effects on ants to be in the first 25 m 
(Ivanov & Keiper 2010; Ward et al. 2006). Before testing 
differences, we made sampling distance a fixed factor based 
on distance from habitat edge, with three levels (edge: −20–20 
m; middle: 40–100 m; interior: 120–200 m), which allowed 
us to analyse variation at a finer-scale. PERMANOVA was 
used to test if ant community composition differed between 
forest and non-forest, using 999 permutations. We included 
an interaction term between ecosystem type (forest and non-
forest), sampling distance and year, as well as canopy height, 
canopy cover, and litter cover as fixed effects, with site as a 
random effect. There was a significant interaction between 
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ecosystem type and sampling distance so we used pairwise 
comparisons between different sampling groups for non-forest 
and forest ecosystems (Martinez Arbizu 2017).

To assess the differences in the variability (i.e. dispersion) 
of ant communities between forest and non-forest we undertook 
PERMDISP analyses to compare the mean dispersion between 
groups based on 999 permutations. Finally, we used SIMPER 
analysis to identify the species contributing most to the 
differences in ant community composition.

Results

In total, we captured 19 ant species from 15 genera (12 non-
native and 7 endemic species), with 17 species captured in 
2005 (12 non-native, 7 endemic), and 16 species captured in 
2015 (9 non-native, 6 endemic; Table 2).

Ant species occurrence in forest versus non-forested 
ecosystems
Overall species richness was low, reflective of the New Zealand 
ant fauna. No differences were found in the number of non-
native and native ant species between ecosystem types or 
sampling years. In non-forested ecosystems, we found 3.8 ± 
0.7 non-native species per site in 2005 compared to 2.8 ± 0.4 
in 2015. We found a similar number of non-native species per 
site in forest ecosystems with 3.4 ± 1.0 in 2005 and 2.2 ± 0.6 
in 2015. In the non-forested sites, we found 1.8 ± 0.5 native 
ant species in 2005 and 1.0 ± 0.3 in 2015. In forest sites we 

found 2.4 ± 0.2 native ant species in 2005 and 1.4 ± 0.6 in 
2015. Species richness varied with distance from the edge to 
the interior for both ecosystem types and between sampling 
years (Fig. 2). 

In forest ecosystems there was a significant negative 
relationship between non-native ant occurrence and distance 
from edge (z = −3.400, P < 0.001), and although litter cover 
(z = −0.012, P = 0.024) and canopy cover were found to be 
significant predictors, the sampling year was not (z = −1.370, 
P = 0.170). In non-forested ecosystems, the occurrence of 
non-native ant species at baiting stations did not correlate with 
distance from edge (z = 0.432, P = 0.666), year (z = −0.894, 
P = 0.371), percentage litter cover (z = 0.415, P = 0.678), or 
percentage canopy cover (z = −1.294, P = 0.196). For native 
ant species, there were no differences between ecosystem type  
(z = 0.524, P = 0.600), distance from edge (z = 1.232, P = 0.218), 
percentage canopy cover (z = 0.708, P = 0.479), percentage 
litter cover (z = 0.100, P = 0.920), although their occurrence 
differed between sampling years (z = −2.40, P = 0.017).

When comparing ant community composition between 
forest and non-forest, PERMANOVA analysis revealed a 
significant interaction between ecosystem type and distance 
from edge (F1,136 = 2.0, P = 0.022), as well as a significant 
difference in percentage canopy cover (F1,136 = 5.0, P = 0.004).

Further, pairwise tests demonstrated that in forest 
ecosystems, the ant communities at the edge and interior were 
significantly different (Table 3). However, no differences 
were found in ant community composition between any of 
the distance groups for non-forested ecosystems. PERMDISP 
revealed no differences in the dispersion within ant communities 

Table 2. Percentage of baiting stations at which ant species were detected for non-forested and forest ecosystems for the 
2005 and 2015 sampling years (n = 57 and n = 50 baiting stations for non-forested and forest ecosystems, respectively, for 
each year of sampling).
__________________________________________________________________________________________________________________________________________________________________

	 % bait stations detected
Species	 Biostatus	 Non-forested	 Forest
		  2005	 2015	 2005	 2015
__________________________________________________________________________________________________________________________________________________________________

Amblyoponinae
Amblyopone australis	 Non-native	 0	 0	 2	 0
Dolichoderinae
Iridomyrmex suchieri	 Non-native	 5	 10	 0	 2
Linepithema humile	 Non-native	 2	 0	 0	 2
Ochetellus glaber	 Non-native	 19	 26	 2	 2
Technomyrmex jocosus	 Non-native	 12	 0	 10	 0
Ectatomminae
Rhytidoponera chalybaea	 Non-native	 2	 2	 0	 0
Rhytidoponera metallica	 Non-native	 4	 0	 0	 0
Formicinae
Nylanderia sp.	 Non-native	 12	 19	 12	 14
Heteroponerinae					   
Heteroponera brouni	 Native	 2	 2	 12	 0
Myrmicinae
Huberia brounii	 Native	 0	 0	 0	 2
Huberia striata	 Native	 4	 5	 2	 2
Mayriella abstinens	 Non-native	 0	 2	 26	 16
Monomorium antarcticum	 Native	 25	 16	 10	 6
Monomorium antipodum	 Native	 7	 0	 12	 4
Pheidole rugulosa	 Non-native	 2	 2	 6	 6
Tetramorium grassii	 Non-native	 28	 12	 12	 0
Ponerinae
Austroponera castanea	 Native	 2	 0	 8	 4
Austroponera castaneicolor	 Native	 0	 0	 2	 0
Hypoponera eduardi	 Non-native	 2	 0	 0	 0
__________________________________________________________________________________________________________________________________________________________________
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Figure 2. Mean number of non-native and native ant species at bait stations along an edge (−20 m) to interior (200 m) transect at 20 m 
intervals in a) non-forested ecosystems in 2005, b) non-forested ecosystems in 2015, c) forested ecosystems in 2005 and d) forested 
ecosystems in 2015. Error bars represent standard error of the mean. Black represents non-native species and grey represent native species.

between forest and non-forest, so whilst the ant communities 
in the two ecosystem types were compositionally distinct, 
they had similar dispersion.

SIMPER analysis revealed differences in ant community 
composition to be driven by five key species, of which four were 
non-native, with Monomorium antarcticum Smith (native), 
Nylanderia sp., Mayriella abstinens Forel, Ochetellus glaber 
Mayr, and Tetramorium grassii Emery contributing to more 
than 60% of the total difference when comparing forest and 
non-forest ecosystems.

Temporal differences
PERMANOVA analysis revealed significant differences in ant 
community composition between sampling years (F1,136 = 5.20, 
P = 0.001). Variation in ant community composition between 
sampling years was driven by five key species, as revealed 

Table 3. Results of pairwise tests among the distance 
groups for both non-forested and forest ecosystems. Tests 
were conducted using the ‘pairwise adonis’ function in 
R (Martinex Arbizu 2017), using a Benjamini-Hochberg 
correction. Pair names refer to the following sampling 
distances: edge (−20–20 m), middle (40–100 m), interior 
(120–200 m). 
____________________________________________________________________________

Pairs	 Non-forested	 Forest
____________________________________________________________________________

Edge v. middle	 P = 0.911	 P = 0.051
Edge v. interior	 P = 0.168	 P = 0.006
Middle v. interior	 P = 0.276	 P = 0.891
____________________________________________________________________________

by SIMPER analysis, of which four were non-native, with  
M. antarcticum (native), Nylanderia sp., T. grassii, O. glaber, 
M. abstinens, and Technomyrmex jocosus Forel contributing 
to more than 65% of the total difference.

None of the non-native ant species detected at the edges of 
forests in 2005 (up to 40 m from forest edges), had penetrated 
forest interiors further in 2015. In contrast, non-native species 
that were only detected towards the edges of two non-forested 
ecosystems in 2005, had penetrated further in 2015: O. glaber, 
Nylanderia sp. (up to 80 m), and Iridomyrmex suchieri Forel 
(up to 120 m) in the Te Henga sand dune; and O. glaber, 
Nylanderia sp., and T. grassii (all up to 160 m) in the Te Henga 
wetland site (Fig. 1).

Non-native ant species occurrence at baiting stations was 
lower in 2015 than 2005 (z = −2.24, P = 0.025). This was 
largely driven by the differences in the occurrence of T. grassii,  
M. abstinens, and T. jocosus which were more frequently 
detected in 2005 than 2015 (Table 2).

There were fewer native species occurrences in 2015 
compared to sampling in 2005 (z = −3.17, P = 0.002). This 
difference was mainly driven by Heteroponera brouni Forel 
and M. antarcticum (Table 2).

Discussion

Our study reveals habitat-associated variation in non-native ant 
species distributions within natural ecosystems. In agreement 
with our predictions, we found distinct differences in ant 
species occurrences between forested and non-forested habitats. 
Generally, non-native species occurrences were uniform 
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across transects in non-forested ecosystems, and restricted to 
the edges of forest ecosystems. Finally, we found temporal 
differences between 2005 and 2015, although there was no 
evidence for spatial spread of non-native species further into 
forest ecosystems over the 10-year period. Together, our results 
suggest that non-forested ecosystems enable invasion by non-
native ant species; conversely, forest ecosystems appear to 
impede ant spread from the edge.

Non-native ant species were dominant, in terms of species 
richness, in both non-forested and forest ecosystems for both 
sampling years. This is unsurprising given the low diversity 
of the New Zealand native ant fauna (Don 2007). While we 
did not conduct abundance analyses due to biases related to 
recruitment strategies, non-native ant species were numerically 
dominant and visually conspicuous at baiting stations in nearly 
all ecosystems compared to their native counterparts (AFP, 
pers. obs.). This is congruent with small colony sizes and 
densities recorded for most New Zealand ants.

We found differences in both ant species occurrence and 
community composition between forested and non-forested 
sites. In non-forested ecosystems, the occurrence of non-native 
ant species was generally ubiquitous across the sampled area, 
yet restricted to edges for forest ecosystems. This difference 
is likely explained, in part, by the environmental preferences 
of non-native ants. Temperature, and in particular soil 
temperature, is often an important factor associated with ant 
distribution, with species richness and colony size positively 
associated with increasing temperature (Kaspari et al. 2004; 
Kwon 2016; Sanders et al. 2007; Warren & Chick 2013). The 
majority of non-native ant species present in New Zealand 
originate from warmer regions (Don 2007; Lester 2005; Ward 
et al. 2006), and therefore, are predicted to be more restricted 
by thermal tolerances relating to a ‘temperature-humidity 
envelope’ (Hölldobler & Wilson 1990). Non-forested sites 
were associated with sparse canopy cover and presumably 
higher solar insolation and soil temperature when compared 
to forest sites (Davies-Colley et al. 2000). Although soil 
moisture is an important factor driving distribution for some 
ant species, effects are most pronounced in water-stressed 
environments (Menke & Holway 2006). We suggest soil 
moisture is unlikely to be a limiting factor for non-native 
ants in Auckland where average annual rainfall is c. 1200 mm 
(Chappell 2013). Although we have not directly tested the 
effects of soil variable on ant distribution, we consider temperate 
forests in New Zealand may be restricting the invasion of non-
native ants through habitat filters, given physiological limits 
of ant reproduction. Future work should attempt to quantify 
microclimatic conditions between habitat types to determine 
if these abiotic factors are limiting non-native ant species at 
a micro-scale.

The microclimatic differences driving variation 
in community composition and non-native ant species 
occurrences between forested and non-forested sites are likely 
to cause the observed ‘edge effect’ in the ant communities 
in forested sites. The strength and direction of a species’ 
response to the presence of edges depends on its size and 
mobility, with smaller species generally more sensitive to 
edges at a finer spatial scale (Lidicker Jr 1999; Vasconcelos 
& Bruna 2012; Wiens et al. 1985). The edge effect we report 
is slightly stronger than other ant community studies, which 
report the most pronounced effects to be within 25–50 m of the 
habitat interior (Ivanov & Keiper 2010). We found significant 
differences in ant species occurrence when comparing the 
edge, the middle, and interior of forested sites; with our data 

showing a distinct ant community present in the forest edge 
habitat. As previous sampling has demonstrated that, within 
Auckland forests, Argentine ants are limited to 20 m from the 
edge (Ward & Harris 2005), it suggests that these habitats are 
largely inhospitable to at least some non-native ant species.

We show temporal variation at the community-level for 
non-native ant species occurrence in forest ecosystems and for 
native ant species overall. We found no evidence that non-native 
species occurring at the edge of the forest ecosystems in 2005 
were invading towards the interior in 2015. This supports our 
prediction that distribution limitations are determined for non-
native ants via a habitat filter rather than a potential delayed 
effect. In contrast, some non-native species spread in some 
non-forested ecosystems, with T. grassii, I. suchieri, O. glaber, 
and Nylanderia sp. expanding their distribution from the edge 
to the interior over the ten-year period. Species richness was 
lower in the 2015 sampling year for both ecosystem types, and 
there were fewer non-native species occurrences compared to 
2005. This disparity may reflect different climatic conditions 
between the sampling years as the 2015 summer was associated 
with below average rainfall and above average temperatures 
(NIWA 2018). Some ant species exhibit a positive response 
to increasing rainfall (Heller et al. 2008; Sanders et al. 2003), 
and this may explain the reduced diversity and occurrence, 
particularly for native ant species which may be more sensitive 
to extreme climate variation. Alternatively, or in addition, 
these differences could be related to competitive interactions 
and nesting behaviours. For instance, competition by non-
native ants has been found to drive variation in community 
composition (Lester et al. 2009), and competitive advantages 
may lead to the suppression of other species that would 
occur in the absence of particular species (Holway 2005). 
Furthermore, although ant nests may be maintained for many 
years, some species exhibit ephemeral nest sites, relocating 
nests regularly for various reasons (McGlynn 2012). The ant 
species driving differences between forested and non-forested 
sites and sampling years were, unsurprisingly, the species 
that represented the highest number of species occurrences 
overall. Several of these are generalists that dominate urban 
ant communities within New Zealand (Stringer et al. 2009). 
Mayriella abstinens was almost exclusively found within 
forest ecosystems, whereas O. glaber was found throughout 
non-forested ecosystems, but restricted to the edges of forest 
sites. The Nylanderia sp. followed a similar pattern to O. 
glaber, in non-forested ecosystems.

Our study demonstrates ecosystem type is an important 
factor in determining the distribution of non-native ants, 
highlighting non-forested ecosystems as more likely to be 
invaded. In contrast, forest ecosystems appear to impede 
non-native ant spread, constraining their distribution to the 
edges of habitats, even after a ten-year period. This suggests 
a habitat filter is important in determining the distribution of 
non-native ants in natural ecosystems. However, since this is 
a correlative study, further research is required to understand 
the exact mechanism. Occasionally, non-native ant species 
become invasive in temperate forest ecosystems, (Guénard 
& Dunn 2010; Warren et al. 2015) so although our findings 
reveal restricted spread patterns for the current non-native 
ant community in New Zealand, the future arrival of species 
adapted to these habitats poses high risk to native forest 
ecosystems.

These findings have implications for potential surveillance 
and management of pest ant species. Understanding ecosystems 
most at risk to potential invasion of species allows pest 
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managers to narrow their field of surveillance and prioritise 
management. We therefore recommend increased focus towards 
non-forested ecosystems when considering the current ant 
community. Some non-forested ecosystems are naturally rare 
in New Zealand (Williams et al. 2007), and some of these are 
endangered (Holdaway et al. 2012). This steps away from 
a solely species-trait based method of risk assessment and 
towards a more integrated system; we suggest that an integrated 
system that combines species traits and ecosystem attributes 
will provide an improved basis for risk assessment (Probert et 
al. In Press). Future work is required to determine the impact 
of non-native ants in New Zealand, as to date, there is little 
understanding of how these species are interacting with native 
biodiversity and their environments.
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