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Abstract.

Introduced to North America sometime before 2001, Myrmarachne formicaria’s potential for expansion and its
current invasion stage are yet to be estimated. MaxEnt species distribution models (SDMs) for this species were devel-
oped with open-source data to predict suitable regions in North America and globally. Comparisons of SDM predictions
across global, native, and invasive occurrences were made to hypothesize the invasion stage for North American popu-
lations. Suitable habitats were identified from the east coast of North America, extending west to Indiana and Michigan,
and south to southern Appalachia. Additionally, regions of South America, Africa, Australia, and New Zealand, fall with-
in its fundamental climate niche. Predictions show invasive M. formicaria populations occupy stabilized and colonizing
habitats, suggesting an ongoing colonizing phase with high risk for further spread. All SDMs showed a high sensitivity
to temperature variables, with the invasive SDM uniquely sensitive to precipitation. The prevalence of stabilized inva-
sive populations implies niche conservation and suggests that niche differences more likely reflect specialization rather
than a niche shift. Overall, findings indicate that M. formicaria has extensive climatically suitable habitat both within
and outside of North America. Further research and the development of targeted mitigation strategies are imperative to

prevent its spread to these environments.
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INTRODUCTION

The Eurasian salticid spider, Myrmarachne formicar-
ia (de Geer 1778), is a recent adventive species in North
America. Since its 2001 detection in Ohio, USA, the spi-
der has been collected from Michigan, Pennsylvania, New
York, and Ontario, Canada (Bradley et al. 2006; Gall and
Edwards 2016; GBIF 2024, M. formicaria). Historically,
its known range encompasses Europe, Russia, Cauca-
sus, Turkey, Iran, China, Korea, and Japan (Kim and Lee
2014; World Spider Catalog 2023). Specifics surrounding
the North American introduction remain unclear, but it is
speculated that M. formicaria was inadvertently imported
with horticultural products (Bradley et al. 2006). The spi-
der displays a preference for sunny, low vegetation areas
with ground debris, but appears somewhat synanthropic
in its newfound range (Bradley et al. 2006; Buchanan and
Bradley 2012; Gall and Edwards 2016). Its ant mimicry,
involving locomotor behavior (Shamble et al. 2017) and
possibly hydrocarbon mimicry (Pekar and Jiros 2011),
also reduces predation risks, likely enhancing this spider’s
ability to invade and exploit new environments. Docu-
menting the spread of invasive spiders is crucial due to
their ability to alter local ecology through predation on
arthropods and competition with native species (Nentwig

2015). Of particular interest is this spider’s potential to
compete for the same functional (e.g. “Eltonian™) niche
as native myrmecomorphs. As Batesian mimics (Shamble
et al. 2017), myrmecomorph spiders benefit from preda-
tors’ learned avoidance of their ant models, an effect that
could be diminished by the introduction of a new mimic
(Lindstrom et al. 1997). This stands to reduce the mim-
icry system’s effectiveness, thereby increasing predation
risks for native myrmecomorphs. Despite these potential
effects from a spider apparently spreading throughout its
newfound range (Bradley et al. 2006; Gall and Edwards
2016; GBIF 2024, M. formicaria), the ecological impacts
and the full extent of its spread remain unassessed.
Species distribution models (SDMs) remain one of
the most useful tools for forecasting species distributions
(Guisan and Thuiller 2005; Barbosa et al. 2012). SDMs
can be trained with environmental and species occurrence
data to help identify suitable habitats, predict potential
ranges, and quantify environmental niches (Vetaas 2002;
Guisan and Thuiller 2005; Elith and Leathwick 2009; Bar-
bosa et al. 2012; Giulian et al. 2024). Open-source envi-
ronmental and occurrence data have become highly acces-
sible in recent years, providing ample resources to probe
the abiotic drivers of species distributions. Data derived
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from precipitation and temperature data are commonly
used for SDM research, especially a group of 19 biologi-
cally relevant climatic variables developed for ecological
applications (O’Donnel and Ignizio 2012). Citizen science
and museum databases also offer a highly accessible route
to occurrence data (Ivanova and Shashkov 2021). Unfor-
tunately, occurrence data are often presence-only data.
This presents an interpretational challenge for SDM meth-
ods that assume knowledge of areas where the species is
absent. However, open-source presence-only data can still
be used to produce valuable SDM assessments (Elith et al.
2006). ‘MaxEnt’ is among the most common choices for
modeling presence-only data (Phillips et al. 2006; Elith et
al. 2010; Phillips et al. 2017). [t uses a ‘maximum entropy’
approach to estimate the probability distribution of a spe-
cies occurrence across space (Phillips et al. 2006; Elith et
al. 2010; Phillips et al. 2017). These SDMs are also highly
robust to collinearity issues due to inbuilt regularization
methods (Phillips et al. 2006; Hernandez et al. 2006; Elith
et al. 2010; Feng et al. 2019). Altogether, MaxEnt’s capa-
bilities make it an effective tool for building SDMs using
open-source data.

A fundamental assumption of SDMs is that the spe-
cies being modeled inhabits all suitable areas and is absent
from all unsuitable ones (Guisan and Thuiller 2005). This
assumption is especially violated in the case of invasive
species ranges. However, SDMs trained using invasive oc-
currence data can still allow for hypotheses and inference
into the stages of invasion (Gallien et al. 2012; Barbosa
et al. 2012; Cabra-Rivas et al. 2016; Taucare-Rios et al.
2016; Taucare-Rios et al. 2018; Giulian et al. 2024). SDMs
trained to specific regions of occurrence reflect the real-
ized niches of those regions, while SDMs trained using the
entire range of occurrence are a proxy for the fundamental
niche (Vetaas 2002; Gallien et al. 2012; Taucare-Rios et
al. 2018). When regions are predicted as suitable by both
global and regional SDMs, it suggests these areas support
stabilizing populations (Gallien et al. 2012; Taucare-Rios
et al. 2018; Giulian et al. 2024). Populations in stabilizing
habitat are the most likely to have practiced niche conser-
vation during invasion (Taucare-Rios et al. 2018). Alter-
natively, regions identified as suitable by a global SDM
but not by a regional SDM are expected to be undergo-
ing a colonizing phase, where the species is expanding
within the fundamental niche, but are not yet fully adapt-
ed or stabilized (Gallien et al. 2012; Taucare-Rios et al.
2018). Areas predicted as suitable by a regional SDM but
not by the global SDM would instead suggest the species
requires local adaptation in those habitats (Gallien et al.
2012; Taucare-Rios et al. 2018). Any occurrences outside
of predictions are therefore sink populations. Using this
conceptual framework, SDMs can be trained with inva-
sive, native, and all occurrences to create more holistic
and nuanced hypotheses about the invasive process. These
methods have been previously applied to infer the poten-
tial ranges and stages of invasion for seven plant species
and three spider species (Gallien et al. 2012; Cabra-Rivas
et al. 2016; Taucare-Rios et al. 2016; Taucare-Rios et al.
2018; Giulian et al. 2024).

SDMs for M. formicaria were developed using open-
source environmental and occurrence data from native,
invasive, and combined populations. Predictions allowed
for a detailed evaluation of areas most likely to support its
climate niche, especially in North America. Through com-
paring the predictions from all three SDM outputs, regions
could also be identified that support colonizing, adapting,
or stabilizing phases of invasion, shedding light on the po-
tential extent of spread and range-filling for M. formicaria.

METHODS

Occurrence data

Open-source presence-only data for M. formicaria
was sourced from the Global Biodiversity Information
Facility (GBIF) as of 25 December 2023 (GBIF Secretar-
iat 2022; GBIF 2024, M. formicaria). The timeframe for
occurrences was 1 January 1988, to 25 December 2023.
To enhance data quality, ‘CoordinateCleaner’ was used to
remove problematic data (Zizka et al. 2019). This R pack-
age eliminated duplicates, imprecise occurrence data, and
occurrences located at centroids of countries or capitals.
It also removed data with zero coordinates, appearing in
the ocean, or representing geographic outliers (Zizka et al.
2019). To address spatial biases, the R package ‘spThin’
(Aiello-Lammens et al. 2015) was applied for spatial thin-
ning of occurrences to 20 km. 143 invasive and 235 native
occurrences were deemed acceptable after pre-processing
procedures.

Predictors

Open-source monthly temperature and precipitation
data were taken at 30 arcsecond resolution from CHELSA
(Karger et al. 2018). These data spanned 1 January 1988
to 31 December 2018 (Giulian et al. 2024). The R package
‘dismo’ was used to derive 19 bioclimatic variables from
the monthly climate data (O’Donnel and Ignizio 2012; Hi-
jmans et al. 2017; Giulian et al. 2024). All variables were
then scaled to 2.5 arcminute resolution (~4 km at the equa-
tor). This choice reduced: a) computational requirements,
b) the chance that an occurrence was misplaced in an adja-
cent cell, and c) the risk of over-fitting, which each come
with using finer resolutions. Given the wide-spanning
range of M. formicaria, the resolution of 2.5 arcminutes is
expected to still reflect environmental patterns that affect
its distribution.

Variable selection followed an impartial procedure
where all variables were considered potentially biological-
ly relevant. A statistical approach was then used to ascer-
tain the combination of variables with minimum collinear-
ity. Using this method allowed for the objective selection
of environmental variables, while also reducing variable
redundancy by better ensuring each abiotic variable inde-
pendently contributed to describing environmental varia-
tion. Variable inflation factors (VIFs) and Pearson correla-
tion coefficients were the selection criteria. The ‘usdm’ R
package identified the largest set of variables where each
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had a VIF lower than 5 and a Pearson coefficient below
0.70 (Naimi et al. 2014).

The variables deemed acceptable include annual mean
temperature (biol), isothermality (bio3), maximum tem-
perature of the warmest month (bio5), mean temperature
of the wettest quarter (bio8), precipitation seasonality (CV)
(biol5), precipitation of the warmest quarter (biol8), and
precipitation of the coldest quarter (bio19). Annual mean
temperature, maximum temperature of the warmest month,
and mean temperature of the wettest quarter are measured
in degrees Celsius. Precipitation of the warmest and coldest
quarters are in millimeters. Isothermality is the ratio of day-
to-night temperature fluctuation to summer-to-winter fluc-
tuation, where a value of 100 indicates equal diurnal and
annual ranges, and values below 100 indicate less monthly
than yearly variability (O’Donnel and Ignizio 2012). Pre-
cipitation seasonality is also a percentage as it is the coeffi-
cient of variation of annual precipitation.

Model workflow

Using MaxEnt v3.4.4 (Phillips et al. 2006; Phillips
et al. 2017) and the R package ‘ENMeval’ v2.0.4 (Mus-
carella et al. 2014), SDMs were developed across three
independent workflows, each trained with either invasive,
native, or all (global) occurrences. Four-fold spatial block
cross-validation was used for SDM training (Muscarella et
al. 2014). Training regions were confined to a 500 km radi-
us around occurrences. The dataset was divided into four
geographically distinct blocks for each workflow, with
SDMs iteratively trained on three blocks and tested on the
fourth. Consequently, four SDMs were built for each SDM
type, and the average of these four was taken to represent
the final SDM. SDM types of various combinations of
MaxEnt’s adjustable regularization multipliers and feature
classes were considered. Response features chosen were
linear, quadratic, hinge, linear-quadratic, and linear-qua-
dratic-hinge, with regularization multipliers set from 1 to
5 in 1-unit increments. This led to 25 unique SDM types
for each of the three regional extents. The SDM type with
the lowest information criterion (AICc) was then selected
for each extent. AICc is a useful metric for selecting more
accurate MaxEnt SDMs, especially for smaller datasets
(Warren and Seifert 2011). Lower AICc values suggest
SDMs that more effectively capture data trends without
using excessive parameters, thus minimizing the risk of
overfitting and avoiding unnecessary complexity.

To examine whether SDMs selected by AICc per-
formed significantly better than random, selected SDMs
were compared to null SDMs built using the same
cross-validation methods and spatial extents (Bohl et al.
2019; Kass et al. 2020). Training data for null SDMs was
randomly sampled from each spatial block and equals the
number of M. formicaria occurrences for that fold (Kass
et al. 2020). Each null SDM was then tested using the real
training data of the withheld fold (Bohl et al. 2019; Kass et
al. 2020). This was repeated 1000 times for each selected
SDM to build null distributions for area under the curve
(AUC) values. Native, invasive and global SDM AUCs

were then compared against null AUC distributions. A
one-tailed T test determined whether selected SDMs had
significantly better discrimination ability than random
(Kass et al. 2020). All null SDMs and related comparisons
were made using the R package ENMeval v2.0.4 (Mus-
carella et al. 2014).

SDM predictions for three regional extents are pro-
vided. Predictions reflect relative occurrence rates (ROR),
a proxy for habitat suitability that ranges from 0 to 1 (Phil-
lips et al. 2006; Phillips et al. 2017). SDMs were trained
on and transferred to native, invasive and global regions to
visualize areas of habitat suitability. Clamping was deacti-
vated to prevent any SDM from extrapolating predictions
to environments outside the range of its training data. To
facilitate comparison, predictions were converted to bina-
ry maps using an ROR of 0.50 for minimum suitability
(Gallien et al. 2012; Taucare-Rios et al. 2016; Giulian et
al. 2024). Habitats predicted only by the invasive and na-
tive SDMs are where populations would require local ad-
aptation, while those predicted solely by the global SDM
are inferred to support colonizing populations. Regions
predicted as suitable by both global and invasive or na-
tive SDMs support the most stabilized populations; all
remaining regions are classified as sink habitats. Results
are provided in niche and geographical space.

Variable permutation importance was reported and
compared across SDMs. For Maxent SDMs, permutation
importance is determined by randomly permuting each en-
vironmental variable using the training data, then assess-
ing the impact on SDM performance (Phillips et al. 2006;
Kass et al. 2020). This method focuses solely on the final
SDM, independent of its development path (Phillips et al.
2000), to present the most important predictors of species
distribution.

Model caveats

Though MaxEnt SDMs offer a sophisticated method
for handling presence-only data, they have limitations.
Data inaccuracies can lead to erroneous MaxEnt predic-
tions. This risk was mitigated by selecting accurate oc-
currence data and reliable environmental data. However,
presence-only datasets still often have spatial biases due
to uneven sampling and reporting efforts. This, combined
with uncertainty about ‘absence’ sites, can cause MaxEnt
SDMs to underrepresent undersampled regions and over-
fit oversampled ones. To reduce spatial clustering effects,
occurrences were thinned to 20 km. Despite these efforts,
undersampled regions may still be underrepresented in
final predictions. Furthermore, biotic interactions are not
considered in these SDMs, so predictions do not account
for competition, symbioses, anthropogenic effects, etc.,
which could further limit or support invasive success. At
the resolution of 2.5 arcminutes, they may also be unlikely
to capture fine-scale trends, instead capturing large-scale
trends in the species distribution. As such, efforts were
made to draw conclusions from major patterns and sim-
ilarities across SDM.
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Figure 1. Phases of invasion for M. formicaria in its invasive range in niche and geographic space. Yellow regions illustrate habitat
supporting the colonizing phase (e.g. regions predicted only by the global SDM, approximating the fundamental niche). Cyan regions
illustrate the stabilizing phase (e.g. regions of agreement between the global and regional models, approximating the overlap of fun-
damental and realized niches). Red points reflect invasive occurrences.
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Figure 2. Phases of invasion for M. formicaria in its native range in niche and geographic space. Yellow regions reflect habitat sup-
porting the colonizing phase, magenta the local adaptation phase (e.g. regions predicted only by regional models, approximating the
realized niches), and cyan the stabilizing phase (both SDMs). Black points reflect native occurrences.
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Figure 3. World map of climatically suitable habitat predicted by the global SDM. For the suitability (ROR) scale from 0 to 1, 0 is
grey, the lowest nonzero values begin at yellow, intermediate suitability is orange, and maximum suitability is red.
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Table 1. Permutation importance of variables used to SDM global, invasive and native M.

formicaria occurrences.

Permutation Importance (percent)

Variable Global Invasive Native
Annual Mean Temp. 52.96 30.80 51.00
Isothermality (%) 2.05 4.83 4.32
Max Temp. Warmest Month 20.16 11.15 25.15
Mean Temp. Wettest Quarter 0.90 0.26 7.69
Precip. Seasonality (CV) 12.38 36.90 4.51
Precip. of Wettest Quarter 0.00 1.48 5.66
Precip. of Coldest Quarter 11.55 14.58 1.67

RESULTS

The distribution of M. formicaria is primarily shaped
by temperature. Annual mean temperature was the main
driver for native and global SDMs and the second most
important for the invasive SDM (Table 1). Suitability
increased with annual mean temperature for both global
and native SDMs but peaked at 11.1°C for the invasive
SDM. The maximum temperature of the warmest month
also had a strong effect on all SDMs, indicating that higher
maximum temperatures indeed impose constraints on the
species’ distribution. For the global SDM, suitability in-
creased with maximum temperature of the warmest month
until 26.0°C, after which it decreased. For the native mod-
el, suitability decreased beyond 24.9°C, and for the inva-
sive model, it decreased beyond 22.1°C.

Invasive populations show heightened sensitivity to
precipitation. Precipitation seasonality predominantly
influenced the invasive SDM but was less important for
global and native SDM (Table 1). Still, all SDMs showed
decreasing suitability with increasing precipitation season-
ality. This reveals that M. formicaria finds greater success
in habitats with less seasonal variation in precipitation, es-
pecially during its invasion. Thus, habitats with increasing
seasonal variation are predicted to pose a greater challenge
for the establishment and spread of this species, easing
the control measures necessary for those regions. Other
variables such as isothermality, mean temperature of the
wettest quarter, and precipitation of the warmest quarter,
had minimal effects across all SDMs. The AICc values for
the native, invasive, and global SDMs were 5805, 2878,
and 9598, respectively (Supplemental Table 1). All three
SDMs had significantly better discrimination ability than
null SDMs (Supplemental Table 1; Supplemental Figs. 1,
2, and 3).

In North America, M. formicaria appears stabilized
and actively colonizing climatically permissive habitat.
The majority (77%) of invasive occurrences were in stabi-

lizing habitat while the rest occurred in colonizing (22%)
or sink (1%) habitat (Fig. 1). None were in regions requir-
ing local adaptation. Stabilizing habitat centralized along
the 42" parallel, mainly within the Lake Erie Lowland,
Erie Drift Plain, and Eastern Great Lakes and Hudson
Lowlands ecoregions. These ecoregions, primarily com-
posed of temperate broadleaf forests, mixed forests, and
agricultural lands, reflect climatologies within both the re-
alized and fundamental niches. Invasive populations here
should be the hardest to destabilize and are likely sources
of future founder events, especially to surrounding habi-
tats still within the fundamental climatic niche. Coloniz-
ing habitats were predicted for the surrounding Eastern
Temperate Forest and Northern Forest ecoregions across
New England, the Mid-Atlantic, and some Midwestern
and Southern states. Regions outside of these predictions
are inferred to be least climatically permissive, more likely
serving as climatic barriers to the spread of M. formicaria.
As found for North American predictions, the native
predicted range for M. formicaria primarily spans tem-
perature deciduous and mixed forest ecoregions. Stabi-
lizing native habitat was predicted in Southern Temper-
ate Atlantic Mixed Forest, Northern Temperate Atlantic
Mixed Forest, and Western European Broadleaf Forest
ecoregions (Fig. 2). Countries predicted to host stabiliz-
ing native habitat include France, Spain, United Kingdom,
Belgium, Netherlands, Luxembourg, Germany, Italy, Slo-
venia, Croatia, Serbia, and Bosnia and Herzegovina. The
majority (67%) of occurrences were in stabilizing habitat,
but 25% occurred in sink habitat, 6% in habitat requiring
local adaptation, and 3% in colonizing habitat (Fig. 2). Lo-
cal adaptation occurred in parts of Germany, the Balkans,
and along the Iberian Peninsula. Except for the Balkans,
M. formicaria’s native occurrences and climate niche pre-
dictions appear to be associated with lower elevations.
Regions of suitability within the fundamental cli-
mate niche are also forecasted outside of the current
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range. Global predictions show areas of tropical and sub-
tropical broadleaf wet forests offer climatically permissive
habitat for M. formicaria in South America, Oceania, east-
ern Madagascar, and parts of central Africa (Fig. 3). These
ecoregions are distinctly different floristically and season-
ally than those encompassing current native and invasive
climate niches. Temperate broadleaf and mixed forests of
New Zealand and southern Australia, which bear greater
similarity to the ecoregions occupied by known popula-
tions, were also forecasted to offer the fundamental cli-
mate niche.

DIscusSsION

Overall, there is a high risk for continued spread of
M. formicaria in North America and globally. Temperate
forest ecoregions host the majority of M. formicaria oc-
currences and predictions, though its fundamental climate
niche appears in some subtropical forest regions. Invasive
M. formicaria populations are either stable or colonizing,
implying the spider is actively colonizing new habitats
rather than having occupied its entire equilibrium range or
constituting locally adapted or sink populations (Gallien
et al. 2012). Habitats predicted to support this colonizing
phase extend to the east coast of North America, west to
Indiana and Michigan, and south to southern Appalachia.
Assuming factors beyond climate do not bar the species
from succeeding in suitable yet uninhabited areas, there is
high potential for continued colonization and range filling.

Integrating climatic predictions into control efforts
allows for more realistic and targeted strategies. Popu-
lations in stabilizing habitats experience limited climate
constraints, making these areas the primary focus for con-
trol measures to prevent the spread from source popula-
tions. In contrast, efforts to destabilize surrounding areas
supporting other invasive phases should require less sub-
stantial interventions. Habitats that support the colonizing
phase still fall within the fundamental climate niche, but
various biotic or abiotic factors could be preventing this
niche from becoming fully realized. These regions are
comparatively less likely to immediately support large,
stable source populations, making control efforts in colo-
nizing habitats more effective and less resource-intensive
than in stabilizing habitats. Sink populations outside of
climatically permissive areas are the least likely to sustain
the species long-term, making these regions the least like-
ly to require intensive management plans.

The unique biology of M. formicaria makes its poten-
tial invasive ecological interactions multifarious. As an ar-
thropod predator, it can possibly drive fundamental shifts
in species compositions through predation on other arthro-
pods, as well as through intraguild predation and compe-
tition with other arthropod predators (Nentwig 2015). The
myrmecomorphic morphology and behavior of this spe-
cies (Pekar and Jiro§ 2011; Shamble et al. 2017) specifi-
cally enhance its invasive potential. Bearing resemblance
to an ant is an adaptive Batesian mimicry strategy that re-
duces predation in M. formicaria (Shamble et al. 2017),
supporting survival and aiding its spread across hospitable

habitats. Another Eurasian ant-mimic spider, Synageles
venator (Lucas), has already found success invading re-
gions of eastern southern Canada (Bradley et al. 2006).
The introduction of new mimics can profoundly decrease
mimic survival through predator confusion (Lindstrom
et al. 1997). Numerous native myrmecomorphic salticid
spiders currently exist in eastern North America, such as
those in the genera Peckhamia Simon, Sarinda Peckham &
Peckham, and Synemosyna Hentz. These native myrme-
comorphs appear to be major competitors for the Eltonian
niches being invaded M. formicaria and S. venator, and
the most likely candidates to experience decreased bene-
fits from their Batesian mimicry strategies now and in the
future.

It is also possible that myrmecomorphy in M. formi-
caria supports the aggressive mimicry of ants. However,
it is unclear to what degree M. formicaria is myrmecoph-
ilous and whether individuals play a role as inquilines or
predators of ants. The spider indeed bears a striking re-
semblance to Formica rufa L. and is known to associate
with Formica colonies in its invasive range (Bradley et
al. 2006). In fact, over 50 species of native and invasive
Formica, including the Eurasian F. rufa, occur within the
predicted invasive range for M. formicaria (GBIF 2024,
Formica). If symbioses with Formica support its success,
invasive M. formicaria will have plentiful opportunity
to associate with ants of this genus to support continued
spread.

Native populations of M. formicaria, which should
reflect a range nearer to equilibrium, were largely in stable
or in sink habitats. This is a range-filling pattern observed
in native populations of the invasive spider Loxosceles
rufescens (Dufour) (Taucare-Rios et al. 2018). For the syn-
anthropic L. rufescens, its niche-space pattern is probably
best explained by frequent dispersal from suitable habitats
through human activities (Taucare-Rios et al. 2018). The
synanthropic tendencies of M. formicaria (Bradley et al.
2006; Gall and Edwards 2016) should similarly support its
colonization of new habitats via human-mediated disper-
sal. Most native M. formicaria sink populations are situ-
ated far from the stabilized range in populated areas along
the Scandinavian coastline, probably having dispersed
there by anthropogenic means. Human-mediated dispersal
facilitated M. formicaria’s introduction to North America
and is likely to promote its continued expansion into new
environments.

Permutation variable importance revealed that na-
tive and invasive niches are shaped by slightly different
conditions. Fundamental and realized climate niches are
all highly sensitive to temperature; however, the invasive
realized niche appears more adapted to hydrological con-
ditions than the native realized niche. New environments
sometimes impose enough abiotic or biotic pressure to
compel a niche shift (Guisan et al. 2014; Taucare-Rios et
al. 2016; Taucare-Rios et al. 2018). However, this scenario
appears unlikely. Fundamental niche constraints are dif-
ficult to overcome, and only 10% of the world’s top in-
vasive species have shown evidence of such a niche shift
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(N.A. et al. 2022). Individuals in a stabilizing habitat are
likely to have practiced niche conservation during inva-
sion, given these regions represent the theoretical overlap
space of fundamental and realized niches (Taucare-Rios et
al. 2018). Since most invasive occurrences are indeed ob-
served in stabilizing habitat, the invasive realized niche for
M. formicaria is likely conserved within the bounds of its
fundamental niche. Differences in variable importance are
therefore better attributed to regional niche specialization
rather than a niche shift.

Other regions outside the current range of occurrence
are predicted to be at-risk for invasion. Global SDM pre-
dictions show the fundamental climate niche for M. for-
micaria occurs in South America, Oceania, New Zealand,
and Australia. Spiders and other arthropods of European or
Eurasion origin have already been successfully introduced
to New Zealand (Vink and Duperre 2011; Vink and Kean
2013), southern Australia (Belosludtsev and Gasilin 2018;
Quarrell et al. 2018), and South America (Wyckhuys et
al. 2013; Dupérré 2023). The high potential for continued
range-filling within and outside of North America for M.
Jformicaria should prompt focus on determining its caus-
al mechanisms of dispersal. Such knowledge could in-
form mitigation strategies to reduce or inhibit the spider’s
spread to other suitable habitat. Attention may best be
directed towards its potential transport via horticultur-
al products, the speculated mechanism of entry to North
America (Bradley et al. 2006). Although it is yet unclear
what aids its dispersal or what effect its spread will have
on the ecology of North American habitats, SDM forecasts
show plentiful habitat for colonization by M. formicaria in
North America and beyond.
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Supplemental Figure 1. Distribution of null AUC values for 1,000 null SDMs built using the global SDM workflow. Dotted purple
lines represent the 1% and 99" percentiles; dashed blue lines represent the 5" and 95" percentiles; and the solid blue line represents the
50" percentile. The red line is the AUC value for the global SDM.
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Supplemental Figure 2. Distribution of null AUC values for 1,000 null SDMs built using the invasive SDM workflow. Dotted purple
lines represent the 1% and 99" percentiles; dashed blue lines represent the 5™ and 95" percentiles; and the solid blue line represents the
50" percentile. The red line is the AUC value for the global SDM.
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Supplemental Figure 3. Distribution of null AUC values for 1,000 null SDMs built using the native SDM workflow. Dotted purple
lines represent the 1% and 99" percentiles; dashed blue lines represent the 5™ and 95% percentiles; and the solid blue line represents the
50™ percentile. The red line is the AUC value for the global SDM.
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Supplemental Table 1. Table of statistics for global, invasive and native SDMs.

SDM Features |rm | AICc élg(i:n) é:;tc) Null AUC 1;;;“ AUC Z-score P- value
Global LQH 5 9598.37 |0.8601 0.8325 0.5868 0.03768 6.52 3.52E-11
Invasive | LQ 1 2878.18 | 0.9464 0.9378 0.5877 0.04987 7.02 1.11E-12
Native LQH 3 5804.85 | 0.8575 0.8217 0.7518 0.0153 4.57 2.47E-06
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